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ABSTRACT

Catalysts and catalyst carriers, 1in the form of
granules having a definite geometric form, characterized by
porosity values such that at least 70% of the volume of the
pores have a radius corresponding to the peak values of the
porosity distribution curve.

The catalysts and the carriers are obtained by
compression shaping, wherein the lubricant employed 1is applied

to the surface of the molding chamber (external lubrication).
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The present invention regards granular catalysts and
carriers having a definite geometric shapes and thelir prepara-
tion process. It refers in particular to granular catalyst and
carriers having a complex geometric shape, as for example, a
hollow cylindrical form with circular, polygonal or multi-
lobed section.

The factors which influence the performance of a hetero-
geneous catalyst are manifold.

A granular catalyst suitable for use on a fixed bed gen-
erally satisfies at least the following prerequisites:

- low resistance to fluid flow, i.e. low load loss;

- high surface/volume ratios;

- suitable mechanical resistance and resistance to abrasion
so as to prevent the breakage or chalking of the cata-
lyst.

The size and distribution of the pores play an important
role in the performance of catalysts.

Cylindrical catalysts with small pores, thereby possess-
ing large surface areas, on the one hand permit the reduction
of reactor volume, but on the other may present problems in
the diffusion of the reagents.

Catalysts with large pores and, therefore, with a small
surface area, permit rapid diffusion of the reagents; they

may, however, turn out to be inactive because of the limited
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area available. A bimodal distribution of the pore diameter
represents a compromise solution.

The use of catalysts with a solid geometric form, because
of the reduction in the empty spaces avallable, results 1in
considerable losses of load in reactors in which the height of
the fixed bed has to ensure high conversion speeds.

The necessity of working in conditions of turbulence so
as to dispose of reaction heat results in further losses 1in
load.

Catalysts of a hollow geometric form, as well as other
advantages, permit the reduction in load loss which occur 1in
the case of catalysts with a solid form. In the case of hollow
cylindrical catalysts, the efficacy of the catalyst 1increases
with the increase in the pore diameter with respect to the
external diameter. However, increasing the diameter of the
pores reduces the bulk of catalyst material available in the
reactor.

Moreover, in the case of hollow catalysts considerable
resistance to breakage and abrasion is required so as to avoid
the undesirable formation of dusts.

Ideal catalysts having a hollow geometric form are those
endowed with characteristics of high resistance to breakage
and abrasion and which have such characteristics of porosity

and pore dimensions as to permit a high exchange between the
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granules and'the reaction fluids.

Catalysts of a hollow cylindrical form with a circular or
polygonal multi-lobed section, endowed with through-bores 1in
correspondence with the various lobes, are disclosed in USP

5,330,958.

These catalysts, as well as reducing load losses compared

to the corresponding solid form catalysts, allow for the

attainment, at a parity with bed volume, of higher yields.

Catalysts with a hollow cylindrical form or having
another form are disclosed in the patent 1literature cited
hereunder.

In EPA 95851 hollow cylindrical catalysts having at least
three points of contact with a circumscribed cylindrical sur-
face are disclosed.

The multitude of points of contact between the catalyst
particles allow for the distribution of the charge exercised
on the granules to several points, thereby reducing the ten-

dency to breakage.

In EPA 417722 catalysts for the oxidation of olefins and

unsaturated aldehydes are disclosed, having a cylindrical form
with a circular, polygonal or multi-lobed section, endowed

with a high percentage of voids due to pores with a diameter
of more than 30nm. Resistance to breakage of these catalysts

compared with the corresponding solid-form catalysts is some-
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what reduced.

EPA 355664 discloses catalysts for the oxidation of
olefins and unsaturated aldehydes, in the form of thin rings
equipped with radial reinforcing elements.

In EPA 464633 catalyst carriers based on noble metals
(Pd, Au and others) are disclosed having a hollow cylindrical
form endowed with one or more through-bores, wherein the diam-
eter of the bores is at least 1 mm and the thickness of the

wall is less than 1mm. The dimensions of the cylinders are

comprised between 3 and 10 mm 1in diameter and 2-10 mm 1in
height.
The methodology of production of the heterogeneous cata-

lysts is essentially of two types: one based on the technique
of extrusion, and the other based on the technique of shaping

by means of a compression (tableting).

The extrusion technique is indicated mostly for the pro-
duction of granules of a simple form.

With this technique the active components are mixed 1in

the form of a very viscous moist mass also containing a suit-
able extrusion lubricant uniformly distributed within the bulk

to be extruded.
The catalysts and carriers disclosed in the patent lit-
erature reported above are prepared with the extrusion tech-

nique. Only the catalysts with a complex geometric shape
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described in USP 5,330,958 are prepared by tableting. The
technique of tableting is, in fact, indicated mainly for the
production of granules having a complex shape.

In this case the active components are mixed in the form
of a powder to which a tableting lubricant is added and uni-
formly distributed in the mass to be tableted.

On the basis of what has been known up to now, tableting
of powders for the production of catalyst granules 1s condi-
tioned by the necessity of employing a high gquantity of
lubricant agent dispersed in the mass to be tableted (bulk

lubrication), which give rise to several negative aspects:

) embrittlement and collapse of the granule during the
course of heat treatment activation of the catalysts, caused
by the decomposition of the lubricating agent inside the gran-
ule;

variation in the porosity of the granule following the

leakage of the lubricant during heat treatment;

possible chemical reactions between the lubricant and the
active components of the catalyst during the heat treatment.

Possible local overheating due to insufficient lubrica-
tion of the walls subjected to greater friction concur 1in pro-
ducing dishomogeneity in the characteristics of the granule

and therefore in the performance of the catalyst.

The technique of tableting applied to the manufacture of
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granules for catalysts or carriers turns out to be more versa-
tile than the extrusion technique but, as far as the state of
the art developed so far 1is concerned, 1t presents
unsurmountable 1limitations. In fact, due to the massive
addition of lubricant necessary for the molding process, the
essential parameters of the catalyst may undergo profound
changes, such as mechanical resistance, resistance to
abrasion, porosity, chemical composition, to the point of no
longer being suitable for the function it is required to per-
form. After tableting, the catalyst particles undergo heat
treatments specific to each type of catalyst, the purpose
being the attainment of the catalyst components in an active

form. Moreover, very long treatment times are necessary for

the elimination of the lubricant.
Tableting machines equipped with apparatus for the
limited lubrication of the parts which come into contact with

the powder to tableted have been in use for some time 1n the

pharmaceutical field for the production of tablets. External
lubrication ensures high machine productivity and allows for

the production of tablets having considerable hardness charac-

teristics.
Machines of this type are disclosed on USP 4,707,309 and
are mainly employed in the production of medicinal tablets.

Unlike tablets obtained through the use of a 1lubricant
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dispersed internally in the powder to be tableted (magnesium
stearate), those obtained through external 1lubrication show
marked characteristics of hardness due to the fact that the
crystallites of the material making up the drug prove to be
completely sintered amongst themselves.

The machine disclosed in USP 4,707,309 1is also employed
in the preparation of tablets for catalysts. The only example
provided regards the preparation of a catalyst in the form of
solid cylindrical tablets (8 mm in diameter and 5mm 1n
height), constituted of chromium oxide (Cr,0;) mixed with sil-
ica and hydrated aluminum oxide. The tablets obtained were not
subjected to heat treatment activation.

Thanks to their marked characteristics of hardness, the
use of cements, which are normally employed when tableting is
carried out using an internal lubricant, is not required.

It has now been surprisingly found that it is possible to
prepare, with high levels of productivity, catalyst and car-
rier granules having a regular geometric shape, but also a
complex one and in particular, hollow cylindrical shape with
circular, polygonal or multi-lobed section, endowed with
remarkable characteristics of resistance to breakage and
abrasion and with an optimum pore dimension and distribution.

The preparation of the granules is carried out by com-

pression-shaping (tableting) the catalyst or carrier powder
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comprising the components of the catalyst or of the carrier or
the catalyst or carrier precursors wherein, the lubricant 1is
not dispersed in the powder mass to be tableted, but the
lubricant is applied to those parts of the tableting apparatus
which come into contact with the powder to be shaped (shaping
chamber and the needles or punches employed in producing the
through-bores). The tableted granules are then subjected to
heat treatment activation wherein the active components of the

catalyst are formed and the final characteristics of the

porosity and distribution of the pores is developed.

For catalyst and carrier precursor it 1is meant a compound
which, after heat treatment activation of the shaped granules,
is converted into the active catalysts - forming component.

The catalysts and carriers obtained with the process of
the invention show, compared with the corresponding catalysts
prepared with tableting processes wherein the lubricant 1is
dispersed 1in the bulk of the powder to b'e molded, 1improved
properties of resistance to breakage and abrasion and optimum

characteristics of porosity and distribution of the pores so

as to ensure high catalytic performance, considerably superior
to that of the catalysts obtained with processes of bulk

lubrication. In particular, compared with catalysts and car-

riers obtained by bulk lubrication they show:

- resistance to breakage and abrasion considerably superior
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(of at least 10% with respect to the corresponding cata-
lyst or carrier obtained using 2.5% by weight of stearic
acid as the internal 1lubricant; in the more favourable
cases, resistance may arrive at values which are 2-3
times superior);

- constancy in particle dimensions (in the catalysts and
carriers obtained through bulk lubrication the sintering
of a part or of all the particle, causes considerable
deformation of the same;

- increased porosity and surface area; the porosity is gen-
erally higher than 0.2 ml/g and the area more than 5m'/g;

- limited distribution of the radius of the pores with
absence or presence in a 1limited quantity, of the
macroporosity present, in catalysts and carriers obtalned
by employing internal 1ubrication. The percentage of the
volume of the pores having a radius corresponding to the
pack values of the porosity distribution curve is higher

than 65-70%.

By employing external lubrication, the lubricant 1s con-

centrated on the surface of the granule: the quantity employed

is, therefore, much less than that required when the lubricant

is dispersed in the whole bulk of the granule;

The quantity may be reduced from 1/10 to 1/100, by pas-

sing from bulk lubrication to surface lubrication.
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As the lubricant is present only on the surface of the
granule, the damaging changes that the lubricant may give rise
to during the heat treatment activation, such as evaporation,
sublimation, decomposition, oxygenation and possible reactions
with the components of the catalyst are limited solely to the
surface of the granule. The lengthy times of thermal treatment
aimed at eliminating the lubricant employed in the course of
bulk lubrication are no longer necessary. As has already been
pointed out, external 1lubrication also allows for the
increased productivity of the machine.

The lubricant dispersed in the granule bulk generally has
a porogenic effect during heat treatment activation. It 1is
surprising that, with the method of the invention wherein an
internal lubricant is not employed, it is possible to obtain
catalyst and carrier particles endowed with higher porosity
values than in the case of bulk lubrication and that a very

high percentage of the volume of the pores is made up of pores

having a radius which corresponds to the peak values of the
porosity distribution curve.

For example, in the case of cylindrical granules with a
tri-lobed section with through-bores corresponding to the

various lobes, obtained from Fe, (MoO,), and MoO,, the dimension
and the distribution of the pores is such that at least 75% of

the volume of the pores is made up of pores with a radius com-
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prised between 1000 and 2000 A.

on the other hand, the porosity characteristics 1n the
case of thé same catalyst obtained with the internal lubrica-
tion method are very different, in the sense that the
distribution is widespread and, moreover, macroporosity 1s
present.

The lubricants employed in the method of the invention
comprise solids and liquids capable of reducing the friction
coefficient between the powder to be tableted and those parts
of the machine which come into contact with the sane.

Examples of suitable lubricants are stearic and palmitic
acid, alkaline salts and alkaline-earths of these acids such
as, for example, magnesium, potassium or aluminum stearate;
carbon black, talc, mono and triglycerides such as glycerine
monostearate and monooleate, paraffin oil,
perfluoropolyethers.

The liquid 1lubricants may be employed in solutions or
dispersions in dispersing agents.

The quantity of liquid lubricants 1is 1in general comprised
between 0.025 and 25 mg per granule.

The solid 1lubricants may be applied by dusting the
molding chamber or any eventual punches, thereby covering them
with a thin layer of lubricant powder carried by a continuous

air flow.
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The molding chamber and punches may be constructed or
coated with self-lubricating materials, such as
polytetrafluoroethylene or ceramic material. In this way, the
use of external lubricants may be avoided or reduced.

The heat treatment to be effected on the granules after
molding depends on the nature of the catalyst and carrier.

For example, in the case of Fe, (MoO,) based catalysts,
the heat treatment is comprised between 400° and 600 °C; 1in the
case of catalysts for the production of styrene, the treatment
is between 500° and 800°C, in the case of alumina, from 400"
to 700°C.

It has been found, and this constitutes a further aspect
of the invention, that external lubrication can be employed so
as to selectively deposit components of the catalyst on the
surface of the granule.

By means of this technique, it is possible to deposit, on
the external surface of the catalyst, a thin layer enriched
with one or more chemical compounds suitable for catalysis.

An asymmetric distribution of the active elements in the
catalytic process can favour optimization of the use of the
components themselves when these are preferentially deposited
on the surface. In fact, in many chemical processes, in using
heterogeneous catalysts the reactions preferably take place'on

the external surface of the granules because the phenomena of
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internal diffusion result to be limiting. Examples of active
components that may be deposited on the surface of the granule
are the ca'talysis promoters which can be introduced 1in the
form of compounds constituting the lubricant or contained in
the lubricant.

For example, MgO may be deposited on the granule surface
of the catalyst by employing magnesium stearate as lubricant.

The catalysts of the invention are suitable for the cata-
lysis of any kind of reaction realized by using the catalyst
on a fixed bed.

Non-limiting examples of catalysts or catalyst carriers
which can be prepared with the process of the invention, suit-
able for chemical processes and petroleum refining comprise:

catalysts for the oxidization of methanol  to

formaldehyde,

catalysts for the dehydrogenation of ethylbenzene to

styrene,

catalysts for the oxychlorination of ethylene ‘to
dichloroethane,

catalysts for the isomerization of paraffin,

catalysts for the isomerization and hydrogenation of
hydrocarbons of petrochemical use,

catalysts for the <cracking and hydrocracking of

petroleuns,
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for the hydrogenation of pyrolysis gasolines,

for naphtha reforming,

for the alkylation of aromatics,

for the hydrocracking of petroleums and bitu-

for

for

for

for

for

for

for

for

for

for

for

the

the

the

the

the

the

the

the

the

the

the

dealkylation of aromatics,
desulfuration of petroleum fractions,
desulfuration of gas,

demetallation of petroleum fractions,
synthesis of ammonia,

synthesis of sulfur trioxide,
oxidation of H,S to sulfur,
production of synthesis gas,
conversion of water gas,

synthesis of methanol,

production of ethylene oxide,

for the production of vinyl acetate from

for the production of vinyl acetate from acety-

for the hydrogenation
for the hydrogenation

for the hydrogenation

for the hydrogenation

of acetylene,

of olefines,

of oils and fats,

of nitroderivatives,



“15- 2171573

catalysts for the hydrogenation of phenol to
cyclohexanone,

catalysts for the purification of terephthalic acid,
catalysts for the production of oxygenated water,
catalysts for the production of phthalic anhydride,
catalysts for the production of maleic anhydride from
benzene,

catalysts for the production of maleic anhydride from
butane,

alumina based catalyst carriers.

The method of the invention is particularly suitable for
the preparation of catalyst granules having a multi-lobed sec-
tion, preferably tri-lobed, in which the through-bores have
axes which are substantially parallel between themselves and
to the axis of the granule and also substantially equidistant
one from the other.

The ratio between the surface area and the volume of the
granule in these catalysts is at least 2.4 when the lobes are
substantially cylindrical and at least 3.1 when the section of
the granule is substantially triangular with rounded extrem-
ities.

The following examples are provided purely by to

illustrate but do not limit the invention in any way.

The volume of the pores was determined through mercury
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-6 2171575

porosimetry; the surface area by B.E.T. method.

COMPARATIVE EXAMPLE 1

A catalyst used for the oxidation of methanol to formal-
dehyde was prepared in conventional manner as follows:
-97.5 g of a powder constituted of an intimate mixture of Fe,
(MoO,); and MoO; in a 2/1 molar ratio and granulometry com-
prised between 0.01 and 0.5 mm was mixed with 2.5 g of mag-
nesium stearate used as a molding lubricant in a powder form
having a granulometry lower than 140 mesh. After carefully
homogenising the mixture , the powder was subjected to tablet-
ing using a FETTE mod. EXACTA El1 tableting machine, equipped
with a holed trilobate punch having dimensions and geometric
characteristics as reported in US patent No. 5,330,959. The
tri-lobed granules thus obtained had a diameter of 5.30 mm and
a height of 4.5 mm. They were subjected to an activation pro-
cess at 485°C for 4 hours (the increase to 485°C was obtalned
at a rate of 11°C/min; time 44 minutes). After cooling the
tables displayed a dark green colour with signs of collapse,
noticeable from the irregular dimensions; the number of the
collapsed granules was noted and it was determined that more
than 95% of the tablets did not conform to the dimensional
norm. The breaking load, the surface area, the volume and the
distribution of the pores of the tablets was then determined.

the results are reported in table 1. Figure 1 shows the dis-
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tribution of the porés. Catalytic activity tests were then
carried out on the same tablets using the method described
hereinafter.

A vertical cylindrical reactor with an internal diameter
of 20.4 mm and a helght of 1900 mm equipped with an external
fused-salt temperature bath, was loaded with catalyst granules
to a height of 700 mn.

A gaseous flow was fed into the tubular reactor (with
feeding from the top downwards) at a linear velocity of 1.5
Nm/sec and a total entry pressure of 950 mm Hg (1.25 bar). The
methanol concentration was equal to 6% by volume, that of oxy-
gen 10%, the remainder being nitrogen.

The temperature of the fused-salt bath was regulated in

the range of between 250 to 280°C.
The reaction gasses, at the exit of the reactor, were
analyzed by means of gas chromatography, utilizing two

"Fractovap" gas chromatographlies (model C.Erba). The first

operated with a Porapak™-T column which separated CO,, CH,0, OME

(dimethylether) H,0 and unconverted methanol; the second sep-

arated O,, N,, and CO using a molecular sieve column.
The results of the catalytic activity test are reported

in table 2.

COMPARATIVE EXAMPLE 2

The same procedure was followed as in COMPARATIVE example

(MT 5275.EP)



~is- 2171575

1, except that stearic acid was used in place of magnesium
s’tearate as lubricating agent. In this case too, after heat
treatment at 485°C, a marked collapse phenomenon in the tab-
lets occurred: more precisely, 65.6% of the tablets turned out

to have collapsed. The determination of the chemical-physical

characteristics are summarized in table 1. Figure 2 shows the

distribution of the pores.

EXAMPLE 1

The same procedure was carried out as 1n comparative
example 1, except that the magnesium stearate was used as a
lubricant in the following manner:

) the punches and the cylindrical chamber in which the tab-
let is shaped, were coated with a thin layer of magnesium
stearate carried by a continuous air current. The air-
flow was modified in a progressive manner with the pur-

pose of obtaining efficient 1lubrication. After the

molding of the catalyst tablets, they were activated 1in

accordance with the standard procedure; 100% of the tab-
lets proved to be regular, without any kind of deforma-
tion. The results of the characterizations are reported
in table 1 and the catalytic activity data 1in table 2.

Figure 3 reports the distribution of the pores and the

dimensional characteristics.

The advantage derived from the procedure of external
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lubrication compared to bulk lubrication 1is evident from

the examination of the data. The tablets obtained with

the method which is the subject of this invention show:

- regular dimensions;

- a clearly narrower distribution of the pores with
macroporosity virtually absent;

- larger surface areas;

- higher porosity;

These conditions of porosity and dimensional regularity

allow for the attainment of improved catalyst performance, as

is shown in table 2.

EXAMPLE 2

The same procedure was carried out as 1n example 1,

except that lubrication was carried out in the followling man-

ners.

magnesium stearate powder was compressed thereby produc-
ing a stearate tablet; one external lubrication cycle 1s
effected (compression of the stearate powder) prior to

each cycle of the compression of the catalytically active
powder.

The results of the characterization tests are reported in

table 1.

EXAMPLE 3

The same procedure was carried out as in example 1, but

(MT 5275.EP)
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using stearic acid powder as the lubricating agent:

The results of the characterizing tests are reported in

table 1. Figure 4 shows the distribution of the pores.

(MT 5275.EP)
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TABLE 1

sinterized spec. pore average axial braking load

particles % area volume radious particle

(m?/g) (ml/g)
Comparative example 95.4. 2.4 3.92 2.18 0.20
6.2 0.27

Example No. 2

Comparative Example 2

7 1.85

2.2 3.80 2.08 0.22 18.5+11.1

Example No. 3 1.4

0.29 784

L 2 a ’ ®
[V

sint.= sinterised particles
p.s8.= specific weight

p.s.a.= apparent specific weight

(MT 5275.EP)
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TABLE 2

CATALYTIC ACTIVITY TEST

Test conditions:

Concentration of CHOH, % vol. 6
Concentration of O,, % vol. 10

Concentration of N,, % vol. 84
Height of the catalytic bed, cm 70

Reactor diameter, mm 20.4

TEMPERATURE CONVERSION
SALT BATH °'C CH:OH, %

COMPARATIVE 250
EXAMPLE 1 260
270
280
250
260

I““lll!!‘l“‘ll

88.11
92.86
94.87

EXAMPLE 1

(MT 35275.EP)
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CLAIMS

. Compression-shaped granules of catalysts and carriers of catalysts having a
definite geometric form, wherein at least 70% of the volume of the pores have a radius

corresponding to the peak of the porosity distribution curve.

2. Granules of catalysts and carriers of catalysts according to claim 1, having

porosity higher than 0.2 ml/g.

3. Granules of catalysts and carriers of catalysts according to either claim 1 or claim
2, having resistance to breakage and abrasion at least 10% higher with respect to corresponding
catalysts and granules obtained by compression shaping wherein lubrication is carried out by
employing a lubricant dispersed in a quantity of 3% by weight in the bulk of the powder to be
subjected to shaping.

4, Granules of catalysts and carriers of catalysts according to any one of claims 1 to

3, in which the granules possess constant geometrical dimension.

5. Granules of catalysts and carriers of catalysts according to any one of claims 1 to
4 having through-bores.
0. Granules of catalysts and carriers of catalysts according to any one of claims 1 to

3, having a hollow cylindrical form with a circular or polygonal multi-lobed section with
through-bores in correspondence with the various lobes and in which the through-bores have
axes which are substantially parallel between themselves and to the axis of the granule and also

substantially equidistant one from the other, and wherein the ratio between the surface area and

the volume of the granules is higher than 2.4.

7. Granules of catalysts and carriers of catalysts according to either claim 5 or claim
6, having a substantially triangular section with rounded extremities, and wherein the ratio

between the surface area and the volume of the granules is higher than 3.1.
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8. Granules of catalysts and carriers of catalysts according to claim 7, having a
trilobed section.
9. Granules of catalysts and carriers of catalysts according to any one of claims 1 to

8, obtained from powders comprising Fe,(M0QOs)3; and MoO:s.

10.  Granules of catalysts and carriers of catalysts according to any one of claims 1 to

8, obtained from alumina.

11.  Compression-shaped granules of at least one catalyst, said granules having a
definite geometric form, wherein at least 70% of the volume of the pores have a radius

corresponding to the peak of the porosity distribution curve.

12.  Compression-shaped granules of at least one carrier of a catalyst, said granules
having a definite geometric form, wherein at least 70% of the volume of the pores have a radius

corresponding to the peak of the porosity distribution curve.

13. A process for the preparation of catalysts and carriers according to any one of
claims 1 to 10, wherein the powder comprising the catalyst or carrier components or precursors
is subjected to compression shaping using a lubricant deposited on the surface of a mold and

shaping apparatus, and the granule is successively subjected to heat treatment activation.

14. A process according to claim 13, wherein the lubricant employed is a solid

selected from stearic and palmitic acid, alkaline salts, and alkaline-earth salts of said acids.

15. A process according to claim 13, wherein the lubricant is a liquid selected from

glycerides, paraffin oil, and perfluoropolyethers.

16. A process according to claim 14, wherein the parts of the mold and shaping

apparatus which come into contact with the powder to be tableted are self-lubricating.
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17. A process according to any one of claims 14 to 16, wherein the powder to be
molded comprises Fe,(M00O4); and MoO; and the granules obtained are subjected to heat

treatment at temperatures comprised between 400 and 600°C.
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