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Description

FIELD OF THE INVENTION

The present invention relates to an improved process for preparing a dialkyl oxalate from carbon monoxide and an
alkyl nitrate in a gaseous phase in the presence of a catalyst.

BACKGROUND OF THE INVENTION

Dialkyl oxalates such as dimethyl oxalate are of value as intermediates for producing oxalic acid, glycolic acid, dyes
and pharmaceutically active compounds.

United States Patent 4,229,591 discloses that a dialkyl oxalate is prepared by reacting carbon monoxide with an
alkyl nitrite in a gaseous phase in the presence of a catalyst composed of a solid carrier and a metal belonging to plat-
inum group. Examples of the carrier include active carbon, alumina, silica, diatomaceous earth, pumice, zeolite and
molecular sieve.

United States Patent 4,410,722 and European Patent Application No. 056,993-A disclose a process for a dialkyl
oxalate by reacting carbon monoxide with an alkyl nitrite in a vapor (i.e., gaseous) phase in the presence of an alumina
anda platigum-group metal or its salt supported on the alumina, said alumina having a specific surface area of not more
than 90 m</g.

SUMMARY OF THE INVENTION

Itis a principal object of the present invention to provide a new catalyst which is favorably employable for the proc-
ess for preparing a dialkyl oxalate from carbon monoxide and an alkyl nitrite.

Specifically, the present invention has an object to provide a new catalyst for the preparation of dialkyl oxalates
which can produce the desired dialkyl oxalates in increased space time yield (STY).

The present invention resides in a process for the preparation of a dialkyl oxalate by reacting carbon monoxide and
an alkyl nitrite in a gaseous phase in the presence of a catalyst which comprises a porous carrier having a specific sur-
face area in the range of 0.05 to 90 m?/g and a mean pore diameter (or mean pore size) in the range of 500 to 5,000
angstroms and particles of metal belonging to platinum group deposited on the carrier.

The specific surface area is a BET specific surface area, and the mean pore diameter can be determined by means
of a mercury porosimeter.

Preferred embodiments of the invention are stated below:

1) The above-mentioned process wherein the mean pore diameter of the carrier is in the range of 1,000 to 3,000
angstroms.

2) The above-mentioned process wherein the porous carrier has a pore volume in the range of 0.3 t0 0.6 mL/g. The
pore volume can be determined by means of a mercury porosimeter.

3) The above-mentioned process wherein the specific surface area of the carrier is in the range of 1 to 50 m?/g.
4) The above-mentioned process wherein the porous carrier comprises alumina.

5) The above-mentioned process, wherein the porous carrier comprises material having a spinel structure.

6) The above-mentioned process wherein the porous carrier comprises material having a spinel structure and
being represented by the formula AD>O, or A'D5Og wherein A is Mg, Zn, Co, Ni, Cu or Fe; A'is Li; and D is Al, Fe,
Cr, Mn or Ga.

7) The above-mentioned process wherein the porous carrier comprises a lithium-containing spinel having the for-
mula of LiAlsOg or LiyAlsO(15,x)2 Wherein x is a number of 0.5 to 1.5.

8) The above-mentioned process wherein the porous carrier comprises a magnesium-containing spinel having the
formula of MgAl,O4 or Mg, AlO 3.,y wherein y is a number of 0.5 to 1.5.

9) The above-mentioned process wherein the particles of metal are deposited on the carrier in an amount of 0.1 to
10 weight % based on the amount of carrier.

10) The above-mentioned process wherein the particles of metal have a mean particle size in the range of 10 to
100 angstroms.

11) The above-mentioned process wherein the metal belonging to platinum group is palladium.

12) The above-mentioned process wherein the reaction is conducted at a temperature of 50 to 200°C and a pres-
sure of 1 to 20 kg/cn?.

13) The above-mentioned process wherein the alkyl nitrite is methyl nitrite.
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DETAILED DESCRIPTION OF THE INVENTION

The catalyst employed in the process of the invention comprises a porous carrier having a specific surface area in
the range of 0.05 to 90 m?/g and a mean pore diameter in the range of 500 to 5,000 angstroms and particles of metal
belonging to platinum group deposited on the carrier.

[Catalyst Carrier]

The porous catalyst carrier of the invention may comprise alumina such as a-alumina or 6-alumina or material hav-
ing a spinel structure.

The alumina having the small specific surface area and the large mean pore diameter can be chosen from com-
mercially available alumina.

The material having a spinel structure gives X-ray diffraction peaks which originate from a crystal structure of the
compound having the formula of AD,O, or A'D5Og (in which A is a divalent metal element, A’ is a monovalent metal
element, and D is a trivalent metal element). The material having a spinel structure, however, may not have the above-
mentioned formula and may have the formula of AD>O,4 or A'DsOg in which an atom or atoms corresponding to A, A',
and D are missing in part. In other words, the material having a spinel structure can be any material which gives X-ray
diffraction peaks to be assigned to the any one of spinel structures. Atoms for A are divalent atoms such as Mg, Zn,
divalent Co, Ni, divalent Cu and divalent Fe. Atoms for A’ are monovalent atoms such as Li. Atoms for D are trivalent
atoms such as Al, trivalent Fe, trivalent Cr, trivalent Mn, and Ga.

Examples of the materials having the spinel structure of AD,O, include MgAI,O4, ZnAl,O4, CoAlLO,, NiAlLO,,
FeAlO4, MgFesQ,, ZnFes0,4, CoFesO4, NiFesO4, CuFesQ4, FeFesO4 MgCrO4, and MgMno,O4. Preferred is
MgA|204

Examples of the materials having the spinel structure of A'D5Og include LiAl5Og, LiFesOg, and LiGasOg. Preferred
is LIA|508

Examples of the material having the spinel structure of the formula of AD,O, or AD5Og in which an atom or atoms
corresponding to A, A', and D are missing in part include lithium atom-defective Li,AlsO 45,2, and Mg atom-defective
MgyAl;0 3,y) in which x and y are numbers in the range of 0.5 to 1.5.

The material which has any one of the spinel structures, the small specific surface area and the large mean pore
diameter can be chosen from commercially available materials having spinel structures. The desired spinel material can
be produced by the known method, for instance, the method described in "Ceramic Technology Handbook” (edited by
Japan Ceramic Society, Chapter 1, p. 873, published by Gihodo Publishing).

Otherwise, the desired material of the spinel structure can be produced by drying a mixture of a solution of a salt
of a metal corresponding to A or A’ and a solution of a salt of a metal corresponding to D and firing the dried mixture,
or by impregnating an oxide of a metal corresponding to D with a solution of a salt of a metal corresponding to A or A,
drying the impregnated oxide and then firing the dried product. For instance, the desired material having the spinel
structure in which A’ is Li and D is Al can be prepared from lithium nitrate and alumina by the below-mentioned process.

In an agqueous lithium nitrate solution (0.1 to 5 mol/L) are placed alumina particles or alimina sol in such an amount
to give an atomic ratio of 1/5 in terms of Li/Al, at a temperature in the range of 20 to 80°C. The aqueous mixture was
dried in a rotary evaporator, and the resulting product is dried at 110°C for 10 hours, and fired or calcined at a temper-
ature of not lower than 1,100°C, preferably in the range of 1,100 to 1,600°C, to give the material having a mean pore
diameter of 500 angstroms or more.

The desired material having the spinel structure in which a portion of A, A’ and B is missing can be produced in the
same manner by adjusting the amounts of the starting compounds.

The catalyst carrier can be in any forms, for instance, molded products such as pellets, particles and powder. The
molded products preferably have a size in the range of 0.5 to 10 mm,; the particles preferably have a particle size in the
range of 4 to 200 meshes; and the powder preferably has a particle size in the range of 20 to 200 um.

[Platinum Group Metal To Be Deposited On Carrier]

On the porous catalyst carrier is deposited a salt of a platinum group metal and the deposited salt is reduced to give
the desired particles of the corresponding platinum group metal.

Examples of the platinum group metals include palladium, platinum, iridium, ruthenium and rhodium. Examples of
the salts are halides, nitrates, phosphates, and sulfates.

Examples of the platinum group metal salts include halides (e.g., palladium chloride, palladium bromide, platinum
chloride and rhodium chloride), nitrates (e.g., palladium nitrate and platinum nitrate), phosphates (e.g., palladium phos-
phate and ruthenium phosphate), and carboxylates (e.g., palladium acetate and rhodium acetate). The palladium salts
are preferred, and most preferred are palladium chloride and palladium acetate. The platinum group metal salts can be
employed singly or in combination.
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The platinum group metal salt can be a coordination compound such as a platinum group metal coordinated with a
nitrogen-containing compound or a phosphorus-containing compound. Examples of the nitrogen-containing com-
pounds are ammonia and amines. Examples of the phosphorus-containing compounds are phosphines and phos-
phites, and the phosphine is preferred. The coordination compound can be formed from a platinum group metal salt and
a nitrogen-containing compound or a phosphorus-containing compound in the presence of a catalyst carrier.

The ammonia may be employed in the form of a commercially available aqueous ammonia solution.

The amines may be aliphatic amines (e.g., trimethylamine and triethylamine), heterocyclic base compounds (e.g.,
pyridine, methylpyridine, dipyridine, and hydropyridine), and aromatic amines (e.g., aniline and triphenylamine). The
nitrogen-containing compound can be employed singly or in combination.

The phosphine may be a monovalent phosphine or a divalent phosphine. Examples of the monovalent phosphines
include trialkylphosphines (e.g., trimethylphosphine and triethylphosphine), triarylphosphines (e.qg., triphenylphosphine)
and tris(2-methoxyohenyl)phosphine), and diarylphosphines (e.qg., diphenylmethylphosphine). Examples of the divalent
phosphines include 1,2-diphenylphosphinoethane and 1,4-bis-diphenylphosphinobutane.

Examples of the phosphites include trialkylphosphites (e.g., trimethylphosphite, triethylphosphite, and tri-n-butyl-
phosphite), and triarylphosphites (e.g., tri-phenylphosphite).

The phosphines and phosphites can be employed singly or in combination.

The platinum group metal salt can be employed in an aqueous solution or in a solution of an organic solvent (e.g.,
methanol). The solution generally contains the platinum group metal salt at a concentration of 0.01 to 10 weight %. If
the coordination compound is employed, the ammonia, amines, phosphines or phosphites can be used in an amount
of 0.1 to 10 mol., preferably 1 to 6 mol., per one mole of the platinum group metal.

The deposition of the platinum group metal on the porous carrier can be by placing the carrier in the solution of a
platinum group metal at a temperature of 0 to 90°C for 1 to 20 hours, and drying thus treated carrier. The platinum group
metal salt generally deposited on the carrier in an amount of 0.1 to 10 weight %, preferably 0.2 to 5 weight %, in terms
of the amount of the metal. The amount of a platinum group metal salt or a platinum group metal on the carrier can be
determined by means of an inductive combination plasma spectroscopic apparatus (ICP).

The carrier having the platinum group metal salt thereon is generally separated from the solution, washed with
water, and dried. The drying process can be performed at a temperature of 50 to 150°C, at any one of an atmospheric
pressure, a reduced pressure of not lower than 100 torr, or a pressure of not higher than 10 kg/cm?, for a period of 0.5
to 20 hours. The drying process can be done under any circumferential conditions, but may preferably be performed
under a nitrogen atmosphere or other inert atmospheres or in air. If desired, the dried product can be treated with an
aqueous diluted alkali solution and washed with water.

The porous carrier on which the platinum group metal salt is deposited is then subjected to reducing treatment. The
reducing treatment can be performed by bringing the platinum group metal salt on the carrier into contact with a reduc-
ing agent. In the present invention, the particles of a platinum group metal deposited on the porous carrier in the above
manner preferably have a mean particle size of 10 to 100 angstroms, more preferably 20 to 50 angstroms. The particle
size can be determined by X-ray diffraction (XRD), transmission electron microscopy (TEM) or CO adsorption.

The reducing treatment (i.e., reduction) can be performed in a liquid phase or a gaseous phase. The reductionin a
liquid phase can be performed by placing the dried carrier in an aqueous reducing agent solution containing 1 to 50
wt. %, preferably 2 to 30 wt.%, of a reducing agent, at a temperature of 0 to 100°C, preferably 10 to 100°C. Examples
of the reducing agents are hydrazine, formic acid, and sodium formate. The reducing agent is preferably employed in
an amount of 1 to 100 moles per one mole of the deposited platinum group metal (in terms of the amount of metal).

Thus reduced catalyst can be washed with water and dried at 50 to 150°C under inert conditions such as a nitrogen
gas atmosphere, and preferably is brought into contact with a gaseous oxygen diluted with an inert gas or air at an
ambient temperature, so that a portion of the deposited platinum group metal is oxidized.

The reduction in a gaseous phase can be done by placing the heat treated carrier having the platinum group metal
salt thereon into a reaction vessel for the production of a dialkyl oxalate and charging into the vessel a reducing gas
such as hydrogen or carbon monoxide. In this case, the preparation of a dialkyl oxalate can be performed following the
reduction.

[Production of Dialkyl Oxalate]

The dialkyl oxalate can be produced by gaseous catalytic reaction between an alkyl nitrite and carbon monoxide.

Examples of the alkyl nitrites include nitrite esters of lower saturated aliphatic monohydric alcohols having 1 to 8
carbon atoms such as methyl nitrite, ethyl nitrite, n-(or iso)propyl nitrite, and n-(or iso, or sec.-)butyl nitrite. The alkyl
nitrite preferably is a nitrite of alkyl having 1 to 4 carbon atoms. Most preferred is methyl nitrite. Carbon monoxide can
be industrially available carbon monoxide, and there is no severe limitation on its purity.

The gaseous catalytic reaction can be performed by introducing a gaseous mixture comprising an alkyl nitrite, car-
bon monoxide and nitrogen gas into a vessel in which the catalyst is placed. The reaction can be done by bringing the
gaseous mixture into contact with the catalyst at a temperature of 50 to 200°C, preferably 80 to 150°C, a pressure of 1
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to 20 kg/cm?, preferably 1 to 10 kg/cm?, for a period of 0.1 to 20 seconds, preferably 0.2 to 10 seconds. The gaseous
mixture preferably contains an alkyl nitrite of 1 to 35 vol.%, most preferably 3 to 30 vol.%, and carbon monoxide of 1 to
90 vol.%, most preferably 5 to 60 vol.%.

The catalyst bed may be a fixed bed, a fluid bed, or a moving bed. The fixed bed is preferred from the viewpoint of
industrial production.

In the above-mentioned manner, a dialkyl oxalate having an alkyl group of 1 to 8 carbon atoms such as dimethyl
oxalate, diethyl oxalate, dipropyl oxalate, or dibutyl oxalate can be produced with a high space time yield and a high
selectivity. The produced dialkyl oxalate can be easily recovered from the reaction mixture by distillation.

The present invention is further described by the following examples.

Example 1

1) Production of catalyst carrier

In an aqueous lithium nitrate solution (concentration: 1.96 mol./L) was immersed 30 g of a commercially available
alumina catalyst carrier (spherical, mean diameter: 2 mm, specific surface area: 193 m2/g). The aqueous mixture was
kept for one hour at 25°C and placed in a rotary evaporator for distilling water off. The residue was heated at 110°C for
10 hours in air for dryness to obtain an alumina body on which lithium nitrate was deposited. The alumina body carrying
lithium nitrate thereon was heated at 350°C for one hour and fired at 1,300°C for 5 hours. Thus, a porous lithium alumi-
nate (LiAlsOg) having Li/Al of 1/5 (atomic ratio) was obtained. The spinel structure was confirmed by an X-ray diffraction
chart (X-ray source: Cu-Ka) of the obtained porous lithium aluminate. The atomic ratio (Li/Al) was determined by X-ray
fluorescence. The BET specific surface area of the obtained porous lithium aluminate was 30 m?/g. The mean pore
diameter and pore volume determined by a mercury porosimeter were 1,160 angstroms and 0.505 mL/g, respectively.

2) Production of catalyst

In 34.2 weight parts of aqueous hydrochloric acid (0.93 wt.%) was dissolved 0.77 weight part of palladium chloride.
In the solution was placed the above-obtained lithium aluminate spinel (LiAlsOg), and the mixture was stirred at room
temperature for approximately 2 hours. The lithium aluminate spinel having the palladium chloride on its surface was
recovered by repeating decantation and washing with water and dried at 110°C. The dried product was placed in aque-
ous sodium formate solution (7 wt.%), and the mixture was stirred at 90°C for approximately 4 hours for performing
reduction. The reduced product was recovered by repeating decantation and washing with water, and dried at 200°C in
a nitrogen gas stream. The dried product was cooled to room temperature, and then gradually brought into contact with
air. Thus obtained catalyst comprised the lithium aluminate spinel and 0.5 wt.% of palladium metal (in the form of par-
ticles having a mean particle size 23 angstroms) deposited on the surface of the spinel.

3) Preparation of dimethyl oxalate

The above-obtained catalyst (6.6 mL) was placed in a stainless steel reaction tube (inner diameter 16 mm, length
250 mm) and then heated so that the formed catalyst layer reached 110°C. The reaction was carried out at 110°C for 6
hours by passing through the catalyst layer a gaseous mixture (carbon monoxide of 20 vol.%, methyl nitrite of 15 vol.%,
and nitrogen of remaining portion) in a flow rate of 20 NL/hr (space velocity: 3,000 hr'') at a pressure of 4 kg/cm?.

The gaseous mixture recovered from the exit of the reaction tube was analyzed by gas chromatography. The results
are as follows:

STY of dimethyl oxalate: 521 g/L-hr
STY of dimethyl carbonate: 19¢g/L<hr
STY of methylal: 1.5g/L+hr
STY of methyl formate: 1.6¢g/L-hr
(STY: space time yield, methylal: formalde-
hyde dimethyl acetal)
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Example 2
1) Production of catalyst carrier

The procedures of Example 1 were repeated except for firing the alumina body carrying lithium nitrate thereon was
fired at 1,400°C. Thus obtained porous lithium aluminate spinel (LiAlsOg) had a BET specific surface area of 24.4 m/g.
The mean pore diameter and pore volume determined by a mercury porosimeter were 2,638 angstroms and 0.476
mL/g, respectively.
2) Production of catalyst

The procedures of Example 1 were repeated except for using the above-obtained porous lithium aluminate spinel.
Palladium metal was deposited on the spinel carrier was 0.5 wt.% in the form of particles having a mean particle diam-
eter of 35 angstroms.

3) Preparation of dimethyl oxalate

The procedures of Example 1 were repeated except for using the above-obtained catalyst.
The results are set forth in Table 1.

Example 3
1) Production of catalyst carrier

The procedures of Example 1 were repeated except for using 48 mL of the aqueous lithium nitrate solution and fir-
ing the alumina body carrying lithium nitrate thereon was fired at 1,400°C. Thus obtained porous lithium aluminate spi-
nel (Lip gAls0- o) had a BET specific surface area of 13.0 m?/g. The mean pore diameter and pore volume determined
by a mercury porosimeter were 1,550 angstroms and 0.486 mL/g, respectively.
2) Production of catalyst

The procedures of Example 1 were repeated except for using the above-obtained porous lithium aluminate spinel.
Palladium metal was deposited on the spinel carrier was 0.5 wt.% in the form of particles having a mean particle diam-
eter of 30 angstroms.

3) Preparation of dimethyl oxalate

The procedures of Example 1 were repeated except for using the above-obtained catalyst.
The results are set forth in Table 1.

Example 4
1) Production of catalyst carrier

The procedures of Example 1 were repeated except for using 36 mL of the aqueous lithium nitrate solution and fir-
ing the alumina body carrying lithium nitrate thereon was fired at 1,350°C. Thus obtained porous lithium aluminate spi-
nel (Lig gAls07 g) had a BET specific surface area of 8.0 m?/g. The mean pore diameter and pore volume determined
by a mercury porosimeter were 1,350 angstroms and 0.496 mL/g, respectively.
2) Production of catalyst

The procedures of Example 1 were repeated except for using the above-obtained porous lithium aluminate spinel.
Palladium metal was deposited on the spinel carrier was 0.6 wt.% in the form of particles having a mean particle diam-
eter of 25 angstroms.

3) Preparation of dimethyl oxalate

The procedures of Example 1 were repeated except for using the above-obtained catalyst.
The results are set forth in Table 1.
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Example 5
1) Production of catalyst carrier

The procedures of Example 1 were repeated except for employing 59 mL of an aqueous magnesium nitrate solu-
tion (5 mol/L) in place of the aqueous lithium nitrate solution. Thus obtained porous magnesium aluminate spinel
(MgAl,O,) had a BET specific surface area of 10.5 m?/g. The mean pore diameter and pore volume determined by a
mercury porosimeter were 2,100 angstroms and 0.505 mL/g, respectively.

2) Production of catalyst

The procedures of Example 1 were repeated except for using the above-obtained porous magnesium aluminate
spinel. Palladium metal was deposited on the spinel carrier was 0.5 wt.% in the form of particles having a mean particle
diameter of 28 angstroms.

3) Preparation of dimethyl oxalate

The procedures of Example 1 were repeated except for using the above-obtained catalyst.
The results are set forth in Table 1.

Example 6

1) Production of catalyst

The procedures of Example 1 were repeated except for using porous alumina (a-alumina, sperical, mean diameter:
3 mm) having a specific surface area of 7.9 mL/g, a mean pore diameter of 1,500 angstroms and a pore volume of 0.350
mL/g in place of the porous lithium aluminate spinel. Palladium metal was deposited on the spinel carrier was 0.5 wt.%
in the form of particles having a mean particle diameter of 35 angstroms.

2) Preparation of dimethyl oxalate

The procedures of Example 1 were repeated except for using the above-obtained catalyst.
The results are set forth in Table 1.

Example 7

1) Production of catalyst

In 30 weight parts of an aqueous ammonia (5 wt.%) were dissolved 1.12 weight parts of palladium chloride. In the
resulting solution were immersed 100 weight parts of alumina (a-alumina, spherical, mean particle diameter: 3 mm,
specific surface area: 4.9 m?/g, mean pore diameter: 2,757 angstroms, pore volume: 0.324 mL/g), and the mixture was
stirred at 50°C for approximately 2 hours. The alumina body carrying palladium chloride thereon was recovered,
washed with water, and dried at 100°C for 5 hours in air and then at 150°C for 3 hours in nitrogen stream. The dried
product was placed in a solution of 0.5 weight part of sodium hydroxide in 50 weight parts of water, and the mixture was
stirred at 70°C for approximately 9 hours ---- alkali treatment. The product having been subjected to the alkali treatment
was repeatedly washed with water until a neutral washing containing no detectable chloride ion was obtained. The well
washed product was placed in a solution of 3 weight parts of hydrazine (85 wt.%) in 97 weight parts of water, and the
mixture was stirred at 30°C for approximately 3 hours ----reducing treatment. Thus reduced product was recovered by
repeatedly decantation and washing with water, and dried at room temperature in nitrogen stream. The dried product
was then gradually brought into contact with air. Thus obtained catalyst comprised a-alumina and 0.56 wt.% of palla-
dium metal (in the form of particles having a mean particle size 26 angstroms) deposited on the surface of the a-alu-
mina.

2) Preparation of dimethyl oxalate

The procedures of Example 1 were repeated except for using the above-obtained catalyst.
The results are set forth in Table 1.
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Example 8
1) Production of catalyst

In 30 weight parts of an aqueous pyridine solution (5 wt. %) were dissolved 1.00 weight parts of palladium chloride.
In the resulting solution were immersed 100 weight parts of alumina (a-alumina, spherical, mean particle diameter: 3
mm, spegcific surface area: 7.9 m2/g, mean pore diameter: 1,500 angstroms, pore volume: 0.330 mL/g), and the mixture
was stirred at 50°C for approximately 2 hours. The alumina body carrying palladium chloride thereon was recovered,
washed with water, and dried at 100°C for 5 hours in air and then at 150°C for 3 hours in nitrogen stream. The dried
product was placed in a solution of 0.5 weight part of sodium hydroxide in 50 weight parts of water, and the mixture was
stirred at 70°C for approximately 9 hours ---- alkali treatment. The product having been subjected to the alkali treatment
was repeatedly washed with water until a neutral washing containing no detectable chloride ion was obtained. The well
washed product was placed in an aqueous solution of sodium formate (7.7 wt.%), and the mixture was stirred at 90°C
for approximately 3 hours ---- reducing treatment. Thus reduced product was recovered by repeatedly decantation and
washing with water, and dried at 200°C in nitrogen stream. The dried product was then gradually brought into contact
with air. Thus obtained catalyst comprised a-alumina and 0.50 wt.% of palladium metal (in the form of particles having
a mean particle size 35 angstroms) deposited on the surface of the a-alumina.

2) Preparation of dimethyl oxalate

The procedures of Example 1 were repeated except for using the above-obtained catalyst.
The results are set forth in Table 1.

Example 9

1) Production of catalyst carrier

In 60 mL of an aqueous lithium nitrate solution (1.96 mol/L) were immersed 30 g of a commercially available alu-
mina catalyst carrier (spherical, mean diameter: 3 mm, specific surface area: 195 m?/g). The aqueous mixture was kept
for one hour at 25°C and placed in a rotary evaporator for distilling water off. The residue was heated at 110°C for 10
hours in air for dryness to obtain an alumina body on which lithium nitrate was deposited. The alumina body carrying
lithium nitrate thereon was heated at 350°C for one hour and fired at 1,300°C for 5 hours. Thus, a porous lithium alumi-
nate (LiAlsOg) was obtained. The spinel structure was confirmed by an X-ray diffraction chart (X-ray source: Cu-Ka) of
the obtained porous lithium aluminate. The BET specific surface area of the obtained porous lithium aluminate spinel
was 24.4 m?/g. The mean pore diameter and pore volume determined by a mercury porosimeter were 2,638 angstroms
and 0.480 mL/g, respectively.

2) Production of catalyst

The procedures of Example 7 were repeated except for replacing the a-alumina with the above-obtained porous
lithium aluminate spinel and reducing the catalyst carrier carrying the palladium chloride with sodium formate at 80°C.
Thus obtained catalyst comprised a lithium aluminate spinel and 0.56 wt. % of palladium metal (in the form of particles
having a mean particle size 23 angstroms) deposited on the surface of the spinel.

3) Preparation of dimethyl oxalate

The procedures of Example 1 were repeated except for using the above-obtained catalyst.
The results are set forth in Table 1.

Example 10
1) Production of catalyst carrier
The procedures of Example 9 were repeated except for 30 mL of the aqueous lithium nitrate solution. Thus, a

porous lithium aluminate spinel (Lig 5Al505 g, specific surface area: 10.9 m?/g, mean pore diameter: 1,800 angstroms,
pore volume: 0.490 mL/g) was obtained.
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2) Production of catalyst

The procedures of Example 8 were repeated except for using the above-obtained porous lithium aluminate spinel
and using 40 weight parts of an aqueous dipyridine solution (2 wt.%).

The obtained catalyst comprised a lithium aluminate spinel and 0.60 wt.% of palladium metal (in the form of parti-
cles having a mean particle size 21 angstroms) deposited on the surface of the spinel.
3) Preparation of dimethyl oxalate

The procedures of Example 1 were repeated except for using the above-obtained catalyst.
The results are set forth in Table 1.

Example 11
1) Production of catalyst carrier

The procedures of Example 9 were repeated except for 42 mL of the aqueous lithium nitrate solution Thus, a
porous lithium aluminate spinel (Lig 7Al507 o, specific surface area: 15.6 m?/g, mean pore diameter: 2,000 angstroms,
pore volume: 0.495 mL/g) was obtained.
2) Production of catalyst

The procedures of Example 8 were repeated except for using the above-obtained porous lithium aluminate spinel
and using 40 weight parts of a methanol solution of trimethylphosphine (5 wt.%). The reduction was performed using
hydrazine in the same manner as in Example 7.

The obtained catalyst comprised a lithium aluminate spinel and 0.50 wt.% of palladium metal (in the form of parti-
cles having a mean particle size 29 angstroms) deposited on the surface of the spinel.

3) Preparation of dimethyl oxalate

The procedures of Example 1 were repeated except for using the above-obtained catalyst.
The results are set forth in Table 1.

Example 12
1) Production of catalyst carrier

The procedures of Example 9 were repeated except for 59 mL of an aqueous magnesium nitrate solution (5 mol/L).
Thus, a porous magnesium aluminate spinel (MgAl,O,, specific surface area: 10.5 m?/g, mean pore diameter: 2,100
angstroms, pore volume: 0.340 mL/g) was obtained.
2) Production of catalyst

The procedures of Example 7 were repeated except for using the above-obtained porous magnesium aluminate
spinel.

The obtained catalyst comprised a magnesium aluminate spinel and 0.60 wt.% of palladium metal (in the form of
particles having a mean particle size 30 angstroms) deposited on the surface of the spinel.

3) Preparation of dimethyl oxalate

The procedures of Example 1 were repeated except for using the above-obtained catalyst.
The results are set forth in Table 1.

Comparison Example 1

1) Production of catalyst

The procedures of Example 1 were repeated except for using porous alumina (a-alumina, spherical, mean diame-
ter: 3 mm) having a specific surface area of 15 m?/g, a mean pore diameter of 430 angstroms and a pore volume of



10

15

20

25

30

35

40

45

50

55

EP 0 802 175 A1

0.350 mL/g in place of the porous lithium aluminate spinel. Palladium metal was deposited on the spinel carrier was 0.5
wt.% in the form of particles having a particle size of 20 angstroms.

2) Preparation of dimethyl oxalate

The procedures of Example 1 were repeated except for using the above-obtained catalyst.
The results are set forth in Table 1.

Table 1
Ex. chemical Carrier pore vol. Space Time Yield (g/L « hr) Selectiv-
formula ity (%)
BET m?/g | pore size DMO DMC ML | MF
1 LiAlsOg 30 1,160 0.505 521 19 1.5 1.6 93.9
2 LiAl5Og 244 2,638 0.476 550 16 14 1.3 95.1
3 Lig gAlsO7 o 13.0 1,550 0.486 585 14 1.7 1.5 95.6
4 Lig 6Als07 g 8.0 1,350 0.496 575 13 1.8 1.6 95.6
5 MgAl>,O4 10.5 2,100 0.505 550 15 1.9 2.1 94.7
6 a-Al,O4 7.9 1,500 0.350 509 17 3.1 25 93.2
7 a-Al,O4 49 2,757 0.324 592 6.9 1.6 1.5 971
8 a-Al,O3 7.9 1,500 0.330 589 6.5 1.7 1.7 97.0
9 LiAl5Og 244 2,638 0.480 603 7.5 1.1 1.0 97.5
10 LigsAlsO75| 10.9 1,800 0.490 611 6.1 1.0 0.9 97.8
11 Lig7AIs079| 156 2,000 0.495 585 7.6 1.2 1.2 97.2
12 MgAl>,O4 10.5 2,100 0.340 575 9.5 1.3 1.1 96.8
Compari- a-Al,O4 15 430 0.350 445 14 2.0 1.5 94.2
son 1
Remarks
BET: specific surface area (measured BET value)
pore diameter: mean pore diameter (angstrom)
pore vol.: pore volume (mL/g)
CO: carbon monoxide, DMO: dimethyl oxalate,
DMC: dimethyl carbonate, ML: methylal,
MF: methyl formate
Selectivity: selectivity to produce DMO determined by the following formula:
Selectivity(%)=[2xDMO]/[2xDMO+2xDMC+4xMF+2xML]x100 [wherein each of DMO, DMC, MF and ML means
a molar amount of each product produced in the reaction]

Claims

1.

A process for the preparation of a dialkyl oxalate by reacting carbon monoxide and an alkyl nitrite in a gaseous
phase in the presence of a catalyst which comprises a porous carrier having a specific surface area in the range of
0.05 to 90 m?/g and a mean pore diameter in the range of 500 to 5,000 angstroms and particles of metal belonging
to platinum group deposited on the carrier.

The process of claim 1, wherein the mean pore diameter of the carrier is in the range of 1,000 to 3,000 angstroms.

The process of claim 1, wherein the porous carrier has a pore volume in the range of 0.3 to 0.6 mL/g.
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10.

11.

12.

13.

14.

EP 0 802 175 A1
The process of claim 1, wherein the specific surface area of the carrier is in the range of 1 to 50 m?/g.
The process of claim 1, wherein the porous carrier comprises alumina.
The process of claim 1, wherein the porous carrier comprises material having a spinel structure.

The process of claim 1, wherein the porous carrier comprises material having a spinel structure and being repre-
sented by the formula AD,O,4 or A'D5Og wherein A is Mg, Zn, Co, Ni, Cu or Fe; A'is Li; and D is Al, Fe, Cr, Mn or Ga.

The process of claim 1, wherein the porous carrier comprises a lithium-containing spinel having the formula of
LiAl5Og or LiyAlsO(15..x)2 wherein x is a number of 0.5 to 1.5.

The process of claim 1, wherein the porous carrier comprises a magnesium-containing spinel having the formula
of MgAl,O, or Mg, AlO(3,,,) wherein y is a number of 0.5 to 1.5.

The process of claim 1, wherein the particles of metal are deposited on the carrier in an amount of 0.1 to 10 weight
% based on the amount of carrier.

The process of claim 1, wherein the particles of metal have a mean particle size in the range of 10 to 100 ang-
stroms.

The process of claim 1, wherein the metal belonging to platinum group is palladium.

The process of claim 1, wherein the reaction is conducted at a temperature of 50 to 200°C and a pressure of 1 to
20 kglcn?.

The process of claim 1, wherein the alkyl nitrite is methyl nitrite.

11
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