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INFLUENCE OF THE SYNTHESIS METHOD ON THE DTG-TPR
PROFILES OF Pt/WO,—ZrO; BIFUNCTIONAL CATALYSTS
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Pt/WO,—ZrO, bifunctional catalysts were synthesized using impregnation and polymeric precursor methods. After the synthesis
process the samples were calcined at 600, 700 and 800°C and characterized by X-ray diffraction, nitrogen adsorption and tempera-
ture programmed reduction study by thermogravimetry. DTG-TPR profiles showed between three and five reduction events at dif-
ferent temperatures attributed to platinum reduction and to different stages of tungsten species reduction. A comparative study of

the synthesis method influence on the DTG-TPR curves was accomplished.
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Introduction

Supported tungsten oxide catalysts have been investi-
gated because of their promising application on the
isomerization process of m-alcanes [1, 2]. A large
number of studies concerning the structural feature
and active species-support interaction have been per-
formed for WO,—ZrO, catalysts [3-5] and was
showed that the active species-support interaction
plays an important role in controlling the active phase
features and in affecting the support properties. Sev-
eral works have shown that the catalytic properties of
WO,—ZrO, are strongly affected by their synthesis in-
cluding every step of the preparation together with the
quality of precursors and tungsten loading uti-
lized [5-7]. The most widely used method for the
preparation of WO,—ZrO, catalysts involves impreg-
nation of precipitated zirconium source with a solu-
tion of ammonium metatungstate or paratungstate
[1, 6, 7-9]. Other methods have been also used to pre-
pare such oxides, including sol-gel [10], hydrother-
mal synthesis [11] and using reverse micelles [12].
The preparation of Pt/WO,—ZrO, was not still accom-
plished by the precursor polymeric method [13]
which can be used to prepare catalysts. Such method
permits good stoichiometric control as well as
reproducibility and yielding ultrafine particles.

The reduction profile of WO,—ZrO, catalysts
normally has been studied in the literature for varia-
tions in the composition of gas mixture of hydrogen
and some inert gas flowing through reactor which are
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monitored by a thermal conductivity detector (TCD)
[14]. The disadvantages this method is the small sen-
sibility of TCD which many times not shown the re-
duction profile of the components that are in small
content in the sample. Compared to that analytical
technique of reduction profile study thermogravi-
metry can provide more accurate information on the
metallic sites. In the TG experiments the reduction
rate of the several compounds contained in the sample
is continuously measured by heating linearly of the
material in a reductive gas stream (such as hydrogen).
Due to reduction of the different compounds in the
sample a variation occurs in the mass of the sample
which is monitored by a thermobalance. Different
events are related to the species supported and its
interaction with the support [15].

This study is focused on the preparation of
Pt/WO,—ZrO, catalysts by the impregnation and pre-
cursors polymeric methods and on the investigation
of the syntheses methods effect on DTG-TPR pro-
files. X-ray diffraction was used to reveal the struc-
tural characteristics of the materials formed.

Experimental
Materials

The Pt/WO,—ZrO, catalysts were synthesized by im-
pregnation (IM) and precursor polymeric (PP) meth-
ods using the following chemicals as starting materi-
als: ammonium paratungstate — APT (Aldrich,
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99.99%), zirconium oxonitrate (Aldrich) and plati-
num(Il) chloride (Aldrich, 99.9%). These reactants
were combined to obtain samples contain 1 mass% of
platinum and 10, 15 and 20 mass% of tungsten after
calcination treatments.

Impregnation method (IM)

Pt/WO,—ZrO, catalysts were prepared by success im-
pregnation of the tungsten and platinum precursors on
source of support with basis on the method proposed
by Hino et al. [1, 4]. In this procedure the preparation
of aqueous solutions of ammonium paratungstate is
going at first. These solutions were added to the zirco-
nium source solids with stirring at 70-80°C for 1 h.
After then platinum chloride solutions were added to
the systems mentioned above in appropriate amount.
The resulted solutions were kept at that temperature
for 4 h resulting in precursor powders.

Precursor polymeric method (PP)

The procedure to obtain Pt/WO,—ZrO, catalysts were:
(i) stoichiometric amounts of ammonium para-
tungstate and distilled water were placed to Beckers
and stirred at 50-60°C for 30 min; (i7) an aqueous so-
lution of citric acid (Vetec) and stoichiometric
amounts of zirconium oxonitrate were mixed at
60-70°C for 1 h. The molar ratio between citric acid
and zircon was of 2:1; (iif) the solution (i) was added
to the solution (if) under constant magnetic stirring
and kept at 70°C for 30 min; (iv) stoichiometric con-
tent of platinum chloride solid was then added to the
system (ii7) and stirred at 70°C for period less than
10 min; (v) after complete mixing, the temperature
was slowly increased to 90°C at which point ethylene
glycol (Vetec) was added with the mass proportion
of 60:40 (citric acid: ethylene glycol). The resulted
solution was held at that temperature for 1 h under
constant magnetic stirring. A gel was then formed and
subsequently heat-treated at 300°C for 2 h resulting
the precursor powders.

Methods

The materials obtained in both synthesis processes
were denominated of PWZ10, PWZ15 and PWZ20.
These materials were calcined at 600, 700 and 800°C
for 1 h. The identification of the crystalline phases
formed after calcination process were performed by
X-ray diffraction in a Shimadzu (XRD-6000) equip-
ment using Ni-filter and CuK,, radiation, with diffrac-
tion angle (20) in the range of 10-80°.

Thermal stability of the calcined samples were in-
vestigated by heating of 3 mg of each sample using
Shimadzu TGA-50 instrument at a heating rate
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of 10°C min ™" under air (flow rate: 50 cm® min'). The
catalysts were characterized by temperature pro-
grammed reduction (TPR). The procedure consisted in
activating the sample at 100°C for 30 min in nitrogen
flow. After this treatment, the TPR profile was per-
formed by heating of about 30 mg of sample from 100
to 900°C in a Mettler TGA-851 instrument at a heating
rate of 20°C min ' and under hydrogen purging at a
flow rate of 25 cm® min ' ion alumina crucible. The hy-
drogen consumption was measured by thermobalance.

Results and discussion

Calcinations at 600, 700 and 800°C lead to removal of
physically adsorbed water, decomposition of precur-
sor, as well as condensation of tungstate species on
zircon surface. In the case of Pt/WO,—ZrO,, the calci-
nation process can also lead to the formation of acid
sites as a result of adsorption of tungstate species on
support creating Bronsted-type acidic sites. TG/DTG
curves of the calcined samples (figure not shown) re-
vealed 0.5-1.5% mass loss (for the samples prepared
by IM method) and 1-4% (for the samples prepared
by PP method) in the temperature range of 30-600°C.
The observed mass change probably related to the de-
composition of the hydroxyl groups. Such results sug-
gest that the synthesis methods used were effective
for complete decomposition of the precursors as well
as to obtain the final catalysts.

Crystalline phases were obtained by calcinations
between 600 and 800°C as suggested by the presence
of strong peaks. X-ray diffractograms of the
Pt/WO,—ZrO, materials calcined at 700°C are shown
in Figs 1a and b for the samples prepared by IM and
PP methods, respectively. For the samples prepared
by IM method, the diffractograms showed the main
peaks of monoclinic (m) and tetragonal (t) phases of
zircon oxide (ZrO,) with 20=28.2° (m); 30.2° (t) and
31.3° (m) and monoclinic phase of tungsten oxide
(WO;). Other peaks relative to zircon oxide also were
observed but they are overlap with the WO; oxide.
WO; oxide only was observed in the samples con-
taining more than 10% of tungsten (PWZI15 and
PWZ20). This structure was characterized in the sam-
ples by peaks with 26=23.1, 23.6 and 24.3°. In case of
the samples prepared by PP method, the diffracto-
gram showed the main peaks of tetragonal (t) phase of
zircon oxide (ZrO,) with 20=30.2° (t), 35.2° (1),
50.3° (t) and 60.1° (t). Some samples shown peaks
due monoclinic (m) phase of zircon oxide (m-ZrO,)
and due a monoclinic phase of tungsten oxide (WO3).
The principal peaks due m-ZrO, was at 20=28.2, 31.4
and 55.6°. WO; phase was observed in the PWZ20
sample calcined at 700°C, PWZ15 and PWZ20 cal-
cined at 800°C. The presence of platinum on tung-

J. Therm. Anal. Cal., 87, 2007



DTG-TPR PROFILES OF Pt/WO,—ZrO, BIFUNCTIONAL CATALYSTS
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Fig. 1 XRD of Pt/WOx—ZrO, samples prepared by a — IM and b — PP methods, with different tungsten load (10, 15 and 20%) and

calcined at 700°C

sten-zircon oxide (WO,—ZrO,) phase was observed in
all samples independent of the synthesis method and
even platinum is in small contents on surface of the
catalysts. In these samples the platinum crystalline
phase was identified by two main peaks at 20 equal
to 39.8 and 65.6°. The presence of platinum metallic
species was also previously found in other works
when the platinum was added before calcination [6].
Comeli et al. [16] studied and concluded that tungsten
induces electronic and/or steric modifications upon Pt
particles in Pt/WO,—ZrO, type materials.

TPR-DTG curve of bulk WO; crystallites cal-
cined at 700°C (figure not shown) exhibited a shoul-
der and two reduction peaks with maxima at 650, 748
and 870°C. These reduction peaks are related to the
reduction of WO; and of its formed species. The first
reduction peak begins at 630°C with the partial reduc-
tion of WO; forming non-stoichiometric (WO,.y)
tungsten oxide intermediate. At approximately 685°C
the simultaneous reduction of this oxide and of WO;
takes place, then the reduction of these oxides result-
ing in the WO, species is going on. The reduction of
WO, begins at 791°C forming metallic tungsten (W°).
This last reduction peak was not completed under the
applied experimental conditions. Similar results were
also observed by Vaudagna [6].

DTG curves recorded during the hydrogen con-
sumption of Pt/WO,—ZrO, and with different tung-
sten loading and calcined at different temperatures are
shown in Figs 2—4. These curves were denominated
of temperature programmed reduction by thermo-
gravimetric analysis (TPR-DTG). In agreement with
the DTG curves (Figs 2—4) three—four main mass loss
events for the samples prepared by IM method (fig-
ures on the left side) and three—five main mass loss
events for the samples prepared by PP method (fig-
ures on the right side) were identified. For the sam-
ples prepared by IM method, TPR-DTG profile
showed a reduction peak, which is not well defined at
low temperatures (~150°C) which can be related to
the platinum oxide reduction [6]. The low tempera-
ture for platinum reduction can be correlated with a
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low interaction between platinum oxide species and
the supporter. For the samples prepared by PP
method, TPR-DTG curves showed two reduction
peaks at 137 and 230°C which are probably related to
the reduction of Pt*" to Pt*" and the second peaks due
the reduction of Pt*" to Pt’. In accordance with XRD
results a part of platinum deposited in the supporter
during the synthesis was reduced and after calcina-
tions platinum metallic deposited on the support were
obtained. The same behavior was also observed in
other works when the platinum was added before cal-
cination [6]. Therefore the peak appeared at ~150°C
(for the samples prepared by IM method), and at 137
and 230°C (for the samples prepared by PP method)
are due the reduction of platinum oxide species
remainder the synthesis process.

TPR-DTG profile for the samples prepared by IM
method also showed three—four overlapping reduction
peaks which are related to the WO, reduction. In the
samples contain 10% of tungsten (PWZ10) and cal-
cined at different temperatures, XRD results not indi-
cated the presence of WOj crystalline structure. On the
basis of these results we assumed that the two peaks
showed at 670 and 720°C in these samples can be at-
tributed to reduction of WO, species (amorphous and
non-stoichiometric oxides). In this case the tungsten is
in octahedral and tetrahedral coordination and the two
peaks are corresponding to the reduction of non-
stoichiometric oxides to metal tungsten which occurs
in two steps. The samples containing 15 and 20% of
tungsten (PWZ15 and PWZ20) calcined at 600°C ex-
hibited similar behavior. In these samples XRD results
showed the presence of WO; crystalline structure.
TPR-DTG profile for these samples showed two broad
peaks which correspond to several overlapping reduc-
tion steps. TPR-DTG profile for the samples prepared
by PP method also showed three—four overlapping re-
duction peaks which are totally different of the profile
of pure WO;. This suggests that the tungsten species
supported are not mainly composed of WO; species.
Such curves exhibited a large reduction peak to high
temperatures with a maximum in the 760-860°C tem-
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Fig. 2 TPR-DTG profiles of Pt/WO,—ZrO, samples prepared by a — IM and b — PP methods with different tungsten load

(10, 15 and 20%) and calcined at 600°C

------ PWZ10 700°C
——PWZ15 700°C
----PWZ20 700°C
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Fig. 3 TPR-DTG profiles of Pt/WO,—ZrO, samples prepared by a — IM and b — PP methods with different tungsten load

(10, 15 and 20%) and calcined at 700°C

perature range, which is related to the reduction of the
amorphous tungsten oxides anchored to the zirconium
oxide. In this case the tungsten is in octahedral and tet-
rahedral coordination and it can contain W and W',
Although the reduction of the tungsten species in the
octahedral coordination takes place at lower tempera-
tures than the species in the tetrahedral coordination, in
the case of these samples (figures on the right side)
several simultaneous and parallel reactions should be
take place. Reduction peaks due WOj; crystallites were
not observed in the samples that exhibited this phase in

—— PWZ10 800°C
---- PWZ15 800°C
-oo-- PWZ20 800°C

Consumption of Hy/a. u.

100 200 300 400 500 600 700 800 900
Temperature/°C

the XRD patterns. This observation can probably be
the result of the reduction of these crystallites which
happens simultaneously with the reduction of WO,
species. The PWZ sample calcined at 800°C exhibited
a peak splitting at high temperatures, which can be re-
lated to a better dispersion of the octahedral and tetra-
hedral species. In addition, this sample show a reduc-
tion peak at 423°C which can be related to the reduc-
tion of WO; crystallites.

——PWZ10 800°C b
------- PWZ15 800°C
===~ PWZ20 800°C

Consumption of Hy/a. u.

100 200 300 400 500 600 700 800 900
Temperature/°C

Fig. 4 TPR-DTG profiles of Pt/ WO,—ZrO, samples prepared by a — IM and b — PP methods with different tungsten load (10, 15

and 20%) and calcined at 800°C
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The effect of calcination temperature on the reduc-
tion profile of several Pt/ WO,—ZrO, samples can also be
seen in Figs 2—4. For the samples prepared by IM
method with the increase of calcination temperature the
platinum reduction peak practically disappears.

This can be related to an extensive platinum
sinterization or with the formation of mixed metal or
yet with the formation of metal oxide clusters [6, 16].
On the other hand with the increase of calcination
temperature we also observed the appearance of a
peak between 350—450°C in the samples containing
15 and 20% of tungsten (PWZ15 and PWZ20). The
appearance of this peak can be related to the WO,
crystallites which only were detected in the samples
contain 15 and 20% of tungsten. In this case we can
attribute this peak at catalytic action of the platinum
on tungsten species reduction [6, 16]. Therefore, we
can conclude that in the PWZ15 and PWZ20 samples
calcined at 700 and 800°C the peak appeared at
350-450°C is attributed to the first step of WO; re-
duction (WO;—>WO,y). The broad and intense peak
at 700°C is attributed to the second reduction step of
WO; crystallites (WO, 9—>WO,) and to the beginning
of the reduction of WOy species. The third reduction
peak which can be seen approximately at 830°C can
be attributed to the third reduction step of WO; crys-
tallites (WO,—>W) and to the second step of WOy
resulting metal tungsten species.

Conclusions

Crystallization of Pt/WO,—ZrO, occurs upon calcina-
tion. Both synthesis methods are going with the for-
mation of Pt/WO,—ZrO, catalysts resulting differ-
ences phases. Due to the ZrO, (tetragonal) and
platinum metallic phases, all Pt/WOx—ZrO, samples
showed peaks in the XRD diffractograms upon calci-
nation at 600, 700 and 800°C. The WO; and ZrO,
(monoclinic) phases were observed only in some sam-
ples. The syntheses methods, the calcination treat-
ments and the tungsten load have influence on the re-
duction profile of Pt/WO,—ZrO, catalysts. TPR
profiles showed three—five events at different temper-
atures which are attributed to platinum reduction and
the different stages of tungsten oxide reduction.
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