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Process and Reaction System for the Preparation of Methanol

The present invention relates to a process for the prepara-
tion of methanol by catalytic conversion of methanol syn-
thesis gas and a reaction system for use in the process.
More particularly, methanol is by the invention prepared in
two reaction units, in which a first unit is operated on
fresh synthesis gas mixed with unconverted synthesis gas
separated from a methanol reactor effluent and in which a
second reaction unit is operated on unconverted synthesis

gas as the sole feedstock.

It is well known in the art that a synthesis gas derived

Process and Reaction System for the Preparation of
from natural gas or heavier hydrocarbons and coal is highly
reactive for direct methanol synthesis and harmful for the
methanol catalyst. Additionally use of such high reactive
synthesis gas results in formation of large amounts of by-

products.

The reaction of carbon oxides and hydrogen to methanol is
equilibrium limited and conversion of the synthesis gas to
methanol per pass through a methanol catalyst is relatively

low, even when using a high reactive synthesis gas.

Because of the low methanol production yield in a once-
through methanol conversion process, the general practice
in the art is to recycle unconverted synthesis gas separat-
ed from the reaction effluent and dilute the fresh synthe-

sis gas with the recycle gas.
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This typically results in the so-called methanol synthesis
loop with one or more reactors connected in series being
operated on fresh synthesis gas diluted with either recy-
cled unconverted gas separated from the reactor effluents
or on the reactor effluent containing methanol and uncon-
verted synthesis gas. The recycle ratio (recycle gas

fresh synthesis feed gas) is 2 : 1 up to 7 : 1 in normal

practice.

Serial synthesis of methanol in two reactors is disclosed
in US patent 5,827,901, wherein fresh synthesis gas admixed
with recycled unconverted synthesis gas is converted in a
first reactor and the entire effluent form the first reac-

tor is further converted in a second rector.

US patent 6,433,029 describes a methanol synthesis loop
with two methanol reactors in series, in which a first re-—
actor is operated on fresh synthesis gas diluted with un-
converted synthesis gas and a second reactor with the ef-
fluent from the first reactor optionally admixed with fresh

synthesis gas.

Synthesis of methanol in two reactors being connected in
parallel is inter alia disclosed in US patent 5,631,302.
Methanol is in this process layout performed in a first re-—
actor with fresh methanol synthesis gas and in a second re-—
actor with unconverted synthesis gas separated from the

product effluent from the first and second reactor.

By the present invention methanol synthesis is performed in
two parallel reaction units, in which the first unit is op-

erated on fresh synthesis gas adjusted with recycled uncon-
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verted synthesis gas and the second unit solely on recycled

unconverted synthesis gas.

The main principle of the invention is, thus, to provide
the highest possible catalyst performance at an acceptable
low formation of by-products in the first reaction unit,
and to ensure overall high synthesis gas conversion effi-
ciency by means of the second reaction unit. This results
in a reduced overall catalyst volume and lower egquipment
costs especially for large capacity plant where the synthe-

sis in any case must be performed in two or more reactors.

Accordingly, this invention is a process for the prepara-
tion of methanol comprising the steps of

(a) providing a fresh methanol synthesis gas containing hy-
drogen, carbon monoxide and carbon dioxide;

(b) providing a recycle gas stream containing unconverted
methanol synthesis gas and mixing a part of the recycle
stream with the fresh synthesis gas to a process gas
stream;

(c) introducing and reacting the process gas stream in a
first methanol reaction unit in presence of a methanol cat-
alyst and obtaining a first effluent stream containing
methanol and a part of the unconverted synthesis gas con-
tained in the recycle stream; and

(d) introducing and reacting at least another part of the
recycle gas stream in a second methanol reaction unit in
presence of a methanol catalyst and obtaining a second ef-
fluent stream containing methanol and another part of the
unconverted synthesis gas contained in the recycle stream,
wherein the recycle stream is pressurised by a common cir-

culator.
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A methanol process with parallel operated reactors and an
out recycle and inner recycle loop is disclosed in US
7,790,775. The inner recycle loop with unconverted methanol
synthesis gas from a first methanol reactor provides in
this process the feedstock for a second reactor. The first
reactor is operated on unconverted synthesis gas recovered
from the effluent of the second reactor, which is recycled
to the first reactor in the outer recycle loop. The recy-
cled synthesis gas is admixed with fresh synthesis gas pri-

or to introduction into the first reactor.

In contrast to the process layout of the above US patent,
the process according to the invention employs unconverted
synthesis gas collected from both the first and second re-
action unit. Thus the recycle gas to both the first and
second unit can be pressurised and circulated by a common
circulator. Compared to the process of US patent 7,790,775,
the pressure loss in the recirculation stream is in the
process according to the invention advantageously consider-
able lower because the inventive process layout ensures
that the two reaction units operate at the same pressure,
that is the circulator outlet pressure, whereas the first
reactor in US patent 7,790,775 must be operated at the cir-

culator pressure minus the pressure loss in the inner loop.

In a specific embodiment of the invention, the unconverted
synthesis gas is in the first and second effluent stream
separated from methanol by cooling and condensing the meth-
anol in each effluent stream separately or by combining the
first or second effluent stream prior to the cooling and

condensing the methanol.
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In further an embodiment of the invention, the recycle
stream is obtained by

(1)cooling the first effluent stream from the first metha-
nol reaction unit and separating the methanol contained in
the first effluent from the unconverted synthesis;

(ii) cooling the second effluent stream from the second
methanol reaction unit and separating the methanol con-
tained in the second effluent stream from the unconverted
synthesis gas; and

(1ii) combining the unconverted synthesis gas separated
from the first and second effluent stream to the recycle

stream.

In still an embodiment, the recycle stream is obtained by
(i)mixing the first effluent stream from the first methanol
reaction unit with the second effluent stream from the sec-—
ond methanol reaction unit;

(1ii) cooling the mixed effluent stream and separating the
unconverted synthesis gas from the methanol contained in

the mixed first and second effluent stream.

The first and second methanol reaction unit can comprise
one or more reactors selected from boiling water cooled re-
actors, gas cooled reactors, guench reactors and adiabatic

operated reactors, connected in series and/or in parallel.

In further an embodiment, the molecular ratio between the
recycle gas stream and the fresh methanol gas to the first

reaction unit is between 0.01 to 2.0.
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In still an embodiment, the molecular ratio between a re-—
maining part of the recycle gas stream passed to the second
reaction unit and the unconverted synthesis gas contained
in the first effluent stream is between 0.2 to 8.

In still an embodiment, a part of the fresh methanol gas is
added to the remaining recycle gas passed to the second re-

action unit.

The term “methanol catalyst” used hereinbefore and in the
following refers to any catalyst being active in the con-
version of hydrogen, carbon monoxide and carbon dioxide to
methanol. Those catalysts are not part of the invention and

are extensively disclosed in the patent literature.

Appropriate methanol catalysts for use in the invention are
as an example the known copper-zinc based catalysts.

The invention provides furthermore a reaction system for
use in a process for the preparation of methanol, the sys-—
tem comprises a first and second methanol reaction unit
containing each a methanol catalyst;

a process gas stream passageway for introducing a process
gas stream of a fresh synthesis gas mixed with an uncon-
verted synthesis gas into the first methanol reaction unit
and a passageway for introducing a recycle stream of uncon-—
verted synthesis gas into the second methanol reaction
unit;

a first effluent passageway for withdrawing a first metha-
nol containing effluent stream from the first reaction unit
and a second effluent passageway for withdrawing a second

methanol containing effluent from the second reaction unit;
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separating means for separating methanol from unconverted
synthesis gas contained in the first and second effluent
stream;

a circulation passageway for circulating the unconverted
synthesis gas to the second methanol reaction unit;

a split stream passageway for passing a part of the uncon-
verted synthesis gas from the circulation passageway to the
process gas stream passageway; and

a circulator arranged in the circulation passageway between
the separating means and the split stream passageway for

circulating the unconverted synthesis gas.

In a specific embodiment of the reaction system according
to the invention, each of the first effluent and second ef-
fluent passageway are provided with cooling means for cool-
ing the first and second effluent stream and wherein each
of the passageways are separately connected downstream of

the cooling means to the separating means.

In further an embodiment, the second effluent passageway is
connected to the first effluent passageway at a connecting
point upstream of the separating means and wherein the

cooling means are arranged in the passageways downstream of

the connecting point.

The first and second reaction unit in the above embodiments
can comprise one or more methanol reactors selected from
boiling water cooled reactors, gas cooled reactors, qguench
reactors and adiabatic operated reactors connected in se-

ries and/or in parallel.
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In an embodiment, a part of the fresh methanol gas is added
to the remaining recycle gas going to the second reaction

unit.

The invention is explained in more detail in the following
description by reference to the drawings in which

Fig. 1 is simplified flow sheet showing a process of the
invention wherein the reactor effluents are cooled and un-
converted synthesis gas is separated from methanol in sepa-
rate cooling and separating units; and

Fig. 2 shows a simplified flow sheet according to another
specific embodiment, in which the first and second reactor
effluents are combined prior to cooling and separation in a

common cooler and separator.

Referring to Fig.l, a feed gas stream 2 of fresh methanol
synthesis gas is combined with unconverted synthesis gas
circulated in line 4 to a process gas stream 6. Before be-
ing introduced into a first methanol reaction unit 8, the
process gas stream is preheated in a feed/effluent heat ex-
changer 10 by heat contained in a first effluent stream 12
withdrawn from reaction unit 8. Effluent stream 12 contains
methanol formed trough reaction of hydrogen with carbon
monoxide and dioxide contained in the process gas stream
according to the known reaction scheme when the gas stream
comes in contact with a methanol catalyst arranged in one
or more reactors (not shown)in reaction unit 8. Because of
the above mentioned equilibrium limitations, effluent
stream 12 further contains unconverted synthesis gas. By
passage through feed/effluent heat exchanger 10, the efflu-
ent stream is cooled. The stream is further cooled in cool-

er 14 to condense the amounts of methancl in the effluent
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stream. Condensed methanol is separated from unconverted
synthesis gas in the thus cooled effluent stream 12 in a
separator 16 and withdrawn through product line 18. The un-
converted synthesis gas separated in separator 16 is passed
through line 20 to recirculation line 22 and mixed with
further amounts of unconverted synthesis gas from a second
separator 24. The combined amounts of unconverted synthesis
gas are pressurised and circulated by means of a circulator
26 arranged in line 22. A part of the compressed unconvert-—
ed synthesis gas is passed as split stream through line 4
to the fresh synthesis gas in line 2. The remaining amounts
of the gas are introduced into a second methanol reaction
unit 28. Before being introduced into unit 28 the gas is
preheated in feed/effluent heat exchanger 30 with a second
effluent stream 32 from reaction unit 28. Effluent stream
32 contains methanol formed by reaction of the unconverted
synthesis gas in contact with a methanol catalyst in the
same manner as described above. Like unit 8, unit 28 can
comprise one or more separate methanol reactors, connected
in series and/or in parallel.

Second effluent stream 32 is partly cooled in heat exchang-
er 30 and in cooler 34 to condense methanol contained in
the effluent stream. The condensed amounts of methanol are
subsequently separated in separator 24 from unconverted
synthesis gas further contained in effluent stream 32. The
separated amounts of methanol are withdrawn from separator
24 in line 36 and combined in product line 18 with the
amounts of methanol separated in separator 16. A part of
the unconverted synthesis gas in line 22 is purged through

line 38 in order to prevent build-up of inerts.
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The process layout shown in Fig.2 is similar to that shown
in Fig.2, with the exception that effluent 14 from the
first reaction unit 8 is combined with the second effluent
from reaction unit 28 before being cooled and separated in
a common cooler 14 and separator 16. The combined amounts
of unconverted synthesis from the first 12 and second ef-
fluent stream 32 are separated from methanol being with-
drawn through product line 18. The separated unconverted
synthesis gas in line 22 is pressurised and circulated by
means of circulator 26 arranged in line 22. Prior to pres-—
surizing in circulator 26, a part of the unconverted syn-
thesis gas in line 22 is purged though line 38. The uncon-
verted synthesis gas in line 22 is preheated in
feed/effluent heat exchanger 34 and then passed to reaction
unit 28. A part of the unconverted synthesis gas split from
line 22 is passed in line 4 to line 2 and combined with
fresh synthesis gas to form process gas stream 6. The pro-
cess gas stream is preheated in feed/effluent heat exchang-
er 10 before being introduced and reacted in methanol reac-—
tion unit 8. The remaining amounts of unconverted synthesis
gas in line 22 are preheated in feed/effluent heat exchang-

er 34 and introduced into and reacted in reaction unit 28.
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11
Claims
1. Process for the preparation of methanol comprising the
steps of

(a) providing a fresh methanol synthesis gas containing hy-
drogen, carbon monoxide and carbon dioxide;

(b) providing a recycle gas stream containing unconverted
methanol synthesis gas and mixing a part of the recycle
stream with the fresh synthesis gas to a process gas
stream;

(c) introducing and reacting the process gas stream in a
first methanol reaction unit in presence of a methanol cat-
alyst and obtaining a first effluent stream containing
methanol and a part of the unconverted synthesis gas con-
tained in the recycle stream; and

(d) introducing and reacting at least another part of the
recycle gas stream in a second methanol reaction unit in
presence of a methanol catalyst and obtaining a second ef-
fluent stream containing methanol and another part of the
unconverted synthesis gas contained in the recycle stream,
wherein the recycle stream is pressurised by a common cir-

culator.

2. The process of claim 1, wherein the unconverted syn-
thesis gas in the first and second effluent stream is sepa-—
rated from the methanol by cooling and condensing methanol
in each effluent stream separately or by combining the
first or second effluent stream prior to the cooling and

condensing methanol.

3. The process of claim 1, wherein the recycle stream is

obtained by
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(1)cooling the first effluent stream from the first metha-
nol reaction unit and separating the methanol contained in
the first effluent from the unconverted synthesis;
(ii)cooling the second effluent stream from the second
methanol reaction unit and separating the methanol con-
tained in the second effluent stream from the unconverted
synthesis gas; and

(1ii) combining the unconverted synthesis gas separated
from the first and second effluent stream to the recycle

stream.

4, The process of claim 1, wherein the recycle stream is
obtained by

(i)mixing the first effluent stream from the first methanol
reaction unit with the second effluent stream from the sec-—
ond methanol reaction unit;

(1ii) cooling the mixed effluent stream and separating the
unconverted synthesis gas from the methanol contained in

the mixed first and second effluent stream.

5. The process according to anyone of claims 1 to 4,
wherein the first and second methanol reaction unit com-
prise one or more reactors selected from boiling water
cooled reactors, gas cooled reactors, quench reactors and
adiabatic operated reactors connected in series and/or in

parallel.

6. The process according to anyone of claims 1 to 5, where-
in the molecular ratio between the recycle gas stream and
the fresh methanol gas to the first reaction unit is be-

tween 0.01 to 2.0.
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7. The process according to anyone of 1 to 5 claims, where-
in the molecular ratio between a remaining part of the re-
cycle gas stream passed to the second reaction unit and the
unconverted synthesis gas contained in the first effluent

stream is between 0.2 to 8.

8. The process according to anyone of claims 1 to 7, where-
in a part of the fresh methanol gas is added to the remain-

ing recycle gas going to the second reaction unit

9. A reaction system for use in a process for the prepa-
ration of methanol, the system comprises a first and second
methanol reaction unit containing each a methanol catalyst;
a process gas stream passageway for introducing a process
gas stream of a fresh synthesis gas mixed with an uncon-
verted synthesis gas into the first methanol reaction unit
and a passageway for introducing a recycle stream of uncon-—
verted synthesis gas into the second methanol reaction
unit;

a first effluent passageway for withdrawing a first metha-
nol containing effluent stream from the first reaction unit
and a second effluent passageway for withdrawing a second
methanol containing effluent from the second reaction unit;
separating means for separating methanol from unconverted
synthesis gas contained in the first and second effluent
stream;

a circulation passageway for circulating the unconverted
synthesis gas to the second methanol reaction unit;

a split stream passageway for passing a part of the uncon-
verted synthesis gas from the circulation passageway to the

process gas stream passageway; and
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a circulator arranged in the circulation passageway between
the separating means and the split stream passageway for

circulating the unconverted synthesis gas.

10. The reaction system of claim 9, wherein each of the
first effluent and second effluent passageway are provided
with cooling means for cooling the first and second efflu-
ent stream and wherein each of the passageways are sepa-
rately connected downstream of the cooling means to the

separating means.

11. The reaction system of claim 9, wherein the second ef-
fluent passageway is connected to the first effluent pas-—
sageway at a connecting point upstream of the separating
means and wherein cooling means are arranged in the pas-

sageways downstream of the connecting point.

12. The reaction system according to anyone of claims 9 to
11, wherein the first and second reaction unit comprise one
or more methanol reactors selected from boiling water
cooled reactors, gas cooled reactors, quench reactors and
adiabatic operated reactors connected in series and/or in

parallel.

13. The reaction system according to anyone of claims 92 to
12, wherein a part of the fresh methanol gas is added to

the remaining recycle gas going to the second reaction unit
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