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Herein, a series of nitrogen-doped hollow carbon hemispheres (HCHs) were prepared using silica as
template, asphalt and urea as carbon and nitrogen source. The obtained different nitrogen content
HCHs were then applied for supports of PtSn nanoparticles catalyst for ethanol oxidation in acid
media. The PtSn nanoparticles were evenly deposited on HCHs with a narrow size distribution.
Tunable size and distribution of the PtSn catalysts were obtained by adjusting nirtrogen content.
Among all the synthesized PtSn catalysts, nitrogen content was the highest when the mass ratio of
asphalt to urea was 2:1. The electrochemical analysis illustrated that the catalyst with highest nirtrogen
content presented best electrocatalytic activity and stability for ethanol oxidation in acid media,
providing that the HCHs with unique hollow structure and optimum nitrogen doping content can
effectively improve the ethanol electrocatalytic activity and stability.

Keywords: Hollow carbon hemisphere, Nitrogen-doped, PtSn, Ethanol oxidation.

1. INTRODUCTION

In recent years, much work has focused on eco-friendly energy sources because of various
pollution to the environment caused by the use of petroleum [1, 2]. Some small organic molecules


http://www.electrochemsci.org/
mailto:wanglili@tjpu.edu.cn
mailto:bingwang@tjpu.edu.cn

Int. J. Electrochem. Sci., Vol. 13, 2018 3092

containing hydrogen such as ethanol, methanol, ethylene glycol and glycerol as fuel could be good
substitutes owing to their high energy density, low cost and convenient storage [3]. Amongst various
candidates, ethanol as fuel can be a promising substitute for fossil fuels because ethanol as power
source has the advantages of high energy density (8.0 kWh-kg™), pollution free and renewable [4, 5].
Nevertheless, ethanol oxidation reaction (EOR) undergoes slow electrooxidation kinetics because of
generating acetic acid, acetaldehyde, and carbon monoxide (COad) during the ethanol oxidation [6].
The catalyzer of EOR requires high overpotential to make the strong C-C bond breaking from ethanol.
Pt catalyst is considered the most commonly used electrocatalyst for the EOR [7]. However pure Pt is
expensive and extremely easy to cause poisoning [8]. Hence the commercial development of ethanol
oxidation was largely restricted. Several researches have found Pt-based alloyed catalysts are more
resistant to the poisoning than Pt-alone due to the modification of the electronic structure of Pt atom
[7]. For instance, some Pt-based bimetallic materials (NPs: PtSn, PtCu, PtNi, and PtAu, etc) could
weaken the CO poisoning and improve catalytic activity [9]. It is widely accepted that PtSn catalyst is
one of the best catalyst for the EOR compared with other Pt-based binary catalysts [6]. The presence of
Sn on Pt electrodes favors the C-C bond breaking at low overpotentials and the generation of
acetaldehyde and acetic acid at high overpotentials [10]. It was found that Pt: Sn atomic ratio of 1:3 is
the best ratio for EOR [11].

Moreover, catalyst’s performance is partly determined by the properties of support and
interaction between support and metal nanoparticles, therefore, it is neccessary to develope an
appropriate supporting material to enhance the performance of the catalysts. In recent years, the
different morphology and structure carbon-based materials, such as carbon nanofiber [12], carbon
sheet [13], graphene [14], carbon nanotubes [15], mesoporous carbon [16] and hollow carbon spheres
[17] have been synthesized due to their large surface area, chemically inertia, high electronic
conductivity and low cost. They have been investigated for many applications such as supercapacitors
[16], lithium ion battery [18] and catalyst support [13] etc. Hollow carbon hemispheres (HCHS) is a
prevailing carbon support material for the catalysts due to their unique opening three-dimensional
channels, a large number of micropores and mesopores, high electrochemical active surface area etc,
which are favorable to well disperse metal nanoparticles and the molecules transfer. Furthermore, the
performance of carbon support depends not only on its morphology but also on doped heteroatom in its
structure. Particularly, some nitrogen-doped carbon materials exhibit excellent electrocatalytic activity
because electron-rich nitrogen doping can modify the surface structure of carbon materials [14].
Several studies have suggested nitrogen atoms can provide more active sites on carbon material
surface for metal nanoparticle deposition [19].

In this work, we designed a kind of deeply graphitized hollow carbon hemispheres (HCHSs)
with 3D structure using nano silica as hard template, asphalt and urea as carbon and nitrogen sources.
PtSn nanoparticles with tunable size and distribution were directly deposited on HCHs by a glycol
reduction process. For comparison their electrochemical properties, the carbon black supported PtSn
catalyst under the same conditions were also synthesized (PtSn/C). They were all studied for ethanol
electro-oxidation reaction by cyclic voltammetry and chronoamperometry in acid solution at room
temperature. It was found that the PtSn nanoparticles supported on HCHs present a higher catalytic
activity and stability towards EOR in comparison with the PtSn/C. The doping of nitrogen could
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effectively increase the electrocatalytic oxidation of ethanol. Furthermore, various characterizations
such as SEM, EDX, TEM, HR-TEM, XRD and XPS analysis were used to investigate the relationship
between the microstructure and electrocatalytic performance of the catalysts.

2. EXPERIMENTAL MATERIALS AND METHODS

2.1. Materials

Tetraethoxysilane (TEOS), ethanol, ammonia, asphalt, urea, THF (Tetrahydrofuran), NaOH
(Sodium hydroxide), HNOj3; (Nitric acid), H,PtClg-6H,O (chloroplatinic acid hexahydrate),
SnCl,-2H,0 (Tin protochloride dihydrate), glycol, H,SO,4 (Concentrated sulfuric acid, 98 wt%) were
purchased from Sinopharm Chemical Reagent Co., Ltd., the carbon black powder (Vulcan XC-72R)
was purchased from Cabot Corporation, Nafion (5%) was purchased from Aldrich, and all the reagents
were of analytical grade.

2.2. Catalysts preparation

Asphalt/U rea Carbonization
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Scheme 1. Schematic diagrams illustrate the preparation process of PtSn/HCH-NXx.

The preparation strategy is illustrated in Scheme 1. The silica template was first prepared by
improved Stober method [20]. The composite of carbon source, nirtrogen source and silica template
(C-N/SiO,) was obtained by using silica spheres as templete, asphat and urea as carbon and nitrogen
sources. Then the C-N/SiO, composite was carbonized and silica was removed. Finally, the nitrogen-
doped hollow carbon hemisphere supporting PtSn nanoparticles was synthesized by the impregnation
method.
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2.2.1. Preparation of the silica spheres

Firstly, aqueous ammonia (7 mL) as the catalyst was added in the mixture of ethanol (100 mL)
and water (2 mL), then the mixture was heated to 35 °C to form a homogeneous and clear solution
under stirring. Afterward, TEOS (8 mL) was droppeded slowly into the mixture in oil bath at 35 °C for
8 h, and then the white solid slurries were centrifuged, washed and dried in vacuum at 80 °C for 24 h
for further application.

2.2.2. Preparation of N-doping HCH-NXx

The silica template was calcined at 400 °C for 2 h to obtain tenacious structure with increased
gap between silica spheres [21]. In short, SiO, (500 mg), asphalt (80 mg) and urea (40 mg) were first
uniformly dispersed in THF, respectively. Then the mixture of asphalt and urea dispersed in silicon at
80 °C for 12 h with vigorous stirring until the mixture turned into dry solid. Finally, the samples were
heated to 750 °C for 1 h under N, atmosphere with a heating rate of 5 °C min™. After removed silica
spheres by 2 M NaOH and treated with the mixture of HNO3 and H,SO,, the nitrogen-doped hollow
carbon hemispheres were obtained. Urea of 0, 16, 40 and 80 mg was used to synthesize the different
nitrogen content suoppots, which was denoted as HCH, HCH-NO0.2, HCH-NO.5, HCH-N1 respectively.

2.2.3. Preparation of PtSn/HCH-Nx

The polyol method was used to synthesize PtSn/HCH-Nx (Pt: Sn, atomic ratio of 3:1).
H.PtCls-6H,O and SnCl,-2H,O were used as precursor salts, and glycol was used as the reductant.
Firstly, appropriate amounts of metal precursors were added to the previous HCH dispersion, the pH of
this solution was adjusted to 12 with 2 M NaOH solution. The resulting mixture was heated to 140 °C
and kept for 3 h, and then cooled to room temperature. Then 2 M HCI was added to adjust the pH to 2,
and the solution was kept at room temperature for 24 h. Finally, the obtained products were filtered,
washed, and dried at 80 °C overnight, and the PtSn/HCH was obtained. The PtSn/HCH-NO.2,
PtSn/HCH-NO.5, PtSn/HCH-N1 catalysts were synthetized in the same way. For comparison, the
carbon black supported PtSn catalysts were also synthesized under the same conditions, which were
denoted as PtSn/C.

2.3. Characterization of catalysts

The field emission scanning electron microscopy (FESEM, Hitachi S-4800) and the high
resolution transmission electron microscopy (HRTEM, JEM-2010) were used to characterize the
morphologies and microstructure of the as-prepared materials. The surface composition of the sample
was estimated by energy dispersive X-ray spectroscopy (EDX, APOLLO XL). X-ray diffraction
(XRD) measurements were obtained using a Bruker D8 Discover with a Cu—Ka radiation source. All
the patterns were collected over 10° to 90° with a rate of 8° min™. X-ray photoelectron spectroscopy
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(XPS, ESCALAB 250) measurements were performed to determine the chemical states on a K-Alpha
spectrometer equipped with Al Ka radiation.

2.4. Electrochemical study of catalysts

All electrochemical measurements were conducted in a three-electrode system using a
CHI660D electrochemical workstation (Shanghai Chenhua, China). The working electrode was
prepared as follows: 5 mg catalysts were dispersed in 2.5 mL H,O and sonicated for 30 min to form
ahomogeneous ink. 5 puL ink was uniformly loaded on clean glassy carbon electrode (GCE, diameter:
3.0 mm) surface, 2 puL of 5% Nafion solution was pipetted and spread on the GCE surface and dried
with an infrared lamp. The auxiliary electrode was a Pt wire, and the reference electrode was a
saturated calomel electrode (SCE). All the Cyclic voltammetrys measurements were performed in a
Ny-saturated 0.5 M H,SO, solution (with or without 1 M ethanol) with the scan rate of 50 mV-st.

3. RESULTS AND DISCUSSION
3.1. Physical Characterisation of all the as-prepared catalysts

3.1.1. SEM and SEM-EDS analysis

o 5 B
« !

\ F
- s

2
o

 500Am

Figure 1. SEM images of SiO, (a), HCH-NO0.5 (b), PtSn/HCH-NO.5 (c) and EDS mapping (e) of
PtSn/HCH-NO.5.
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Fig. 1a shows SEM image of SiO, spheres with the average size of around 400 nm in diameter,
which are basically uniform. The SEM images of HCH-NO.5 (Fig. 1b) and PtSn/HCH-NO.5 (Fig. 1c, d)
indicated that the obtained HCH-NO.5 were opening composed of three dimensional hollow carbon
hemispheres and there were microporous and mesopores in their walls. There are several advantages
for this three-dimensional hollow carbon hemisphere: Firstly, hollow carbon hemisphere has highly
graphitized carbon matrix to form a continuous three-dimensional conductive structure, this three-
dimensional structure is conducive to a fast electron transport, which reduce the internal resistance of
material. Secondly, the open three-dimensional channels are beneficial to the rapid diffusion of
electrolyte ions into the material surface to participate reaction. Finally, the microporous and
mesopores throughout the hollow hemisphere provide a high specific surface area of reaction and
remarkably shorten diffusion distance of active substance. It can be seen from Fig. 1b and c that the
HCH-NO0.5 morphology is retained after the deposition of PtSn nanoparticles, and it is same for other
HCH-Nx and HCH supports. Distribution of PtSn on the HCH-NO.5 was confirmed by SEM EDS-
mapping analysis. As seen from the elemental mapping analysis (Fig. 1e), it was obviously that N, Pt
and Sn were evenly distributed on HCH-NO.5 surface.

3.1.2. TEM and HRTEM analysis
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Figure 2. (al, bl, c1) TEM images and particle size distribution histograms, (a2, b2, c2) high-
resolution TEM image of PtSn/HCH-NXx (a for 0.2, b for 0.5, c for 1).

In order to obtain particle size and the distribution of PtSn nanoparticles on different nitrogen-
content HCH supports, the TEM images and the particle size histograms of the series PtSn/HCH-Nx
catalysts are shown in Fig. 2. The particle size and exposed facets were calculated by counting more
than 300 metal particles from different regions of every catalyst. The TEM images (Fig. 2al, b1, c1)
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and the HRTEM images (Fig. 2a2, b2, c2) showed very similar morphology for three nitrogen-content
PtSn/HCH-Nx catalysts. PtSn nanoparticles were homogenously dispersed on both inner and outer
surface of the three HCH-Nx supports. The particle size histograms of PtSn nanoparticles for
PtSn/HCH-NO.2, PtSn/HCH-NO.5 and PtSn/HCH-N1 are shown in the insets. As seen from the
images, most of the PtSn nanoparticles exhibite a spherical shape without aggregation and have a
narrow particle size distribution. The PtSn particle size for PtSn/HCH-NO.2 and PtSn/HCH-N1 is
ranged from 1 to 4.5 nm, which is 2.3 and 2.5 nm, respectively. For the PtSn/HCH-NO.5, the mean
particle size is 1.9 nm and the size distribution is in the range of 1-3.5 nm. Obviously, the PtSn/HCH-
NO.5 catalyst had the narrowest size distribution and the smallest average particle size compared with
PtSn/HCH-NO.2 and PtSn/HCH-N1, which was in good accordance with the XRD results. The high
dispersion and small particle size significantly contribute to improve the activity of catalyst. The
difference of PtSn nanoparticles size and distribution on HCH-Nx demonstrated that nitrogen content
could adjust the microstructure of PtSn nanoparticles.

According to the HRTEM, the calculated interplanar spacing is 0.232, 0.229 and 0.231 nm for
PtSn/HCH-NO.2, PtSn/HCH-NO0.5 and PtSn/HCH-N1, respectively (Fig. 2a2, b2, c2), which are
attributed to the expanded (111) plane of as-alloyed fcc Pt crystals, due to the introduction of Sn atoms
[22, 23]. This result indicated that the PtSn NPs were highly crystallized. The effects of the nitrogen
content on PtSn particle sizes of the PtSn/HCH-Nx can be estimated.

3.1.3. XPS analysis

As can be see from Fig. 3, XPS tests are performed to analyze the surface compositions and
chemical states of PtSn/HCH and PtSn/HCH-Nx catalysts. For all the PtSn/HCH-Nx and PtSn/HCH,
five predominant peaks were observed at binding energies of 72, 283, 408, 490 and 530 eV in wide
scan, which were associated with the Pt4f, Cls, N1s, Sn3d and O1s signals, respectively [1]. This
results indicated that the presence of Pt, C, N, Sn and O, which was in good agreement with the results
of EDX elemental mapping.

Table 1. XPS analysis: N, Pt, Sn atmomic concentrations of PtSn/HCH and PtSn/HCH-NXx.

PtSn/HCH- PtSn/HCH- PtSn/HCH-

Catalyst PtSn/HCH NO.2 NO.5 N1
N (at. %) 2.29 2.41 2.05
Pt (at. %) 1.59 2.16 2.21 1.72

Sn (at. %) 0.70 1.20 1.27 0.65
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Figure 3. Wide scan and fine XPS spectra of N1s, Pt4f and Sn3d for PtSn/HCH-Nx (A and a for NO, B
and b for NO.2, C and ¢ for NO.5, D and d for N1).

Table 1 shows the relative content of various elementals of all the PtSn/HCH-Nx and
PtSn/HCH catalysts. For PtSn/HCH, there was no nirtrogen, and the loading amount of Pt and Sn was
quite small. For other three PtSn/HCH-Nx catalysts, the nirtrogen content was increased with the
increase of urea at first, whereas, it was decreased by further increasing the urea content. The amount
of Pt and Sn reflected the similar tendency. This might be due to the position of doping N element can
be used as the active site for anchoring metal nanoparticles, and it could increase the chemical binding
energy between the support and catalyst particles, so the durability could be enhanced [15, 24]. The
active sites was increased with the increase of the N element content, so there were more metal
particles supported on HCH-NO.5 materials. Whereas, the excessive urea may damage the structure of
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HCH to some extent, so the amount of loaded nitrogen decreased sharply, which leaded to the loaded
Pt and Sn nanoparticles reduced. The amount of Pt and Sn was the highest for PtSn/HCH-N-0.5 which
exhibited the highest activity and stability.

Table 2. XPS analysis: elemental N and Pt atomic concentrations of PtSn/HCH and PtSn/HCH-NX.

Sample PtSn/HC __ PtSn/HCH- PtSn/HCH- _ PtSn/HCH-
P H NO.2 NO.5 N1
Pyridinic (at. 36.53 38.93 37.43
%) 41.59 36.84 45.95
N  Pyrrolic (at. %)
Quaternery (at. 21.88 24.22 16.62
%)
Pt2° (at. %) 18.81 51.08 58.86 45.99
Pt*" (at. %)
Pt o ot %) 60.26 35.70 31.04 35.01
20.93 13.21 10.10 19.00

In addition, the high resolution of XPS spectra of N, Pt, Sn species for different PtSn/HCH-Nx
and PtSn/HCH catalysts are shown in Fig. 3 and Table 2. As shown in Fig. 3bl, cl1, d1, the N1s
spectrum of all the PtSn/HCH-Nx could be deconvoluted into three peaks at 398.6, 400.4 and 401.4
eV, which can be assigned to pyridinic-N, pyrrolic-N and graphitic-N [24, 25]. The doped nitrogen
inside graphite carbon structures was quaternary-N, and the nitrogen atom in carbon edges site was
pyridinic-N and pyrrolic-N carrying one or two p-electron to the aromatic ©-System [24, 26]. This fact
indicated that the nitrogen atoms were successfully doped in the HCH to replace the carbon atoms at
the inside and edges of the graphitic carbon layers. Pyridinic N and graphite N can be regarded as
provider of active sites for nanomaterials nucleation and inhibit metal nanoparticles aggregation and
diffusion [14]. In can be seen from Table 2, the PtSn/HCH-NO.2 with the lowest urea content shows a
dominant pyrrolic-N, with a relative small ratio of pyridinic-N and Quaternery-N. With the content of
urea increasing, the content of pyrrolic-N decreased, whereas the content of pyridinic-N and graphite
N increased first and then decreased, they both reached the maximum for the PtSn/HCH-NO.5 catalyst.
The high content of pyridinic-N and graphite N are favorable for PtSn loading [26]. The Pt4f spectrum
for four catalysts includes two peaks ascribed to the Pt 4f5/2 and Pt 4f7/2 states from spin-orbit
splitting. Pt 4f spectrum can be deconvoluted into different Pt oxidation states including Pt (0), Pt (11)
and Pt (IV) species, which appears at 71.3, 72.4 and 74.2 eV, respectively [24, 25]. Similarly, the
fitting results of Pt4f are also shown in Table 2. Pt (0) exhibited better catalytic performance for
ethanol oxidation [27]. The content of the Pt (0) achieved the maximum in PtSn/HCH-NO.5 among all
the prepared samples. All of the Sn 3d spectrum can be deconvoluted into the two peaks: 485.5 and
496.3 eV attributing to Sn 3d5/2 and Sn 3d3/2 of the oxidation state Sn (Il and 1V), which due to the
fact that Sn atoms on the catalyst surfaces are easily oxidized at room temperature [28]. It is difficult to
distinguish between Sn (I1) and Sn (IV) oxides because the two species appear in very close binding
energies.
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The proportions of N and Pt in different chemical states indicates that the greatest amount of
nitrogen can be obtained by adding the moderate urea, that favors to form the optimal amount of
pyridinic-N and graphitic N. More pyridinic N and graphitic N should be helpful to the formation of Pt
(0) species and that is beneficial to the ethanol oxidation. This result is in good accordance with the
value of electrocatalytic activity of the catalysts.

3.1.4. XRD analysis
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Figure 4. XRD pattern of PtSn/C and PtSn/HCH-NXx catalysts.

The XRD patterns of all the PtSn/HCH and PtSn/HCH-NXx catalysts are shown in Fig. 4. It was
found that XRD patterns of the PtSn/HCH and PtSn/HCH-NXx catalysts were quite similar. The broad
diffraction peaks at around 24.5° were observed in all diffractograms [29, 30], which were
corresponded to the graphite (002) plane. The peaks appeared at 20 around 39.6°, 45.8°, 66.7° and
80.8° corresponded to the typical diffraction peaks of a crystalline Pt(fcc) phase including Pt (111), Pt
(200), Pt (220), and Pt (311) planes, respectively [29, 30]. It matched with the fcc Pt3Sn standard
(PDF=35-1360) well and a small angle shift in contrast to the Pt standard peaks (PDF=04-0802),
indicating the formation of Pt3Sn alloy [31]. This shift further implied that Sn atoms were incorporated
into Pt cubic lattice, resulting the lattice parameter of the crystal of Pt (fcc) increased [3, 32]. The
diffraction peaks of SnO, should sppear about 34° and 52° in PtSn catalysts prepared by successive
reduction methods [31], but the peaks could not be observed at low SnO, composition [33].

Furthermore, the mean crystallite size of PtSn/C catalysts can be estimated by Scherrer’s
equation (1) [34]:
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D= KA (1)
S cos(0)

Where « is s Scherrer’s constant, A = 0.154 nm (X-ray radiation wavelength), g is the FWHM
of the peak, and 4 is the Bragg’s diffraction angle. The full width at half-maximum (FWHM) of the
peak corresponding to Pt (220) was selected to reduce the interference of carbon overlapping peaks
[35]. The calculated average crystal sizes were 2.6, 2.2, 1.9 and 2.3 nm for PtSn/HCH, PtSn/HCH-
NO.2, PtSn/HCH-NO.5 and PtSn/HCH-N1 from the XRD, which illustrated that the particle size was
related with the nitrogen content. The nanoparticle size of metal was biggest whilst the content of
nitrogen was biggest under the same fabricating conditions.

3.2. Electrochemical measurements of as-prepared catalysts

3.2.1. Voltammetric characterization under inert gas
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Figure 5. Cyclic voltammograms of the PtSn/C and PtSn/HCH-NXx catalysts in Nj-saturated 0.5 M
H,S0, electrolyte at a scan rate of 50 mV-s™ at room temperature.

To verify the influence of the nirtrogen content of the HCH towards the ethanol electro-
oxidation reaction, CV was used to evaluate the catalytic activity of as-prepared catalysts. Fig. 5
displays the voltammograms (CVs) of the PtSn/HCH, PtSn/HCH-Nx and PtSn/C in Nj-saturated 0.5 M
H.SO, electrolyte. All the CV curves of PtSn/HCH, PtSn/HCH-Nx and PtSn/C showed similar
features, it was observed that the peaks of chemisorbed hydrogen was ranged from -0.2 to 0.1 V, the
region of double-layer capacitance region was ranged from 0.1 to 0.5 V and the region of surface oxide
(OHads) formation/stripping region was ranged from 0.5 to 1 V [36]. The hydrogen peaks in H,SO4
solution was not clear because of the structural changes caused by the formation of a solid solution
between Pt and Sn atoms [37]. This behavior was usually observed in bimetallic catalysts containing
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oxophilic transition metals as Sn, Mo, Os and Ru. Electrochemical surface area (ESCA) of the Pt-
based catalysts could be calculated using the following equation (2) [38]:

EscCA= Qs ()

ref X LPt

Where Qags IS the hydrogen adsorption charge, commonly equivalent to hydrogen desorption
(mC-cm™), Qref is the hydrogen desorption charge of the Pt single crystallite (0.21 mC-cm™) and Ly is
the Pt loading (g m™).

The ECSA values of the PtSn/C, PtSn/HCH, PtSn/HCH-NO.2, PtSn/HCH-NO.5 and PtSn/HCH-
N1 samples were 14.24, 13.27, 16.73, 35.25, and 12.63 m*-gp ", respectively. The values demonstrated
that the nirtrogen content had a significant effect on the ECSA of the catalysts. The ESCA value
increased with the urea content increasing, then the ESCA decreased with further adding of urea, and
the ESCA of PtSn/HCH-NO.5 was highest in our study. As a result, the PtSn/HCH-NO.5 displayed
higher catalytic activity than the others catalysts, and the similar trends could be also observed in
cyclic voltammograms for EOR (Fig. 6) and chronoamperometric curves (Fig. 7).

3.2.2. Ethanol electro-oxidation measurements
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Figure 6. Cyclic voltammograms of PtSn/C, PtSn/HCH and PtSn/HCH-Nx in Nj-saturated 0.5 M
H,SO, solution containing 1 M ethanol at scan rate of 50 mV-s™at room temperature.

Fig. 6 shows CV curves of the PtSn/C, PtSn/HCH and PtSn/HCH-NXx catalysts for the EOR in
0.5 M H,SO, solution containing 1 M ethanol at room temperature. All of the five curves displayed
two well-defined oxidation peaks which were observed on the forward and reverse scans [30, 33]. A
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typical ethanol oxidation current peak was observed near 0.71 V in the forward scan, whereas the
peaks at about 0.42 V in the reverse scan was mainly due to the removal of intermediate species which
were not completely oxidized [39]. The activity of the catalysts for EOR was normally determined by
the value of the peak current in the positive scan [33]. It can be observed that the three PtSn/HCH-Nx
catalysts containing nirtrogen showed superior catalytic activity compared to the other two PtSn
catalysts without nirtrogen. Clearly, the maximum current density of all those catalysts was ranked as
follows: PtSn/HCH-NO.5> PtSn/HCH-NO0.2> PtSn/HCH-N1> PtSn/HCH> PtSn/C, which implied
that the PtSn/HCH-NO.5 catalyst had the highest catalytic activity for ethanol electro-oxidation. The
highest activity of PtSn/HCH-NO0.5 was the result of the small size and the narrow distribution of PtSn
nanoparticles on support. Smaller particle size could offer higher surface area for reactants to access.

3.2.3. Chronoamperometry
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Figure 7. Current-time curves of PtSn/HCH-Nx and PtSn/C in N, saturated aqueous solution of 0.5 M
H,SO, containingl M C,HsOH at a fixed potential of 0.6 V.

In order to obtain stable currents, chronoamperometric curves of on the PtSn/HCH-Nx and
PtSn/C were measured in 0.5 M H,SO, electrolyte containing 1 M ethanol at a constant potential of 0.6
V. It can be see from Fig. 7 that the current densities decreased rapidly at first due to the formation of
adsorbed intermediates in the ethanol oxidation, and then approached a pseudo-steady state [40]. For
the PtSn/HCH-NO.2 and PtSn/HCH-NO.5 curves, the initial current densities of two catalysts decreased
quickly in the initial period stages of 0-700 s and followed by a slower decrease until the currents
densities tended to be stable. For PtSn/C, PtSn/HCH and PtSn/HCH-N1, they showed an analogous
current decay in the first 50 s and become relatively stable. As expected, the current density of
PtSn/HCH-NO.5 in whole experimental period has been maintained highest among all catalysts. This
result indicated the proper amount of nitrogen in carbon could be beneficial to the more uniform
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dispersion of metal nanoparticles, promote the PtSn catalytic activity and stability in ethanol oxidation,
which was corresponded with the TEM results (Fig. 2).

Table 3. Comparison of the activities for ethanol oxidation of PtSn/HCH-NO.5 and catalysts reported
in literatures.

The peak current The stationary
Catalyst Pt (wt. %) ESCA(m*g 'Pt) density current density
(mA-mg'Pt) (mA-mg'Pt)
psnhictinos 2 102 420 7
[23] PtSN/CNT 20 56.8 -- 50
[33] PtSn/HT-C 15 52.9 179.5 475
[37] Pt=SNn/TiO, 175 6.5 125 27
[40] PtSn/INC 20 -- 424.5 53.8
[41] PtSn/C-O-Se 19.1 38.6 393.8 35
[42] PtSn/C 20 68 300 26
[43] PtSn/C 20 70 261.2 -

Moreover, the catalytic activity of PtSn/HCH-NO.5 was compared with other PtSn catalysts
supported on different materials reported in literatures (Table 3). From the table 3, the PtSn/HCH-NO0.5
has relatively larger value of ESCA, the peak current density and the stationary current density. This
proves that PtSn/HCH-NO.5 has high catalytic activity and stability for ethanol oxidation.The excellent
electrocatalytic activity of the PtSn/HCH-NO.5 can be attributed to its unique structure and the
appropriate nitrogen content.

4. CONCLUSION

In summary, we have successfully synthesized a series of nitrogen-doped hollow carbon
hemispheres using silica as template, asphalt and urea as carbon and nitrogen sources. The obtained
HCHs and HCH-Nx possessed deeply graphitized hollow 3D structure and acted as an effective PtSn
catalyst support for ethanol electrochemical oxidation. The HCHs provided a unique structure for
anchoring PtSn nanoparticles on the inner and outer surface, and the PtSn nanoparticles showed
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uniform spherical. The size and distribution of the PtSn nanoparticles could be controlled by doping
nitrogen. In comparison with PtSn/C and PtSn/HCH, the PtSn/HCH-Nx (x=0.2, 0.5, 1) showed higher
electrocatalytic activity because N species were introduced to the hollow carbon hemisphere.
PtSn/HCH-NO.5 showed the best electrocatalytic performance for ethanol oxidation, which ascribed to
the optimal proportion of N species. The value of ECSA, the current density and the stationary current
density for PtSn/HCH-NO.5 are up to 35.25, 430 and 77 mA-mgp;  in 1 M ethanol solution, which are
about 2.5, 3 and 20 times for PtSn/C. The as-obtained current density for the PtSn/HCH-NO.5 electrode
is higher than that of reported PtSn catalysts (Table 3). HCH-NO.5 supported greatest amount of
pyridinic N and graphitic N, which not only intensed anchored of PtSn nanoparticles but also enhanced
electric conductivity and stability while its structure was not damaged, the results indicated that
PtSn/HCH-NO.5 was promising for DEFCs applications.
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