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Ru/A1203 and Ru-Mo/A1203 catalysts have been prepared by impregnating respectively y-AlzO, 
and calcined Mo/Al10, with aqueous solutions of ruthenium (III) acetate. XPS spectra of catalysts 
dried at 393 K, calcined in air at 873 K, and sulfided in HIIHZS are reported. Ru and MO species in 
the catalysts, according to the respective binding energies, were ruthenium dioxide and oxo- 
molybdenum (VI) in catalysts calcined at 873 K and a ruthenium sulfide and MO& in the sulfided 
catalysts. Unusually low Ru binding energies were found for some catalysts. The properties of the 
catalysts in thiophene HDS are interpreted with the aid of the XPS results. o 1987 Academic press. I~C. 

INTRODUCTION 

The ability of cobalt to modify the activi- 
ties and selectivities of molybdenum disul- 
fide hydrodesulfurization (HDS) catalysts 
is well known. In sulfided Co-Mo/AlzOj 
catalysts cobalt is located at the edges of 
patches of MO& dispersed over the alumina 
support (1, 2). Cobalt is usually described 
as the promoter, although the active spe- 
cies is a new cobalt-molybdenum sulfide 
phase (1, 2). We were interested in ex- 
tending the range of catalysts beyond the 
familiar cobalt or nickel and molybdenum 
or tungsten pairs in order to see if we could 
further modify the properties of the cata- 
lyst, for example, the hydrogenation func- 
tion. We were particularly interested in 
ruthenium since Ru!$ is an excellent cata- 
lyst in its own right, for example, for the 
HDS of dibenzothiophene (3). 

A preliminary report of our catalytic 
work on Ru-MO catalysts has been pub- 
lished (4). The catalytic properties of the 
catalysts described in the present paper are 
summarized in Table 1. The Ru-Mo/AlZ03 

I Present address: Universidad Central de Vene- 
zuela, Facultad de Ciencias, Escuela de Quimica, 
Caracas, Venezuela. 

catalysts were active for the HDS of thio- 
phene but were no better than CO-MO or 
Ni-Mo catalysts. The promoter effect of 
ruthenium depended on the pretreatment. 
Synergy between ruthenium and molybde- 
num was observed for those catalysts 
which had not been calcined after the addi- 
tion of ruthenium. However, promotion by 
ruthenium was not observed for catalysts 

TABLE1 

Thiophene Conversion at 673 K” 

CatalysP Thiophene 
conversion’ 

nc c 

Mo(6.94)/A120, - 56.7 
Mo(3.47)/Al&, - 28.4 
Ru@.74)/AI~O~ 20.5 29.1 
Ru(4.37)/A120~ 10.2 14.6 
Ro(4.37)-Mo(3.47)/A1203 53.5 37.8 
Ru(4.37)/Al~O, + Mo(3.47)AlzO? 38.6 43.0 (38.4)’ 

y From Ref. (4). 
* Figures in parentheses are weight percent. 
c Percentage; no, not calcined; c, calcined in air at 873 K. 
d From linear interpolation (Ref. (4)). 
’ The value 38.4 takes into account the poorer ruthenium 

sulfide dispersion (Table 2) in the sulfided Ru-MO catalyst: 
(new conversion) = [conversion over Mo(3.47)/A1203] + [con- 
version over calcined Ru(4.37)/A1201] x [dispersion of Ru in 
calcined Ru(4.37)-Mo(3.47)/A120~I/[Ru dispersion in calcined 
Ru(4.37)/Al~O~] = 28.4 + 14.6 X 0.15/0.22. 
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which had been calcined (i.e., heated in air were pressed on indium foil attached to the 
at 873 K) after the addition of ruthenium. sample probe. 

A feature of thiophene HDS over both 
uncalcined and calcined Ru-Mo/AlzOj cat- 
alysts was a much higher proportion of 
butane in the products than that over Co- or 
Ni-promoted catalysts. Evidently, the hy- 
drogenation function of the HDS catalysts 
was greater over the Ru-promoted cata- 
lysts. 

We report core-electron binding energies 
relative to C 1s at 285.0 eV, or, for alumina- 
supported samples, Al 2s at 119.6 eV and 
Al 2p at 74.8 eV, full peak widths at half- 
maximum intensity (FWHM), and intensi- 
ties as relative peak areas determined by 
planimetry. 

In the present paper we report an XPS 
study of a Ru/A1203 catalyst and a 1 : 1 
Ru-Mo/A120j catalyst in the synergic re- 
gion. Our object was to discover the nature 
of the species in the calcined and sulfided 
catalysts, to ascertain whether there was 
any interaction between ruthenium and mo- 
lybdenum or alumina, and to determine the 
dispersion of ruthenium and molybdenum 
on the alumina support. 

Catalytic Activities 

Thiophene conversions were determined 
in a flow reactor at 1 atm and 523-673 K. 
Details are in Ref. (4). 

RESULTS AND DISCUSSION 

Typical XPS spectra are shown in Figs. 1 
and 2. Binding energies, peak widths, peak 
intensities relative to alumina, and assign- 
ments (6-14) are given in Table 2. 

Binding Energies and Assignments 

EXPERIMENTAL 

Preparation of Materials 

We prepared two types of Ru and 
Ru-MO catalyst supported on alumina, 
namely those calcined after the addition of 
ruthenium, designated Ru (c), and those not 
calcined, Ru (nc). 

RuJA1~03 catalysts. The most intense 
ruthenium peak is the Ru 3d3,2-512 doublet. 
The 3d3,2 component is hidden by a C 1s 
peak from hydrocarbon contaminant in the 

Ru 3d w 

Catalysts consisting of ruthenium or ru- 
thenium and molybdenum supported on 
~-A1203 were prepared by the pore-filling 
method. In a typical preparation Y-Al2O3 
(1.0 g) or a calcined Mo/AlZ03 catalyst was 
impregnated with an aqueous solution of 
ruthenium (III) acetate (1.7 cm3) (5). The 
material was dried at room temperature and 
overnight at 393 K. Part of each sample was 
calcined in dry air at 873 K for ca. 2 h. 

The uncalcined and calcined samples 
were sulfided with a mixture of H2(90)- 
H$(lO) at 673 K for 4 h. Samples, after 
cooling, were transferred to the spec- 
trometer without contact with air. 

1 1 I I 

290 280 
BE/eV 

X-Ray Photoelectron Spectroscopy (XPS) 

An A.E.I. ES200B spectrometer was 
used to record XPS spectra. The samples 

FIG. 1. XPS spectra of catalysts in the oxide form 
showing Ru binding energies (BE) vs intensities (I) of 
uncalcined (nc) and calcined (c) Ru/A1203 and RuMo/ 
A&O3 catalysts: (a) Ru(nc)/AI,03, (b) Ru(c)/A1203, (c) 
RuMo(nc)/A1203, (d) RuMo(c)/A1203. 
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290 285 
BE/eV 

280 

FIG. 2. XPS spectra of sulfided catalysts showing Ru 
binding energies (BE) vs intensities (I) of catalysts 
prepared by sulfiding uncalcined (nc) and calcined (c) 
oxide forms of the catalysts: (a) Ru(nc)/A1203, (b) 
Ru(c)/A1203, (c) RuMo(nc)/AlZ03, (d) RuMo(c)/A1203. 

spectrometer or, for some samples, unde- 
composed acetate. The position of the Ru 
3d3,2 peak can be determined with a preci- 
sion of 20.2 eV. 

Oxide catalysts. The Ru XPS of the Ru/ 
A1203 sample which had not been calcined 
is assigned to ruthenium (III) acetate (Table 
2). The binding energies are close to those 
observed for the well-defined molecular 
compound Ru(acac)3 (where acac is the 
anion of acetylacetone). 

The Ru binding energies of calcined Rul 
AllO3 were 0.3-0.4 eV less than those for 
the uncalcined material. The binding 
energy decrease is due to decomposition of 
the impregnating salt. The values cor- 
respond to RuOZ or RuOz . xH20 (Table 2). 

Suljided catalysts. Binding energies of 
ruthenium in the sulfided catalysts were ca. 
l-2 eV less than those in the oxide cata- 
lysts (Table 2) and were similar to the Ru 
binding energies in ruthenium sulfides 

formed by sulfiding a Ru(0)/A1203 sample 
made by reducing Ru/A1203 in hydrogen or 
precipitated from a solution of RuC& in 
glacial acetic acid with H2S. The sulfided 
catalysts therefore contain Ru-S species. 

Ru-MolAl10~ catalysts, oxide cata- 
lysts. According to the Ru binding energies 
(Table 2) the Ru species in the uncalcined 
Ru-Mo/A1203 catalyst is ruthenium (III) 
acetate as in the Ru-only catalyst. The Ru 
binding energies of calcined Ru-Mo/Alz03 
are, however, appreciably less than those 
of calcined Ru/A1203. The significant de- 
crease in the Ru binding energies in the 
presence of molybdenum could be due ei- 
ther to a chemical interaction between ru- 
thenium and molybdenum or an increased 
particle size of the RuO;! formed (see 
below). 

Sulfided catalysts. The Ru binding ener- 
gies of sulfided uncalcined Ru-MolAl~Oj 
are close to those of sulfided Ru/A1203 and 
are assigned to ruthenium sulfide. The MO 
binding energy corresponds to MO&. The 
presence of molybdenum does not affect 
the Ru binding energies in the uncalcined 
catalysts. 

The Ru spectra of the sulfided calcined 
Ru-Mo/A1203 are strikingly different from 
those of the other catalysts (Fig. 2). The 
binding energies (279.6 and 461.5 eV) are 
close to, or slightly less than, those of 
ruthenium metal (279.9 and 461.2-462.2 
eV) (6, 12-14). The low values are not an 
artifact since all other levels, including the 
support, were as expected. The repro- 
ducibility, checked in two separate experi- 
ments, was kO.2 eV. The MO binding 
energies again corresponded to MO&. Ex- 
ceptionally low Ru binding energies have 
been reported (15) for reduced ruthenium 
catalysts supported on calcium oxide. Pos- 
sible interpretations are discussed later. 

Sulfur binding energies. The S 2p binding 
energies in the sulfided catalysts (Table 2) 
are assigned to the sulfide (S*-) ion. The S 
binding energies in the catalysts are ca. 1 
eV less than those in bulk ruthenium sulfide 
prepared by sulfiding the supported metal 



TABLE 2 

XPS Data” for Ru/A1203 and Ru-Mo/A120, Catalystsb 

Catalyst Binding energy (BE) and intensity (Z) Species 

Ru/A~~O~~ 
Oxide 

nc 
C 

sulfide 

nc 
C 

Ru-Mo/AlrO,p 
oxide 

nc 
C 

sulfide 
nc 
C 

Ru-Mo/A1203f 
oxide 

nc 
C 

sulfide 
nc 
C 

RulA120,’ 
sulfide 

nc 
C 

Ru-Mo/AI~O~~ 
sulfide 

IlC 

C 

Ru 3&z Ru 3~3,~ 

BE (eV) FWHM (eV) I 

281.9 2.0 0.66 463.6 4.8 Ru(IlI) acetated 
281.5 2.2 0.39 463.3 5.4 RuOZ’ 

280.2 2.0 0.59 461.1 4.2 RuS2f 
280.4 2.0 0.43 461.2 4.6 RuS2J 

281.8 3.0 0.27 462.8 5.3 Ru(II1) acetated 
280.8 2.0 0.38 462.5 5.3 Ru-O’ 

280.5 1.8 0.33 
279.6 2.3 0.15 

MO 3dsn 

BE (eV) FWHM (eV) I 

233.0 2.6 0.25 Mo(VI)-Oh 
233.1 2.8 0.25 Mo(VI)-Oh 

228.6 2.0 0.21 
228.7 2.1 0.22 

s 2P 

BE (eV) FWHM (eV) I 

162.2 2.6 0.20 s2-’ 

162.6 4.0 0.28 p 

162.0 2.6 0.19 s2-’ 

162.6 2.5 0.16 s2-’ 

BE (eV) FWHM (eV) 

461.7 4.2 RuS,J 
461.3 5.0 Ru-Sf 

MoS2 
MoS2 

’ Binding energy (BE in eV) relative to Al 2s, 119.6 eV; full width at half-maximum peak height 
(FWHM in eV); integrated intensity (I) relative to Al 2s. 

b Catalysts in the oxide and sulfide forms; nc, not calcined after adding Ru(II1) acetate; c, oxide 
form calcined at 873 K in air. 

c Ru, 8.74 wt%. 
d Cf. Ru(acetylacetonate)j: 282.2, 463.7 (this work). 
e Cf. RuOz: 282.1, 463.2 (Ref. (6)); 280.7 (Ref. (7)); 281.0, 281.9 (Ref. (8)); hydrated Ru02: 281.4 

(Ref. (7)). 
J Not pyrites-type RuS2 (see text). Cf. RuS2 precipitated by H2S from RuCI, in ethyl acetate: 

280.1,460.8 (this work); RuS,~ from reduced RuCh reacted with H2/H2S (10%) at 643 K, 4 h: 280.6, 
461.6 (this work). 

8 Ru, 4.37; MO, 3.47 wt%. 
h Cf. Mo09/A1201: 232.7 (Ref. (9)). 
’ Cf. MoS2/A1203: 229.0-229.4 (Ref. (10)). 
J Cf. S2- in MoS2: 162.5 (Ref. (10)); S:- in Ru&: 163.1, 163.4 (this work). 
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or ruthenium trichloride (see Table 2). The 
higher binding energy corresponds to the 
disulfide ion (II) as we would expect for 
Ru& which has a pyrites structure. Thus 
the sulfur species in the catalysts is sulfide 
and so different from the species, disulfide, 
in bulk RuS2. 

Intensities and Stoichiometries 

Relative intensities are presented as the 
ratio of peak areas of a component of the 
catalyst and the aluminium of the support. 
Intensity ratios are given in Table 2. The Ru 
3dsi2 peak area is easy to measure but the 
overlapping carbon peak causes problems 
with Ru 3d3,2. We may assume a symmetri- 
cal signal and a peak area ratio of 1.5 
between the split peaks separated by 4.2 
eV. We can then calculate the Ru 3d3,2 peak 
area. 

From the ratio of areas of characteristic 
peaks of two elements in one sample we 
can determine the stoichiometry by using 
the relationship 

IJIB = (nAlnrr)[(K.E.(A))l 
(K.E.(B))]“+“’ x (crA/crB). 

Here IA and I, are the areas of two peaks of 
the sample, for example, 0 1s and Ru 3d; nA 
and nB are the stoichiometries in the sample 
depth analyzed; K.E.(A) and K.E.(B) are 
the kinetic energy (K.E.) for peaks A and 
B; oA and UB are the photoelectron cross 
sections (16). For a homogeneous sample 
nA and nB will be the bulk stoichiometry. 

The term [(K.E.(A))/(K.E.(B))](““’ takes 
into account that (a) the transmission factor 
of the spectrometer is proportional to K.E. 
and (b) the mean free path of the photoelec- 
trons is proportional to (K.E.)“, where it is 
between 0.5 and 0.8 (we used 0.8). For the 
high surface area supported catalysts we 
expect from the Kerkhof-Moulijn model 
(17) that the intensity ratio, for example, 
I&IA, or Z&Z,,, is proportional to the bulk 
composition if the supported species (Ru, 
MO) are well dispersed in a monolayer. 
Then, considering the Ru 3d, Al 2s, and MO 

3d levels and for n = 0.8 we have 

and 

We can now predict the following theo- 
retical monolayer values for our samples 

(IRu3dlIAlZs)theoretlcal 

Ru(8.75)/A120, 
0.63 

Ru(4.37)-Mo(3.47)/A1203 
0.31 

(hv,o3d~hs) 

0.22 

RuIA120~ catalysts. The IR~IIA~ ratio 
(0.66) for uncalcined Ru/AlzOj was close 
to the theoretical monolayer value (0.63, 
above) which means that the Ru species 
was well dispersed. After calcination the 
ratio was less (0.39), presumably because 
of sintering which gave poorly dispersed 
Ru02. 

After sulfiding, the Z,,lI,, ratio of cal- 
cined Ru/A1203 remained almost the same 
(0.39 to 0.43) and so sulfiding hardly 
changed the dispersion of ruthenium. For 
both uncalcined and calcined sulfided Ru/ 
A&O3 the S/Ru stoichiometry was close 
to 2. 

Ru-MolAlzO~ catalysts. The Z~,lZ,g ra- 
tio of the Ru-Mo/AlzOJ catalysts increased 
slightly after calcination (0.27 to 0.38). 
These values are near the theoretical mono- 
layer value (0.3 1) showing that ruthenium is 
well dispersed in the calcined catalyst as 
well as in the uncalcined catalyst. Evi- 
dently molybdenum prevented sintering of 
Ru02. 

The I&ZA~ ratio did not change after 
calcination. The value (0.25) was close to 
the theoretical one (0.22) deduced from the 
Kerkhof-Moulijn model. Therefore molyb- 
denum is well dispersed in both the uncal- 
cined and calcined Ru-Mo/A1203 catalysts. 

The IRJZAI ratio for the uncalcined 
Ru-MO catalyst increased slightly after the 
catalyst had been sulfided (0.27 to 0.33) but 
decreased for the calcined catalyst (0.38 to 
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0.15). If we assume S/MO = 2 then S/Ru is 
also 2. 

The ZhlOIZAl ratios for sulfided Ru-MO/ 
A1203 were 0.19 and 0.22 for the uncalcined 
and calcined catalysts, respectively. This 
means no change of dispersion. 

Species in the Catalysts and the 
Interaction between Ruthenium 
and Molybdenum 

The species in the oxide catalysts (Table 
2) are oxomolybdenum (VI) and either ru- 
thenium (III) acetate or RuOz, before or 
after calcining, respectively. In the sulfided 
catalysts both ruthenium and molybdenum 
are completely sulfided since the stoichi- 
ometries deduced from the XPS intensities 
were 2s : 1Mo or 1Ru. Molybdenum is pres- 
ent as MO& but the ruthenium sulfide is 
apparently not pyrites-type Ru& since the 
S binding energies correspond to sulfide, 
not disulfide. 

It is apparent also that calcination of the 
Ru-MO oxide catalysts induces an interac- 
tion between ruthenium and molybdenum 
since the Ru binding energies are 1 eV less 
in the calcined than in the uncalcined cata- 
lysts. 

The Ru 3dsi2 binding energy in the cata- 
lyst prepared by sulfiding calcined Ru-MO/ 
A1203 (279.6 eV) is slightly lower than that 
for Ru metal (279.9 eV) (6, 12-14) and 
Ru/A1203 reduced in hydrogen (ca. 280 eV) 
(8, 14). Also the ratio ZRUIZAI in the sulfided 
calcined catalyst is about half the ratio in 
the uncalcined catalyst (Table 2). Thus sul- 
fiding by our procedure (Hz-HIS) of the 
Ru-O-MO species in the calcined catalyst 
is accompanied by sintering and formation 
of a new Ru sulfide species. 

The unusually low binding energy of ru- 
thenium in the sulfided calcined Ru-MO 
catalyst could be due to charge transfer 
from molybdenum to ruthenium making the 
ruthenium more negative and similar to 
electron transfer to reduced ruthenium cat- 
alysts supported on calcium oxide (15). 
However, compensating changes of the MO 

binding energies are not apparent: MO bind- 
ing energies are the same in the calcined 
oxide form of the Ru-MO catalyst (233.1 
eV) as in the uncalcined form (233.0 eV) 
and the corresponding sulfided catalysts 
(228.7 and 228.6 eV). The bandwidth was 
greater in the calcined catalyst; possibly 
any charge transfer is restricted to periph- 
eral MO atoms of the single slabs. 

An alternative possibility is that the 
changes in the Ru binding energies are due 
to changes in particle size of the Ru (or 
possibly Ru-MO) oxide and sulfide species. 
As a matter of fact, observed binding 
energy differences can be attributed to 
physical effects other than the real chemi- 
cal shift which implies a change in the 
valence electron charge density. In particu- 
lar, extraatomic relaxation energy for small 
particles may be different from that for 
larger ones or bulk compounds. This effect 
has been reported for Ru binding energies 
in both Ru metal and RuO:! which are 
sensitive to particle size variations (8). 
Larger particles (%a. 15 A diameter) can 
have binding energies ca. 1 eV less than 
smaller particles. In our Ru-S system, it is 
expected that the smallest particles should 
have Ru binding energies higher than those 
of bulk RuSz (280.1-280.6 and 460.8-461.6 
eV for the 3d5j2 and 3p,,, levels, respec- 
tively; see Table 2, footnotef). This is not 
found experimentally so that a particle size 
explanation is not correct to account for the 
low observed binding energy. 

According to our XPS intensities (Table 
2), the Ru dispersion is poorer in the sul- 
fided calcined Ru-Mo/AlzOj catalyst than 
in the corresponding sulfided uncalcined 
catalyst. In the oxide forms of the catalysts 
the Ru XPS intensity is greater in the 
Ru-MO catalyst than in the Ru-only 
catalyst; this could be due to an interac- 
tion between ruthenium and molybdenum 
which prevents ruthenium from being lost 
from the surface by entering the alumina 
lattice. The higher Ru surface concentra- 
tion in the Ru-MO catalyst could then give 
rise to a bigger RuOz particle size. 
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Catalytic Properties 

In the uncalcined Ru-Mo/Al103 catalyst 
ruthenium promotes thiophene hydrode- 
sulfurization (HDS), the activity of the cat- 
alyst being greater than the sum of the 
activities of the individual ruthenium and 
molybdenum catalysts (Table 1). However, 
the activity of the calcined Ru-Mo/A120j 
catalyst is less than the sum of the separate 
ruthenium and molybdenum activities; ru- 
thenium deactivates, rather than promotes, 
the calcined catalyst. This is so even if we 
take into account the poorer dispersion of 
ruthenium in the calcined catalyst (see Ta- 
ble 1). The general effect of ruthenium, 
even at low concentrations, in a series of 
Ru-MO catalysts is deactivating toward 
thiophene conversion (4). 

We now consider whether our XPS mea- 
surements help us to understand how ruthe- 
nium deactivates the calcined Ru-MO cata- 
lyst. The significant observation is the low 
binding energy of ruthenium in the calcined 
catalyst. Let us assume that the low Ru 
binding energy is due to charge transfer 
from molybdenum to ruthenium; then the 
positive charge on those molybdenum 
atoms associated with ruthenium has in- 
creased. We know that promoters like 
cobalt act by transferring charge to mo- 
lybdenum, so enhancing the ability of mo- 
lybdenum to donate to, and thereby acti- 
vate, molecules of, for example, thiophene 
(18). On the contrary, a metal which with- 
draws charge from molybdenum will have 
an effect opposite to promotion, i.e., deac- 
tivation. Copper is such a metal. We sug- 
gest that ruthenium in the calcined Ru-MO 
catalyst behaves in the same way as cop- 
per, withdrawing charge from, and deac- 
tivating, molybdenum atoms of the cata- 
lyst. The molybdenum atoms affected need 
not be all the molybdenum atoms of the 
catalyst, but only those, the peripheral 
atoms, which participate in the catalysis. 

The hydrogenation function of the cata- 
lysts, as deduced from the proportion of 
butane in the products of thiophene HDS, 

is the same for the calcined and uncalcined 
Ru-Mo/A1203 catalysts and shows a pro- 
nounced synergy (4). For example, the 
amount of product butane at 40% thiophene 
conversion over a Ru-MO catalyst is nearly 
three times the amount over a molybde- 
num-only catalyst. The hydrogenation is 
clearly associated with the presence of ru- 
thenium since the hydrogenation is greater 
for the Ru-promoted catalysts than for 
Co- or Ni-promoted catalysts (4). Note, 
however, that very little butane is produced 
over Ru-only catalysts. It appears, then, 
that hydrogenations do not take place on 
ruthenium sulfide but rather on MO& (at 
sites different from the desulfurization 
sites). The way in which ruthenium acts as 
a promoter of hydrogenation is not appar- 
ent from our work. One possibility would 
be hydrogen spillover from ruthenium sul- 
fide to MO& as has been suggested for 
Co& (19). 

CONCLUSIONS 

Our main conclusion is that, when a 
Ru-Mo/A1203 catalyst in the oxide form is 
calcined, interaction between ruthenium 
and molybdenum leads to a new Ru-O-MO 
species. When this species is sulfided in a 
H2/H2S mixture a ruthenium-molybdenum 
sulfide species is formed which is less ac- 
tive in desulfurization of thiophene than the 
individual ruthenium and molybdenum sul- 
fides. In effect the ruthenium poisons the 
MO&. The reason for this is probably a 
charge transfer interaction between Ru and 
MO which leads to withdrawal of charge 
from the molybdenum. The effect of ruthe- 
nium is then similar to that of copper in 
deactivating a MO& catalyst. If the Ru- 
Mo/A1203 oxide catalyst is sulfided before 
being calcined, then ruthenium promotes 
the desulfurization activity. In both types 
of catalyst ruthenium promotes the hydro- 
genation function. The calcination step is 
clearly crucial in determining whether ru- 
thenium promotes or deactivates a MO& 
catalyst. We plan further work with unsup- 
ported Ru-MO catalysts to obtain more 



XPS STUDY OF Ru/A1203 AND Ru-Mo/Alz03 489 

information on the Ru-MO species in- 
volved. 
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