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ABSTRACT : In this work, Pt, Co, Fe and Ni nanoparticles supported on micro/nano-structured carbon
(MNC) were tested in methanol electro-oxidation process in acid medium. The samples PtYMNC, Co/MNC,
Fe/MNC and Ni/MNC (10 wt % metal loading), were synthesized by impregnation method and chemical
reduction route using citric acid as dispersing agent, ammonium hydroxide and a static atmosphere of Ar-H, as
reductant agents. MNC sample was synthesized via nanocasting process with anhydrous pyrolysis at 900 °C
using SBA-15 as hard template and refined sugar as carbon source. SBA-15 was prepared via sol gel using
pluronic P-123 as surfactant and tetraethoxysilane as silica precursor. The samples were characterized by
means of BET, FTIR, Raman, XRD, XPS, SEM and EDS. The electrochemical measurements were carrying out
by cyclic voltammetry (CV) in 0.5M H,SO,4 + 1.0M CH3OH at 20 mV/s and 10 cycles.
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I. INTRODUCTION

Due to the high energy density of methanol, methanol oxidation reaction (MOR) has been exhaustively
studied since 1930, starting with the works of Schreiner [1]. This electrochemical process of transformation of
chemical energy into electrical energy consists of the decomposition of methanol molecules, losing their
hydrogen’s to produce electricity, carbon dioxide and pure water [2]. Pirtskhalava et al. (1962) studied the
influence of the acid anions CI*%, Br?, 1%, HSO,™ and H,PO,™ adsorbed on the electro-oxidation of methanol on
platinum electrodes. Thereafter, sulfuric acid was used as an acid medium in the working electrolyte [3];
subsequently the cyclic voltammetry process was applied by Breiter (1962) in the MOR in acid medium [4].
Several transition metals have been tested in MOR, Breiter in 1963 analyzed the Pt, Ir, Rh and Au in the
potential window (0.07-1.4) V while the Pd in the range (0.2-1.0) V using HCIO, as medium acid, concluding
that in these potential windows, only Pt and Pd oxidize methanol [5]. In 1967, the first systematic study on the
mechanism of electro-oxidation of methanol in an acid medium (using H,SO,) was published mentioning the
intermediate species methoxy CH,OH, formaldehyde CHOH, aldehyde CHO, carbon monoxide CO and carbon
dioxide CO, [6-8]. Later Bagotsky discovered that formic acid HCOOH was generated during the MOR [9]. In
1979 Hampson and Willars [10] established methanol as a particularly promising compound for it be use in a
low temperature, aqueous electrolyte fuel cell, proposing the following reaction model:

CH,OH+H,0—>CO, +6H" +6e" (1)
Several aspects have been discovered around the mechanism of methanol electro-oxidation in acid
medium in line with advances in the science and technology of measurement equipment used with new theories

and techniques of characterization of materials such as: X-ray photoelectron spectroscopy [11], in-situ IR
studies [12], molecular orbital theory [13], relativistic density-functional theory [14], electrochemically
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modulated infrared spectroscopy [15], electro-chemical cell with ultra high vaccum system coupled [16], in-situ
X-ray absorption spectroscopy [17] and Electrochemical Mass Spectrometry [18]. Fig. 1 shows the typical CV
profile of methanol electro-oxidation process in acid medium (CH;OH + H,SQ,) in potential window -0.2 V to
1.0 V using Pt as active phase.
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Fig. 1. Typical Voltammogram of the MOR in acid medium (0.5M H,SO, +1.0M CH3;OH)

In these CV profile two oxidation peaks O1 and O2 can be observed attributed mainly to incomplete
oxidation of methanol and oxidation of carbonaceous intermediates species formed during forward scan [19].

I1. MATERIALS AND METHODS

2.1 Chemicals

Methanol (CH4O, 99.9%) was supplied by J.T. Baker. Pluronic P123 (non-ionic triblock copolymer,
EO,PO;o0y), tetraethoxysilane (Si(OC,Hs)s, 98%), platinum (1) acetylacetonate (Pt(CsH;0,),, 97%),
cobalt(ll) nitrate hexahydrate (Co(NO3),-6H,0, 99.99%), Nickel (II) nitrate hexahydrate (Ni(NO3),-6H,0,
99.999%), iron (111) nitrate nonahydrate (Fe(NO3)s-9H,0, 99.99%), nafion 117 solution, platinum on graphitized
carbon (Pt/XC-72; 10 wt% Pt loading) were obtained from Sigma-Aldrich. Sulfuric acid (H,SO,, 98%), sodium
hydroxide (NaOH, 99.9%), ammonium hydroxide (NH4OH, 30% as NH3), hydrochloric acid (HCI, 37%), nitric
acid (HNO;, 70%), acetone (C3HgO, 99.5%), ethyl alcohol (C,H¢O, 99.7%) and citric acid (C¢HgO7, 99.5%)
were supplied by Fermont. Refined sugar was obtained by Del Marques. Ultrapure water (15 MQcm™) was
generated by ELGA Purelab Option station.

2.2 Synthesis and oxidation of MNC

The MNC sample was synthesized via nanocasting process with anhydrous pyrolysis at 800 °C using
SBA-15 as hard template according with the established in a previous work [20]. In brief, 20.0 g Pluronic P-123
were dissolved in 140 mL ultrapure water and 600 mL of 0.6 M hydrochloric acid by stirring at room
temperature for 5 h, afterwards, 43 mL of tetraethoxysilane (TEOS) were added dropwise and the mixture was
stirred (700 rpm) at 45 °C for 24 h. After, the mixture was aged in oven at 90 °C for 24 h. The white powder
was obtained through filtration, washing and drying under vacuum. Finally, the sample was calcined at 550 °C
for 6 h under air to obtain the silica template. On the other hand, 10 g of refined sugar and 10 g of SBA-15 were
dissolved in 50 mL of ultrapure water by stirring at room temperature for 30 min, during this time 0.5 mL of
sulfuric acid was added. The mixture was heated in an oven at 100 °C for 6 h, and subsequently 160 °C for
another 6 h. The silica sample, containing partially polymerized and carbonized refined sugar, was carbonized in
a quartz furnace at 900 °C for 1 h under N, flow. After pyrolysis, the silica tem-plate was removed under
vigorous stirring using the solution 1M NaOH at the room temperature for 2 h. Afterwards the black powder
was obtained through filtration, washing with ultrapure water and drying in an oven at 80 °C for 12 h. The final
product was denoted as MNC. The functionalization or oxidation process was carried out with a solution 1M
HNO; + 1M H,SO, by refluxing MNC at 110 °C by 5 h in order to generate surface oxides such as carboxylic (-
COOH), carbonyl (—C=0), and hydroxyl (-C-OH) groups on the support surface. Afterward, filtered and
washed with excess ultrapure water, and dried in N, at 150 °C in a tubular furnace by 2 h [21-22].

2.3 Synthesis of Pt/MNC, Co/MNC, Fe/MNC and Ni/MNC
The Pt/MNC, Co/MNC, Fe/MNC and Ni/MNC samples (with 10 wt% metal loading) were synthesized
by a wet incipient wetness impregnation method and chemical reduction route. For Pt/MNC, 0.2563 mM
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Pt(CsH,0,), were dissolved in 20 mL of acetone and simultaneously 0.45 g of MNC (oxidized) were dissolved
in 30 mL of ultrapure water. Both are mixed under mechanical stirring at room temperature until a
homogeneous mixture. Then the dispersion was sonicated for 30 min, afterwards, 0.333 mM CgHgO; was added
to the solution in mechanical stirring for 5 h at room temperature under Ar-H, (90%-10%) atmosphere in order
to remove isolate oxygen. After reaction, the obtained products were filtrated, washed with ultrapure water and
then vacuum dried. The impregnated carbon sample was heated in a quartz furnace a flowing Ar-H,
environment while increasing temperature from the room temperature to 250 °C over 1 h then to 400 °C over 2
h. For Co/MNC, 0.8485 mM (Co(NOs),-6H,0 were dissolved in 40 mL of ultrapure water 0.4 mL NH,OH were
added to the solution and mechanically stirred until a homogeneous mixture. Afterwards, the dispersion was
sonicated for 30 min in where 1.103 mM CgHgO- were added. Then the mixture was mechanical stirring for 5 h
at room temperature under Ar-H2 (90%-10%). After reaction, the obtained products were filtrated, washed with
ultrapure water and then vacuum dried. The impregnated carbon sample was heated a flowing Ar-H, atmosphere
while increasing temperature from the room temperature to 250 °C over 1 h then to 400 °C over 2 h. Similar
procedure were applied for Fe/MNC and Ni/MNC with appropriate amounts of salts precursors of both Fe and
Ni respectively [23-25].

2.4 Characterization of Materials

In order to determine the textural properties of SBA-15 and MNC, they were analyzed on a
Quantachrome model Autosorb-iQ ASIQAO0000-2 at 77K. The specific surface area (ABET) by the Brunauer—
Emmet—Teller (BET) method was determined. Pore size distributions (PSDs) were obtained from the adsorption
branch of the nitrogen isotherm using the Barrett—Joyner—Halenda equation. The FTIR spectroscopy study of
hard template and catalytic support has been realized in mid-IR region (4000-380 cm™) with a
spectrophotometer Perkin Elmer model Spectrum100. To determine the binding energies associated with ionic
or covalent bonds between the atoms, the samples were analyzed with a high-resolution X-ray photoelectron
spectroscopy (XPS-HR) equipment from SPECS with Al anode (1486.71 eV) as a source of X-rays. The small
angle XRD patterns of SBA-15 and MNC were obtained with a Siemens D500 X-ray diffractometer and XRD
patterns were collected on a Bruker D8 Advance X-ray diffractometer with Cu Ko radiation. The Raman
measurements were carried out using a Bruker model Raman-Senterra spectrometer with Olympus BX
microscope and Ar laser (785 nm). Field emission scanning electron microscopy (FESEM) images and the X-
ray energy dispersion spectroscopy (EDS) spectra were obtained using the JEOL JSM-7600F scanning electron
microscope with an EDS detector coupled from Oxford Instruments operating at 30 keV in GB-LOW mode
[26].

2.5 Electrochemical measurements

The performance of Pt/MNC, Co/MNC, Fe/MNC, Ni/MNC and commercial catalysts (Pt/XC-72) for
room temperature methanol oxidation reaction was measured in an electrochemical work station BASi-epsilon
(potentiostat/galvanostat). A conventional three-electrode cell with glassy carbon (GC) as working electrode, Pt
wire as counter electrode and Ag/AgCl (0.1M KCI) as reference electrode were used for the cyclic voltammetry
tests. A glassy carbon electrode (3 mm) was sequentially polished with 0.05 pm Al,O3; and then washed. The
catalyst ink was prepared by ultrasonically dispersing 10 mg catalyst in 1 mL of ethanol and 60uL Nafion/water
(25% Nafion) for 1 h. 10 pL of the dispersion was transferred on the GC and then dried in the air for 45 min
[27]. The electrolyte solution for methanol oxidation reaction consists of 1 M CH;OH and 0.5 M H,SO, and the
CV’s were recorded at a scanning rate of 20 mV/s and 10 cycles for each [28].

I11. RESULTS AND DISCUSSION
3.1. BET analysis

The SBA-15 and MNC samples were characterized by physisorption of N, at 77 K. Fig. 2 shows the
isotherms of hard template and MNC after functionalization process.
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Fig. 2. N, adsorptions isotherms of MNC and SBA-15

It can be seeing for both samples type IV isotherms in where SBA-15 show H1 hysteresis loop while
MNC have a hysteresis type 1V [29]. According with BJH analysis the pore size distribution for SBA-15 and
MNC are centred at around 6.5 and 3.8 nm respectively. The BET method applied shows that the Aget for SBA-
15 and MNC were 832 m?/g and 995 m?/g respectively. Is notable that the Ager of MNC was less than the
obtained before functionalization process (1150 m%g) due to the oxygenated groups formed on pore surface.
This analysis reveals the mesostructure of SBA-15 and MNC.

3.2. FTIR analysis

In order to observe the evolution the synthesis of MNC as well as to confirm the presence of surface
oxygenated groups, a FTIR in mid-IR region (4000-380 cm™) was applied. Fig. 3 shows the FTIR spectra of
SBA-15 and MNC after functionalization process. For SBA-15 it can be visualized three absorption bands at
around 1047, 967 and 807 cm™ corresponding to stretch vibration of Si-O-Si group, a strong band at around 486
cm™ that correspond to Si-O group and a weak and broad band at around 3560 cm™ attributed to the stretching
vibrations of the surface silanol groups Si-OH and the remaining adsorbed water molecules in O-H bond.
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Fig. 3. FTIR spectra of MNC and SBA-15

The FTIR profile of MNC (after both oxidation and silica removal processes) shows an absorption
band at around 1832 cm™ corresponding to stretch vibration of double bond in C=0 typical to carboxylic
groups, an band at around 1538 cm™ that correspond to stretch vibration of double bond in C=C and three weak
and broad bands at around 1399, 1060 and 971 cm™ attributed to the stretching vibrations in the bond C-C of the
carbon network and C-O in oxygenated groups [30]. The disappearance of the bands corresponding to the
silanol group demonstrates the efficiency of the silica removal process.




American Journal of Engineering Research (AJER) 2018

3.3. XPS analysis
Figure 4 shows the X-ray photoelectron spectra of the oxidation states and spectral lines of metallic
species Pt, Co, Ni and Fe into the Pt/MNC, Co/MNC, Ni/MNC and Fe/MNC.
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Fig. 4. XPS spectra of the metallic species a) Pt; b) Co; ¢) Ni and d) Fe

The deconvolution of XPS spectrum of Pt (Fig. 4a) reveals three peaks attributed to the element states
Pt® (71.2 eV, 4f,,) and Pt (74.6 eV, 4f;;,) corresponding to Pt and PtO respectively [31-32]; for the Co, four
peaks appear (Fig. 4b) attributed to oxidation state Co"” [(780.5 eV, 2psp), (787.5 eV, 2ps; sat), (796.4 eV,
2py2) and (803.7 eV, 2pyp,)] that correspond to CoO and Co(OH), [33-34]; the XPS spectrum of Ni shows four
peaks (Fig. 4c) that corresponding to oxidation state Ni'" [(861.7 eV, 2ps, sat)] and Ni"" [(855.6 eV, 2psy),
(873.1 eV, 2pyp) and (879.7 eV, 2py» sat)] attributed to compounds such as NiOOH and Ni(OH), [35-36];
finally the deconvolution of Fe XPS spectrum (Fig. 4d) shows four peaks attributed to Fe!"" [(711.4 eV, 2pap),
(715.4 eV, 2psp), (724.3 eV, 2py») and (731.8 eV, 2py»)] that correspond to the compounds FeOOH and
probably Fe,O3 [37-39]. The possible existence of NiOOH, FeOOH, Co(OH),, Ni(OH),, PtO and Fe,O; it can
be explain by the presence of the both oxygen and hydrogen in the citric acid structure and the water used in the
synthesis processes.

3.4. XRD analysis

In order to analyze the mesostructure of the SBA-15 and MNC samples, X-ray diffraction technique in
the small angle range 0.5-6° in 28 scale was applied. Fig. 5 shows small-angle patterns of these samples. For
SBA-15, it can be observe three diffraction peaks at around 1.01, 1.67 and 1.9° which correspond to diffraction
planes (100), (110) and (200) respectively, attributed to a highly ordered hexagonal (p6mm) mesostructure and
to the periodicity of the pores array [40]. Is evident that for MNC the planes (110) and (200) not appear,
suggesting that the links between carbon nanofibers (or carbon nanopipes) are loosed, due to a higher
temperature used in the anhydrous pyrolisis process (900 °C), however the presence of plane (100), indicate that
the carbon nanofibers are kept join maybe due to thin layers of graphene that covers them [41].
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Fig. 5. Small-angle XRD patterns of SBA-15 and MNC

In order to obtain more information about the MNC structure, wide-angle X-ray diffraction technique
was applied in the range 10-90° in 26 scale. Figure 6 shows the XRD pattern of MNC. For MNC, one strong but
broad peak at around 23.7° and two weak peaks at around 43° and 79.1° which correspond to the planes (002),
(10) and (11) respectively; a shift of (002) reflection toward lower diffraction angles (in comparison with
graphite at 20 = 26.3°) is observed [42].
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Fig. 6. Wide-angle XRD profile of MNC

The existence and the shift of (002) reflection is an indicative that the MNC sample have an
intermediate structure between amorphous coal and graphite, commonly called turbostratic carbon [43-44]
which suggesting that the MNC consist in graphene sheets with large curvature, carbon nanofibers and carbon
nanopipes with certain graphitization degree. On the other hand, Fig. 7 shows XRD pattern of Pt/MNC,
Co/MNC, Ni/MNC and Fe/MNC in wide angle in the range 10-90° in 20 scale.
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Fig. 7. XRD patterns of Co/MNC, Fe/MNC, Ni/MNC and Pt/MNC.

For the cobalt in Co/MNC, three diffraction peaks are detected at around 44.3, 51.6 and 75.7°
corresponding to the planes (111), (200) and (220) of face centered cubic (fcc) of Co (JCPDS-015-0806)
furthermore, five peaks at around 36.8, 42.4, 61.9, 73.6 and 77.6° attributed to the planes (111), (200), (220),
(311) and (222) of the fcc crystalline structure of CoO (JCPDS-048-1719). In the XRD pattern of Fe/MNC,
seven diffraction peaks are detected at around 18.6, 30.2, 35.3, 56.6, 62.4, 66.7, 66.7 and 73.9° attributed to the
planes (111), (200), (311), (333), (440), (442) and (533) of the fcc crystalline structure of Fe;O4 (JCPDS-082-
1533). For the nickel in Ni/MNC, three diffraction peaks are detected at around 44.4, 51.7 and 76.4°
corresponding to the planes (111), (200) and (220) of the fcc structure of Ni (JCPDS-065-8665) furthermore,
five peaks at around 37.8, 43.2, 62, 75.1 and 78.9° attributed to the planes (111), (200), (220), (311) and (222)
of the fcc crystalline structure of NiO (JCPDS-004-0835). For platinum in Pt/MNC, the typical five diffraction
peaks are detected at around 39.7, 46.2, 67.4, 81.2 and 85.8° attributed to the planes (111), (200), (220), (311)
and (222) of the fcc crystalline structure of Pt (JCPDS-071-3756). In all materials one diffraction peak at around
11.77° corresponding to (002) reflection of C is detected. The average particle size of Pt/MNC, Co/MNC,
Ni/MNC and Fe/MNC was roughly calculated according to Debye-Scherrer Equation [45]:

0.94
= 2
XRD ﬂzg COS(@) ( )
where, Dygp is the average particle size, A is the X-ray wave-length (0.15406 nm), By is the full width at half
maximum, and 0 is the angle at peak maximum. The estimated values of crystallite size shows in Table 1.

Table 1. Estimated crystallite size values of Pt/ MNC, Co/MNC, Ni/MNC and Fe/MNC

Sample Dxgro (NM)
Pt/MNC 15.6
Co/MNC 12.2
Ni/MNC 18.3
Fe/MNC 9.7

3.5. Raman spectroscopy

Raman spectroscopy is one of the most used techniques to analyze the vibrational behaviour of both sp?
and sp* hybridizations in carbon materials. The Raman spectra of the most carbon materials show two main
bands: a G band at around 1575 cm™ associated with the E,q phonon at the IT" point in the first Brillouin Zone of
graphite and D band at around 1360 cm™ related with disorder in carbon network attributed to a decrease in
symmetry near microcrystallite edges. The intensity ratio Ip/lg is commonly used to measure the disorder degree
of carbon structures [46-47]. Fig. 8a shows the Raman spectrum of MNN before functionalization process in
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which it can see the G band at around 1598 cm™ and D band at around 1356 cm™; the ratio Ip/lg was 0.86
suggesting certain disorder degree in the carbon hexagonal network and confirming the graphitization degree
achieved by high temperature in the anhydrous pyrolisis process (900 °C).
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Figure 8: Raman spectra of a) MNC before oxidation process and b) Pt/MNC, Co/MNC, Ni/MNC and
Fe/MNC.

The Raman spectra of Pt/MNC, Co/MNC, Ni/MNC and Fe/MNC in Fig. 8b are illustrated, in which for
all cases a G band at around 1594 cm™ is detected as well as a D band at around 1310 cm™ of higher intensity
compared to its corresponding G band. In these order, the Ip/lg ratio were 1.11, 1.03, 1.24 and 1.12; the increase
of D band of these materials with respect to D band of MNC can be explain by the presence of oxygenated
groups and the strong metal bond on surface of MNC which produce an alteration in the vibrational behaviour
of the carbon hexagonal network [48].

3.6. STEM and EDS analysis
In order to determine both morphology and microstructure of the samples, the scanning electron
microscopy technique was applied. The SEM images of SBA-15 and MNC in Fig. 9 are illustrated.

— 100nm JEOL 2 IVDDnm JEOL 11/13/2017
X 60,000 1.10kV SEI GB_LOW WD 6mm 10:53:59 X 60,000 2.00kV SEI GB_LOW WD Smm 13:18:37

Fig. 9. SEM images of a) SBA-15 and b) MNC

The SEM analysis of SBA-15 (Fig. 9a) reveals that has a rope-like morphology whose pseudo-cylinder
elements are approximately 400 nm in diameter, while that for MNC this same morphology is retained due to
nanocasting process. A detailed analysis reveals that MNC has thin graphene layers overlaying carbon
nanofibers with 7 nm in diameter (Fig. 9b). The SEM images of Pt/MNC, Co/MNC, Ni/MNC and Fe/MNC at
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60,000 X of magnification and 2.0 keV in GB-LOW mode (Fig. 10) shows metallic nanoparticles highly
dispersed on MNC with spherical and irregularly shaped morphologies and whose diameter oscillated in the
range (8-20) nm.

100nm JEOL 9/12/2016
2.00kV SEI GB LOW WD 6mm  13:18:05

100nm JEOL 10/12/2016 — 100nm JEOL 9/12/2016
Mode=SEM WD=8n 0:53 X 60,000 2.00kV SEI GB LOW WD 5mm 12:21:57

Fig. 10. SEM images of a) Pt/MNC; b) Co/MNC; c) Ni/MNC and d) Fe/MNC.

To determine the average chemical composition of samples (Table 2), energy dispersive X-ray
spectroscopy was applied at 20 keV, whose EDS spectra in Figure 11 are illustrated. For SBA-15 it can see the
presence of Si and O typical components of the mesoporous silica materials while for MNC (after
functionalization process) demonstrate the existence of oxygen in hydroxyl, carboxyl and carbonyl groups; these
results is in accordance with FTIR analysis. On the other hand, for Pt/MNC, Co/MNC, Ni/MNC and Fe/MNC
their EDS spectrum shows the corresponding elements Pt, Co, Ni and Fe.

Table 2. Average elemental composition of all samples

Sample - EDS wt % -
C Si O Pt Co Ni Fe

SBA-15 - 61.07 38.93 - - - -

MNC 85.44 0.05 14.51 - - - -
Pt/MNC 75.76 0.01 13.37 10.86 - - -
Co/MNC 76.94 0.01 13.40 - 9.65 - -
Ni/MNC 75.46 0.05 14.26 - - 10.23 -
Fe/MNC 74.66 0.08 14.25 - - 11.01
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3.6. Electrochemical measurements

The cyclic voltammetry technique was applied using as electrolyte 0.5 M H,SO, + 1.0 M CH30H, 10
cycles and a potential window of -2.0 V to 1.0 V; the density current was normalized to metal loading. Figure 12
shows the CV profiles of Co/MNC, Ni/MNC and Fe/MNC in acid medium, which present two current peaks
corresponding to oxidation-reduction electro-chemical processes and cannot be attributed to methanol oxidation

reaction as can be seen in Fig. 1.
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Figure 11: EDS spectra of all samples.
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Fig. 12. CV profiles of Co/MNC, Ni/MNC and Fe/MNC in 0.5 M H,SO, + 1.0 M CH;0OH

The oxidation-reduction semi-reactions can be the following [49]:

Co+20H™ —>CO(OH)2 +2e” ?3)
Fe(OH),+OH™ — Fe(OH), +e @)
WWW.ajer.org Page 353
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S,0,7 +60H™ — 2S0,* +3H,0+4e" (5)
H,SO, +4H" +4e- - S+3H,0 (6)
S+2e —»S* 7)

In addition, these voltammograms show the tendency to a square shape, which suggests that these
materials possess capacitive ability given the presence of a double layer at the electrode-electrolyte interface
[50]. On the other hand, the CV profile of Pt/MNC (Fig. 13) shows the two typical oxidation peaks of the
methanol oxidation reaction such like show Fig. 1, and in contrast to the voltammogram of the commercial
catalyst Pt/XC-72, the Pt/MNC sample exhibit a best tolerance towards accumulated carbon intermediate
species; this tolerance commonly is measured trough I index that to related the current at forward scan and
current at backward scan. Is notable that Pt/MNC has a best performance of both current density generation and
Ico index with respect to Pt/XC-72 due mainly to a greater ability of Pt to adsorb hydroxyl groups and the
synergetic effect with MNC for oxidize the accumulated carbonaceous species [11,51].
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Fig. 13. Cyclic voltammograms of methanol electro-oxidation on Pt/MNC and Pt/XC-72

IVV. CONCLUSION
According with the CV results Pt/MNC catalyst exhibit a best performance in methanol oxidation
reaction that commercial catalyst Pt/XC-72 with 10% wt loading whereas the materials Co/MNC, Ni/MNC and
Fe/MNC have a tendency towards capacitive abilities and they did not have catalytic activity in methanol
oxidation process in the potential window -2.0 Vto 1.0 V.
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