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Abstract A Fe-Mn mixed oxide catalyst for eth-

anol combustion was optimized using different 
Fe:Mn atomic ratios and varying the calcination 
temperature (500ºC, 650ºC and 800ºC). The results 
indicated that the increase of the calcination temper-
ature caused a decrease of the catalytic activity due 
to a strong decrease of the specific surface area. 
Then, among the catalysts calcined at 500ºC, the 
most active one was the catalyst with lower amount 
of iron. The results of X-ray diffraction (XRD) and 
temperature programmed reduction (TPR) indicated 
that a small amount of iron in the Fe-Mn mixed cata-
lyst favored the formation of dispersed surface 
amorphous MnOx species. These species are easily 
reducible and very active in total oxidation reactions. 
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I. INTRODUCTION 
In the last decade, ethanol has been considered a prom-
ising alternative fuel. It is used in cars as an octane en-
hancer and an oxygenated additive to gasoline, and 
even, as a replacement for gasoline (Wang et al., 2000; 
Goldemberg et al., 2008). Although exhaust emissions 
of ethanol are less toxic than those of gasoline, partially 
oxidized products such as acetaldehyde, CO and acetic 
ester may cause severe environmental and health prob-
lems. For these reasons, it is important to eliminate the 
pollution of ethanol and their by products, being the cat-
alytic combustion an attractive method. Therefore, it is 
necessary the development of efficient catalysts, which 
would directly convert ethanol to CO2 and H2O at rela-
tively low temperature. 

Several groups have investigated the reactivity of 
noble metal-based catalysts and transition metal oxide-
based catalysts in oxidation reactions. Generally speak-
ing, the noble metal catalysts are more active than other 
metal oxide catalysts, but they are more expensive and 
easily poisoned as well. Particularly, manganese oxide-
based catalysts have received great attention because 
they exhibit an interesting behavior in combustion reac-
tions and they are environmentally friendly materials 
(Wahlberg et al., 1999; Gallardo-Amores et al., 1999). 
Their catalytic properties are attributed to a high capaci-
ty to store oxygen and to form manganese oxides in dif-
ferent oxidation states, for the reason that manganese is 
highly efficient in reduction-oxidation cycles. The redox 
abilities frequently increase if it is combined with other 

elements (Lin et al., 2001). For instance, Mn-Cu mixed 
oxides show better catalytic behaviour than Mn2O3 and 
CuO pure oxides in the combustion of propane and eth-
anol (Morales et al., 2006). 

In a previous work (Morales et al., 2007), iron-
manganese mixed oxide based catalysts, obtained by 
coprecipitation showed a higher catalytic activity in eth-
anol combustion than Mn2O3 and Fe2O3 pure oxides. 
Mishra et al. (2008) prepared manganese-iron mixed 
oxide pillared clays with varying the manganese to iron 
ratio and they observed that the catalyst with higher 
Mn/Fe ratio was the most active in the acetone decom-
position while the catalytic activity in trichloroethylene 
decomposition increased with the increase in iron con-
tent up to certain value (10.14%). These results encour-
aged us to attempt the optimization of the iron-
manganese mixed oxide catalysts prepared by 
coprecipitation with varying the Fe:Mn atomic ratio and 
the calcination temperature. The catalytic behavior was 
evaluated in the ethanol combustion. 

II. EXPERIMENTAL SECTION 
A. Preparation of the catalysts 
Aqueous solutions of Fe(NO3).9H2O, 0.48M (Riedel-de 
Haën), Mn(NO3).4H2O, 0.48M (Fluka), and NH4OH 1N 
(used as precipitant agent) were prepared (Wang et al., 
2005). The nitrate solutions were mixed in adequate 
proportions for obtaining Fe:Mn atomic ratios equal to 
1:1, 3:1, and 1:3. Then, the mixed solution was added 
drop by drop at the ammonium hydroxide solution kept 
under agitation and at pH = 11.5 – 12.5. The pH was 
regulated adding ammonium hydroxide at 28 vol% 
when it was necessary. Meanwhile, the precipitate was 
aging in the mother solution for 24 hours. Then, it was 
separated from the solution and dried slowly in a vacu-
um oven increasing the temperature from 50ºC to 120ºC 
at 5ºC/h. The resulting solid was milled and calcined in 
air at 500ºC, 650ºC or 800ºC for 3 hours. The catalysts 
were denoted as FexMny-T, where the ratio x:y = 1:1, 
3:1, and 1:3 represents the Fe:Mn atomic ratio and T is 
the calcination temperature in Celsius degrees. Also, 
Fe2O3 and Mn2O3 were prepared by the same synthesis 
method and calcined at 500ºC, for comparison. 

B. Characterization of the catalysts 
The specific surface areas were measured in a 
Micromeritics Gemini V equipment by the nitrogen ad-
sorption method (BET) after to degas the samples at 
250ºC under N2 flow using a FlowPrep 060 – Sample 




