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Abstract

Synthesis of Pt/CNT composite by using sol gel method has been performed which the composition of CNT on the
composite are vary, (x = 20, 40, 60 and 80 wt%). Performance of composite was characterized by Transmission
Electron Microscope (TEM) and X-Ray Diffraction (XRD), respectively. In the refinement results of X-ray diffraction
pattern, the composite consists of two phases, namely, carbon and platinum phases. Carbon phase has a structure
hexagonal (P 63 m c) with lattice parameters a = b = 2.451(2) A and ¢ = 6.89(1) A, a = p = 90°and y = 120< the unit
cell volume of V = 35.8(1) A% and the atomic density of p = 2.224 g.cm™. While platinum phase has the structure of
cubic (F m -3 m) with lattice parameters a = b = ¢ = 3.921(2) A, a. = p =y =90< the unit cell volume of V = 60.3(1) A,
and the atomic density of p = 21.487 g.cm™.According to the image of TEM, the average particle size for Pt nano
particle is estimated to range from 4.1-4.3 nm. While the cavity diameter average of CNT is estimated to range from
5.9-7.5 nm. Based on the calculation, the crystallite size of the Pt particle was around 4.31 nm. The optimum value of
dispersed Pt into CNT occurred at 60 wt% CNT with the best composition of Pt in the unit cell of cystal structure. We
concluded that this study successfully dispersed Pt nanoparticles onto CNT formed Pt/CNT composite. This was a great
opportunity that the composite can be applied as electrocatalyst system on fuel cell application.
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1. Introduction

It is well known that Proton Exchange Membrane Fuel Cell (PEMFC) is a promising device for a secure and clean
energy storage that converts a fuel into electrical energy through electrochemical reaction with oxygen or another
oxidizing agent (Luo et al., 2015; Debe, 2012; Zhao et al., 2015). Fuel cell is considered as one of the most promising
product of 21st century as prospective system which will compete in the efficiency with other conventional combustion
engine, batteries. Many of the major challenges in PEM fuel cell commercialization are closely related to three critical
considerations: cost, durability, and performance

Untill now, Pt metal are known as electrocatalyst. Some ways have been developed lately to be able to increase the
activity of the catalyst. Utilization of carbon nanotube (CNT) as catalyst support is alternative way to increase the
activity of Pt and reduce the use of Pt in fuel cells (Wu et al., 2010; Aouissi et al., 2014; Valenzuela-Mu~niz et al., 2014,
Shi et al., 2014) whereas CNT iscommonly-adopted materials providing the highest activity for electrode reactions and
lifetime stability.It has been proven that the use of CNTs as the support of Pt catalysts can increase the oxygen reduction
reaction (ORR) activity than carbon black (Rao & Viswanathan, 2010; Wan et al., 2015; Rao & Ishikawa, 2012).
However, CNTs are inert materials that are difficult to disperse in solution due to high Van der Waals energy. The
impurities such as metal catalyst, amorphous carbon and graphite nano-particles can decrease dispersion capability of
CNT.

In the current research, variation of concentration of CNT was carried out to know a effectiveness of concentration on
the catalytic performance. Preparing good dispersion CNT using NaBH, as reducing agent is also performed by finding
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good dispersion CNT. Distribution of transition metal nanoparticles on the carbon surface determine the performance of
the electrocatalyst in terms of adsorption-desorption of hydrogen, and mass transfer in the electrode system. We selected
reducing agent,NaBH4 to investigate the effectiveness of NaBHj,strength on the reducing in different concentration of
CNT.

2. Experimental Section
2.1 Materials

Multi-wall carbon nanotubes (MWCNTSs) were purchased from Chengdu Alpha Nano Tech. Co. Ltd. with purity level of
95%, outer diameter (OD) of 50 nm and length 5 m utilized as electrocatalyst carbon supported. Sodium borohydrate
(NaBH,) as reducing agent used in the Pt/CNT synthesis was selected to deposit Pt nanoparticle onto CNT at pH
13.Two homogeneous solutions were prepared; the first solution is a precursor consisting of 30 mg of platinic acid
(H,PtClg) and 15 mL reducing agent. Second solution consisted of 50 mg of cetyl trimethyl ammonium bromide (CTAB)
were dissolved in 25 mL of water and then sonificated for 1 hour. Subsequently, they were added 40 mg of CNTs and
sonificated back for 2 hours.

2.2 Instrumentation

The qualitative and quantitative analysis was carried out using the X-ray diffraction (XRD) PW1710 Phillips
diffractometer equipped with a tube provided with copper anode. X-ray beam was subjected to the sample using Cu-Ka
source A= 1.54 A) to obtain spectra ofelectrocatalyst. The diffraction angle was scanned from 10 to 100° at scanning
speed of 5°/min. The Rietveld analysis was performed applying GSAS program (Toby, 2001; Idris & Osman, 2013) .
The pseudovoigt function was used for describing diffraction line profiles at Rietveld refinement (Toby, 2001). Based
on the refinement result, structure parameter (lattice parameters, unit cell volume, atomic density, and mass fraction of
each phase) were obtained all. Confirmation of Pt crystallite size was calculated by Williamson Hull method of X-ray
diffraction pattern. The Hull Williamson formula is defined asfollows(ldris & Osman, 2013):

FWHM (rad) Cos 8 =[KMD]+4¢Sin6

FWHM = full width half maximum of the peak
K = Scherrer constant,

A = X-ray wavelength,

D = diameter of the crystallites, and

€ = lattice strain

The surface morphology and elemental identification of the sample are analyzed by using the JEOL JSM 6510 scanning
electron microscope (SEM) and energy dispersive spectroscopy (EDS), respectively. Sample with dimension about 20
mm? and then gold coated samples were prepared for surface analysis by SEM-EDS at the operating voltage 20 kV.

Nanostructure distributions were observed by using transmission electron microscopy (TEM), JEOL JEM 1400. The
working principle of TEM in a nutshell is the electron beam illuminating the specimen and produce a image above
phosphorus screen. The observation condition are 800,000 times for magnification at a voltage of 120kV.

2.3 Preparation

The two solutions were mixed and pH was adjusted to 13 by addition of 1M NaOH. Refluxing was performed at 140 <C
for 3 hours. After refluxing, the solution was cooled down and pH remained at 13. Sample was then acidified by
addition of 0.1M hydrochloric acid (HCI) until pH reached 2 and stirred overnight. Neutralization of sample was carried
out by filtration and washing with water continuously until neutral condition. The neutral electrocatalyst was then dried
overnight in oven at 60°C. Structural analysis of samples was performed to know the perfomance of electrocatalyst
using different reducing agents, NaBH, and LiAIH,.

3. Results and Discussion
3.1 X-ray Diffraction (XRD) Characterization

X-ray diffraction of the CNT/Pt composites with various of CNT content (x = 20, 40, 60 and 80 wt %) are shown in
Figure 1.
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Figure 1. Identification of X-ray Diffraction Pattern of the CNT/Pt with various of CNT content(x =20, 40, 60 and 80
wit%)

Fig. 1 shows differences on diffraction pattern of electrocatalyst. Four phases on Pt/ CNT 80 appear as Pt; CNT,;
NaClO; and NaCl at 2 Otherwise samples Pt/CNT 20, 40, 60 show only two phases as Pt and CNT at 2 in the meaning
of Pt/CNT composites have been well established (Monshi et al., 2012; Aritonang et al., 2014; Sharma et al., 2014;
Yudianti & Onggo, 2012). However since Hanawalt table is only able to identify qualitatively (Fig. 1), it would require
further analysis to determine the quantitatively phase composition that contained in the composite using the GSAS
(General Structure Analysis System) Program. The quantitative analysis refers to the Crystallography Open Database
with the card number (COD: 9013417), (COD: 9012705), (COD: 1010513) and (COD: 9008678) respective for phases
of Pt, C, NaClO; and NaCl.Refinement of XRD pattern of the CNT/Pt composites with various of CNT content (x = 20,
40, 60 and 80 wt%) using GSAS program was conducted. The refinement of X-ray diffraction pattern has a very good
fitting quality based on the criteria of fit (R.,) and goodness of fit (%) in accordance with the agreement. Rupis the
weight ratio pattern of the difference between the XRD pattern of observation and calculation (ideal value of R,;<10%).
Whereas x* (chi-squared) is the ratio of the XRD pattern of observation in which comparable with expectations (ideal
value of 1 < y?< 1.3)(Toby, 2001).The refinement results of X-ray diffraction pattern shows various of CNT content (x
=20, 40, 60 and 80 wt%) are a composite with mass fraction (the amount of dispersed Pt into CNT) as shown in Fig. 2.

In Fig. 2 is shown the amount of dispersed Pt into CNT based on the refinement result of Pt/ CNT XRD profiles.
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Figure 2. Curve of dispersed Pt on CNT Surface

Doping concentration (x) up to x = 60 causes increasing amount of dispersed Pt on CNT surface also increasing on the
samples, and then addition furthermore the dispersed Pt into CNT decrease. This indicated that the optimum value of
dispersed Pt onto CNT occurred at 60 wt% CNT content. This case is caused by CNTSs are inert materials that are
difficult dispersed in solution due to Van der Waals energy is very high. The impurities such as metal catalyst,
amorphous carbon and graphite nanoparticles can decrease dispersion capability of CNT. Results on the dispersed Pt
into CNTs on these compositions appear larger (4.1-4.3 nm) compared with the results of research conducted by Jiehua
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(Yudianti & Onggo, 2012). They have successfully prepared Pt/CNT composites using the solid state method with
dispersed Pt (~30 wt%) into CNTs. This means that the sample results of this synthesis is expected to have better
performance.

The result is supported by changes in the unit cell volume and the atomic density of the CNT (Fig. 3).In Fig. 3 is shown
that the maximum atomic density and minimum volumes of unit cells in the sample are obtained at Pt/CNT 60. This
indicates that increasing the atomic density was caused decreasing the unit cell volume indicating good Pt dispersion
into CNTs occurred. On the composition of Pt/CNT 60, the presence of Pt nanoparticles supposedly forms a perfect
shape of a hexagonal crystal of CNT. The assumption is supported on the results of the structure parameters refinement
phase XRD pattern CNT (Table 1) approaching the reference structure parameters (COD: 9012705).
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Figure 3. Volume of unit cell and atomic density as functionof CNT content

In accordance to Fig. 3 the optimum value of dispersed Pt into CNT occurred at 60 wt% CNT content because of the
best unit cell volume and atomic density at the composition. For further analysis, this study focused at the composition
of Pt/CNT 60. Structure parameter on the composition of Pt/CNT 60 was calculated using the GSAS program based on
crystallographic data that carbon structure has the hexagonal lattice with space group: P 63 m ¢ (186) and point group of
6 mm. Atomic positions of C(1), and C(2) occupied Wyckoff position of 2a and 2b. A hexagonal unit cell contains two
atoms C(1) and C(2). While platinum structure had cubic lattice with space group: F m -3 m (225) and point group of
m3m. Atomic positions of Pt occupied Wyckoff position of 4a. A cubic unit cell contains four atoms Pt. The structure
parameter, factor R and goodness of fit (%) of Pt/CNT 60 are showed in Table 1.

Tabel 1. The structure parameter, factor R and goodness of fit (¥2) Carbon phase

Space group : P 63 m ¢ (186), Crystal system: Hexagonal

Refinement result (GSAS) Reference (COD: 9012705)
Lattice parameter: Lattice parameter:
a=b=2451(2) Aand c = 6.89(1) A, a=b=247Aandc=6.80 A

o =B =90°and y = 120° o =B =90°and y = 120°

V =35.8(1) A®and p = 2.224 gr.cm® V =35.9 A®and p = 2.22 gr.cm™

Platinum phase

Space group : F m -3 m (225), Crystal system: Cubic

Refinement result (GSAS) Reference (COD: 9013417)
Lattice parameter: Lattice parameter:
a=b=c=3.921(2) A a=b=c=392A,
a=B=y=90° a=p=y=90°

V =60.3(1) A®and p = 21.487 grcm V =60.4 A%and p = 21.37 grcm?
Factor R Rup = 851 ¥ (chi-squared) = 1.018
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3.2 Energy Dispersive Spectroscopy (EDS) and Transmission Electron Miscroscopy (TEM) Analysis

The surface morphology and analysis of the elemental content in the PYCNT 60 sample were observed by energy
dispersive spectroscopy (EDS) (Fig.4).Fig. 4 shows the microstructures of P/CNT 60. Observation of microstructure
shows that the particle has a good particle homogeneity and uniform in across the sample surface.

1000 27

900
800
700
600
500
400 -
300
200

100+

0 I I ] ] ] ] 1 I
0.00 0.80 1.60 240 3.20 4.00 480 5.60 6.40 7.20

Figure 4. Elemental Analysis of PtYCNT 60 by using Energy Dispersive Spectroscopy and The Image of Transmission
Electron Microscopy (TEM) of Pt/ CNT 60

The energy spectrum of Pt/CNT 60 (Fig. 4) shows the presence of elements platinum (Pt), carbon (C) and oxygen (O) in
Pt/CNT 60 about 62.9; 23.95; and 13.15w%, respectively. Pt size is a relatively small around nano-sized scale. This size
can be predicted from the comparison scale shown in the image of transmission electrom microscopy (TEM) as Fig.6.
The average particle size for Pt nano particle is estimated to range from 4.1-4.3 nm. While the cavity diameter average
of CNT is estimated to range from 5.9-7.5 nm. A comparative study of the mean crystallite size of Pt obtained from
XRD is also reported. In the Williamson Hull formula, the crystallite size (D) of Pt have been obtained from FWHM by
using Williamson Hull relation. The plot of FWHM (rad) Cos6 (axis-y) versus Sin6 (axis-X) corresponding to the four
strongest peaks of Pt shown in Fig. 5 is a straight line. The slope and intercept of linearly fitted data give amounts of
crystallite size. Crystallite size using Williamson Hull curve was estimated about 4.31 nm.
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Figure 5. Crystallite size of CNT/Pt 60 based on a WilliamsonHull Curve

Based on the results of the TEM observation and calculation, crystallite size of Pt particle is equal which suggests a
phenomenon of a single crystal Pt. It means that the Pt nanoparticles will have properties that approach the excellent
properties of single crystals. This result is also equals that obtained by Jiehua (Yudianti & Onggo, 2012) which displays
that particles Pt has an ultrafine size (3—6 nm) and a very narrow size distribution were coated on surface of CoCNTSs.
The crystal size of Pt in Pt/CoCNT is~5 nm using Scherrer equation based on XRD curve. This is concluded that this
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study has been successfully carried out to disperse Pt nanoparticles into CNT formed Pt/CNT composite was a great
opportunity that the material can be applied as membrane electrodes on fuel cell application.

4, Conclusion

This research successfully carried out dispersion of Pt nanoparticles on CNT surface formed Pt/CNT composite. The
refinement results of x-ray diffraction pattern showed the sample consisted of two phases, namely, carbon and platinum
phases. Carbon phase has a structure hexagonal (P 63 m c) with lattice parameters a = b = 2.451(2) A and ¢ = 6.89(1)
A, a=p= 90=and y= 120< the unit cell volume of V = 35.8(1) A% and the atomic density of = 2.224 gr.cm™. While
platinum phase has the structure of cubic (F m -3 m) with lattice parameters a = b = ¢ = 3.921(2) A, o. = =y =90< the
unit cell volume of V = 60.3(1) A® and the atomic density of p = 21.487 gr.cm™. According to the image of
transmission electron microscopy, the average particle size for Pt nanoparticle is estimated in range from 4.1-4.3 nm.
While the cavity diameter average of CNT is estimated in range from 5.9-7.5 nm. The calculation result that the
crystallite size of the Pt particle was around 4.31 nm. The optimum value of dispersed Pt into CNT occurred at 60 wt%
CNT content.
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