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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a catalyst for dimethyl ether, a method for producing the catalyst, and a
method for producing dimethyl ether by using the catalyst.

2. Description of the Related Arts

[0002] There are several known methods for manufacturing dimethyl ether starting from a mixed gas of carbon mon-
oxide, carbon dioxide, and hydrogen under the presence of a catalyst suspended in a solvent.
[0003] For example, JP-A-2-9833 (the term "JP-A-" referred to herein signifies "Unexamined Japanese patent pub-
lication"), JP-A -3-181435, JP-A-3-52835, JP-A-4-264046 (corresponding to EP-A-0483609, WO 93 / 10069 (corre-
sponding to EP-A-0591538), disclose methods for manufacturing dimethyl ether or a mixture of dimethyl ether and
methanol through the contact of a synthesis gas with a mixture of a methanol synthesis catalyst and a methanol de-
hydration catalyst suspended in an inert liquid.
[0004] The method disclosed in JP-A-2-9833 is a method of direct synthesis of dimethyl ether from a synthesis gas,
which method comprises the step of contacting a synthesis gas consisting of hydrogen, carbon monoxide and carbon
dioxide with a solid catalyst, or reacting the synthesis gas react under the presence of the solid catalyst to conduct
catalytic synthesis of dimethyl ether from the synthesis gas, wherein the synthesis gas undergoes catalytic action under
the presence of the solid catalyst system, and wherein the solid catalyst is a single catalyst or a mixture of plurality of
catalysts which are suspended in a liquid medium in a three-phase (slurry phase) reactor system, and wherein the
three-phase reactor system comprises at least a single three-phase reactor.
[0005] The method disclosed in JP-A-3-181435 is a method for manufacturing dimethyl ether from a mixed gas of
carbon monoxide and hydrogen, or a mixed gas of carbon monoxide and hydrogen and further containing carbon
dioxide and/or water vapor, wherein a catalyst is used in a slurry form by suspending thereof in a solvent.
[0006] The method disclosed in JP-A-3-52835 is a method of dimethyl ether synthesis characterized in that a syn-
thesis gas is reacted under the presence of a solid methanol synthesis catalyst to produce methanol, and that the
produced methanol is reacted under the presence of a solid dehydration catalyst to produce dimethyl ether. According
to the method, dimethyl ether is synthesized from a synthesis gas consisting of hydrogen, carbon monoxide, and carbon
dioxide. That is, the synthesis gas is contacted with a solid catalyst system comprising a methanol-synthesizing ingre-
dient and a dehydrating (ether-forming) ingredient, wherein the solid catalyst system is a single catalyst or a mixture
of plurality of catalysts in a three-phase (liquid phase) reactor system, and wherein the reactor system is controlled to
keep the minimum effective methanol rate to at least a level of 1.0 g-mole of methanol per 1 kg of catalyst per hour.
[0007] The method disclosed in WO 93 / 10069 (EP-A- 0591 538) is a method for manufacturing dimethyl ether from
a mixed gas containing carbon monoxide and either or both of water and water vapor, or from a mixed gas containing
carbon monoxide and either or both of water and water vapor and further containing carbon dioxide, wherein a catalyst
is used in a form of solvent slurry, which catalyst is prepared by pulverizing a mixed catalyst containing at least zinc
oxide and, copper oxide or chromium oxide, and aluminum oxide, by adhering these ingredients together under pres-
sure, and by pulverizing them again to suspend in the solvent.
[0008] On the other hand, dimethyl ether is synthesized generally in a fixed bed system. There is a known catalyst
for fixed bed system, which catalyst is prepared by depositing a methanol synthesis catalyst onto a support of metallic
oxide such as alumina, then by calcining them together. (JP-A-2-280386)
[0009] The methods for manufacturing dimethyl ether disclosed in JP-A-2-9833, JP-A- 3-52835, JP-A-4-264046
(EP-A-0483 609), and JP-A-3-181435, however, raise problems such that the two kinds of or three kinds of catalysts
suspended in a solvent separate from each other in the reactor owing to the difference in specific gravity among the
methanol synthesis catalyst, the methanol dehydration catalyst, and the water gas shift catalyst, which induces a dis-
tribution in catalyst concentration or deposition of one of these catalysts, thus significantly degrading the use efficiency
of the catalysts.
[0010] The catalyst disclosed in WO 93 / 10069 (EP-A-0 591 538) is prepared by integrating the above-described
three kinds of catalysts by means of a mechanical method. That type of catalysts also raises a problem that, during a
period of use in a slurry state, the catalyst particles separate from each other to induce a distribution in catalyst con-
centration and catalyst deposition.
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SUMMARY OF THE INVENTION

[0011] It is an object of the present invention to provide a catalyst suitable for producing dimethyl ether at a high
yield and a method for producing the catalyst, and to provide a method for producing dimethyl ether at a high space
time yield.
[0012] To attain the object, the present invention provides a catalyst suitable for producing dimethyl ether, the catalyst
comprising:

alumina particles having an average size of 200 µm or less;
a layer comprising a methanol synthesis catalyst which comprises copper oxide, zinc oxide and alumina, the layer
being formed around each of the alumina particles; and
the methanol synthesis catalyst having a weight ratio of 0.05 to 5 to a weight of the alumina particles.

[0013] In the catalyst, the average size of the alumina particles is preferably 1 to 100 µm. The average size of 1 to
50 µm is more preferable.
[0014] It is desirable that a weight ratio of the copper oxide : the zinc oxide : the alumina is 1 : 0.05 to 20 : up to 2.
[0015] The catalyst suitable for producing dimethyl ether is produced by the following method comprising the steps of:

forming a layer comprising a methanol synthesis catalyst around each of alumina particles; and
washing the alumina particles, around which the layer was formed, with an acid aqueous solution.

[0016] The forming of the layer comprises

forming a slurry by introducing the alumina particles into an aqueous solution containing a metallic salt of active
element of the methanol synthesis catalyst;
heating the slurry; and
neutralizing the heated slurry with a base solution, thereby the active element of the methanol synthesis catalyst
being deposited around each of the alumina particles.

[0017] The deposition of the active element of the methanol synthesis catalyst is carried out at a temperature of 50
to 90 °C.
[0018] Dimethyl ether is produced by using the catalyst. A method for producing dimethyl ether comprising the steps
of :

providing the catalyst suitable for producing dimethyl ether, the catalyst;
forming a slurry by introducing the catalyst into a solvent; and
introducing a mixed gas comprising carbon monoxide and hydrogen into the slurry.

DESCRIPTION OF THE EMBODIMENT

[0019] The catalyst according to the present invention comprises alumina particles and a methanol synthesis catalyst
layer formed around each of the alumina particles. Alumina functions as a methanol-dehydration catalyst, and alumina
in use as an ordinary catalyst may be applied without further processing. A preferable size of alumina particles is fine
one, preferably 200 µm or less of average particle size, more preferably in an approximate range of from 1 to 100 µm,
and most preferably in an approximate range of from 1 to 50 µm. To prepare the preferred average particle size, alumina
may be pulverized at need.
[0020] Methanol synthesis catalyst may be copper oxide - zinc oxide - alumina system. A preferable mixing ratio of
individual ingredients of copper oxide, zinc oxide, and alumina is: in an approximate range of from 0.05 to 20 wt.parts
of zinc oxide to 1 wt.parts of copper oxide, more preferably in an approximate range of from 0.1 to 5 wt.parts; in an
approximate range of up to 2 wt.parts of alumina, more preferably in an approximate range of up to 1 wt.parts.
[0021] The ratio of the methanol synthesis catalyst layer formed around alumina particle is in a range of from 0.05
to 5 by wt.parts to 1 wt.parts of alumina, preferably in a range of from 0.1 to 3 wt.parts, and more preferably in a range
of from 0.5 to 2 wt.parts.
[0022] The catalyst achieves 30 % or higher CO conversion, or normally in an approximate range of from 35 to 60
%, and particularly in an approximate range of from 45 to 55 %, and achieves 20 % or higher dimethyl ether yield, or
normally in an approximate range of from 25 to 45 %, and particularly in an approximate range of from 35 to 45 %. A
preferred particle size of the catalyst is small as far as possible within a range that no agglomeration problem occurs.
A preferable average particle size of the catalyst is 200 µm or less, more preferably in an approximate range of from
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1 to 100 µm, and most preferably in an approximate range of from 1 to 50 µm.
[0023] The method for manufacturing the catalyst according to the present invention is characterized in the steps
of: forming a methanol synthesis catalyst around each of alumina particles; and washing the catalyst layer with an acid
aqueous solution. For manufacturing the catalyst, powdered alumina is charged into an aqueous solution containing
a metallic salt of active ingredient of methanol synthesis catalyst, an aqueous solution of copper salt, zinc salt, and
aluminum salt, to prepare a slurry. Copper salt, zinc salt, and aluminum salt may be either inorganic salt or organic
salt if only the salt is a water soluble salt. Nevertheless, a salt that likely generates hydroxide in water is not suitable
one. As for the salt of copper and of zinc, nitrate, carbonate, organic acid salt are applicable. For the salt of halide and
of aluminum, nitrate, carbonate, and organic salt are applicable. A preferable concentration of each ingredient is in an
approximate range of from 0.1 to 3 mole/liter.
[0024] Thus prepared alumina slurry is then heated, and a base solution is added dropwise to the heated slurry to
neutralize to deposit the active ingredient of methanol synthesis catalyst around each of alumina particles. The alumina
particle may be coated by copper salt, zinc salt, and aluminum salt separately at need. The temperature of slurry during
the period of deposition is in a range of from 50 to 90 °C, more preferably in a range of from 60 to 85 °C. Any kind of
base is applicable if only it can neutralize the acid in the slurry. The neutralization is to deposit copper, zinc, and
aluminum, and a preferable pH value is in an approximate range of from 6 to 12, more preferably in an approximate
range of from 7 to 10. After neutralized, the slurry is allowed to stand for an appropriate time or is subjected to mild
agitation for aging to sufficiently develop the deposits.
[0025] The alumina particles on each of which the deposit is formed are separated from liquid. Thus separated solid
alumina particles are washed with warm water. Normally, succeeding drying and calcining treatment provides a catalyst
configured by alumina coated by a methanol synthesis catalyst. With the catalyst according to the present invention,
however, methanol which is generated on the methanol synthesis catalyst migrates onto the alumina which is a meth-
anol-dehydration catalyst, where the methanol undergoes dehydration and condensation by the action of acid active
centers on the alumina to yield dimethyl ether, which mechanism is described later. In the deposit-forming operation
described above, alumina contacts with base solution, and the acid active centers on alumina are vanished. To recover
the acid active centers on alumina, the method for manufacturing catalyst according to the present invention washes
the alumina particles with an acid aqueous solution after forming the above-described deposit. For washing, the alumina
particles may be suspended in an acid aqueous solution. Applicable acid for washing is either inorganic acid or organic
acid. A preferable acid includes nitric acid, hydrochloric acid, and acetic acid, and more preferably nitric acid and
hydrochloric acid. The concentration of acid for acid washing is in an approximate range of from 0.1 to 5 mole/liter,
more preferably in an approximate range of from 0.5 to 2 mole/liter. The temperature for washing may be room tem-
perature, and a warm temperature may also be applicable. The period for washing may be in an approximate range
of from 10 to 30 min.
[0026] Next step is washing the alumina particles and deposits thoroughly with ion-exchanged water or the like to
remove acid and base ions, followed by drying and calcining. The calcining may be carried out in air. The calcining
temperature may be a temperature level that the metal hydroxide in the catalyst ingredients for methanol- synthesis
is converted to metal oxide. For instance, a preferable calcining condition is preferably carried out at a temperature
range of from 250 to 400 °C for a period of from 1 to 10 hours.
[0027] The above-described catalyst is used in a state of slurry of a solvent. The amount of catalyst in the solvent
depends on the kind of the solvent, the reaction conditions, and other variables. Normally, the amount of catalyst is in
a range of from 1 to 50 wt.% to the amount of the solvent.
[0028] The kind of solvent used for synthesizing dimethyl ether according to the present invention is arbitrarily se-
lected if only the solvent is in liquid phase under the reaction condition. Examples of the solvent are hydrocarbons of
aliphatic, aromatic, and alicyclic groups, alcohol, ether, ester, ketone, halide, or their mixture.
[0029] Alternatively, gas oil after removing sulfur ingredients, vacuum gas oil, high boiling point distillates of coal tar
after treated by hydrogenation are also applicable as the solvent.
[0030] By passing a mixed gas of carbon monoxide and hydrogen through thus prepared slurry of catalyst with
solvent, dimethyl ether is obtained at a high yield. Applicable range of molar mixing ratio of hydrogen to carbon monoxide
(H2 / CO) is wide, for instance, in a range of from 20 to 0.1 as (H2 / CO), and more preferably from 10 to 0.2.
[0031] According to the reaction system, the mixed gas does not directly contact with the catalyst, which direct contact
occurs in a gas-solid catalytic reaction system, but the carbon monoxide and hydrogen contact with catalyst only after
dissolved into a solvent. Consequently, selection of an adequate kind of solvent taking into account of the solubility of
carbon monoxide and hydrogen to the solvent establishes a constant composition of carbon monoxide and hydrogen
in the solvent independent of the gas composition, and sustains the supply of the mixed gas at an established com-
position to the catalyst surface.
[0032] In the case of a mixed gas with significantly low ratio of (H2/ CO), for example, 0.1 or less, or in the case of
sole carbon monoxide without containing hydrogen, it is necessary to separately supply steam to convert a part of the
carbon monoxide into hydrogen and carbon dioxide within the reactor.
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[0033] Since solvent exists between the raw material gases and the catalyst, the gas composition does not neces-
sarily agree with the composition on the catalyst surface. Therefore, it is acceptable that the mixed gas of carbon
monoxide and hydrogen, or sole carbon monoxide gas includes relatively high concentration of carbon dioxide (in a
range of from 20 to 50 %).
[0034] The manufacturing method according to the present invention significantly reduces the effect of ingredients
that may act as catalyst-poison on the catalyst compared with the gas-solid contact catalyst system. Examples of the
catalyst-poisoning ingredients which may exist in the raw material gas are sulfur compounds such as hydrogen sulfide,
cyan compounds such as hydrogen cyanide, and chlorine compounds such as hydrogen chloride. Even when the
catalyst decreased its activity resulted from poisoning, the productivity of total reactor system is maintained at a constant
level by withdrawing the slurry from the reactor and by charging fresh slurry containing catalyst of high activity to the
reactor.
[0035] The reaction heat is recovered in a form of medium pressure steam using a cooling coil installed inside of the
reactor while passing hot water through the cooling coil. The cooling system controls the reaction temperature at ar-
bitrary level.
[0036] A preferable reaction temperature is in a range of from 150 to 400 °C, and particularly preferable in a range
of from 200 to 350 °C. The reaction temperature below 150 °C and above 400 °C degrades the conversion of carbon
monoxide.
[0037] A preferable reaction pressure is in a range of from 10 to 300 kg/cm2, and particularly preferable in a range
of from 15 to 150 kg/cm2. The reaction pressure below 10 kg/cm2 results in a low conversion of carbon monoxide, and
that above 300 kg/cm2 requires special design of reactor and is uneconomical because of the need of large amount
of energy for pressurizing the system.
[0038] A preferable space velocity (charge rate of mixed gas per 1 g of catalyst under standard condition) is in a
range of from 100 to 50000 ml/g.h, and particularly preferable from 500 to 30000 ml/g·h. The space velocity above
50000 ml/g·h degrades the conversion of carbon monoxide, and that below 100 ml/g.h is uneconomical because of
the need of an excessively large reactor.
[0039] The catalyst for manufacturing dimethyl ether according to the present invention comprises alumina particles
with a methanol synthesis catalyst layer formed around each of the alumina particles. The method for manufacturing
the catalyst is characterized in the steps of: forming a catalyst active ingredients for synthesizing methanol around
each of alumina particles; and washing the catalyst active ingredients with an acid aqueous solution. Since every
catalyst ingredient has a size of molecular level and since each of the ingredients chemically adsorbs by each other,
they do not separate during reaction period. In addition, very small distance of adjacent active ingredients allows the
reaction cycle described below to proceed promptly, thus improves the yield of dimethyl ether. That is, the sequent
order of the reaction begins with the yielding of methanol from carbon monoxide and hydrogen on the methanol syn-
thesis catalyst, then the produced methanol migrates onto the alumina inside of the catalyst, where the methanol
undergoes dehydration and condensation on the acid active centers on alumina, thus yielding dimethyl ether and water.
Furthermore, the water migrates onto the methanol synthesis catalyst, where the water react with carbon monoxide
to yield carbon dioxide and hydrogen. The reaction follows the reaction formulae given below.

[0040] The method for manufacturing dimethyl ether according to the present invention significantly increases the
yield of dimethyl ether by using the catalyst which comprises alumina particles and methanol synthesis catalyst layer
formed around each of the alumina particles in a state of slurry with a solvent. The method is free from problems such
as plugging of catalyst and mechanical strength of catalyst, is designed to readily absorb the reaction heat through a
cooling pipe or the like, and is designed to conduct withdrawing and filling of catalyst easily.

CO + 2H2 → CH3OH

2CH3OH → CH3OCH3 + H2O

CO+H2O → CO3+H2
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Example

I. Preparation of catalyst

Examples 1, 5 through 8

[0041] Each of 185 g of copper nitrate (Cu(NO3)2·3H2O), 117 g of zinc nitrate (Zn(NO3)2·6H2O), and 52 g of aluminum
nitrate (Al(NO3)3· 9H2O) were dissolved into about 1 liter of ion-exchanged water. To the solution, 100 g of fine powder
of γ-alumina (N612, Nikki Kagaku Co.) having approximate particle size of 20 µm or less was added. The prepared
slurry was heated to around 80 °C and held at the temperature. Separately, about 1.4 kg of sodium carbonate (Na2CO3)
was dissolved into about 1 liter of ion-exchanged water, which solution was then heated to about 80 °C. The solution
was added dropwise to the slurry until the slurry reached to pH 8.0. After completed the dropwise addition, the slurry
was allowed to stand for about 1 hour for aging. Then, the slurry was filtered, and the cake was rinsed by ion-exchanged
water at about 80 °C until sodium ion and nitric acid ion are not detected anymore. After the rinse, the resulted alumina
particles were suspended in about 1 liter of aqueous solution of 1 mole/liter nitric acid, and were washed at room
temperature for 20 min. The suspension was filtered to recover the alumina particles. The alumina particles were further
rinsed with ion-exchanged water until no acid was detected anymore. The alumina particles were then dried at 120 °C
for 24 hours followed by calcining thereof in air at 350 °C for 5 hours. The calcined alumina particles were classified
to recover 120 µm or finer ones as the target catalyst.
[0042] Analysis of thus obtained catalyst gave the composition as CuO:ZnO:Al2O3 = 31:16:53 (by weight).

Example 2

[0043] Each of 37.1 g of copper nitrate (Cu(NO3)2·3H2O), 23.4 g of zinc nitrate (Zn(NO3)2·6H2O), and 10.3 g of
aluminum nitrate (Al(NO3)3· 9H2O) were dissolved into about 1 liter of ion-exchanged water. To the solution, 100 g of
fine powder of γ-alumina (N612, Nikki Kagaku Co.) having approximate particle size of 20 µm or less was added. The
prepared slurry was heated to around 80 °C and held at the temperature. Separately, about 0.3 kg of sodium carbonate
(Na2CO3) was dissolved into about 1 liter of ion-exchanged water, which solution was then heated to about 80 °C. The
solution was added dropwise to the slurry until the slurry reached to pH 8.0. After completed the dropwise addition,
the slurry was allowed to stand for about 1 hour for aging. Then, the slurry was filtered, and the cake was rinsed by
ion-exchanged water at about 80 °C until sodium ion and nitric acid ion were not detected anymore. After the rinse,
the resulted alumina particles were suspended in about 1 liter of aqueous solution of 1 mole/liter nitric acid, and were
washed following the procedure applied in Example 1. The alumina particles were then dried at 120 °C for 24 hours.
followed by calcining thereof in air at 350 °C for 5 hours. The calcined alumina particles were classified to recover 120
µm or finer ones as the target catalyst.
[0044] Analysis of thus obtained catalyst gave the composition as CuO:ZnO:Al2O3 = 20:11:69 (by weight).

Example 3

[0045] Each of 92.6 g of copper nitrate (Cu(NO3)2·3H2O), 58.5 g of zinc nitrate (Zn(NO3)2·6H2O), and 25.5 g of
aluminum nitrate (Al(NO3)3· 9H2O) were dissolved into about 1 liter of ion-exchanged water. To the solution, 100 g of
fine powder of γ-alumina (N612, Nikki Kagaku Co.) having approximate particle size of 20 µm or less was added. The
prepared slurry was heated to around 80 °C and held at the temperature. Separately, about 0.7 kg of sodium carbonate
(Na2CO3) was dissolved into about 1 liter of ion-exchanged water, which solution was then heated to about 80 °C. The
solution was added dropwise to the slurry until the slurry reached to pH 8.0. After completed the dropwise addition,
the slurry was allowed to stand for about 1 hour for aging. Then, the slurry was filtered, and the cake was rinsed by
ion-exchanged water at about 80 °C until sodium ion and nitric acid ion were not detected anymore. After the rinse,
the resulted alumina particles were suspended in about 1 liter of aqueous solution of 1 mole/liter nitric acid, and were
washed following the procedure applied in Example 1. The alumina particles were then dried at 120 °C for 24 hours.
followed by calcining thereof in air at 350 °C for 5 hours. The calcined alumina particles were classified to recover 120
µm or finer ones as the target catalyst.
[0046] Analysis of thus obtained catalyst gave the composition as CuO:ZnO:Al2O3 = 31:16:53 (by weight).

Example 4

[0047] Each of 185 g of copper nitrate (Cu(NO3)2·3H2O), 117 g of zinc nitrate (Zn(NO3)2·6H2O), and 52 g of aluminum
nitrate (Al(NO3)3· 9H2O) were dissolved into about 1 liter of ion-exchanged water. To the solution, 50 g of fine powder
of γ-alumina (N612, Nikki Kagaku Co.) having approximate particle size of 20 µm or less was added. The prepared
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slurry was heated to around 80 °C and held at the temperature. Separately, about 1.4 kg of sodium carbonate (Na2CO3)
was dissolved into about 1 liter of ion-exchanged water, which solution was then heated to about 80 °C. The solution
was added dropwise to the slurry until the slurry reached to pH 8.0. After completed the dropwise addition, the slurry
was allowed to stand for about 1 hr for aging. Then, the slurry was filtered, and the cake was rinsed by ion-exchanged
water at about 80 °C until sodium ion and nitric acid ion were not detected anymore. After the rinse, the resulted alumina
particles were washed by about 1 liter of aqueous solution of 1 mole/liter nitric acid following the procedure applied in
Example 1. The alumina particles were then dried at 120 °C for 24 hours followed by calcining thereof in air at 350 °C
for 5 hours. The calcined alumina particles were classified to recover 120 µm or finer ones as the target catalyst.
[0048] Analysis of thus obtained catalyst gave the composition as CuO:ZnO:Al2O3 = 41:21:38 (by weight).

Example 9

[0049] A catalyst was prepared following the procedure applied in Example 1 except that the temperature of slurry
was set to 40 °C.

Example 10

[0050] A catalyst was prepared following the procedure applied in Example 1 except that the temperature of slurry
was set to 50 °C.

Example 11

[0051] A catalyst was prepared following the procedure applied in Example 1 except that the temperature of slurry
was set to 60°C.

Example 12

[0052] A catalyst was prepared following the procedure applied in Example 1 except that the temperature of slurry
was set to 70 °C.

Example 13

[0053] A catalyst was prepared following the procedure applied in Example 1 except that the temperature of slurry
was set to 90 °C.

Example 14

[0054] A catalyst was prepared following the procedure applied in Example 1 except that the temperature of slurry
was set to 95 °C.

Comparative Example 1

[0055] A catalyst was prepared following the procedure applied in Example 1 except that the temperature of slurry
was set to 20 °C.

Comparative Example 2

[0056] A catalyst was prepared following the procedure applied in Example 1 except that the case was rinsed only
with ion-exchanged water and not rinsed with aqueous solution of nitric acid.

Comparative Example 3

[0057] Each of 185 g of copper nitrate (Cu(NO3)2·3H2O), 117 g of zinc nitrate (Zn(NO3)2·6H2O), and 52 g of aluminum
nitrate (Al(NO3)3· 9H2O) were dissolved into about 1 liter of ion-exchanged water. Separately, about 1.4 kg of sodium
carbonate (Na2CO3) was dissolved into about 1 liter of ion-exchanged water. Both of these solutions were added
dropwise to about 3 liters of ion-exchanged water in a stainless steel vessel controlled at about 80 °C, for a period of
about 2 hours while maintaining the pH value of the mixture to 8.0 ± 0.5. After completed the dropwise addition, the
mixture was allowed to stand for about 1 hour for aging. When, during the processing period, pH value came outside
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of a range of 8.0 ± 0.5, an aqueous solution of about 1 mole/liter nitric acid or of about 1 mole/liter sodium carbonate
was added dropwise to the mixture to sustain the pH value in a range of 8.0 ± 0.5. Then, the generated precipitate
was filtered, and the cake was rinsed by ion-exchanged water until nitric acid ion is not detected in the filtrate anymore.
The cake was then dried at 120 °C for 24 hours. followed by calcining thereof in air at 350 °C for 5 hours. A 50 g portion
of the calcined cake was powdered in a ball mill along with 50 g of γ-alumina (N612, Nikki Kagaku Co.) for about 3
hours. The powder mixture was calcined in air at 450 °C for 3 hours. The calcined mixture was further powdered to
about 120 µm or finer size as the target catalyst.
Analysis of thus obtained catalyst gave the composition as CuO:ZnO:Al2O3 = 31:16:53 (by weight).

II. Method for activating catalyst and reaction method

[0058] A 24 g of n-hexadecane (31.1 ml) was charged to a bubble-tower reactor having 2 cm of inside diameter and
2 m of height, and 3.6 g of each of the above-described catalyst powders was added to make the contents of the reactor
in a suspended state. In Examples 5 through 8, the catalyst of Example 1 was used. A mixed gas of hydrogen, carbon
monoxide, and nitrogen (at a molar ratio H2:CO:N2 of 1:1:9) was introduced to pass through the bubble-tower at a flow
rate of about 300 ml/min. While flowing the mixed gas through the bubble-tower, the temperature in the bubble-tower
was gradually raised from room temperature to 220 °C within a period of several hours. At the same time, the concen-
tration of nitrogen in the mixed gas was gradually reduced to a final level of zero. Then, the reaction system was held
at 220 °C for about 3 hours. to activate the catalyst.
The reaction was conducted at a specified temperature and pressure while introducing the mixed gas of hydrogen,
carbon monoxide, and carbon dioxide at a molar ratio of H2/CO/CO2 = 47.5/47.5/5.0 and at a flow rate of 336 ml/min.
(converted at a condition of normal temperature and pressure).
The obtained reaction products and non-reacted substances were analyzed by gas chromatography.

III. Reaction conditions and experimental results

[0059] The reaction conditions and experimental results are shown in Tables 1 through 5.

Table 1

Example 1 Example 2 Example 3 Example 4

Condition Temparature (°C) 280 280 280 280

Pressure (kg/cm2-G) 30 30 30 30

Reaction Result CO conversion (%) 47.7 37.8 40.5 48.3

Yield (C-mol%) Dimethyl ether 36.5 25.3 28.4 35.7

Methanol 2.0 0.7 1.1 2.4

Hydrocarbons 0.3 0.2 0.3 0.1

CO2 8.9 11.6 10.7 10.1

Dimethyl ether space time yield (g/kg-
cat·h)

998 692 777 976

Table 2

Example 5 Example 6 Example 7 Example 8

Condition Temparature (°C) 250 300 280 280

Pressure (kg/cm2-G) 30 30 20 50
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Table 2 (continued)

Example 5 Example 6 Example 7 Example 8

Reaction Result CO conversion (%) 40.3 45.1 38.4 55.9

Yield (C-mol%) Dimethyl ether 24.2 33.8 26.5 43.6

Methanol 3.8 1.7 1.5 2.2

Hydrocarbons 0.1 2.8 0.4 0.8

CO2 12.2 6.8 10.0 9.3

Dimethyl ether space time yield (g/kg-
cat·h)

662 924 725 1192

Table 3

Example 9 Example 10 Example 11 Example 12

Condition Temparature (°C) 280 280 280 280

Pressure (kg/cm2-G) 30 30 30 30

Reaction Result CO conversion (%) 38.8 40.2 46.9 47.8

Yield (C-mol%) Dimethyl ether 28.5 31.1 36.1 35.9

Methanol 3.1 2.4 1.8 2.2

Hydrocarbons 0.1 0.1 0.2 0.2

CO2 7.1 6.6 8.8 9.5

Dimethyl ether space time yield (g/
kg-cat·h)

779 850 987 982

Table 4

Example 13 Example 14 Comparative
Example 1

Comparative
Example 2

Condition Temparature (°C) 280 280 280 280

Pressure (kg/cm2-G) 30 30 30 30

Reaction
Result

CO conversion (%) 41.9 40.0 30.1 18.4

Yield (C-
mol%)

Dimethyl ether 32.1 29.3 17.5 6.5

Methanol 1.7 2.0 5.7 6.5

Hydrocarbons 0.1 0.2 0.1 0.1

CO2 8.0 8.5 6.8 1.3

Dimethyl ether space time yield
(g/kg-cat·h)

878 801 478 178

Table 5

Reaction result in
Example 1 after 100
hours, of continuous

reaction

Reaction result in
Example 3 after 100
hours, of continuous

reaction

Condition Temparature (C) 280 280

Pressure (kg/cm2-G) 30 30
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[0060] The catalyst for manufacturing dimethyl ether according to the present invention provides effects of preventing
separation of individual catalyst ingredients from each other during reaction, of assuring smooth progress of reaction
cycle, and of achieving high dimethyl ether yield owing to the configuration thereof comprising alumina particles and
methanol synthesis catalyst layer formed around each of the alumina particles.
[0061] The method for manufacturing dimethyl ether according to the present invention uses a slurry of solvent with
a catalyst comprising alumina particles and methanol synthesis catalyst layer formed around each of the alumina
particles, so the method provides effects of achieving high space time yield of dimethyl ether, of being free from prob-
lems of plugging of catalyst and of mechanical strength of catalyst, of easiness for removing reaction heat and for
controlling reaction heat, of assuring wide application range of the ratio of carbon monoxide to hydrogen, of progress
of reaction under the presence of high concentration of carbon dioxide, and of less influence of impurities and catalyst
poisons.

Claims

1. A catalyst suitable for producing dimethyl ether, obtainable by the method comprising the steps of:

- forming a layer comprising a methanol synthesis catalyst which comprises copper oxide, zinc oxide and alu-
mina, around alumina particles having an average size of 200 µm or less,

- wherein the ratio of the methanol synthesis catalyst layer formed around alumina particle is in a range of from
0.05 to 5 by wt.parts to 1 wt.parts of alumina,

- wherein the steps of forming the layer comprise:

a) forming a slurry by introducing the alumina particles into an aqueous solution containing a metallic salt
of the active element(s) of the methanol synthesis catalyst;
b) heating the slurry at a temperature of 50 to 90°C,
c) neutralising the heated slurry with a base solution, whereby the active element of the methanol synthesis
catalyst is deposited on the alumina particles,
d) allowing the slurry to stand for an appropriate time or subjecting the slurry to mild agitation for aging to
sufficiently develop the deposits.
e) washing the alumina particles around which the layer was formed with an acidic aqeous solution.

2. The catalyst of claim 1 wherein the average size of the alumina particles is 1 to 100 µm.

3. The catalyst of claim 2 wherein the average size of the alumina particles is 1 to 50 µm.

4. The catalyst of claims 1 to 3 wherein the methanol synthesis catalyst has a weight ratio of the copper oxide : the
zinc oxide : the alumina being 1: (0.05 to 20) : up to 2).

5. The catalyst of claims 1 to 4 wherein the acid aqueous solution is an aqueous solution of an inorganic acid.

6. The catalyst of claim 5 wherein the inorganic acid is nitric acid or hydrochloric acid.

Table 5 (continued)

Reaction result in
Example 1 after 100
hours, of continuous

reaction

Reaction result in
Example 3 after 100
hours, of continuous

reaction

Reaction Result CO conversion (%) 41.9 27.3

Yield (C-mol%) Dimethyl ether 36.3 13.8

Methanol 1.8 9.8

Hydrocarbons 0.2 0.5

CO2 8.8 3.2

Dimethyl ether space time yield (g/kg-cat·h) 992 377
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7. The catalyst of claim 1 to 4 wherein the acid aqueous solution is an aqueous solution of an organic acid.

8. The catalyst of claim 7 wherein the organic acid is acetic acid.

9. The catalyst of claims 1 to 8 wherein the slurry in step b) is heated at a temperarure in the range of 60 to 85°C.

10. The catalyst of claims 1 to 9 , wherein the methanol synthesis layer formed around alumina particle is in a range
of from 0.1 to 3 wt.parts, and most preferably in a range of from 0.5 to 2 wt.parts.

11. A method for producing a catalyst following the steps as defined in claims 1 to 10.

12. A method for producing dimethyl ether comprising the steps of:

providing a catalyst according to any of claims 1 to 10;
forming a slurry by introducing the catalyst into a solvent; and
introducing a mixed gas comprising carbon monoxide and hydrogen into the slurry.

13. The method of claim 12 wherein the mixed gas further comprises carbon dioxide.

14. The method of claim 13 wherein the mixed gas further comprises water vapour.

Patentansprüche

1. Katalysator, der sich zur Herstellung von Dimethylether eignet, erhältlich durch das Verfahren umfassend die
Schritte:

Bildung einer Schicht umfassend einen Methanol-Synthesekatalysator, der Kupferoxid, Zinkoxid und Alumi-
niumoxid umfaßt, um Aluminiumoxidteilchen mit einer durchschnittlichen Größe von 200 µm oder weniger,

wobei das Verhältnis Methanol-Synthesekatalysator-Schicht, die um die Aluminiumoxidteilchen gebildet ist, im
Bereich von 0,05 bis 5 Gew.Teilen pro 1 Gew.Teil Aluminiumoxid liegt,
wobei die Schritte zur Bildung der Schicht umfassen:

a) Bilden einer Aufschlämmung durch Einführung der Aluminiumoxidteilchen in eine wäßrige Lösung, die ein
Metallsalz des/der aktiven Elements/Elemente des Methanol-Synthesekatalysators enthält,

b) Erwärmen der Aufschlämmung bei einer Temperatur von 50 bis 90°C,

c) Neutralisieren der erwärmten Aufschlämmung mit einer Basenlösung, wobei das aktive Element des Me-
thanol-Synthesekatalysators auf den Aluminiumoxidteilchen abgeschieden wird,

d) Stehenlassen der Aufschlämmung für einen bestimmten Zeitraum oder leichtes Bewegen der Aufschläm-
mung, um zu altern, so daß die Abscheidungen sich ausreichend entwickeln,

e) Waschen der Aluminiumoxidteilchen, um die die Schicht gebildet wurde, mit einer sauren wäßrigen Lösung.

2. Katalysator nach Anspruch 1, wobei die durchschnittliche Größe der Aluminiumoxidteilchen 1 bis 100 µm beträgt.

3. Katalysator nach Anspruch 2, wobei die durchschnittliche Größe der Aluminiumoxidteilchen 1 bis 50 µm beträgt.

4. Katalysator nach Anspruch 1 bis 3, wobei der Methanol-Synthesekatalysator ein Gewichtsverhältnis Kupferoxid:
Zinkoxid:Aluminiumoxid von 1: (0,05 bis 20) : (bis zu 2) aufweist.

5. Katalysator nach Anspruch 1 bis 4, wobei die saure wäßrige Lösung eine wäßrige Lösung einer anorganischen
Säure ist.

6. Katalysator nach Anspruch 5, wobei die anorganische Säure Salpetersäure oder Salzsäure ist.
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7. Katalysator nach Anspruch 1 bis 4, wobei die saure wäßrige Lösung eine wäßrige Lösung einer organischen Säure
ist.

8. Katalysator nach Anspruch 7 , wobei die organische Säure Essigsäure ist.

9. Katalysator nach Anspruch 1 bis 8, wobei die Aufschlämmung in Schritt b) auf eine Temperatur im Bereich von 60
bis 85°C erwärmt wird.

10. Katalysator nach Anspruch 1 bis 9, wobei die Methanol-Syntheseschicht, die um die Aluminiumoxidteilchen ge-
bildet ist, im Bereich von 0,1 bis 3 Gew.Teilen und am meisten bevorzugt im Bereich von 0,5 bis 2 Gew.Teilen liegt.

11. Verfahren zur Herstellung eines Katalysators, wobei die Schritte, die in Anspruch 1 bis 10 definiert sind, verfolgt
werden.

12. Verfahren zur Herstellung von Dimethylether umfassend die Schritte:

Bereitstellung eines Katalysators nach einem der Ansprüche 1 bis 10,

Bildung einer Aufschlämmung zur Einführung des Katalysators in ein Lösungsmittel und

Einführung eines gemischten Gases, umfassend Kohlenstoffmonoxid und Wasserstoff, in die Aufschlämmung.

13. Verfahren nach Anspruch 12, wobei das gemischte Gas außerdem Kohlendioxid umfaßt.

14. Verfahren nach Anspruch 13, wobei das gemischte Gas außerdem Wasserdampf umfaßt.

Revendications

1. Catalyseur approprié pour la production d'éther diméthylique, que l'on obtient au moyen du procédé comprenant
les étapes de :

- formation d'une couche comprenant un catalyseur de synthèse de méthanol qui comprend de l'oxyde de cuivre,
de l'oxyde de zinc et de l'alumine, autour de particules d'alumine ayant une taille moyenne de 200 µm ou
inférieure,

- dans lequel le rapport de la couche de catalyseur de synthèse de méthanol formée autour des particules
d'alumine est dans la fourchette de 0,05 à 5 parties en poids pour 1 partie en poids d'alumine,

- dans lequel les étapes de formation de la couche comprennent :

a) la formation d'une pâte en introduisant les particules d'alumine dans une solution aqueuse contenant
un sel métallique du ou des éléments actif(s) du catalyseur de synthèse du méthanol ;
b) le chauffage de la pâte à une température de 50 à 90°C;
c) la neutralisation de la pâte chauffée avec une solution de base, grâce à quoi l'élément actif du catalyseur
de synthèse du méthanol est déposé sur les particules d'alumine,
d) de laisser reposer la pâte pendant un temps approprié ou soumettre la pâte à une agitation modérée
pour un vieillissement afin de développer suffisamment les dépôts.
e) le lavage des particules d'alumine autour desquelles on a formé la couche avec une solution aqueuse
acide.

2. Catalyseur selon la revendication 1, dans lequel la taille moyenne des particules d'alumine est de 1 à 100 µm.

3. catalyseur selon la revendication 2, dans lequel la taille moyenne des particules d'alumine est de 1 à 50 µm.

4. Catalyseur selon les revendications 1 à 3, dans lequel le catalyseur de synthèse du méthanol a un rapport de
poids de l'oxyde de cuivre:oxyde de zinc:alumine étant de 1 :(0,05 à 20) : (jusqu'à 2).

5. Catalyseur selon les revendications 1 à 4, dans lequel la solution aqueuse acide est une solution aqueuse d'un
acide inorganique.
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6. Catalyseur selon la revendication 5, dans lequel l'acide inorganique est l'acide nitrique ou l'acide chlorhydrique.

7. Catalyseur selon les revendications 1 à 4, dans lequel la solution aqueuse acide est une solution aqueuse d'un
acide organique.

8. Catalyseur selon la revendication 7, dans lequel l'acide organique est l'acide acétique.

9. Catalyseur selon les revendications 1 à 8, dans lequel on chauffe la pâte de l'étape b) à une température dans la
fourchette de 60 à 85°C.

10. Catalyseur selon les revendications 1 à 9, dans lequel la couche de synthèse de méthanol que l'on forme autour
des particules d'alumine est dans la fourchette de 0,1 à 3 parties en poids, et préférablement dans la fourchette
de 0.5 à 2 parties en poids.

11. Procédé pour produire un catalyseur suivant les étapes que l'on définit dans les revendications 1 à 10.

12. Procédé pour produire l'éther diméthylique comprenant les étapes de :

fourniture d'un catalyseur selon, l'une quelconque des revendications 1 à 10 ;
formation d'une pâte en introduisant le catalyseur dans un solvant ; et
introduction d'un mélange gazeux comprenant du monoxyde de carbone et de l'hydrogène dans la pâte.

13. Procédé selon la revendication 12, dans lequel le mélange de gaz comprend de plus du dioxyde de carbone.

14. Procédé selon la revendication 13, dans lequel le mélange de gaz comprend de plus de la vapeur d'eau.
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