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FIGURE 4: XRD analysis of (a) Pt/GC and (b) Au/Pt/GC electrodes.
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F1GURE 5: CVs obtained on (a) Pt/GC and (b) Au/Pt/GC electrodes
in 0.1 M NaOH solution containing 0.3 M FA (pH = 3.5). Potential
scan rate: 100mVs ™.

proper stability under continuous operations, the catalytic
stability of the Au/Pt/GC catalyst was inspected. To evaluate
this, CV measurements of FAO were carried out on the
Pt/GC and Au/Pt/GC electrodes for 100 continuous cycles,
and the corresponding Ipd values for all cycles were

detected. Figure 6 confirmed once more the superiority
of the Au/Pt/GC catalyst (Figure 6, b) where it exhibited
after 100 CV cycles a higher (4.6 times) IPC1 than that of
the Pt/GC catalyst (Figure 6, a).

3.3. Electrocatalytic Activity and Stability toward MO.
Figure 7 shows the CVs of the MO on the Pt/GC
(Figure 7, a) and Au/Pt/GC (Figure 7, b) electrodes in
0.1 M NaOH solution containing 0.3 M FA. Generally, on
Pt-based catalysts, the direct MO in alkaline solutions pro-
duces CO, according to the following equation [18, 19]:

CH,O0H + 60H™ — CO, + 5H,0 + 6¢~ (8)

This reaction can be represented by the anodic peak
observed at ca. 0.2V in the forward scan of Figure 7, a, on
the Pt/GC. During this process, the formation of poisonous
intermediates such as CO is possible which mitigates the
catalytic performance of MO (equation 9) [19].

CH;0H + 3Pt — Pt — CO,y, + 2Pt +4H" + 4~  (9)

Methane is another intermediate which can be produced
during MO according to the following reaction [19, 20]:

Pt- CH,; + Pt— H— Pt- CH, + 2Pt (10)

It is worthy to mention here that the adsorbed ~-OH
groups can further oxidize the poisonous CO and -CHj,
intermediates through the following reactions (equations
11 and 12, respectively);

Pt - CO,4+-OH,4, —> CO, + H" +e™ + Pt (11)

Pt— CH; +2(—OH,4) — CO, +5H" +5¢” + Pt (12)

Two functions can, therefore, be evaluated to assess the
degree of catalytic enhancement toward MO. The first is

the Ipd/Ib ratio that indicates the degree of resistance of









TaBLE 2: A comparison of the obtained electrochemical parameters
from this study (Pt-Au catalyst) and others obtained previously
from the literature (Pt-Pd catalyst) for the oxidation of the three
investigated fuels (FAO, MO, and EGO).

FAO MO EGO

Catalyst I Pd/I P‘"d I pd/I pb Enhancement factor Reference
Pt-Pd 0.87 1.23 33 (26, 27]
Pt-Au 3.44 5.45 3.5 This study

and EGO, respectively). The surface modification of Pt
nanoparticles (PtNPs) with AuNPs could successfully inter-
rupt their contiguity to resist the critical CO poisoning which
stands as a major defect of their corresponding liquid fuel
cells (DFAFCs, DMFCs, and DEGEFCs, respectively). Inter-
estingly, the modification with its inspired decorated struc-
ture at the Au/Pt/GC electrode could enhance the catalytic
performance of FAO, MO, and EGO (as inferred from steer-
ing the mechanism toward the favorable (less energetic)
pathway and lowering concurrently the onset potential). This
enhancement appeared principally by mitigating the CO
adsorption at the Pt surface which was blocking the Pt
surface from the favorable oxidation pathway.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this paper.

Acknowledgments

This research was supported by the British University
in Egypt under the Young Investigator Research Grant
(YIRG2017-03) and by the General Scientific Research
Department at Cairo University (Grant 77/2016).

References

[1] “United States Environmental Protection Agency proposes
affordable clean energy rule,” https://www.epa.gov/laws-
regulations.

[2] E. A. Olivetti and J. M. Cullen, “Toward a sustainable materials
system,” Science, vol. 360, no. 6396, pp. 1396-1398, 2018.

[3] J. A. Turner, “Sustainable hydrogen production,” Science,
vol. 305, no. 5686, pp. 972-974, 2004.

[4] I. M. Sadiek, A. M. Mohammad, M. E. El-Shakre, M. S.
El-Deab, and B. E. El-Anadouli, “Enhanced electrolytic gen-
eration of oxygen gas at binary nickel oxide-cobalt oxide
nanoparticle-modified electrodes,” Journal of Solid State
Electrochemistry, vol. 17, no. 3, pp. 871-879, 2013.

[5] S. Curtin and J. Gangi, “Fuel cell technologies market report
2014,” in DOE: Energy Efficiency and Renwable Energy, US
Department of Energy, 2014.

Journal of Nanomaterials

[6] D. Papageorgopoulos, An Introduction to the 2010 Fuel Cell
Pre-Solicitation Workshop, US Department of Energy: Energy
Efficiency and Renewable Energy, Lakewood, Colorado, 2010.

[7] I. M. Al-Akraa, A. M. Mohammad, M. S. El-Deab, and B. E.
El-Anadouli, “Electrocatalysis by nanoparticle: enhanced
electro-oxidation of formic acid at NiOx-Pd binary nanoca-
talysts,” Journal of the Electrochemical Society, vol. 162,
no. 10, pp. F1114-F1118, 2015.

[8] A. M. Mohammad, G. H. El-Nowihy, M. M. H. Khalil, and
M. S. El-Deab, “Electrocatalytic oxidation of methanol at
nanoparticle-based MnOx/NiOx/Pt ternary catalysts: optimi-
zation of loading level and order of deposition,” Journal of
the Electrochemical Society, vol. 161, no. 14, pp. F1340-
F1347, 2014.

[9] G. H. El-Nowihy, A. M. Mohammad, M. M. H. Khalil,
M. A. Sadek, and M. S. El-Deab, “Promising ethylene glycol
electro-oxidation at tailor-designed NiOx/Pt nanocatalyst,”
International Journal of Hydrogen Energy, vol. 42, no. 8,
pp. 5095-5104, 2017.

[10] N. M. Aslam, M. S. Masdar, S. K. Kamarudin, and W. R. W.
Daud, “Overview on direct formic acid fuel cells (DFAFCs) as
an energy sources,” APCBEE Procedia, vol. 3, pp. 33-39, 2012.

[11] X. Yuand P. G. Pickup, “Recent advances in direct formic acid
fuel cells (DFAFC),” Journal of Power Sources, vol. 182, no. 1,
pp. 124-132, 2008.

[12] V.K.Gupta, M. L. Yola, N. Atar, Z. Ustiindag, and A. O. Solak,
“Electrochemical studies on graphene oxide-supported metal-
lic and bimetallic nanoparticles for fuel cell applications,”
Journal of Molecular Liquids, vol. 191, pp. 172-176, 2014.

[13] A. M. Mohammad, I. M. Al-Akraa, and M. S. El-Deab,
“Superior electrocatalysis of formic acid electro-oxidation on
a platinum, gold and manganese oxide nanoparticle-based
ternary catalyst,” International Journal of Hydrogen Energy,
vol. 43, no. 1, pp. 139-149, 2018.

[14] G. A. El-Nagar and A. M. Mohammad, “Enhanced electrocat-
alytic activity and stability of platinum, gold, and nickel oxide
nanoparticles-based ternary catalyst for formic acid electro-
oxidation,” International Journal of Hydrogen Energy, vol. 39,
no. 23, pp. 11955-11962, 2014.

[15] M. Sakthivel and J.-F. Drillet, “Redox-transmetalation of
Pt/Au catalyst for oxygen reduction reaction,” Electrochimica
Acta, vol. 120, pp. 73-79, 2014.

[16] F. Alardin, H. Wullens, S. Hermans, and M. Devillers,
“Mechanistic and kinetic studies on glyoxal oxidation with
Bi- and Pb-promoted Pd/C catalysts,” Journal of Molecular
Catalysis A: Chemical, vol. 225, no. 1, pp. 79-89, 2005.

[17] M. Shao, “Electrocatalysis in fuel cells,” in A Non- and Low-
Platinum Approach, Springer-Verlag, London, 2013.

[18] Z.D.Weiand S. H. Chan, “Electrochemical deposition of PtRu
on an uncatalyzed carbon electrode for methanol electrooxida-
tion,” Journal of Electroanalytical Chemistry, vol. 569, no. 1,
pp. 23-33, 2004.

[19] E. Urbanczyk, A. Jaron, and W. Simka, “Ni Pt sinter as a
promising electrode for methanol electrocatalytic oxidation,”
International Journal of Hydrogen Energy, vol. 43, no. 36,
pp. 17156-17163, 2018.

[20] A. Jaron and Z. Zurek, “Electrochemical properties of
electrode obtained by cyclic oxidation and reduction of Ni
powder,” ECS Transactions, vol. 45, no. 21, pp. 89-95, 2013.

[21] Y.-Z. Su, M.-Z. Zhang, X.-B. Liu et al., “Development of Au
promoted Pd/C electrocatalysts for methanol, ethanol and






d
9
d

\a\(ﬁf

a




