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Abstract

In this study, we used a room-temperature ionic liquid, 1-butyl-3-methylimidazolium
chloride (BMIMCI), to direct the formation of TiO, particles in a sol-gel process. In
addition, the effects of two solvents, including methanol and isopropanol, on the
microstructrues, surface properties and photocatalytic behaviors of the IL-derived TiO, were
investigated. Electrostatic interaction between Ti-OH and the IL assisted formation of rutile
TiO; in methanol. However, anatase phase was dominant in the TiO, in the isopropanol.
Isopropanol facilitated the IL sell-assembling into micelles through enhancing
hydrophobic-hydrophobic attraction between their BMIM cations. A mesoporous structure
with a high surface area of 134 m*/g was obtained after calcination at 350 °C. The IL was
totally removed above 500 °C. However, the porous structure collapsed at the elevated
temperatures. The TiO, formed in the isopropanol and calcined at 550 °C exhibited the
highest photocatalytic activity for decomposition of bisphenol A (). The activity is even 2.5
times higher than the TiO, prepared using the same procedure except for the absence of the

IL.

Keywords: TiO,, ionic liquid, photocatalysts, bisphenol A
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Preparation and Characterization of Porous Sulfated Zirconia

Exhibiting High Proton Conductivity
Sue-min Chang, Jhih-Ping Gu,
Institute of Environmental Engineering, National Chiao Tung University, 1001
University Road, Hsinchu, Taiwan

Abstract

In this study, we fabricated porous sulfated ZrO, as a promising alternative proton-
conducting material for fuel cells. The high surface areas and super surface acidity
lead the ZrO, exhibiting high proton conductivity. The un-coated ZrO, samples
exhibited high specific surface areas ranged 78-128 m%g and peaky pore sizes of
3.3-3.9 nm. Their proton conductivities were 4.8-6.6 mS/cm and were highly
dependent on the specific surface areas. Coating the porous ZrO, with sulfated ions
greatly improved the proton conductivity to 9.7-12.0 mS/cm. Compared to the
commercial Nafion 4.1 mS/cm, the un-coated and sulfated porous ZrO, exhibited 2
and 3 times higher conducting capability for protons, respectively.
Introdution

Sulfated ZrO, a super solid acid [1], has been demonstrated to exhibit high proton
conductivities due to the material property which has the Brgnsted and Lewis acid
sites [1, 2]. The textures including surface area and pore structures dominate the
proton conductive efficiency [3]. The regularity of the pore ordering materials [3-5]
was not only good for proton transfer but enhance the water adsorption capacity due
to the capillarity [3]. High surface area provide present of larger sulfated ZrO, pores
enhance the guided proton transport [1, 2] through the pore channels. In this study,
we prepared mesoporous sulfated ZrO, (S-ZrO,) exhibiting high proton conductivities
using a precipitation method [6] in which zirconium sulfate tetrahydrate and
hexadecyltrimethyl ammonium bromide (CTAB) were used as the precursor and the
template, respectively [7]. After removing the CTAB by calcination, the porous S-
ZrO, was further coated with sulfated ions via a pregnant process. The proton
conducting properties with respect to the textures of the porous S-ZrO, were
discussed.
Results and Discussion

Figure 1 shows the N, adsorption/desorption isotherms and pore size

distributions of the S-ZrO, prepared with different CTAB/Zr molar ratios. The
corresponding textural data and proton conduct ivies of the S-ZrO, are summarized
in Table 1. Typical Type IV adsorption isotherms were observed in the S-ZrO, as the
CTAB/Zr ratio was higher than 0.38, indicating mesoporous structures. In addition,
the fraction of the pore size at 3.9 nm resulted from micelles increased with the
increasing CTAB/Zr ratio till 0.5 and then declined (shown in Figure 1b). The S-ZrO,
which contained the lowest surface area (SA) of 78 m?/g, the largest pore volume
and average pore size of 0.16 cm®/g and 8.2 nm, respectively, exhibited the lowest
proton conductivity of 4.9 mS/cm. On the other hand, high proton conductivities
ranged 6.2-8.0 mS/cm were obtained when the SA and the pore sizes of the S-ZrO,
increased and decreased to 114-128 m?g and 0.07-0.09 nm, respectively. These
results indicate that high surface areas and small pore sizes are required for
efficienct proton conduction because of large numbers of Brénsted acid and small
distance of the acid sites from bluk water.

Figure 1. (a) Nitrogen adsorption-desorption isotherms and (b) the corresponding
pore size distributions of the S-ZrO, synthesized at different CTAB/Zr molar ratios.
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Table 1. Summaries of the BET properties and the proton conductivities of the S-
ZrO; synthesized with different CTAB/Zr molar ratios.

CTAB/Zr molar ratio | Surface area (m?/g) [Pore volume (cm®/g)| Pore size (hm)| PC mS/cm
0.25 78 0.16 8.2 49
0.38 114 0.07 24 6.9
0.50 128 0.08 2.8 8.0
0.63 122 0.09 3.0 6.2

Table 2. The textures and the proton conductivities of the S-ZO, (CTAB/Zr= 0.5)
impregnated with different concentrations of H,SO,.

Concentration of [Surface area (m° /g)] Pore volume |Pore size (hm)| PC mS/cm H-O/S-O
H,SO0, (cm®/g)
- 128 0.08 2.8 8.0 0.04
0.3M 121 0.09 3.0 9.7 0.23
0.6 M 128 0.10 29 11.0 0.58
09M 119 0.09 2.8 12.0 0.57
1.2M 113 0.09 3.1 7.6 0.07

@ The as-prepared S-ZrO,

To understand whether post treatment of the porous S-ZrO, with H,SO,4 enhances
its proton conductive capability, the S-ZrO, prepared with the CTAB/Zr= 0.50 was
further impregnated with different concentrations of H,SO,4. Post acid-treatment
remarkably enhanced the proton conductivity of S-ZrO, from 8.0 to 12.0 mS/cm as
the H,SO4 concentration increased from 0.3 to 0.9 M (shown in Table 2). Meanwhile,
their O-H/S-O ratios increased from 0.04 to 0.58. However, 1.2 M H,SO4 had
insignificant improvement on the proton conductivity and little influence on the O-H/S-
O ratio of the S-ZrO,. Since all the acid-treated samples showed similar texture
properties (SA= 113-128 m?%/g, pore volume= 0.09-0.10 cm®g, and pore sizes= 2.8-
3.1 nm) and S/Zr ratios with un-treated S-ZrO,, the positive correlation between
proton conductivities and O-H/S-O ratios reveals that acid treatment introduced
Brgnsted acid sites to facilitate proton transport more efficiently through the channel
pores. In summary, we prepared porous S-ZrO, with high proton conductive
capability. Moreover, the high surface areas, small pore sizes and high surface



Brgnsted acidity responsible for the proton conductivity were demonstrated.
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