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Abstract 

Pt-Fecralloy structured foam catalysts were prepared by an electrodepositon 

method and tested for methanol catalytic combustion under lean conditions. Noble 

metal loading was easily controlled through the Pt deposition charge. 

Characterization of catalysts as prepared, after a thermal pre-treatment and after 

combustion tests was performed by SEM, XRD and cyclic voltammetry. Methanol 

deep oxidation could be ignited at as low as 80 °C, reaching complete conversion 

to CO2 at temperatures that decreased progressively for increasing Pt loadings. 

 

Introduction  
Methanol is a valuable energy feedstock for the future beyond oil and gas [1], in 

particular for mobile or decentralized power generation. Catalytic combustion 

offers environmental advantages, since it operates at lower temperatures than 

traditional combustion avoiding massive formation of NOx and other pollutants [2]. 

Methanol has been proposed as feed for catalytic burners as part of fuel cells [3] or 

mobile thermoelectric power generators [4]. Several literature reports indicated that 

(nano-sized) Pt based catalysts are the most active systems for the deep oxidation 

of methanol either for power generation [4] or for destruction of fugitive VOC 

emissions [5], being eventually capable of room temperature self-ignition. 

Catalytic burners are often integrated heat-exchanger reactors which inevitably 

require a shaping of the catalyst into a structured form [6]: due to their remarkable 

heat- and mass-transfer properties metallic foams represent a preferred choice to 

reduce the size of the reactor needed to reach high conversions [7]. Among them, 

Fecralloy foams are optimal to design lightweight reactors with low thermal inertia 

and fast transient response during start-ups [7]. Those structures are generally used 

as substrates for high surface-area ceramic supports such as γ-Al2O3, on which the 

active metal phase is dispersed, even if the deposition of a uniform washcoat layer 

is quite challenging. Recently some simpler, innovative preparation methods have 

been proposed which take advantage of the metallic nature of Fecralloy support: 

electrochemically induced precipitation [8], electrodeposition [9] and spontaneous 

deposition through a galvanic displacement reaction [10] have been shown capable 

to form small, well-dispersed and homogeneously distributed noble metal particles 

strongly interacting with the support 

In this work we set out to investigate the preparation of Pt-Fecralloy foam catalysts 
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by electrodeposition method and to evaluate their catalytic activity during the deep 

oxidation of methanol under fuel lean conditions.  

 

Experimental 
Fecralloy foam samples for catalytic combustion tests were cut out of a single 

commercial panel (Porvair, Fe 70.1; Cr 20.8; Al 9.1 % (mass), 50 ppi, 95% void 

volume) and shaped as cylinders (1.8 cm diameter, 1.0 cm height). The solutions 

used for Pt deposition contained 1×10
-3

 M H2PtCl6 for catalysts with a Pt loading < 

2 mg cm
-3

 or 2×10
-3

 M for higher loading samples, at pH 2.0. Electrodeposition 

was performed under potentiostatic control, at E=-0.4 V, in two-compartment cells. 

The Pt loadings were controlled through the deposition charges, and checked by 

UV-Visible spectroscopy, by measuring the decrease in the concentration of Pt 

chloride complexes caused by each deposition experiment. Electrochemical 

experiments were performed with Autolab PGSTAT (302N or 100) potentiostats. 

H2PtCl6 solutions were analysed with a Perkin-Elmer Lambda 15 UV/VIS 

Spectrophotometer. SEM images and EDS analyses were obtained with a FEG-

ESEM FEI Quanta 200 F instrument, equipped with a field emission gun, operating 

in high vacuum conditions.  

Methanol combustion tests on Pt-Fecralloy catalysts were performed in a lab scale 

quartz reactor (dinner=20 mm), operated at nearly atmospheric pressure, by ramping 

up the temperature with an electric furnace from 50°C to 600°C at 3°C/min. Inlet 

and outlet temperatures were measured by two K-type thermocouples (d = 0.5 

mm). A lean methanol in air feed (0.5–2.0 % vol., total flow-rate 40 Sdm
3
 h

-1
) was 

prepared by mixing two air streams, regulated by independent MFCs, and one of 

these passed through a methanol saturator. The effluent gas, after water removal, 

was continuously analyzed with a Fluegas GEIT instrument, equipped with 

detectors for CO, CO2, CH4 and NO (infrared detectors) and O2 (electro-chemical 

cell). Since the CH4 detector gave a linear response to methanol it was used to 

measure its concentration.  

CH3OH + 1.5O2 →CO2 + 2H2O                                                       (1) 

Methanol conversion to CO2 (yield) through reaction (1) was simply defined as the 

molar ratio of CO2 formed (outlet) per methanol in the feed. The CO2 production 

rate was estimated from low conversion data (before rapid ignition, ∆Tout-in <15°C) 

assuming differential conditions, isothermal plug flow reactor, and constant molar 

flow. Rates were normalized with respect to Pt mass according to equations (2):     
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where F is the total inlet molar flow rate (≈1.67 mol h
-1

), WPt is the weight of Pt in 

the foam catalyst and yCO2 is the outlet molar fraction of CO2.  

 

Results and discussion 

Pt-Fecralloy catalysts with Pt loading ranging from 0.1 mg cm
-3

 to > 10 mg cm
-3

, 
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were prepared by varying two parameters: the H2PtCl6 concentration, which only 

slightly affected the Pt loading, and the deposition charge. With the latter, the noble 

metal content grew approximately in a linear way. Figure 1 shows SEM images of 

a sample with a 2.9 mg cm
-3

 Pt loading. The low-magnification image on the left 

shows the presence of a large number of Pt submicronic particles, distributed on 

the foam quite homogeneously. The high-magnification image shows that each 

particle consists of an assembly of crystallites with sharp edges developed 

preferentially at sites where the oxides covering the Fecralloy were defective. XRD 

analysis showed peaks for both Pt electrodeposit and Fecralloy substrate. Rietveld 

analysis indicated an average of 40 nm size for the Pt crystallites.  
 

   
Figure 1. SEM images of an as-prepared Pt–Fecralloy sample (Pt load 2.9 g cm

3
). 

 

Before activity tests, all catalysts were submitted to a thermal pretreatment, 2 hours 

at 600°C in air and a comparison of SEM images before and after the exposure to 

air at high temperature (not shown) revealed that the Pt deposits maintained their 

morphology, without sintering of the crystallites. The specific surface area of Pt as 

measured by cyclic voltammetry was around 5-8 m
2
 g

-1
 and 12-22 m

2
 g

-1
 

respectively for samples with low or high Pt loadings (Table 1). This was mainly 

related to variable roughness and defective nature of the Fecralloy surface. 

Figure 2a presents a comparison of the methanol combustion activity for several 

Pt–Fecralloy foam catalysts with various metal loadings in terms of their yield to 

CO2 as a function of temperature at fixed inlet conditions. Preliminary tests 

conducted either with an empty reactor or a blank Fecralloy foam, ruled out any 

significant contributions from the homogeneous gas phase reaction or from 

Fecralloy-catalyzed reactions. Methanol conversion to CO2 increased 

monotonically with temperature for all catalysts and reached ca. 100% (the carbon 

balance closing within 5%). The formation of CO was extremely low, and its 

concentration in the exhaust gas was <20 ppm at each conversion level. Upon 

ignition the O2 consumption was 1.5 times larger than the CO2 formation 

(according to the stoichiometry of deep oxidation reaction). However, previous 

studies demonstrated that CO2 is not a primary oxidation product of methanol over 
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Pt based catalysts and other products such as CH2O or CHOOCH3 can be formed at 

low temperature in the early stage of conversion [11]. 

 

 
Figure 2. a) Methanol yield to CO2 as a function of the reaction temperature over 

Pt–Fecralloy foam catalysts at various noble metal loadings (Feed: 40 Sdm
3
h

-1
, 

CH3OH 0.5% in air, GHSV=16,500 h
-1

), b) Effect of inlet methanol concentration 

on its yield to CO2 as a function of temperature over a 13.3 mgPt cm
-3 

foam catalyst. 

 

The increase in the loading of noble metal generally enhanced the overall 

combustion activity as confirmed by the shift of conversion plots in Fig. 2a towards 

lower temperatures. A variation by a factor as high as 16 in the Pt loading of the 

tested foams induced a relatively moderate reduction (ca. 70 °C) in the temperature 

required to achieve 10% yield to CO2 (T10, Table 1). Reactivity measurements 

were repeated after having exposed the catalysts to reaction conditions at 600 °C (2 

h), and gave substantially identical results (not shown), indicating a good stability 

of the catalytic activity of Pt–Fecralloy foams under those experimental conditions. 

The effect of methanol concentration was studied by varying the inlet fuel 

concentration levels (Fig. 2b): CO2 yield plots clearly shifted towards higher 

temperatures with increasing inlet levels of methanol, indicating a less than linear 

dependency of the combustion rate on fuel concentration. In fact, all data in terms 

of specific specific CO2 formation rate for 3 values of CH3OH concentration 

resulted superimposed over a single straight line in the Arrhenius plot (not shown), 

departing from it only at high fuel conversion levels. Under those experimental 

conditions, the CO2 formation rate could be considered independent of the 

concentration of methanol (in the range 0.2–2.0 % vol., apparent 0
th
 order rate). 

The apparent activation energy of CO2 formation, estimated by Arrhenius plots of 

RwCO2, was in the range of 68-70 kJ mol
-1

 for all of the samples resulting not 

affected by the variation in the noble metal loading. The values obtained are close 

to those reported for methanol oxidation on unsupported Pt (59-64 kJ mol
-1

) and 

wire reactors coated with Pt/Al2O3 catalyst (60 kJ mol
-1

) [3]. It was reported [11] 

that methanol oxidation over pure Pt wire catalysts exhibited reaction kinetics 

similar to CO oxidation, characterized by CO-saturated surfaces and low activity at 
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low temperatures, versus oxygen-saturated surfaces and high activity at high 

temperature [12]. Thus, the large dimensions of Pt nanoparticles [11], inferred by 

the morphological characterization of foam catalysts can explain the high 

selectivity towards CO2, the common value of apparent activation energy for all the 

Pt-Fecralloy foams, and the apparent zero order dependency of the CO2 formation 

rate on methanol concentration [11].  

 

Table 1. Effect of Pt loading on the catalytic activity for methanol combustion of 

Pt-Fecralloy foams. Ea: apparent activation energy; T10 temperature for 10 % 

conversion to CO2; Rw: specific CO2 formation rates at 140°C.  

Pt Loading Pt surface area T10* Ea Rw CO2 

mg cm
-3

 m
2
 g

-1
 °C kJ mol

-1
 mmol gPt

-1
 h

-1
 

0.82 5.5 185 68.7 76.0 

1.18 5.9 161 69.8 155 

1.56 6.3 132 70.4 360 

8.72 12.4 113 69.4 181 

13.3 12.0 113 68.5 95.3 

*0.5% MeOH in air, GHSV=16,500 h
-1 

 

It can be argued that increasing the Pt loading on the Fecralloy foam above a 

certain level would not increase, but decrease the number of available active sites 

on the support close to Pt sites. Moreover, for those catalysts with higher noble 

metal loadings, the overall larger dimensions of Pt aggregates, could have hindered 

the synergic effect between noble metal and support. SEM images of used catalysts 

revealed that the average size of the Pt particles were comparable to that of the as-

prepared sample concluding that combustion test at temperatures up to 600°C 

caused neither sintering of Pt particles nor a significant change in their shape. 

 

Conclusions 
The electrodeposition of Pt nano-particles onto Fecralloy foams was employed to 

produce structured catalysts for the low-mid temperature combustion of methanol. 

Pt-nanoparticles were composed by assemblies of small, spiky crystallites and had 

surface areas between 5 and 22 m
2
 g

-1
. Neither a thermal treatment in air, nor the 

use in methanol combustion at T ≤600 °C altered the morphology of the Pt depos- 

its. The methanol catalytic combustion activity was stable and repeatable 

characterized by low CO emissions and complete selectivity to CO2 upon ignition. 

An overall enhancement of activity was obtained with the increase in Pt loading 

while the apparent activation energy was constantly equal to 68-70 kJ mol
-1

. The 

reaction rate per unit weight of Pt displayed a maximum for Pt loadings around 1.4 

mg cm
-3

. Therefore, it was suggested that Fecralloy support plays a synergic role in 

the catalytic oxidation process, likely activating the oxygen molecules on specific 

metal oxide sites (such as FeOx) in close contact with Pt particles. 
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