
EP 0 490 507 B1 Description The present invention relates to a catalyst
useful for the oxidation of ethylene to acetic acid, as well as to the
process for such oxidation using such catalyst. 5     It is an object of
the present invention to provide a novel and superior supported palladium
metal catalyst for the production of acetic acid by the oxidation of
ethylene with molecular oxygen. Another object of the invention is to
provide a novel process for the oxidation of ethylene to acetic acid using
such catalyst. Other objects, as well as aspects, features and advantages,
of the present invention will become 10  apparent from a consideration of
the specification, including the specific examples and the claims. These
and other objects are achieved by the present invention, wherein according
to one aspect thereof there is provided a process for making acetic acid
which comprises reacting in a reaction zone ethylene and molecular oxygen
in the presence of a solid catalyst containing the elements and proportions
indicated by the empirical formula 15 [err]   (formula 1) where M is
selected from Cd, Au, Zn, TI, alkali metals and alkaline earth metals, 20
a is from 0.0005 to 0.2 b is from zero to 3a c is 0.5 to 2.5, and x is a
value sufficient to satisfy the valence requirements of the other elements
present, and wherein such catalyst contains crystalline TiP207. 25    In
the above formula 1, a is usually from 0.005 to 0.05 more usually from
0.002 to 0.04; and c is usually not less than 0.8 nor more than 2, more
often not over 1.25. When M is used, b is usually at least 0.0001 a. We
have found that the crystalline [err], titanium pyrophosphate, is not only
an effective and mechanically tough physical support for the palladium
component of the catalyst, but also contributes to the 30  catalytic
activity. Thus, a catalyst made with Pd, [err] as a support, as in U. S.
patent 3,792,087 gives less than half the yield of acetic acid from
ethylene and oxygen, compared to a catalyst of the present invention. Note
examples 27 and Comparative Examples C.6 and C.7 herein. In another aspect
of the invention there is provided a process for oxidizing ethylene with
molecular oxygen in the presence of a catalyst defined above. 35     The
reaction of oxygen and ethylene to make acetic acid does not require the
introduction of water into the reaction zone, although the reaction
produces some water by the unwanted combustion of some of the ethylene. As
a practical matter we usually introduce some water into the reaction zone
along with the 



ethylene and oxygen, since it appears to promote the conversion of ethylene
to acetic acid. Many of the specific examples include added water in the
feed. 40     The oxygen in the feed to the reaction zone can be pure oxygen
gas or, alternatively, an oxygen- containing gas mixture such as air or air
enriched with oxygen. In addition to these materials the gaseous feed
mixture reacted in the process can contain other diluents such as carbon
dioxide, nitrogen or acetic acid, as well as reactive diluents such as
acetaldehyde. The ethylene feed to the reaction zone can be substantially
pure or, alternatively can be impure in the 45  sense that it may contain
even large amounts such as 90 mol % or more [err] to [err] saturated
hydrocarbon gases or vapors as diluents. The following specific examples
are illustrative only and are not to be taken as limiting. The empirical
formula of each catalyst is shown at the beginning of each example. The
catalyst examples of the invention contain crystalline [err], titanium
pyrophosphate. so    In making the catalysts of the invention, it is
necessary to heat or calcine the composition sufficiently to result in the
formation of the necessary [err] crystalline phase. This is not
accomplished at calcination temperatures up to [err]. It is accomplished in
those specific examples of the invention which are calcined at temperatures
of 400 to [err] What is not known is the lowest temperature at which TiP207
can be formed below [err] and above [err], but this can easily be checked
by routine trial and error by 55  calcining at various temperatures at
various times and then subjecting the resulting calcined composition to
X-ray powder diffraction testing to detect the presence of the crystalline
compound sought. 2    EP 0 490 507 B1 Comparative Example 1: 2 wt%Pd/15
[err] 2.6 g of [err] was dissolved in 100 ml of distilled water. 9.2 g of
85% phosphoric acid and 122.3 g of Nalco 1034A silica sol (34 wt% [err])
was added. The mixture was refluxed for one hour then evaporated 5  to a
thick paste. The solid was dried at [err] overnight, ground and screened.
The portion which passed through 0.84 mm openings (20 mesh) but was
retained on the 0.50 mm (35 mesh) openings was calcined at [err] for 16
hours. Comparative Example 2: [err] 10 The procedure was the same as used
in comparative example 1, except that 27.0 g of phosphoric acid and 82.3 g
of silica sol were used. Example 1: [err] 15 



Palladium acetate [err] (3.71 g) was added to 200 ml of distilled water.
This slurry was heated with stirring at about [err] for 30 minutes. By the
end of this time the slurry was dark brown and a portion of the palladium
acetate had dissolved. To this slurry was added 57.8 g of 85% phosphoric
acid, followed by the addition of 40.0 g of titanium dioxide. This slurry
was then boiled and dried down to a thick 20  paste. This paste was placed
in a drying oven at about [err], and dried overnight. After drying the
solid was ground and screened. The through 0.84 - 0.50 mm (20 on 35 mesh)
portion was calcined in air at [err] for 20 hours. Comparative Example 3:
[err] 25 Palladium acetate (9.276 g) was slurried in 500 ml of distilled
water and heated the slurry for 30 min at [err]. Phosphoric acid (85%
[err], 144.5 g) was added to the slurry followed by 100 g of titanium
dioxide. The mixture was evaporated to a thick paste then dried in the oven
( [err], air) overnight. The solid was ground and screened to pass through
2.0 mm openings (10 mesh) and be retained on a screen 30  having 0.5 mm
openings (35 mesh). No calcination was performed. Example 2: [err]
Palladium acetate (11.13 g) was slurried in 500 ml of distilled water and
heated the slurry for 30 min at 35  [err]. Phosphoric acid (85% [err] 173.4
g) was added to the slurry followed by 120 g of titanium dioxide. The
mixture was evaporated to a thick paste then dried in the oven ( [err],
air) overnight. The solid was broken into pieces, and calcined for 16 hrs
at [err]. The final solid was ground and screened to pass through 0.84 mm
openings (20 mesh) and be retained on a screen having 0.5 mm openings (35
mesh.) 40 Example 3: [err] A portion of Example 2 was calcined for an
additional 16 hrs at [err]. 45 Example 4: [err] A portion of Example 2 was
calcined for an additional 16 hrs at 800 * C. Comparative Example 4: [err]
50 A portion of Example 2 was calcined for an additional 16 hrs at [err] .
Example 5: [err] 55     The reagents: 3.71 g of palladium acetate, 57.8 g
of 85% phosphoric acid, and 30.0 g titanium dioxide were combined as
described in Example 1. However this sample was calcined in air for 16 hrs
at [err]. 3    



EP 0 490 507 B1 Example 6: [err] The procedure was the same as with Example
5 except 40.0 g of titanium dioxide were used. 5  Example 7: [err] The
procedure was the same as with Example 5 except 50.0 g of titanium dioxide
were used. Example 8: [err] 10 The procedure was the same as with Example 5
except 60.0 g of titanium dioxide were used. Example 9: [err] 15    In 150
ml of distilled water, 11.58 g of palladium nitrate, 57.8 g of 85%
phosphoric acid and 40 g of titanium dioxide were combined. The slurry was
evaporated to a thick paste with high heat. The paste was dried overnight
at [err], ground and screened, and the 0.84 to 0.50 mm particle size (20/35
mesh) portion was calcined at [err], under air for 16 hours. 20  Example
10: [err] The procedure was the same as in Example 9 except 6.19 g of
palladium acetate, 56.6 g of 85% phosphoric acid, and 40.0 g of titanium
dioxide were used. 25 Example 11: [err] The procedure was the same as in
Example 9 except 4.95 g of palladium acetate, 57.2 g of 85% phosphoric
acid, and 40.0 g of titanium dioxide were used. 30 Example 12: [err] The
procedure was the same as in Example 9 except 3.71 g of palladium acetate,
57.8 g of 85% phosphoric acid, and 40.0 g of titanium dioxide were used. 35
Example 13: [err] The procedure was the same as in Example 9 except 2.47 g
of palladium acetate, 58.4 g of 85% phosphoric acid, and 40.0 g of titanium
dioxide were used. 40 Example 14: [err] The procedure was the same as in
Example 9 except 1.24 g of palladium acetate, 59.0 g of 85% phosphoric
acid, and 40.0 g of titanium dioxide were used. 45 Example 15: [err]
Palladium acetate (3.71 g) was added to 200 ml of distilled water. This
slurry was heated with stirring at about [err] for 30 minutes. By the end
of this time the slurry was dark brown and a portion of the palladium
acetate had dissolved. To this slurry was added 57.8 g of 85% [err],
followed by the addition so of 40.0 g of titanium dioxide. This slurry was
then boiled and dried down to a thick paste. This paste was placed in a
drying oven set at [err], and dried overnight. The solid was then broken
into small pieces and calcined in air at [err] for 16 hours. After
calcination the solid was ground to 0.84 to 0.50 mm (20/35 mesh) particle
size range. 



55 Example 16: [err] The following reagents: 0.3345 g of palladium acetate,
52.0 g of 85% phosphoric acid, and 36.0 g of titanium dioxide were added to
200 ml of distilled water. The mixture was heated at [err]  for 30 minutes.
4    EP 0 490 507 B1 The heat was then increased and the slurry was
evaporated to a thick paste. The paste was dried overnight at 200 C, ground
and screened, and the 20/35 mesh portion of the solid was calcined at
[err], in air for 16 hours. 5  Example 17: [err] Palladium acetate (3.714
g) was dissolved in 200 ml of glacial acetic acid which was heated to [err]
for 30 min. Phosphoric acid (85% [err], 57.81 g) was added to the solution
followed by the titanium dioxide (40.0 g). Using high heat (hot plate) the
slurry was evaporated to a thick paste. This paste was dried 10  at [err]
in air overnight. The solid was then ground and screened to 2.0 to 0.50 mm
(10/35 mesh) particles and calcined for 8 hrs at [err]. Example 18: [err]
15     Palladium acetate (2.23 g) was added to 120 ml of distilled water.
This slurry was heated with stirring at about 60-80 * C for 5 minutes. Then
2.07 g of potassium nitrate was added to the slurry and the heating was
continued for 30 minutes. By the end of this time the slurry was dark brown
and a portion of the palladium acetate had dissolved. To this slurry was
added 34.7 g of 85% H3P04, followed by the addition of 24.0 g of titanium
dioxide. This slurry was then boiled and dried down to a thick paste. This
paste was placed in a 20 drying oven set at [err], and dried overnight. The
solid was then broken into pieces and calcined in air at [err] for 8 hours.
After calcination the solid was ground to 2.0 to 0.50 mm (10/35 mesh)
particle size range. Example 19: [err] 25 Palladium acetate (1.114 g) was
added to 200 ml of distilled water. This slurry was heated with stirring at
about [err] for 5 minutes. Then 1.33 g of potassium nitrate was added to
the slurry and the heating was continued for 30 minutes. By the end of this
time the slurry was dark brown and a portion of the palladium acetate had
dissolved. To this slurry was added 52.0 g of 85% [err], followed by the
addition 30 of 36.0 g of titanium dioxide. This slurry was then boiled and
dried down to a thick paste. This paste was placed in a drying oven set at
[err] and dried overnight. The solid was then ground and screened; the 0.84
to 0.50 mm (20/35 mesh) portion of the solid was calcined in air at [err]
for 16 hours. Example 20: [err] 



35 The procedure was the same as in Example 18 except that immediately
after the addition of potassium nitrate, 1.80 g of cadmium acetate was
added to the slurry. Example 21: [err] 40 Palladium acetate (3.71 g) and
calcium nitrate [err] (6.58 g) were added to 200 ml of distilled water.
This slurry was heated with stirring at about [err] for 30 minutes. To this
slurry was added 57.8 g of 85% [err], followed by the addition of 40.0 g of
titanium dioxide. This slurry was then boiled and dried down to a thick
paste. This paste was placed in a drying oven set at 200 C, and dried
overnight. The solid 45 was then ground and screened to produce a 2.0 to
0.50 mm particle (10/35 mesh) portion. This 2.0 to 0.50 mm particle (10/35
mesh) portion was calcined in air at 800 C for 16 hours. Example 22: [err]
50     The procedure was the same as in example 21 except 5.05 g of sodium
nitrate was used instead of the calcium nitrate. Example 23: [err] 55
The procedure was the same as example 21, except that 2.23 g of palladium
acetate, 120 ml of distilled water, 0.396 g of calcium nitrate hydrate,
34.7 g of 85% phosphoric acid and 24.0 g of titanium dioxide were used.
Calcination was carried out in air for 16 hours at [err]. 5    EP 0 490 507
B1 Example 24: [err] The procedure was the same as example 21 except that
0.039 g of calcium nitrate hydrate were used. Calcination was carried out
in air for 16 hrs at 700 C. 5 Comparative Example 5: [err] To 200 ml of
distilled water which was heated to [err], was added 57.8 g of 85%
phosphoric acid followed by 40.0 g of titanium dioxide. This slurry was
evaporated on high heat (hot plate) to a thick paste. 10  Sample was dried
in air at [err]. Sample was ground and screened to 2.0 to 0.50 mm (10/35
mesh) sized particles, calcined in air for 16 hrs at [err]. After
calcination a 0.84 to 0.50 mm (20/35 mesh) particle size range fraction was
screened from the sample. The conditions for the synthesis runs to make
acetic acid are summarized in the following tables. These oxidation runs
were carried out in a stainless steel tubular reactor containing a fixed
bed of the designated 15  particulate catalyst. The reactor was equipped
with a central thermowell within which a thermocouple could 



be variably positioned in order to probe the temperature of the catalyst
bed under reaction conditions. The reactor was fitted into an electrically
heated, suitcase-type furnace. Gaseous feeds to the reactor were controlled
by electronic mass flow controllers; liquid feeds were pumped to the
reactor using a Waters Model 590 liquid chromatograph pump. They were
vaporized prior to contacting the catalyst bed. Feeds 20  were passed
through the reactor in the downflow configuration. Reactor pressure was
controlled with a Tescom back pressure regulator. Catalyst was tested in
the form of particles ground to size, 0.35-1.68 mm in diameter (the
fraction which passed through 10 mesh but not 40 mesh). The reactor
effluent was passed through a distilled water scrubber which was chilled
with ice in order to dissolve all liquid products. The remaining gaseous
stream 25  was analyzed by gas chromatography for ethylene, ethane,
methane, oxygen, nitrogen, carbon monoxide and carbon dioxide content. The
liquid scrubber sample was analyzed for acetaldehyde, ethanol,
ethylacetate, vinylacetate, and acetic acid using a cross-linked methyl
silicone capillary column in a Hewlett-Packard gas chromatograph. Acetic
acid was also quantitated via titration using a Brinkman 665 Dosimat and
686 Titroprocessor. 30     While the particular temperatures and pressures
are not the essence of the invention, it should be noted that zero to 27.6
barg (400 psig) and up to and above [err]   in one control example) were
used. These examples serve as a guide to one skilled in the art. For
instance, as the temperature, and especially as the pressure, is raised, it
becomes increasingly difficult to control the exotherm, to the point that a
runaway reaction can occur. In that event, the addition of a moderator
element M, or the lowering the 35  concentration of Pd in the catalyst
composition or both, generally tends to allow the use of higher reaction
zone operating pressures while avoiding an uncontrollable reaction zone
temperature increase. As will be evident to those skilled in the art,
various modifications of this invention can be made or followed in the
light of the foregoing disclosure and discussion without departing from the
the scope of the claims. 40 45 50 55    EP 0 490 507 B1 [err] C 55  



EP 0 490 507 B1 [err] 1.  A proess for making acetic acid which comprises
reacting in a reaction zone ethylene and molecular oxygen in the presence
of a solid catalyst containing the elements and proportions indicated by
the 8    EP 0 490 507 B1 [err] oxygen in the presence of a solid catalyst
containing the elements and proportions indicated by the 8    EP 0 490 507
B1 empirical formula: [err]   (formula 1) 5      where M is selected from
Cd, Au, Zn, TI, alkali metals and alkaline earth metals, a is from 0.0005
to 0.2 b is from zero to 3a c is 0.5 to 2.5, and 10         x is a value
sufficient to satisfy the valence requirements of the other elements
present, and wherein such catalyst contains crystalline [err]. 2. A process
of claim 1 where in a is from 0.005 to 0.05. 15  3. A process of claim 1 or
claim 2 wherein c is not over 2. 4. A process of claim 1 or claim 2 wherein
c is not less than 0.8. 5. A process of claim 1 or claim 2 wherein c is in
the range from 0.8 to 2. 20 6. A solid catalyst containing the elements and
proportions indicated by the empirical formula [err]   (formula 1) 25
where M is selected from Cd, Au, Zn, TI, alkali metals and alkaline earth
metals, 



a is from 0.0005 to 0.2 b is from zero to 3a c is 0.5 to 2.5, and 30
x is a value sufficient to satisfy the valence requirements of the other
elements present, and wherein such catalyst contains crystalline [err]. 7.
A catalyst of claim 6 wherein a is from 0.005 to 0.05. 35  8.  A catalyst
of claim 6 or claim 7 wherein c is not over 2. 9. A catalyst of claim 6 or
claim 7 wherein c is not less than 0.8. 10. A catalyst of claim 6 or claim
7 wherein c is in the range from 0.8 to 2. 40 Patentanspr~lche 1. Ein
Verfahren zur Herstellung von Essigsdure, das umfaet das Umsetzen in einer
Reaktionszone von Ethylen und molekularem Sauerstoff in Gegenwart eines
festen Katalysators, der die Elemente und 45     Anteile enthilt, die durch
die empirische Formel angegeben sind PdaMbTiPCOK   (Formel 1) wobei 50
M ausgewffilt wird aus Cd, Au, Zn TI, Alkalimetallen und Erdalkalimetallen,
a von 0,0005 bis 0,2 betragt, b von 0 bis 3a betrAgt, c 0,5 bis 2,5
betrAgt, und x ein Wert ist, der ausreicht, die Valenzanforderungen der
anderen vorhandenen Elemente zu 55     erfillen, und wobei ein solcher
Katalysator TiP207 enthilt. 2. Ein Verfahren nach Anspruch 1, wobei a von
0,005 bis 0,05 betr~gt.    EP 0 490 507 B1                          !
lIll 1   111   ll 11 3. Ein Verfahren nach Anspruch 1 odor Anspruch 2,
wobel c nicht mehr als 2 ist. 4. Ein Verfahren nach Anspruch 1 oder
Anspruch 2, wobei c nicht weniger als 0,8 ist. 5  5. Ein Verfahren nach
Anspruch 1 odor Anspruch 2, wobei c im Bereich von 0,8 bis 2 liegt. 6. Ein
fester Katalysator, enthaltend die Elemente und Anteile, angegeben durch
die empirische Formol PdMbTiPCOX   (Formol 1) 10 wobei M ausgewihit wird
aus Cd, Au, Zn TI, Alkalimetallen und Erdalkalimetallon, 



a von 0,0005 bis 0,2 betragt, b von 0 bis 3a betragt, 15        c 0,5 bis
2,5 betrigt, und x ein Wort ist, der ausroicht, die Valenzanforderungen der
anderen vorhandenen Elemente zu erftlllen, und wobei ein solcher
Katalysator TiP207 enthilt. 20 7. Ein fester Katalysator nach Anspruch 6,
wobel a von 0,005 bis 0,05 betrilgt. &  Ein fester Katalysator nach
Anspruch 6 odor Anspruch 7, wobol c nicht mehr als 2 !st. 9. En fester
Katalysator nach Anspruch 6 oder Anspruch 7, wobei c nicht weniger als 0,8
ist. 25 10. Ein fester Katalysator nach Anspruch 6 oder Anspruch 7, wobei c
im Bereich von 0,8 bis 2 liogt. Revendicatlons 30 1. Proc6de de production
d'acide acetique, qui comprend la reaction dans une zone reactionnelle
d'6thylbne et d'oxygene moleculaire en pr6sence d'un catalyseur solide
contenant les 6l6ments et les proportions indiqueos par la formulo
empirique: PdaMbTiPaOx   (formulo 1) 35 dans laquelle M est choisi entre
Cd, Au, Zn, TI, des m6taux alcalins et des metaux alcalino-terroux. a a une
valeur de 0,0005 & 0,2 b a une valeur de zero a 3a 40         c a une
valeur de 0,5 a 2,5, et x a une valeur suffisante pour satisfaire les
conditions de valence des autres 6l6ments pr6sents, et proced6 dans lequel
un tel catalyseur contient du TiP207 cristallin. 2. Proc6d6 suivant la
revendication 1, dans lequel a a une valeur de 0,005 & 0,05. 45 & Procedd
suivant la revendication 1 ou la revendication 2, dans lequel c est non
superieur & 2. 4. Proc6de suivant la revendication 1 ou la revendication 2,
dans lequel c est non inf6rieur & 0,8. 5o 5. Proc6d4 suivant la
revendication 1 ou la revendication 2, dans lequel c est compris dans
l'intervalle de 0,8&2. 6. Catalyseur solide contenant les elements et les
proportions indiquees par la formulo empirique: 55     PdMbTiPCOx
(formulo 1) dans laquelle M est choisi entre Cd, Au, Zn, TI, des m6taux
alcalins et des m6taux alcalino-terreux, 10  



EP 0 490 507 Bi                     I 111111 1   HE11 1    II    III5 a a
une valeur de 0,0005 a 0,2, b a une valeur de zero a 3a c a une valeur de
0,5 A 2,5, et x a une valeur suffisante pour satisfaire les besoins de
valence des autres el6ments presents, et 5      ce catalyseur contenant du
TiP207 cristallin. 7. Catalyseur suivant la revendication 6, dans lequel a
a une valeur de 0,005 a 0,05. 8. Catalyseur suivant la revendication 6 ou
la revendication 7, dans lequel c est non sup6rieur a 2. 10 9. Catalyseur
suivant la revendication 6 ou la revendication 7, dans lequel c a une
valeur non inferieure a 0,8. 10. Catalyseur suivant la revendication 6 ou
la revendication 7, dans lequel c a une valeur comprise dans 15
I'intervalle de 0,8 a 2. j    20 25 30 35 40 45 50 55    


