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Abstract. Noncarbon materials were recognized as the catalyst support to increase the durability of
Proton Exchange Membrane Fuel Cells (PEMFC). One of the most noncarbon materials studied to
be an emerging candidate for Pt nanoparticles (Pt NPs) support on the cathode side of PEMFC was
M doped-TiO; due to the highly stable structure of TiO, and the good conductivity of M-doped
Ti0O,. In this paper, the novel nanostructure Tig;Irg30, was prepared for the first time via low
temperature hydrothermal process. The synthesis process for the new nanostructure Tig 7Irg 30, was
studied in detail in this work. The impact of hydrothermal temperature as well as the reaction time
on the dominant phase formation is extensively investigated in this work. We found that the
Tig71Irp 30, nanoparticles exist in both rutile and anatase phase. We found that the TigIr30,
nanoparticles with an irregular spherical shape with particle size of approximately 20-30nm with
high crystallinity. In addition, we also found that the optimal condition to synthesize the Tij 71rp 30,
NPs is obtained at 210°C and 10 hours. The result not only introduces a promising catalyst support
Tig71Irp 30, for much needed fuel cells, but it also open a new material type of Ir doped TiOs.

Introduction

In recent decades, fuel cell has been considered as one of the most promising energy conversion
technology with high efficiency and low environmental impact by converting chemical energy
directly to electrical energy [1]. Among many type of fuel cells, Proton exchange membrane fuel
cells (PEMFC) is received much attention due to ambient operation condition which is suitable for
both stationary systems and mobile devices [2]. Despite enormous achievement in development
PEMFC technology, it still remains several challenges, hampering commercial feasibility. Recent
approaches tend to improve the durability and reliability of PEMFC as well as reduce the
fabrication cost. Catalyst supports, in particular, which is essential part of FEMFC systems, must be
durable over a long operation time in aggressive corrosion environment at electrode. In current state
of art, Carbon black is the dominant material used for catalyst support because of the high specific
surface area, low cost, and outstanding electronic conductivity [3-5] that carbon black offers.
However, two major troubles involving the utilization of carbon black as catalyst support prohibit
widespread application. First, the weak interaction between catalyst metal (Pt, Ru) and carbon black
results in catalyst agglomeration and loss of active site in long term operation [6]. In addition, the
corrosion of carbon have revealed to the main factor to catalyst failure due to high electrode
potential, resulting in dissolution of catalyst particles [3, 7]. Although several high graphitic
character materials such as graphene [8], carbon nanotube [9, 10] has been investigated as catalyst
support alternatives, the intrinsic corrosion of carbon at high potential limit its usage for catalyst
support. Therefore, several non-carbon support material, especially conductive and semi-conductive
oxide [11], have been studied as a promising corrosion resistant catalyst support materials.

Titanium dioxide TiO,, existing in three crystal forms include anatase, brookite and rutile, is a
common catalyst support in various reaction systems due to its unique properties such as good
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affinity to metal catalyst particles, chemically stable in aggressive electrochemical condition, high
surface area and so on [4, 12-14]. Nonetheless, the extremely low electrical conductivity of TiO; is
an obstruction, diminishing the electron transfer between noble metal catalyst (Pt, Ru, Rb) and TiO,
catalyst support [3]. As a result, it is not suitable for catalyst support in electrochemical field.
Modifying electrical conductivity of TiO, by inserting foreign element into TiO, crystalline lattice
is promising approach to adapt the electronic conduction requirement. A number of metal doped
Ti0, have been fabricated recently revealed that metal doped TiO; not only enhances electronic
conductivity by excessing charge carrier, but it also improves the chemical stability of TiO, by
diminishing lattice defect [3]. Moreover, several support materials also offer a cocatalyst activity
such as Ti0.7M00.302 [6], Ti0,7RL10,302 [5], Ti0.7W0.302 [15]

According to previous research, IrO, has been known as corrosion-resistant material under
electrochemical reaction as well as promising catalyst for ORR in PEMFC [16, 17]. However, the
ease of IrO; as well as the high cost of iridium precursor limit its application. The similarity of ion
radius of Ti*"(0.605A) and Ir*'(0.625A) is expected to lead to well integrated Ir into TiO, lattice
resulted in enhancing the intrinsic low electrical conductivity of TiO,.

Here, we demonstrated a novel robust catalyst support Tip7Iry30; to adapt the requirement of
catalyst support for its utilization in long-term PEMFC applications by using low hydrothermal
process without utilizing any surfactant or stabilizer. This novel nanostructure is expected to sustain
under high corrosion environment and offer cocatalyst activity.

Experiment

Chemical. All reagents and solvents are commercially available and used without further
purification. Iridium trichloride hydrate (IrCl;.3H,0, 99.9%) was purchased from Sigma - Aldrich,
titanium tetrachloride (TiCls, 99%) was purchased from Aladdin, and hydrochloric acid (37%) was
obtained from Merck. Deionized water was used throughout experiments.

Experimental Procedure.

Synthesis of Tiy7Iryg30, nanoparticle. Iry3Ti70, nanoparticles were fabricated via one-step
hydrothermal process, at low temperature that did not employ a surfactant or stabilizer. In a typical
experiment, an aqueous precursor solution containing 12mM IrCl; and 28mM TiCly (Ir:Ti molar
ratio is 3:7) was prepared at pH=0. The precursor solution was transferred to a Teflon-lined
autoclave with stainless steel shell. The hydrothermal reaction was carried out at 190 and 210°C for
2,4, 6,8, 10, 12h in the oven and then cooled naturally to room temperature. Product was washed
with deionized water and centrifuged several times until the pH of washing is neutral. The
precipitates were dried at 80°C in oven overnight for further analysis.

Material characterization. Powder X-ray diffraction (XRD) patterns of Tig7Irg30;
nanoparticles were obtained by D2 PHASER diffactometer using Cu Ky radiation and Ni as filter at
30 kV and 100 mA. The particle sizes of Tig7Irp 30, nanoparticles were evaluated by transmission
electron microscopy (TEM) on an FEI-TEM-2000 microscope operated at an accelerating voltage
of' 3800 V.

Results and Discussion

The color of obtained suspension (Fig. 2) have varied from white to dark grey with respect to the
increase of reaction time for 2 hours, 4 hours, 6 hours, 8 hours, respectively. These phenomena
could be explained by the hydrothermal time requirement. The hydrothermal time lower than 4
hours are insufficient to complete reaction resulted in the low substitution of Irionsto Ti*" in TiO,
lattice. Therefore, the majority of solid was TiO; nanoparticles in white color. The longer reaction
time accelerates the doped probability and thus resulting in dark grey powder (Fig. 2.(c),(d)). As
comparison with other researches, Ir doped TiO, requires higher energy consumption than other
metals doped TiO,. For example, synthesizing Moy 3Tig-70, took place at 200 °C for 2h [6]. The
phenomena could be illustrated by the discrepancy of ionic radii of Ir*"(0.625A), I’ (0,68A) and
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Ti*"(0.605A) are larger than that of Mo>"(0.61A) and Ti*" As the result, it requires higher reaction
time and temperature to incorporate Ir ions into TiO, lattice.
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Scheme 1. Scheme of synthesis Tig 7Iry 30, by solvothermal method.

Fig. 1. The color of (a) IrCl; solution;(b) IrCl; Fig. 2. Suspension color of different samples

solution after adding TiCly;(c) suspension after carrying hydrothermal reaction at 210 °C for

hydrothermal 6h, 210 °C;(d) suspension after (a) 2 hours; (b) 4 hours; (¢) 6 hours;
hydrothermal 8h, 210 °C. (d) 8 hours.
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The crystal structure of Tig 730, samples were confirmed by XRD analysis. Fig. 3 depicts the
XRD pattern of Tip 7Irg 30, samples with different hydrothermal time at 6h, 8h, 10h, 12h at 210 °C
as well as the standard XRD pattern of TiO, (anatase and rutile phases) and IrO,. As we can
observed from the graph, the absence of unique peaks of IrO, at (28°, 34.5° and 54°) and existence
of TiO, peaks in all samples indicate that the formation of solid solution. The XRD pattern of
sample (a) (210 °C, 12h) having a single rutile phase shows a high level of crystallinity. Whereas,
sample (b),(c),(d) with respect to hydrothermal time for 10h, 8h, 6h introduce the formation of two
phase of TiO, including anatase and rutile. According to previous study, under the high HCI
concentration condition, the rutile phase, indexing at 2theta angles 27.3, 35.6, 38.9 corresponding to
plane (110), (101), (200) [18] have high tendency to form rather than anatase phase. The phase
transformation from anatase phase to rutile phase could be interpreted by the effect of increasing
reaction time. This results are appropriate with previous research [19]. Furthermore, the low
reaction time provides insufficient energies to complete hydrothermal reaction resulting in lower
crystallinity. For instance, sample (c) prepared at 210 °C and 8 hours possesses lower diffraction
peak intensities compared to that of sample (b) at 210 °C and 10 hours.
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Fig. 3. XRD patterns of Ir doped TiO, NPs samples  Fig. 4. XRD patterns of Ir doped TiO, NPs
prepared via hydrothermal method at samples prepared via hydrothermal method
210 °C with various hydrothermal time (a) 210 °C, 10h; (b) 190 °C, 10h.

(a) 12h; (b) 10h; (c) 8h; (d) 6h.

The XRD patterns showed in Figure 4 demonstrates the impact of hydrothermal temperature on
the crystallinity of sample. Regardless to the similarity of hydrothermal time for 10 hours, the lower
temperature 190°C assigned to the majority of anatase phase shows low crystallinity after
hydrothermal treating (Fig. 4(e)). Low temperature demands longer reaction time. However, it
accelerates the particle agglomeration possibility declining surface area for anchoring catalyst
metals in the platinized step. For that reason, 210 °C is a suitable hydrothermal temperature to
obtain good crystallinity sample as describing bellow.

(2) (b)

Fig. 5. Color of (a) undoped TiO; (b) Tip 7Ir 30, prepared'at 210 °C, 10h.
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The color of Tig7Ir 30, powders synthesized at 210 °C for 10 hours are black. Whereas, the
original color of pure TiO, materials are white. The combination of powder color changes and XRD
results provide preliminary evidence for the formation of solid solution instead of mixing oxides in
which the substitution of Ir to TiO, framework changes the color of powders.

Fig. 6. TEM images of sample Ir doped TiO; 210 °C at (a) 12h; (b) 10h; (c) 8h; (d) 6h.

The morphology of Tigp7Irg30, samples prepared at different time is shown at scale 100nm.
There are two types of particle shape including sphere and rod. The ratio between two types of
morphology depends on the reaction time. It is well know that the rod-like shape materials own
lower surface area than that of spherical shape materials. So that, in our research we choose reaction
condition at 210 °C and 10h to avoid the formation of bar shape particles. As low reaction time,
spherical particles are dominant types. However, the increasing of solvothermal time lead to the
transformation of spherical to rod-like particles due to the (110) facet orientation. Particles shapes
of sample (a) prepared at 210 °C for 12h are rod associating with rutile TiO, phase have high
tendency to agglomeration resuting in low surface areas. On the other hand, samples synthesized at
210 °C for 6 hours, 8 hours and 10 hours show the low agglomeration degree. As for low reaction
time for 6 hours, the appearance of small particles cluster can be attributed to the formation of
amorphous TiO, phase [20].

Size and general morphology of Ir doped TiO, (Ir:Ti molar ratio is 3:7) synthesized via
hydrothermal method at 210 °C, 10h were investigated using TEM (Fig. 7). The bar-shape particles
indicated the formation of rutile phase is 50-80nm in length and 20nm in width. Whereas, the
spherical nanoparticles of approximately 25nm in diameter attributed to the formation of anatase
phase. The existence of a mixed anatase/rutile phase in accordance to XRD pattern. However, As
the reaction time reached 10 hours, rutile phase become the dominant phase.
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Fig. 7. TEM images of sample Tig 7Iry 30, prepared at 210 °C, 10h with different scale bar.

Conclusions

In conclusion, novel catalyst support Tig7Iro30, has been fabricated successfully via facile
hydrothermal method without using any surfactant and stabilizer. Novel material shows better
electronic conductivity compared to that of undoped TiO,. This results offer a promising materials
used for catalyst support in PEMFCs tacking the intrinsic electronic insulation of TiO, and
exploring the high durability of TiO,. In addition, Tig7Iry30, nanoparticles exhibit small particle
size approximately 25-30 nm. As a result, Tip7Iro30, catalyst support is anticipated to be
appropriate to anchor noble metal on its surface as well as provide cocatalyst activity will be
investigated in our following research.
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