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Abstract: This work deals with the catalytic soot oxidation using pure Manganese (III) oxide and Fe doped 

Mn2O3 catalysts. The compounds Mn2O3 and the Iron (Fe) doped oxide series Mn2-xFexO3 were synthesized 

using simple co-precipitation method. Thus, obtained catalysts were characterized using XRD, FESEM, EDS and 

XPS analysis. The capability of the catalysts in lowering the temperature during the soot oxidation process was 

evaluated with the help of TGA analysis in tight contact mode. Amongst the synthesized catalysts Mn1.8Fe0.2O3 

exhibited better performance in terms of lowering the soot oxidation temperature comparatively. 
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1. Introduction  

Soot is a mixture of impure multicomponent particles of carbon resulted from the incomplete combustion of 

fuels (coal, carbon fuels etc.) [1]. Emission of soot from diesel engines causes environmental pollution and also 

carcinogenic to living beings [2]. Continuous exposure to soot is dangerous also leads to cardiovascular and lung 

diseases. Though diesel engines are the most effective drive units due to their increased fuel economy and 

reduced CO2 emission, they contribute to a major source of soot emission [3]. So, control or removal of soot 

emission is quintessential for a better environment and also to make the most economical diesel engine feasible 

to operate under pollution control constraints. Since many years Diesel Particulate Filters (DPF) were widely 

used in vehicles which operate by trapping the soot particles on the filter with the exhaust gases flowing through 

them [4,5]. Thus, accumulated soot increases in thickness with respect to time leading to back pressure resulting 

in decreased engine efficiency. Hence the regeneration of the DPF is always essential and continuously 

regenerating trap (CRT) techniques were widely employed in Heavy-duty diesel engines [6]. Here the required 

NO¬2 is produced by precious metal based diesel oxidation catalyst (DOC) which makes the technique 

economically less feasible[7]. However, these CRT processes are limited by low NOx/Soot ratio and also due to 

the emission of huge amounts of hydrocarbons, CO and H2 during the post injection of fuel [8]. Another practice 

in the wide application is the use of fuel borne catalysts (FBC) that minimizes the soot output and thereby 

enhancing the soot oxidation in DPF [9]. Nonetheless, the catalysts used were either expensive or mostly 

radioactive like ceria based carbonyls or easily deactivated by sulfur species [10].On the other hand by using 

catalytic DPF which supports Catalyst/Soot oxidation reaction at low temperature has become a promising 

option. There forth today’s technology is working on developing catalysts which are economically viable, 

effective in soot oxidation and also can reduce the ignition temperature of soot [11]. In this context, it is worth 

mentioning that both iron oxide and manganese oxide catalysts are highly active, inexpensive, easily available 

and eco-friendly for many oxidation reactions [12,13].  Iron oxide is exclusively active for soot oxidation 

reaction whereas MnOx combined with other metal oxides exhibits excellent performance in soot oxidation 

reactions and mainly both can exist in redox couples (Mn_ +2, +3 and +4 and Fe-_ +3 and +4) [14,15]. Hence, 

this drives in a motivation to work on Fe-doped Manganese oxide catalysts Mn2-xFexO3 (x=0.05 to 0.2) for the 

application of low-temperature soot oxidation. In the case of this work, partial incorporation of Fe into the 

Mn2O3 lattice had led to an improved redox property of the metal cations and subsequent formation of highly 

reactive adsorbed oxygen species. 
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2. Experimental 

2.1. Catalyst Preparation 

Fe-doped Mn2O3 catalysts Mn2-xFexO3 (x= 0.05 to 0.2) were synthesized by Co-Precipitation of metal 

nitrates salts with Ammonium Hydroxide solution [16]. An aqueous solution of Iron Nitrate Fe(NO3)3 and 

Manganese Nitrate Mn(NO3)2 salts were taken in proper amounts and precipitated using Ammonium Hydroxide. 

In a typical synthesis of Mn2-xFexO3 say x=0.05, 17.67g of Manganese nitrate Mn(NO3)3 and 0.7294g of Iron 

Nitrate were dissolved in distilled 100ml of distilled water and stirred using a magnetic stirrer. This metal 

solution was then precipitated by the drop-wise addition of NH4OH solution that resulted in a brown precipitate. 

The concentration of NH4OH used was kept constant for all the other dopant levels. Thus resulted precipitates 

were collected by filtration and dried in an oven at 80 ◦C for 6h and calcined in a muffle furnace at 600 ◦C for 6h 

to obtain the final product. 

3. Results and Discussion 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: XRD Pattern of all the prepared samples a) Mn2O3, b) Mn1.95Fe0.05O3,  c) Mn1.9Fe0.1O3,  d) Mn1.85Fe0.15O3,  

and e) Mn1.8Fe0.2O3 

    Fig.1 shows the Diffraction patterns of Mn2-xFexO3 (x=0 to 0.2) catalysts. All the samples exhibited patterns 

similar to pure Mn2O3 (ICSD No: 01-071-0636) which is essentially of cubic structure. The diffraction patterns 

of the Fe-doped Mn2O3 samples Mn2-xFexO3 (x=0.05 to 0.2) revealed that the cubic structure of Mn2O3 was 

prevailed. Hence, from the results obtained the authors confirm that the cubic structure of Mn2O3 was not 

disturbed till the Fe dopant level reached 0.2 (Mn1.8Fe0.2O3). Most intense diffraction peak of Mn2O3 at around 

2Theta≈32.5◦ was maintained in all the catalysts. The specific surface areas, Crystallographic parameters of the 

undoped Mn2O3 and Fe-doped Mn2-xFexO3 (x=0.05 to 0.2) were tabulated in Table 1. 
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Fig.3(a): XPS of Mn 2p core level spectra for all the prepared samples, where a) Mn2O3, b) Mn1.95Fe0.05O3, c) Mn1.9Fe0.1O3, 

d) Mn1.85Fe0.15O3, e) Mn1.8Fe0.2O3 and f) Image of Deconvoluted peaks for Mn1.8Fe0.2O3 sample 

Fig.3(b) shows the XP spectrum of Fe2p core level region wherein the binding energies of Fe 2p3/2 and Fe 

2p1/2 for the synthesized catalysts Mn2-xFexO3 (x=0.05 to 0.2) were 710.5 and 725 eV respectively corresponding 

to the presence of Fe
3+

 cations [23]. The satellite peak for Fe 2p3/2 was observed at 715.5 eV and the difference 

between the binding energies is approximately 6eV. The existence of this shoulder peak at a binding energy 

difference of 6eV clearly evidences the presence of Fe
2+

 cations [24]. Also the Fe 2p3/2 peak can be deconvoluted 

to two peaks (Fig.3(b)-f) one at 710eV corresponding to Fe3+ ions and other at around 712eV attributed to the 

presence of Fe
+2

 cations [25]. All these results confirm the existence of multiple oxidation states of Iron 

(Fe
3+

/Fe
2+

). The presence of iron in two different oxidation states might increase the amount of surface adsorbed 

oxygen thereby influencing the soot oxidation activity [26,27]. 

 
Fig.3(b):XPS of Fe 2p core level spectra for all Fe doped Mn2O3 samples, Where a) Mn1.95Fe0.05O3, b) Mn1.9Fe0.1O3, c) 

Mn1.85Fe0.15O3, d) Mn1.8Fe0.2O3 and e) Image of Deconvoluted peaks for Mn1.8Fe0.2O3 sample 
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Fig.3(c): XPS of O1s core level spectra for all the samples, where a) Mn2O3, b) Mn1.95Fe0.05O3,  c) Mn1.9Fe0.1O3,  d) 

Mn1.85Fe0.15O3  and e) Mn1.8Fe0.2O3   

      XPS of O 1s region revealed the existence of two different kinds of oxygen species namely lattice oxygen 

species (Olat) at a lower binding energy 528e approximately in the Fig.3(c) and at a higher binding energy around 

531.1eV  related to adsorbed oxygen species (Oads) as reported in the literature [28]. The table confirms the 

presence of higher amounts of adsorbed oxygen species (namely peroxides, superoxides etc.) in case of 

Mn1.8Fe0.2O3 which is expected to have higher catalytic activity at a lower temperature relatively [29]. However, 

Machida et al.,[30] had already reported that the contribution of lattice oxygen is also equally important in the 

case of soot oxidation which did not have any experimental evidence so far 

     Fig.4. represents the % soot conversion profiles of uncatalyzed soot and catalyzed soot under tight conditions 

as a function of temperature. The temperature T50oC i.e, the temperature at which the 50% of the soot is 

oxidized is summarised in Table 3. The soot oxidation activity is in the order of Mn1.8Fe0.2O3> 

Mn1.85Fe0.15O3> Mn1.9Fe0.1O3> Mn1.95Fe0.05O3> Mn2O3> Soot. It can be seen from the figure that that 

for bare soot the 50% of soot conversion happened at around 600oC. 

 
 

  TABLE II: Oads /Olat peaks in the XPS of O 1s region and % composition of Mn
+2

 Mn
+3

 and Mn
+4

 cations. 
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     Shangguan et al. stated that adsorbed oxygen species play a dynamic role in the low-temperature oxidation 

process [31]. Addition of Mn2O3 catalyst during the soot oxidation has markedly reduced the soot oxidation 

temperature to 490
o
C unlike other oxides like Al2O3 [32]. The presence of redox stability (as confirmed from 

XPS analysis) in Mn and also the existence of adsorbed oxygen on the surface have increased the soot oxidation 

activity in this material. However doping of Mn2O3 lattice with Fe has remarkably increased the soot  

Table III: T1/2 temperatures for the soot oxidation 

conversion in comparison with Mn2O3. Increase in Fe loading has increased the activity of soot. Addition of Fe 

into Mn lattice has created lattice distortions as noted from the XRD analysis. This doping has also increased the 

amount of adsorbed oxygen in these samples as seen from XPS analysis. Due to the change in the structure and 

increase in surface adsorbed oxygen has led to the increase in soot oxidation activity in Fe doped Mn samples. It 

can also be noticed that Fe doped samples looks to be more porous when compared to the undoped one (FESEM 

analysis). This porous nature in these samples has increased the contact between the soot and catalyst which is 

also a reason behind high catalytic activity in Mn2-xFexO3 samples. The soot oxidation results shows that 

Mn1.8Fe0.2O3 have higher soot conversion. This is due to the fact that, this sample has higher amount of surface 

adsorbed oxygen when compared to all other Fe doped samples. 

Table III: T1/2 temperatures for the soot oxidation 

 
 

 

 

 

 

 

 

 

    Based on the literature reported we propose a similar mechanism as follows. This soot oxidation process 

involves the formation of active oxygen species through adsorption of oxygen on the reduced metal surface 

(Mn
+3

/Fe
+2

) and subsequent electron transfer metal cations at the interface between soot and catalyst (Mn2-

xFexO3). Among four different level of Fe doping, Mn1.8Fe0.2O3 oxidized soot at a lower temperature of 400
◦
C 

comparatively. The reason for this might be due to the formation of huge number of defects in the Mn2O3 cubic 

crystal lattice because of a higher level of Fe doping and subsequent generation of active adsorbed oxygen 

species in abundant amounts which are responsible for high soot oxidation activity. 

          

 

 

 

 

 

 

                                               

 

 

Fig 4:  Profile for Soot Oxidation Activity of all the samples 

Where, M-metal cations, Oads is the adsorbed oxygen species,  Sf  is a free site on soot and SOC is the Soot 

Oxygen Complex which is an intermediate reacts with either O2(gas) or Oads to form soot oxidation products. On 
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summarizing, the incorporation of Fe
+3

/Fe
+4

 ions into the Mn2O3 lattice improved the redox property of 

Mn(+3/+4) thereby enhancing the formation of efficient adsorbed oxygen species. 

4. Conclusion 

     Cost effective Fe-doped Mn2O3 basically Mn2-xFexO3 (x=0.05 to 0.2) catalysts were successfully synthesized 

by simple co precipitation method for the application of low-temperature soot oxidation and characterized by 

various analysis such as BET surface area, FESEM-EDS, XRD, and XPS. The capability of thus synthesized 

catalysts in reducing the soot oxidation temperatures was evaluated with the help of TG-DTA analysis. The 

redox stability in Mn and presence of surface adsorbed oxygen in the Mn2O3 crystal played a key role in 

increasing the soot oxidation activity of this sample. Addition of Fe to Mn2O3 has increased the amount of 

adsorbed oxygen, caused due to the structural distortions upon doping and also due to the redox stability of Fe 

has increased the soot conversion activity in Mn2-xFexO3 samples. Amongst the Fe substituted compounds 

Mn1.8Fe0.2O3 exhibited highest activity. The ability of this particular catalyst can be attributed to the improved 

redox property and also the formation of huge amounts of stable adsorbed oxygen species. 
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