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THERMO-PROGRAMMED REDUCTION STUDY OF Pt/WO,-ZrO,
MATERIALS BY THERMOGRAVIMETRY
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The thermo-programmed reduction study of Pt/WO,—ZrO, materials prepared with different tungsten loading were performed by
thermogravimetry. The samples were synthesized by impregnation method and calcined at 600, 700 and 800°C. The characterizations of
both un-calcined and calcined materials were carried out using different techniques: thermal analysis (TG and DTA), X-ray diffraction
(XRD) and thermo-programmed reduction (TPR). TG and DTA analysis of un-calcined were used to determination of calcination tem-
peratures of the samples. XRD diffractograms were useful to help us in the determination of phase presents. TPR profiles showed between

three and four events at different temperatures attributed to platinum reduction and the different stages of tungsten specie reduction.
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Introduction

Solid acid catalysts based on platinum supported on
zircon oxide (ZrO,) modified by tungsten oxide (WOy)
are widely studied as promising catalysts for iso-
merization and alkylation of hydrocarbons [1-4]. The
use of these catalysts in such reactions depends on an
accurate understanding of their reduction profile and
their acidic properties because the main properties of
the bifunctional catalysts, the activity and the selectiv-
ity are intimately related with these features [5, 6].

The reduction profile of materials normally has
been studied in the literature for variations in the com-
position of gas mixture of hydrogen and some inert gas
flowing through reactor which are monitored by a ther-
mal conductivity detector (TCD) [7, 8]. The disadvan-
tages this method is the small sensibility of TCD which
many times not shown the reduction profile of the com-
ponents that are in small content in the sample. Com-
pared to that analytical technique of reduction profile
study, the thermogravimetry can provide information
about the metallic sites more accurate. In the TG experi-
ments, the reduction rate of the several compounds con-
tained in the sample is continuously measured by heat-
ing linearly of the material in a reductor gas stream
(such as hydrogen). Due to reduction of the different
compounds in the sample occurs a variation in the mass
of the sample which is monitored by a thermal balance.
Different events are relationed with the species sup-
ported and its interaction with the support [9, 10].

In this work was studied the thermo-pro-
grammed reduction profile of several Pt/WO,—ZrO,
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materials synthesized with different tungsten loading
and calcination temperatures. The effect of the tung-
sten loading and of calcination temperatures on the
reduction properties were evaluated by TPR experi-
ments. XRD technique was used to investigate the
crystalline structures of the materials and TG/DTA
technique were used for study the thermal stability of
the samples, where TG/DTA analysis of un-calcined
were used to determination of calcination tempera-
tures of the samples.

Experimental

Pt/WO,—ZrO, materials were synthesized by success
impregnation of the tungsten and platinum precursors
on source of support with basis on the method pro-
posed by Hino et al. [11, 12]. The materials were syn-
thesized using the following chemicals as starting ma-
terials: ammonium paratungstate — APT (Aldrich,
99.99 %), zirconium hydroxide (Aldrich, 97%) and
platinum(II) chloride (Aldrich, 99.9%). These reac-
tants were combined to obtain samples contain
1 mass% of platinum and 10, 15 and 20 mass% of
tungsten after calcination treatments. After impregna-
tions the samples were dried at 70-80°C for 4 h re-
sulting in solids which were denominated of PWZ10,
PWZ15 and PWZ20. These materials were calcined at
600, 700 and 800°C for 1 h. The characterization of
both un-calcined and calcined materials was carried
out using different techniques.
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The identification of the crystalline phases
formed after calcination process were performed by
X-ray diffraction in an equipment Shimadzu
(XRD-6000) using Ni-filtered, CuK,, radiation, with
diffraction angle (20) at range of 10-80°. TG/DTA
analyses were used to determine the calcinations tem-
peratures of the un-calcined samples. The thermal sta-
bility of the samples were studied by thermal analysis.
The experiments were carried out on a Perkin Elmer
TGA-7 instrument and on a Perkin Elmer DTA-1700
instrument at a heating rate of 10°C min™" and under
air flowing at a rate of 50 cm® min™".

The materials were characterized by temperature
programmed reduction (TPR). The procedure con-
sisted in activate the sample at 100°C for 30 min in ni-
trogen flow. After this treatment, the TPR profile was
performed 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 flowing
at a rate of 25 cm’® min"' on alumina crucible. The hy-
drogen consumption was evaluated by thermobalance.

Results and discussion

The thermal decomposition of APT and solid acid
based on zircon oxide modified by tungsten oxide has
been studied in the literature [13—15]. These com-
pounds decompose at moderate temperatures, usually
giving metallic oxides, pure metal particles and/or in-
organic salts as final product. The composition of the
final product depends on several variables such as the
atmosphere (oxidizing, reducing or inert), temperature
range of study, heating rate and active species-support
interactions. In this work, TG and DTA analyses were
useful to provide information about the decomposition
of the samples as also about the determination of calci-
nation temperatures of the un-calcined samples. Typi-
cal TG/DTG and DTA curves of Pt/WO,—ZrO, materi-
als as synthesized (un-calcinated) are shown in
Figs 1-3 and the Table 1 summarizes TG and DTA
data. TG/DTG curves of all samples showed basically
two events of mass loss. The first event is attributed to
release water molecules resulting of the synthesis as

Table 1 Temperature range (A7) and mass loss of
Pt/WO,—ZrO, samples (un-calcined)

also the beginning of APT decomposition. The second
event has been assigned to APT decomposition. APT
decompositions occur in the several consecutive reac-
tions liberating several products. Fouad and collabora-
tors [15] studied and identify the decomposition prod-
ucts of APT and concluded that the thermal
decomposition process occurs in four steps liberating
nitrogen and dinitrogen oxides and ammonium ions.
The decomposition of solid acid based on zircon oxide
modified by tungsten oxide showed similar decompo-
sition in relation to APT decomposition, except by
temperatures range of decomposition. In this case, the
thermodecomposition depends on active species-sup-
port interactions and of tungsten loading. In the sam-
ples un-calcined, the complete decomposition of pre-
cursors occurs between 30-550°C where the sample
lost about 20% its initial mass. The residue at ca.
550°C corresponds essentially to Pt/WO,—ZrO, ox-
ides. The thermal treatment of precursor materials
cause several changes in the support and in the active
species dispersed: the support losses water, its surface
shrinks and it crystallizes. For the other hand, the tung-
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Fig. 1 TG/DTG and DTA curves of Pt/WO,—ZrO, (PWZ10)
sample (un-calcined)

TG analysis DTA analysis

Sample

AT/°C Mass loss/% AT/°C

30-331 16.8 117-162 and 334-380
PWZ10 531 550 32 426-468

30-386 16.5 132-185 and 375-403
PWZIS 336 544 15 445-478

30-331 16.9 129-177 and 370-399
PWZ20 331 550 11 447-481
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Fig. 2 TG/DTG and DTA curves of Pt/WO,—ZrO, (PWZ15)
sample (un-calcined)
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Fig. 3 TG/DTG and DTA curves of Pt/WO,—ZrO, (PWZ20)
sample (un-calcined)

sten species diffuse and it is disperse on the support as
WOj species. The decomposition events of all samples
are characterized in DTA curves (Figs 1-3) by endo-
thermic and exothermic peaks between 115-185 and
330-403°C, respectively. The exothermic peak
showed between 426-490°C in all DTA curves was at-
tributed the crystallization of these samples.

The calcinations at 600, 700 and 800°C lead to
removal of physically adsorbed water, decomposition
of precursor, as well as condensation of tungstate spe-
cies on zircon surface. In the case of Pt/WO,~ZrO,,
the calcination process can also lead to the formation
of acid sites as a result of adsorption of tungstate spe-
cies on support creating sites acids of Bronsted-type.
TG/DTG curves of samples calcined (not shown) re-
vealed a mass loss of 0.5-1.5%, in the temperature
range of 30-600°C probably related to the decompo-
sition of the hydroxyl groups. DTA curves (not
shown) of calcined samples not shown any peaks in
the temperature range studied.

The XRD pattern of the un-calcined samples (not
shown) revealed an amorphous phase. Although the
diffractograms have not shown peaks referring to zir-
conium oxide and tungsten oxide phases one diffrac-
tion peak regarding platinum metallic phase was de-
tected to 20=39.8°, what is an indicative that during the
synthesis process is already obtained the metallic plati-
num. Crystalline phases were obtained by heat-treating
at temperatures between 600, 700 and 800°C as sug-
gested by the presence of strong peaks. X-ray
diffractograms of the Pt/WO,—ZrO, materials calcined
at 700°C are shown in Fig. 4. All the diffractograms
showed the main peaks of monoclinic (m) and
tetragonal (f) phases of zircon oxide (ZrO,) with
20=28.2° (m); 30.2° (¢) 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 contain more than 10% of tungsten
(PWZ15 and PWZ20). This structure was character-
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Fig. 4 XRD of Pt/WO,—ZrO, (PWZ) samples with several tung-
sten loading (10, 15 and 20%) and calcined at 700°C

ized in the samples by peaks with 26=23.1, 23.6 and
24.3°. The presence of platinum on tungsten-zircon ox-
ide (WO4—ZrO,) phase was observed even platinum is
in small contents on surface of the solid acid. 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 also was previ-
ously found in other works when the platinum was
added before calcination [2]. Comeli et al. [16] studied
and concluded that the tungsten induces electronic
and/or steric modifications upon Pt particles in materi-
als of type Pt/WO,—Zr0O,.

Figure 5 shows the profiles of reduction of bulk
WOs; crystallites calcined at 700°C. TPR-TG curve
exhibited a shoulder and two reduction peaks with
maxima to 650, 748 and 870°C. These reduction
peaks are related with the reduction of WOj; and of its
species formed. The first reduction peak begins to
630°C with the partial reduction of WO; forming an
oxide of tungsten intermediate non-stoichiometric
(WO,4). At approximately 685°C it happens the si-
multaneous reduction of this non-stoichiometric ox-
ide and of WO;. Soon after occurs the reduction of
these oxides resulting in the WO, species. The reduc-
tion of WO, begins to 791°C forming metallic tung-
sten (W"). This last reduction peak was not completed
due to experimental conditions. Similar results were
also observed by Vaudagna and collaborators [2].

DTG curves obtained during the hydrogen con-
sumption of Pt/WO,—ZrO, materials with different
tungsten loading and calcined at different temperatures
are shown in Figs 6-8. These curves were denominated
of temperature-programmed reduction by thermogravi-
metric analysis (TPR-DTG). In accordance with the
derivative curves (Figs 6-8) were identified between
three to four main events of mass loss. TPR-DTG pro-
file showed a reduction peak not well defined at low
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Fig. 5 TPR-DTG profiles of WO; crystallites calcined at 700°C

temperatures (~150°C) which can be related with the
platinum oxide reduction [2]. The low temperature for
platinum reduction can be correlated with a low inter-
action between platinum oxide species and the support.
In accordance with XRD results a part of platinum de-
posited in the support during the synthesis was reduced
and after calcinations was obtained platinum metallic
deposited on the support. The same behavior also was
observed in other works when the platinum was added
before calcination [2]. Therefore we are attributing that
the peak showed at ~150°C is due the reduction of plat-
inum oxide species remainder the synthesis process.
TPR-DTG curves (Figs 6-8) indicated a mass loss for
this event of about 1.6% what suggest that the platinum
initially deposited are in the oxide shape. TPR-DTG
profile also showed three to four overlapping reduction
peaks which are related with WO, reduction. In the
samples contain 10% of tungsten (PWZ10) and cal-
cined at different temperatures, XRD results not indi-
cated the presence of WO; crystalline structure. With
basis in these results, we assumed that the two peaks
showed at 670 and 720°C in these samples can be at-
tributed to reduction of WOy species (oxides amor-
phous and non-stoichiometric). In this case the tung-
sten is in octahedral and tetrahedral coordination and
the two peaks showed correspond the reduction of
non-stoichiometric oxides to tungsten metallic which
occurs in two steps where the total reaction can be
written as: WO,+H,—>W+H,0. The samples contain-
ing 15 and 20% of tungsten (PWZ15 and PWZ20) cal-
cined at 600°C exhibited similar behavior. In these
samples, XRD results showed the presence of WO,
crystalline structure. TPR-DTG profile for this samples
showed two broad peaks which correspond to several
reduction steps overlap.

The effect of calcination temperature in the pro-
file of reduction of several Pt/WO,~ZrO, materials
also can be seen in Figs 6-—8. In relationship the plati-
num species we detected that with the increase of cal-
cination temperature the peak relationship the plati-
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Fig. 6 TPR-DTG profiles of Pt/ WO,—ZrO, (PWZ) samples
with several tungsten loading (10, 15 and 20%) and
calcined at 600°C
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Fig. 7 TPR-DTG profiles of Pt/ WO,—ZrO, (PWZ) samples
with several tungsten loading (10, 15 and 20%) and

calcined at 700°C
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Fig. 8 TPR-DTG profiles of Pt/ WO,—ZrO, (PWZ) samples
with several tungsten loading (10, 15 and 20%) and
calcined at 800°C

num reduction practically disappears. This can be re-
lated with an extensive platinum sinterization, or with
the formation of mixed metal or yet with the forma-
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tion of metal oxide clusters [17]. For the other hand,
with the increase of calcination temperature we also
have observed the appearance of a peak between
350-450°C in the samples contain 15 and 20% of
tungsten (PWZ15 and PWZ20). The appearance of
this peak can be related with the WO; crystallites
which only was 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
specie reduction [18]. These results are similar to
those found by Benson et al. [19] in TPR studies of
materials contain platinum species in which Pt cata-
lyzed the partial reduction of tungsten via hydrogen
spillover. Therefore, we can conclude that in the sam-
ples PWZ15 and PWZ20 calcined at 700 and 800°C
the peak showed at 350-450°C is attributed at first
step of WO; reduction (WO3;—>WO, ). The broad and
intense peak showed at 700°C is attributed to the sec-
ond reduction step of WO; crystallites (WO, 9—>WO,)
and to the beginning of the reduction of WO species.
The third reduction peak which is showed at approxi-
mately 830°C can be attributed to third reduction step
of WO; crystallites (WO,—W) and to second step of
WO species resulting in tungsten metallic species.

Conclusions

The thermal decomposition of all PWZ un-calcined ma-
terials occurs in the range of 30-550°C and result
Pt/WO,—Z1rO, as final residue. Therefore, Pt/WO,—ZrO,
materials can be obtained after calcinations at tempera-
tures above 550°C. The decomposition steps of all PWZ
un-calcined materials were evidenced in DTA curves by
endothermic and exothermic peaks. The crystallization
of the Pt/ WO,—ZrO, materials started upon calcinations.
All PYWO,—ZrO, materials showed peaks in the XRD
diffractograms due ZrO, (tetragonal and monoclinic)
and platinum metallic phases upon calcinations at 600,
700 and 800°C. The WOj; (monoclinic) phase only was
observed in the samples with 15 and 20% of tungsten.
The calcination treatments and the tungsten loading had
influence in the reduction profile of Pt/ WO,—ZrO, mate-
rials. TPR profiles showed between three and four
events at different temperatures which are attributed to
platinum reduction and the different stages of tungsten
oxide reduction.
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