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Abstract

In order to better understand the role of the acidity of the support on the hydrogenation properties of a molybdenum sulfide phase,
a -zeolite with a nominal $iAl = 13.8 was partially (SiAl = 15.0 and 18.7) and fully dealuminated (8 > 800, no Bronsted acidity). To
achieve a reasonable Mo loading with a high Mo dispersion, thgdvatalysts were prepared by cation exchange with;{iS{J;;@HzO)g]“Jr
in the presence of Ng followed by a thermal treatment under Ar at 623 K. This preparation method allowed us to introduce up to 4.7 wt%
of Mo into the acidic zeolites. For the fully dealuminated zeolite that contains no exchange sites, Mo was introduced by impregnation with an
aqueous solution of ammonium heptamolybdate. After sulfidation of all the samples in a streaptHpfSHIMoS, slabs were observed by
TEM. The electronic properties of the molybdenum sulfide phase were examined by means of IR spectroscopy of CO adsorption at 100 K.
Thev(CO) wavenumber regularly increases with the acidity of the zeolite support from 2122 famthe nonacidic sample to 2158 crh
for the most acidic one. The hydrogenation activities of these catalysts determined in tetralin hydrogenation, and carried out in the presence
of H,S, also varied within a wide range, the most acidic catalyst being circa 40 times more active than the nonacidic one. This enhancement
of activity in hydrogenation is related to the electron-deficient character of the sulfide particles in acidic zeolites.
0 2003 Elsevier Inc. All rights reserved.
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1. Introduction cracking reactions or indirectly by transforming the most
difficult compounds to desulfurize, i.e., 4,6-alkyldibenzo-
The great environmental significance of the hydrotreat- thiophenes into more reactive compounds either through
ing process has led to a vivid research on the properties ofdemethylation or through isomerization [2—4]. Moreover,
sulfide catalysts [1,2]. The conventional hydrotreating cata- the zeolite acidity may influence the catalytic and electronic
lyst is a Co (or Ni)-promoted MoS(or WS,) active phase  properties of the active phase as was shown for metal cata-
supported ory alumina. With the objective to improve the lysts [5] and by some of us for ruthenium sulfide [6]. In this
catalytic properties for the various reactions, hydrodesulfur- previous study, we showed that the properties of nanoparti-
ization, hydrodenitrogenation, and aromatics hydrogenation, cles of ruthenium sulfide dispersed in a series of Y zeolites
involved in the general term hydrotreatment, many attempts varied widely according to the nature of the zeolite, HY,
have been made to replace alumina by other supports [3].KY, and dealuminated Hyand KHYg. For the reactions of
The interest in dispersing the active phase in zeolites is mul- hygrogenation of tetralin and toluene carried out in the pres-
tiple. Besides the large surface area of this support, which gnce of HS the difference of activity was very high (differ-
may allow the preparation of highly dispersed phases, the gnce of activity between the most and the least active catalyst
zeolite acidity can be utilized directly in bifunctional hydro- .4 200 times for tetralin hydrogenation). This increase in
activity for the hydrogenation of aromatics was related to
~* Corresponding author. the electron-deficient character of the sulfide particles in the
E-mail addressbreysse@ccr.jussieu.fr (M. Breysse). acidic zeolites as it had been proposed for metal catalysts [7].
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The objective of the present study is to examine if this temperature for 4 h. The &l ratio was 13.8. Dea-
such modifications of the electronic and catalytic proper- lumination was performed using the nitric acid treatment
ties also occur for molybdenum sulfide. As a matter of described in Refs. [8-12]. The amount of 2.5 g of zeolite
fact, most of the hydrotreatment catalysts are molybdenumwas mixed with 250 mL of nitric acid solution of various
sulfide-based catalysts. It is then most important to deter- concentrations ([HNg): 1.5 and 5.3 mol 1) and heated
mine which parameters influence the hydrogenation prop- under reflux and stirring for 4 h. The solid was then gath-
erties of the catalyst, hydrogenation steps being involved ered by centrifugation and washed four times in distilled
in hydrodesulfurization and hydrodenitrogenation reactions water (250 mL). It was then dried at 363 K overnight in
schemes. Besides, the hydrogenation of aromatics is also arair and calcined under air (20 mtd) with a heating rate
important issue. of 1.5 Kmin~! up to 823 K and then maintained at this

For such a study, it is important to separate, as much astemperature for 8 h in order to eliminate the remaining tem-
possible, the various parameters, which may influence theplate. The fully dealuminated zeolite was prepared using
activity, i.e., the location of the active phase in the poros- concentrated nitric acid (69.5 wt%). This treatment elim-
ity, the number, and strength of the acid sites. Bheeolite inated also the template. According to their/ Al ratios,
system has been preferred to the Y-zeolite system becaus¢hese zeolites are referred to 4%3.8, 815.0, 8187, and
it is possible to monitor the acidity by dealumination with- 8800. X-ray diffraction studies showed that the structure of
out noticeable loss of cristallinity and important formation of the g-zeolite did not lose significant cristallinity during dea-
extraframework alumina owing to nitric acid treatments [8]. lumination since the intensities of the two mait01) and
For Y zeolites, dealumination leads to the formation of (302 peaks at 2 = 7.6 and 22.5, respectively, remain al-
highly disordered mesopores and the presence of stronglymost unchanged and there was no amorphous phase visible
acidic extraframework alumina is difficult to avoid [9]. Inthe in the background of the diffractograms. The microporous
present study, we utilized a series @fzeolites with acidic =~ volume determined from the nitrogen adsorption isotherms
properties varying in a wide range, the initgzeolite with by thez-plot method betwee® /Py = 0.1 and 0.3 did not

a Si/Al ratio equal to 13.8, two partially dealuminated sam-
ples (SYAl = 15.0 and 18.7) and a fully dealuminated one
(Si/Al > 800). In the nonacidic fully dealuminated zeolite,

molybdenum was introduced by impregnation with ammo-

change forg13.8, 150, 187, i.e, 024+ 0.1 cnP g1,

but was lower for8800, i.e., 0.17 crhg—L. This indicates
that some mesopores were formed during the treatment with
concentrated nitric acid, probably by merging of some mi-

nium heptamolybdate. In the acidic supports, molybdenum cropores, since the total porous volume (mi¢roneso) was

was introduced by cation exchange with [Ma(H20)g]*+
as was proposed by Taniguchi et al. [10,11]. Ammonium

identical, i.e., 0.24 cthg~1 (P /Py = 0.9).
[M03S4(H20)9]*t was introduced by cation exchange

heptamolybdate impregnation was also utilized for one of in the presence of ammonia $13.8, $15.0, and 8187

the acidic supports for comparison purposes. All the sam-so as to reach about 4.7 wt% of Mo [12]. The prepara-
ples were sulfided in a stream opHH>S and characterized tion method of the complex was published by Shibahara
by HRTEM. The characteristics of the acidic and hydro- et al. [13]. The amount of 2.5 g of zeolite was mixed with
genating sites were studied by IR spectroscopy. On sulfided125 mL of distilled water. On the other hand, 310 mg of
samples activated in situ, CO adsorption experiments werethe Ma$4Cls/NH4Cl mixture was dissolved in 125 mL
performed at 100 K in order to avoid any modification of the of distilled water. The [M@Ss]** solution was added drop
active phase by the probe molecule adsorption and to allowby drop to the zeolite suspension. When the pH was lower
CO interaction with zeolite OH groups. The weak adsorp- than 3, a few milliliters of NH (0.33%) was added to in-
tion of CO on Brénsted acid sites can be used to determinecrease the pHto 7. Again, the [M84]** solution was added
the acidity of the protons. This probe molecule also pro- drop by drop, and so on. The final pH was 3. The mixture
vides information related to the electronic properties of the was stirred for 3 h at 313 K. Then, the suspension was fil-
Mo$S; particles dispersed in the zeolite. The catalytic prop- tered, and the solid was washed with 125 mL of distilled
erties were determined in the hydrogenation of tetralin in the water and centrifuged again. This washing procedure was
presence of kS. This model molecule was chosen because repeated three times. The solid was then dried at 313 K
it is representative of the aromatics present in gas oils. under vacuum overnight. Finally, the sample was calcined
under argon (flow rate 3.6 L) at 623 K for 3 h (heating
rate 5 Kmin1). The samples are referred to as A8d43.8,
Mo/$15.0, and Mg/ 818.7.

Mo was introduced by impregnation with ammonium
heptamolybdate (Nk)sMo7024 - 4H20 (AHM) in the fully
dealuminateg@8800 since this support does not contain ex-

The parent TEAI zeolite provided by RIPP (China) changeable sites. This sample is referred to as/|3880.
was calcined to obtain the acidic gd Calcination was  For comparison of the two preparation methods, a sample
performed under air flow by increasing the temperature (813.8) containing acid sites was impregnated with ammo-
(1.5 Kmin1) up to 823 K and keeping the sample at nium heptamolybdate (IM(813.8). For 8800 1.5 mLg?!

2. Experimental

2.1. Catalysts
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Table 1 2.4. Catalytic activity measurements

Chemical compositions of the catalysts determined by chemical analysis

Sample Mo (Wt%) S (Wt%) Ao Experiments were carried out in a high-pressure mi-

Mo/£138 40 293 220 croreactor system operated in the dynamic mode in the gas

Mo/815.0 395 2.80 2.13 phase in the following condition$;ot = 4.5 MPa, Pretralin=

Mo/$18.7 4.26 2.96 2.08 5.9 kPa, Py,s = 1.5 kPa, 573 K. Tetralin was introduced in

IMo/813.8 5.24 2.32 1.33 ) ; _
the reactor by means of a gas-phase saturator. After afirst pe

IMo /8800 82 4.89 1.79

riod of deactivation, all the catalysts deactivate very slowly
and approximately at the same rate. Consequently, the con-
versions were measured after 18 h on stream. Reaction rates,
and for$13.8 1.1 mLg ! of AHM aqueous solution were Vs, specific rate (per gram of catalyst), avd intrinsic rate

put into contact with the zeolites support for 3 h. The sam- (per Mo atom), were calculated according to the following
ples were dried in air at 363 K for 12 h and then calcined relations.

under a flow of industrial air (Air Liquide, 3.6 L'H) from
RT to 723 K with a heating rate of 5 Kmitt and then left
at 723 K for 3 h. The various samples were sulfided using with F as molecular flowz as conversionm as catalyst
gas flows of 15% of K4S in H, at atmospheric pressure. The weight. Vi (mol ath‘,,% s1) = Vs Mmo (%Mo)~ 1, with My
temperature of the reactor was gradually increased at a rateas Mo molecular weight, % Mo per gram of catalyst deter-
of 10 Kmin~! up to 673 K and maintained at this temper- mined by chemical analysis.

ature for 4 h. The catalyst was cooled to room temperature  Under these experimental conditions, tetralin is hydro-
under the same sulfiding atmosphere and flushed witloN genated irtis- andtrans-decalin or dehydrogenatedin naph-
30 min. The chemical compositions of the catalysts are given talene. In the presence of acid catalysts, isomerization of one
in Table 1. of the ring occurs leading to 1 or 2-methylindane or 1 or 2-
methylperhydroindane. Then, the C5 cycle can be opened
and cracked into light products.

Vs(molgts™ = —F(In(L—1))m ™2,

2.2. Transmission electron microscopy

The electron microscopy was performed on a JEOL 2010 3. Results
TEM (200 kV; point to point resolution, 0.195 nm) equipped
with a EDS Link-Isis detector. Freshly sulfided samples 3.1. Electron microscopy
were ground under an inert atmosphere and were ultrason-
ically dispersed in ethanol. The suspension was collected on  Fig. 1 shows some examples of electron micrographs of

carbon-coated grids. Mo/B13.8, Mo/B18.7, and IMg/8800 after the sulfidation
treatment. All the micrographs of the acidic zeolites present
2.3. Infrared spectroscopy the same features: small square particles of 200 to 800 nm

of well-crystallized zeolite coated by a thin braid of molyb-

o ] denum sulfide particles. It is difficult to visualize both the
Catalyst acidity was determined by IR spectroscopy Us- o5, slabs and the zeolite structure under the same focus

ing CO, as probe molecule. The FTIR spectra were recordedgongitions. These structures can be clearly seen in Fig. 1A
with a Magna spectrometer from Nicolet using 256 scans (Mmos,) and 1B (zeolite structure). At higher magnification,
and a resolution of 4 cm. About 12 mg of samples (pre-  gome tiny Mo$ particles are also observed in the zeolite
cisely weighted) calcined as described above were pressed agamework (Fig. 1B). These figures show that the structure of
self-supported wafers (diameter 1.6 cm). After introduction the zeolite is retained and no difference of size of the MoS
of the wafers into the IR cell, equipped with Gakindows  particles appears between the samples. EDX analysis was
and presenting double walls with a space for cooling agent, performed on the M313.8 sample and focused on the cen-
the samples were sulfided at 673 K (ramp 10 Knun- ter of the particle. The average of 15 measurements of the
der a flow of Hb/H2S 15% for 4 h. Then, the samples were Mo/Si ratio was found equal to 0.38, which is very close to
evacuated at 673 K at a residual pressure of°Ilorr. The  the chemical analysis, i.e., 0.35. This indicates an homoge-
samples were further cooled down to 100 K under vacuum. neous distribution of molybdenum in the zeolite. The same
A first spectrum of the wafer was recorded as reference. method gives for the 8o ratio an average value of 2.

Then, given amounts of CO were introduced and IR spectra  For the impregnated sample 1/6800, the micrographs
were recorded for each dose. The spectra were normalized tare different, Mo$ is distributed as particles of circa 4 nm
an equivalent sample mass of 10 mg. The spectra of adsorbedh the zeolite (or on its surface) and some large particles of
CO reported in this study are in fact substracted spectra, i.e.,MoOj3 sulfided at the surface only appear as a separate phase
the spectra of adsorbed CO minus the reference spectrum ofunpublished results). A quantification of the amount of Mo
the sample before CO adsorption. as Mo$S inside the zeolite framework or at the surface was
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(A (B)

©
Fig. 1. Electron micrographs of molybdenum sulfide supported-aaolites: (A) Mg/813.8; (B) Mo/$18.7; (C) IMo/8800.

performed taking into account the results of 30 EDX analy-

ses of various parts of the sample compared to chemical

analysis. These measurements allow estimation that nearly 3738
I

60% of Mo is present as MeSarticles well distributed in {0.1 Al

the zeolite grains and on the surface whereas 40% of Mo is

present as Mo@ particles coated by MaS This biphasic IMo/B800

character explains why the ratig/ldo of the impregnated g 3610

samples is lower than that of the samples prepared with the ,:g 3]7403680 !

thiocomplex (Table 1). 2 M
M

3.2. Infrared spectroscopy “&“Mk——\

Mo/313.8
3900 3800 3700 3600 3500

All the acidic 8 samples exhibit aoH band at 3740 cmt
characteristic of silanol groups, another band is detected at
3610 cnt! characteristic of bridged AIOHSi of the zeo- Fig. 2. IR spectra of (OH) vibration zone of the various sulfided Mo zeo-
lite framework (Fig. 2). The weak bands at 3780 and at lites.

Wavenumbers (cm-')
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3680 cn! are ascribed to AIOH. The broad weak band this band to CO in interaction with the strong acidic zeolitic
appearing at a lower wavenumber (around 3470-Hm  OH groups. A weak band at 2189 cris also detected,
should indicate some interaction between OH groups andwhose intensity is quickly saturated with further CO doses.
Mo phase. The IR spectrum of th@800 sample in the It characterizes CO coordinated to3Al Above 6.6 pmol
von range (Fig. 2) is very close to that observed on pure of CO, av(CO) band at 2159 cmt is detected when the
silica [14]. It shows a sharp band at 3738 Thncharac- perturbation of the silanol band is observed. This wavenum-
teristic of isolated silanol groups as well as a shoulder at ber is in agreement with previous studies on silica [15]. The
3720 cnr? attributed to terminal silanol. The broad band weaker acidity of the silanol groups is consistent with the
around 3500 cm’ should characterize silanol “nests” as de- fact that thev(CO) band at 2159 crt only appears at high
duced from Ref. [14]. Itis noted that the bands at 3780, 3680, CO pressure. For the highest doses, a band and shoulder at
and 3610 cm? are absent in this sample as expected because2143 and 2134 cmt attributed to CO physisorbed on the
of aluminum removal. zeolite are observed.

3.2.1. Adsorption of CO on the Mg15.0 sample 3.2.2. Comparison of the zeolite acidities

When the first small dose of CO is introduced at 100 Kon  CO adsorption on the other acidizzeolites gives rise
Mo/B15.0, the OH bands are not perturbed (Fig. 3A). The to similar features. Nevertheless, it appears that the inten-
addition of increasing amounts of CO leads to an interac- sity of the band at 2175 cnt increases with the alumina
tion with the OH groups since their frequencies are shifted content of the zeolite framework (Fig. 4A). By contrast,
toward lower wavenumbers (Fig. 3A). The larger these the spectrum of IM@8800 does not present any bands at
wavenumber shifts, the more acidic the hydroxyl groups. 2175 and 2189 cmt. This is consistent with the fact that
As observed in Fig. 3A, CO interacts first with the zeo- there is almost no aluminum in this zeolite. Only the band
lite OH groups at 3610 cm* and shifts this band down at 2159 cm! corresponding to CO interacting with silanol
to 3280 cnT. Taking into account the shift of the OH band, groups is observed for this sample. The bands attributed to
330 cnT!, we can conclude that the Brénsted acidity is very CO physisorbed are present for all the samples. In order to
strong [15,16]. The number of perturbed zeolitic OH groups get quantitative information concerning the amount of strong
increases with the amount of CO, and then CO begins to Bronsted acid sites in the samples, the spectra corresponding
interact with silanol groups. In this case, the extent of the to the highest CO dose introduced were decomposed into
perturbation is weaker since the OH band shifts from 3740 5 bands, and the surface area of the corresponding band at
to 3640 cnT1. 2175 cnt! was measured. Fig. 4B shows that the number of

In the v(CO)-stretching zone, the introduction of small strong acid sites determined by this method is proportional
doses of CO gives rise to a weak band at 2143 tm to the calculated number ofHper unit cell.
(Fig. 3B). Its presence is not related to a perturbation
of v(OH) bands but ascribed to CO in interaction with 3.2.3. Adsorption on the molybdenum sulfide phase
the molybdenum sulfide phase. For further doses of CO, As already noted above, when weak amounts of CO (0.1
a v(CO) band appears at 2178 cfhy which progressively  to 1.6 umol) are introduced on the W15 sample, a(CO)
shifts to 2175 cm?. This shift can be related to site het- band can be distinguished at 2143 cheharacteristic of the
erogeneities, the strongest sites being saturated first. Themolybdenum sulfided phase (Fig. 3B). For the other samples
intensity of this band increases in parallel with the perturba- (Fig. 5A), an equivalent low wavenumber band is detected
tion of the OH band at 3610 cm. This allows us to attribute  at 2158 cnv! for Mo/813.8, at 2133 cm! for Mo/818.7,

2175
A | B
g , 2159
% 3|280 \ I2143
e |l [0.1 u.
2 [V\A‘ 2134 o

\

w2
—
N
[}

3800 3600 3400 3200 ' 2250 2200 2150 2100 2050
Wavenumbers (cm™) Wavenumbers (cm™')

Fig. 3. IR spectra of CO adsorbed (small calibrated dd&gg,— 100 K) on sulfided M@g15.0: (A) in the OH vibration range; (B) in the CO vibration range.
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Fig. 4. (A) IR spectra of CO adsorbed (26.6 unfgs= 100 K) on the various sulfided Mo zeolites; (B) number of strong acid sites indMersus the
number of H- per unit cell.
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Fig. 5. (A) IR spectra of CO adsorbed (0.4 pnmigs= 100 K) on the various sulfided Mo zeolites; (B) variatiomg€0O) wavenumber of CO adsorbed on
molybdenum sulfide dispersed in tBezeolites of various acidities.

and at 2122 cm® on IMo/8800 (in agreement with inde-  3.3. Catalytic activities
pendent results obtained on reference silica). The position
of these bands is very close to those of physisorbed CO.3.3.1. Comparison of the results obtained by the two
However, two factors prevent their attribution to physisorbed preparation methods for Mg13.8
CO species: (i) they are saturated for such low CO amount, IMo/13.8 prepared by heptamolybdate impregnation is
and (i) they remain after an evacuation at low temperature. less active than Mg813.8 obtained from the thiocomplex
Moreover, several shoulders (at 2188, 2177, and 2158¢m  (19.0 and 31.8 1¢* mol ar,\_,lé s~1, respectively (Fig. 6)).
are observed on Fig. 5A. Their wavenumbers coincide with This lower activity might be related to the biphasic character
the frequencies of CO bands on the zeolites and their inten-of this sample, which contains only 60% of the molybde-
sities continuously increase when supplementary CO dosesnum as well as dispersed molybdenum sulfide entities (Sec-
are added. This discards their attributions to CO adsorbed ontion 2.1) by contrast to the thiocomplex preparation, which
sulfided particles. only leads to molybdenum sulfide.

The position of the main band corresponding to CO in
interaction with the Mog phase increases with the zeo- 3.3.2. Influence of the BAl ratios
lite acidity (Fig. 5B). Studies performed with other supports  The catalytic properties of the various samples vary in a
confirm this trend [17]. In addition, Fig. 5A shows that the wide range (Fig. 6), the total conversion of the most acidic
bands characteristic of CO in interaction with the Mo par- sample being 100 times higher than that of the nonacidic
ticles are very weak and are saturated at very low amountsiMo /8800. However, for the most acidic samples, isomer-
of CO. This reveals that the dispersion of the M@&rticles ization and cracking reactions represent a large part of
is low. Taking into account the amount of CO necessary to the conversion. If we consider only the hydrogenation and
saturate these sites, we could estimate a dispersion equivaedehydrogenation properties, the activity of pyi3.8 is
lent to that measured for a Me$atalyst supported on silica  circa 40 times higher than that of M@800, the proper-
(7% Mo deposited by dry impregnation) for our four sam- ties of Mo/815.0 and M@/18.7 being intermediate (Ta-
ples. ble 2). Moreover, parallel variations of the catalysts acidities,
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Fig. 6. Catalytic properties in tetralin hydrogenation of the/Meatalysts;T = 573 K, Ptot = 4.5 MPa, Py,s = 1.5 kPa.

Table 2 physisorbed water in the zeolite cages as was proposed by
Number of acid sites measured by IR and catalytic properties de Bont et al. [18], or from the polymerization of the thio-
Mo/B Number of acid sites  Hydrogenation—dehydrogenation complex during the preparation, which would lead to an
samples measured by IR (a.u.) activitia® 4 mol af,> s~1) enrichment in Mog at the surface of the particle. However,
Mo/g13.8 100 137 with zeolite of strong Brénsted acidity, the local pH both in
Mo/p15.0 88 11 the structural pores and on the external surface of the par-
Mo/p18.7 65 95 ticles can be expected to be much lower than in solution.
Mo/ 8800 0 03

Therefore, the hypothesis of a depolymerization allowing
cationic exchange cannot be ruled out. This would explain
measured by IR spectroscopy, and of the hydrogenation—dethe presence of small Mg®articles inside the porosity. In
hydrogenation properties are observed. any case, this phenomenon is observed for the whole series
of acidic samples. The fact that the catalytic activities vary
within a large range (a factor of 40) with acidity, suggests
4. Discussion that a part of Mogis inside the porosity. Other factors, such
as acidity modifying the morphology of the Mg®$articles
4.1. Dispersion and location of the molybdenum sulfide are probably not involved as suggested by our previous work
phase on Ru$ [6]. As a matter of fact, no variation of the mor-
phology of the Rugpatrticles was observed for a series of Y
Using the conventional method of impregnation by hep- zeolites of different acidities while catalytic activities varied
tamolybdate impregnation, part of the molybdenum was not in a wide range.
introduced in the zeolite porosity and was present as MoO
coated by a layer of MoS This explains why the ratio/$10 4.2. Electronic properties of the molybdenum sulfide phase
for the IMo/8800 sample and IM@813.8 was lower than 2 and relation to catalytic properties
(Table 1). This means that part of the molybdenum was not
active for the hydrogenation of tetralin. In order to overcome  The properties of metal particles dispersed in acidic or ba-
this difficulty, we utilized a thiocomplex and introduced it by  sic zeolites were studied by many authors. Already in 1973,
ion exchange in the presence of ammonia in the acidic zeo-Figueras et al. [19] found that the activities of PdY zeo-
lites. This method avoids the formation of particles of MpO lites for benzene hydrogenation were enhanced when Bron-
and the values of the/®o ratios close to 2, determined by sted acid sites or multivalent cations were present. Later
chemical analysis (Table 1), indicate that Maitities were on, the enhancement of the catalytic properties of metal
formed. This result is confirmed by EDX since a value of particles, dispersed on acidic supports compared to neutral
S/Mo close to 2 has been also found for }gi13.8. How- supports, for hydrogenation reactions, hydrogenolysis re-
ever, the dispersion of M@Sin the acidic zeolites is not  actions, and isomerization reaction was observed by many
as uniform as we could have expected since some M®S  authors [5,20,21]. In parallel, it was found that the activity
clearly located on the external surface of the zeolite particles of Pt in basic zeolites decreased when the basicity of the
and some small entities inside the particles. The presencesupport increased [22,23]. The term “electron deficiency”
of MoS; on the zeolite particles may arise either from the was first introduced by Dalla Batta and Boudart [7] to ac-
migration of the molydenum sulfide precursor toward the countfor these variations in the properties of the Pt particles.
external surface of the zeolite particles in the presence of The electron deficiency was ascribed to an electron transfer
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from small Pt particles to the zeolite and evidenced experi- variation to an electron transfer between the sulfide parti-
mentally by X-ray absorption and FTIR studies of adsorbed cles and the zeolites. The stronger the acidity, the higher
CO [24]. Recently, Koningsberger and co-workers [25] mea- thev(CO) frequency characterizing the molybdenum sulfide
sured the catalytic properties of Pt catalysts for several reac-sites. It should be noted that this is the first observation of a
tions, neopentane hydrogenolysis and tetralin hydrogenationregular variation of the/(CO) wavenumber within a series
in the presence of 165 parts per million weight dibenzoth- of supports of various acidities, although FTIR studies of
iophene added to the feed. They found that for all these CO adsorption had already been used for characterizing the
reactions, the TOF increased with increasing acidity. The properties of molybdenum sulfide, either supported on alu-
nature of the metal-support interaction in supported Pt cata-mina [28] or unsupported [29]. In the same way, an increase
lysts was determined by spectroscopic atomic XAFS (AX- of the v(CO) value has also been recently observed on un-
AFS) and theoretical calculation. These studies reveal thatpromoted and promoted sulfide tungsten phase supported on
the nature of the metal—-support interaction involves a changeamorphous silico-alumina supports with various amounts of
in the electronic properties of the metal cluster, induced by acidic OH groups [30].
and correlated to the electron richness of the support oxygen As a consequence of these variations of the electronic
atom. In a more recent work, this group has shown that the properties of the active phase, a modification of the catalytic
support basicity determines the Pt—H bond strength and thisproperties is expected. As a matter of fact, the hydrogenating
ultimately causes a change in coverage and bond strength oproperties of the catalysts of the present study vary regularly
both the H and the alkane [26]. and in a wide range with the supports acidity. It must be
By comparison to the numerous studies concerning met- noted that the very low activity of IMG3800 is not due to
als, the influence of the support acidity on the properties of the different preparation method, since the catalytic activity
sulfide catalysts is much less documented, although NiMo of IMo/813.8 is only twice lower than that of M513.8.
sulfide is often associated with a HY zeolite in the com-  With the data presented here, we cannot discuss further
position of hydrocracking catalysts. It was noted in studies the sulfide—support interaction; particularly, we cannot ad-
related to hydrodesulfurization that the presence of acid sitesdress the consequence of these variations on the adsorption
increased the properties of the sulfide phase. For Vissenbergf the reactant, tetralin or hydrogen. This would require fur-
et al. [27], this effect cannot be explained only by an im- ther delicate kinetic and physico-chemical studies. However,
provement of dispersion. Possibly, the protons themselvesthe impact of the present results on the design of more active
play an active role in the HDS reaction or act as a struc- catalysts is obvious since hydrogenation steps are involved
tural promoter by increasing the electron-deficient characterin all hydrotreating reactions. Further results in hydrodesul-
of the metal sulfide. furization will be published in the near future.
As noted in the Introduction, some of us studied the prop-
erties of ruthenium catalysts dispersed in a series of Y zeo-
lites with various acidic properties [6]. The wavenumbers 5. Conclusion
of the v(CO) bands of Ru metal particles varied between
2051 cmr! for the nonacidic KY support and 2063 crh The results presented in this paper show that the Bronsted
for the acidic HY zeolites dealuminated or not. As a con- acidity of the zeolite used to disperse molybdenum sulfide
sequence, the stronger the acidity of the zeolite, the higherhas a marked influence on the catalytic and electronic prop-
thev(CO) frequency characterizing the Ru sites. In parallel, erties of the active phase. This means that the concept of
the v(CO) wavenumbers of the ruthenium sulfide particles changing the properties of metal particles by changing the

dispersed in the same supports varied from 2056%c(KY acid/base properties of the support can be extended to transi-
zeolite) to 2071 cm! (HY zeolites). In both cases, metal tion metal sulfide support interaction. This finding may have
and sulfide, we interpreted the modifications of tH€O) important practical consequences on the design of more ac-

wavenumber in terms of electronic transfer between the ze-tive catalysts for various hydrotreating reactions providing

olite and the active phase particles. The very high variation that acidity can be tuned to avoid undesirable side reactions.

(circa 200) of the catalytic activity in aromatics hydrogena- Further studies must be carried out in this direction using

tion of the ruthenium sulfide clusters was ascribed to the less acidic supports such as as MCM or SBA materials.

modification of their electronic properties, the dispersion

of the sulfide active phase and its stoichiometry being not
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