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1. Introduction

Energy conversion and storage are today perceived as
one of the main challenges of our society [1]. In this context, 
electrochemical energy conversion devices, like polymeric 
membrane fuel cells (PEMFC), are postulated as one of the 
best candidates. PEMFC can mitigate the intermittent elec-
tric power produced by the renewable energy through the 
reversible storage of electrical energy and also replace inter-
nal combustion engines [2,3]. However, one of the main is-
sues in achieving widespread commercialization of these de-
vices is their high cost. The platinum or platinum group met-
als (PGMs) electrocatalysts contribute significantly to the 
overall fuel cell stack cost [3]. In order to reduce PEMFC cost, 
current fuel cell research is mainly focused on completely 
replacing platinum or platinum group metals with a cheaper 
and more abundant non-precious metal catalyst to catalyze 
the oxygen reduction reaction (ORR), with a sluggish kinetic. 

Since Jasinski’s discovery that cobalt phthalocyanine ex-
hibits some catalytic activity for the ORR, composites of car-
bon-based materials doped with nitrogen and third-row 
transition metals (i.e., Fe or Co) have attracted high atten-
tion as ORR catalysts [4]. Several studies show that iron-con-
taining nitrogen-doped carbons, Fe-N-C, have an outstand-
ing activity against ORR. 

Carbon materials are widely used as supports for metal-
based electrocatalysts due to their conductive and durable 
properties and availability. High density of fully accessible 
catalytically active sites is essential to improve the catalytic 
activity of carbon materials. In order to improve this density, 
we can modify the formation of the active site while allow-
ing the access of reactants. In this regard, carbon xerogels 
have gained much attention since their properties are tuna-
ble through the synthesis conditions.  

Another strategy studied to increase the activity of metal 
catalysts is the incorporation of functional groups on the 
carbon surface, specifically nitrogen functionalities. Numer-
ous nitrogen doping methods have been studied with the 
aim of obtaining a favorable percentage of nitrogen func-
tionalities. In this work, we have doped carbon xerogels with 
different proportions of urea. These nitrogen-doped xero-
gels have then been doped with iron to obtain Fe-N-C cata-
lysts and their activity has been investigated towards the 
ORR, in order to study how the proportion of urea affects 
the catalyst activity. 

2. Experimental

2.1 Synthesis of carbons xerogels and nitrogen-doped car-
bons xerogels 

Both carbon xerogels and N-doped carbon xerogels were 
synthesized via a widely known sol-gel method. Different 
urea (U) to resorcinol (R) ratios (U/R: 0.5, 1, 1.3 and 2) were 
investigated. Stoichiometric resorcinol to formaldehyde (F) 
molar ratio was kept, R/F = 0.5.  Briefly, R and U were mixed 
in distilled water under stirring, pH was adjusted to 5,5 and 
the temperature was risen up to 90 °C until the solution be-
came transparent-yellow and subsequently cooled down to 
room temperature. F was subsequently added under contin-
uous stirring for 30 min. pH was adjusted to 7. The mixture 
was then poured into closed vials that were cured at room 
temperature for 24 h and then were placed in an oven at 50 
°C for 24 h and at 85 °C for 72 h. The gels were dried for 5 h 
at 65 °C, and then at 108 °C for another 5 h in a ventilated 
oven. The organic xerogels were pyrolyzed in a tubular reac-
tor with flowing N2 for a total of 6 h with the following pro-
gram: 150 °C for 2 h; 300 °C for 1 h; 600 °C for 1 h; and, 800 
°C for 2 h. Materials were named as (N)-CXG followed by the 
U/R ratio. 

2.2 Iron doping process 

Iron acetate was used as iron precursor. A certain 
amount of FeAc in order to reach a nominal Fe loading of 1 
wt. % was dispersed in a mixture of ethanol and deionized 
water[4]. 2000 mg of N-CXG or CXG previously prepared 
were first pre-dispersed by ultrasonic mixing in deionized 
water for 10 min; subsequently this dispersion was added to 
the solution containing iron acetate, and stirred for 1 h fol-
lowed by drying. The powder obtained was placed in a zir-
conium oxide vial, sealed in a nitrogen glove box. Once 
tightly sealed, the vial was placed in a planetary ballmill to 
undergo 3 h of ballmilling at 400 r.p.m. The resulting powder 
was then pyrolyzed for 1 h at 1050 °C under a constant flow 
of N2. Subsequently, these materials were treated by a se-
ries of acid treatments (AT) in HClO4 in order to eliminate 
inactive iron particles, each followed by a thermal treatment 
(TT) at 950 ° C in N2 flow. These catalysts were named as Fe-
(N)-CXG-x-TA/TTy, where x is the U/R ratio and Y is the num-
ber of acid/thermal treatments performed on the catalyst. 
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2.3 Physicochemical and electrochemical characterization 

The textural and morphological features of the carbon 
xerogels were determined by means of N2 physisorption. 
The physicochemical characteristics of the catalysts were 
determined by X-ray photoelectronic spectroscopy (XPS), 
atomic emission spectrometry with inductive coupling 
plasma (ICP-OES) and elemental analysis. The activity of the 
selected catalysts towards the ORR has been determined in 
a three electrode cell with a rotating disk electrode and O2-
saturated 0.5 M H2SO4 electrolyte. 

3. Results and discussion 

3.1 Chemical composition  

 
Fig. 1. Chemical composisión calculated by AE, XPS and ICp 

As we can see in figure 1, the amount of nitrogen calcu-
lated by XPS and AE increases up to the U/R ratio=1 then 
decreases. The amount of iron calculated by ICP, which is in-
troduced is proportional to the amount of nitrogen. The Fe-
N-CXG-1 catalyst is the one with the highest amount of Fe 
and N. The catalyst synthesized from nitrogen-free CXG, Fe-
CXG has a weight percentage of Fe of 0.65 %. 

3.2 Pore texture characterization 

Table 1. Textural properties determined from N2 sorption iso-
therms. 

  Vpores  Vmeso Vmicro 

Método single point Vporos-Vmicro t-plot 

 cm3/g cm3/g cm3/g 

CXG 0.81 0.49 0.27 

N-CXG-1 0.86 0.65 0.21 

N-CXG-1.3 0.54 0.29 0.24 

N-CXG-2 0.18 0.02 0.16 

Fe-N-CXG-1.3 0.59 0.26 0.13 

Table 1 shows the textural characterization of undoped, 
N-doped, and Fe-doped CXGs. Upon N-doping, the pore vol-
ume of CXGs decreases significantly with increasing amount 
of urea, as N-doped xerogels are more prone to pore col-
lapse than their undoped counterparts. Fe doping also de-
creases their volume [1]. 

3.3 Electrochemistry characterization 

Figure 2 shows the catalysts activity towards the ORR 
measured in a three-electrode cell system. It is observed 
that a certain amount of urea (U/R=1 and 1.3) in the xerogel 
synthesis enhances the activity of the catalysts towards 
ORR. The optimal ratio of U/R is 1, since this carbon material 
presents the higher pore volume and N and Fe content. On 

the other hand, the ratios U/R=0.5 and 2 present a lower ac-
tivity, since they contain a lower Fe and N wt. %, being a sim-
ilar percentage of Fe with respect to the catalyst without ni-
trogen (Fe-CXG).   

In addition, ORR activity increases as AT and TT cycles are 
performed on these catalysts, due to the fact that acid treat-
ments remove the iron particles that are not active for ORR.    
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Fig. 2. Polarization curves for the ORR, in RDE at 1600 rpm in O2-
saturated 0.5M H2SO4  

4. Conclusions 

The electrocatalytic activity of non-precious metal cata-
lyst is enhanced by the presence of nitrogen functional 
groups. Doping carbon xerogels in situ with urea  is effective 
in increasing the catalytic activity, in particular, when the 
U/R ratio is 1 or 1.3, entailing a higher amount of iron and 
nitrogen. The catalyst with the best activity towards ORR is 
the one synthesized with U/R ratio=1, whose activity can be 
further increased by subjecting it to two AT/TT.  
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