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Abstract In this paper, Ni/Al,O; catalysts were prepared
by using alumina synthesized from aluminum can powders,
with or without ink. The catalysts produced were tested for
methane dry reforming and showed not only high methane
conversion (68-80%), but carbon dioxide (75-90%), selec-
tivity to hydrogen (80-83%) as well as and H,/CO molar
ratio close to 1. Therefore, it is a promising idea for future
industrial applications. The results also showed that con-
taminant metals present in aluminum cans could affect the
catalysts properties.
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1 Introduction

Biomass is an abundant and renewable source of energy. It
is based on carbon, therefore it would be an alternative for
petroleum usage and it can be processed in biorefineries to
obtain fuels and chemicals [1]. Thus, biomass reforming
is considered a sustainable technology that can be used in
hydrogen and synthesis gas production and it been widely
studied [2-7]. Its advantage in comparison to fossil fuels
is based on the low emission of carbon dioxide and other
gasses which are responsible for the greenhouse effect [1].
Besides, the carbon dioxide released from biomass gasifica-
tion can be reused in processes such as photosynthesis, this
not being possible with fossils fuels such as natural gas and
oil. Through biomass gasification, a mixture of water, car-
bon oxides, methane and light hydrocarbons is produced.
Water steam and carbon dioxide present in the mixture can
act as oxidizing agents in processes such as methane steam
reforming and methane dry reforming, respectively [2].
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Hydrogen production for fuel cells from biogas reform-
ing produced from biomass processing is very attractive,
especially when organic waste is used as a feedstock. It
contributes to reduce the waste accumulation, besides it
would be a sustainable solution for energy generation [3].
In this reaction, a mixture of methane and carbon diox-
ide (biogas components) is converted into hydrogen and
carbon monoxide (synthesis gas). The hydrogen produced
can be used in fuel cells which only produce electricity,
heat and water so that there is no environmental pollu-
tion. On the other hand, the synthesis gas with low H,/
CO molar ratio is suitable for liquid hydrocarbons pro-
duction through Fischer—Tropsch process [8]. Therefore,
biogas exploration is advantageous from both economic
and environmental points of view [9].

Catalysts used for biogas dry reforming are typically
based on nickel supported on alumina. Nickel is still the
metal with the highest activity/cost ratio while alumina
used as support provides thermal and mechanical resist-
ance suitable to operational conditions and high specific
surface area [10]. Many papers in the literature report
the use of nickel/alumina catalysts in biogas dry reform-
ing [9, 11, 12]. Rathod and Bhale [9], for instance, per-
formed systematic investigation regarding spatial velocity
effect, temperature and biogas composition on 10% Ni/
Al,O; catalysts performance for biogas reforming. They
observed that the catalyst showed high conversion in all
studied conditions and the equilibrium conversion was
reached at 700 °C.

Alumina used as catalyst support can be obtained by
different ways. One of them is the Bayer process which
involves bauxite refining, the mineral from which alumina
is extracted [13] and the sol-gel method, which is based on
aluminum alkoxide hydrolysis or aluminum salt precipita-
tion with ammonium hydroxide in controlled pH. Harmful
compounds are released to the environment. Recently, it has
been published that alumina can be prepared by precipita-
tion reactions using aluminum powders from high-energy
milling as raw material [14]. This approach is potentially
interesting, not only due to economic and energetic con-
siderations but also due to the social and ecological ones,
which becomes another route for aluminum recycling. It
avoids expenses related to bauxite extraction and its reduc-
tion to metal which requires high energy consumption. The
results of this work showed that the gamma alumina pro-
duced in this way presented similar characteristics to com-
mercial gamma alumina or the one synthesized by sol-gel
method and therefore it could be used as catalyst support.
Besides, the use of sodium hydroxide as precipitating agent
was more advantageous than the use of ammonium hydrox-
ide because it produces alumina with higher surface area
and it do not release harmful substances into the environ-
ment [14].
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In their tutorial review, Balakrishnam et al. [15] pointed
several large scale wastes which can be used for catalytic
purposes, such as red mud, aluminum dross, fly ash, slag
from iron manufacture, chicken egg shells and rice husk
ash. According to these authors, the use of waste materi-
als as low-cost sources to obtain active catalytic systems
or precursors for catalysts synthesis have caught on, espe-
cially for economic and environmental reasons. These
authors also commented about publications involving the
slag application as aluminum source for catalytically active
materials preparation. However, no reports were found in
literature about the use of aluminum cans to produce sup-
ports or catalysts based on alumina.

Based on these aspects, the aim of this work is to ver-
ify the y-alumina usage feasibility, prepared from alu-
minum powders obtained through aluminum cans high-
energy milling as described in [14], as a catalyst support.
Thus, considering that nickel is still the most active phase
in methane reforming catalysts, catalytic systems based
on nickel supported on y-alumina from aluminum recy-
cling were prepared and characterized in this paper. Cata-
lyst properties were evaluated by X-ray diffraction, X-ray
fluorescence, nitrogen adsorption measurements, scanning
electron microscopy, temperature-programmed reduction
and cyclohexane dehydrogenation while its catalytic per-
formance was measured for methane reforming with carbon
dioxide or methane dry reforming (with reagent composi-
tion approximately equal to that of biogas). Catalytic sys-
tems prepared from recycled aluminum powders alumina
were compared with the ones based on nickel supported on
y-alumina prepared by a conventional sol-gel method. The
ink presence effect from aluminum cans powders used in
alumina preparation on the catalysts properties and perfor-
mance was investigated too.

2 Experimental
2.1 Catalysts Preparation

The supports were produced from reaction of aluminum
powders obtained from aluminum cans high-energy milling
(1000 rpm, 1 h) using a horizontal attritor mill, designed
and assembled by Coelho [16], with HCI and, after, with
NaOH. The procedure had been previously reported
[14]. According to this method, aluminum powders were
weighed in a beaker and after water addition reacted with
hydrochloric acid solution, dropwise, under constant stir-
ring, producing aluminum chloride (AICl;). Aluminum
chloride was then converted into aluminum hydroxide by
reaction with sodium hydroxide solution. After 24-h matu-
ration, the mixture was separated by centrifugation and the
solid was washed with ammonium hydroxide solution. The
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gel obtained was dried, crushed, sieved (100-200 mesh)
and calcined at 800 °C for 4 h. Alumina was obtained from
aluminum can powders with ink (AS-T) and without ink
(AS), besides the one prepared by the conventional sol—gel
route (AC) [14], was impregnated with 10 wt% Ni, using
2.0 ml nickel nitrate aqueous solution (Sigma-Aldrich,
98.5%) per gram of support. The solvent was evaporated by
heating at 70°C in water bath. After impregnation, solids
were dried at 110°C (24 h) and calcined in air at 600°C
(4 h). The obtained samples were named AS-T 10N, AS
10N and AC 10N.

2.2 Catalysts Characterization

X-ray diffractograms (XRDs) were obtained in a Shimadzu
XRD 6000. During the experiments, the samples were
exposed to CuKa (1.54 A) radiation, generated at 40 kV
and 30 mA. The scan ranged from 10° to 80°. The chemical
composition of calcined materials was determined by X-ray
fluorescence (XRF) on a Shimadzu EDX-720. Scanning
electron microscopy (SEM) images of the calcined samples
were also obtained in a TESCA VEGA 3 at 15 kV. The spe-
cific surface areas (Sg) and pore volumes (Vp) were deter-
mined by nitrogen adsorption measurements in a ASAP
2020, using 200-300 mg sample. The specific surface area
was determined by Brunauer-Emmett-Teller (BET) method
while pore volume was determined by single point method.
Besides, temperature-programmed reduction (TPR) analy-
ses were carried out in a Quantachrome CHEMBET 3000.
Before the experiment, samples (80 mg) were pre-treated
at 100°C for 1 h under N, flow and then they were heated
from 30 to 1000°C under 5% H,/N, flow. Moreover, the
metallic phase was characterized by cyclohexane dehydro-
genation (CHD) test reaction, which was carried out in a
differential reactor with H,/CH molar ratio=26, 20 mg
sample, 1 atm and 300 °C. Before the test, the solids were
reduced at 700°C for 2 h under hydrogen flow. The reac-
tor effluent was analyzed by using on-line chromatographic
system with flame ionization detector (FID) with Cromo-
sorb column. The activation energy values were determined
from In R® curve slope as a function of 1/T[K] and R°
(reaction rate) was calculated from the conversion values
obtained at three different temperatures.

2.3 Catalysts Evaluation

The different catalysts were tested in methane dry reform-
ing (MDR) reaction that was carried out in a continuous-
flow equipment at 700°C, 1 atm for 5 h. Before the tests,
samples (0.05 g) were reduced, in situ, at 700°C for 2 h
under H, flow. After that, the CH,/CO, mixture (CH,/CO,
molar ratio=1) was fed to the reactor at 20 ml min~'. In
order to avoid diffusional effects, catalyst particle sizes

were very small (<80 mesh). Reactants and reaction prod-
ucts were analyzed by using online chromatographic sys-
tem (GC-TCD) containing a Supelco Carboxen 1006
PLOT (30 mx0.53 mm) column.

3 Results and Discussion
3.1 XRD

In the XRD pattern of aluminum can powders with ink
(AL-T sample), showed in Fig. 1a, only four strong diffrac-
tion peaks were identified at 20 with values 38.5°, 44.8°,
65.2° and 78.2°, corresponding to crystalline plans (111),
(200), (220) and (311), respectively, which are character-
istic of metallic aluminum (JCPDS 89-4037 card). After
chemical reactions used to produce alumina precursors
from aluminum powders, as described in [14], the diffrac-
tion peaks observed in AL-T were modified, giving new
patterns for AS NC and AS-T NC samples (NC means
non-calcined), as it can be seen in Fig. 1a. AS-T NC and
AS NC XRD profiles were very similar. Besides the peaks
related to the boehmite phase formation, AIOOH (JCPDS
21-1307 card), peaks corresponding to sodium chloride,
NaCl (JCPDS 05-0628 card) were shown, which is an
undesirable byproduct. However, after washing procedure,
NaCl was eliminated from the solids that, after calcina-
tion, showed y-Al,O, phase characteristic profiles (JCPDS
29-0063 card), as it can be seen from XRD patterns of AS
and AS-T samples in Fig. 1b. This phase was found when
alumina was prepared by conventional sol-gel method
(AC). Therefore, through XRD analysis, it was possible to
verify y-alumina formation from aluminum can powders. It
was also noted that the diffraction peaks were more intense
for AS-T NC and AS-T samples, compared to AS NC and
AS samples, indicating that the crystallinity degree was
higher for materials containing ink.

The XRD patterns of impregnated samples (Fig. Ic)
indicated that nickel addition formed NiO (JCPDS 71-1179
card) and a nickel aluminate spinel structure, NiAl,O,
(JCPDS 10-0339 card), which could result from the strong
interaction between NiO and y-Al,O5. This is in agreement
with results of Asencios et al. [17]. In fact, the diffraction
peaks at 20 values near 37°, 46° and 66° for the three pat-
terns could correspond to the presence of both NiAl,O,
spinel phase and y-Al,O; pseudo-spinel phase whose net-
work structure characteristics resemble NiAl,O, ones [18,
19]. Since both crystallographic planes show the same
Bragg angles (20), the peaks superposition occurs [17], as
observed in XRD patterns. Regarding AC 10N, it was also
hard to distinguish the NiO characteristic peaks due to the
overlap with NiAl,O, and y-alumina peaks, as other authors
reported [20]. It suggests that NiO could be segregated in
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Fig. 1 XRD patterns: a aluminum cans powders with ink (AL-T) and
precursors obtained from aluminum cans powders without ink (AS
NC) and with ink (AS-T NC); b supports obtained from aluminum

this sample and in interaction with y-alumina, because of
the increase of the diffraction peaks magnitude, at 26 with
values 37.1°, 45.7° and 66.7° for AC 10N. Compared with
AS 10N and AS-T 10N, the highest nickel amount would
be correspond to nickel aluminate spinel, as pointed out by
Luna and Iriarte [21]. On the other hand, NiO peaks (at 20
with values 43.4° and 62.3°) were more defined and intense
in AS-T 10N sample profile. Probably, a higher amount of
segregated NiO was produced in that sample [17].

3.2 XRF

The chemical composition of aluminum can powders with
ink (AL-T sample) was determined by XRF and the results
are shown in Table 1. It was observed that, apart from alu-
minum, other elements such as magnesium, manganese,
iron, potassium, and silicon could be found. Liu et al. [20]
also found the same elements by Optical Emission Spec-
troscopy (OES), except potassium, in chemical composi-
tion of beverage cans with 1.08% Mg, 0.863% Mn, 0.589%
Fe and 0.18% Si. However, they only used Coca-Cola™
cans in their studies whereas in this work different soda and
beer cans were used, which justifies the differences in the

26 ()

50 60 70 80

26 ()

cans powders without ink (AS) and with ink (AS-T) and by conven-
tional method (AC); ¢ supports impregnated with 10 wt% Ni

obtained values. Also, although those authors did not iden-
tify potassium in beverage cans, its presence together with
that of other alkaline metal salts is common in printing ink
applied on surface of food and beverage cans, in order to
increase the electroconductivity, as revealed by Fujisawa
[22].

After alumina preparation and its impregnation with
nickel, the same elements present in AL-T were identified
by XRF in sample AS-T 10N, besides the nickel, as show
Table 1 data. For AS 10N sample, only iron, magnesium,
manganese, and silicon were identified, potassium not
being detected. Each element content was under 2%, lower
than that identified in AL-T, probably due to its elimination
during the precipitation, washing and calcination steps used
during the catalyst synthesis procedures.

Ni and Al contents in a stoichiometric nickel alumi-
nate (NiAl,O,) are about 52 and 48 wt%, respectively.
XRF results shown in Table 1 point out the presence of
stoichiometric nickel aluminate in sample AC 10 N, but
non-stoichiometric nickel aluminate in AS-T 10 N and AS
10 N samples. It was also possible to observe that nickel
contents decreased in materials based on aluminum cans
powders (AS-T 10N and AS 10N) when compared to the

Table 1 Chemical composition,

. Sample Weight %

determined by XRF, of

aluminum cans powders with Al Ni Fe Mg Mn K Si Others

ink (AL-T) and of aluminas

impregnated with 10 wt% Ni AL-T 92.8 - 1.18 3.30 1.34 0.68 0.59 0.15

(AS-T 10N, AS 10N and AC AS-T 10N 50.2 44.8 1.97 1.29 0.95 0.53 0.13 0.13

10N) AS 10N 48.0 48.1 1.02 171 0.83 - 0.13 0.12
AC 10N 47.6 52.2 - - - - - 0.02
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sample obtained by conventional method (AC 10N), prob-
ably due to the substitution of Ni in the spinel structure by
the other metals (Fe, Mg, Mn or K). Such contaminants can
act as dopants, modifying catalyst properties, such as spe-
cific area, nickel reducibility, metallic dispersion and, con-
sequently, catalytic activity. Despite the presence of con-
taminants in the calcined materials, their oxides were not
detected by XRD due to their low contents.
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3.3 SEM

Also, it was possible to notice from SEM images (Fig. 2)
that, after impregnation, AS support surface became
smoother and more uniform but with similar aspect to the
one before impregnation. However, AC 10N morphol-
ogy was different from AC support, presenting crackings
on its surface. It may be related to nickel aluminate spinel

SEM HE 12,0 K
Viw Tt 251 pm
" HE | FRA-DTNM-LCH

R ¥
& m
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Fig. 2 Supports SEM images, AS (a) and AC (c), and supports impregnated with 10 wt% Ni, AS 10N (b) and AC 10N (d)
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formation or higher nickel oxide segregation in this sample,
as showed by XRD results.

3.4 Sg and Pv

Table 2 presents specific surface area (Sg) and pore vol-
ume (Pv) values for alumina without nickel and for alu-
mina impregnated with nickel. It can be noticed that all
alumina supports produced from aluminum cans powders,
AS and AS-T, showed high specific surface area values.
The specific area and pore volume values of that sup-
ports were similar to those of AC sample (203 m? g~! and
0.32 cm® g7, respectively) and higher than those of Cyana-
mid Ketjen CK 300 commercial alumina (180 m*> g~! and
0.5 cm® g7!, respectively), as reported in previous work
[14]. It was also observed that AS-T specific surface area
value was higher than those for AS or AC samples. Once
potassium presence was detected in AS-T sample, as shown
by XRF results, it is likely that the specific surface area
increase is due to some promoter effect of this metal on the
support. In fact, BET surface area increase for Ni/Al,O5-
type catalysts when potassium is added as a promoter [23,
24].

After nickel addition (AS 10N, AS-T 10N and AC 10N
samples), there was a decrease in the available specific sur-
face area and in the pore volume, probably due to nickel
aluminate spinel phase formation, detected by XRD, which
shows lower specific surface area than alumina [25] or a
pore volume decrease, as observed from Table 2 by alu-
mina pores coverage with NiO particles deposited during
the impregnation step [17, 26].

3.5 TPR

The profiles of temperature programmed reduction (Fig. 3)
were similar, but the peaks appeared in different positions,
indicating that different interaction types between the nickel
oxides and the y-alumina were obtained, depending on the
preparation method. After the deconvolution of the pro-
files, three reduction zones were identified. The first one,
with peaks in the range of 316473 °C, was attributed to
NiO reduction, free or segregated, in weak interaction with

Table 2 Samples specific surface area (Sg) and pore volume (Pv)

Sample Sg(m?g™ Pv (cm’ g™
AS-T 231.6+1.1 0.36
AS 203.8+1.5 0.35
AC 202.8+0.6 0.32
AS-T 10N 143.1+1.7 0.27
AS 10N 1352+0.4 0.27
AC 10N 134.6+0.5 0.27

@ Springer

the support [27, 28], named a-NiO [29, 30]. The second
zone, with maxima at 566, 601 and 613 °C, was associated
with nickel oxide reduction in the vicinity of the alumina
and strong interaction with the support [27], named p-NiO
[29, 30]. The third zone starting at about 700 °C and with
maxima in the range of 806—864°C was related to nickel
the reduction of aluminate structure [28, 31], which also
constitutes one of the material phases detected by XRD.
The nickel oxide in NiO.Al,O5 was classified as y-NiO [29,
30]. In this zone, the peak at 702-748 °C may be related
to the reduction of NiAl,O, large particles, while the one
in the range of 805-864°C is attributed to the reduction
of smaller size aluminate particles. The peaks of the third
zone showed higher intensity than those of the first or sec-
ond ones, indicating that most of the nickel is in strong
interaction with alumina forming the spinel structure. This
contributes to higher metal dispersion on the support.

The shift of the peaks from these zones to lower tem-
peratures for AS-T 10N profile indicated weaker nickel-
support interaction in this sample when compared to the
others. This fact may be related to the presence potassium
in AS-T 10N sample, which comes from the can ink, as
identified by XRF analysis. According to the literature [21,
32], potassium can act as a promoter on Ni/Al,O; catalysts,
because it modifies the interaction between nickel oxide
particles and the support and, as a consequence, favors the
reduction by H, of nickel species. Table 3 shows the total
hydrogen consumption values for the three samples calcu-
lated from areas under TPR peaks. The theoretical value
was determined from the assumption of NiO to Ni® com-
plete reduction. Also, the relative amount of reduced nickel
species (a-NiO, B-NiO and y-NiO) was also calculated;
the values are shown in Table 3. According to hydrogen
consumption values, indicated in Table 3, all nickel spe-
cies were reduced for AS 10N and AC 10N catalysts and
a smaller amount of nickel species was reduced for the
sample obtained from cans with ink (AS-T 10N). Probably,
although potassium has somewhat eased the reduction of a
nickel species fraction, part of it can give a compound from
its interaction with nickel oxide and alumina that it would
be difficult to be reduced with H, and would not be identi-
fied by XRD,. On the other hand, more nickel species were
reduced for AS 10N and AC 10N samples. For both sam-
ples, a higher amount of metallic nickel should be available
to act as the active phase during the reactions whereas the
opposite should occur with AS-T 10N catalyst.

It was also noted that a larger amount of free nickel
oxide (a-NiO) was reduced for AS-T 10N and AS 10N
samples while more p-NiO species were present in AC 10N
sample. This is in agreement with XRD results, in which
reflections were detected due to the segregated nickel oxide
in samples prepared from aluminum cans powders (AS-T
10N and AS 10N), but there were no clear peaks related
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Fig. 3 Catalysts TPR profiles

Table 3 Values of H, consumption and the relative amount of Ni
reduced species obtained from samples TPR profiles

Catalyst H, consumption (mmol g™ Relative amount
of Ni reduced spe-
cies(%)
Theoretical Experimental a 3 4
AS-T 10N 1.9 14 3.1 1.3 95.6
AS 10N 1.9 2.2 2.8 1.8 95.4
AC 10N 1.9 2.2 0.8 8.4 90.8

to free NiO in the sample obtained by conventional co-pre-
cipitation method (AC 10 N) due to NiO-Al,O5 (B-NiO)
interaction which led to NiO and NiAl,O, overlapping of
peaks. The number of reducible y-NiO species was lower in
the AC 10 N sample (90.8%) when compared to the other
samples where the amount corresponded to approximately
95% of the nickel oxide species.

Table 4 Reaction rate values (R°) and activation energy (Ea), determined from CHD, and methane conversion values (Xcy,), carbon dioxide
conversion (Xcq,), hydrogen selectivity (Sy,) and H,/CO ratio, obtained from MDR, after 5-h reaction

Catalyst Ea (kcal mol™") R° (mol~! g7 Xepa (%) Xeon (%) Sy (%) H,/CO
AS 10N 19 0.37 80 90 83 0.72
AS-T 10N 27 0.17 68 79 82 0.68
AC 10N 22 0.17 72 75 80 0.68
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3.6 CHD

The catalysts activation energy and reaction rate values
for cyclohexane dehydrogenation are shown in Table 4.
It can be observed that the activation energy was the low-
est for AS 10N and, consequently, the reaction rate was
higher with this catalyst when compared to the others. The
cyclohexane dehydrogenation reaction was used to evalu-
ate the metallic phase of the catalysts because it is a “non-
demanding” one [33], this means that it does not require
metal atoms specific arrangement to take place, and all
sites have the same activity. The catalysts dehydrogenation
activity evaluated from reaction rate values are, therefore,
proportional to the total number of active sites exposed,
that is, to their metallic dispersion.Thus, it is possible to
conclude that Ni dispersion is higher for AS 10N catalyst
than for the others. Besides, catalytic activity of AS 10N
catalysts was showed to be better than AC 10N one due to
aluminum can metals compounds, detected by XRF, which
remained as part of the catalyst composition. Fe and Mn,
for instance, when present as alumina-supported oxides
exhibit activity in the cyclohexane dehydrogenation or in
other dehydrogenation reactions [34-36].

Although AS-T 10N catalyst also has these metals in its
composition, it showed higher activation energy and lower
reaction rate than AS 10N catalyst. This can be explained
considering the potassium effect on the AS-T 10N catalyst.
When used as a promoter on nickel supported catalysts,
some potassium content is in intimate contact with nickel
whereas the remaining is distributed over the alumina sup-
port [37]. Several research works mentioned [23, 32, 38]
that potassium can migrate from the support to nickel parti-
cles and be placed, predominantly, on their surface. In this
way, K species can be placed over Ni, neutralizing a frac-
tion of the active sites and, as a consequence, reducing the
catalyst activity [23, 32, 37]. In this case, potassium effect
seems to be more important than other metal contribution
to increase the dehydrogenation activity. Thus, a decrease
of the reaction rate of AS-T 10N catalyst compared to the
one of AS 10 N is observed. Moreover, TPR results indi-
cated that a smaller amount of nickel species was reduced
in AS-T 10N sample which would also justify the lower
catalyst dehydrogenation activity.

3.7 Catalytic Performance

The catalytic performance can be compared from the
Table 4. All the catalysts showed high activity for meth-
ane dry reforming, with high CH, (68-80%) and CO,
(75-90%) conversion, high selectivity to hydrogen
(80-83%) and high H,/CO ratio near to one (0.68-0.72),
which makes its use feasible for industrial processes
such as biogas reforming or similar reactions to obtain
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hydrogen and synthesis gas. It can be observed that in all
cases CO, conversion was higher than CH, one, probably
due to the secondary reverse water—gas shift reaction [21]
in which CO, reacts with H,, producing CO and H,O.
This fact also explains why H,/CO molar ratio values,
(Table 4) are lower than one and water production as by-
product during the runs.

By comparing the conversion values with the differ-
ent catalysts, it was noted that these varied in the fol-
lowing order: AS 10N> AS-T 10N ~AC 10N. It means
that metal traces such as Mg, Mn, Fe, K in AS 10N and
AS-T 10N influences their catalytic activity for methane
dry reforming and can improve it compared to the cata-
lyst obtained by conventional method (AC 10N). There
are many reports in the literature [21, 23, 32, 39] about
Mg, Mn, and K promoter effect in nickel supported cat-
alysts for dry reforming. Yong et al. [39] reported that
alkaline metal oxides (Na,O, K,0) and alkaline earth
metal oxides (CaO, MgO) enhance CO, adsorption on
the metal oxide because CO, is an acidic gas and alka-
line metals and alkaline earth metals oxides have basic
character. So, these basic modifiers could suppress the
coke deposition by the reaction of CO, with C to produce
CO (reverse Boudouard reaction). Mn addition to Ni/
Al,O; catalysts produces a noticeable reduction in car-
bon deposition with a small decrease in catalytic activ-
ity, according to Choi et al. [40]. Luna and Iriarte [21]
studied K-modified Ni/Al,O; catalysts and observed that
they showed low carbon content and high catalytic sta-
bility for 30-hour operation. They proved that addition of
potassium in low amounts (0.5 wt%) to Ni/Al,O5 hinders
coke accumulation on the catalyst surface, this being in
agreement with the conclusions of other authors [23, 24,
32]. K also increases Ni species reducibility, probably by
modifying the metal-support interaction, as mentioned in
previous works [21, 32] and observed from TPR results.
Unfortunately, Mg, Mn, and K improvement of the stabil-
ity and decrease in coke deposition on Ni/Al,O; catalysts
used for methane dry reforming could not be verified
from this research results because the operation time was
much shorter than that the one used in the above men-
tioned works.

It was also proposed [21] that potassium migrates from
the support to nickel surface and neutralizes a fraction of
the most active sites for the reforming reaction produc-
ing, as a consequence, methane conversion decrease.This
explains the CH, lower conversion showed by AS-T 10N
compared to AS 10N. On the other hand, AS 10N catalyst
best performance would be related to the increase in the
activity of the metallic phase due to Fe and Mn, as previ-
ously discussed, or to the higher amount of reduced Ni
available to the reaction which was identified by TPR.
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4 Conclusions

In this work, the use of y-alumina produced from alu-
minum can powders as support for Ni/y-Al,O; catalysts
was investigated. Catalytic evaluation results showed that
these systems are promising for methane dry reforming
with high methane and carbon dioxide conversion, high
selectivity to hydrogen and H,/CO molar ratio close to
1, which makes their use feasible in industrial processes.
Catalysts produced in this way are eco friendly for two
reasons: (i) its usage for biogas reforming or other pro-
cess which need renewable sources for hydrogen produc-
tion, considered the future fuel, and synthesis gas which
can be used to obtain chemical and fuels; (ii) its prepara-
tion route from a catalytic support obtained from recy-
cling metal.

However, contaminants present in the carrier which
come from aluminum can powders used for y-Al,0;
preparation such as Mg, Mn, Fe, and K can affect catalyst
properties and their performance for methane dry reform-
ing in a favorable way. Nickel catalyst performance, pre-
pared using y-Al,O; from aluminum can powders without
ink, was better than that of nickel catalyst prepared using
v-Al,O5 obtained by conventional method or synthesized
using aluminum can powders with ink. It could be attrib-
uted to nickel reducibility improvements, nickel-support
interaction, nickel dispersion and metallic phase activity
in the presence of Mg, Mn, and Fe. On the other hand,
despite the K effects on increasing the specific surface
area and modifying nickel oxide and support interac-
tion, easing the reduction of a fraction nickel species, that
metal also covers and neutralizes the most active nickel
sites for methane dry reforming. As a consequence, it
contributes to the activity decrease of nickel catalyst sup-
ported on alumina obtained from aluminum can powders
with ink, where it is present.

In summary, the use of alumina produced from alu-
minum recycling to obtain Ni/Al,O; catalysts for methane
dry reforming or biogas dry reforming is very interesting
since the support has metallic promoters that are not nec-
essary to be added during the preparation step. It can be
advantageous, both economically and environmentally.
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