Description

Title of invention: METHOD FOR PRODUCING METHANOL AND

METHANOL PRODUCTION APPARATUS

Technical Field
[0001]
The present invention relates to a method for

producing methanol and a methanol production apparatus.

Background Art
[0002]

Industrial production of methanol is performed by
reacting, on a catalyst, synthetic raw material gas
including carbon monoxide, carbon dioxide, and hydrogen
as main components obtained by reforming a fossil fuel as
a raw material. In such a process, a large amount of
thermal energy is required in the reforming process for
producing synthesis raw material gas from raw materials,
and thus petrochemical resources are burned and CO; is
emitted.

In recent years, technology for synthesizing
methanol from carbon dioxide recovered from exhaust gas,
the atmosphere, and the like and hydrogen recovered from
water and the like has attracted attention in place of
conventional processes using fossil fuels as raw

materials. In the methanol synthesis process that uses



carbon dioxide and hydrogen as raw materials, there is no
reforming process for fossil fuels, and in addition to
not emitting CO;, the synthetic raw material gas contains
almost no inert gases such as N; or CH,, and thus the
amount of inert gas discharged from the synthetic
circulation system is small, and CO, and the like
generated when the exhaust gas is treated can be
suppressed.

Patent Literature 1 discloses a carbon dioxide
reduction system including a transportation path for
separating carbon dioxide from exhaust gas and
transporting carbon dioxide, means that heats carbon
dioxide, and a reduction apparatus, and describes
apparatus for synthesizing methanol as an example of this
reduction apparatus.

Patent Literature 2 refers to the synthesis of
methanol from carbon dioxide and hydrogen and a
downstream distillation process, and describes that the
gas passing through a high pressure separator for the
synthesis process is partially recycled to upstream of
the synthesis process, and that the gas passing through a

low pressure separator is fed to the distillation process.

Citation List
Patent Literature
[0003]

Patent Literature 1: WO 2019/163968



Patent Literature 2: Japanese Translation of PCT

International Application Publication No. 2019-5276091

Summary of Invention
Technical Problem
[0004]

As described above, a method for producing methanol
using carbon dioxide and hydrogen as raw materials is
known, but specific conditions for the method for
producing methanol have not been mentioned.

In view of the above circumstances, an object of the
present invention is to provide a specific method for
producing methanol using carbon dioxide and hydrogen as

raw materials.

Solution to Problem
[0005]

As a result of intensive studies to solve the above
problems, the present inventors have found that methanol
can be efficiently produced from carbon dioxide and
hydrogen by a production method including specific steps,
and have completed the present invention. That is, the
present invention is as follows.

[0006]
[1]
A method for producing methanol using carbon dioxide

and hydrogen as raw materials, the method comprising:



a step (A) of mixing carbon dioxide and hydrogen to
obtain a make-up gas;

a step (B) of raising pressure of the make-up gas,
and then mixing the make-up gas with a recycled gas
recovered from an exit gas of a synthesis reactor to
obtain a synthesis reactor-feeding gas;

a step (C) of preheating the synthesis reactor-
feeding gas by exchanging heat with the exit gas from the
synthesis reactor as a heating source; and

a step (D) of feeding the preheated synthesis
reactor—-feeding gas to the synthesis reactor and bringing
into contact with a catalyst to synthesize methanol.

[2]

The method for producing methanol according to [1],
further comprising a step (E) of cooling the exit gas by
exchanging heat with the synthesis reactor-feeding gas as
a cooling source.

[3]

The method for producing methanol according to [2],
further comprising a step (F) of performing gas-liquid
separation on the exit gas cooled in the step (E) to
obtain a gas phase containing an unreacted gas.

(4]

The method for producing methanol according to [3],
further comprising a step (G) of discharging at least a
part of the gas phase obtained in the step (F) as a purge

gas out of a synthesis system, recovering a part or all



of the remaining gas phase as the recycled gas and mixing
with the make-up gas.
[5]

The method for producing methanol according to [3],
further comprising:

a step (H) of recovering at least a part of the gas
phase obtained in the step (F) as a purge gas, and
separating the purge gas into a first separated stream
and a second separated stream;

a step (I) of discharging a part of the first
separated stream out of the synthesis system as an
unrecovered gas, recovering a part or all of the
remaining first separated stream as a recovered gas and
mixing with the make-up gas; and

a step (J) of discharging the second separated
stream out of the synthesis system.

(6]

The method for producing methanol according to [2]
or [3], further comprising:

a step (K) of lowering pressure of a liquid phase
obtained by gas—-liquid separation of the exit gas cooled
in the step (E); and

a step (L) of feeding a flash gas generated during
pressure lowering in the step (K) to a scrubber.

[7]
The method for producing methanol according to [6],

further comprising a step (M) of reusing, as a raw



material, a vent gas generated from the scrubber
generated in the step (L).
[81]

The method for producing methanol according to [7],
wherein in the step (M), depending on a pressure of the
vent gas, it is selected either the vent gas is joined
with the make-up gas or with a back stream of equipment
that recovers carbon dioxide from an exhaust gas or
atmosphere.

[9]

The method for producing methanol according to [6],
further comprising a step (N) of joining the vent gas
generated from the scrubber generated in the step (L)
with the purge gas.

[10]

The method for producing methanol according to [1]
or [2], wherein a content ratio between carbon dioxide
and hydrogen in the make—-up gas is hydrogen/carbon
dioxide = 2.5 to 4.0 (volume ratio).

[11]

The method for producing methanol according to [1]
or [2], wherein a circulation ratio, which is a ratio of
a molar flow rate of the recycled gas to a molar flow
rate of the make-up gas, is 1.0 to 7.0.

[12]



A methanol production apparatus for producing
methanol using carbon dioxide and hydrogen as raw
materials, the apparatus comprising:

a synthesis reactor;

first mixing means that mixes carbon dioxide and
hydrogen to obtain a make-up gas;

a compressor that raises pressure of the make-up
gas;

second mixing means that mixes the make-up gas
raised in pressure with a recycled gas recovered from an
exit gas of the synthesis reactor to obtain a synthesis
reactor-feeding gas; and

a first heat exchanger that preheats the synthesis
reactor—-feeding gas by exchanging heat with the exit gas
from the synthesis reactor as a heating source,

wherein the preheated synthesis reactor-feeding gas
is brought into contact with a catalyst in the synthesis
reactor to synthesize methanol.

[13]

The methanol production apparatus according to [12],
wherein the first heat exchanger cools the exit gas by
exchanging heat with the synthesis reactor-feeding gas as
a cooling source.

[(14]
The methanol production apparatus according to [12]

or [13], further comprising a high-pressure separator for



obtaining a gas phase containing an unreacted gas by gas-
liquid separation of the cooled exit gas.
[15]

The methanol production apparatus according to [12]
or [13], further comprising purge-gas discharging means
for discharging at least a part of the gas phase as a
purge gas out of the synthesis system,

wherein a part or all of the remaining gas phase
after discharging of the purge gas is recovered as the
recycled gas and mixed with the make-up gas by the second
mixing means.

[(16]

The methanol production apparatus according to [12]
or [13], further comprising:

purge-gas recovering means for recovering at least a
part of the gas phase as a purge gas;

separation equipment for separating the purge gas
into a first separated stream and a second separated
stream;

unrecovered-gas discharging means for discharging a
part of the first separated stream out of the synthesis
system as an unrecovered gas;

third mixing means for recovering a part or all of
the remaining first separated stream as a recovered gas

and mixing with the make-up gas; and



second-separated-stream discharging means for
discharging the second separated stream out of the

synthesis system.

Advantageous Effects of Invention
[0007]

The method for producing methanol according to the
present invention can reduce CO, emissions compared to
conventional methods for producing methanol from raw

material gas derived from fossil fuels.

Brief Description of Drawings

[0008]

[Figure 1] Figure 1 is a schematic view showing an
example of a production apparatus used in a method for
producing methanol according to the present invention.
[Figure 2] Figure 2 is a schematic view showing another
example of the production apparatus used in the method
for producing methanol according to the present invention.
[Figure 3] Figure 3 is a schematic view showing another
example of the production apparatus used in the method
for producing methanol according to the present invention.
[Figure 4] Figure 4 is a schematic view showing another
example of the production apparatus used in the method
for producing methanol according to the present invention

(multi-stage reaction).
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Description of Embodiments
[0009]

Hereinafter, embodiments of the present invention
(hereinafter simply referred to as "the present
embodiment") will be described with reference to the
drawings as necessary, but the present invention is not
limited to the following embodiments. Various
modifications are possible for the present invention
without departing from the gist thereof. 1In the drawings,
the same elements are denoted by the same reference
numerals, and overlapping descriptions are omitted.
Unless otherwise specified, positional relationships such
as up, down, left, and right are based on the positional
relationships shown in the drawings. The dimensional
ratios of the drawings are not limited to the illustrated
ratios.

[0010]

The method for producing methanol according to the
present embodiment is a method for producing methanol
using carbon dioxide and hydrogen as raw materials, the
method including:

a step (A) of mixing carbon dioxide and hydrogen to
obtain a make-up gas;

a step (B) of raising pressure of the make-up gas,
and then mixing the make-up gas with a recycled gas
recovered from an exit gas of a synthesis reactor to

obtain a synthesis reactor-feeding gas;
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a step (C) of preheating the synthesis reactor-
feeding gas by exchanging heat with the exit gas from the
synthesis reactor as a heating source; and

a step (D) of feeding the preheated synthesis
reactor-feeding gas to the synthesis reactor and bringing
into contact with a catalyst to synthesize methanol.
[0011]
<Method for producing methanol>

The method for producing methanol according to the
present embodiment will be described below using a
methanol production apparatus of Figures 1 to 3. The
method for producing methanol according to the present
embodiment is not limited to the embodiments using the
production apparatus shown in Figures 1 to 3.

[0012]
[Step (A)]

A step (A) in the method for producing methanol
according to the present embodiment is a step of mixing
carbon dioxide and hydrogen to obtain a make-up gas 1.

In this step, carbon dioxide and hydrogen introduced from
a carbon dioxide introduction pipe 20 and a hydrogen
introduction pipe 30 respectively are mixed within a line
1.

[0013]

The content ratio between carbon dioxide and
hydrogen in the make-up gas is preferably hydrogen/carbon

dioxide = 2.5 to 4.0 (volume ratio), more preferably 2.8
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to 3.7, and further preferably 2.8 to 3.5. When the
content ratio between carbon dioxide and hydrogen in the
make-up gas is 2.5 or more, the reaction proportion of
carbon dioxide tends to increase and the amount of by-
products tends to decrease. When this content ratio is
4.0 or less, the hydrogen reaction proportion and
production efficiency tend to increase.

The content ratio between carbon dioxide and
hydrogen in the make-up gas can be adjusted to an
appropriate proportion by controlling the flow rate of
each raw material from the carbon dioxide introduction
pipe and the hydrogen introduction pipe.

[0014]

Carbon dioxide and hydrogen used as raw materials
are not particularly limited, but from the viewpoint of
reducing CO; emissions, it is preferable to use carbon
dioxide recovered from exhaust gases and the atmosphere,
and hydrogen obtained using renewable energy. More
specifically, for carbon dioxide, for example, there can
be used carbon dioxide derived from thermal power
generation, derived from biomass power generation,
derived from natural gas power generation, derived from
by-products during chemical substance manufacturing,
derived from accompanying digestive gas from sewage
treatment, derived from methane fermentation, derived
from mineral processes, derived from the steel industry,

and derived from waste incinerator. For hydrogen, for
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example, there can be used by-product hydrogen from
petroleum refining facilities, by-product hydrogen from
chemical processes, blue hydrogen such as by-product
hydrogen using CCS in combination, hydrogen whose gas
composition is adjusted by PSA or the like, water
electrolysis hydrogen, salt solution electrolysis
hydrogen, hydrogen obtained by other electrolysis
technology, and hydrogen obtained by steam reforming.
[0015]

From the viewpoint of production efficiency, the
purity of carbon dioxide used as a raw material is
preferably 98% or more, preferably 99% or more, and more
preferably 99.9% or more.

From the viewpoint of production efficiency, the
purity of hydrogen used as a raw material is preferably
99% or more, preferably 99.9% or more, and more
preferably 99.99% or more.

[0016]
[Step (B)]

A step (B) in the method for producing methanol
according to the present embodiment is a step of raising
pressure of the make-up gas 1, and then mixing the make-
up gas 1 with a recycled gas 3 recovered from an exit gas
of a synthesis reactor 6 to obtain a synthesis reactor-
feeding gas 4. A compressor 2, for example, is used to
raise pressure of the make-up gas.

[0017]



_14_

The recycled gas 3 is a gas containing an unreacted
component of the synthesis reactor-feeding gas 4 used in
the methanol synthesis reaction, and is recovered from an
exit gas 7 of the synthesis reactor 6.

[0018]

The circulation ratio, which is the ratio of the
molar flow rate of the recycled gas 3 to the molar amount
of the make-up gas 1, is preferably 1.0 to 7.0, more
preferably 3.0 to 7.0, and further preferably 4.0 to 6.0.
When the circulation ratio is 1.0 or more, the amount of
by-products tend to decrease, and when the circulation
ratio is 7.0 or less, the production efficiency tends to
increase.

The above circulation ratio can be measured from the
ratio between the flow rate of the recycled gas 3 and the
flow rate of the raw material gas 1 (make-up gas).

[0019]
[Step (C)]

The step (C) in the method for producing methanol
according to the present embodiment is a step of
preheating the synthesis reactor—-feeding gas 4 by
exchanging heat with the exit gas 7 from the synthesis
reactor 6 as a heating source. A mutual heat exchanger 5
is used for heat exchange, for example.

[0020]

[Step (D) ]
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A step (D) in the method for producing methanol
according to the present embodiment is a step of feeding
the preheated synthesis reactor-feeding gas 4 to the
synthesis reactor 6 and bringing into contact with a
catalyst to synthesize methanol.

[0021]

The gas temperature at the entrance of the synthesis
reactor is appropriately set depending on the type and
amount of the catalyst, the shape of the reactor, the
reaction pressure, and the like, but is preferably 170 to
260°C, more preferably 170 to 220°C, and further
preferably 170 to 200°C. When the entrance gas
temperature is 170°C or more, the reactivity tends to
improve, and when the entrance gas temperature is 260°C
or less, the equipment cost tends to be reduced.

[0022]

The gas pressure at the entrance of the synthesis
reactor is preferably 4.9 to 14.7 MPaG, more preferably
5.0 to 11.0 MPaG, and further preferably 5.0 to 10.0 MPaG.
When the entrance gas pressure is 4.9 MPaG or more, the
reactivity tends to improve, and when the entrance gas
pressure is 14.7 MPaG or less, the production efficiency
tends to increase.

[0023]

The synthesis reactor-feeding gas 4 that is fed to

the synthesis reactor has a relation (M) of mol% of CO,

CO,, and H; calculated by the following formula:
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M = (H; mol%) / (2 X CO mol% + 3 X CO, mol%)
wherein M is preferably 1.3 to 5.0, more preferably 1.5
to 4.0. When the M value is 1.3 or more, the amount of
by-products tend to decrease, and when the M value is 5.0
or less, the production efficiency tends to increase.
[0024]

From the viewpoint of maintaining reactivity,
suppressing by-products, and protecting the catalyst, the
reaction temperature in the synthesis reactor 6 is
preferably 200 to 300°C, more preferably 200 to 280°C,
and further preferably 200 to 270°C.

[0025]

The synthesis reactor 6 is not particularly limited,
and preferably has a mechanism (heat removal mechanism)
for removing heat generated by the reaction from the
catalyst layer. Specific examples thereof include a
heat-exchange-type tubular reactor having the shell side
serving as an evaporator, and an adiabatic type reactor.
Herein, Figure 1 shows an example using a heat-exchange-
type tubular reactor as a synthesis reactor, and Figure 2
shows an example using an adiabatic reactor as a
synthesis reactor.

[0026]

When using a heat-exchange-type tubular reactor, the
reaction temperature is controlled by indirect heat
exchange with pressurized boiling water to obtain

saturated vapor (steam). Boiling water is circulated
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through a steam drum and the shell side of the tubular
reactor to recover steam from the steam drum. The steam
obtained in this synthesis system is preferably used as a
heating source for the purification process of the
methanol solution on downstream of the synthesis process.
The pressurized boiling water preferably has a
temperature of 220°C to 260°C.

[0027]

When adopting the adiabatic type reactor, it has one
or more catalyst layers inside. In the case of two
layers or more, a part of the synthesis reactor-feeding
gas 4 is branched as a cooling gas for an intermediate
layer and fed as a quench gas to control the reaction
temperature, and an evaporator is provided as heat
recovery equipment for the reactor exit gas 7 to recover
steam, which may also be used as a heating source for the
purification process of the methanol solution on the
downstream.

[0028]

The catalyst used for the synthesis is preferably a
methanol synthesis catalyst containing copper atoms and
zinc atoms as essential components. Such a catalyst is
reduced from an oxide state by a reducing gas such as
hydrogen, carbon monoxide, or a mixed gas thereof,
thereby activating copper and having catalytic activity.
The catalyst may contain aluminum atoms and/or chromium

atoms as a main third component in addition to copper
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atoms and zinc atoms. A catalyst containing copper and
zinc as essential components can be prepared by a known
method. Such a catalyst can be prepared, for example, by
the methods described in Japanese Patent Publication No.
51-44715, Japanese Patent No. 2695663, Japanese Patent
Publication No. 6-35401, Japanese Patent Application
Laid-Open No. 10-272361, and Japanese Patent Application
Laid-Open No. 2001-205089.

[0029]

A preferable catalyst is a methanol synthesis
catalyst containing copper atoms and zinc atoms in an
atomic ratio (copper/zinc) of 2.0 to 3.0 and containing
aluminum atoms. Examples of such a catalyst include the
catalyst prepared by the method described in Japanese
Patent Application Laid-Open No. 8-299796 and the
catalyst described in International Publication No.
W02011/048976.

Specific examples of a preferable catalyst include
the catalysts used in Examples and Comparative Examples,
such as Examples 2 and 3, of International Publication No.
WO02011/048976. A more preferable atomic ratio of copper
atoms and zinc atoms (copper/zinc) in the catalyst is in
the range of 2.1 to 3.0. 1In addition, a methanol
synthesis catalyst containing 3 to 20% by mass of alumina
is more preferable. Such a catalyst can be prepared, for
example, by the method described in International

Publication No. W02011/048976, as described above. More
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specifically, for example, this catalyst is prepared by a
production method comprising: a step of mixing an aqueous
solution containing copper, an aqueous solution
containing zinc, and an aqueous alkali solution to form a
precipitate containing copper and zinc; a step of mixing
the obtained precipitate with an alumina hydrate having a
pseudo-boehmite structure to obtain a mixture; and a step
of molding the obtained mixture so that the density
becomes 2.0 to 3.0 g/mL. Herein, examples of the molding
method include tableting, extrusion molding, and rolling
granulation. The catalyst used in the present embodiment
is not limited to the above catalyst and the catalyst
prepared by the above preparation method, and may be

another catalyst having equivalent methanol synthesis

activity.
[0030]
[Step (E)]

A step (E) in the method for producing methanol
according to the present embodiment is a step of cooling
the exit gas 7 of the synthesis reactor by exchanging
heat with the synthesis reactor-feeding gas 4 as a
cooling source. For heat exchange, for example, the
mutual heat exchanger 5 used in the step (C) is used.
[0031]

The exit gas from the synthesis reactor 6 may be

cooled through heat exchange using the synthesis reactor-
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feeding gas 4 as a cooling source, and then further
cooled through a cooler 8.

[0032]

[Step (F)]

A step (F) in the method for producing methanol
according to the present embodiment is a step of
obtaining a gas phase containing an unreacted gas by gas-
liquid separation of the exit gas cooled in the step (E).
Gas—liquid separation of the cooled exit gas is performed
by using a high-pressure separator 9, for example.

[0033]
[Step (G)]

A step (G) in the method for producing methanol
according to the present embodiment is a step of
discharging at least a part of the gas phase obtained in
the step (F) out of the synthesis system as a purge gas
10, recovering a part of the remaining gas phase as the
recycled gas 3, and mixing with the make-up gas 1.

[0034]

At least a part of the gas phase containing the
unreacted gas gas-liquid separated in the high-pressure
separator 9 in the step (F) is discharged out of the
synthesis system through a purge gas discharge pipe 10.
Specifically, the inert gas and impurities contained in
the raw materials and by-products (hydrocarbons, organic
gas impurities such as methyl formate) produced by the

synthesis reaction are discharged out of the system as a
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purge gas. In the method for producing methanol
according to the present embodiment, the inert gas in the
make-up gas i1s less than in the conventional process, and
the amount of the inert gas discharged by the purge gas
is also less. Therefore, it is possible to operate with
less purge gas than in the conventional process.

[0035]

Meanwhile, a part or all of the remaining gas phase
obtained in the step (F) is recovered as the recycled gas
3 and mixed with the make-up gas 1 after being raised in
pressure. The recycled gas 3 may be compressed by a
compressor 11 or the like before being mixed with the
make—-up gas 1.

[0036]

The purge gas 10 is a combustible gas containing CHg,
CO, CO,, H;, and the 1like as main components, and thus is
often combusted as in the conventional process, and the
carbon contained in the purge gas is often discharged as
CO3.
[0037]

The method for producing methanol according to the
present embodiment may further include the following
steps (H) to (J). Herein, the apparatus shown in Figure
3 is an example of an apparatus used when performing the
method including steps (H) to (J) of the present
embodiment.

[Step (H)]



_22_

A step of recovering at least a part of the gas
phase obtained in the step (F) as the purge gas 10 and
separating the purge gas into a first separated stream 16
and a second separated stream 17
[Step (I)]

A step of discharging a part of the first separated
stream 16 out of the synthesis system as an unrecovered
gas 19, recovering a part or all of the remaining stream
as a recovered gas 18, and mixing with the make-up gas 1
[Step (J)]

A step of discharging the second separated stream 17
out of the synthesis system
[0038]

In the apparatus of Figure 3, the purge gas 10
passes through separation equipment 15 and is separated
into the first separated stream 16 and the second
separated stream 17. Examples of the separation
equipment 15 include devices that remove impurities from
purge gas, such as demisters, adsorbents, scrubbers,
cyclones, vanes, and filters, and devices that separate
H, from purge gas, such as PSA and membrane separators.
Impurities to be removed include organic substances such
as hydrocarbons and esters, inorganic substances such as
chlorine, and solid substances such as iron rust.

[0039]
When an impurity remover is used in the separation

equipment 15, the first separated stream 16 becomes the
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purified purge gas from which the impurities are removed
from the purge gas 10, and the second separated stream 17
becomes the impurity stream. The amount of impurities
accumulated in the synthesis system is reduced by the
impurity remover, and thus the amount of gas discharged
and the CO,; emitted out of the synthesis system can be
likely to be reduced.

[0040]

When the purge gas 10 is cleaned by a scrubber
provided in the separation equipment 15, the second
separated stream 17 discharged from the separation
equipment after cleaning becomes a mixed solution of
methanol, water, impurity streams, and the like, and thus
is preferably recovered and transferred to a purification
process to recover methanol.

[0041]

When PSA and the membrane separator are used for the
separation equipment 15, the first separated stream 16
becomes a gas with a higher H, concentration than the
purge gas 10 and the second separated stream 17 becomes a
gas with a higher CO, concentration than the purge gas 10.
All of the first separated stream 16 having a high H;
concentration may be mixed with the make-up gas 1 as the
recovered gas 18, a part the stream 16 may be discharged
out of the synthesis system as the unrecovered gas 19, or
all of the stream 16 may be discharged out of the

synthesis system as the unrecovered gas 19. The
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unrecovered gas with a high H, concentration can be used
as a clean fuel that does not emit CO,. Whereas, the
second separated stream 17 is discharged out of the
synthesis system. The CO, contained in the second
separated stream 17 may be reused as a raw material, or
may be buried in the ground using CCS or the like to
reduce CO, emissions.

[0042]

The method for producing methanol according to the
present embodiment may further include the following
steps (K) and (L).

[Step (K)]

A step of lowering pressure of the liquid phase
obtained by gas—-liquid separation of the exit gas cooled
in the step (E)

[0043]
[Step (L)]

A step of feeding a flash gas generated during
pressure lowering in the step (K) to the scrubber
[0044]

The pressure of liquid phase obtained by gas-liquid
separation of the cooled exit gas in the step (E) is
lowered by using a low-pressure separator 12 or the 1like,
and then the flash gas generated during pressure lowering
in the low-pressure separator 12 is fed to a scrubber 13,
and is brought into contact with water to recover

methanol and water.
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[0045]

The method for producing methanol according to the
present embodiment may further include the following
steps (M) and (N).

[Step (M) ]

A step of reusing a vent gas generated from the
scrubber generated in the step (L) as a raw material
[0046]

[Step (N)]

A step of joining the vent gas generated from the
scrubber generated in the step (L) with the purge gas
[0047]

The main components of a vent gas 14 generated from
the scrubber in the step (L) are CO,; and H,, and
therefore may be reused as raw materials (step (M)), or
the vent gas 14 may be joined with the purge gas 10 (Step
(N)) .

[0048]

In the step (M), depending on the pressure of the
vent gas 14, it may be selected either the vent gas 14 is
joined with the make-up gas 1, or is joined with a back
stream of equipment (not shown) that recovers carbon
dioxide from the exhaust gas or the atmosphere.

For example, when the pressure of the vent gas 14 is
higher than the pressure of the make-up gas 1 fed to the
compressor 2, the vent gas 14 may be joined with the

make—-up gas 1 and reused. Whereas, when the pressure of



_26_

the vent gas 14 is lower than the pressure of the make-up
gas 1 fed to the compressor 2, the vent gas 14 is joined
with CO, on the back stream of the equipment that
recovers carbon dioxide operated at atmospheric pressure
or low pressure, and the joined gas is raised in pressure
and then may be reused through the carbon dioxide
introduction pipe 20. Herein, low pressure refers to,
for example, less than 1.0 MPaG.

[0049]

The aqueous solution containing methanol separated
by the low-pressure separator 12 may be fed to a
purification process such as distillation. The low-
pressure separator 12 and the scrubber 13 are shown as
separate devices in Figure 1, but a device obtained by
integrating the low-pressure separator 12 and the
scrubber 13 may be used.

[0050]

In the method for producing methanol according to
the present embodiment, the synthesis yield decreases and
the purge gas flow rate increases as the catalyst
activity deteriorates over time. Accordingly CO;
emissions will increase, and it is thus preferable that
synthesis pressure, reaction temperature, circulation
ratio (recycled gas flow rate / make-up gas flow rate),
raw material composition (hydrogen flow rate / carbon
dioxide flow rate), any one of these elements, or two or

more elements are adjusted appropriately to keep the
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synthesis yield constant and continue to operate with
minimal CO, emissions.

[0051]

<Methanol production apparatus>

The methanol production apparatus of the present
embodiment is an apparatus for performing the above
method for producing methanol, and examples thereof
include the apparatuses shown in the schematic views of
Figures 1 to 3.

A methanol production apparatus 100 of the present
embodiment is a methanol production apparatus for
producing methanol using carbon dioxide and hydrogen as
raw materials, the apparatus comprising:

a synthesis reactor 6;

first mixing means (join portion of a carbon dioxide
introduction pipe 20 and a hydrogen introduction pipe 30)
that mixes carbon dioxide and hydrogen to obtain a make-
up gas;

a compressor 2 that raises pressure of the make-up
gas;

second mixing means (join portion of a lines 1 and
3) that mixes the make-up gas raised in pressure with a
recycled gas recovered from an exit gas of the synthesis
reactor to obtain a synthesis reactor-feeding gas; and

a first heat exchanger 5 that preheats the synthesis
reactor—-feeding gas by exchanging heat with the exit gas

from the synthesis reactor as a heating source,
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wherein the preheated synthesis reactor-feeding gas
is brought into contact with a catalyst in the synthesis
reactor 6 to synthesize methanol.

[0052]

In the methanol production apparatus according to
the present embodiment, the first heat exchanger 5 may
cool the exit gas from the synthesis reactor 6 by
exchanging heat with the synthesis reactor-feeding gas as
a cooling source.

[0053]

The methanol production apparatus according to the
present embodiment may further include a high-pressure
separator 9 for obtaining a gas phase containing
unreacted gas by performing gas-liquid separation of the
exit gas cooled by the first heat exchanger 5.

[0054]

The methanol production apparatus according to the
present embodiment further comprises purge—gas
discharging means (line 10) for discharging at least a
part of the gas phase obtained in the high-pressure
separator 9 out of the synthesis system as a purge gas,

wherein a part or all of the remaining gas phase
after discharging of the purge gas may be recovered as
the recycled gas and mixed with the make-up gas by the
second mixing means (join portion of lines 1 and 3).

[0055]
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An apparatus 101 for producing methanol according to
the present embodiment may further comprise:

purge—-gas discharging means (line 10) for recovering
at least a part of the gas phase obtained in the high-
pressure separator 9 as a purge gas;

separation equipment 15 for separating the purge gas
into a first separated stream and a second separated
stream;

unrecovered—-gas discharging means (line 19) for
discharging a part of the first separated stream out of
the synthesis system as an unrecovered gas;

third mixing means (join portion of the lines 1 and
18) for recovering a part or all of the remaining first
separated stream as a recovered gas and mixing with the
make—-up gas; and

second-separated-stream discharging means (line 17)
for discharging the second separated stream out of the
synthesis system.
[0056]
<Multi-stage reaction>

The method and methanol production apparatus
according to the present embodiment also include a
production method and production apparatus 102 by multi-
stage reaction using a device in which a first synthesis
reactor 6 and a second synthesis reactor 6' are arranged
in series as shown in Figure 4. The multi-stage reaction

is performed in the same manner as the methanol
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production method using one synthesis reactor described
above, except that the exit gas from the first synthesis
reactor 6 is cooled by the heat exchanger 5 and is gas-
liquid separated in the separator 9, and then is
preheated in a heat exchanger 5' and fed again to the
second synthesis reactor 6' different from the first
synthesis reactor. Figure 4 does not show separation
equipment for separating the purge gas, but separation
equipment for separating the purge gas may be provided in
the multi-stage reaction as in the above-described

methanol production method.

Example 1
[0057]

Hereinafter, the method and methanol production
apparatus according to the present invention will be
described in detail with reference to Examples and
Comparative Examples, but the present invention is not
limited thereto.

The catalyst used for methanol synthesis was any of
a catalyst prepared by the method described in Example 1
of Japanese Patent Publication No. 51-44715 (methanol
synthesis catalyst A); a catalyst prepared by the method
described in Example 1 of Japanese Patent Laid-Open No.
8-299796 (methanol synthesis catalyst B); a catalyst
prepared by the method described in Example 3 of

International Publication No. WO 2011/048976 (methanol
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synthesis catalyst C); or a catalyst prepared by the
method described in Comparative Example 4 of Japanese
Patent Laid-Open No. 8-299796 (methanol synthesis
catalyst D).

[0058]

[Example 1]

In Example 1, the production apparatus shown in
Figure 1 was used. Each condition was as follows. By
using CO, and H; as raw material gases and adjusting the
flow rates of CO, and H;, the composition of the make-up
gas 1 was adjusted to H,/CO, = 3.0, and methanol was
synthesized under the conditions of a reactor entrance
pressure of 8.0 MPaG and a circulation ratio of 2.7. The
methanol synthesis catalyst B was used in the synthesis
reactor 6. The pressure of the make-up gas 1 was raised
to 8.07 MPaG by the main compressor 2. The make-up gas 1
raised in pressure was joined with the recycled gas 3 to
be become the synthesis reactor-feeding gas 4, and was
heat—-exchanged with the exit gas 7 of the synthesis
reactor flowing through the exit of the synthesis reactor
6, thereby preheating the gas to be fed to the synthesis
reactor to 200°C. A heat-exchange type tubular reactor
having an inner tube made of stainless steel was used as
the synthesis reactor 6. The fluid pressure in the
catalyst layer was 8.00 to 8.02 MPaG and the temperature
was between 200°C and 234°C. This temperature range was

significantly preferable as the temperature at which the
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catalyst was used. In this case, the temperature of the
pressurized boiling water as the coolant was 227°C.
[0059]

The exit gas 7 from the synthesis reactor 6 was
cooled by the heat exchanger 5 and the cooler 8 to 45°C,
which is below the dew point of methanol, to promote
condensation of methanol. The exit gas 7 of the reactor
flowing through the exit of the reactor was cooled by the
synthesis reactor-feeding gas 4. The molar flow rate of
the recycled gas 3 generated from the high-pressure
separator 9 was controlled to be 2.7 times the molar flow
rate of the make-up gas 1, and as a result, the molar
flow ratio of the purge gas 10 to the unreacted gas flow
before separation of the purge gas 10 was 1.1%.

[0060]

Synthetic carbon yield in Example 1 is represented
as a ratio of methanol molar flow rate in crude methanol
to CO, molar flow rate in the make-up gas 1, and was
95.5%.

[0061]
[Comparative Example 1]

In Comparative Example 1 as well, the production
apparatus shown in Figure 1 was used in the same manner
as in Example 1. The difference from Example 1 was the
composition of the make-up gas 1 as a raw material.
Assuming a steam-reformed gas obtained by subjecting

natural gas to a steam-reforming reaction, which is
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widely used as a raw material for methanol synthesis, a
representative composition thereof was used as the
composition of the make-up gas 1. The sum of the CO
molar flow rate and the CO; molar flow rate of the make-
up gas 1, that is, the carbon raw material contributing
to the production of methanol was set to be all the same
in Example 1, Comparative Example 1, and Comparative
Example 2. By adjusting the amount of the catalyst
introduced into the synthesis reactor 6, the main
operating conditions such as the synthesis reactor
entrance pressure, circulation ratio, and pressurized
boiling water temperature were set to predetermined
values, and the synthetic carbon yield, that is, the
amount of methanol produced, was set to be all the same
in Example 1, Comparative Example 1, and Comparative
Example 2.

[0062]

The exit gas 7 from the synthesis reactor 6 was
cooled by the heat exchanger 5 and the cooler 8 to 45°C,
which is below the dew point of methanol, to promote
condensation of methanol. The exit gas 7 of the reactor
flowing through the exit of the reactor was cooled by the
synthesis reactor-feeding gas 4. The molar flow rate of
the recycled gas 3 generated from the high-pressure
separator 9 was controlled to be 2.7 times the molar flow

rate of the make-up gas 1, and as a result, the molar
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flow ratio of the purge gas to the unreacted gas flow
before separation of the purge gas 10 was 9.3%.
[0063]

Synthetic carbon yield in Comparative Example 1 is
represented as a ratio of methanol molar flow rate in
crude methanol to sum of CO molar flow rate and CO, molar
flow rate in the make-up gas 1, the synthetic carbon
yield was set to 95.5%, which is the same as in Example 1.
In this case, the amount of catalyst was adjusted to
about 1.1 times that of Example 1.

[0064]

The difference between Example 1 and Comparative
Example 1 was the composition of the make-up gas 1. 1In
Example 1, almost no inert gas existed in the make-up gas
1, but in Comparative Example 1, inert gas typified by
CH, existed. CHy; that does not contribute to methanol
production accumulated in the synthesis system and was
discharged as a purge gas. As a result, the CO; emission
during the combustion process of the purge gas and vent
gas was 5.5 times that of Example 1.

[0065]
[Comparative Example 2]

In Comparative Example 2 as well, the production
apparatus shown in Figure 1 was used in the same manner
as in Example 1. The difference from Example 1 was the
composition of the make-up gas 1 as a raw material.

Assuming a two-stage reformed gas, which is widely used
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as a raw material for current methanol synthesis,
obtained by subjecting natural gas to a steam-reforming
reaction followed by partial oxidation reaction, a
representative composition thereof was used as the
composition of the make-up gas 1.

[0066]

The exit gas from the synthesis reactor 6 was cooled
by the heat exchanger 5 and the cooler 8 to 45°C, which
is below the dew point of methanol, to promote
condensation of methanol. The exit gas 7 of the reactor
flowing through the exit of the reactor was cooled by the
synthesis reactor-feeding gas 4. The molar flow rate of
the recycled gas 3 generated from the high-pressure
separator 9 was controlled to be 2.7 times the molar flow
rate of the make-up gas 1, and as a result, the molar
flow ratio of the purge gas to the unreacted gas flow
before separation of the purge gas 10 was 2.9%.

[0067]

Synthetic carbon yield in Comparative Example 2 is
represented as a ratio of methanol molar flow rate in
crude methanol to sum of CO molar flow rate and CO, molar
flow rate in the make-up gas 1, the synthetic carbon
yield was set to 95.5%, which is the same as in Example 1.
In this case, the amount of catalyst was adjusted to
about 0.6 times that of Example 1.

[0068]
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The difference between Example 1 and Comparative
Example 2 was the composition of the make-up gas 1. The
CO; emission during the combustion process of the purge
gas and vent gas was 2.3 times that of Example 1.

[0069]

Table 1 shows various conditions and CO, emission

ratios in Example 1 and Comparative Examples 1 and 2.

[0070]
[Table 1]
Comparative| Comparative |Example
Example 1 | Example 2 1
Type of raw material gas reﬁger?nn;d Two-stage CO2, H2
yp 9 gas reformed gas ’
Reactor entrance pressure MPaG 8.0 8.0 8.0
Circulation ratio ™ - 2.7 2.7 2.7
Temperature of pressurized oC 507 507 507
boiling water
Synthetic carbon yield % 95.5 95.5 95.5
CcO2 mol% 8 8 25
Composition of raw CO mol% 15 21 0
material gas H2 mol% 73 70 75
Inert mol% 4 2 0
CO2 emission ratio during
combustion of purge gas and i 1.00 0.43 018
vent gas based on
Comparative Example 173

*1 Circulation ratio = molar flow rate of recycled gas / molar flow rate of

make-up gas

*2 Synthetic carbon yield = molar flow rate of methanol product / sum of

molar flow rates of CO and CO2 in make-up gas (percentage)

*3 Molar flow rate of CO2 emission during combustion = CO2 molar flow rate

+ CO molar flow rate + CH4 molar flow rate + CH3OH molar flow rate in

discharged gas

[0071]
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[Example 2]

Example 2 was the same process as in Example 1 and
was used for comparison with Examples 3 to 6. In Example
2, the production apparatus shown in Figure 1 was used.
Each condition was as follows. By using CO;, and H; as raw
material gases and adjusting the flow rates of CO, and Hy,
the composition of the make-up gas 1 was adjusted to
H,/CO, = 3.0, and the composition and flow rate were set
to be the same as in the make-up gas 1 in Example 1.
Methanol synthesis was performed under conditions of a
reactor entrance pressure of 8.0 MPaG and a circulation
ratio of 3.0. The methanol synthesis catalyst B was used
in the synthesis reactor 6, and the catalytic activity
was 0.8 times that of Example 1. The pressure was raised
to 8.07 MPaG by the main compressor 2. The make-up gas 1
raised in pressure was joined with the recycled gas 3 to
be become the synthesis reactor-feeding gas 4, and was
heat—-exchanged with the exit gas 7 of the synthesis
reactor flowing through the exit of the synthesis reactor
6, thereby preheating the gas to be fed to the synthesis
reactor to 200°C. A heat—exchange type tubular reactor
having an inner tube made of stainless steel was used as
the synthesis reactor 6. The fluid pressure in the
catalyst layer was 8.00 to 8.02 MPaG and the temperature
was between 200°C and 233°C. The temperature of the

pressurized boiling water as the coolant was 227°C.

[0072]
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The exit gas 7 from the synthesis reactor 6 was
cooled by the heat exchanger 5 and the cooler 8 to 45°C,
which is below the dew point of methanol, to promote
condensation of methanol. The exit gas 7 of the reactor
flowing through the exit of the reactor was cooled by the
synthesis reactor-feeding gas 4. The molar flow rate of
the recycled gas 3 generated from the high-pressure
separator 9 was controlled to be 3.0 times of the molar
flow rate of the make-up gas 1, and as a result, the
molar flow ratio of the purge gas to the unreacted gas
flow before separation of the purge gas 10 was 1.5%.
[0073]

Synthetic carbon yield in Example 2 is represented
as a ratio of methanol molar flow rate in crude methanol
to CO, molar flow rate in the make-up gas 1, the
synthetic carbon yield was 93.8%. Synthetic hydrogen
yield is represented by the sum of twice the molar flow
rate of methanol in crude methanol and the molar flow
rate of water to the molar flow rate of H;, in the make-up
gas 1, and was 94.3%.

[0074]
[Example 3]

In Example 3, the production apparatus shown in
Figure 3 was used. By providing the separation equipment
15 that separates the purge gas 10 of Example 2, the
synthetic carbon yield was improved as compared with that

of Example 2. In Example 3, a scrubber was provided as
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the separation equipment. By sprinkling water with the
scrubber, the methanol present in the purge gas 10 was
recovered together with water in the second separated
stream 17 and fed to the refining process to become a
product. The remaining gas became the first separated
stream 16 and was discharged out of the system as the
unrecovered gas 19.

[0075]

Synthetic carbon yield in Example 3 is represented
as a ratio of methanol molar flow rate in crude methanol
to CO, molar flow rate in the make-up gas 1, the
synthetic carbon yield was 94.1%. The yield was improved
by 0.3% as compared with Example 2.

[0076]
[Example 4]

In Example 4 as well, the production apparatus shown
in Figure 3 was used. By providing a PSA-H, device
downstream of the scrubber of the separation equipment 15
of Example 3, the synthetic hydrogen yield was improved
as compared with Example 1. The H, present in the purge
gas 10 passing through the PSA was separated into a first
separated stream 16 with a recovery rate of 80% and a
purity of 100% after recovery. The second separated
stream 17 contained remaining gas of the purge gas 10
having a carbon concentration higher than that of the
purge gas 10 in addition to scrubber wastewater.

[0077]
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H, is expensive, and reusing it as a recovered gas
18 for a raw material of methanol synthesis can provide
an economic advantage. H; has a high utility wvalue as a
clean fuel that does not generate CO,, and it is
beneficial to feed it out of the system as an unrecovered
gas 19. In Example 4, the total amount of the first
separated stream 16 was recovered as the recovered gas 18,
and the flow rate of H, fed as the raw material was
reduced accordingly.

[0078]

Compared with Examples 2 and 3, in Example 4, the
amount of H; fed as a raw material was reduced by about
3%. Synthetic hydrogen yield is represented by the sum
of twice the molar flow rate of methanol in crude
methanol and the molar flow rate of water to the molar
flow rate of H; in the make-up gas 1, and was 98.4%.
Compared with Examples 2 and 3, improvement by about 4%
was obtained.

[0079]

Table 2 shows various conditions and CO, emission

ratios in Examples 2 to 4.

[0080]
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[Table 2]
Example 2 Exaglple Example 4
sepglrgtion Scrupber equl:i’r?rﬁent
. provided .
equipment provided
Flow rate of raw material gas kmol/h| 269.6 269.6 261.3
CcOo2 kmol/h 67.3 67.3 67.3
H2 kmol/h| 202.1 202.1 193.8
Synthesis pressure MPaG 8.0 — —
Te_mperature of pressurized oC 507 - -
boiling water
Flow rate of recycled gas kmol/h| 808.8 «— —
Synthetic carbon yield™ % 93.8 94.1 94.1
Synthetic hydrogen yield % 94.3 «— 98.4
CO2 emission ratio during
combustion of purge gas and vent - 1.0 «— «—

gas based on Example 3-1"3

*1 Synthetic carbon yield = molar flow rate of methanol product / molar flow

rate of CO2 in make-up gas (percentage)

*2 Synthetic hydrogen yield = sum of molar flow rates of methanol product

and H2 converted to water / molar flow rate of H2 in make-up gas

(percentage)

*3 Molar flow rate of CO2 emission during combustion = CO2 molar flow rate

+ CO molar flow rate + CH4 molar flow rate + CH3OH molar flow rate in

discharged gas
[0081]
[Example 5]
In Example 5,

Figure 3 was used.

impurities from the purge gas 10,

adsorbent, a scrubber,

a cyclone,

a vane,

such as a demister,

or a filter,

the production apparatus shown in

By providing a device for removing

an

as

the separation equipment 15 that separates the purge gas

10 of Example 2,

organic substances such as hydrocarbons
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and esters present in the system, inorganic substances
such as chlorine, and solid impurities such as iron rust
can be discharged out of the system and can be prevented
from accumulating in the system. A purge gas from which
impurities had been removed was present in the first
separated stream 16, a part or all of the purge gas was
recovered as the recovered gas 18 for a raw material, and
a part of the remaining purge gas was fed out of the
synthesis system as the unrecovered gas 19. Impurities
were present in the second separated stream 17 and
discharged out of the synthesis system.

[0082]

In Examples 1 and 2, when the carbon yield is
increased and the amount of the purge gas 10 is reduced,
impurities accumulate in the system. In particular, in
hydrocarbon-based organic gases, accumulation in the
system is suppressed by maintaining the purge gas 10
molar flow rate at 1% or more, more preferably 2% or more
relative to the make-up gas 1 molar flow rate. The
accumulation of these impurities adversely affects the
catalytic activity and synthesis reaction performance,
and therefore it is preferable to maintain a constant
molar flow rate of the purge gas 10, thus limiting the
upper limits of the synthetic carbon yield and synthetic
hydrogen yield.

[0083]
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In Example 5, impurities are removed by the
separation equipment 15, and thus even when the recovered
gas 18 is joined with the make-up gas 1, the impurities
will not be accumulated in the synthesis system.
Therefore, it is possible to reduce the molar flow rate
of the purge gas 10 as compared with Examples 1 and 2,
and the upper limits of the synthetic carbon yield and
the synthetic hydrogen yield are not limited. 1In
addition, it is possible to reduce the CO, emission when
the gas discharged out of the synthesis system is
combusted.

[0084]
[Example 6]

In Example 6 as well, the production apparatus shown
in Figure 3 was used. The main components of the wvent
gas 14 are H; and CO;, and thus are reused as raw
material gases. Accordingly, the amounts of H, and CO;
fed to the raw material are reduced, and the carbon yield
and hydrogen yield are improved. In addition, the CO;
emission when the gas discharged out of the synthesis

system is combusted is reduced.

Industrial Applicability
[0085]
The present invention has industrial applicability

in the method and methanol production apparatus.
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Claims

[Claim 1]

A method for producing methanol using carbon dioxide
and hydrogen as raw materials, the method comprising:

a step (A) of mixing carbon dioxide and hydrogen to
obtain a make-up gas;

a step (B) of raising pressure of the make-up gas,
and then mixing the make-up gas with a recycled gas
recovered from an exit gas of a synthesis reactor to
obtain a synthesis reactor-feeding gas;

a step (C) of preheating the synthesis reactor-
feeding gas by exchanging heat with the exit gas from the
synthesis reactor as a heating source; and

a step (D) of feeding the preheated synthesis
reactor—-feeding gas to the synthesis reactor and bringing
into contact with a catalyst to synthesize methanol.
[Claim 2]

The method for producing methanol according to claim
1, further comprising a step (E) of cooling the exit gas
by exchanging heat with the synthesis reactor-feeding gas
as a cooling source.

[Claim 3]

The method for producing methanol according to claim
2, further comprising a step (F) of performing gas-liquid
separation on the exit gas cooled in the step (E) to

obtain a gas phase containing an unreacted gas.
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[Claim 4]

The method for producing methanol according to claim
3, further comprising a step (G) of discharging at least
a part of the gas phase obtained in the step (F) as a
purge gas out of a synthesis system, recovering a part or
all of the remaining gas phase as the recycled gas and
mixing with the make-up gas.

[Claim 5]

The method for producing methanol according to claim
3, further comprising:

a step (H) of recovering at least a part of the gas
phase obtained in the step (F) as a purge gas, and
separating the purge gas into a first separated stream
and a second separated stream;

a step (I) of discharging a part of the first
separated stream out of the synthesis system as an
unrecovered gas, recovering a part or all of the
remaining first separated stream as a recovered gas and
mixing with the make-up gas; and

a step (J) of discharging the second separated
stream out of the synthesis system.

[Claim 6]

The method for producing methanol according to claim
2 or 3, further comprising:

a step (K) of lowering pressure of a liquid phase
obtained by gas—-liquid separation of the exit gas cooled

in the step (E); and
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a step (L) of feeding a flash gas generated during
pressure lowering in the step (K) to a scrubber.
[Claim 7]

The method for producing methanol according to claim
6, further comprising a step (M) of reusing, as a raw
material, a vent gas generated from the scrubber
generated in the step (L).
[Claim 8]

The method for producing methanol according to claim
7, wherein in the step (M), depending on a pressure of
the vent gas, it is selected either the vent gas is
joined with the make-up gas or with a back stream of
equipment that recovers carbon dioxide from an exhaust
gas or atmosphere.
[Claim 9]

The method for producing methanol according to claim
6, further comprising a step (N) of joining the vent gas
generated from the scrubber generated in the step (L)
with the purge gas.
[Claim 10]

The method for producing methanol according to claim
1 or 2, wherein a content ratio between carbon dioxide
and hydrogen in the make—up gas is hydrogen/carbon
dioxide = 2.5 to 4.0 (volume ratio).
[Claim 11]

The method for producing methanol according to claim

1l or 2, wherein a circulation ratio, which is a ratio of
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a molar flow rate of the recycled gas to a molar flow
rate of the make-up gas, is 1.0 to 7.0.
[Claim 12]

A methanol production apparatus for producing
methanol using carbon dioxide and hydrogen as raw
materials, the apparatus comprising:

a synthesis reactor;

first mixing means that mixes carbon dioxide and
hydrogen to obtain a make-up gas;

a compressor that raises pressure of the make-up
gas;

second mixing means that mixes the make-up gas
raised in pressure with a recycled gas recovered from an
exit gas of the synthesis reactor to obtain a synthesis
reactor-feeding gas; and

a first heat exchanger that preheats the synthesis
reactor-feeding gas by exchanging heat with the exit gas
from the synthesis reactor as a heating source,

wherein the preheated synthesis reactor-feeding gas
is brought into contact with a catalyst in the synthesis
reactor to synthesize methanol.

[Claim 13]

The methanol production apparatus according to claim
12, wherein the first heat exchanger cools the exit gas
by exchanging heat with the synthesis reactor-feeding gas
as a cooling source.

[Claim 14]
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The methanol production apparatus according to claim
12 or 13, further comprising a high-pressure separator
for obtaining a gas phase containing an unreacted gas by
gas—liquid separation of the cooled exit gas.
[Claim 15]

The methanol production apparatus according to claim
12 or 13, further comprising purge—gas discharging means
for discharging at least a part of the gas phase as a
purge gas out of the synthesis system,

wherein a part or all of the remaining gas phase
after discharging of the purge gas is recovered as the
recycled gas and mixed with the make-up gas by the second
mixing means.
[Claim 16]

The methanol production apparatus according to claim
12 or 13, further comprising:

purge—gas recovering means for recovering at least a
part of the gas phase as a purge gas;

separation equipment for separating the purge gas
into a first separated stream and a second separated
stream;

unrecovered-gas discharging means for discharging a
part of the first separated stream out of the synthesis
system as an unrecovered gas;

third mixing means for recovering a part or all of
the remaining first separated stream as a recovered gas

and mixing with the make-up gas; and
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second-separated-stream discharging means for
discharging the second separated stream out of the

synthesis system.



