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[57] ABSTRACT

A process for producing unsaturated carboxylic acids,
which comprises oxidizing unsaturated aldehydes in the
vapor phase in the presence of a catalyst comprising a
catalytic oxide supported on an inert carrier, such cata-
Iytic oxide containing metal elements in the atomic ratio
Mo:V:Cu:Cr:W of 12:2-14:1-6:0-4:0-12 with the pro-
viso that Cr + W is not 0.
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CATALYST FOR PRODUCING UNSATURATED
CARBOXYLIC ACIDS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made

by reissue,

This is a division of application Ser. No. 190,661 filed
Oct. 19, 1971, now U.S. Pat. No. 3,833,649.

This invention relates to a process for producing
unsaturated carboxylic acids. More specifically, the
invention relates to a process for producing unsaturated
carboxylic acids by catalytically oxidizing unsaturated
aldehydes having not less than 3 carbon atoms in the
vapor phase in the presence of a catalyst, for example, a
process for producing acrylic acid from acrolein, or
methacrylic acid from methacrolein.

Generally, in the commercial production of unsatu-
rated carboxylic acids by the catalytic vapor phase
oxidation of unsaturated aldehydes, it is of utmost im-
portance to use catalysts which give high conversions
of the unsaturated aldehydes and high selectivities to
unsaturated carboxylic acids. It is required that the
catalysts should be very easily produced on a commer-
cial basis and have stability over prolonged periods of
time.

Examples of the conventional catalysts for use in the
production of acrylic acid or methacrylic acid by the
catalytic vapor phase oxidation of acrolein or methac-
rolein include a catalytic oxide composed of molybde-
num and vanadium as disclosed in Japanese Pat. No.
1775766, and a catalytic oxide composed of molybde-
num, vanadium, aluminum and copper as disclosed in
Japanese Pat. No. 26287/69. The specification of Japa-
nese Pat. No. 1775/66 discloses that with the catalyst
used there, the maximum one-pass yield of acrylic acid
is 76.4%. Such a yield is still unsatisfactory for commer-
cial operation. According to the specification of Japa-
nese Pat. No. 26287/69, the yield of acrylic acid can be
97-97.5% at a space velocity of 500 to 1,000 hr—! when
aluminum sponge is used as a carrier and the catalyst is
used in a strongly reduced condition by pretreatment
(in a state where oxygen is insufficient). However,
when the space velocity is reduced to 2,000 hr—!, the
vield abruptly goes down to 89.5%. In addition, the
pretreatment for strongly reducing the catalyst includes
a step of treating the catalyst with a reaction gas at a
temperature higher than the reaction temperature, and
therefore, various difficulties are encountered.

Accordingly, an object of the present invention 18 to
provide a process for producing unsaturated carboxylic
acids which can be operated on a commercial basis
using a novel catalyst.

It has now been found that by using a catalytic oxide
comprising molybdenum, vanadium, copper, chro-
mium, and/or tungsten, and oxygen supported on an
inert carrier, unsaturated carboxylic acids, for example
acrylic acid or methacrylic acid can be obtained in very
high one-pass yields from unsaturated aldehydes, for
example acrolein or methacrolein, and the above object
of the present invention can be achieved.

The catalytic oxide used in the present invention is
characterized in that the metallic elements which con-
stitute it are present in the following atomic ratios:
Mo:V:Cu:Cr:-W = 12.2-14:1-6:0-4:0-12 (with the pro-
viso Cr + W £ 0). Oxygen in the catalytic oxide need
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not be present in a specially reduced condition. It is
assumed that oxygen is present in the catalytic oxide in
the form of a complex metal oxide or metal acid salt.
Therefore, the amount of oxygen present in the cata-
lytic oxide varies according to the atomic ratios of the
metal elements that constitute the catalytic oxide.

As the inert carrier for supporting the catalytic oxide
in the present invention, natural, inert porous substances
may be exemplified, or inert porous substances. Specific
examples include alpha-alumina, silicon carbide, pum-
ice, silica, zirconia, titanium oxide, or mixtures of these.
The inert carrier that is conveniently used in the present
invention has a surface area of not more than 2 m?/g
and a porosity of 30 to 65%, at least 90% of the pores
having a pore diameter in the range of 50 to 1,500 mi-
crons.

The catalyst used in the present invention can be

| prepared for example by adding an aqueous solution of

ammonium bichromate and an aqueous solution of cop-
per nitrate to an aqueous solution containing ammonium
molybdate, ammonium paratungstate, and ammonium
metavanadate, pouring a carrier material into the mix-
ture, heating the mixture to evaporate it to dryness and
thereby to deposit the compounds on the carrier, if
desired molding it into tablets for instance, and then
calcining it at 350°-600° C. Any compound which can
form a catalytic oxide by calcination such as hydroxides
or carbonates can be used as materials for the produc-
tion of the catalysts.

The catalytic vapor phase oxidation process of the
present invention can be performed by passing a gase-
ous mixture consisting of 1 to 10% by volume of an
unsaturated aldehyde (for example, acrolein, or methac-
rolein), § to 15% by volume of molecular oxygen, 20 to
60% by volume of steam, and 20 to 50% by volume of
an inert gas over the catalyst prepared as above de-
scribed, at a temperature of 200° to 350° C. and a pres-
sure of atmospheric pressure to 10 atmospheres. The
space velocity is maintained at 500 to 5,000 hr—!. The
reaction can be carried out either in a fixed bed or in a
fluidized bed.

According to the present invention, the one-pass
yield of the unsaturated carboxylic acid can be main-
tained high without a decrease in the space velocity.
While not wishing to be limited by any theory, it is
assumed that this is perhaps because the catalytic activ-
ity is regulated by the bonding of complex oxides of
copper, chromium, and tungsten or acid salts with the
Mo-V system, and that it is controlled by the porosity of
the carrier.

The invention will be described in detail by the fol-
lowing Examples and Comparative Examples which
are presented for illustrative, rather than limitative,
purposes.

The conversion, selectivity, and one-pass yield used
in the present specification and claims are defined as
follows:

Conversin (%) =
Moles of an unsaturated aldehyde reacted

Moles of an unsaturated aldehyde fed x 100

Selectivity (%) =

Moles of an unsaturated carboxylic acid produced % 100
Moles of an unsaturated aldehyde reacted

One pass yield (%) =

Moles of an unsaturated carboxylic acid produced 100
Moles of an unsaturated aldehyde fed X
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EXAMPLE |

While 5,000 ml. of water were being heated with
stirring, 104 g of ammonium paratungstate, 86 g of am-
monium metavanadate, 338 g of ammonium molybdate, 5
and 12 g of ammonium bichromate were added to the
water. Separately, an aqueous solution of 86 g of copper
nitrate in 300 ml. of water was prepared, and mixed
with the aqueous solution obtained above. The mixed
solution obtained was put into a porcelain evaporator 10
on a warm bath, and 1,000 ml. of particulate alpha-
alumina having a diameter of 3 to 5 mm (surface area |
m2/g or less, porosity 42%, and 92% of the pores being
of a pore diameter 75-250 microns) were added as a
carrier. With stirring, the mixture was evaporated to 15

901
4

in which a catalytic oxide having a metal element com-
pOSitiOl‘i MOl 2V4‘6 deposited on the alpha-alumina car-
rier was obtained. Using this catalyst, the reaction was
performed under the same conditions as set forth in
Example 1. The results are given in Table 1.

COMPARATIVE EXAMPLE 2

The procedure of Example 1 was repeated except
that ammonium paratungstate and ammonium bichro-
mate were not used. As a result a catalyst in which a
catalytic oxide having a metal element composition of
Mo;V46Cuy, deposited on alpha-alumina was ob-
tained. Using this catalyst, the reaction was performed
under the same conditions as set forth in Example 1.
The results obtained are given in Table 1.

Table 1
Atomic ratio of Reaction Acrolein Acrylic Acrylic acid
metal elements in temper- Srm conver- acid one-
catalytic oxide ature velocity sion selectivity yield
Mo V Cu Cr W (°C) {(hr™ i} {(mol %) (mol %) (mol %)

Example 1| 12 46 2.2 06 2.4 220 1000 100 98.0 98.0
240 2000 9.5 98.0 97.5
260 3000 99.0 98.2 97.2
Compara- 12 46 0 0 O 220 1000 49.5 40.0 19.8
tive 240 2000 45.0 46.5 20.9
Example | 260 3000 38.0 51.0 19.4
Compara- 12 46 22 0 O 220 1000 54.6 92.0 50.2
tive - 240 2000 46.3 91.0 43.1
Example 2 260 3000 40.0 91.0 37.2

dryness to deposit the compounds on the carrier, and
then calcined for 5 hours at 400° C. As a result a catalyst
in which a catalytic oxide having a metal element com-
position of Moj;V4 ¢Cus 2Crg W, 4 deposited on the
alpha-alumina carrier was obtained.

One thousand milliliters of the resulting catalyst were
packed mto a U-shaped stainless steel tube having a
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EXAMPLES 2 and 3

Using the same catalyst as set forth in Example 1, the
reaction was performed under the same conditions as in
Example 1 except that the space velocity was changed
to 4,000 hr—! (Example 2) and 5,000 hr—! (Example 3).
The results are given in Table 2 below.

Table 2
S Reaction Conversion Selectivity One-pass r'eld
velocity  temperature of acrolein of acrylic of acrylic
Examples (hr 9 *C.) (mol %) acid (mol %) acid (mol %)
2 4000 270 98.5 o8 96.5
3 5000 270 97.0 97.8 9.4

diameter of 25 cm, and the tube was immersed in a
molten nitrate bath heated at 220°-260° C. A gaseous
mixture consisting of 4% acrolein, 55% of air, and 41% 45
of steam, all by volume, was fed into the tube, and re-
acted at a space velocity of 1,000 to 3,000 hr—!. The
results obtained are shown in Table 1.

EXAMPLES 4to 6

The procedure of Example 1 was repeated except
that the composition of the gaseous mixture was
changed. The results obtained are given in Table 3.

Table 3
Compositon of Reaction Conver- Selectivity One-
us mixture temper- S sion of  of acrylic yield of
(vol. %) ature velocity  acrolein acid acrylic acid

Examples Acrolein Air Steam (*C) (hr~) (mol %) (mol %) {mol %)

4 5 55 40 270 4000 98.0 97.7 95.8

5 6 54 40 265 3000 99.0 97.0 96.0

6 8 62 30 265 3000 98.5 96.1 94.7

COMPARATIVE EXAMPLE 1 EXAMPLES 7to0 9

The procedure of Example 1 was repeated except
that ammonium paratungstate, ammonium bichromate, ¢
and copper nitrate were not used. As a result a catalyst

The procedure of Example 1 was repeated except
that a different carrier was used. The results are given in

Table 4.

Table 4
Physical properties Reaction Conver- Selectivity  One-
of CArrier temper- Space sion of  of acrylic ylcki of
Surface Pore ature velocity  acrolein acid acryhc acid
Example Carrier area Porosity distribution (° C)) (hr™%  (mol %) (mol %) (moi %)
7 Silcon less than 5% 75-500 230 2000 99.0 98.0 97.0
carbide |l m%*g 3%
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Table 4-continued
Physical properties Reaction Conver- Selectivity One-pass
of the carrier temper- Space sion of  of acrylic yield of
Surface Pore ature veloci]ty acrolein acid acryhic acid
Example Carrier area Porosity distribution (* C.) (hr—") (mol %) (mol %) (mol %)
8 a-alumina  less than 47% 75-1000p 230 2000 99.0 98.0 97.0
(50%) I m¥%g 95%
Silicon
carbide
9 a-alumina  less than 40% 50-1200u 230 2000 100 98.0 98.0
(75%) 1 m¥/g 95%
Silica

carrier having a surface area not greater than 2 m?/g
and a porosity of 30 to 65%, at least 90% of the pores
having a pore diameter in the range of 50 to 1,500 mi-

Crons.
2. The catalyst of claim 1 wherein said inert carrier is

EXAMPLES 10 to 14

The procedure of Example 1 was repeated except "
that the atomic ratio of metal elements in the catalytic
oxide was varied. The results obtained are given in

Table §. . selected from a-alumina, silicon carbide, pumice, silica,
Table 5
Atomic ratio of Reaction Conver- Selectivity One-pass
metal elements in temper- S sion of  of acrylic yield of
the catalytic oxide ature velocity  acrolein acid acrylic acid
Example No V Cu Ct W (°C) (™) (mol %) (mol %) (mol %)
10 12 6 22 0 24 240 2000 99.0 98.0 97.0
11 12 46 22 04 4 250 2000 98.0 97.5 95.6
12 12 6 22 12 0 240 2000 99.5 98.0 97.5
13 12 46 44 06 24 240 2000 98.5 98.0 96.5
14 12 8 22 08 10 230 2000 100 97.5 97.5

The results obtained in Examples 1 to 14 above dem-
onstrate that the reaction can be performed under a ., zirconia, titanium oxide and mixtures thereof.
wide range of conditions without reducing the yield of 3. The catalyst of claim 1 wherein said catalytic oxide
acrylic acid. consists essentially of the recited metal elements in the
atomic ratio Mo:V:Cu:Cr:W of about 12:4:6:2.2:0.6:2.4.

4. The catalyst of claim 1 wherein said catalytic oxide
consists essentially of the recited metal elements in the
atomic ratio Mo:V:Cu:Cr:W of about 12:6:2.2:0:2.4.

5. The catalyst of claim 1 wherein said catalytic oxide
consists essentially of the recited metal elements in the
atomic ratio Mo:V:Cu:Cr:W of about 12:4.6:2.2.0.4:4.

6. The catalyst of claim 1 wherein said catalytic oxide
consists essentially of the recited metal elements in the
atomic ratio Mo:V:Cu:Cr:W of about 12:6:2.2:1.2:0.

7. The catalyst of claim 1 wherein said catalytic oxide
consists essentially of the recited metal elements 1n the
atomic ratio Mo:V:Cu:Cr:W of about 12:4.6:4.4:0.6:2.4.

8. The catalyst of claim 1 wherein said catalytic oxide
consists essentially of the recited metal elements in the
atomic ratio Mo:V:Cu:Cr:W of about 12:8:2.2:0.8:1.0.

%

* % %

EXAMPLE 15

Using the same catalyst and apparatus as used in
Example 1, a gaseous mixture consisting of 4% by vol-
ume of methacrolein, 51% of air, and 45% of steam was
reacted at 340° C. and a space velocity of 2,000 hr— 1.
The conversion of methacrolein was 70%; the selectiv-
ity of methacrylic acid was 75.5%; and the one-pass ,,
yield of methacrylic acid was 52.8%.

What is claimed 1s:

1. A catalyst adapted for the production of unsatu-
rated carboxylic acids through the vapor phase oxida-
tion of unsaturated aldehydes comprising a catalytic ,,
oxide supported on an inert carrier, said catalytic oxide
consisting essentially of the recited metal elements in
the atomic ratio Mo:V:Cu:Cr:W of 12:2-14:1-6:0-4:-
0-12 with the proviso that Cr + W is not O, said inert
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