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DESCRIPTION

[0001] The Invention relates to a method for the catalytic production of methanol from
synthesis gas.

[0002] Methods for the production of methanol by catalytic conversion of hydrogen and carbon
oxides containing synthesis gas are known In the art for a long time. Ullmann's Encyclopedia of
Industrial Chemistry, Sixth Edition, 1998 Electronic Release, chapter "Methanol", subchapter
5.2 "Synthesis” describes a single-step method for the production of methanol.

[0003] The known synthesis of methanol from carbon monoxide, carbon dioxide and hydrogen
can be described by the following equations:

1.1) CO + 2H, 2 CH30H,
2.2) COp+3H, 2 CHyOH + H0;
3.3) CO+ H,O 2 Hy + CO»

[0004] These three equations are exothermic. In the reactions 1 and 2, methanol is produced.
Low temperatures and a rise In pressure leads to a shift of the equilibrium towards the desired
product methanol. The simultaneously occurring reaction 3, which is also exothermic, Is the so-
called "water-gas-shift" reaction, in which carbon monoxide is converted into carbon dioxide.

[0005] Due to the high exothermic nature of the methanol synthesis, a very good temperature
control of the reactor is necessary to prevent overheating of the catalyst, which would lead to a
premature deactivation due to a loss of active metal surface by coagulation of the metal
crystallites, the so-called sintering. In addition to this thermic effect, it is further known from the

prior art that metal/carrier-catalysts such as the copper-based methanol synthesis catalyst are
prone to surface restructuring under the influence of carbon oxides, which leads to a loss of

active metal surface by sintering and therefore to a loss of activity. An exemplary reference Is

the publication of Nihou et al., Journal de Chimie Physique et de Physico-Chimie Biologique
(1988), 85(3), p. 441-448, In which it has been shown by EPMA-analysis that the surface of

catalysts of the type CuO/Zn0O/Al,O4 during conversion of carbon oxides with hydrogen under

methanol synthesis conditions restructures dynamically. This restructuring i1Is more pronounced
at high carbon oxide partial pressures than at low carbon oxide partial pressures.

[0006] Current developments of catalysts for methanol synthesis aim at providing catalysts
which have a high synthesis activity at low reaction temperatures. Project brochures for

currently available catalysts for methanol synthesis refer to their increased synthesis activity at

low temperatures; an example Is the brochure "MK-121 - High activity methanol synthesis
catalyst” (Haldor Topsoe A/S), which is available on the Internet at http://www.topsoe.com/. The

Increased low-temperature activity is enabled by an enhanced dispersion of the copper on the
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catalyst surface. Developments of other catalyst manufacturers are aiming in the same
direction; Clariant offers the methanol synthesis catalyst MegaMax® 800 as a further
development of the catalyst MegaMax® 700, wherein the first-mentioned newly developed
catalyst has a higher activity at low temperatures due to optimized copper dispersion (Nitrogen
+ Syngas 290, 11 -12 (2007), 26-42).

[0007] Generally, metal/carrier-catalysts with high dispersion are more vulnerable for
deactivation as a result of sintering. Monzon et al. could show in Applied Catalysis A: General
248 (2003), 279-289 that the velocity of the dispersion decrease of precious metal/carrier-

catalysts follows a kinetic approach of
dp.., -
7/df = Yp (D — Dr‘r)n

[0008] Wherein D, is the relative dispersion, which is defined by the relation D, = Y/, in which
D is the absolute value of the dispersion at the time t and Dy 1s the absolute value of the
dispersion at the time zero. D, Is the limit of the relative dispersion for { — «:¥Y 5 is the kinetic

constant of the deactivation. n 1s the kinetic order of the deactivation reaction; The above-
mentioned citation states that the kinetic order can be satisfactorily described for all of the
published data in the literature for the deactivation kinetics of precious metal/carrier-catalysts
due to sintering with n = 1 to 2. From this follows that a quicker relative dispersion decrease Is
to be expected when using a precious metal/carrier-catalyst with high dispersion under
otherwise identical conditions. A quicker dispersion decrease leads to a quicker loss In activity
and consequently to a lower long-term stability of the catalyst.

[0009] In the case that a catalyst with high activity is used, it has been shown that in the initial
area of the reactor bed a pronounced non-isothermal reaction zone forms with a pronounced
hotspot. This hotspot has a temperature of 30°C to 40°C above the temperature of the coolant
and thus above the other temperature in the reactor. By this hotspot, the efficiency of the
catalyst in this area 1s diminished, exemplarily to only about 50%. Furthermore, the increased
temperature leads to a faster deactivation of the catalyst material due to sintering. The
deactivation of the catalyst in turn leads to a migration of the hotspot through the reactor,
whereby the catalyst as a whole Is subject to faster deactivation.

[0010] A two-step method for the production of methanol i1s exemplarily known from the
application WO 2011/101081 A1. There, a stream of synthesis gas containing hydrogen and
carbon oxides is converted in two reaction stages in a water-cooled methanol synthesis reactor
followed by a gas-cooled methanol synthesis reactor. In both synthesis reactors typically the
same copper-based methanol synthesis catalysts are used. However, In the first reactor, a
catalyst is used which has a lower activity than the catalyst which is used in the second reactor.
Hereby, a fast loss of activity of the catalyst used in the first reactor due to high temperatures is
prevented. By using a catalyst with a relatively low activity in the first reactor, the conversion of
synthesis gas can be increased, If the reactors are used for a longer time. Here, the effect
described in the above cited work of Monzon et al. is utilized. In more detail, the relative
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dispersion does not drop below the limit D, of the relative dispersion for very long operating

periods with defined reaction conditions. This means that precious metal/carrier-catalysts
which are In operation for a long time have a dispersion which Is different from zero and thus a
rest activity. This observed inverse correlation between dispersion and activity on the one hand
and long-term stability on the other hand for precious metal/carrier-catalysts is applicable to
copper-based catalysts for methanol synthesis.

[0011] Besides the thermally caused deactivation of the catalyst, there exists a problem with
large amounts of heat being generated when using catalyst material with high activity and with,
consequently, high conversion of synthesis gas. The increasing temperature leads, apart from
the above described deactivation of the catalyst, to the reaction reaching the thermodynamic
equilibrium. When reaching the thermodynamic equilibrium, no further conversion of the
synthesis gas occurs. In the further pathway of the catalyst bed lower temperatures then
prevail together with a declining amount of carbon oxides in the synthesis gas, since a part of
the oxides has already been converted. The highly-active and expensive catalyst i1s under
these conditions not optimal for the conversion of the synthesis gas.

[0012] It Is the objective of the present invention to improve a method for the production of
methanol and the reactors used therein, such that the above described disadvantages are
avolded or at least reduced and the space-time-yield is increased.

[0013] According to the disclosure, a reactor 1s provided for the catalytic production of
methanol, in which at least two catalyst layers are provided. The first catalyst layer is arranged
upstream and the second catalyst layer i1s arranged downstream. The activity of the first
catalyst layer is higher than the activity of the second catalyst layer.

[0014] By arranging, according to the disclosure, the first layer of catalyst material with a
higher activity upstream, a high conversion of synthesis gas i1s achieved at the beginning of the
catalyst bed and correspondingly large amounts of heat are generated. Hereby, an optimal
temperature for the reaction of about 250°C i1s achieved. The further catalyst layer of lower
activity prevents or reduces the development of a pronounced hotspot which could rapidly
diminish the catalyst activity. The dimension of a developing hotspot will change, with
Increasing operation time, from Initially acute and high to increasingly wider and flatter and
additionally wandering downstream.

[0015] Preferably, the layer thickness of the first upstream catalyst layer is chosen smaller,
preferably significantly smaller, than the layer thickness of the downstream layer. In that case,
the upstream highly-active catalyst layer serves for heating up the catalyst bed to an optimal
temperature. In the further pathway of the catalyst bed, i1.e. in the area of the second
downstream catalyst layer with lower activity, less amounts of heat are produced and a
deactivation of the catalyst is prevented. The layer thickness of the first catalyst layer is chosen
such that there Is not reached a temperature Iin this thin layer which would enable the
development of a pronounced hotspot.
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[0016] In one embodiment, the catalyst layers are provided directly adjacent to each other In
the flow direction of the synthesis gas. In a further embodiment, the layers are provided within
a single catalyst fill in the catalyst bed. Between the catalyst layers, inert material may be
arranged. Within this layer structure, the temperature can be kept within the desired limits by
the layer thickness and activity of the used catalysts.

[0017] Advantageously, further catalyst layers, preferably two further catalyst layers, are
provided In the reactor, wherein the catalyst layers are each arranged downstream of the
second catalyst layer, and wherein the activity of the catalyst layers successively increases
towards the downstream end of the reactor.

[0018] In this way, a layer arrangement of multiple, preferably four, catalyst layers is created.
The activities of the single catalyst layers are chosen such that the conversion of the synthesis
gas Is optimized. The first layer has a relatively high activity to ensure heating up of the reactor
to an optimal temperature as described above. By using a layer with high activity, a
temperature of 230°C to 260°C, preferably around 250°C, can be achieved In this layer. This
catalyst layer is preferably configured significantly thinner than the further catalyst layers, since
this layer I1s predominantly utilized for heating the reactor up. This layer i1s configured so thin
that no pronounced hotspot Is formed. Additionally, a partial conversion of the synthesis gas
takes place In the first layer. In one embodiment, the different catalyst layers are arranged
directly adjacent to each other in the flow direction of the synthesis gas.

[0019] The second catalyst layer has a lower activity. This layer is used to prevent a hotspot or
to hinder its development as described above. This layer thus ensures that the hotspot Is
generated broad and flat and that no accelerated deactivation of catalyst material of high
activity occurs. Preferably, catalyst material which has a high long-term stability 1s used for this
catalyst layer. This layer can consist of partly-deactivated, reused catalyst material or of
catalyst material which has inherently lower activity. The activity of a catalyst can be adapted
by adding an activity-moderating promoter or selective catalyst poison or by diluting with an
Inert filling material. The activity indicates the degree of conversion from reactants to products
per unit length of the reactor. The activity Is Iinfluenced by the chemical composition, doping,
poisoning, available surface etc. of the catalyst material, and also by the catalyst geometry.
Exemplarily, a catalyst with high activity in the form of a large sphere has a lower activity than a
catalyst with a low activity in the form of microspheres.

[0020] The following further catalyst layers have a successively rising activity, 1.e. higher
activities than the previously described second catalyst layer. In this way, the conversion of
synthesis gas I1s maximized. The downstream of the second catalyst layer arranged further
catalyst layers can maintain their high activity for a long time, since a partial conversion of the
synthesis gas has already taken place. The partial conversion of the synthesis gas leads to the
remaining synthesis gas being less reactive, since the ratio between reactants and products
has shifted towards the products. The heat development i1s thus reduced despite the highly-
active catalyst layers.
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[0021] Preferably, the layer thickness of the first catalyst layer is 5% to 20%, preferably 10%, of
the total thickness of all catalyst layers, and preferably the layer thickness of the further
catalyst layers I1s 30% of the total thickness of all catalyst layers, respectively.

[0022] Preferably, all used catalysts are copper-based catalysts. Methanol synthesis catalysts
of the type Cu/Zn/Al,O4 are used for the methanol synthesis with different copper dispersions

and thus different activities.

[0023] Preferably, the catalyst layers have the same catalyst material, wherein the catalyst
layers with lower activity comprise partially deactivated catalyst material.

[0024] Preferably, such a partially deactivated catalyst is provided by using an already
employed downstream methanol synthesis catalyst which has been used for a longer time and
which has thus lost a part of its activity. Preferably, the partially deactivated catalyst is removed
from the downstream catalyst layer, this catalyst layer is filled with fresh, highly-active catalyst,
and the previously removed, partially deactivated catalyst, is employed in the second catalyst
layer with a lower activity. Where appropriate, the partially deactivated catalyst is, as known to
the skilled person, inerted, exemplarily by controlled oxidation, and reactivated with reducing
gases. Using this approach, exclusively fresh, highly-active catalyst is purchased, the operation
time of which can be enhanced, thus leading to economic advantages and a lowering In the
amount of deactivated catalyst to be disposed.

[0025] Preferably, the catalyst layers comprise different catalysts. An optimal adjustment of
activity and long-term stability of the first and second catalyst layer can thus be achieved.

[0026] Preferably, the catalysts are solid. More preferably, the catalysts are provided in the
form of packed bed fillings. The catalyst layers are formed by subsequently filling the desired
catalyst layers In the packed bed. In this way, the catalyst layers may be arranged directly
adjacent to each other. Also, inert material may be provided between the catalyst layers to
prevent a mixing of the catalysts and to simplify removal of individual layers. During filling, it is
ensured that the catalyst layers are arranged successively in the flow direction of the synthesis
gas.

[0027] By this arrangement, the catalysts are arranged In the reactor in the desired layers.
Further, the catalysts can be easily removed from the reactor layer by layer.

[0028] Preferably, the catalyst layers are formed from catalysts in the form of pellets, wherein
more preferably the pellet size of the catalysts of the catalyst layers iIs different.

[0029] The pellet size of the catalysts influences the diffusion inhibition of the catalyst material.
The smaller the used pellets are, the lower is the diffusion inhibition of the catalyst material.
Reactants can diffuse faster into the pellet material and methanol can be transported faster out
of the material. Smaller pellets are preferably used in highly-active downstream layers. Larger
pellets are preferably used for layers which are supposed too have relatively low activity,
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exemplarily cylindrically-formed pellets with a diameter of 6 mm and a height of 4 mm.

[0030] Preferably, the reactor is configured as a water-cooled reactor. Alternatively, the reactor
IS configured as a gas-cooled reactor. The reactor can also be configured as a non-cooled,
adiabatic reactor.

[0031] According to a further aspect, a method for the catalytic production of methanol from
synthesis gas is proposed. The method comprises the following steps:

providing a reactor;
arranging at least two catalyst layers in the reactor,

wherein the first catalyst layer is arranged upstream and the second catalyst layer Is arranged
downstream, and wherein the activity of the first catalyst layer is higher than the activity of the
second catalyst layer:;

applying synthesis gas to the reactor, comprising hydrogen and carbon oxides,

converting the synthesis gas in the reactor under methanol synthesis conditions to methanol,

channeling the produced methanol and the non-converted synthesis gas out of the reactor.

[0032] Preferably, the cooling temperature of the reactor, which is preferably configured as a
water-cooled reactor, during the synthesis reaction is 200°C to 260°C, preferably 230°C to
250°C.

[0033] The temperature of about 230°C to 250°C Is considered to be the optimal temperature
for methanol synthesis. The upstream catalyst layer heats up the synthesis gas to the optimal
reaction temperature by means of the reaction heat. Also, heating the water of the reactor to
an optimal temperature can be achieved In this case. The water can subsequently be used for
driving a steam turbine.

[0034] Preferably, the temperature during the synthesis reaction of the synthesis gas does not
exceed 250°C to 270°C and preferably about 260°C in all catalyst layers.

[0035] By adjusting the activity in subsequent catalyst layers, that is by reducing the activity In
the second layer and successively raising the activity in the preferably provided subsequent
layers, the temperature in the catalyst layers does not rise to high temperatures. Therefore,
the deactivation of the catalysts occurs slower than at a high maximum temperature of
exemplarily 280°C. At the same time, employing optimally adjusted catalyst layers leads to an
enhanced volume-specific productivity of methanol (space-time-yield) of the synthesis gas.

[0036] In the method according to the invention, more than 70%, preferably more than 75%,
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and more preferably more than 79% of the carbon monoxide of the synthesis gas i1s converted
InN the reactor during one gas passage. This Is achieved by preventing a relatively fast
deactivation of catalyst material with high activity by the inventive arrangement of catalyst
layers.

[0037] In the method according to the invention more than 25%, preferably more than 30%,
and more preferably more than 33% of the carbon dioxide of the synthesis gas is converted In
the reactor during one gas passage.

[0038] The term "upstream” and "downstream” denotes the arrangement of the catalyst layers
In the reactor. In the reactor, a gas entry side and a gas exit side are provided for the synthesis
gas. The synthesis gas enters through the gas entry side into the inner chamber of the reactor,
In which the catalyst layers are provided. After flowing through the catalyst layers, the synthesis
gas exits the reactor through the gas exit side. The flow of synthesis gas therefore defines a
direction, wherein the synthesis gas enters through the "upstream” gas entry side into the inner
chamber of the reactor and exits the inner chamber of the reactor through the "downstream”
gas exit side. The first catalyst layer is thus arranged in the reactor closer to the gas entry side
than the second catalyst layer, which Is arranged closer to the gas exit side of the reactor.

[0039] The disclosure will be described In the following with reference to the attached figures
by multiple examples in more detail. The figures show:

Fig. 1
a schematic depiction of an arrangement of two reactors according to the application
WO 2011/101081 A1;

Fig. 2
a schematic basic arrangement of two reactors with one catalyst layer each;

Fig. 3
an lllustrative first arrangement of a reactor with two catalyst layers according to the
disclosure;

Fig. 4
an lllustrative second arrangement of a reactor with four catalyst layers according to the
disclosure; and

Fig. 5
an exemplarily measurement diagram for comparing the third example with the basic
arrangement

Basic arrangement

[0040] The basic arrangement which 1s provided as a comparative arrangement has been
chosen such that it resembles the structure of an arrangement which is typically used In the
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Industry for a methanol synthesis plant, in which two reactors with one catalyst layer each are
utilized, and as it iIs exemplarily described Iin the application WO 2011/101081 A1. For the
specific description of the components which are depicted In fig. 1, it i1s thus referred to the
description of fig. 1 Iin the application WO 2011/101081 A1. In the basic arrangement, two
reactors 1 and 2 are utilized. In both reactors, the same catalyst material MegaMax® 800 with
a pellet size of 6x4 mm Is used. However, In this and the subsequently described examples,
random catalyst materials such as copper-based methanol synthesis catalysts can be utilized,
as long as the catalyst layers have the desired activity and thickness to prevent or reduce the
formation of a hotspot. The first reactor, reactor 1, I1s configured as a water-cooled reactor
(WCR - water cooled reactor), whereas the second reactor, reactor 2, is configured such that it
resembles the temperature profile of a gas-cooled reactor (GCR - gas cooled reactor), which Is
known from the prior art. The schematic structure of the basic arrangement is depicted In fig.
2. In the following tables, the measurement values of this basic arrangement are reproduced In
the third column.

[0041] In the following tables, mcstqyst denotes the mass of the used catalyst material.
Tcool(first reactor) denotes the temperature of the water mantle in the area of the first catalyst

layer. The recycle ratio RR denotes the ratio between fresh and reused, non-converted
synthesis gas. GHSV denotes the gas hourly space velocity. T« denotes the maximum

temperature occuring in the catalyst layers during the synthesis reaction. Xco pp(first reactor)

denotes the amount of converted carbon monoxide In the first reactor, wherein the first reactor
In the examples according to the invention is the reactor in which the catalyst layers according
to the Iinvention are arranged. Xco2 pp(first reactor) denotes the amount of converted carbon

dioxide In the first reactor. Xco pp(all reactors) (PP - per pass) denotes the amount of converted
carbon monoxide In all reactors In total. Xco2 pp (all reactors) denotes the amount of converted
carbon dioxide In all reactors in total. STY (st reactor) denotes the specific product outputs or

space-time-yield, 1.e. the quantity of product formed In the first reactor per volume and time.
STY(all reactorsy denotes correspondingly the specific product output of all reactors. This

nomenclature applies also to the following examples according to the invention. Thus, the
basic arrangement with two reactors 1s compared with the arrangement according to the
iInvention of multiple catalyst layers in one reactor.

Example 1

[0042] As depicted In fig. 3, two catalyst layers are provided In the first arrangement in reactor
1 according to the Invention. The two catalysts are catalysts of the MegaMax® series,
particularly MegaMax® 800 catalysts, wherein the catalysts have different pellet sizes. Other
catalysts can also be utilized such as copper-based methanol synthesis catalysts. The first
catalyst layer has a pellet size of 3x3 mm, wherein the second catalyst layer has a pellet size of
6x4 mm.



DK/EP 3582886 T3

[0043] Synthesis gas travels from the first catalyst layer to the second catalyst layer. The first
catalyst layer has a higher activity than the second catalyst layer.

[0044] Additionally, as depicted In fig. 3, a further reactor 2 is provided, which exhibits only one
catalyst layer. This reactor only contains one catalyst with moderate activity (MegaMax® 800
with a pellet size of 6x4 mm). Apart from the provision of two catalyst layers in the water-cooled
reactor 1, the structure corresponds to the structure which is depicted in fig. 2.

[0045] In the following, a comparison of the arrangement according to the first example of the
iInvention (second column) and the basic arrangement (third column) is depicted in tabular

form.
Table 1

QCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQN CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

T R R S

'GHSV 15000 115000 '

‘COCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCC'.CCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCC.CC.CC.CC.CC.CC.CC.CC.\ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

Tmax ~ |286.4+/-2.2 284.0 +/- 2.1

Xco po(irst 87.7 +/-1.2 169.8 +/-1.2 1%
reactor) |

0CCOCCOCCOCCOCCOCCOCCOCC.CC.CC.CC.CC.CC.CC.CC.\. CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

XCOZ op(first 300 +/- 7.4 15.2 +/- 3.7 %
react05

90.2 +/-1.1 86.3 +/- 1.2
reactors)

XC02 op(all 35.0 +/- 3.4 250 +/-6.9 %
reactor_s)
STY st reactor) |2.02 +/- 0.11 1.70 +/- 0.06 g/ h)

0§§0§§0§§0§§0§§0§§0§§0§§0‘50‘50‘50‘50‘50‘50‘50\ §§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

[0046] This comparison shows that, by providing 2 catalyst layers in the first reactor as
described above, the conversion of carbon monoxide can be increased by about 18% and the
conversion of carbon dioxide of about 15%. Also, the specific product output in the first reactor
can be Increased by about 18%. By the enhanced conversion of carbon oxides In the first
reactor, the heat production can furthermore be Increased. Although the temperature of the
coolant has been reduced In the example, the maximum temperature Tnax IS INCreased In

comparison to the basic arrangement. The reduced cooling temperature contributes about 8%
to the Increased conversion of carbon monoxide, since a higher equilibrium conversion occurs

at this temperature.
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Example 2

[0047] Fig. 4 shows a second arrangement according to the invention, in which only one
reactor filled with catalyst 1s provided. This reactor I1s water-cooled. The arrangement
corresponds to the arrangement which i1s shown In fig. 2 with the difference that, instead of the
two reactors 1 and 2, only the water-cooled reactor 1 is filled with catalyst material, and reactor
2 remains empty. In this reactor 1, four catalyst layers are provided, wherein part of these
catalysts are catalysts of the MegaMax® series. The layers are configured as a first layer of
MegaMax® 800 with a pellet size of 6x4 mm and a relative layer thickness of 10%, In relation
to the total thickness of all catalyst layers. The second layer is C79-5 with a pellet size of 5x5
mm and a relative layer thickness of 30%. The third layer is MegaMax® 800 with a pellet size
of 6x4 mm with a relative layer thickness of 30%. The fourth layer is MegaMax® 800 with a
pellet size of 3x3 mm with a relative layer thickness of 30%. Also, other catalysts such as
copper-based methanol synthesis catalysts can be utilized. The catalysts and pellet sizes are
chosen such that the activity of the last catalyst layer is highest. The second layer has the
lowest activity.

[0048] As can be seen In the following table 2, the conversion of the carbon oxides and the
specific product output in the arrangement according to the invention is enhanced compared to
the basic arrangement by about 10% (CO) and 18% (CO»5). Also, due to the Increased

conversion of carbon oxides, the heat generation in the reactor Is increased, which leads to a
higher maximum temperature T 55 In the catalyst bed. Since only one reactor Is used In the

arrangement according to the invention, the specific product output of the whole plant is

Increased by about 115%.
Table 2

xco_pp(f,,.st 79.7 +/-1.0 69.8 +/- 1.2
reactor)
Xco2 ppffirst 133.2 +/-1.7 15.2 +/- 3.7
reactor)

XCO ' pp(all 86.3 +/- 1.2

reactors)

Xco2 ppal 250 +/-6.9 %
reactors) |
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4-layer catalyst bed - 1 \Basic arrangement - 1 catalyst - {Unit
reactor 2 reactors
STY(ﬁrst reactor) {2-06 +/-0.03 1.70 +/- 0.06 kg/(I*h)
STY qall reactors) 0.96 +/-0.05 kg/(I"h)

Example 3

[0049] In the third example, a structural arrangement has been chosen, as i1s shown In fig. 4.
In comparison to the second example, the synthesis reaction has been conducted at a lower
temperature. This leads to a lower deactivation of the catalysts and therefore to a higher yield.
It Is assumed that the activity of the catalysts after 1000 hours of operation is about 10% higher
than the activity of the catalysts in the basic arrangement. As shown In the following table, the

conversion of carbon oxides increases in comparison to the basic arrangement by about 13%
(CO) and 19% (CO»), and the specific product output of the reactor by 22%.

Table 3

4-layer catalyst bed - 1 |Basic arrangement - 1 catalyst -  Unit
reactor 2 reactors

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

T R T S

0050050050050050050050050050050050050050050050000050050050050050050050050050050050050050050050050050050050050050050\ 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

260.5 +/- 0.6 284.0 +/- 2.1
-

Xco pp(first 82.4 +/- 0.6 169.8 +/- 1.2

reactor)

Xcoz ppfirst 34.2 +/-1.2 15.2 +/- 3.7 %
reactor) | .
XCO_pp(aII 86.3 +/-1.2 %
reactors) |

0§§0‘50‘50‘50‘50§§0§§0§§0§§0§§0§§0§§0§§0§§CQQCQQCQQCQQC§§0§§0§§0§§0§§0§§0§§0§§0§§0‘50‘50‘50‘50QQCQQCQQCQQCQQCQQCQQC\ §§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

Xco2 pol 250 +/-6.9 %
reactor_s)

[0050] Fig. 5 shows the temperature development within the catalyst layers during the
synthesis reaction in the basic arrangement and in the arrangement which is shown In fig. 4 at
a lower temperature regime (example 3). By using four catalyst layers, the temperature in the
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catalyst layers can be reduced, while at the same time the conversion of carbon oxides and the
specific product output can be enhanced.
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Krav

1.

Fremgangsmade til den katalytiske produktion af methanol

fra syntesegas, hvori fremgangsmaden omfatter de fglgende

trin:
at tllvejebringe en reaktor;

at arrangere mindst to katalysatorlag 1 reaktoren,

hvorli det fgrste katalysatorlag er arrangeret opstrgms, o0g

det anden katalysatorlag er arrangeret nedstrogms, og hvorl

aktlviteten af det fgrste katalysatorlag er hgjere end

aktlviteten af det anden katalysatorlag;

at fore syntesegas omfattende hydrogen og carbonoxider tTi1.

reaktoren,
at omdanne syntesegassen 1 reaktoren til methanol under
methanolsyntesebetingelser,

at kanallsere den producerede methanol o©og den 1kke-

omdannede syntesegas ud af reaktoren.

Fremgangsmade 1fglge krav 1, hvori reaktoren er en

vandkglet reaktor, og kgletemperaturen er mellem 200°C og
200°C, fortrinsvis mellem 230°C og 250°C.

Fremgangsmade ifglge krav 1 eller 2, hvori mindst to

vderligere katalysatorlag er arrangeret 1 reaktoren, hvori

de vyderliligere katalysatorlag hver er arrangeret nedstrgoms

F

for det anden katalysatorlag, og hvori aktiviteten af de

vderligere katalysatorlag successivt gges mod reaktorens

nedstrgmsende.

Fremgangsmade ifglge et af kravene 1 til 3,  hvori

afkglingstemperaturen og lagtykkelsen og aktiliviteten af de
enkelte katalysatorlag vaelges saledes, at den resulterende

reaktionstemperatur 1 reaktoren 1kke overstiger ca. 260°C.
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Fig. 2
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Fig. 3
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Fig. 4
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