
0 057 630 Description This inention relates to a novel process for
preparing diesters of oxalic acid. More particularly, this invention
relates to a process for preparing a diester of oxalic acid which comprises
contacting carbon monoxide with an ester of nitrous acid under a pressure
in the presence of a palladium catalyst supported on a non-acidic carrier
having a low surface area. Background of the Invention The preparation of
diesters of oxalic acid (oxalates) is of particular interest to the
chemical industry owing to the varied uses of these compounds. Not only may
these diesters serve to act as the starting to materials for such important
compounds as oxalic acid, oxamide or ethylene glycol but they may also find
extensive use as intermediates for dyes, pharmaceuticals, and the like.
Prior to the instant invention, there have been proposed numerous processes
for the preparation of diesters of oxalic acid employing various catalysts,
co-catalysts, reaction accelerators, and the like, for use in a liquid
phase reaction to make oxalates. However, these conventional processes
suffer from significant 15 by-product formation as would be expected from
the conventional liquid phase processes. A particularly interesting attempt
to prepare diesters of oxalic acid in the liquid phase is disclosed in U.S.
Patent No. 4,138,587. This patent employs nitric acid or nitrogen oxide as
an accelerator in the presence of a solid platinum group metal or salt,
thereof, molecular oxygen, an alcohol and carbon monoxide to produce the
diester of oxalic acid. Unfortunately, the process is a liquid phase
process and 20 suffers in several significant practical aspects, such as
catalyst losses by virtue of dissolution, large by- product formation, low
efficiencies to product, to name a few. U.S. Patent No. 4,229,591 discloses
a vapor process. The process disclosed in the patent involves contacting an
ester of nitrous acid with carbon monoxide in the gaseous phase under
normal pressure in the presence of a solid catalyst containing metallic
palladium or a salt thereof at a temperature of 50[err] to 25  [err], the
ester of nitrous acid being nitrous acid ester of an alcohol having 1 to 8
carbon atoms. Although this above-described process is advantageous as
compared to liquid phase processes the process fails to distinguish the
role played by the carrier for the catalysts employed in such a
heterogeneous vapor phase process. This is better shown by reference to the
example of the patent. Examples 1 to 24 depict various palladium catalysts
but in each case the carrier for the palladium catalyst 30 was either
carbon or SiO2. The specification refers also to alumina, diatomaceous
earth, pumice, zeolite, and molecular sieves. Obviously, the broad general
listing of carriers fails to signify any advantage of one carrier over
another. Carbon and silica [err] carriers are acidic carriers with high
surface areas (much greater than 10 m2/g . For example, the patent mentions
"alumina" as a:carrier, and this encompasses a wide variety of materials
ranging from high surface area acidic-alumina (gamma-alumina), fibrous 35
alumina, to alpha-alumina. Summary of the Invention The invention comprises
a vapor phase, heterogeneous process for preparing a diester of oxalic acid
which comprises contacting a vaporous alkyl ester of nitrous acid with
carbon monoxide in the vapor state 40  in the presence of a solid palladium
supported catalyst comprising metallic palladium or a salt thereof
deposited on a carrier at a temperature of between 50C and [err], wherein
such ester of nitrous acid is formed by reaction with a saturated aliphatic
monohydric alcohol and recovering a diester of oxalic acid, in which the
ester group corresponds to the alcohol used in making the ester of nitrous
acid, said process -being characterized in that the carrier is non-acidic
and has a surface area of less than 10 square meters per 45 gram. Detailed
Description of the Invention It has been found that by employing a
palladium catalyst deposited on a non-acidic carrier having a low surface
area, (e.g., less than 10 [err]), in the formation of diesters of oxalic
acid (i.e. oxalate process) from so nitrous acid esters and carbon monoxide
in the vapor phase that several advantages may be obtained, such as
increased conversion to the diester product, longer catalyst life, less
by-product formation, and lower 



palladium content is required. (The terms "vapor state" and "vapor phase"
are equivalent in their use herein). The esters of nitrous acid which are
employed in the process may be formed by conventional synthetic 55 schemes
or may be provided in the form of a nitrogen compound which in situ may
provide by reaction with an alcohol, as described herein, an ester of
nitrous acid in the reaction system. Exemplary of nitrogen compounds which
can be used to make nitrous acid esters or can be employed to form the
ester in situ are nitrogen monoxide, nitrogen dioxide, dinitrogen trioxide,
dinitrogen tetraoxide, and hydrates thereof. In the case where nitrogen
monoxide is employed it is necessary to emply molecular 60 oxygen therewith
to form the requisite nitrogen compound. The preferred esters of nitrous
acid are esters deived from saturated monohydric aliphatic alcohols to form
alkyl nitrite, such as those formed from a saturated monohydric open-chain
aliphatic alcohol having 1 to 8 carbon atoms or an alicyclic alcohol having
1 to 8 carbon atoms. The most preferred esters of nitrous acid are those
prepared from methanol and ethanol. As the alcohol component may be
mentioned aliphatic. 60 alcohols such as methanol, ethanol, n-propanol,
isopropanol, n-butanol, isobutanol, sec-butanol, tert- 2    0 057 630
butanol, n-amyl alcohol, isoamyl alcohol, hexanol, octanol, etc., and
alicyclic alcohols such as cyclohexanol, methylcyclohexanol, etc. These
alcohols may contain therein a substituent such as an alkoxy group which
does not inhibit the reaction. The process by which the ester of nitrous
acid is prepared is not narrowly critical so long as the ester of 5
nitrous acid does not contain deletereous components, such as nitric acid,
which may adversely affect the palladium catalyst. A preferred and highly
advantageous process for preparing the methyl and ethyl esters of nitrous
acid is disclosed in European patent application 82.400120.0 published on
August 4, 1982 under publication No. 0057143 wherein a novel vapor phase
process for the preparation of methyl and ethyl nitrite is provided. to
The aforementioned esters of nitrous acid are employed in the instant
process reaction with carbon monoxide which may be obtained from any
conventional source. It may be pure, contain small amounts of hydrogen,
and/or it may be diluted with an inert gaseous diluent such as nitrogen,
carbon dioxide and the like. The conentration of carbon monoxide, in the
reaction zone is not narrowly critical and may vary over a wide range
between 1 and 99 percent by volume. Typically, the concentration of carbon
monoxide is in the 15 range of between 10 percent and 95 percent by volume,
wherein the actual concentration of carbon monoxide in the reaction mixture
will depend on the alkyl nitrite employed and its concentration, the
catalyst employed in the process, concentration of inert gaseous diluent
and the selected process conditions. It may be preferable to carry out the
oxalate process in the presence of an inert gaseous diluent to 20  moderate
the reaction to preclude the formation of explosive mixtures and prevent
the formation of excessive amounts of undesirable by-products. The inert
gaseous diluent may be added with the alkyl nitrite should it not have been
employed in making the nitrite. As the inert diluent, it is preferred to
employ nitrogen, carbon dioxide or other inert gaseous compounds. The use
of carbon dioxide may be preferred since it provides a higher heat capacity
as compared to nitrogen. The inert gaseous diluent is employed in 25
sufficient amount to provide the aforementioned objectives. The inert
gaseous diluent may be employed in the process such that between 0 (zero)
and 99 percent by volume comprises inert gaseous diluent. Typically, the
concentration of inert gaseous diluent is between 1 percent and 90 percent
by volume wherein the actual concentration employed is chosen as before
discussed with respect to the concentration of carbon monoxide. 30     The
oxalate process is generally carried out at a temperature between [err] and
preferably 



between [err]. The reaction pressure is generally atmospheric (0.103 MPa
absolute) or superatmospheric pressure such that the pressure is between
0.103 MPa absolute and 0.7 MPa and most preferably between 0.1 MPa and 0.4
MPa. If desired, subatmospheric pressure may be employed. 35     The vapor
state reaction for the formation of the diesters of oxalic acid is
preferably carried out by providing an oxalate forming reaction zone which
is without deleterious amounts of water. While some amount of water may be
tolerated the amount of water formed in the nitrous ester forming reaction
zone is deleterious and a sufficient amount of said water is preferably
removed prior to introduction into the oxalate forming reaction zone. This
may be accomplished by use of a water condensor (such as a vapor- 40 liquid
separator) after alkyl nitrite formation or by the use of some other
dehydration process. The amount of water which is deleterious to the vapor
state reaction for the formation of diesters of oxalic acid is determined,
in part, by the selection of ester of nitrous acid, temperature, pressure,
etc. In general, a deleterious amount of water is that amount of water
which causes a significant change in the rate of oxalate formed as compared
to the rate when a non-deleterious amount is present. The amount of water
in the 45 oxalate forming reaction zone is preferably less than 5.0 percent
by volume, based on the total reaction volume, more preferably less than
2.0 percent by volume and most preferably less than 1.0 percent by volume.
The process is preferably carried out in a tubular reactor with fixed
catalyst bed or dynamic bed, such as a fluidized catalyst bed. The
particulate catalyst may be diluted with particles of an inert carrier or
other 50  inert materials, to enhance control over the reaction
temperature. The contact or residence time during which the process occurs
is generally less than 30 seconds and preferably between 0.05 and 10
seconds although longer or shorter residence times may be employed.
Catalyst 55     In general terms, the special catalysts employed in this
process are metallic palladium or salts thereof deposited on a non-acidic
carrier having a low surface area. By "non-acidic" it is meant that the
carrier is not of the type that has an acid character due to acid moieties.
Particulate alpha-alumina is exemplary of such a non-acidic carrier having
low surface area. The catalyst carrier may be selected from conventional,
porous refractory materials which are 60 essentially inert to the reactant
and products at reaction conditions. These materials are generally labelled
as "macroporous" and consist of porous materials having low surface area of
less than 10 square meters per gram of carrier and preferably less than 5
square meters per gram. The surface area is measured by the conventional
B.E.T. method described by Brunauer, S., Emmet, P., and Teller, E., in J.
Am. Chem. Soc. Vol. 60, pp 309-16, (1938). 65      The term "low surface
area" is used to characterize a carrier having a surface area of no more
than 10 3    0 057 630 square meters per gram, preferably in the range of
from 0.001 to 10 square meters per gram and most preferably from 0.01 to 5
square meters per gram. Typical of such carriers which may be employed in
the process of this invention are alpha-alumina, silicon carbide, and
zirconi  and the like, but is is preferably composed of an aggregate of
alpha-alumina 5 particles, which may be fused together or cemented together
with, for example, silica or baryta. In most cases the preferred carrier
will most likely be alpha-almina, such as described  in the patent
literature:see for example, U.S. Patents 2,294,383; 3,172,893; 3,332,887;
3,423,328; and 3,563,914. The alpha-alumina support employed to date are
conventional in their chemical composition and crystalline structure. Their
physical characteristics lie within the aforementioned parameters. In
particular, the porosity of the support may be between 0.1 cubic centimeter
per gram and 0.8 cubic centimeter per 



gram of support and, preferably between 0.2 cubic centimeter per gram and
0.6 cubic centimeter per gram; the surface area may be between 0.3 square
meter per gram and 10 square meters per gram of alpha- alumina support and,
preferably, 0.6 square meter per gram to 8 square meters per gram; and the
average pore size of the pores in the support may be between 0.05 micron to
200 microns, a major proportion of the 15 pores having a size in the range
of between 0.05 micron to 200 microns, the preferred average pore size
being between 0.1 micron to 60 microns or greater small The metallic
palladium or salt thereof that is deposited on the carrier is typically in
the form of particles. The particle size of the deposited metallic
palladium or salt thereof and the relative dispersion of the particles are
usually important in the performance of the catalyst. The greater the
dispersion, generally, 20 the more the production rate is enhanced. The
actual dispersion of the particles on the carrier is believed to be related
to the surface characteristics of the carrier. The deposition of palladium
or salt thereof onto the carrier can be achieved by a number of techniques
but the two techniques which are frequently employed involve, in one case,
the impregnation of the carrier with a palladium solution followed by heat
treatment of the impregnated carrier to effect deposition of the 25
palladium on the carrier and, in the other case, the coating of the
palladium on the support by the preformation of palladium into a slurry
such that the palladium particle are deposited on the carrier and adhere to
the carrier surface when the carrier is heated to remove the liquids
present.  These various procedures are exemplified  in various U.S. Patents
such  as 2,773,844; 3,207,700; 3,501,407; 364,970 (see British Patent
754593) rovided by the carrier has been the subject of considerab
development of various catalysts. Disclosures concerning the surface area
of such classes of catalyst carriers can be found in U.S. Patent 2,766,261
(which discloses that a surface area of 0.002-10 square meters per gram is
suitable); U.S. Patent 3,172,893 (which depicts a porosity of 35-65 percent
and a pore diameter of 80-200 microns); U.S. Patent 3,725,307 (which
depicts a surface area of less than 1 square meter per gram and an average
pore diameter s suitable);U.S. Patent nd an average pore diameter Of 10-15
microns); U.S. Patent 3,664,970 (which utilizes in support having a minimum
porosity of about 30 percent at least 90 percent of the pores having
diameters in the range of 1-30 microns, and the average of such diameters
being in the range of 4-10 microns); and U.S. Patent 3,563,914 (which
utilizes a catalyst support having a surface area of less than 1 square
meter per gram, a volume of 0.23 cm3/g and a particle size between 0.074
and 0.30 mm.). 40      U.S. Patent No. 4,038,175 discloses a hydrogenation
process which employs palladium or platinum metal dispersed on the surface
of an alphaalumina support. The description beginning at column 3, line 42
to column 4, line 24, and the description at column 5, line 2 to column 8,
line 22, relating to the description of alpha-alumina and the process for
preparing the catalyst disclosed therein is referred to because such can be
employed in practicing this invention. 46 The chemical composition of the
carrier is not narrowly critical. Alpha-alumina based carriers are highly
preferred. The most preferred alpha-alumina carriers are of very high
purity , i.e., at least 80 wt. percent alpha-alumina, the balance being a
mixture of silicon dioxide, various alkali oxides, alkaline earth 50
oxides, iron oxide, and other metal and non-metal oxides. Alpha-alumina
carriers having a purity of at least 98 weight percent are highly desirable
in practicing this invention, the remaining components being silica, alkali
metal oxide (e.g. sodium oxide) and trace amounts of other metal and
non-metal impurities. A wide variety of such carriers are commercially
available. The carriers are particulate and desirably are shaped in the
form of pellets, extruded particles  spheres, rings, cylindrical rings and
the like. The size of the carriers 55  may vary from 1.59 to 12.7 mm. The
carrier size is chosen to be consistent with the type of reactor employed.
In general, for fixed bed reactor applications, sizes in the range of 3.175
to 9.52 mm should be suitable in the typical tubular reactor used in
commercial operations. Monolith carriers may be found to be advantageous
owing to their heat transfer characteristics. Cataarto edures may be
employed for preparing the palladium catalysts for use in accordance with
the present invention. Typical of these procedures are those disclosed in
U.S. Patent No. 4,038,175. The two most common procedures are: (1)
impregnating a porous catalyst carrier with a solution 



comprising a solvent or solubilizing agent palladium salt in an amount
sufficient to deposit the desired 55 weight of palladium upon the carrier,
and thereafter, if desired, treating the impregnated carrier to convert
0 057 630 at least a fraction of the palladium salt to palladium metal on
the carrier surface; or (2) coat the palladium onto the carrier from an
emulsion or slurry containing the same followed by heating the carrier as
described above. Impregnation of the carrier is generally the preferred
technique for palladium deposition because palladium is utilized more
efficiently than by coating procedures, the latter being generally unable
to effect substantial palladium deposition onto the interior surfaces of
the carrier. In addition, coated catalysts are more susceptible to
palladium loss by mechanical abrasion. The palladium solution used to
impregnate the carrier generally comprises a palladium salt or complex in a
solvent or complexing/solubilizing agent. The particular palladium salt or
complex employed is not critical and may be chosen, for example, from among
palladium nitrates, sulfates, halides, phosphates, to  carboxylates, such
as palladium acetate, benzoate, oxalate, citrate, phthalate, lactate,
propionate, butyrate and higher fatty acid salts, or palladium
acetylacetonate and the like. Although any palladium salt may be used to
prepare the palladium catalyst employed in the process of this invention
the catalyst is preferably prepared such that the catalyst is substantially
free of halogen, especially chloride, and sulfur. The presence of such
halogen or sulphur atoms may interfere with the formation of the diester of
oxalic acid. In 15  addition, the presence of halogen or sulfur atoms may
result in increased production of deleterious by- products such as
carbonates, formate and the like with the resulting loss in yield of the
oxalic acid diester. Thus, the concentration of halogen or sulfur atom is
preferably less than 10 ppm, by weight, based on the palladium deposited on
the carrier. The amount of palladium deposited on the carrier is not
narrowly critical and is in the range of from 20  0.001 to 10 percent by
weight, preferably from 0.01 to 5 percent by weight and most preferably
from 0.1 to 2 percent by weight, calculated as metallic palladium.
Following impregnation of the catalyst carrier with palladium or a salt
thereof, the impregnated carrier particles are separated from any remaining
nonabsorbed solution or slurry. This is conveniently accomplished by
draining the excess impregnating medium or alternatively by using
separation 25  techniques, such as, filtration or centrifugation. The
impregnated carrier is then generally heat treated (e.g., roasted) to
effect, if desired, decomposition and reduction of the palladium salts to
metallic palladium, such heating is preferably carried out in air,
nitrogen, hydrogen or carbon dioxide atmospheres or a combination of them.
The equipment used for such heat treatment may use a static or flowing
atmosphere of such gases to effect reduction. 30      A typical
alpha-alumina carrier which may be employed in practicing the invention is
one having the following chemical composition and physical properties and
for reference herein is designated as Carrier "A": Chemical Composition of
Carrier "A"                          Wt. Percent 35 Alpha-Alumina
98.5 Silicon Dioxide                             0.74 40 Calcium Oxide
0.22 Sodium Oxide                                0.16 Ferric Oxide
0.14 Potassium Oxide                             0.04 Magnesium Oxide
0.03 50 



Physical Properties of Carrier "A" 55 Surface Area (1)
-0.3m2/g Pore Volume (2)                             -0.50 cm3/g (or water
absorption) 60 Packing Density (3)                         0.70 g/Cm3
Median Pore Diameter (4)                   21 microns 65 5    0 057 630
Pore Size Distribution, Percent Total Pore Volume (4) Pore Size, Microns
TPV (Percent) 5 0.1- 1.0                      1.5 1.0-10.0
38.5 10 10.0-30.0                    20.0 30-100                      32.0
15                            >100                        8.0 (1) Method of
measurement described in "Absorption, Surface Area and Porosity", S. J.
Gregg and K. S. W. Sing, Academic Press (1967), pages 316-321. (2) Method
of Measurement as described in ASTM C20-46. 20  (3) Calculated value based
on conventional measurement of the weight of the carrier in a known volume
container. (4) Method of measurement described in "Application of Mercury
Penetration to Materials Analysis", C. Orr Jr., Powder Technology, Vol. 3,
pp. 117-123 (1970). 25     The solution used for impregnating the carrier
is prepared at a concentration such that the finished catalyst contains the
desired amounts of palladium. The required concentration of palladium in
solution for the given carrier is calculated from the packing density
(grams/[err]) and pore volume of the carrier which are either known or
readily determined. Assuming that all of the palladium in the impregnating
solution is deposited upon the carrier, the amount of palladium required in
the solution may be calculated such  that 30  between 0.001 and 10 percent
palladium is provided on the carrier. The particle size of palladium metal
or salt thereof deposited upon the carrier and the dispersion of the
palladium are a function of the catalyst preparation procedure employed.
Thus, the particular choice of solvent and/or complexing agent, palladium
salt, heat treatment conditions and catalyst carrier may affect, to varying
degrees, the size of the resulting palladium particle. For carriers of
general interest for the 35  production of diesters of oxalic acid, a
distribution of palladium particle sizes below 10,000 Angstroms is
preferred. However, the role of particle size and dispersion of the
palladium upon the effectiveness of the catalyst in making the diesters of
oxalic acid is not clearly understood. In view of the fact that the
palladium particles may migrate on the surface of the catalyst when used in
the catalyic reaction resulting in a marked change in their size and shape,
palladium particle size may or may not be a significant factor in affecting
40 catalytic performance. A high dispersion of palladium is considered to
be preferred. The process of this invention is further illustrated by the
following examples. These examples are provided solely to illustrate the
invention and are not, in any way, to be construed as limiting.
Experimental Procedure 



45     The following examples were carried out in a tubular reactor formed
of a 1.22 meter long by 2.54 cm (inside diameter) stainless steel tube and
operated in a downflow configuration. The top (inlet) of the reactor is
packed with glass beads to act as a preheating zone for the mixture of
alkyl nitrite, (inert gaseous diluent) and carbon monoxide prior to
introduction to the catalyst bed. The catalyst bed was formed of 10 [err]
of a supported palladium catalyst (as designated in each example) held in
place by a thin porous so  glass wool plug. The tubular reactor was within
a liquid containing jacket which  was wrapped with electrical resistance
heaters to provide even heating. The temperature of the catalyst bed was
measured by a thermocouple placed therein. The alkyl nitrite was introduced
by passing a CO/N2 mixture through liquid alkyl nitrite (saturator) to
provide a gaseous stream with CO, N2 and alkyl nitrite in the vapor state.
55 60 65 6    0 057 630 Examples 1-6 The following catalyst preparation
procedures were carried out for the catalysts employed in examples The
catalyst employed in examples 1-6 was prepared with Norton "LA 4102"
alpha-alumina (U.S. 5  Standard 8-20 mesh) as the carrier having the
following chemical and physical properties: Chemical Compositions
Wt. Percent to                   Alpha-Alumina                       99.6
Silicon Dioxide                     0.01 Calcium Oxide
0.07 15 Sodium Oxide                        0.21 Ferric Oxide
0.05 20                    Potassium Oxide                     0.03
Magnesium Oxide                     0.01 25 Physical Properties 30
Surface Area                        -1.0 m2/g Apparent Porosity (1%)
-50-56 Bulk Density (g/cm3)                1.7-2.0 Packing Density (t/m3)
1.07-1.17 The catalyst was prepared by placing 800 g of crushed (with a
mortar and pestle) Norton LA 4102 carrier 40 into a round-bottom flask and
heating to about [err] under vacuum using heat lamps. Pd(acac)* (11.45
grams) was dissolved in 280 cm3 of toluene at [err]. and the hot solution
was added to the hot alumina particles through a syringe while shaking the
flask. The resulting mixture was allowed to stand for 30 minutes and then
transferred to an open dish. In an oven with [err] flowing through it, the
catalyst was heated at [err]. for one hour, at [err]. for two hours and
finally at [err]. for two hours before cooling to room 45 temperature. The
catalyst was then placed in a quartz tube and heated to [err]. over a
45-minute period under a 50/50 mixture (by volume) of nitrogen and air.
Flows are generally about 200 [err]/min. The catalyst was then heated at
[err]. for 3 h. under 100% air and then for 15 minutes with 100% N2. This
was followed by 3 h. at [err]. under 100% [err] after which time it was
cooled to 80C. under 100% N2 and cooled to room temperature. so      The
process parameters and the results of examples 1-6 are set forth in Table
I. *Pd(acac) is palladium acetylacetonate 



55 60 7    0 057 630 Comparative Examples 7-12 Examples 7-12 were carried
out to compare the results of examples 1-6 with results obtained using
catalysts prepared with carriers having high surface areas, i.e. surface
areas greater than 10 square meters per gram. 5 The catalysts employed in
examples 7 and 8 were prepared using Columbia (TM) carbon (from Union
Carbide Corporation) as the carrier having the following properties:
Property                            Value 10 Surface Area (m2/g)
-1000 Moisture[err] (% Max)                    2.0 15
Activity' {% min)                     .05 Hardness5 (min)
90 Ash' (% max)                          2.0 20 Density[err] (g/cm[err]
max)                 .51 1. Carbon Tetrachloride Activity is the percent by
weight of carbon tetrachloride absorbed at [err] from 25     dry air
saturated with this vapor at [err]. (This value can be used as a relative
indication of the adsorptive capacity of activated carbons). 2. Density is
the maximum weight per unit volume that can be contained in a given vessel.
3. Moisture content as the percentage loss in weight of a sample after
heating for 6 hours at [err]. 4  Total Ash represents the weight percent of
residue remaining after burning in air at [err]. 30  5. Hardness is a
measure of the ability of the carbon sample to resist mechanical breakdown.
Hardness numbers are expressed as percent average particle diameter
remaining after a period of mechanical agitation with steel balls. 35
The catalyst employed in example 7 was prepared by placing 10 grams of
carbon carrier in a round bottom flask heatedwith heat lampsundervacuum;
then 0.429grams of Pd (acac)2was dissolved in 12 cm3 of hot toluene [err]
and the resulting solution was added via syringe to the carbon while
shaking the flask. The resulting material was heated in an open dish in the
hood at [err]. for one hour and then for two hours at [err] The catalyst
was then placed in a quartz tube and treated sequentially as follows: (Gas
flows are 40  generally about 200 cm3/min.) 1. [err]. under 50/50 H2/air
over a 30 min. period and then hold at [err]. for 30 more min.; 2. [err].
for four h., under 100% air; and 3. 350C for 30 min. under 100% N2 flow and
then cooled to room temperature. 45     The catalyst employed in example 8
was prepared by placing ten grams of the aforementioned carbon carrier in a
round-bottom flask under vacuum at room temperature. Then, 0.250 grams of
[err] was dissolved in a mixture of 6.0 [err] distilled water and 6.0 [err]
of concentrated hydrochloric acid at [err]. The solution was added to the
carbon through a syringe while shaking the flask and then placed in an open
dish at [err]. The solution was added to the carbon through a syringe while
shaking the flask and then placed in 50  an open dish at [err] for one
hour, [err] for two hours, 1 500C for two hours and then [err] for an
additional two hours. The catalyst was then placed in a quartz tube and
treated sequentially as follows: (Gas flows are generally about 200
[err]/min.). 1. 350C over a one-hour period under 50:50 [err] and then hold
at [err] for one hour; 



2. [err] for four hours with 100% air; and 3. cooled to [err] and under
100% N2 and cooled to room temperature. The process parameters and the
results of comparative examples 7-12 are set forth in Table II. 60 8    0
057 630 o [err] [err] [err] [err] [err] [err] [err] [err] [err] [err] [err]
[err] [err] [err]    0 057 630 [err] [err] Z L47oto of 0 [err] 0 4 [err]
[err] [err] J [err] [err] [err] [err] [err] 10    Claims
0057630 1. The vapor phase heterogeneous process for preparing a diester of
oxalic acid which comprises contacting a vaporous ester of nitrous acid
with carbon monoxide in the vapor state in the presence of a 



solid palladium supported catalyst comprising metallic palladium or a salt
thereof deposited on a carrier at a temperature of between 50C and 200C,
wherein such ester of nitrous acid is formed by reaction with a saturated
aliphatic monohydric alcohol and recovering a diester of oxalic acid, in
which the ester group corresponds to the alcohol used in making the ester
of nitrous acid characterized in that the carrier is non- acidic and has a
surface area of less than 10 square meters per gram. 10         2. The
process of claim 1, characterized in that the carrier is an alpha alumina
having a surface area between .001 and 10 square meters per gram and
preferably between 0.1 and 5 square meters per gram. 3. The process of
claim 1, characterized in that the process is carried out such that the
pressure is from atmospheric (14.7 psia) pressure to superatmospheric
pressure. 4. The process of claim 3, characterized in that the pressure is
between 0.1 and 0.7 MPa and preferably 15   between 0.1 and 0.4 MPa. 5. The
process of claim 1, characterized in that the ester of nitrous acid is
methyl nitrite or ethyl nitrite. 6. The process of claim 1, characterized
in that the between 0.1 and 2 percent and preferably between 0.2 and 1.2
percent by weight palladium on said palladium supported catalyst is
employed. 7. The process of claim 1, characterized in that the supported
catalyst is substantially free of sulfur 20  atoms. 8. The process of claim
1, characterized in that the palladium supported catalyst is substantially
free of halogen atoms. 9. The process of claim 1, characterized in that the
palladium particle size is less than 10,000 Angstroms. 25 Revendications 1.
Procede heterogene en phase vapeur pour la preparation d'un diester d'acide
oxalique, qui consiste A faire entrer un ester gazeux d'acide nitreux en
contact avec de I'oxyde de carbone a l'etat de vapeur en 30  pr6sence d'un
catalyseur solide au palladium fixe sur un support, comprenant du palladium
metallique ou- un sel de palladium depose sur un support, A une temperature
comprise entre 50C et 200C, cet ester d'acide nitreux etant forme par
reaction avec un alcool monohydroxylique aliphatique sature, et A
recueillir un diester d'acide oxalique, dans lequel le groups ester
correspond A l'alcool utilise pour preparer l'ester d'acide nitreux,
caracterise en ce que le support est non acide et a une surface specifique
inferieure A 35  10 m2/g. 2. Proced6 suivant la revendication 1,
caracterise en ce que le support est une alumine alpha de surface
specifique comprise entre 0,001 et 10 m2/g et de pr6f6rersnos entre 0,1 et
5 m2/g. 3. Procedd suivant la revendication I, caracterise en cequ'il est
mis en oeuvre A une pression allant de la pression atmospherique (pression
absolue de 14,7 lb/n2) A une pression superieure A la pression 40
atmospherique. 4. Proc6de suivant la revendication 3, caracterise en ce que
la pression est comprise entre 0,1 et 0,7 MPa et de preference entre 0,1 et
0,4 MPa. 5. Procede suivant la revendication 1, caracterise en ce que
l'ester d'acide nitreux est le nitrite de methyle ou le nitrite d'ethyle.
45      6. Proced6 suivant la revendication 1, caracterise en ce qu'on
utilise entre 0,1 et 2% et de pr6ference entre 0,2 et 1,2% en poids de
palladium sur la base dudit catalyseur au palladium fixe sur un support. 7.
Proc6d6 suivant la revendication 1, caracterise en ce que le catalyseur
fixe sur un support est pratiquement depourvu d'atomes de soufre. 8.
Procede suivant la revendication 1, caracteris6 en ce que 1e catalyseur au
palladium fixe sur un 50  support est pratiquement depourvu d'atomes
d'halogene. 9. Proc6de suivant la revendication 1, caracterise en ce que le
diametre des particules de palladium est inferieur A 10 000 Angstrems.
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1. Heterogenes Dampfphasenverfahren zur Herstellung eines Diesters der
Oxalsaure, bei welchem man einen dampfformigen Ester der salpetrigen Saure
mit Kohlenmonoxid im Dampfzustand in Anwesen- heit sines festen
Palladiumtragerkatalysators, bestehend aus metallischem Palladium oder
einem Salz desselben und abgeschieden auf einem Triger, bei einer
Temperatur zwischen 50 und 200C in Beruhrung 60  bringt, wobei dieser Ester
der salpetrigen Saure durch Umsetzung mit einem gesittigten aliphatischen
ein- wertigen Alkohol gebildet ist, und Gewinnung sines Diesters der
Oxalsaure, in welchem die Estergruppe dem bei der Herstellung des Esters
des salpetrigen Saura verwendeten Alkohol entspricht, dadurch
gekennzeichnet, da[err] der Trager nicht-sauer ist und ein
Oberflachengebiet von mindestens 10 m2/g hat 2. Verfahren nach Anspruch 1,
dadurch gekennzeichnet, da[err] der Trager sine a-Tonerde mit einem 65
Oberflachengebiet zwischen 0,001 und 10 m2/g, vorzugsweise zwischen 0,1 und
5 m2/g, ist. 11    0 057 630 3. Verfahren nach Anspruch 1, dadurch
gekennzeichnet, da[err] es so durchgefuhrt wird, da[err] der Druck von
atmospharischem Druck (14,7 psia) bis uberatmospharischem Druck betragt. 4.
Verfahren nach Anspruch 3, dadurch gekennzeichnet, daB der Druck zwischen
0,1 und 0,7 MPa, vorzugsweise zwischen 0,1 und 0,4 MPa, betragt 5      5.
Verfahren nach  Anspruch 1,  dadurch gekennzeichnet, daB der Ester der
salpetrigen Saure Methylnitrit oder Ethyinitrit ist. 6. Verfahren nach
Anspruch 1, dadurch gekennzeichnet, daB zwischen 0,1 und 2% vorz gsweise
zwischen 0,2 und 1,2 Gew.-%, Palladium auf dem Palladiumtragerkatalysator
verwendet wird. 7. Verfahren nacch Anspruch 1, dadurch gekennzeichnet, daB
der Tragerkatalysator von Schwefel- 10 atomen praktisch frei ist &
Verfahren nach Anspruch 1, dadurch gekennzeichnet, da[err] der
Palladiumtragerkatalysator von Halogenatomen praktisch frei ist. 9.
Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB die
Palladiumtellchengro[err] weniger als 10 ooo A betr[err]gt. 15 20 25 30 35
40 45 50 55 60 66 12    


