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Abstract

A new preparation of supported Ma@ described. Slurry Mogwater is used instead of the solution (NgMo07024.
Preparation and HDS activity are illustrated for Mp&upported over AlOs, active carbon and Zr© Another application
of the new principle is the preparation of high surface area MBIQO by the reaction of MgO with slurry (NJsMo7024/
methanol. Texture of MgO that is deteriorated in aqueous solution ofydWb70,4 is stable in that slurry. “Slurry
impregnation” is a special case of equilibrium adsorption impregnation. It is simple and it provides monolayer dispersion of
molybdena. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction its dissolution in ammonium hydroxide. Ammonia

serves as a helping ion that is firstly added to the

Supported Mo@ is an important catalyst or cat- system and then removed from it by calcination.
alyst precursor in a number of industrially relevant ~ However, we have found that the use of the helping
reactions. The present paper is related to hydrodesul-ammonia ion is not necessary and Mp@lone can
phurization and the catalysts are tested in sulphided be used as the impregnation compound (see Fig. 1).
form. However, oxide or reduced form is the active The slurry of MoQ in water is mixed with support.
form in other reactions such as oxidation, dehydro- The solubility of MoQ is low (0.1 g MoQ per 100 ml
genation, oxidative dehydrogenation, isomerization, of water at room temperature) but sufficient for grad-
metathesis, etc. [1]. ual transport of molybdena species to the surface in
The conventional method of preparation of the pores. The dissolved species are adsorbed and another
MoOs/support solids is schematically described in solid MoGs is dissolved. At the end of impregnation
Fig. 1. The support is impregnated with solution of all molybdena is deposited; the original solid MO
common soluble molybdenum compound, ammo- disappeared and the amount of molybdena present in
nium heptamolybdate, AHM (the solubility is 43g dissolved form is negligible. The catalyst is dried and
of AHM per 100 ml of water at room temperature). it is not necessary to calcinate it. Slurry of the im-
For the purpose of the present paper, this method canpregnation compound is used instead of its solution
be named “solution impregnation”. From the point of and this impregnation method can be named “slurry
view of molybdenum oxide, the procedure starts with impregnation”.
Supported Mo@ catalysts belong to the class of

* Fax: +420-2-20920661. the so-called monolayer type catalysts (for review, see
E-mail addresszdrazil@icpf.cas.cz (M. Zdrazil). for instance [2—4]). Slurry impregnation is a special
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Fig. 1. Schematic comparison of the preparation of MisOpport catalysts by conventional solution impregnation and new slurry

impregnation.

case of equilibrium adsorption impregnation method
(for review of the equilibrium adsorption method see
for instance Refs. [3,5]). The maximum amount of
MoOs that can be deposited by slurry impregnation

Various shapes of alumina (powder, extrudates) can
be impregnated. The impregnation time depends on
particle size of the support, loading and temperature.
For higher loadings of about 70-100% of the satu-

corresponds to the formation of “saturated adsorption rated adsorption monolayer, it is about 3-5 days for

monolayer” (for more detailed discussion see for in-
stance Ref. [5]).

extrudates (1.5mm) at room temperature and about
2-3h for the impregnation in the aqueous paste of

The experience on three systems prepared by thefinely ground Mo@ and ALOs at 95-100C. The

slurry impregnation using slurry Mofdwvater will
be summarized in the present paper: M@&umina,
MoOg3/active carbon and Moglzirconia.

The fourth example of the application of slurry
impregnation that will be discussed is preparation of
MoO3/MgO catalyst by the reaction of MgO with
the slurry AHM/methanol. Ammonia ions are present
in that case and the idea of this application will be
explained henceforward.

2. MoOg3/Al203 catalyst

Simplicity of the slurry impregnation is illus-
trated by the typical preparation of the 15wt.%
MoOz3/Al,03 catalyst. The slurry of AlO3 (surface
area 280rAg~L, particle size 0.16-0.32mm, 15g),
MoOs (finely ground, 2.7g) and water (60ml) are
heated at 95-10C. The fine grey powder of Mo§)

impregnation time is shorter for lower loading.

The catalysts Mog/Al,O3 of various origin of
the starting alumina, shape of alumina, loading, and
impregnation temperature were prepared by slurry
impregnation in our laboratory. They were character-
ized by some physico-chemical techniques and their
catalytic activity in hydrodesulphurization was tested.
The results were compared with the Mg@I,03
catalysts prepared by the conventional solution im-
pregnation using AHM. It was found that the slurry
impregnation is a simple, clean and reliable method
to prepare the MogJAl,O3 catalysts with good,
monolayer type dispersion of molybdena [5-8]. The
highest amount of Mo®deposited by slurry impreg-
nation corresponded well to the formation of satu-
rated monolayer observed in literature for samples
prepared by other methods, impregnation with AHM
or thermal spreading [5].

The example of catalytic data is shown in

disappears after about 3-5h. The catalyst is dried andTable 1. Two alumina supports were used to pre-
calcination is not necessary. No waste solution and pare the 15wt.% Mog@IAl O3 catalysts by the

no calcining nitrogenous gases are produced.

slurry impregnation and the conventional solution
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Table 1 T T T
Relative rate constants of hydrodesulphurization over slurry im- b= 5t k.
pregnation and conventional Ma@\l,03 catalyst8 g
=)
Preparation Alumina support 8 4 T
[}
Norton Akzo HDS § 3L i
SA 6175 000.1.5 0
Conventional impregnation 1.00 1.04 s 7L i
Slurry impregnation, dried at 16G 1.24 1.36 ©
Slurry impregnation, calcined at 400 1.00 111 ~ ! A
aHydrodesulphurization of thiophene at 1 MPa and 50
The reference point of activity is the BASF M8-30 Mgt@l,0s 0 . , . , . ,

catalyst with the relative rate constant equal to 1. The loading of 0 10 20 30
all catalysts was 15wt.% Mof .
Loading of MoO3, wt.%

. . . Fig. 2. Comparison of the activity of the Mafactive carbon cata-
impregnation. The commercial BASF M8-30 Mg lysts prepared by the conventional solution impregnation and new

AlO3 catalyst was chosen as the reference point of sjurry impregnation method in hydrodesulphurization of thiophene
activity. The slurry impregnation samples were tested at 1.6 MPa and 35 [9]: (®) Mo/active carbon, slurry impreg-
in the dried (160C) or calcined (400C) form. It is nation; (O) Mo/active carbon, conventional solution impregnation;
seen that the activity of the calcined slurry impreg- (4) reference Mo@AI;Os catalyst BASF M8-30.

nation samples was about the same as activity of the

conventional Iaborat_ory made samples and also qf Fhe AHM [7,9]. This is illustrated by the example of cat-
referencg commerg:lal cataly;t. However, the activity alytic data shown in Fig. 2.

of the dried slurry impregnation samples was higher.

Calcination of the slurry impregnation samples prob-

ably enhances the interaction between alumina and 4, MoOs/ZrO ; catalyst

molybdena (for instance by the formation of molyb-

denum aluminate). This results in more difficult sul- The support Zr@ is commonly prepared by calci-
phidation and lower activity of the calcined catalysts nation of Zr(OH). However, it is well known in lit-
as compared with the dried samples. erature that sintering of finely dispersed zirconia is

easy and surface area of the resulting Zdecreases
rather sharply with increasing temperature of calcina-
3. MoOgs/active carbon catalyst tion [10-14]. This is also illustrated by data from our
laboratory in Fig. 3 obtained with samples provided
Adsorption of molybdena species from the slurry by MEL Chemicals. For the application in catalysis
MoOgs/water is very easy for this support; it is faster over sulphides, the support should be calcined at the
than over alumina and the saturated adsorption load- temperature of about 400-5@D. The conventional
ing for typical active carbons of surface area of about preparation of Mo@ZrO, by impregnation of the cal-
1000 nt g1 is high, of about 30 wt.% Mo® It is an cined ZrQ by solution of AHM provides the catalyst
important advantage for this support that calcination of about the same surface area as that of the starting
is not included in the slurry impregnation because ox- ZrO, and it is usually not very high.
idative degradation of active carbon impregnated by  However, it is well known in literature that sintering
molybdena starts at relatively low temperature of about of zirconia during calcination can be inhibited by the
250°C during calcination on air. addition of oxides of various elements such as La, Si,
Several MoQ@/active carbon samples were prepared Al, S, etc. [11,13,14]. This is illustrated by our data in
and it was found that hydrodesulphurization activity Fig. 3 obtained with samples provided by MEL Chem-
of these catalysts was the same as that of the catalystdcals; Al,Os added to the extrudates not only serves
prepared by conventional solution impregnation using as binder but it also stabilises their texture during
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Fig. 3. Dependence of surface area on the temperature of calci-
nation: ©O) undoped Zr(OH) (MEL Chemicals), {r) extrudates

of Zr(OH),4 containing 15wt.% AIOs as a binder (MEL Chem-
icals); (@) 12wt.% MoQG/Zr(OH)4 prepared from pure Zr(OH)

by slurry impregnation; &) 9 wt.% MoQs/Zr(OH), prepared from
Zr(OH)4 extrudates by slurry impregnation.

calcination as compared with pure Zr(QHHowever,

the additives also strongly influence chemical charac-
ter of the surface and this might be a complication for
catalytic application.

It was reported in literature that inhibition of
sintering can also be achieved by the addition of
molybdena to Zr@ precursor before calcination.
Molybdena stabilises the texture of the Zr@rising
during decomposition of the precursor by calcination.
One method of this type is “molten salt method” (for
review see Refs. [14,15]). The melt of KN(NaNG;,
(NH4)sM07024 and ZrOC} is decomposed at tem-
peratures of 300-55C and the resulting solid is
washed with water and calcined. This method is effec-
tive for obtaining high surface area catalysts but it is

M. zdrazil/ Catalysis Today 65 (2001) 301306

emerging during calcination. This is illustrated by the
data in Fig. 3. The stabilising effect of molybdena
was found both for pure Zr(O)and for the Zr(OH)
extrudates containing alumina binder.

5. MoO3/MgO catalyst

High surface area MogMgO (surface area
200-300Mg~1) might be an interesting catalyst
or catalyst precursor for a number of industrially
relevant reactions including hydrodesulphurization.
Conventional impregnation using aqueous solution of
AHM has been commonly used for the preparation of
MoO3/MgO in literature (for instance [18-22]). How-
ever, magnesia is uniqgue among the supports since it
reacts easily with water (see, for instance [23-29]).
High surface area MgO is transformed to low surface
area Mg(OH) in aqueous solutions even at room
temperature. A part of the support might dissolve at
natural pH of the AHM impregnation solution [21].

It was found in our laboratory that this complica-
tion can be overcome using methanol instead of water
[30]. The conventional “solution impregnation” using
solution of AHM in methanol is not feasible because
AHM is practically insoluble in this solvent. However,
it was found that it is possible to use the slurry of AHM
in methanol instead of its solution. Such method can
be classified as “slurry impregnation”.

The slurry of AHM in methanol is mixed with
MgO support. The solubility of AHM is very low.
However, the dissolved AHM is continually removed
from the solution by the reaction with MgO surface in
pores; molybdena species are deposited and ammonia
is evolved. Another AHM is gradually dissolved and
consumed by the reaction at MgO surface. At the end

rather complicated and it produces nitrogenous gasesof the impregnation the surface of MgO is saturated

and waste solutions. Another method of this type is
impregnation by solution of AHM of wet or dried
Zr(OH)4 instead of calcined Zr® The calcination of
the obtained (Nkf)sMo07024/Zr(OH)4 provides higher
surface area MoglZrO, catalyst as compared with
the calcination of (NH)sM07024/ZrO5 [14,16,17].

It was found in our laboratory that this latter
method can be further simplified by application of the
principle of slurry impregnation. Molybdenum oxide
reacts with zirconium hydroxide in aqueous slurry.
The deposited molybdena stabilises texture of ZrO

by molybdena species. The texture of the starting sup-
port is stable in the methanol slurry.

The first example illustrating the method is shown
in Fig. 4. The reaction of laboratory made MgO
extrudates (surface area 258 g11) with the impreg-
nation slurry AHM/methanol at room temperature
was followed by electron microprobe analysis. The
impregnated extrudates were dried in rotary vacuum
evaporator at 95—-10C and were not calcined. Surface
area of the impregnated extrudates was about the same
(+10%) as that of the starting support. The molyb-
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Fig. 4. Profiles of Mo@ concentration in MgO extrudates (2.5mm)  Fig. 5. Relative activity of Mo@MgO catalysts prepared by slurry

impregnated by the reaction with the slurry ammonium hepta- impregnation in the slurry Mogmethanol. Model reaction was hy-

molybdate/methanol at room temperature and various reaction drodesulphurization of benzothiophene in the gas phase at 1.6 MPa

times. Nominal loading was 15wt.% MaQnd the profiles were and 330C (for details of testing see [30])X) MoOs/MgO cat-

measured by electron microprobe analysis. alysts prepared with impregnation time of 10 days at room tem-
perature; @) MoO3/MgO catalysts prepared with impregnation
time of 5h at 65C; (A) reference industrial MogAl,O3 cata-

lyst BASF M8-30; (A) reference industrial MogAl,O3 catalyst
denum concentration wave gradually moved into the cherox 33-00.

extrudates with increasing impregnation time. After
10 days, almost uniform distribution of molybdena
across the extrudates was achieved and the deposited. Conclusions
loading of MoQ; corresponded within the experimen-
tal error to the nominal loading of 15wt.% MgO The new slurry impregnation method of prepara-
The second example illustrating the method is tion of supported molybdenum catalysts is a simple
shown in Fig. 5. Magnesia particles of the size frac- and clean alternative to the conventional prepara-
tion 0.16-0.32 mm impregnated with various loading tion using solutions of ammonium heptamolybdate.
and under various conditions are shown in Fig. 5. The Support is impregnated in the slurry Meater.
hydrodesulphurization activity of the catalysts was Solubility of MoO; is low but sufficient for transport
tested in hydrodesulphurization of benzothiophene of molybdena species to the surface where they are
in fixed bed flow reactor. The feed was solution of adsorbed. The method belongs to the equilibrium
benzothiophene in decane, pressure was 1.6 MPa ancadsorption methods and the maximum amount of de-
the temperature was 330. Two industrial alumina  posited MoQ@ corresponds to saturated monolayer.
supported molybdenum catalysts served as referenceCalcination is not necessary and no waste solutions
points of activity. The industrial application of the and calcining nitrogenous gases are formed and
BASF M8-30 catalyst is the hydrorefining of crude well-defined monolayer type catalysts are obtained.
benzene by the BASF-Scholven process. The catalystVarious catalysts supported on alumina and active
Cherox 3500 (Chemopetrol Liivov, Czech Republic)  carbon were prepared by the slurry impregnation and
is a robust pelleted catalyst intended for aromatisation were tested in hydrodesulphurization. Slurry impreg-
of gasoline fractions and general hydrotreating (it was nation of Zr(OH) is a simple interesting way to
probably prepared by coprecipitation and it is out of MoOs/ZrO, catalyst with improved surface area as
production at present). Itis seen in Fig. 5 that using the compared to the conventional impregnation of ZrO
slurry impregnation it is possible to prepare magnesia High surface area MogMgO is prepared by the
supported catalysts with high activity similar to the reaction of the support with the slurry ammonium
activity of the reference alumina supported samples. heptamolybdate/methanol. This approach overcomes
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the problem of instability of high surface area MgO

in aqueous impregnation solutions and provides
MoO3/MgO catalysts with high hydrodesulphuriza-

tion activity.
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