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Abstract

Ni and Pt catalysts supported on a-Al,O3 a-Al,03-ZrO, and ZrO, were studied in the dry reforming of methane to produce synthesis gas. All
catalytic systems presented well activity levels with TOF (s ') values between 1 and 3, being Ni based catalysts more active than Pt based catalysts.
The selectivity measured at 650 °C, expressed by the molar ratio H,/CO reached values near to 1. Concerning stability, Pt/ZrO,, Pt/a-Al,03-ZrO,
and Ni/a-Al,03-ZrO, systems clearly show lower deactivation levels than Ni/ZrO, and Ni or Pt catalysts supported on a-Al,O3. The lowest
deactivation levels observed in Ni and Pt supported on a-Al,O3-ZrO,, compared with Ni and Pt supported on a-Al,O3 can be explained by an
inhibition of reactions leading to carbon deposition in systems having ZrO,. These results suggest that ZrO, promotes the gasification of adsorbed
intermediates, which are precursors of carbon formation and responsible for the main deactivation mechanism in dry reforming reaction.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Methane reforming reactions have been employed to
produce hydrogen or synthesis gas. Due to the increase of
H, demand and the importance of synthesis gas as a major
feedstock for fuel cells and Fischer—Tropsch reaction, methane
reforming catalysts have become more and more important.

Most VIII group metals, especially noble metal and Ni based
catalysts, have been studied for steam reforming, dry reforming,
partial oxidation and mixed reforming of methane [1-5]. The
catalyst deactivation is the main hindrance for a catalyst to be
considered for an industrial application, the two most known
causes are: coke deposition and sintering of the metallic active
phase. Most of the authors agree that coke formation is the main
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cause of deactivation. Carbon deposition results from two
reactions, Boudouard reaction (2CO — C+ CO,) and/or
methane decomposition (CH4 — C + 2H,). The type and the
nature of coke formed depend on the metal and in many cases on
the support used.

Ni catalysts seem to be the most interesting ones due to its
lower cost; their main disadvantage is the high rate of carbon
formation. For Ni catalysts, the metal can dissolve unreactive C
residues and generate carbon filaments (whiskers) with the Ni
particle on the filament top [1,6]. During this process, metallic
sites remain uncovered despite the deposition of large amounts of
carbon, thus resulting in much lower deactivation rates than those
expected if metal covering coke deposits occurred [7-10].
However, whisker formation must absolutely be avoided because
it causes a significant expansion of the catalyst bed resulting in
severe operational problems. Besides, as Ni is placed on the
filament top, it is difficult to regenerate the catalytic system
because the contact between metal and support is lost.

Several studies have been performed in order to improve the
coke resistance of Ni based catalysts. The formation of NiAl,O,
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during pretreatments results in a sharp decrease in carbon
content and also similar results have been reported when
working with “solid solutions” of NiO-MgO, being this fact
related to the size of the formed crystals [11-13].

The addition of metallic promoters, such as Sn, leads to
catalysts with a very high resistance to carbon deposition and
this may be explained by considering that carbon formation
reactions are more structure sensitive than syngas formation
reactions [14]. The carbon deposition also decreases when Ni is
deposited on supports that present a marked Lewis basicity or
on supports that have been modified for that purpose with
alkaline metals such as Li or K [15-17].

Noble metals are known to form less coke under reforming
reactions and the coke formed differs in nature from that found
with Ni catalysts. On noble metals (Ru, Rh, Pt and Ir), coke is
thought to block the metal and to induce deactivation because
of the loss of surface metal atoms. There exist debates and
controversies among authors about which of these metals
present the best performances [18-21]. Although the Rh seems
to be the one that better fulfills with the compromise between
activity and stability, platinum is an interesting metal to be used
as catalyst for syngas obtention due to good availability and its
relatively low price with respect to rhodium. For Pt/Al,O;
catalysts, Nagaoka et al. reported that Pt particles are gradually
covered by a coke monolayer, which is correlated to an initial
deactivation in dry reforming [22]. In the same paper authors
observed that the rate of CH, decomposition on Pt/ZrO, is
slower than that on Pt/Al,O3, and this is explained as a result of
a better balance between carbon formation and its oxidation by
the activated CO, at the perimeter of the metal-support
interface on Pt/ZrO, sample. In another paper, the same authors
concluded that coke is more reactive towards CO, in the case of
Pt/ZrO, [23]. Jung et al., by using periodic DFT calculations for
Pt/ZrO,, reported the evidence of electronic modifications in
platinum atom indicating an electron transferred from the metal
to the ZrO, giving place to a strong interaction between metal
and support [24].

Supports such as CeO, and/or ZrO, present properties that
make them interesting for their use as modifiers of reforming
catalysts. These properties may be the improvement of metallic
dispersion, the sintering decrease, the improvement of thermal
stability and the enhancement of oxygen storage capacity
[25,26], helping, in this way, the gasification of carbon formed
during the reforming.

In the present contribution, we consider the advantages of
ZrO, for its use as modifier of commercially available a-Al,O5
support before impregnating Ni and Pt. Although the y-Al,0O5 is
one of the most used supports in references, it is thermally
unstable at high temperatures (>600 °C) since y-Al,Oj3 suffers
a transformation process into the more thermally stable a-
Al,O3 phase. a-Al,O3 presents, besides its stability, high
mechanical resistance and for this reason it is an adequate
support for the industrial process.

The performance of Ni and Pt catalysts supported on a-
Al,O3, a-Al,O3 modified by ZrO, and pure ZrO, is evaluated in
the methane reforming reaction with CO;; this reaction is
chosen for the stability study of these catalytic systems, since it

is highly sensitive to deactivation by carbon deposition, as it has
been previously reported [14].

2. Experimental
2.1. Catalyst preparation

Catalysts were prepared by using three supports a-Al,O3
(A), a-Al,0O3; modified by ZrO, (AZ) and ZrO, (Z). The a-
Al,Oj3 support was obtained by Rhone Poulenc. The support a-
Al,O3-ZrO, (ZrO, content 1 wt%) was the same alumina
modified by impregnation with a solution of zirconium
hydroxide in HNO3 (50%, v/v) and subsequent calcination
in air (16 h at 550 °C). The ZrO, support was obtained by
calcination of Zr(OH), (Mels Chemicals) at 550 °C for 2 h at air
flow [27].

Catalysts were prepared by impregnation of supports
previously calcined by an aqueous solution of nickel nitrate
and an aqueous solution of hexachloroplatinic acid, with proper
concentrations for obtaining a final loading of 2 wt% in Ni and
1 wt% in Pt.

2.2. Catalyst characterization

The surface area and the distribution of the support pore size
were measured by nitrogen adsorption at 77 K by using
commercial equipment Accusorb 2100E Micromeritics. The
samples were degasified at 100 °C for 12 h before adsorption.

Transmission electron microscopy (TEM) images were
taken by means of a TEM JEOL FX 2000. A graphite pattern
was used for calibration. In this analysis, a suspension in
isopropanol was prepared by stirring the solid sample with
ultrasound for 10 min. A few drops of the resulting suspension
were deposited on a TEM Cu grid (Lacey Carbon Film 300
mesh, Electron Microscopy Science) and subsequently dried
and evacuated before the analysis. To estimate the average
particle size (drgm), the particles were considered spherical and
the diameter volume-area was calculated by using the
following expression: drpy = Y. md;®/ . md;%, where n; is
the number of particles with diameter d;.

Adsorption measurements of H, were carried out in a
dynamic equipment with a TCD detector. Samples were
reduced in hydrogen at 700 °C for 1 h, then they were cooled in
hydrogen up to 400 °C, and subsequently they were treated in
Ar flow for 2 h at 400 °C. Finally, the sample was cooled up to
room temperature in Ar and pulses of H, (0.1 cm3) were
injected in the Ar flow up to reaching saturation. Starting from
the consumed H, amount, the dispersion was estimated
assuming an adsorption stoichiometry H/M® (M = Ni, Pt).

Temperature programmed reduction experiments (TPR)
were carried out in a conventional equipment (Quantachrome
Corporation, Qantasorb QS JR-2), with samples of 0.02 g
heated from room temperature up to 1000 °C with a heating rate
of 10 °C min ! by using a mixture of 5% (v/v) Hy/Ar and a flow
of 22 cm® min ™",

Diffuse reflectance infrared Fourier transform (DRIFT)
spectra were measured in conventional equipment (Fourier
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Transform Nicolet Nexus 470) supplied with a diffuse
reflectance attachment and with a MCT detector (4000—
650 cm ™ "). Each spectrum was measured with a resolution of
4 cmfl, cumulating 64 scans and was referenced to the
spectrum of the catalyst after hydrogen treatment. Before
adsorption, samples prereduced ex situ, were heated at 500 °C
for 2 h in hydrogen flow, for Pt and Ni catalysts, respectively.
After the reduction treatment, the measurement chamber was
emptied with He and cooled up to room temperature in He flow.
The infrared spectroscopic studies of carbon monoxide
adsorption were carried out after the reduction treatment.
For that purpose, a CO current diluted in He (10%) was used.
Prior to the spectra record, the measurement chamber was
emptied with He.

The experimental equipment used for the catalytic tests was
a reaction equipment of continuous flow equipped with mass
flow meters (Porter Instruments) in each gaseous current (He,
CH4, CO, and H,), electric furnace with temperature
controller, quartz reactor of 0.8 mm of internal bore. The
gas analysis was carried out by using a chromatograph
connected to the experimental unit, CHROMPACK CP9001
model equipped with a column Hayesep D, driven by linear
programming of temperature from 25 up to 200 °C. The
activity and selectivity of catalysts were determined at
atmospheric pressure, feed flow of 200 cm® min~"' (He/CH./
CO, = 18:1:1), reaction temperatures in the range from 400 to
900 °C. The samples were previously reduced in situ from
room temperature up to 700 °C (10° min~ ") for 1 hin pure H,
flow (30 cm’ minfl).

Stability tests were determined at atmospheric pressure,
feed flow of 130 cm® min~'. The carbon deposits produced
during stability tests were characterized by temperature
programmed oxidation (TPO), measuring the weight varia-
tion in relation to temperature in a thermo-gravimetric
equipment (Shimadzu TGAS50). Post-reaction samples of
0.015 g were used feeding with air at flow of 10 cm® min~"
and a heating program of 10 °C min~' from room temperature
up to 850 °C.

UV-DRS analyses were carried out in a spectrophotometer
GBC Cintra 40/UV-vis, equipped with a diffuse reflectance
accessory with an integrating sphere. Spectra were recorded in
the wavelength range of 300-800 nm. The fresh catalysts and
the supports used as targets were analyzed, using a-Al,O3 as
reference.
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3. Results and discussion

Texture and structural properties of a-Al,O5 are not affected
by the addition of zirconia. BET surface area values are
10m?g™" for a-AlL,O; (A) and «-Al,O5-ZrO, (AZ) and
60 m? g_1 for ZrO, (Z). The crystalline structure of pure
zirconia, studied by XRD, shows the presence of two crystalline
phases, 90% monoclinic and 10% cubic.

Table 1 summarizes the characteristics of the systems
studied in this work. Results of metallic particle size (dtgm
(nm)) obtained by TEM clearly show a larger particle size for
Ni catalysts than for those based on Pt, which is in agreement
with the results published [14,28]. These TEM results can be
used to estimate values of metallic dispersion; calculated as D%
(TEM) = 97/dtgy (nm) for Ni and D% (TEM) = 108/dtem
(nm) for Pt [29]. Table 1 shows that metallic dispersions around
5-7% are obtained for NiAZ and NiA catalysts and 20% for
NiZ. Pt catalysts present dispersions around 26-28% for PtAZ
and PtA, and a higher value for catalyst supported on ZrO,
(44%). In principle, this fact would be indicating a higher
interaction between the metallic precursor present in the
impregnation solution and the ZrO, support, compared with
supports based on a-Al,05. Dispersion values determined by
hydrogen chemisorption (Table 1, D’% H, chemisorption) are
compatible with those determined by TEM.

The peak temperatures observed in TPR experiments and the
consumption of H, values are also shown in Table 1. The
reduction profiles are presented in Figs. 1 and 2. For the Ni
catalysts (Fig. 1), the temperature peaks of NiA and NiAZ are in
the range between 500 and 700 °C. For NiA sample, the most
important H, consumption peak is observed around 550 °C
with a shoulder at around 585 °C, which could be assigned to
the presence of NiO, species in interaction with the support
[30-32]. A smaller peak appears at 680 °C that could be
assigned to NiO, species in strong interaction with the support
forming, probably, mixed oxide species precursors of NiAl,Oy,
[33,34]. The TPR profile for NiAZ sample is very similar with
respect to the NiA sample, noticing a shift in all peaks of about
20 °C toward the zone of lowest temperatures, which would
indicate a slight modification in the interaction between Ni and
the support. Taking into account hydrogen consumptions for
NiA and NiAZ, the calculated values correspond to an almost
complete reduction (NiO + H, — Ni(0) + H,O; for 2% in
Ni =341 wmol g~ '). From these results, it is possible to

Table 1
Characterization of the studied catalysts
Catalysts D (%) (TEM) D' (%) (H, chemisorption) dtepm (nm) TPR

Peaks (°C) H, consumption (pmol gfl)
NiA 54 2.3 18 552 584-680 320
NiAZ 6.9 4.6 14 530 555-628 300
NiZ 194 n.d. 5 445 - 192
PtA 27.0 31.0 4 104 427 95
PtAZ 27.0 n.d. 4 107 423 93
PtZ 43.2 44.0 2.5 220 420 86
Z - - - 620

Ni dispersions calculated by TEM and H, chemisorption (D%, D'%), mean particle size (drgvm) and temperature programmed reduction (TPR).
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Fig. 1. Temperature programmed reduction (TPR) profiles for Ni catalysts. For
the condition, see the text.

assume that the NiO reduction is almost complete for NiA and
NiAZ, with absence of free NiO species, so that most part is
found as NiO, species in interaction with the support and/or
forming phases of the type mixed oxides precursors of spinels.
The support modification with ZrO, decreases the temperatures
of the reduction peaks, without any other decrease so as to
imply a modification in the contribution of the different
oxidized species of supported Ni. According to hydrogen
consumptions determined for NiAZ, it is not possible to
conclude that the ZrO, suffers an appreciable reduction
process.

The NiZ catalyst displays a shift towards lower temperatures
(445 °C) compared to a-Al,O3 and a-Al,O3-ZrO,, and this
indicates that the metal support interaction is modified,
suggesting species of lower specific interaction with ZrO,
[35]. Taking into account hydrogen consumption for NiZ with
respect to NiA and NiAZ, it can be observed that this
consumption is sharply reduced, denoting the presence of non-
reduced Ni(II) species. According to these results, the reduction
of the calcined NiZ sample leads to Ni(0) particles coming from
the free NiO species probably separated by “‘patches’ of non-
reducible Ni(Il) interacting with ZrO, species.

TPR profiles of PtA and PtAZ samples are very similar; they
show well differentiated zones of hydrogen consumption. The
first zone at relatively low temperatures, between 100 and
250 °C, shows a predominant peak at around 105 °C and a
smaller one above 150 °C, which according to literature data
would be assigned to platinum oxide and oxychloroplatinum

% T T T 5 T E T = T = T T T
0 100 200 300 400 500 600 700
Temperature (°C)

Fig. 2. Temperature programmed reduction (TPR) profiles for Pt catalysts. For
the condition, see the text.

surface complex (PtO,Cly) [36]. The second zone, at
temperatures higher than 400 °C, shows a peak temperature
at around 420 °C that could be attributed to a reduction of
dispersed platinum in isolated patches onto the support [37]. In
both samples the calculated hydrogen consumption corre-
sponds to an almost complete reduction of Pt(IV)
(PtO, + 2H, — Pt(0) + H,0; for 1% in Pt = 102 wmol g~ ).
The PtZ catalyst displays reduction peaks in three different
zones: close to 220 °C, which can also be assigned to the
reduction of platinum oxide and oxychloroplatinum surface
complex; between 250 and 450 °C, which corresponds to the
presence of dispersed platinum oxidized species and finally a
small peak at around 620 °C. Taking into account that for ZrO,,
the reduction starts at around 690 °C ((Zr(IV) — Zr(III)) [27],
the peak at 620 °C for PtZ sample could be assigned to a slight
support reduction. This phenomenon is attributed to the
promoted support reduction in platinum presence through
hydrogen spillover of hydrogen species [38], which are able to
reduce mobile oxygen present in the crystalline structure of the
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Fig. 3. DRIFT spectra of CO irreversibly adsorbed at room temperature on
different Ni catalysts.

support. This fact was not observed for the NiZ sample;
although there are no concrete evidences that allow to explain
these differences, the highest Pt dispersion (lower particle size)
with regard to Ni might be responsible for the aforementioned
phenomenon.

DRIFTS results of CO adsorbed on Ni catalysts reduced at
700 °C are shown in Fig. 3. Usually there are two types of
CO adsorbed on Ni sites in the region 2100—1900 cm™': linear
CO adsorption between 2100 and 2000 cm ™' and bridged CO
adsorption below 2000 cm ! [39-42].

Respect to the bands between 2100 and 2000 cm ™!,
differences are observed between Ni catalysts, which could
be assigned to differences in the metallic dispersion. The bands
above 2100 cm™' are present in all samples and may be
attributed to CO adsorption on the small Ni fraction not reduced
in catalysts NiA or NiAZ. The NiZ sample displays bands
above 2100 cm ™" that can also be assigned to ionic Ni or to a
Zr(IV)-CO interaction as it is observed by Souza et al. for Pt/
ZrO, [27]. In catalysts NiA and NiAZ, bands at about
1960 cm ™' can be observed assigned to CO bridged adsorption,
characteristic of Ni species less dispersed on the surface [40].
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Fig. 4. DRIFT spectra of CO irreversibly adsorbed at room temperature on
different Pt catalysts.

DRIFTS results for Pt catalysts are shown in Fig. 4.
According to Saussey and co-workers [43], the linear CO—Pt,q
band is around 2050 cm ™" for isolated vibration and increases
with surface coverage due to the vibrational coupling. Thus,
there may be two linear species of adsorbed CO on reduced
platinum; one in the region close to 2090 cm ', corresponding
to a dense atom group (type I, Pt(1 1 1)) and the other close to
2080 cm ™' region, corresponding to less dense atom group
(type 11, Pt(1 0 0)), respectively [44,45].

PtA and PtAZ samples (Fig. 4) display bands at 2080 and
2090 cm ™! presenting different contributions of CO type I and
CO type II species, depending on the support. The contribution
of linear adsorbed CO species of type I on PtAZ is higher than
on PtA, whereas linear species of type II prevail on PtA. Two
bands are observed in the PtZ sample; one at 2050 cm ™!
assigned to isolated sites of reduced Pt and the other one in the
region of 2090 cm ! attributed to a dense atom group (type I, Pt
(1 11)). The signal close to 1840 cm ™! is present in all Pt
samples corresponding to bridged type species of CO adsorbed
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on reduced Pt [46]. In the region above 2100 cm™', one peak
has been observed, mainly for PtAZ, which can either be
assigned to CO adsorbed on platinum oxide (Pt(II)) or to CO on
Zr(IV) of the support (around 2120 cmfl) [27,47].

The diffuse reflectance spectroscopy (DRS) provides
important complementary information to the characterization,
mainly in the case of Ni samples. As it is shown by TPR
diagrams for NiA and NiAZ, the reduction temperatures above
those of NiO bulk suggest NiO, species in strong interaction
with the support forming probably mixed oxide species
precursors of NiAl,O,4. This fact leads to the development of
spinels or mixed oxides precursors of spinels. Generally, these
Ni spinels are partially inverted, and it means that not all Ni
cations are in tetrahedral coordination and not all Al cations are
in octahedral coordination. The inversion degree can be
represented by the fraction of Al cations in tetrahedral
coordination [33,48]. DRS results allow estimating the
relationship between Ni(Il) ions in tetrahedral and octahedral
coordination present in each Ni catalyst. The literature reports
that Ni(II) ions in octahedral symmetry (Oh) present bands at
350, 440, 460 and 720 nm; while Ni(II) ions in tetrahedral
symmetry (Td) present the three characteristic bands at 550,
600 and 640 nm, and a less pronounced band at 720 nm [49,50].

DRS spectra are shown in Fig. 5. As it has been mentioned,
the inversion degree of Ni spinels leads to a greater contribution
of Ni(I)Oh. Comparing NiAZ with NiA, the latter presents a
smaller signal of Ni(II)Td, and this would indicate the presence
of a superficial spinel precursor with an inversion degree greater
in NiAZ than in NiA. On the other hand, for the NiZ catalyst the
spectrum of Fig. 5 only shows bands corresponding to Ni(Il) in
Oh, indicating NiO in agreement with TPR diagram for NiZ,
which shows a temperature peak around 400 °C, corresponding
to a bulk NiO.

Abs (a.u)

350 450 550 650 750
Wavelength (nm)

Fig. 5. Diffuse reflectance UV—-vis absorption spectra of oxidized Ni catalysts.

Concerning the catalytic activity in the dry reforming
reaction (DR), results of catalytic tests as function of the
reaction temperature are shown in Fig. 6a and b. In order to
compare initial specific activities, TOF values (Table 2) were
estimated at 550 °C (s_l, expressed as CH4 molecules reacted
per second per superficial metallic atom). According to these
results: (i) Ni is slightly more active than Pt and (ii) both, Ni and
Pt, present good activity levels; TOF between 1.7 and 3.7 5"
for Ni samples and between 1 and 1.7 s~' for Pt samples.

With respect to the selectivity, expressed as a molar ratio H,/
CO, for all catalysts it is maintained in values between 0.9 and 1
(at 650 °C) near to the corresponding stoichiometric relation-
ship for DR reaction.

Stability is as important as activity on the catalytic behavior.
For this process, the catalysts may undergo two main
deactivation mechanisms: sintering of the active phase and
carbon deposition. The latter may result from the already
mentioned CO disproportionation (‘“‘Boudouard reaction’),
thermodynamically favored at low temperatures, or from CH,
decomposition, thermodynamically favored at high tempera-
tures. In this work, the stability is studied for DR reaction at
700 °C for 50 h, where CH4 decomposition is thermodynami-
cally favored. Fig. 7 shows the evolution of activity coefficient
ach, in relation to the reaction time; acy, represents the
relationship between the consumption rate of CH, with time on
stream and the initial consumption rate. It is observed that the
NiZ, PtA and NiA present low stability levels, with activity
coefficients (acp,) below 0.2.

The average particle size and carbon content in the post-
reaction samples (50 h; Table 2) were determined by TEM and
TPO/TGA, respectively. Table 2 reports also the variation of
mean particle size of post-reaction catalyst with respect to the
fresh catalyst. From these results, it is reasonable to conclude
that under our operating conditions, there is a strong sintering
contribution to deactivation in NiZ catalyst (dtgm incre-
sase = 260%), whereas for the other catalysts a small growth
of particle size during reaction is observed (approximately
50%).

With respect to carbon formation, results observed in Table 2
show that, for Ni as well as for Pt, the systems supported on a-
Al,O3 non-modified by ZrO, present the highest levels of
deposited carbon; while when comparing both metals, systems
based on Ni lead to higher carbon concentrations on post-
reaction samples than systems based on Pt. As example, the
carbon amount deposited determined by TPO/TGA was 7 wt%
for NiA and 0.6 wt% for PtA. Fig. 7 shows that the PtA catalysts
presents a higher initial deactivation rate than the one of NiA,
which is in agreement with that reported by Nagaoka et al.
[22,23] who observed a strong Pt poisoning when the first
carbon atoms begin to be deposited. After 70 reaction hours,
acn, values are similar for PtA and NiA (between 0.1 and 0.2),
in spite of the marked differences observed in the total carbon
amount deposited. This fact can be explained by the carbon
nature formed as function of the metal, as it could be verified by
TEM micrographs. For Ni catalysts the metal can dissolve
unreactive C residues and generate carbon filaments (whiskers)
with the Ni particle on the filament top, thus resulting in much
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Fig. 6. (a) Methane conversion of Ni catalysts for CO, reforming as a function of temperature (each point was taken after 30 min on stream) and (b) methane
conversion of Pt catalysts for CO, reforming as a function of temperature (each point was taken after 30 min on stream).

lower deactivation rates than those expected if metal-covering

coke deposits occurred. Pt is not able to dissolve unreactive
carbon and so, in Pt catalysts, metallic particles are gradually
covered by coke leading to catalyst deactivation.

It is evident that the ZrO, presence plays a fundamental role

in minimizing the carbon formation process. In the NiAZ
system, DRIFTS results allow us to conclude that Ni is
deposited in close contact with the ZrO, that modifies the
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Table 2
Initial TOF values at 550 °C (s™1), activity coefficient after 50 h (acn,), particle size and carbon content in the post-reaction samples
Catalyst TOF (sfl) acy, after 50 h drem (nm) fresh drgm (nm) post-reaction drtgm increase (%) C (p/p%)
NiA 3.7 0.20 18 25 39 7
NiAZ 3.0 0.50 14 19 36 0.9
NiZ 1.7 0 5 18 260 0.6
PtA 1.7 0.10 4 6 50 0.6
PtAZ 1.7 0.40 4 6 50 <0.1
PtZ 1 0.75 2.5 4 60 <0.1
= NiA lower deactivation level as function of reaction time, reaching a
—O— NIAZ . . . .
A NiZ plateau in the conversion after first 15 reaction hours. This
—v— PtA higher stability is related with a strong decrease in the carbon
= >y 0 E@Z amount deposited, which is explained by the ZrO, presence that
o —dq < . . . . . .
@ o =y plays a fundamental role in minimizing the carbon formation
ks process, promoting the dissociation chemisorption of CO, that
o . . . .
£ QDOODODOOOOOO?O_O_O oS enables. the ga51ﬁcat10n. of . carbon mt.erme.:dlate precursors
3 0000000 responsible for the deactivation mechanism in DR.
L]
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Fig. 7. Deactivation tests of the studied catalysts at 700 °C. For the conditions,
see the text.

a-Al,O3 support. According to the literature [8,27], it can be
suggested that CO, adsorbs dissociatively (stage a) on the
boundary between ZrO, and Ni, favoring the gasification of
unsaturated intermediates (stage b) and precursors of carbon
deposits and thus avoiding the formation of characteristic
filaments in these systems (stage c).

CO,—S + 28 — CO-S + O-S (a)
CH,-S 4 O-S + (x—1)S — CO—S +xH-S$ (b)
CH-S + S — C-S + H-S (©)

4. Conclusions

Catalysts based on nickel and platinum supported on a-
Al O3, a-AlL,O3 + ZrO, and ZrO, were prepared by impreg-
nation. In all cases, better values of metallic dispersion were
obtained in Pt catalysts with respect to Ni catalysts; for
example, 7% for NiAZ and 27% for PtAZ.

Concerning the catalytic behavior in the syngas obtention
via dry reforming reaction: (i) Ni is slightly more active than Pt
and (ii) both, Ni and Pt, present good activity levels; TOF
between 1.7 and 3.7 s~ for Ni samples and between 1 and
1.7 57" for Pt samples. The selectivity measured at 650 °C,
expressed by the molar ratio H,/CO, reached values near to 1.

With respect to the stability, PtZ, PtAZ and NiAZ systems
present clearly a better performance than the ones supported on
alumina not modified by ZrO,. PtZ, PtAZ and NiAZ show

tion between CONICET (Argentina) and CNPq (Brazil).
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