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a b s t r a c t

Catalytic combustion of CH4 or other gaseous HCs in microscale channels is becoming the key technology
for various portable power generation devices that could replace current batteries to meet the increasing
demand for more efficient, longer lasting and more environmentally friendly energy-consuming uti-
lizations. New type of catalysts for the CH4/H2/air lean mixtures oxidation in drastic conditions were
proposed and investigated; they were lined on SiC monoliths (dimensions 6 mm × 6 mm × 22 mm) and
tested into a lab-microreactor able to reach high power density (7.6 MWth m−3). The catalysts were
directly deposited on the monoliths via in situ solution combustion synthesis. The most interesting per-
formance on the oxidation of CH4/H2/air lean mixtures was obtained with the monolith 2% Pt/(5% Al2O3),

2% Pd/(5% NiCrO4), followed by 2% Pd/(5% CeO2·ZrO2) and 2% Pd/(5% LaMnO3·ZrO2); the monolith 2%
Pt/(5% Al2O3) behave better by burning CH4 or H2 alone. For the Pd-based catalysts, the addition of H2 to
the reactive mixture led to an improvement of the CH4 combustion, whereas this did not happen for the
Pt-based one. The addition of H2 to the gas mixture allowed to a decrease of the CH4-T50 and CH4-T100

compared to the combustion of CH4 alone, and the conversion curves slope becomes steeper: the higher
the H2 concentration, the higher the mixture reactivity towards CH4 oxidation, probably due to the larger

radic •
production of H2 reactive

. Introduction

The catalytic combustion of hydrocarbons (HCs) is nowadays the
ubject of considerable interest in view of its several prospective
oth as industrial and domestic applications [1–3], with attention
ocused on developing new processes aimed to limit air pollution
4]. The use of a catalyst, in fact, promotes the full and efficient
xidation of HCs at temperatures far lower than those established
n typical flames, with high combustion efficiency [3]. As a conse-
uence, CO and unburned fuel emissions are drastically reduced
ith respect to non-catalytic systems. Moreover, also the noxious

mission of NOx are decreased, thanks to the lower combustion
emperatures at which thermal-NOx formation becomes limited
4,5]. Catalytic combustion enables, additionally, the burn-out of
ir/fuel mixtures well outside their flammability region, and this is
desirable feature for safer domestic applications or for energy

ecovery from diluted HCs streams (volatile organic compound
ombustion [4]).
Methane is the most stable hydrocarbon and hard to be oxidized
ince it is characterized by the strongest C–H bond of all paraffins
6,7]. It is also a powerful greenhouse gas, with a global warming
otential higher than that of CO2 at equivalent emissions rate [8].

∗ Corresponding author. Tel.: +39 011 0904608; fax: +39 011 0904699.
E-mail address: stefania.specchia@polito.it (S. Specchia).
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als (OH ).
© 2010 Elsevier B.V. All rights reserved.

Mixing CH4 with CO, H2 or light HCs, might be advantageous due to
the higher oxidation reactivity of the latter which could facilitate
the burning appliances start-up [9] and/or stabilise the catalytic
reaction without the need of further preheating [10]. CH4/H2 mix-
tures are of great interest nowadays: it is worldwide known that
the fuel called Hythane® [11], i.e., a blend of 5–20% of H2 in CH4,
is becoming an alternative fuel to power CNG vehicles with the
clear advantage of lower CO2, CO and NOx emissions. The higher
the H2 content, the lower the noxious emissions and the higher the
calorific value of the mixture when compared with CNG vehicles.
Depending upon the blend, many of the vehicles currently running
on CNG will not introduce any modifications to run on Hythane®.
Moreover, Hythane® can be easily integrated into the existing CNG
infrastructure, making it simply and rapidly exploitable in prac-
tical applications, not only related to vehicles mobility [12,13],
as proved also by many research and demonstration projects in
Europe, America and Asia [14–16], but also for portable applications
[17–20].

Supported noble metal-based catalysts, especially PdO and Pt,
exhibit an outstanding activity for CH4 combustion, but are partic-
ularly sensitive to operation at elevated temperatures larger than

about 850 ◦C [21,22]. PdO loses its activity mainly due to its decom-
position to Pd [3], while Pt suffers from sintering and volatilization
[21–23]. In particular, the active state of Pd particles is a fully oxi-
dized surface state, and the formation of oxygen species on the
surface of PdO is crucial to explain the catalytic activity [24,25]. On

http://www.sciencedirect.com/science/journal/09205861
http://www.elsevier.com/locate/cattod
mailto:stefania.specchia@polito.it
dx.doi.org/10.1016/j.cattod.2010.03.002
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he contrary, referring to CH4 combustion over Pt, a less oxidized
t surface seems to be more active compared to a more oxidized
ne [8,26,27].

Combustion in micro- and meso-scale channels is becoming
he key technology for various portable and remote power gen-
ration devices that could replace current batteries to meet the
ncreasing demand for more efficient, longer lasting and more envi-
onmentally friendly operation in various civil and military devices
or electronic and telecommunication applications [19,20,28,29].
lthough combustors are not power generators by themselves, they
an be used in conjunction with other devices (thermoelectric,
iezoelectric, inert fluid cycles, etc.) to produce electrical power.

n particular, in the recent years some combustors have been
pplied to energize thermoelectric systems to produce electrical
ower, although with low overall efficiency [28,30,31]. A minia-
urized combustion device with only a mere 3% system efficiency,
n fact, would compete with top batteries simply from the fact
hat the fuel is easily rechargeable. HCs have an energy density
ignificantly higher than that of the traditional Li batteries (up to
0 MJ kg−1 vs. 1.2 MJ kg−1) that are currently used in laptops, cel-

ular phones, and other portable electronics devices [29]. Recent
orks showed that it is possible to sustain homogeneous flames

n submillimeter channels in specially constructed ceramic micro-
urners [32–34]. The wall thermal conductivity plays an important
ole in the flame stability and materials integrity of micro-burners
33]: low wall thermal conductivity limits the upstream heat trans-
er through the wall, which limits the preheating of the feeding
nd causes blowout; on the contrary, high wall thermal conductiv-
ty allows lower wall temperatures, which is favourable to limit the
Ox formation but could cause extinction. Therefore, submillimeter

cale catalytic combustion results in turns particularly interest-
ng.

The aim of the present work deals with the investigation of
ew type of catalysts, lined on SiC monoliths, for the CH4/H2/air

ean mixtures oxidation. The catalytic monoliths were specifi-
ally designed to be inserted in a thermoelectric micro-device, for
ortable or remote power generation. Anyway, the coupling of
he micro-combustor with the thermoelectric device is out of the
cope of the present study. The catalysed monoliths were tested
nto a lab-microreactor designed to provide a favourable envi-
onment for microscale combustion of CH4/H2/air lean mixtures
o reach high power density (up to 20 MWth m−3). In particu-
ar, the following catalysts: 2% Pd/(5% NiCrO4), hereafter named
d/N, 2% Pd/(5% CeO2·2ZrO2), hereafter named Pd/CZ, 2% Pd/(5%
aMnO3·2ZrO2), hereafter named Pd/LZ, and 2% Pt/(5% Al2O3), here-
fter named Pt/A, were directly deposited on SiC monoliths via in
itu Solution Combustion Synthesis (SCS). The carriers’ % weights
efer to the SiC monolith’s weight, and the Pd/Pt % to the carrier’s
eight.

The catalysts were selected in line with earlier investigations.
d/N catalysts of various Pd:N ratios were previously studied
or micro-combustion of CH4/H2/air lean mixtures [35]: the best
ne was deeply studied in the present work to better under-
tand its performance and used as term of comparison with the
ther developed catalysts. Pd/CZ catalyst was selected because
reviously studied as catalysts for CH4/air combustion [36]; more-
ver, the CZ system is a very promising catalyst thanks to the
ood capability of CeO2 in changing rapidly its oxidation num-
er from Ce3+ to Ce4+ state, with a consequent O2 fast release
rom its lattice to the nearby species [37], helping thus the oxi-
ation phenomena. With the aim to enlarge the knowledge on

he catalytic combustion of CH4/H2 mixtures, also Pd/LZ catalyst
as chosen since previously investigated as catalytic material for
H4/air combustion [38,39]; moreover, the catalytic activity of per-
vskite LaMnO3 towards combustion reactions is well known in
iterature [40–42].
Fig. 1. Sketch of the microreactor placed into the oven and picture of the monolith
wrapped by a vermiculite layer.

2. Experimental

The SCS technique was used to prepare the catalysts investi-
gated in the present study. SCS allows the production of advanced
porous ceramic or metallic materials, like nanostructured cat-
alysts [38,43]. Homogeneous aqueous solutions containing the
metal–nitrate compounds as oxidizers (Aldrich, 99% purity) and
urea (for the preparation of NiCrO4 and Al2O3) or glycine (for the
preparation of CeO2·ZrO2 and LaMnO3·ZrO2) as fuel, dosed in stoi-
chiometric ratio, were used. The ceramic monolith supports made
of SiC (6 mm × 6 mm × 22 mm, 16 channels, from CTI, France) were
dipped into the solutions and then placed into an oven at 600 ◦C
[35]. The thin solution covering the internal surfaces of the mono-
lith channels was rapidly brought to its boiling point. The main
reaction took place, and the desired catalyst was developed onto
the surface of the SiC support. The Pd-based monoliths were pre-
pared via one-shot SCS by adding the right amount of Pd(NO3)2
to the precursors’ solutions. The overall deposited Pd amount cor-
responded to 0.1% of the monolith’s weight. Instead, the Pt-based
structured catalyst was prepared by first coating with the Al2O3
carrier by SCS the internal monolith surfaces, then by adding Pt
via drop incipient wetness impregnation starting from a solution
of H2PtCl6·6H2O. The overall deposited Pt amount corresponded to
0.1% of the monolith’s weight. Finally, the monoliths were calcined
in an oven at 600 ◦C for about 1 h with still air [35].

The as-prepared monoliths were then characterized by scanning
electron microscopy (SEM FEI QUANTA INSPECT LV 30 kV) and field
emission scanning electron microscopy (FESEM ZEISS Supra 40), to
verify the morphology and the homogeneity of the catalytic layer
deposited on the walls of the monolith channels and to check the
atomic percentage of the components.

The surface area of all monoliths was determined by N2 adsorp-
tion at the liquid nitrogen temperature using the Micrometrics
ASAP 2010M. The surface area was determined according to the
Brunauer–Emmett–Teller theory; the samples were degassed in
vacuum for at least 4 h at 250 ◦C before analysis.

The catalytic activity of the as-prepared structured catalysts
towards CH4 combustion, H2 combustion and CH4/H2 lean mix-
tures combustion was tested in a microreactor test rig [35], as
shown in Fig. 1. Each monolith was inserted into a quartz tube
(i.d. 10 mm, length 700 mm), wrapped with a vermiculite layer to
obtain the external seal; the quartz tube was heated in a horizon-
tal split-tube furnace with 500 mm heating length (Carbolite, PID
temperature regulated). For each test, the temperature of the oven
was increased from room temperature to 200 ◦C with a temperature
rate of 5 ◦C min−1, then from 200 to 800 ◦C the temperature rate was

increased to 10 ◦C min−1. Two K-type thermocouples were inserted
along the quartz tube, 1 mm upstream and downstream the mono-
lith cross surfaces, to monitor the inlet and outlet temperatures.
The reactor outlet–inlet temperature difference was always less



442 S. Tacchino et al. / Catalysis Today 157 (2010) 440–445

ed wi

t
t
d
l
b
o
s
a
t
r
3
i
c
(
t
t
U
i
e
t
c
w
h
t
S
i
s

3

l
o
m
F

Fig. 2. SEM micrographs of SiC monolith lin

han 10 ◦C. The monoliths were first tested towards CH4 combus-
ion by feeding a mixture of 5% vol. CH4 in air (� = 2), overall power
ensity 7.6 MWth m−3, GHSV of 16,000 h−1 based on the mono-

ith empty volume. Then, they were tested towards H2 combustion
y feeding a mixture of 17% vol. H2 in air (� = 2), with the same
verall power density and GHSV. Further tests were made on the
ame monoliths by feeding three different CH4/H2 lean mixtures
t increased H2 concentration, maintaining the same values for �,
he overall power density and GHSV: Mix 1 with a CH4/H2 molar
atio of 75%/25%; Mix 2 with a CH4/H2 molar ratio of 50%/50%; Mix

with a CH4/H2 molar ratio of 25%/75%. Air, CH4 and H2 flow-
ng from cylinders were independently regulated by mass flow
ontrollers (Bronkhorst), premixed, and fed to the microreactor
total flow rate: 200 Nml min−1). The on-line continuous analysis of
he gaseous reaction products was performed (after H2O removal
hrough a condenser) by non-dispersive infrared absorption (NDIR
ras 14 for CH4/CO/CO2, ABB Company) and a thermal conductiv-

ty analyzer (Caldos 17 for H2, ABB Company), thus allowing to
valuate CH4 and H2 conversions. Each test was repeated twice
o strengthen the obtained results. The temperatures where 50%
onversion of CH4 or H2 occurred, CH4-T50 or H2-T50, respectively,
ere considered as an index of the monoliths catalytic activity. The
omogeneous combustion reactions related to pure CH4 or H2 and
o the three reactive mixtures were also evaluated by using a bare
iC monolith and also quartz tube reactor without any monolith
nside (blank reactor condition); the feeding conditions were the
ame used during the tests of the catalyzed monoliths.

. Results and discussion
SEM and FESEM analysis of the as-prepared monoliths high-
ighted a quite porous catalyst layer onto the internal walls
f the monoliths channels. Figs. 2 and 3 show SEM images of
onoliths Pd/CZ and Pd/N, respectively; Figs. 4 and 5 show

ESEM images of the catalytic layer on monoliths Pd/LZ and

Fig. 3. SEM micrographs of SiC monolith lined w
th Pd/CZ: microchannel and catalytic layer.

Pt/A, respectively. Such a porous structure, particularly evident
on samples Pd/LZ (also at nanometric scale) and Pd/N, is typical
when SCS technique is adopted for catalytic material develop-
ment [35,38,43]. During SCS, in fact, the decomposition of reacting
precursors generated a large amount of gaseous products in a
very short time, leading thus to a spongy morphology of the
synthesized layer [38,43]. The average thickness of the catalytic
layer varied from approx 10 to 50 �m, with a preferential accu-
mulation on the channels corners, especially for the Pd/N and
Pd/CZ monoliths. FESEM analysis (Figs. 4 and 5), allowed to bet-
ter emphasize the structure of the catalytic layer: in particular,
on Pt/A monolith, Pt clusters homogeneously distributed along-
side the carrier were visible, with dimensions variable from 10 to
100 nm.

The catalyst deposition over the bare monoliths induced an
increase of the BET specific surface areas, as expected. The calcu-
lated BET values were 2.9 m2 g−1 for Pd/N monolith, 12.2 m2 g−1 for
Pd/CZ, 13.7 m2 g−1 for Pd/LZ and 14.5 m2 g−1 for Pt/A one, respec-
tively, compared to the 0.2 m2 g−1 of the bare monolith.

The first step to evaluate the catalytic activity of the as-prepared
monoliths was carried out in the lab test rig, feeding only CH4 in
lean mixture; the performance of the various catalysed monoliths
was compared with that of the bare one. As reported in Fig. 6, the
Pt/A monolith showed the best performance, lowering the CH4-T50
from 777 to 617 ◦C and the CH4-T100, from 780 to 716 ◦C, compared
to the bare monolith counterpart (SiC). The CH4-T100 of all the Pd-
based catalyzed monoliths resulted slightly higher compared to the
the base SiC monolith. Followed Pd/CZ with CH4-T50 of 650 ◦C, Pd/N
with CH4-T50 of 678 ◦C and Pd/LZ with CH4-T50 of 743 ◦C. More-
over, as concerns the CO emissions (Fig. 6, dotted lines) during CH4

combustion tests, the bare monoliths presented a very high peak
between CH4-T90 and CH4-T100 (approx 2.4% in volume). Instead, all
the catalytic monoliths were able to lower this peak concentration
with the following rank: in particular, Pt/A and Pd/CZ exhibited
very low CO emissions (approx 100 and 300 ppmv, respectively),

ith Pd/N: microchannel and catalytic layer.
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Fig. 4. FESEM micrographs of the catalytic layer on Pd/LZ monolith.

yer on

w
P
b
a

i
m
l
c
T
r
T
(
2

m
C
c
i
(
–

F
p
e

were, in fact, slightly decreased by increasing the H concentration
Fig. 5. FESEM micrographs of the catalytic la

hereas Pd/N presented a limited peak (approx 900 ppmv) and
d/LZ, which showed the worse performance towards CH4 com-
ustion, presented a quite high peak (approx 1.1%), when CH4 was
lmost reacted.

The second step regarded the evaluation of the catalytic activ-
ty of the as-prepared monoliths towards H2 combustion in lean

ixture. The results are reported in Fig. 7: all the catalytic mono-
iths were able to sensibly reduce the H2 combustion temperature
ompared to the one in the bare monolith (H2-T50: 660 ◦C; H2-
100: 690 ◦C). In particular, Pt/A was the best one: practically at
oom temperature H2 was completely burnt (H2-T50: 39 ◦C; H2-
100: 40 ◦C). The other monoliths behave as follow: Pt/A < Pd/N
H2-T50: 141 ◦C; H2-T100: 160 ◦C) < Pd/CZ (H2-T50: 177 ◦C; H2-T100:
04 ◦C) < Pd/LZ (H2-T50: 201 ◦C; H2-T100: 216 ◦C).

Thanks to these very interesting performances, all the catalyzed
onoliths were used for further investigations on combustion of

H /H lean mixtures. A comparison of the CH and H conversion
4 2 4 2
urves vs. T for all the catalysed monoliths, the bare one included,
s shown in Fig. 8, where the curves are displayed per tested Mix
Fig. 8A for Mix 1 – CH4/H2 molar ratio of 75/25; Fig. 8B for Mix 2

CH4/H2 molar ratio of 50/50; Fig. 8C for Mix 3 – CH4/H2 molar

ig. 6. CH4 conversion (solid lines) and CO emissions (dotted lines) vs. T for the as-
repared catalytic monoliths and the bare one (a: SiC; b: Pd/N; c: Pd/CZ; d: Pd/LZ;
: Pt/A).
Pt/A monolith: Pt particles are enlightened.

ratio of 25/75). Fig. 9, instead, shows the same conversion curves
displayed per tested monolith (Fig. 9A for Pd/N; Fig. 9B for Pd/CZ;
Fig. 9C for Pd/LZ; Fig. 9D for Pt/A).

On average, by observing Fig. 8, it is worth noting that the pres-
ence of a catalyst on the SiC monolith allowed reducing the CH4-T50
and CH4-T100 compared to the bare counterpart, for all the tested
Mix. Moreover, the higher the H2 concentration, the lower the CH4-
T50 (see Fig. 8C with Mix 3): the addition of H2 in the reactive
mixture seemed to favour the CH4 combustion. Considering the
homogeneous CH4 combustion reaction occurring when the vari-
ous mixtures were tested, the performances obtained with the bare
monolith and the blank reactor (no monolith inside) were practi-
cally the same (curves denoted with solid black lines and the letter
“a” in Fig. 8A/B/C). It is worth noting that an H2 enrichment was
favourable to CH4 combustion also without the presence of a cat-
alytic layer on the monolith walls: the related CH4-T50 and CH4-T100
2
in the feedstock (CH4-T50 Mix 1/2/3: 777/736/718 ◦C; CH4-T100 Mix
1/2/3: 800/790/780 ◦C). This seems to be a clear sigh that there was
a contribution of the homogeneous reaction in the combustion of
CH4 when H2 was added as fuel. Concerning the CO emissions, these

Fig. 7. H2 conversion vs. T for the as-prepared catalytic monoliths and the bare one
(a: SiC; b: Pd/N; c: Pd/CZ; d: Pd/LZ; e: Pt/A).
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Fig. 8. CH conversion (solid lines), H conversion (broken lines) and CO emissions
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Fig. 9. CH4 conversion (solid lines), H2 conversion (broken lines) and CO emissions
(dotted lines) vs. T for each catalytic monolith (A: Pd/N; B: Pd/CZ; C: Pd/LZ; D: Pt/A)
as a function of the fed reactive mixture (a: CH4 alone; b: Mix 1 CH4/H2 molar ratio
75/25; c: Mix 2 CH4/H2 molar ratio 50/50; d: Mix 3 CH4/H2 molar ratio 25/75; e: H2

alone).
4 2

dotted lines) vs. T for the three gas mixtures (A: Mix 1 CH4/H2 molar ratio 75/25;
: Mix 2 CH4/H2 molar ratio 50/50; C: Mix 3 CH4/H2 molar ratio 25/75) on all the
ested monoliths (a: SiC; b: Pd/N; c: Pd/CZ; d: Pd/LZ; e: Pt/A).

ere quite high for the bare monolith, anyway lower compared to
he test with CH4 alone and decreasing by increasing the H2 con-
entration in the mixtures: 2.31% for Mix 1, 2.23% for Mix 2, 0.78%
or Mix 3, respectively, see Fig. 8. The CO emissions of the catalytic

onoliths, lower compared to the test with CH4 alone, were still
educed by increasing the H2 concentration in the mixture, with the
ame trend observed for the bare monolith; the highest CO emis-
ion peak, 0.21%, belonged to Pd/LZ when tested with Mix 1, see
ig. 8A, whereas the peak concentrations were below 50 ppmv for
he Pt/A monolith.

Indeed, considering the H2 combustion in the tested Mix 1/2/3,
he performance of the monoliths was different. Compared to the
are one, all the catalytic monoliths reduced the H2-T50, whereas
he H -T was practically decreased only for monoliths Pt/A and
2 100
d/N (see also Fig. 9A and D). In particular, for Mix 1 and Mix 2, i.e.,
hen the H2 concentration in the mixture was lower or lower than

hat of CH4 (Fig. 8A and B), the H2 combustion started at very low
emperature (very low H2-T10 and H2-T50, a sign of good reactivity),
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ut the combustion rate was slowed down during the tests: the
onversion curves slope became, in fact, less steep and the H2-T100
f Mix 1 and 2 raised compared to the H2-T100 of pure H2. Especially
or Pd/CZ and Pd/LZ (Fig. 9B and C), the H2-T100 raised up to the same
alue of the CH4-T100.

The combustion in confined space where lots of walls are
resent is mainly affected by quenching and blowout [33]. Flames
re quenched because of two primary mechanisms, namely thermal
nd radical quenching [44–46]. Thermal quenching occurs when
ufficient heat is removed through the walls, the combustion, thus,
annot be self-sustained. Radical quenching occurs via adsorption
f radicals on the burner walls and subsequent recombination. In
ase of H2/air mixtures, OH•, H• and HO2

• radicals are present
47]: the most relevant reactions in the formation/destruction of
hese radicals are the chain radical formation, the chain radical
ropagation, the chain radical ramification and the chain radical
ermination. These latter, leading to the formation of stable species,
an occur via homogeneous or heterogeneous process (when they
mpact the burner walls) [47]. In case of CH4/air mixtures, OH•

adicals play the most relevant role in the combustion light-off in
he gas phase: these radicals, in fact, chemically activate the CH4

olecules by abstracting H• radicals from them, thus producing
H3

• via the reaction: CH4 + OH• → CH3
• + H2O [47]. By adding H2

o CH4, a changing in the OH• formation mechanism occurs: in par-
icular, by increasing H2, OH• radicals are produced more and more
ignificantly through the reaction HO2

• + H• → 2OH•, which starts
rom HO2

• radical, an intermediate product of low temperature
2 combustion [47]. Such a reaction is also known in literature

o give a higher OH• concentration in the early flame [48]. More
pecifically, the presence of H2 in the fuel improves system per-
ormances in converting CH4, because determines an increase in
he production of OH• radicals at a temperature relatively low thus
llowing HC combustion in the gas phase at a lower thermal level
47]. The increased OH• concentration when H2 is added to CH4
as experimentally demonstrated also on a swirl flame [49].

In addition to flame quenching, blowout can occur when the
urner exit velocity exceeds the flame burning velocity [46]. In this
echanism, the reaction shifts downstream until it exits the micro-

urner. A stable flame in micro-burners can be achieved through
ppropriate surface modification to limit radical loss, i.e., through
atalyst deposition (a catalytic layer could help the combustion
rocess at the micro-burner walls, which are well-knows to influ-
nce the formation of reactive radicals), and increasing insulation
o limit heat losses.

Under the investigated conditions, the observed increase in
eactivity of the mixture when CH4 was enriched with H2, inde-
endent of the type of catalyst lined on the monolith, could be
xplained by an increase in the OH• reactive radicals. Moreover,
H4/H2 mixtures burned also in the gas phase, thanks to the con-
ribution of the homogeneous combustion reactions. Surely, the
atalysts remain certainly determinant in oxidizing CO to CO2
mproving thus the combustion efficiency.

. Conclusions

The combustion of gaseous HC fuels in a small confined space
ould represent an alternative way to produce thermal and electri-
al energy. The combustion of CH4 and its lean mixtures with H2 on
atalytic monoliths was studied and optimized. 2% Pd/(5% NiCrO4),
% Pd/(5% CeO2·ZrO2), 2% Pd/(5% LaMnO3·ZrO2) and 2% Pt/(5%
l2O3) catalysts, suitably developed, were deposited on SiC mono-
iths via in situ SCS and tested in a lab-scale microreactor by feeding
nly CH4, only H2, and three lean CH4/H2 mixtures with increased
ontent of H2 and constant thermal power density of 7.6 MWth m−3.
onolith Pt/A was very appropriate for the combustion of only

H4 or H2, but its performance worsen when H2 was added to

[
[
[
[

[

ay 157 (2010) 440–445 445

the reactive mixture. On the contrary, the Pd-based catalysts were
most suitable for the combustion of the CH4/H2 lean mixtures, with
the best behaviour shown by Pd/N followed by Pd/CZ. Monolith
Pd/LZ, instead, showed the worse performance, both in terms of
CH4 combustion only and of the various mixtures; moreover, it
displayed quite high CO emissions, not compatible with the envi-
ronmental issues. In particular, the catalytic reactivity towards CH4
combustion of the Pd-based raised by increasing the H2 content
in the reactive mixture. The observed enhancement in reactivity
of the mixture when the CH4 fuel was enriched with H2 could be
explained by an increase of the OH• radicals in the gas mixture.
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