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Fuel cells are an extremely attractive energy conversion system
for use in many industrial applications, including electric vehicles
(EV) and on-site power plant, due to their inherently higher
efficiency and lower emission when compared to that of internal
combustion engines. Especially, the operation of proton exchange
membrane fuel cell (PEMFC) at intermediate temperature {130
200°C) has been considered to provide many advantages, such as
improved CO tolerance of the Pt electrode, the reduction of the
amount of Pt electrode materials, the higher energy efficiency, heat
management, and cogeneratiéiddowever, customary hydrated
perfluorosulfonic membranes, such as Nafion, are unstable at s i —
intermediate temperature, and proton conductivity decreases by therjgyre 1. TEM images of TiQ—P,0s CGMN.
evaporation of water from the membrane and degradations of the
molecular structure by irreversible reacticrisherefore, a proton
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conductor with high proton conductivity at intermediate tempera- -8 ‘%-40 - -
tures has attracted much interest recently for solving problems in R 1
the current technologiés: 6 FEo|
i /1 MHz
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Mesoporous inorganic materials have a pore size range 562
nm and have several properties that may be beneficial for their use
as possible solid-state electrolyte alternatt7ésThey include high
specific surface area, open channels of large dimension, and open
framework with an ordered or disordered interconnected internal
structure, and chemical, structural, and mechanical variability that
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allows for significant optimization of electrochemical perfor- 0 \1MHZ1MHZ

mance®’ Therefore, mesoporous materials as a proton conducting : Ll

electrolyte for fuel cells have been reporfedihese mesoporous 0 2 4 6 8 10
Z' (real) / kQ

materials show the proton conductivity of 8-102 S cmt at
25°C under fully saturated humidification conditions (100% RH).  Figure 2. Typical impedance response (Cel€ole plots) of O) TiO2—

; ; : +,_P20s CGMN and @) mesoporous silica at 160C under 100% RH
However, at the intermediate temperature region, proton conductiv conditions. Frequency range is from 1 Hz to 1 MHz. The insert indicated

ity decreases by the evaporation of water because the origin of e hign-frequency range (1 kHz to 1 MHz) of TiOP;05 CGMN.

proton conduction in mesoporous material is based on the phys-

isorbed water in the pore. Therefore, the mesoporous material withthe TEM images of Ti@—P,0s CGMN. The TiG—P,0s CGMN

the high proton conductivity at the intermediate temperature region indicated a uniform pore size with a diameter of 4 nm and a

under 100% RH conditions has been hardly reported as far as weframework of 5 nm widths in the TEM images. The details of the

know. TEM image are given in ref 9. These uniform structures and
Recently, we synthesized a TiOP,0s self-ordered, crystalline  distances were also confirmed by the X-ray diffraction patterns

glass, mesoporous nanocomposite (CGMN) with a high thermal (XRD).®

stability® This TiO,—P,0s CGMN has a high water-holding The powder sample of Ti-P,Os CGMN was compacted into
capacity by the chemisorption because th©d4constructs the  pellets and sandwiched between two gold electrodes. Additionally,
P—OH group under high humidity conditiod$Furthermore, Ti@— we also used mesoporous silica, which can hold physisorbed water,
P,Os CGMN with crystal glass configuration is the thermostable as a comparative material. The proton conductivity measurements
material. Herein, we propose the utilization of 5#P,0s CGMN were demonstrated by the a.c. impedance method over the frequency

as a new intermediate temperature solid-state electrolyte for fuel range from 1 Hz to 1 MHz under 100% RH. In contrast, these
cells. As a result, Tig—-P,Os CGMN indicates the high proton  samples did not indicate the electronic conductivity at the DC
conductivity of 102 S cnt! at 160°C under 100% RH conditions. condition. Additionally, the diffusible ions, other than protons, have
Additionally, these conductivities were stable at intermediate not existed in materials. Therefore, the measured impedance
temperature conditions. response indicates the proton conduction. Figure 2 shows the typical
The TiO,—P,Os CGMN was synthesized by the previously impedance response (Cel€ole plots) of ©) TiO,—P,0s CGMN

reported procedureThe Brunauer Emmett-Teller (BET) surface and () mesoporous silica at 16T under 100% RH conditions.
area of TiQ—P,0s CGMN was about 200 Ag~. Figure 1 shows The insert indicated the high-frequency range (1 kHz to 1 MHz)
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101 g 29H,0 and HGeW V040 22H,0)315and solid acidic salts (e.g.,
_ F (a) CsHSQ and CsHPQy),1316 have been reported. However, these
'g 102 P 000000 0000 proton conductors indicate the decrease of the proton conductivity
%) o ~ (o) by the evaporation of hydrate water above E@or high water
}103 i §-4 solubility. Furthermore, many hydrate compounds with water
2 osf £ 000 molecules in molecular structure become impossible to maintain
é C = sho . because of the long heating in the intermediate temperature rEgion.
s 10°F Oooo 22 24 28 28 30 32 On the other hand, our mesoporous material is synthesized at the
© HOoooo high temperature X400 °C) and is stable at the intermediate
1005 b v e temperature region. Additionally, by its high surface area, meso-
50 100 150 200 porous material can maintain a lot of adsorption water in the pore
Temperature / °C structure. Especially, Ti©-P,0s CGMN has a high water-holding
Figure 3. (a) Proton conductivity of @) TiO2—P,0s CGMN and (J) capacity by the chemisorption. As a result, CGMN material

mesoporous silica in the temperatures range from RT td’Cathder 100% P ; . . -
RH conditions. (b) Arthenius plots of the conductivity of TEP,0x indicated the high proton conductivity with the thermal stability at

CGMN. Solid line is the result of the least-squares fitting. Activation energy INtermediate temperature un(.jer 100% RH anditions. .
(Ez) of the proton transport under 100% RH conditions was estimated from [N summary, we prepared Ti©P,0s CGMN with water-holding
the slope. capacity at an intermediate temperature region. This,F@Os

i Vi 2 1
of TiO,—P,0s CGMN. A typical Cole-Cole plot of TiO—P,0s CGMNoshowed the (r)ugh proton conductivity of>2 1072 S cnm
CGMN showed a feature similar to that of a highly proton at 160°C under 100% RH. The CGMN may have a potential not

conducting membrane, such as Naffothe organie-inorganic only for the fuel cell electrolytes operated at intermediate temper-

hybrid membrane mixed with heteropolyaditland biomolecules ature conditions but also for electrochemical devices, including
composite material®. The resistances of CGMN were obtained electrochromic displays, chemical sensors, lithium rechargeable
from the extrapolation to the real axis. batteries, fsmd others.. _ )

Figure 3a shows the proton conductivity ab)( TiO,—P,0s Supporting Information Available: Experimental procedure and
CGMN and (0) mesoporous silica in the temperature range from Figure S1. This material is available free of charge via the Internet at
RT to 160°C under 100% RH conditions. The proton conductivities NttP://pubs.acs.org.
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