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1. Introduction

The interest for the electrodes based on conductive bo-
ron-doped diamond powder (BDDP) is increasing in recent 
years due to their excellent physical, chemical and electro-
chemical stability, the wide potential window in both aque-
ous and non-aqueous electrolytes, the relatively large spe-
cific surface area, and their great versatility [1]. BDDP is a 
boron-doped diamond (BDD) layer deposited on the surface 
of diamond powder (DP), normally obtained by chemical va-
por deposition (CVD) procedure, in which the particle size 
can be carefully controlled depending on the DP used. In ad-
dition, BDDP is a suitable material for the preparation of inks 
or pastes, which facilitates the subsequent application, for 
example as electrodes of different shapes and sizes by print-
ing of painting. Therefore, these materials have been re-
cently studied in numerous electrochemical applications, for 
example as screen-printed diamond electrodes, preparation 
of durable Pt-supported cathode catalysts and aqueous 
electric double layer capacitors, among others [2-4]. 

Regarding their electrocatalytic application in electro-
chemical reactions, the oxygen reduction reaction (ORR) is a 
well-known cathodic reaction that takes place in many elec-
trochemical devices, such as fuel cells or metal-air batteries, 
in which platinum (Pt)-based materials are normally used as 
catalysts due to their high catalytic activity, chemical stabil-
ity and high exchange current density [5]. However, high Pt 
loadings are required to overcome the kinetic limitations of 
the ORR, which entails high costs, together with other im-
portant drawbacks such as the shortage, poisoning deacti-
vation, or dissolution/aggregation under acidic and oxidizing 
conditions [6]. Moreover, commercial catalysts for the ORR 
based on platinum nanoparticles supported on carbon ma-
terials, usually carbon blacks, show important corrosion 
problems of the carbon support that limit the durability of 
fuel cell catalysts.  

BDDP-based materials have been proposed as an alter-
native material for this application due to their great re-
sistance to corrosion when subjected to highly positive po-
tentials, which are usually generated during start-stop oper-
ations in fuel cells, for example, in automobiles. Moreover, 
owing to their wide electrochemical stability range and low 

double layer current, BDDP substrates can be used for fun-
damental electrochemical studies in order to deeply under-
stand the role of specific catalysts on different reactions, 
such as the ORR, as well as to know the influence of the sur-
face chemistry of BDDP samples in the interaction of cata-
lysts and their electrocatalytic performance. Therefore, we 
present the study of three BDDP supports with different par-
ticle sizes and different surface oxygen contents as supports 
of different metal species for ORR. 

2. Experimental

2.1 Preparation of BDDP materials 

BDDP samples were prepared by depositing a BDD layer 
on commercially available DP substrate. The procedure used 
was the microwave-assisted plasma chemical vapor deposi-
tion (MPCVD) [1]. Afterwards, two BDDP supports were sub-
jected to oxidizing conditions (425ºC for 5 hours) to remove 
sp2 carbon impurities and to obtain an oxidized surface (O-
BDDP), whose particle size distribution is centered at 150 
nm (O-BDDP-150) and 650 nm (O-BDDP-650). In addition, a 
third support has been obtained by reduction of O-BDDP-
150 in hydrogen plasma, obtaining a substrate rich in C-H 
terminations (H-BDDP-150). 

2.2 Decorating metal species on BDDP 

O-BDDP and H-BDDP supports were modified with car-
bon nitride (C3N4) or  phthalocyanines as anchor points for 
transition metals. Specifically, iron (Fe) metal has been stud-
ied in this case. For the preparation of the carbon nitride 
modified materials, Fe precursor (Fe(NO3)3) was introduced 
to obtain a nominal metal loading of 1 wt. % during the syn-
thesis, using dicyandiamide as the C3N4 precursor. The sam-
ples were subjected to a 4 h heat treatment at 520ºC with a 
heating rate of 5ºC·min-1 in N2-atmosphere (150 mL·min-1), 
resulting in Fe-C3N4/H-BDDP-150, Fe-C3N4/O-BDDP-150 and 
Fe-C3N4/O-BDDP-650. On the other hand, commercial Fe 
phthalocyanines were supported onto the BDDP substrates 
by using the incipient wetness impregnation method. An ap-
propriate amount of iron complexes dissolved in DMF (0.1 
mg mL-1) was mixed with the BDDPs to obtain a nominal 
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metal loading of 1 wt. %. Afterwards, the solvent was evap-
orated by infrared light at 250 W for about 3 hours, resulting 
in FePc/H-BDDP-150, FePc/O-BDDP-150 and FePc/O-BDDP-
650 samples. 

 
2.3 Physico-chemical, morphological and electrochemical 

characterization 

Different characterization techniques have been utilized 
to study physico-chemical, morphological and electrochem-
ical properties of synthesized materials, including Tempera-
ture Programmed Desorption (TPD) experiments, X-ray pho-
toelectron spectroscopy (XPS), Raman spectroscopy, trans-
mission electron microscopy (TEM), as well as cyclic voltam-
metry (CV). The electrocatalytic performance of the materi-
als towards the ORR was studied in 0.1 M KOH O2-saturated 
electrolyte by linear sweep voltammetry (LSV) using a rotat-
ing ring-disk electrode (RRDE). The amount of catalyst load-
ing on the disk electrode was 0.48 mg cm-2. 

 

3. Results and discussion 

3.1 Physico-chemical, morphological and electrochemical 
characterization of BDDP 

 

 

Fig. 1. TPD profiles of CO and CO2 evolution of H-BDDP-150, O-

BDDP-150 and O-BDDP-650 in He atmosphere at a heating 

rate of 20ºC min-1. 

 
The surface chemical composition was studied by TPD 

experiments. Fig. 1 shows the CO and CO2 evolution profiles 
of the different supports. TPD results evidence that the sur-
face chemistry of all the substrates is significatively differ-
ent, in which O-BDDP-150 shows the highest gas evolution 
up to 950ºC. The total amounts of oxygen functional groups 
(OFGs) of O-BDDP materials as determined from TPD are 
1240 μmol g-1 and 520 μmol g-1 for O-BDDP-150 and O-
BDDP-650, respectively, while H-BDDP-150 presents lower 
amounts of OFGs, about 300 μmol g-1. 

The morphological and structural properties were stud-
ied by TEM and Raman spectroscopy, respectively. Raman 
spectra in Fig. 2 show that structural differences are not so 
large between H-BDDP-150 and O-BDDP-150. The main 
bands observed for these materials appear at 1340 cm-1 and 
at 1600 cm-1 that could be associated to D and G-bands for 
graphite [7]. The spectrum for O-BDDP-650 shows clear dif-
ferences and a clear contribution at 1317 cm-1 appears that 
could be related to diamond Csp3 contribution, while the 

contribution at around 1600 cm-1 is weaker than for the 
other materials. 

 

 

Fig. 2. Raman spectra of H-BDDP-150, O-BDDP-150 and O-BDDP-

650 substrates. Inset: Enlargement of the region of the main 

bands. 

 
Electrochemical behaviour of BDDP samples was ana-

lyzed in N2-saturated alkaline medium (Fig. 3). An increase 
in the electroactive area in observed with O-BDDP samples, 
being the highest for the sample with the lowest particle 
size, in which a wide redox process at around centered at 
0.5 V could be related to OFGs. In the case of the H-BDDP-
150 sample the double layer current is much lower in agree-
ment with the lower oxygen content and poorer wettability. 

 

 

Fig. 3. Cyclic voltammograms of H-BDDP-150, O-BDDP-150 and O-

BDDP-650 in N2-saturated 0.1 M KOH at 50 mV s-1. 

 

3.2 BDDP as catalyst for ORR 

RRDE experiments were done in O2-saturated 0.1 M 
KOH electrolyte to gain further insights into ORR perfor-
mance of the samples. Firstly, H-BDDP and O-BDDP supports 
without further modification were studied towards the ORR. 
Fig. 4 reveals that H-BDDP-150 and O-BDDP-150 shows sim-
ilar onset potential (EONSET), the former with better limiting 
current density, while O-BDDP-650 presents worse EONSET re-
sults. Regarding the selectivity towards the ORR, both O-
BDDP supports seem to largely follow the two-electron 
pathway for the ORR towards the less efficient generation 
of H2O2, where surface OFGs could limit the electron trans-
fer during ORR. Nonetheless, this effect could be interesting 
for other applications, such as the production of H2O2. 
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Fig. 4. A) ORR polarization curves, B) number of electrons trans-

ferred (n) per oxygen molecule derived from the RRDE tests 

during the ORR for Pt/C, H-BDDP-150, O-BDDP-150, O-

BDDP-650, FePc/H-BDDP-150, FePc/O-BDDP-150 and 

FePc/O-BDDP-650 catalysts in O2-saturated 0.1 M KOH so-

lution at electrode rotation rate of 1600 rpm and a scan rate 

of 5 mV s-1. 

 

3.3 BDDP as catalyst support for ORR 

Fig. 4 also shows the electrocatalytic study towards the 
ORR for the FePc supported on BDDP substrates as an exam-
ple of the effect of surface chemistry in the catalytic perfor-
mance of FePc macrocycles. In general, a clear improvement 
of the ORR performance is seen for the samples in presence 
of Fe-related samples in terms of EONSET, n and selectivity to-
wards the most energy efficient four-electron process for 
the ORR in alkaline medium, compared to the BDDP sub-
strates. The observed catalytic differences confirm the great 
influence of the surface chemistry of BDDP supports on the 
catalytic activity of the metallic sites.  

Specifically, FePc anchored to H-BDDP-150 shows the 
best catalytic activity with an onset potential of 0.92 V and 
an extraordinary selectivity towards the 4-electron path-
way, with a catalytic behaviour close to the commercial Pt/C 
catalyst. Therefore, low amount of OFGs in the H-BDDP-150 
support for decorating FePc seems to be important for 
achieving higher activities. 

The materials modified with Fe-C3N4 (data not included) 
show a good selectivity towards the 4-electron pathway, but 
with a higher overpotential and lower half-wave potential 
(E1/2) than when FePc are used. In addition, the difference 
between the supports O-BDDP-150 and H-BDDP-150 is less 
pronounced than in the case of FePc, as a consequence of 
the thermal treatment applied in the synthesis of C3N4 in 

presence in BDDP materials, which causes the decomposi-
tion of less stable OFGs. 
 

4. Conclusions 

BDDP can be a promising alternative as support material 
for ORR electrocatalysis due to its great resistance to corro-
sion. The catalysts prepared in this work are based on non-
precious metals and with a much lower nominal metal load-
ing than commercial platinum-based catalysts. A fundamen-
tal understanding of the role of surface chemistry on BDDP 
substrates can be obtained from the study of different Fe-
catalysts. Hydrogen termination in H-BDDP-150 seems to fa-
vor the electron transfer for efficient ORR in alkaline me-
dium. Interestingly, the environment of the iron metal site 
is decisive on the interaction with the support and the elec-
trocatalytic performance towards the ORR. 
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