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ARTICLE INFO ABSTRACT

Background removal in X-ray photoelectron spectroscopy (XPS) spectra was carried out in Co—Mo hydro-
desulfurization (HDS) catalysts supported alumina using traditional and recent methods. The sulfidation extent,
expressed by the XPS area ratio Ayozd-mos2/AMo3d-Total, Which is a fundamental parameter in the performance of
a hydrodesulfurization catalyst, was obtained using different methodologies. The methods include the use of the
background active approach, in which the background is optimized during peak-fitting. The method allows for
the use of several types of backgrounds, which proved crucial for fitting the Mo 3d-S 2s and the S 2p-Si 2p
regions. Both regions contain two overlapped elements, making fundamental a distinction between them. In
these cases, a slope background subtraction was used in conjunction with the Shirley-Vegh-Salvi-Castle (SVSC)
method to have a clear distinction between the different strengths of backgrounds arising from the overlapped
peaks Mo 3d-S 2s and S 2p-Si 2p. From the resulting fitting, the relative percentage (% rel.) of each species
present in Mo and S in the catalyst CoMoAl was obtained, The results were compared with those obtained using
the static (traditional) approach. With these results, the sulfidation extent, an important parameter in the per-
formance of the HDS catalyst was determined.

Keywords:

XPS composition
Quantitative XPS
Active approach
SVSC background
Sulfidation extent
HDS catalysts

1. Introduction catalytic surface. For HDS catalysts, it provides valuable information

like sulfidation extent, dispersion of the active phase on the carrier, and

The present environmental regulations require a deep hydro-
desulfurization of transportation fuels, to attain sulfur concentrations
near zero ppm. To achieve such standards, it is fundamental to develop
more active hydrodesulfurization (HDS) catalysts, which are able to
remove the most refractory sulfur-containing molecules such as 4,6-
dimethyldibenzothiophene.

Sulfide catalysts of Mo promoted by Co or Ni and supported on y-
alumina are used for the hydrodesulfurization of petroleum fractions
[1-3]. To develop better HDS catalysts it is necessary to achieve: (i)
high dispersion of the active MoS, phase, (ii) complete sulfidation of
the molybdenum and Co(Ni) precursor oxides phases, and (iii) high
extent of promotion.

As is well known, XPS is a valuable technique to characterize the
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information about the extent of promotion [4,5].

In this work, we will be focusing on assessing the sulfidation extent,
which is defined as the fraction of the Mo 3d signal associated to the
active MoS, phase to the total Mo 3d signal.

XPS is one of the few techniques available for obtaining sulfidation
extent and is highly valuable due its simplicity for sample preparation.
With a proper controlled environment system attached to the XPS in-
troduction-chamber, it is possible to transfer samples from the reactor
to the XPS analysis chamber without exposition to air. This capability
allows obtaining accurate peak intensities without the contribution of
undesirable Mo®* formed when the catalyst is exposed to air.

Although there are numerous works focused on the evaluation of
sulfidation extent by XPS [4,6-13], there is discrepancy between the
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Table 1
Compilation of references where are showed different methods used to certain XPS qualitative and quantitative analysis.
Catalyst Analysis Method Ref.
CoMo/TiO, Quantification CoMoS surface density Deconvolution: Mixed Gaussian-Lorenztian functions a nor-linear squares fitting algorithm. [4]
Background subtraction: Shirley
CoMo/Al,03 Quantification of CoMoS, and MoS, phases The spectra were integrated by applying a Shirley type baseline. [5]
Software: The spectra were analysed by using CasaXPS V. 2.0.71
CoMo/Al,03 The degree of sulfidation of Co and Mo Deconvolution: The spectra were fitted by Gaussian (65%)-Lorentzian (35%). The spectra [71
were fitted using XPSCasa software.
A Shirley background subtraction was applied.
Co(Ni)/Al,03 Qualitative determination of MoS, and Co(Ni)MoS The deconvolution of the spectra was made using mixed Gaussian Lorentzian functions with ~ [11]
phases an iterative least-squares computer program.
NiMoP/Al,03 Promotor ratio NiMoS/Mo** Experimental peaks were decomposed into components using mixed Gaussian-Lorentzian [12]

functions and a nor-linear squares fitting algorithm.
Shirley background susbtraction was applied

NiMo/SiO,-Al,03  Quantification of sulfidation extent and the NiMoS

phase of the catalyst.

The spectra were fitted to a Shirley- Linear background using XPSPEAK version 4.1 software.
The deconvolution of Mo 3d was completed by the mix Gaussian-Lorentzian functions.

[13]

methods used for analysis as is showed in the Table 1.

The spectra of the relevant core levels considered for this study (i.e.
Mo 3d-S 2s and S 2p-Si 2p) are particularly challenging because of
overlapping of peaks with different background behaviour. For such
cases, it is crucial to reveal the true peak areas that correspond to each
core level. Efforts from other authors have provided useful information
about the decomposition of the Mo 3d-S 2s region, unveiling the po-
sitions of the S 2s and Mo 3d components in the sulfide catalyst, though
without emphasis on differentiating the origin of the different back-
grounds on that region [11]. Moreover, assessment of the stoichiometry
has barely been reported. To our knowledge, only one publication has
been devoted to this issue [14]. However, the background was not
addressed considering their different origin and the method used in that
work involves the use of reference samples, which in practical data
acquisition are not usually available. Certainly, in [14] it is mentioned
the necessity of a quantitative analysis, since it is fundamental to cal-
culate with accuracy the sulfidation extent to show the effective for-
mation of MoS, from the oxide, as will be performed in this work.

The efficiency of the methods SVSC, and slope under active ap-
proach that we used, have been successfully demonstrated by Herrera-
Gomez et al. [15,16] in well controlled synthetized samples, where
quality of data is not a factor that concern for fitting purposes, since the
intensity of peaks is quite clear. It is worthy to note that in the case of
HDS catalysts supported based on CoMo generally the concentrations
are low. Usually the HDS catalysts were prepared with a Mo surface
concentration of 2.8 Mo atoms/nm? and Co/Co + Mo of 0.33, which
correspond to 8.124 wt% Mo, and 3.981 wt% Co. At such concentra-
tions, the intensity of the photoemitted signal is low for the relevant
elements, making complicated the proper identification of chemical
states. We believe that the application of these methods on problems, as
catalysis, where low concentrations of the elements at stake are low,
will help to unveil proper insights in the development of these mate-
rials.

With this study, we expect to provide valuable information by
showing the advantages of carrying out a quantitative analysis applying
methods of background removal: Shirley-Vegh-Salvi-Castle (SVSC) and
slope background under active approach.

2. Samples and methods
2.1. Catalyst preparation

The CoMo/Al,0O3 catalyst was prepared conventionally by pore
volume co-impregnation of a commercial y-alumina (Alumina 2.5/210,
SASOL) support by aqueous solutions of cobalt nitrate ((CoNO3),*6H,0
98%, Aldrich), and ammonium heptamolybdate ((NH4)¢Mo0,0-4*4H50,
97% Aldrich). The commercial y-alumina contains 0.12 ppm of SiO,.
The catalyst was prepared with a Mo surface concentration of 2.8 atoms
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of Mo/nm?, and the necessary amount of Co to obtain an atomic Co/
(Co + Mo) ratio of 0.33. After impregnation the catalyst was dried for
12h at 373K and calcined at 673 K during 4 h. The sulfidation proce-
dure was carried out in a continuous flow reactor using 20 mL/min of a
H,S (15 vol%)/H; gas mixture at 400 °C during 4 h, with a heating ramp
of 5°C/min. Hereafter, the Co promoted catalyst will be named
CoMoAl.

2.2. Methods of fitting

XPS data processing, including background removal and deconvo-
lution of peaks, was performed using an interactive least-squares
computer program, AAnalyzer® version 1.2 [17].

For background removal, two types of approaches were applied:
static (traditional) and active (recently reported). The static approach is
called in this way since the background is defined before the peak fit-
ting. The user must guarantee, by selecting a region between two en-
ergy points, that all the contribution to the photoemission is inside the
region selected. This method often conveys underestimation of areas
since beyond the region selected it could be an additional contribution
to the photoemission signal. In general, the typical models applied
under this approach comprehend Shirley, Tougaard and linear back-
grounds methods, which are applied in an independent way depending
on the characteristics of the spectra. This is, only one type of method
can be applied to the entire spectra, giving one value for the back-
ground. In this work, for comparison purposes we have selected Shirley
background to use under the static approach, since it is the most
common.

In contrast, in the active approach, the background and intensity are
optimized during fitting, allowing to consider the contribution of
photoemission near the region and making the selection of ends points
of the region independent to the user. When the active approach is
used, it is possible to use more than one type of background at the same
time, which can be present in the spectra due the extrinsic or intrinsic
energy losses [18]. It is important to note that in the case of extrinsic
scattering, it has been demonstrated that the background originated by
this effect, can be modelled accurately using slope background [15],
while the intrinsic effect due the photoexcitation process can be mod-
elled using SVSC or Shirley. The selection of these two last methods is
made depending if the spectrum has (SVSC) or not (Shirley) over-
lapping with other core levels, in which case, is used the SVSC or
Shirley, respectively. In our case of study, SVSC has been used since
both core levels of interest, Mo 3d and S 2p are overlapped with
components from other core levels. The selection of proper contribu-
tions to the background is favourable for quantification, as will be
shown.

We will show the scope of the two approaches, mainly in: (i) the
dependence of the selected range for the analysis (different limits at
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Fig. 1. Mo 3d-S 2s spectra of the sulfided catalysts showing the corresponded S
2s components in the Mo 3d — S 2s region (right side of spectra with line pat-
tern). The area of MoS, component in S 2s is related with the area of the MoS,
component in S 2p, by a ratio S 2s/S 2p of 0.65.

high binding energy) over the areas obtained. (ii) The quality of the
fitting (chi-square, %) in conjunction with (iii) the stoichiometry of the
MoS, specie obtained in coaction with well-known detailed methods of
quantification (using physic parameters) [19].

2.3. Method for composition assessment

The stoichiometry was assessed using physical parameters involved
in the creation of the photoemission signal: the photoelectric differ-
ential photoionization cross section of the atom (%), which was
evaluated considering the correction for the effect of monochromator as
described elsewhere [20] and the effective attenuation length (A,) that
was calculated using NIST Electron Effective-Attenuation-Length Da-
tabase Version 1.3. In Eq. (1) is given the relationship between the
atomic density of an element A (N,, proportional to its stoichiometry),
the intensity of the photoemission spectra (I,), the photoelectron ki-
netic energy KE,, and the physical parameters ‘%“ and A,.

I KE

doca
do 4

Ny

(€8]

The value I, corresponds to the area of the photoemission signal
obtained after the fitting of the core levels Mo 3d, S 2p, O 1s, and Al 2p,
associated to an element A.

2.4. XPS data acquisition

The system used for XPS data acquisition was an instrument as-
sembled by Intercovamex (Morelos, Mexico) equipped with seven
channel Alphall0 hemispherical spectrometer from ThermoFisher
(East Grinstead, UK), working with a monochromatic Al-Ka source with
photon energy of 1486.7 eV at take-off angle of 41°, 500 um size beam,
and operating at 1.2 x 10~ ° Torr. This system has a glove box attached
to the prechamber, which allows the transferring of the samples to the
system without exposing them to the oxygen in the environment. Due to
the non-conductive nature of the samples, a flood gun for charging
compensation was used during data acquisition.

The sulfided catalyst sample CoMoAl was transported under inert
atmosphere and placed into the prechamber through the glove box.
Once there, it was outgassed at 3 x 10~ 7 Torr for 3 h. After this time,
the sample was transferred to the analysis chamber. The analysis began
with survey acquisition at 50 eV of pass energy and 1 eV of step size,
followed by high-resolution scans of the regions Mo 3d-S 2s, S 2p-Si 2p,
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O 1s, and Al 2p, at 15eV of pass energy and a step size of 0.1 eV.
3. Results and discussion

The high-resolution spectra of the core levels involved in the sul-
furization extent (i.e. Mo 3d and S 2p) are described in terms of their
fitting parameters (i.e. binding energy, Gaussian and Lorentzian values)
using the described methods for background removal. Using the re-
sulting areas from regions Mo 3d and S 2p, the stoichiometry was cal-
culated for the MoS,. Furthermore, considering that the catalyst is
supported on y-alumina, the stoichiometry of Al,O3; was calculated to
provide an accurate reference for the shift correction in all the spectra.
The value of binding energy (BE) used for this purpose was 74.1 eV (Al
2p) [21].

Afterwards, a comparison of the methods used for background re-
moval (i.e. active vs. static approaches) are illustrated in detail. Finally,
the sulfidation extent obtained with both methods compared is given,
making emphasis on the values obtained using SCSV background plus
slope under the active approach.

3.1. Fitting of spectra

3.1.1. Mo-species

In Fig. 1, it can be observed that the components of the core level
Mo 3d overlap strongly with S 2s region. To obtain the real contribution
of areas for quantification of molybdenum, a clear distinction of the
background of the components for each core level was done using the
SVSC background under active approach.

In this case, it is crucial to remark the importance of using SVSC
background on this overlapped Mo 3d-S 2s spectra, since assigning an
improper strength of background for the different elements in the
spectrum generally leads to an underestimation of the peak area, al-
though overestimations of areas are not discarded. The assignations of
different values of background for each component is direct using the
software AAnalyzer®, where the values of SVSC backgrounds for each
component are assigned by the software according to the characteristics
of the spectra (free values) in the same way as the areas were obtained
(including the area of S 2s from MoS, component). In addition, a slope
background due to the change in the tendency of the background at
high BE near the region was required.

The two doublets found for Mo 3d were fitted with the characteristic
separation of 3.2 eV and ratio between spin-orbit doublet of 0.66. Based
on the positions of branch 3ds,,, the peak at 229.8 eV in CoMoAl is
associated to Mo**, which is characteristic of molybdenum disulfide
(MoS,). The peaks at 233.8 eV is associated to Mo®*, characteristic of
molybdenum oxide (MoOs3).

A convolution of Gaussian and Lorentzian (Voigt line-shape) was
employed for all the peaks. The values for Gaussian and Lorentzian
were correlated to the same value between components of the same
core level. During the fitting, binding energies and areas took free va-
lues. Table 2 summarizes the fitting values for all the core levels and
their components, obtained using the backgrounds SVSC plus slope.

3.1.2. Sulfur species

The core level S 2p was analysed, since its probability of photo-
emission is higher than the S 2s, and the peak is narrower, allowing to
accurately determine the chemical states present in the signal. The S 2p
core level is overlapped at lower binding energy with photoemission
from silicon (present in the commercial alumina) and is crucial to un-
veil clearly the components in the spectra, principally the contribution
of the MoS,. The fitting of this region was performed using the SVSC
background and the slope background under the active approach, as
was performed for the region Mo 3d-S 2s. The S 2p spectra are com-
posed of the spin-orbit doublet S 2p3,» and S 2p;,» with a ratio of 0.5
and splitting of 1.18 between them. The doublets are not resolved due
the resolution of the instrument, and instead, a single asymmetric peak
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Table 2

Values of binding energies, Gaussian and Lorentzian are given for the fitting
obtained with the background SVSC + slope. These Gaussian and Lorentzian
are correlated to the same value between the correspondent branches 5/2 and
3/2 and between the components of the same core level. The relative percen-
tage of each specie was obtained dividing its peak area by the total area formed
by the different species of the same element present in the sample.

CoMoAl
Region  Peak BE Gaussian  Lorentzian % rel.
eV eV eV
Mo 3d  MoS, 229.8 0.7 1.57 83.8
MoO3 233.8 0.7 1.57 16.2
S 2p MoS, 162.8 0.83 1.2 75
Co,Sy 160.2  0.83 1.2 17.4
CoSOy4 171.2  0.83 1.2 7.5
Al 2p y-Alumina 74.1 1.89 0.2 17.9
Hydroxides/oxy-hydroxides  75.6 1.89 0.2 82.1
O1s y-Alumina 530.2 2.0 0.27 15.0
Hydroxides/oxy-hydroxides  531.9 2.0 0.27 55.6
SiO, 5329 2.0 0.27 29.4

Active approach
(SVSC + slope)

8

Static approach
(Shirley)

S 2p A s

B8

CoS, Cos,

3
g

.
reference ——=

areas 804

A
2

sulfate sulfate —
. PU A, 1

Area (arbitrary units)
]
8

0 0

sulfate

170 171 172 173 174 175 176 170 171 172 173 174 175 176
Left Fitting Limit (eV)

Intensity (arbitrary units)

----171eV

=ews ] 36V
----176 eV m
T T T T T T
175 170 165 160 155 150 145

Binding Energy (eV)

Fig. 2. S 2p spectrum of the sulfided catalysts CoMoAl Inset shows the de-
pendence of the resultant area on the selection of range with the use of both,
static and active approaches. For error calculation, the areas used as references
were those with which were obtained the closest values for stoichiometry MoS,
(under active approach).

is visible (see Fig. 2). The spectrum is described based on the BE of the
branch S 2p3 5. The peak at 160.2 eV corresponds to sulfur from sulfide
phase Co,S,. The peak at 162.8 eV is ascribed to $%~ of the MoS, phase
[11]. A doublet at 171.2 eV is assigned to sulfur from sulfate CoSO4
which can be the result of a slight oxidation during the handling of the
sample. Two additional peaks were found at low binding energy, which
belong to the region of the core level Si 2s.

3.1.3. Aluminium and oxygen species

The line-shape in the regions Al 2p and O 1s was modelled using
Voigt, and for background removal the slope was used. Two chemical
states for Al 2p were found: Al in crystal structure of y-alumina at
74.1eV associated to Al;03 and Al in hydroxides/oxyhydroxides at
75.6 V. In O 1s three chemical states were found: O in crystal structure
of y-alumina at a position of 529.9 eV, confirming Al,O3, O in hydro-
xides/oxyhydroxides at 531.5eV. A third peak in Ols is assigned to
silicon at a BE of 532.4 eV. These values are in strong agreement with
literature [21-24].
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3.2. Stoichiometry

The density of elements A (N,) present in each particular sample
was obtained with Eq. (1). The stoichiometric formula (atomic ratio, a,)
was obtained using Ry* = (Na/Np) - ng, where N and np are the con-
centration and the number of atoms of a particular element and the
selected base element, respectively. The assessment of stoichiometry
gives the next results: M0og 99552 and Al, 06Os.

3.3. Comparison of methods

For S 2p and Mo 3d, the fitting areas and stoichiometry obtained
with both approaches has been compared. In the case of S 2p, two types
of background were compared: Shirley background under static ap-
proach and the SVSC plus slope under the active approach. These were
applied at three different limits at high binding energy (left of the
peak): 176 eV, 173 eV, and 171 eV. The two types of background ap-
plied under both approaches at those ranges are shown below the fitted
spectra in Fig. 2. The set of background lines at three different ranges
for the active approach shows variation in their relative intensity as
small as 2.5% for the peak MoS; for the limit range 171 eV. The bigger
variation was found to be 30% for the sulfate peak when the limit used
was 173 eV. In the case of the set of background lines under the static
approach it is possible to observe at first glance more variation in in-
tensities. With the highest value being 100% for the sulfate peak at
173 eV and 171 eV. In the case of the peak involved in the sulfidation
assessment MoS,, when active approach is used the area variations
respecting the area obtained at 176 eV are 2.5% and 2.6%, for 173 eV
and 171 eV, respectively. With the use of static approach, the variations
in areas are 12.0% and 7.0% for 173 eV and 171 eV, respectively. Ob-
serve that using either active or static approach at the left limit of
176 eV, the backgrounds look almost the same (continue and dotted
blue lines), with a variation for example, for the relevant peak for
sulfidation being 1.0%. In the ideal cases when the complete range was
acquired it is discretional the election of the approach to be used.
However, when the complete range of the spectra has not been acquired
and it cannot be repeated for any reason, still is possible to rescue in-
formation from nearly missing peaks, with the use of active approach.
Another point regarding the analysis of the peak with static approach if
a proper range was acquired (with at least 3 eV of flat background at
each side of the photoemission peak), is the dependence of the selected
range, since the area of the peaks are strongly dependant on the user
selection of the end points as was proved in [16].

The resultant variation in the area of the peaks imply changes in the
stoichiometry of the chemical compound present in the sample as is
shown in the molybdenum spectra (Fig. 4). The inset in Fig. 2 shows the
dependence of the area on the selected range for each component, for
the approaches used. The reference areas of S 2p considered to calculate
these variations are those with which the stoichiometry is closest to
MOSz.

For S 2s, the error in the area can be additionally determined from
the expected area ratio S 2s/S 2p, that can be assessed from the pho-
toelectric cross section for a polarized source [20]. In this case, the peak
in the S 2s and S 2p regions considered for this calculation is the
component related with MoS,. From the theoretical cross section values
2s and 2p results a ratio 2s/2p of 0.65 for sulfur, which follows the 2s/
2p trend for the elements from Aluminium to Germanium, according to
their atomic number as the Fig. 3 displays. Qiu et al. obtained an em-
pirical value of 0.66 from the ZnS spectra [11]. In our case, the as-
sessment of the ratio S 2p/S 2s with the experimental areas obtained
after fitting with SVSC and slope background gives a value of 0.76.

When Shirley under static approach is used in both regions S 2s and
S 2p, the value of the core levels area ratio S 2s/S 2p is 1.4, which is far
from the expected value.

Fig. 4 illustrates the Mo 3d region where are compared the same
background removal methods as was compared in the S 2p spectrum
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Fig. 3. Ratios of cross section 2s/2p for elements from Z =13 to Z = 32
evaluated from calculations of atomic subshell photoionization cross section for
S 2s and S 2p core levels calculated for the case of monochromatic source
(polarized source) as in [20]. A value close from expected (star symbol) was
found when using SVSC+slope (active approach).

Mo 3d-S 2s

Mo stoichiometry
coefficient

0.000225

0.000200

«_, 0000175
=

0.000150

. 0.000125

Intensity (arbitrary units)

SVSC+slope (active approach
#  Shirley+slope (active approach)
o Shirley (static approach)
T 5 T ) T ¥ T v T Y T T T ! T
250 245 240 235 230 225 220 215
Binding Energy (eV)

—
210

Fig. 4. a) Mo 3d - S 2s spectrum of CoMoAl sample showing three types of
removal background methods: Shirley (static approach), Shirley plus slope
background subtraction (active approach), and the methods SVSC plus slope
(active approach). Inset: it is shown the stoichiometric value of Mo (MoS, as
model) as function of the type of background and the chi-square value for each
type of background.

(SVSC + slope, active approach and Shirley, static approach) and ad-
ditionally the Shirley plus slope under active approach. As it was
showed with the S 2p spectrum, the static Shirley background is
strongly dependent on the selected range. In this case, a fitting at
246 eV at the left limit entails a missing area for the Mo®* and un-
derestimation of areas for the rest of the components in Mo 3d. The best
fitting for the static approach, was obtained at 242 eV at the left limit of
binding, with an undervalue of 29% for the total area in relation to the
area obtained with the SVSC plus slope background. Nonetheless, with
the areas obtained at this BE as left limit, the value for Mo stoichio-
metry was 1.06, whilst the expected value for Mo stoichiometry is one.
Given that value, it is tempting to use the static approach. However, it is
mandatory to consider the whole scenery, considering factors as the
dependence of the area on the selected range, the fitting parameters,
and the quality of the fitting evaluated for example with the chi-square
as is evaluated in this work.

In the inset of Fig. 4, is shown the quality of the fitting (chi-square,
%% and the values obtained for Mo stoichiometry in function of the
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three methods applied in the Mo 3d spectrum. In the three cases of
background comparison, the areas of the S 2p components used for the
calculations were those obtained with SVSC plus slope (active ap-
proach). For Mo stoichiometry both the Shirley (static approach) and
SVSC (active approach) background present a close value to 1, however
with the static Shirley the value of %2 is the highest compared with the
other two backgrounds (inset of Fig. 4). This could be an acceptable
result without consider the incertitude when using static Shirley due the
dependence on the selected range. When Shirley plus slope is used in
the active approach, the value of 2 indicates a good fit, even better
than for SVSC plus slope. However, the stoichiometry of Mo is not the
expected, presenting an error of + 0.11. This result indicates that even
an active approach is used, still is necessary to distinguish between the
individual contributions of the different core levels and chemical states
to the final background using SVSC background. In the case of SVSC
plus slope background, the method conveys an error of + 0.05 in
stoichiometry and an acceptable value of chi-square. This result is
promising, if we also consider the independence of the selected range
over the areas obtained, and, as discussed above the closest value to
0.65 for the ratio S 2p/S 2s was obtained with SVSC plus slope back-
ground.

3.4. Sulfidation extent calculation

As mentioned in Section 11, the sulfidation extent is a relevant in-
dicator related to the catalytic performance. This value was assessed
using the approaches compared in this work. As a result, the sulfidation
extent value obtained using the static approach seems to be the best
(90%), according with the ideal value equal to one, which means that
almost all the MoO3 present in the sample is completely sulfided
(MoS,). However, this value is more idealized than correct and can give
an improper insight for the sulfidation extent. Finally, the value ob-
tained with the use of SVSC background plus slope for the sample was
84% (Fig. 5).

Considering the compendium of results for stoichiometry and
quality of fitting for both samples it can be determined that the best
method for fitting the Mo 3d-S 2s an S 2p-Si 2p regions and therefore
for calculating the sulfidation extent, it is the mix of removal back-
ground methods SVSC + slope applied under the active approach.

Ideal value_..!
Shirley
(static approach)
overestimated value 91%
Shirley + slope
(active approach)

underestimated value 83%

SVSC + slope
(active approach)

real value 84%

T

|
|
|
l
|
|
|
]
|
|
|
l
|
|
|
|
|
|
|
T
0

100

Sulﬁdation extent AMO}d—MoSZ/AMo 3d-Total (%)

Fig. 5. Values of sulfidation extent (Ayo3d-Mos2/AMosd-Total) Obtained with the
three types of background compared in this work: Shirley (static approach),
Shirley-Sherwood + slope (active approach) and SVSC + slope (active ap-
proach) for the sample CoMoAl.
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4. Conclusions

The use of removal background methods SVSC in combination with
slope background subtraction under active approach, have been proved
accurate models to remove background in cases where discrimination
of different contributions of background must be done, as was the case
of the overlapped peaks in the regions Mo 3d-S 2s and S 2p-Si 2p. Using
the areas obtained with the methods compared here and employing
physical parameters, the stoichiometry of MoS, and Al,O3; was ob-
tained. It was conclusive that when overlapped peaks are found in the
spectrum, distinction of different background strengths must be per-
formed, here allowed by using SVSC background.

This type of analysis is essential for an accurate calculation of the
sulfidation extent of the MoS, active phase (Awio3d-Mos2/AMo3d-Total)s
which is one of the fundamental parameters in the performance of a
hydrodesulfurization catalyst. We expect that this work helps the
community dedicated to catalysis, to have a tool to calculate accurately
the sulfidation extent parameter and have a proper insight for the de-
velopment of quantitative analysis by XPS.
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