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T. A process for the production of methanol, comprising
a primary reforming step of catalytically reacting a
hydrocarbon as a raw material with steam, a partial oxidation
step of partially oxidizing a gas fed from the above primary
reforming step by adding an oxygen gas, a secondary reforming
step of catalytically reacting a gas fed from the above partial
oxidation step with steam, a step of using a high-temperature
gas obtained from the secondary reforming step as a heat source
for the primary reforming step, a synthesis gas preparation
step of separating steam from the gas used as the above heat
source to prepare a synthesis gas, and a methanol synthesis
step which comprises introducing the synthesis gas into a
methanol synthesis reactor with a fluid bed catalyst,

wherein:

- a proportion of a gas from the methanol
e f2
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synthesis reactor is re-introduced into the methanol synthesis
reactor as a circulating gas together with the synthesis gas;

- a remaining part of the gas from the methanol
synthesis reactor is introduced into the primary reforming step
as a purge gas together with the hydrocarbon as a raw material;
and

- at least one step selected from (ay, (b), (c)
and (d) is carried out to bring the molar ratio of hydrogen to
carbon oxides in a feed gas to be introduced into the methanol
synthesis reactor, represented by [H,/(2CO + 3C0,)], to from
1.0 to 2.7, and to bring the molar ratio of C0,/CO in the feed
gas to from 0.6 to 1.2:

(a) introducing the synthesis gas into the methanol

synthesis reactor after carbon dioxide gas is removed from the
synthesis gas;

(b) removing carbon dioxide gas from part of the
purge gas, and introducing that part of the purge gas into the
methanol synthesis reactor together with the synthesis gas;

(c) cooling the gas obtained from the methanol
synthesis step with the heat of evaporation of liquid oxygen to
be used in the gas reforming step and/or by low temperature
oxygen to be used in the gas reforming step, to divide the gas
into a feed gas and crude methanol which can dissolve a large
amount of carbon dioxide gas, and feeding the feed gas, as a
circulating gas, to the methanol synthesis reactor together
with the synthesis gas; and

(d) separating hydrogen from part of the purge gas
and feeding the separated hydrogen to the methanol synthesis

reactot together with the synthesis gas.
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PROCESS FOR THE PRODUCTION OF METHANOL

FIELD OF THE INVENTION

The present invention relates to a process for the
production of methanol, and more specifically to a process
for the synthesis of methanol from hydrocarbons with a

fluidized bed catalytic reactor.

PRIOR ART OF THE INVENTION

Methanol is used in large amounts since it is
almost free from environmental pollution and easy to
transport, and it is demanded to develop an ultra-large
scale apparatus capable of producing 5,000 tons/day, 10,000
tons/day or more of methanol.

In recent years, in order to cope with such an
ultra-large scale apparatus for producing methanol for use
as a fuel, the development of a fluidized bed catalyst
reactor is under way. For example, JP-A-60-84142, JP~A-60-~
122040 and JP-A-60-106534 (eorresponding to U. 5. Patent
4,666,945) disclose methods for the production of fluid
catalysts for the synthesis of methanol. Further, JP-A-63-
211246 (corresponding to U. S. Patent 4,956,392) discloses
catalysts and reaction conditions for the synthesis of
methanol with a fluidized bed.

The largest problem in the development of
the above large-scale apparatus for the production of
methanol is to increase the capacily of a gas-reforming
apparatus for the production of a synthetic gas from
hydrocarbons. A conventional steam-reforming apparatus uses
the system of externally heating reaction tubes in a
reforming furnace, and when the capacity of an apparatus
for the production of methanol is increased, the limit of

the capacity of the apparatus is 1,500 to 2,000 tons/day.
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A method using the combination of a steam-
reforming and a partial oxidation is atiracting attention as
a method of gas reforming with a large-scale apparatus,

This method is carried out as follows, A hydrocarbon and
steam are mixed and subjected to a primary reforming
reaction. Then, oxygen is added, and a partial oxidation
and a secondary refﬁrming reaction are carried out. The
resultant gas having a high temperature is used as a heat
source for the primary reforming reaction. Advantageously,
this method requires no external supply of heat, nor does it
require a reforming furmace in which reaction tubes are to
be externally heated. Therefore, a synthesis gas having a
high pre.sure can be obtained, and the synthesis reaction of
the synthesis gas can be directly carried out without
increasing the pressure of the synthesis gas with a
compressor. Thus, the reforming reaction is carried out
under a high pressure, the capacity of the apparatus
therefor can be easily increased.

U.S. Patents 4,666,680, 5,112,578 and 5,156,821
disclose specific structures of self heat-exchanger type
reactors in which the primary and secondary reforming
reactions are carried cut.

The reaction for reforming a hydrocarbon with
steam is represented by the following reaction schemes,

CyHp + nHyO0  ~--5> nCO + (n + m/2)H, (L

CO + H,0 {===> COy + H, (2)

In the development of a large-scale apparatus for
the production of methanol, it is desired to improve the
energy efficiency, and concerning a gas-reforming apparatus,
it is under way to develop a self heat-exchanger type
reactor for carrying out the primary reforming reaction and
the secondary reforming reaction as described above. For an

apparatus for the synthesis of methanol, the development of




a fluidized bed catalyst reactor is under way as already
described, while the gas flow speed is required to be 0.4 to
0.6 m/second for achieving an optimum fluidization state of
a catalyst as described in U.S. Patent 4,956,392,

Therefore, the amount of a feed gas to a methanol! synthesis
reactor is defined, and it is required to decrease the
amount of a circulating gas as low as possible. However,
when the synthesis gas circulation ratio (amount of
cireulating gas/amount of synthesis gas) is decreased, the
concentration of carbon oxides (CO + COy) in a gas fed to
the methanol synthesis reactor increases, and the
temperature in the reactor is liable to increase. As a
result, the amount of byproducts such as paraffin inereases,
and the activity of the catalyst may decrease to a great
extent.

In the self heat-exchanger type reactor in which
the primary reforming reaction, partiial oxidation reaction
and secondary reforming reaction are carried out, mainly,
hydrogen in a gas from the primary reforming reaction reacts
with oxygen to increase the concentration of carbon oxides
(CO + Coz) in a synthesis gas. That is, the concentration
of carbon oxides (CO + CO,p) in the synthesis gas to be fed
to a methanol synthesis apparatus increases. The apparatus
for the production of methanol comprises a gas-reforming
apparatus having a self heat-exchanger type reactor in which
the primary reforming reaction, partial oxidation and
secondary reforming reaction are carried out and & methanol
synthesis apparatus having a fluidized bed catalyst reactor.
Therefore, special reaction conditions and improvements in
the methanol synthesis process are required for developing a

large-scale appardtus for the production of methanel, which

apparatus has high energy efficiency.
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SUMMARY QF THE INVENTION

It would be advantageous if at least preferred forms
of the present invention piovided a process for the
production of methanol, which exhibits high energy
efficiency and permits the production of methanol with a
large-scale apparatus.

It would be advantageous if at least preferred forms
of the present invention provided a process for the
production of methanol, which accomplishes high energy
efficiency and comprises a gas reforming step including
the steps of primary reforming, partial oxidation and
secondary reforming, and a methanol synthesis step using
a fluidized bed catalyst reactor, in which the above two
steps (gas reforming step and methanol synthesis step)
can be carried out with apparatus of which the capacities
are increased.

According to the present invention, there is
provided a process for the production of methanol,
comprising a primary reforming step of catalytically
reacting a hydrocarbon as a raw material with steam, a
partial oxidation step of partially oxidising a gas fed
from the above primary reforming step by adding an oxygen
gas, a secondary reforming step of catalytically reacting
a gas fed from the above partial oxidation step with
steam, a step of using a high-temperature gas obtained
from the secondary reforming reaction step as a heat
source for the primary reforming step, a synthesis gas
preparation step of separating steam from the gas used as
the above heat source to prepare a synthesis gas, and a
methanol synthesis step which comprises introducing the
synthesis gas into a methanol synthesis reactor with a
fluid bed catalyst, wherein:

- a proportion of a gas from the methanol
synthesis reactor is re-introduced int¢ the methanol
synthesis reactor as a circulating gas tog=ather with the
gynthesis gas;

- a remaining part of the gas from the methanol
synthesis reactor 1is introduced into the primary

+F0605H/8.11.96
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reforming step as a purge gas together with the
hydrocarbon as a raw material; and

- at least one step selected from (a), (b), (c)
and (d) is carried out to bring the molar ratio of
hydrogen to carbon oxides in a feed gas to be introduced
into the methanol synthesis reactor, represented by
[Hz/(2CO+3C02)], to from 1.0 to 2.7 and to bring the molar

ratio of €0,/CO in the feed gas to from 0.6 to 1.2:

(a)  introducing the synthesis gas into the
methanol synthesis reactor after carbon dioxide gas is
removed from the synthesis gas;

(b) removing carbon dioxide gas from part of
the purge gas, and introducing that part of the purge gas
into the methanol synthesis reactor together with the
synthesis gas;

(c) cooling the gas obtained from the methanol
synthesis step with the heat of evaporation of liquid
oxygen to be used in the gas reforming step and/or by low
temperature oxygen to be used in the gas reforming step,
to divide the gas into a feed gas, and feeding the feed
gas, as a circulating gas, to the methanol synthesis
reactor together with the synthesis gas; and

(d) separating hydrogen from part of the purge
gas and feeding the hydrogen to the methanol synthesis
reactor together with the synthesis gas.

BRIEF DESCRIPTION OF DRAWINGS

Notwithstanding any other forms which may fall
within the scope of the present invention, preferred
forms of the invention will now be described, by way of
example only, with reference to the following examples
and accompanying drawings in which:

Fig. 1 is a flow chart showing the introduction of a
synthesis gas prepared by removing a predetermined amount
of carbon dioxide gas with crude methanol to a methanol
synthesis reactor.

Fig. 2 is a flow chart showing the introduction of a
purge gas prepared by removing a predetermined amount of
carbon dioxide gas with c¢rude methasnol to a wmethanol

‘*ksﬁsﬁiﬁnososrvant.ss
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synthesis reactor.
Fig. 3 is a flow chart showing the introduction of a

gas portion, which 1is separated from a gas from a
methanol synthesis reactor by cocling the gas with the
heat of evaporation of liquid oxXygen to be used in a gas
reforming step and the sensible heat of a low-temperature
oxygen gas to be used in the gas reforming step, to a
methanol synthesis reactor as a circulating gas together

with a synthesis gas.
Fig. 4 is a flow chart showing the introduction of

hydrogen separated from part of a purge gas with a
pressure swing adsorption (PSA) apparatus to a methanol

synthesis reactor.

$:20605H/8.11.96
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DETAILED DESCRIPTION OF THE INVENTION

The present inventors have made diligent studies to
overcome the above problems of an apparatus for the
production of wmethanol, which comprises a gas reforming
apparatus using a self heat-exchanger type reactor for
carrying out the primary reforming reaction, partial
oxidation and secondary reforming reaction and a methanol
synthesis apparatus wusing a fludised bed catalyst
reactor. As a result, it has been found that an
apparatus for the production of methanol, which ecan
achieve high yields and a high energy efficiency and
permits an increase in the capacity of the apparatus, can
be obtained by defining the composition of a feed gas to
a methanol synthesis reactor.

A wmethod of the invention, in which a suitable
composition of a feed gas to a methanol synthesis reactor
is accomplished with high energy efficiency typically
comprises:

(a} a primary recoming step of mixing part of the
purge gas with the hydrocarbon as a raw material to
prepare a mixed gas, adjusting 40 to 80 mol% of the mixed
gas to have a wmolar ratio (8/C) of stem (S) to
hydrocarbon (C) of 1.5 to 4.0 and introducing the
adjusted mixed gas into the primary reforming step to
carry out the primary reforming reaction such that
outlets of reaction tubes show a pressure of 25 to 95
atmospheric pressure and a temperature of 700 to 800°C;

(b} a partial oxidation step of adding oxygen gas in
an amount of 0.40 to 0.46 mol per mole of total carbon of
hydrocarbon as a raw material to a primary reformed gas
and a remainder of the above mixed gas to carry out a
partial oxidation; and

tc}) a step of wusing a secondary reformed gas
obtained from the secondary reforming step as a heat
source for the primary reforming step, separating
unreacted steam by heat recovery and cooling, and
introducing the synthesis gas into the methanol synthesis

reactor.

=£20608H/8.11.96




- 6A -

The synthesis gas is typically introduced into the
methanol synthesis reactor through a compression step.
For acbieving the above composition of a feed gas
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to the methanol synthesis reactor such that higher energy
efficiency can be obtained, the following process may be
employed.

1) Carbon dioxide gas is removed from a reformed
gas obtained from the gas reforming step or a purge gas from
the methanol! synthesis step, and the remainder is introduced
into the methanol synthesis reactor.

2) The heat of evaporation of liquid oxygen to be
used in the gas reforming step and/or the sensibie heat of a
low-temperature oxygen gas to be used in the gas reforming

step is used as a cooling source in the methanol synthesis

step.
3) Hydrogen separated from a purge gas from the

methanol synthesis step with a PSA (pressure sving

adsorption) apparatus is introduced into the methanol

synthesis step.
The present invention in preferred forms will

be detailed hereinafter.

For bringing the composition of a feed gas to thu
methanol synthesis reactor using a fluid catalyst into the
above range, various factors are to be considered, such as
the composition of the synthesis gas to be introduced into
the methanol synthesis step, the reaction ratio in the
methanal synthesis reactor,.the amount ratio of a purge gas
from the methanol synthesis step, the amount ratio between
the synthesis gas and the circulating gas, and the like,
while the composition of the synthesis gas from the gas
reforming step is the main facéor which affects the

composition of the feed gas.
The gas reforming step generally uses a natural
gas composed mainly of methane as hydrocarbon as a raw

material, while LPG and naphtha are also used in some

locations. Further, for improving the unit requirement of
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the raw material, a purge gas from the methanol synthesis
step is also used together with the hydrocarbon. A
nickel-containing catalyst is generally used as a steam
reforming catalyst, and for avoiding the deactiviation of
the catalyst, it  is required to desulfurise the
hydrocarbon as a raw material in advance. -

In at least preferred forms of the present
invention, for bringing the composition of a feed gas to
the wethanol synthesis reactor into the above range such
that higher energy efficiency can be obtained, part of a
purge gas from the methanol synthesis step can be mixed
with hydrocarbon as a raw material and 40 to 80 % of the
mixed gas can be introduced into the primary reforming
reaction tubes after the steam/total carbon of raw
material molar ratio (S/C) is adjusted to from 1.5 to
4.0. This mixed gas to be introduced into the primary
reforming reaction tubes is preferably heated to about
400 to 550°C.

When the amount of mixed gas (mixture of purge gas
and hydrocarbon) which bypasses (i.e., the amount of
mixed gas fed to the partial oxidation) is too large, the
amounts of hydrocarbon as a raw material and steam used
in the primary reforming reaction are small, and the
amount of hydrogen generated is small. As a result, the
stoichiometric ratio between hydrogen and carbon oxides
in the feed gas to the methanol synthesis reactor
decreases, and the amount of oxygen used for the partial
oxidation increases. In the present specification, the
"stoichiometric ratio" refers to a (Hy/2CO + 3C0,)] molar
ratio in the feed gas to the methanol synthesis reactor.

When the amount of mixed gas which bypasses is too
small, the amount of mixed gas to be fed to the primary
reforming reaction is 1large, and the amounts of
hydrocarbon as a raw material and steam are large. As a
result, the CO,/CO molar ratio (to be referred to as "COy

ratio"

5:20605H/8.11.96




hereinafter) in the feed gas to the methanol synthesis
reactor increases.

In the steam reforming reaction, the mixed gas of
hydrocarbon and steam is iné;rectly heated through primary
reforming reaction tubes to carry out a primary reforming
catalytic reaction, such yhat the outlets of the primary
reforming reaction tube%ﬁyiﬁé a pressure of 25 to 95
atmospheric pressures and a temperature of 700 te 800°C.
The primary reformed gas and a remainder of the mixed gas
(of purge gas and hydrocarbon as a raw material) are con'oe
introduced into a combustion chamber together with an oxygen
gas in an amount of 0.40 to 0.46 mol per mole of total
carbon of the hydrocarben as a raw material to carry out a
partial oxidation reaction and a subsequent secondary
reforming reaction. The resultant, high-temperature,
reformed gas is subjected to various heat recoveries, and

then cooled to form a synthesis gas containing, as effective

s v, cemponents, hydrogen, carbon monoxide and carbon dioxide
e

.JE“ The primary reformed gas is partially oxidized
{f“' and then subjected to the secondary reforming reaction. As
LR a result, the pressure in the gas reforming apparatus is

increased, and the power required for a compressor

25;: compressing the synthesis gas can be decreased. Therefore,
the energy efficiency in the methanol process can be

i:x: improved. Further, the size of the gas reforming

KRt apparatus can be decreased since it can be operated at an

¢ 0 increased pressure, and the decreased size of the gas

é;zg reforming apparatus is advantageous for increasing the

capacity of the methanol production apparatus.
Further, when the secondary reformed gas is used
as & heat source for the primary reforming reaction, the

difference between the pressure inside the primary reforming
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reaction tubes and the pressure of the heating gas is small.
As a result, a heat~excmmger£ype reactor can be used, and no
externally heated reforming furnace is required. Therefore,
a gas reforming apparatus operable at a higher pressure can
be employed, and at the same time, it is also facile to cope
with an increase in the capécity of the apparatus. Further,
when the pressure of the gas reforming apparatus is properly
arranged to be higher than the pressure of the methanol
synthesis apparatus, no compreésor for the synthesis gas is
required. -

A fluidized bed cataleﬁ reactor is used as the
methanol synthesis reactor, in which methanol is synthesized
from hydrogen, carbon monoxide and carbon dioxide gas
according to the following reaction schemes.

CO + 2Hy =---> CH30H + 21.6 kcal/mol

COy + Hg =--=> CO + HyO - 9.8 kcal/mol

COy + 3Hg -=-=> CHgOH + H,0 + 11.8 kcal/mol

Generally, a copper-containing catalyst is used
for the methanol synthesis reaction, and the reaction is
carried out at a temperature of 200 to 300°C at a pressuyre
of 60 te 120 atmospheric pressures.

As a fluid catalyst for the methanol synthesis,
generally, there is used a catalyst prepared by allowing a
golid support such as silica, alumina or zirconium to
support the catalyst component, and the catalyst has a
particle diameter of 1 to 250 um,

The methanol synthesis uses a fluidized bed

catalytic reactor having heat-transfer tubes inside, and

the heat of reaction is transmitted to saturated water

through the heat-transfer tubes, whereby high-pressure

steam having a pressure of 20 to 60 atmospheric pressures,

preferabliy 25 to 55 atmospheric pressures, is recovered.
The high-pressure steam obtained may be used as a

10




methanol relative to carbon oxides

steam for the gas reforming step, while it can improve the
energy efficiency of the methanol production process when
used as a power source for a synthesis gas compressor, a
synthesis gas circulator or a compressor for hydrocarbon gas

as a raw material.,

An oxygen separating apparatus for preparation of

‘oxygen for the partial oxidation uses a cryogenic separation

method, and the oxygen gas used for the partial oxidation
generally has a purity of at least 98 %. VWhen liquid oxygen
is introduced into the gas reforming step, the heat of
evaporation thereof and the sensible heat of low-temperature
0Xygen gas are used as a cooling source for the methanol
synthesis step, i.e., a cooling source used in a condenser
for separating crude methanol, so that the energy efficiency

of the methanol production step can be improved.
In at least preferred forms of the present
the stoichiometric ratio of hydrogen to

in the feed gas to the

invention,
carbon oxides [H,/(2CO + 3CO,)]

methanol synthesis reactor is 1.0 to 2.7, preferably 1.1

to 2.0, more preferably 1.2 to 1.8. When the above

stoichiometric ratio is lower than 1.0, the yield of
(CO + CO,) [to be
referred to as "(CO + CO,) yield" hereinafter] isg low.

When it is higher than 2.7, the volume productivity of

methanol 1is low.
U.S. Patent 4,782,096 describes a process for the

production of methanol using a synthesis gas having a
stoichiometric ratio of hydrogen to carbon dioxide (H2/(2CO
+ 3002) of 1.0 or less, prepared by adding a hydrogen-

enriching gas to a synthesis gas.

Conventionally, the optimum  stoichiometric
ratio of the composition of gas to be fed to a
methanol synthesis reactor is considered to be
1.0. In at least preferred forms of the present

invention, however, it has been found, after detailed

11



studies 0of the relationship between the productivity and

yield of methanol using a fluidized bed catalyst reactor,

that the optimum stoichiometric ratio in a practical

apparatus is greater than 1.0. Further, the optimum

stoichiometric ratio also differs depending upon the C02

ratio (COZ/CO molar ratio) of a feed gas to the reactor.

For example, when the C02 ratio is 1.2, the optimum

stoichiometric ratio is 1.7 to 2.1, and when the 002 ratio

is 0.6, the optimum~stoichi0metric ratio is 1.0 to 2.7.

In at least preferred forms of the

invention, the CO, ratio of the feed gas

present
a fluidized

to the methanol synthesis reactor using

bed catalyst reactor is 0.6 to 1.2, preferably 0.6 to 1.0.

When the COyp ratio is too low, the temperature in the
reactor is liable to increase, and the amount of byproducts
such as paraffin may increasé. Further, the catalyst may be

greatly deactivated. When the C02 ratio is too high, the

yvield of methanol relative ;o (CO + COZ) decreases, and the

amount of formed HQO increases. Thus, the catalyst is also

liable to be deactivated.
In the self heat-exchanger type reactor for

carrying out the primary reforming, parti&al oxidation and

secondary reforming, hydrogen is consumed by partial

oxidation as described already, and therefore, the
stoichiometric ratio of hydrogen to carbon oxides

to the methanol synthesis reactor decreases.

in the

feed gas

Further, with an
having 2 or more carbon atoms contained
the stoichiometric ratio further

increase in the amount of hydrocarbon
in the hydrocarbon

as a raw material,

detreases. How to cope with such a decrease in the

stoichiometric ratio will be explained below.

In order to cope with a decrease in the e

. e
stoichiometric ralio, first, carbon disxide £as pi removed

W 8 @%
from the synthesis ga§¥ arbon dioxide gas can be removed

12



[ )

by various methods. For example, the carbon dioxide gas
can be removed by allowing crude methanol obtained from the
methanol synthesis step to absorb the carbon dioxide gas.
The crude methanol may be cooled by the heat of evaporation
of liquid oxygen to be used in the gas reforming step
and/or by low-temperature oxygen to be used in the gas
reforming step before absorbing the carbon dioxide gas.

Further, the heat of evaporation of liquid oxygen
tc be used in the gas reforming step and the sensible heat
of low-temperature oxygen gas to be used in the gas
reforming step may be alsoc used as a cooling source for a
condenser used for separating crude methanol, and when the
temperature for cooling the crude methanol is decreased,
the amount of dissolved CO, increases. As a result, the
stoichiometric ratio in the feed gas to the methanol
synthesis reactor increases, and the CO, ratio decreases.
Therefore, there is obtained a gas composition more
preferable for the fluidized bed catalyst reactor.

In order to cope with a decrease in the
stoichiometric ratio, there is another method in which
carbon dioxide gas is removed from part of the purge gas
from the methanol synthesis step in step (b), and that part
of the purge gas is fed to the methanol gsynthesis reactor
together with the synthesis gas. In this case, the carbon
dioxide can be also removed by the above method. In
additien, when carbon dioxide gas is removed as above, the
CO, ratio in the feed gas to the methanol synthesis reactor
is decreased, and it is therefore necessary to control the
Co, ratio.

In order to cope with a decrease in the
stoichiometric ratio, there is further another method in
which hydrogen is separated from part of the purge gas in
step (d) and the separated hydrogen is fed to the methanol
synthesis reactor together with the synthesis gas. In this
case, a PSA (pressure swing adsorption) apparatus can

13
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be used for recovering hydrogen. Typically, the purge
gas from which hydrogen has been separated is used as a
fuel for a gas turbine engine. Part of the purge gas or
a waste gas from the PSA apparatus can be used as a fuel
for a reforming furnace of a conventional steam reforming
apparatus, while it can be used as a fuel for a gas
turbine engine in at least preferred forms of the present
invention since the process of at least preferred forms
of the present invention requires no reforming furnace.
Further, when the high-pressure steam recovered
from the methanol synthesis reactor is heated with waste

heat from the gas turbine engine and used as a power source,
higher energy efficiency can be obtained.

Figs. 1 to 4 show flow charts of processes for the
production of methanol, employing the gas reforming step and

the methanol synthesis step used in the present invention.

Fig. 1 shows an embodiment in which methanol is
produced by removing & predetermined amouynt of carbon
dioxide gas from the synthesis gas obtained from the gas
reforming step with crude methanol -and then introducing the
remaining synthesis gas into the methanol synthesis reactor.

In Fig. 1, hydrocarbon as a raw material from a
flow path 1 and a purge gas (from a methanol synthesis step)

from a flow path 16 is mixed, and the mixed gas is passed

through a flow path 2. The mixed gas is pressurized with a

compressor 30, heated with a heat exchanger 31, and
desulfurized with a desulfurizer 32. Then, part of the
mixed gas is passed throﬁgh a flow path 3, heated with a
heater 33, then passed through a flow path 4, combined with
process steam from a flow path 5, heated with a heat
exchanger 34 and then introduced into a gas reforming
reactor 7 through a flow path 6.

A primary reformiﬁg reaction takes place in an
upper portion of the gas reforming reactor 7. Then, a

remainder of the mixed gas (hydrocarbon and purge gas),
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which is passed through a {flow path 8, is introduced into a
lower portion of the gas reforming reactor 7 together with
oxygen from a flow path 9, and a partial oxidation is
carried out. Then, a secondary reforming reaction takes
place, and then, a reformed gas is recovered through a flow
path 10. The secondary reformed gas heats primary

reforming reaction tubes.

The reformed gas is used for heat recovery in the
heat exchangers 34 and 35, the heater 33 and a heat
exchanger 36, and then cooled with a condehser 37 to
condense and separate unreacted steam. As a result, a
synthesis gas is obtained. A predetermined amount of carbon
dioxide gas is removed from the synthesis gas with crude
methanol in a carbon dioxide absorption column 10a. Crude
methanol cooled using the heat of evaporation of liquid
oxygen, etc., is advantageously used as a crude methanol,
since the amount of carbon dioxide gas which can be
dissolved in the crude methanol increases. The synthesis
gas from which carbon dioxide gas has been removed is passed
through a flow path 11, pressurized with a compressor 38
which also works as a synthesis gas circulating device,
heated with a heat exchanger 39, passed through a flow path
12 and then fed into a fluidized bed catalyst reactor 12a for
the synthesis of methanol. The heat of reaction is
transmitted to water inside heat-transfer tubes 12b placed
inside the reactor 12a, and high-pressure steam is8 recovered

from a separator 41. In Fig. 1, the high-pressure steam is

reheated with the heat exchanger 35. This high-pressure

steam can be widely used as the process steam from the flow

path 5 and a power source for compressors. Water is fed

through & flow path 42, and boiler water is suitable for

use.
Upstream of the compressor 38 and in the flow path
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11, the synthesis gas is combined with a circulating gas
branched from a gas from the reactor 12a through a flow path
14. In the reactor 12a, a methanol synthesis reaction takes
place. A reaction gas from the reactor 12a is subjected ta
heat recovery with the heat exchanger 39, cooled with a
condenser 40, and separated into crude methanol and gas with
a high-pressure separator 47. Part of the gas is used as a
circulating gas passing through the flow path 14, and
another part thereof is passed, as a purge gas, through flow
paths 15 and 16 and combined with hydrocarbon as a raw
material. A remainder of the purge gas is passed through
flow paths 17 and 20, and used as a fuel for a gas turbine
engine (not shown), The crude methanol is introduced into a
low-pressure separator 43 through a flow path 21, and
separated into crude methanol and a dissolved gas. Further,
the dissolved gas is washed with water through a washing
column 44 to separate methanol from the dissolved gas. The
separated crude methanol for a high-pressure separator 47 is
combined with the crude methanol from the low-pressure
separator 43 and introduced intc a methanol purification
apparatus through a flow path 25. The dissolved gas which
has been separated is passed through flow paths 22 and 20
and used as a fuel for a gas turbine engine.

Fig. 2 shows a modified embodiment in which
methanol is produced by removing a predetérmined amount of
carbon dioxide gas from part of purge gas from the methanol
synthesis step, and then introducing the resultant part of
purge gas into a reactor 12a together with a synthesis gas.

In Fig. 2, a purge gas is passed through flow
paths 15 and 17, and then in a carbon dioxide absorption
cotumn 17a, crude methanol absorbs carbon dioxide gas to
remove it from the purge gas. Crude methanol cooled to a

low temperature is advantageous as such, since the amount of
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dissolved carbon dioxide gas increases. The purge gas from
which carbon dioxide gas has been removed is pressurized
with a compressor 45, passed through a flow path 19,
combined with a synthesis gas from a flow path 11 downstream
of a compressor 38, and introduced into a reactor 12a.

Fig. 3 shows a modified embodiment in which a gas
from a fluid catalyst reactor 12a is cooled by the heat of
evaporation of liquid oxygen to be used in the gas reforming
step and tne sensible heat of low-temperature oxygen to be
us2d in the gas reforming step, and a separated gas portion
is fed to the reactor 12a as a circulating gas together with
the synthesis gas.

The reaction gas from the fluid catalyst reactor
12a is subjected tc heat recovery with a heat exchanger 39,
cooled with a condenser 40 and cooled with a crude methanol
condenser 26 to be separated into crude methanol and gas.
The crude methanol condenser 26 uses the heat of evaporation
of liquid oxygen and the sensible heat of low-temperature
oxygen gas for cooling the reaction gas, so that the crude
methanel can be cooled to a very low temperature, and the
amount of carbon dioxide gas which can be dissolved in
methanol can be remarkably increased.

Fig. 4 shows a modified embodiment in which
hydrogen is separated from part of a purge gas obtained from
the methanol synthesis step with a pressure swing method
adsorption (PSA) apparatus, and the separated hydrogen is
introduced into a reactor 12a‘to produce methanol.

A purge gas from a flow path 17 is introduced into
a PSA apparatus 27 to separate hydrogen, and the separated
hydrogen is pressurized with a compressor 46, passed through
a flow path 28, combined with a synthesis gas upstream of a
compressor 38 and introduced into the reactor 12a. The

purge gas from which hydreogen has been separated is passed
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through flow paths 18 and 20, and used as a fuel for a gas

turbine engine.
The present invention will be explained more in

detail hereinafter with reference to Examples. However, thé

present invention shall not be limited to these Examples.

Comparative Examples 1 - 2
Methanel was synthesized by means of a methanol
synthesis test apparatus having a fluidized bed catalyst
reactor having an internal diameter_ of 0.31 m and a height

of 20 m. A Cu-Zn-Zr-Al catalyst (average particle diameter

60 um, particle density 2.39 g/cma) was used as a fluid
The reactor inlet gas temperature and pressure
= 0.51

catalyst.
were set at 200'0,80.0 kg/cmzc, SV = 9,310 (1/xh), LV

m/sec, the boiler water temperature was set at 230°C, and

the circulatioh ratio (circulating gas/synthesis gas) was
Under these conditions, mixed gases having
Table 1

set at 3.0.
various compositions were respectively reacted.

shows the results.

18




*to0e
»
.
-

L1

4008 na

Table 1}
CEx. | CEx, 2

Composition of

synthesis gas (vol%)

co
co,
Hy
CH,
Ny
H, 0

Composition of gas ,
in reactor inlet (vol¥%)

co
co,
Hy
CHy
Na
HqO
CH4OH

Stoichiometricratio
602 ratio
Yield based
on CO + COq (%)
Methanol production
(ton/day)

Example 1

20.00 10.79
10.85 _ 10.79
66.22 75.50
2.39 2.39
0.45 0.45
0.09 0.09
9.38 4.07
16.94 5.32
49.99 82.70
19.32 6.25
3.91 1.19
0.04 0.05
0.42 0.42
0.72 3.43
1.81 1.31
87.5 90.3
10.3 7.4

According to the flow shown in Fig. 1, carbon

dioxide gas was removed from a gas prepared with a gas

reforming apparatus, and the

resultant gas was introduced

into a synthesis apparatus to produce methanol.

The main reaction conditions in the gas reforming

apparatus and the methanol synthesis apparatus were as

foliows.

Primary reforming inlet temperature 500°C
Primary reforming inlet pressure 83.0 kg/csz
Primary geforming outlet temperature 790°C
Secondary reforming outlet temperature 1,030°C
Reforming reactor outlet temperature 661°¢C
Reforming reactor outlet pressure 79.7 kg/cmzc

19



Methanol synthesis reactor inlet temperature 198°C
Methanol synthesis reactor outlet temperature 263°C
Methanol synthesis reactor pressure 80.0 kg/csz

Stoichiometric ratio in methancl synthesis reactor
inlet 1.67

CO, ratio in methanol synthesis reactor inlet
0.997

Yield based on CO + COp, 93.3 %

Tables 2 to 6 show flow amounts aind compositions
in main portions in the case of the production of 5,000
tons/day of methanol. In Tableé%fvaaues for CH3OH include
values of byproduect. As a result, there was obtained a
methanol process achieving an energy unit consumption of

6.948 MMkcal per ton of purified methanol.

a2

s'u.. Table 2
eeeltt Hydrocarbons Flow Flow Composition
$eeee as raw material division (1) division (2)
™ (flow path 3) (flow path 8)
. (kg-mol/h) (kg-mol/h) (mol2%)
CH, 3,250.4 2,167.1 78.68
e CoHg 270.8 180.5 6.55
'l CgHg 105.2 70.2 2.55
C4Hio 48.2 32.1 1.17
ooe CgHy g 16.4 10.9 0.40
. CgHyg 5.5 3.8 0.14
A Co 19.7 13.2 0.48
COZ 56.0 37.3 1.36
et Hy 330.5 220.4 8.00
JCIN N2 24.8 16.5 0.60
< H, 0 0.2 0.1 0.00
cHq0H 3.0 2.0 0.07
Total 4,130.7 2,754.1 100.00
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Steam as raw material

Oxygen gas (flow path 9)

Table 3

(flow path 5)

12,846.8 kg-mol/h

09 3,015.2 kg-mol/h 99.50 molx%

N, 15.2 0.50

Total 3,030.4 100.00
Table 4

Secondary reforming

outlet gas (flow path 10)

Synthesis gas
(flow path 11)

kg-mol/h mol¥% kg-mel/h mol%
CH4 555.9 1.53 511.9 2.21
C62 2,132.8 5.86 1,994.3 8.62
ol¢) 4,806.4 13.20 4,780.7 20.67
Ho 15,783.6 43.33 15,751.8 68.11
Ng 56.5 0.16 56.0 0.24
H50 13,0856.3 35.92 4.9 0.02
CH30H 30.4 0.13
Total 36,421.5 100.00 23,130.0 100.00

Table 5

Synthesis reactor Outlet gas

inlet gas (flow path 12) (flow path 13)

kg-mol/h mol% kg-mol/h molX%
CH4 22,426.1 21.42 22,426.1 24.45
002 7,618.9 7.28 5,841.1 6.37
Co 7,638.1 7.29 2,922.2 3.19%
Hz 63]600.0 60‘73 48'83510 53022
Nz 2,923.7 2.79 2,923.7 3.19
HQO' 36.7 0.04 1,820.9 1.99
CH3QH 468.3 0.45 6.955.5 7.59
Tetal 104,711.8 100.00 91,724.5 100.00
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Table 6

Circulating gas Crude methanol

(flow path 14) (flow path 25)
kg-mol/h molx kg-mol/h mol
CH4 21,917.7 26.87 0.9 0.01
002 5,624.5 6.89 18.9 0.22
CO 2,857.4 3.50 0.1 0.00
Hg 47,850.3 58.65 0.0 0.00
Ng 2,864.1 3.51 0.0 0.00
H20 31.8 0.04 2,198.4 25.19
CHSOH 438.0 0.54 6.507.3 74.57
Tatal 81,583.8 10Q0.00 ‘ 8,725.6 100.00

Amount of purge gas
(flow path 15) 1,615.04 kg-mol/h
(flow path 16) 939.27 kg-mol/h

Example <
According to the flow shown in Fig. 2, carbon

dioxide gas was removed from part of a purge gas from a
methanol synthesis apparatus with crude methanol, and the
resul tant gas was intreduced into a synthesis apparatus to
produce methanotl.

The main reaction conditions in the gas reforming
apparatus and the methanol synthesis apparatus were as
follows.

Primary reforming inlet temperature 500°C

Primary reforming inlet pressure 83.0 kg/cm?G

Primary reforming outlet temperature 790°C

Secondary reforming outlet temperature 1,030°C

Reforming reactor outlet temperature 564°C

Reforming reactor outlet pressure 79.7 kg!cm2G

Methanol synthesis reactor inlet temperature 188°C

Methanol synthesis reactor outlet temperature 263°C

Methanol synthesis reactor pressure 80.0 kg/csz

Stoichiometric ratio in methanol synthesis reactor

1527
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C02 ratio in methano! synthesis reactor inlet

Yield based on CO + CO, 94.5 %

Tables 7 to 11 show flow amounts and compositions
in main portions in the case of the production of 5,000
ton/day of methanel. 1In Tableé,hva]ues for CH30H include
values of byproduct. As a result, there was obtained a
methanol process achieving an energy unit consumption of

6.930 MMkcal per ton of purified methanol.

Table 7
Gas reforming Flow Flow Composition
apparatus division (1) division (2)
(flow path 3> (flew path 8)
(kg-mol/h) (kg-mol/h) (mol%) _
CHy 3,306.2 2,208.0 79.43
CoHg 267.2 178.4 6.42
C3H8 103.9 69.3 2.50
C4H10 47.6 31.7 1.14
C5H12 16.2 10.8 0.39
C6H14 5.6 3.8 0.14
CO 28.2 18.8 0.68
COy 67.6 45.2 1.62
Hy 289.6 193.4 6.96
Ny 25.8 17.3 0.62
H20 0.2 0.2 0.01
CH40OH 3.6 2.4 0.Q09
Total 4,161.7 2,779.3 100.00
Table 8

Steam as raw material

Oxygen gas (flow path 9)

(fiow path 5) 10,520.8 kg~-mol/h

3,013.5 kg-mol/h 99.50 molX%
16.1 0.50

3,028.6 100
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Table 9

Secondary reforming Synthesis gas
outlet gas (flow path 10) (flow path 11)
kg-mol/h mol% kg-mol/h molx
CHy 721.5 2.13 721.5 3.15
002 1,907.7 5.64 - 1,907.7 8.32
co 4,980.6 14,73 4,980.6 21.72
Ho 15,235.2 45.06 15,235.2 66.45
Ny 58.2 0.17 58.2 0.25
_520 10,907.,7 32.26 26.0 0.11
Total 33,810.9 100.00 22,929.2 100.00
Table 10
Synthesis reactor ' Outlet gas
inlet gas (flow path 12) (flow path 13)
kg-mol/h mo 1% kg-mol/h mol%
CHy 43,214.6 32.53 43,214.6 36.08
CO, 10,546.8 7.94 8,922.5 7.45
Cco 9,803.4 7.88 4,894.2 4,09
Ho 64,955.6 48.89 50,263.7 41.96
Ny 3,635.2 2.74 3,635.2 3.03
H20 69-4 0005 1’70607 1»42
CH;0H 626.5 . 0.48 7.146.9 5.97
Total 132,851.5 100.00 119,783,8 100.00
Table 11
Circulating gas Crude methanol
(flow path 14) (flow path 25)
kg=mol/h mol2 kg~mol/h mo 1%
CHy 42,273.5 38.72 7.1 0.08
COy 8,628.8 7.90 35.7 .41
co 4,789.4 4,39 0.6 0.01
Hy 49,268.0 45.13 0.4 0.00
Ng 3,562.5 3.26 ¢.0 0.00
Hy O 40.1 0.04 2,0677.5 24,07
CHqOH 612.9 0.56 6.509.7 75,43
Total 109,175.2 100.00 8,631.0 100.00

Amount of purge gas
(flow path 158) 2,140.80 kg-mol/h
(flow path 16) 1,070.40 kg-mol/h
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Example 3 -
According to the flow shown in Fig. 3, the heat of

evaporation of liquid oxygen used in the gas reforming step
and the sensible heat of low-temperature oxygen were used as

a cooling source in the methanol synthesis apparatus to

produce methanol.
In Fig. 3, a crude methanol condensor 26 using the

heat of evaporation of liquid oxygen and the sensible heat
of low-temperature oxygen was placed before a crude methanol

high-pressure separator.
The main reaction conditions in the gas reforming

apparatus and the methanol synthesis apparatus were as

follows,
Primary reforming inlet temperature B500°C

v Primary reforming inlet pressure 83.0 kg/csz
:J'f Primary reforming outlet temperature 790°C
3::: Secondary reforming outlet temperature 1,030°C
.K:u Reforming reactor outlet temperature 564°C
Teees Reforming reactor outlet pressure 79.7 kg/cm?G

. Methanol synthesis reactor inlet temperature 198°C
':ﬁ:. Methanol synthesis reactor outlet temperature 263°C
et d Methanol synthesié reactor pressure 80.0 kg/cmZG
e Steichiometric ratio in methanol synthesis reactor
T inlet 1.39

. COy ratio 1.12
sde” Yield based on CO + COy 94.0 %
- " Tables 12 to 16 show flow amounts and compositions

in main portions in the case of the production of 5,000
ton/day of methanol. In Tabléﬁ,A;al;es for CHgOH include’
values of byproduct. As a result, there was obtained a
methanol process achieving an energy consumption unit of

6.917 MMkcal per ton of purified methanol. \
evagoration
I addition, wheén the heat offgvggag¢¢an of liquid




oxygen and the sensible heat of low-temperature oxygen gas

were not used in the above process, the stoichiometric ratio

in methanol synthesis reactor inlet was 1.07, the COZ ratio

was 1.31, the yield based on CO + coz was 94.0 %, and the

energy consumption unit per ton of purified methanol was

6.929 MMkeal.

Gas reforming

Table 12

Flow Flow i Composition

apparatus division (1) division (2)

(flow path 3) (flow path 8)

(kg-mol/h) (kg-mol/h) {mol%)
CHy 3,242.7 2;,162.2 78.37
C,yHg 267.6 178.4 6.47
CBHS 104.1 . 69.4 2,51
C4Hi0 47.6 31.7 1.15
CiHyo 16.2 10.8 0.39
Cco 24.1 16.1 0.08,
C02 68.3 ) 45.5 1.6%
H, 321.3 220.9 8.00
N2 29.6 19.7 0.72
H20 0.1 ) 0.0 0.00
CH30H 1.0 . 0.6 0.02
Total 4,138.2 2,759.1 100.00

Table 13

Steam as raw material (flow path 5) 12,776.6 kg=-mol/h

Oxygen gas (flow path 9)

02 3,803.2 kg-mol/h 99.50 mol¥%
Total 3,018.3 100.00



Table 14

Secondary reforming Synthesis gas
outlet gas (flow path 10) (flow path 11>
kg-mol/h . mol% kg-mol/h mol¥% .
CHy 5563.6 1.53 553.2 2.38
C02 2,133.5 5.88 2,121.5 9.13
Co 4,797.2 13.22 4,794.0 20.62
Hz 15,697.2 43.26 15,685.7 67.48
Ny 64.4 0.18 64.4 0.28
_ﬂzo 13:038.4 35.93 26.4 0.11
Total 36,284.3 100.00 23,245.2 100.00
Table 15
Synthesis reacteor Outlet gas
inlet gas (flow path 12) (flow path 13)
kg-mol/h . mol% kg-mol/h mo 1%
. .. CHy 24,449.0 23.37 24,449.0 26.70
‘etes’ C02 8,949.3 8.56 7,154.4 7.81
?ons CO 7,997.9 7.68 3,275.4 3.58
e Hy 59,700.5 57.07 44,870.7 48.99
- No 3,341.7 3.19 3,341.7 3.65
ioeee HyO 33.9 0.03 1,835.3 2.00
$teees CH40H 130.2 0.13 6,654.1 7.217
e Total 104,602.5 100.00 91,580.6 100.060
Table 16
“eeee’ Circulating gas Crude methanol
wcns (flow path 14) (flow path 25)
kz-mol/h mol% kz-mol/h mo 1%
Sante CHy 23,896.1 29.37 1.1 0.01
O Co 6,827.9 8.39° 41.7 0.47
' co 3,203.8 3.94 0.1 0.00
Hz 44,015.4 54.10 0.0 0.00
Ng 3;276-9 4003 0-0 0000
HaO 7.5 0.01 2,237.8 25.46
CHa0H 130.2 0.16 6,507.7 74,06
Total . 81,357.8 100.00 8,788.4 100.00

Amount of purge gas
t{flow path 15) 1,521.28 kg-mol/h
(flow path 16) 500.74 kg=-mol/h
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Example 4
According to the flow shown in Fig. 4, hydrogen

separated from a purge gas from a methanol synthesis
apparatus with a PSA (pressure swing method adsorption)
apparatus was introduced into the methanol synthesis
apparatus to produce methanol.

In Fig. 4, hydrogen was separated from a purge gas
from the flow path 17 with the PSA apparatus 27, and
introduced into the methanol synthesis apparatus through the
flow path 28 together with reformed gas.

The main reaction conditions in the gas reforming
apparatus and the methanol synthesis apparatus were as
follows.

Primary reforming inlet temperature 500°C

Primary reforming inlet pressure 8%3.0 kg/csz

Primary reforming outlet temperature 790°C

Secondary reforming outlet temperature 1,031°C

Reforming reactor outlet temperature 569°C

Reforming reactor outlet pressure 79.7 kg/csz

Methanol synthesis reacter inlet temperature 198°C

Methanol synthesis reactor outlet temperature 263°C

Methanol synthesis reactor pressure 80.0 kg/csz

" Stoichiometric ratio in methanol synthesis reactor
inlet 1.45

Coy ratio 0.995

Yield based on CO + COp 93.9 X%

Tables 17 to 21 show flow amounts and compositions
in main portions in the case of the production of 5,000
ton/day of methanol. As ahresult, there was obtained a
methanol process achieving an energy consumption unit of

6.846 MMkcal per ton of purified methanol.



Table 17

Gas reforming Fiow Flow Composition

apparatus division (1) division (2)
(flow path 3) (flow path 8)

(kg-mol/h) (kg-mol/h) (mo1%)
CHy 3,380.6 2,2563.5 78.67
CaoHg 277.4 184.9 6.45
CqHg 107.8 71.9 2.51
C4Hio 49.3 32.9 1.15
CgH; 9 16.8 11.2 0.39
CeHyg 5.9 3.9 0.14
Co 26.9 18.0 0.63
0o, 66.6 44.5 1.55
Hq 343.6 229.0 8.00
Ng 18.4 12.2 0.43
Hy0 0.1 0.1 0.00
CH4OH 3.6 2.4 0.08
Total 4,297.0 2,864.5 100.00

Table 18

Steam as raw material (flow path 5) 10,809.6 kg-mol/h

Oxygen gas (flow path 9)

99.50 mol¥%

0, 3,068.4 kg-mol/h

Ny 15.4 0.50

Total 3,083.8 100.00
Table 19

Secondary reforming
outlet gas (flow path 10)

Synthesis gas

(flew path 11)

keg-mol/h mol¥% kg-mol/h molx
CHy 767.3 2.22 767.3 3.21
COZ 1,943.7 5.61 1,943.7 8.13
Co 5,070.2 14.65 5,070.2 21.20
HZ 15,613.2 45.11 16,071.3 67.18
Ny 46.0 0.13 46.0 0.19
Total 34,612.7 100.00 23,920.3 100.00



Table 20

Synthesis reactor Qutlet gas

inlet gas (flow path 12) (flow path 13)
kg-mol/h mol¥% kg-mol/h mol¥%
CHy 29,325.1 25.93 29,325.1 29.37
CO4 §,760.3 7.74 7,115.3 7.12
Cco 8,806.3 7.79 3,831.0 3.84
Hy 63,774.6 56.39 48,889.1 48.96
Ng 1,888.0 1.67 1,888.0 1.89
Hs0 41.7 0.04 1,699.9 1.70
CHqOH 497.5 0.44 7,103.9 7.12
Total 113,093.5 100.00 39,852.5 100.00

Table 21

Circulating gas Crude methanol

(flow path 14) (flow path 2bH)
kg-mol/h mol% kg-mol/h__mol¥%
CHy 28,557.8 32.03 5.6 0.06
CO,y 6,816.6 7.64 47 .4 0.54
CQO 3,736.1 4.19 0.2 0.00
Hz 47,703.3 53.49 0.9 *0.01
N2 1,842.90 2.07 0.0 0.00
Hzo 19.9 0.02 2,095.7 23.97
CH3OH 497.9 0.56 6.595.1 75.42
Total 89,172.7 100.00 8,744.9 100.00

Amount of purge gas
(flow path 15) 2,140.8 kg-mol/h
(flow path 16y 1,070.4 kg-mol/h

The fluidized bed catalyst reactor has the

following advantages. (1) Not only gas but also catalyst

particles come into contact with heat-~transfer tubes in the

reactor so that a high efficiency of heat transfer can be

achieved. (2) The heat is well diffused in the catalyst

layer so that the reaction temperature is uniform, and there

is no local rise in temperature. As a result, the

reactivity can be improved, and the concentration of active

compeonenits (CO *+ CO4) can be incicascd. The amount of a

30




circulating gas can be therefore decreased. (3> Due to a

uni form temperature distribution and high efficiency of heat

transfer, the high-pressure steam recovered has an elevated

pressure. (4) The pressure loss in the reactor is

remarkably small as compared with a multi-tube reactor

having a fixed catalyst bed. (86) The reaction temperature

is uniform and there is no local rise in temperature so that

the amount of byproducts is small, and the heat efficiency

in the distillation and purification steps can be improved.

The process of at least preferred forms of the
present invention uses a combination of a gas reforming
step in which a primary reformed gas is partially
oxidized and secondary reformed and the resultant high-
temperature secondary reformed gas is used as a heat
source for the primary reforming, and a fluidized bed
catalyst reactor having the above-described advantages,
and at least preferred forms of the present invention
define the composition of a feed gas to the reactor.
When the reaction conditions and process are selected
such that they are suited for the defined composition of
a feed gas, there can be provided a process for the
production of methanol, which process permits an
increase in the capacity of an apparatus for the

production of methanol with high energy efficiency.
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CLAIMS

1. A process for the production of methanol, comprising
a primary reforming step of catalytically reacting a
hydrocarbon as a raw material with steam, a partial oxidation
step of partially oxidizing a gas fed from the above primary
reforming step by adding an oxygen gas, a secondary reforming
step of catalytically reacting a gas fed from the above partial
oxidation step with steam, a step of using a high-temperature
gas obtained from the secondary reforming step as a heat source
for the primary reforming step, a synthesis gas preparation
step of separating steam from the gas used as the above heat
source to prepare a synthesis gas, and a methanol synthesis
step which comprises introducing the synthesis gas into a
methanol synthesis reactor with a fluid bed catalyst,

wherein: .

- a proportion of a gas from the methanol
synthesis reactor is re-introduced into the wethanol synthesis
reactor as a circulating gas together with the synthesis gas;

- a remaining part of the gas from the methanol
synthesis reactor is introduced into the primary reforming step
as a purge gas together with the hydrocarbocn as a raw material;
and

- at least one step selected from (a), (b), (c)
and (d) is carried out to bring the molar ratio of hydrogen to
carbon oxides in a feed gas to be introduced ints the methanol
synthesis reactor, represented by [H,/(2C0 + 3C0;)], to from
1.0 to 2.7, and to bring the molar ratio of C0,/CO in the feed
gas to from 0.€ to 1.2:

(a) introducing the synthesis gas into the methanol
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synthesis reactor after carbon dioxide gas is removed from the
synthesis gas;

(b) removing carbon dioxide gas from part of the
purge gas, and introducing that part of the purge gas into the
methanol synthesis reactor together with the synthesis gas;

{e) cooling the gas obtained from the methanol
synthesis step with the heat of evaporation of liquid oxygen to
be used in the gas reforming step and/or by low temperature
oxygen to be used in the gas reforming step, to divide the gas
into a feed gas and crude methanol which can dissolve a large
amount of carbon dioxide gas, and feeding the feed gas, as a
circulating gas, to the methanol synthesis reactor together
with the Synthesis gas; and

(d) separating hydrogen from part of the purge gas
and feeding the separated hydrogen to the methanol synthegis
reactor together with the synthesis gas.

2. A process according to claim 1, wherein the process
comprises

a. a primary reforming step of mixing part of the
purge gas with the hydrocarbon as a raw material to prepare a
mixed gas, adjusting 40 to 80 molt¥ of the mixed gas to have a
molar ratio (S/C} of steam (S) to hydrocarbon (C) of 1.5 to 4.0
and introducing the adjusted mixed gas into the primary
reforming step to carry out the primary reforming reaction such
that outlets of reacticn tubes show a pressure of 25 to 95
atmospheric pressure and a temperature of 700 to 800°C,

b. a partial oxidation step of adding oxygen gas in
an amount of 0.40 to 0.46 mol per mole of total carbon of

hydrocarbon as a raw material to a primary reformed gas and &
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remainder of the above mixed gas to carry out a partial

oxidation, and

c. & step of using a secondary reformed gas
obtained from the secondary reforming step as a heat source for
the primary reforming step, separating unreacted steam by heat
recovery and cooling, and introducing the synthesis gas into
the methanol synthesis reactor.

3. A process according to claim 1 or 2, wherein the
synthesis gas is introduced into the methanol synthesis reactor
through a compression step.

4. A process according to any one of the preceding
claims, wherein the carbon dioxide gas is removed from the
synthesis gas in step (a), by allowing crude methanol obtained
from the methanol synthesis step to absorb the carbon dioxide
gas.

5. A process according to c¢laim 4, wherein the crude
methanol is cooled by the heat of evaporation of liquid oxygen
to be used in the gas reforming step and/or by low-temperature
oxygen to be used in the gas reforming step before absorbing
the carbon dioxide gas.

6. A process according to any one of the preceding
claims, wherein the hydrogen is separated from part of the
purge gas in step (d), with a pressure swing adsorption
apparatus.

7. A process according to claim 6, wherein the purge gas
from which hydrogen has been separated is used as a fuel for a
gas turbine engine.

8. R process according to any one of the preceding

claims, wherein part of the purge gas is used as a fuel for a
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gas turbine engine.

9. A process for the production of methanol substantially as
herein described with reference to any one of the Exanples and/or the

accampanying drawings.

Dated this 21st day of May 1997

MITSUBISHI GAS CHEMICAL COMPANY, INC.
By their Patent Attorneys
GRIFFITH HACK
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ABSTRACT

A process for the production of methanol, which
exhibits high energy efficiency and permits the production
of methanol with apparatus of which the production capacity
can be increased, the process comprising a primary reforming
step of catalytically reacting a hydrocarbon with steam, a
partial oxidatiocn step of partially oxidizing a gas fed from
the above primary reforming reaction step by adding an
0Xygen gas, a secondary reforming step of catalytically
reacting a gas fed from the above partial oxidation step
with steam, a step of using a high-temperature gas obtained
from the secondary reforming reaction step, as a heat source
for the primary reforming step, a synthesis £as preparation
step of separating steam from ithe gas used as the above heat
source to prepare a synthesis gas, and a methanol synthesgis
step ef introducing the synthesis gas into a methanol
synthesis reactor using a fluig catalyst,

wherein:

the molar ratie of hydrogen to carbon oxides in
the feed gas to into the methanol synthesis reactor,
represented by [H2/(2C0 * 3C02)], is set at from 1.0 to 2.7,

the molar ratio of C02/CO in the feed gas into the
methanol synthesis reactor is set at from 0.6 to 1.2,

a gas from the methanol synthesis reactor is
partially introduced into the methanol] synthesis reactor as
& circulating gas together with the synthesis gas, ang

a remaining part of the gas from the methanol
synthesis reactor is introduced into the reforming step as a

purge gas together with the hydrocarbon as a raw material.
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