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a b s t r a c t

The aim of this study was to enhance durability and performance of Polymer Electrolyte

Membrane Fuel Cells (PEMFCs) for transportation application. A modified catalyst coated

membrane (CCM) with phosphotungstic acid (PTA) in catalyst layer was fabricated using a

heating ultrasonic-spray method, and durability study of both the modified CCM and

traditional CCM was carried out according to the DOE CCM/stack durability protocol.

During the accelerated stress test of CCM durability, cyclic voltammetry, polarization

curves, linear sweep voltammetry and electrochemical impedance spectroscopy were

employed for diagnosis of the CCM performances. The experimental results indicate that

the power density of the modified CCM decreased only 14% while the traditional CCM

decreased 33% after 100-h aging time, which confirms that addition of PTA in the catalyst

layer of CCM is an effective way to improve the durability for CCM attributed to the

enhancement of intermediates removal and the increasing of proton transfer channels by

using the PTA excellent properties, both redox property and proton conductivity.

© 2016 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.

Introduction

PEMFCs are considered to be a promising energy conversion

device for transportation and stationary applications due to

their high efficiency, high energy density and zero or low

pollution [1]. Durability, apart from performance and cost re-

quirements is one of the significant barriers to PEMFC indus-

trialization. In the past few years, numerous studies have

shown that several factors including proton exchange mem-

brane thinning, catalyst layer degradation and gas diffusion

layer degradation can affect the durability of a PEMFC. More

and more experimental results have shown catalyst layer

degradation in the component of CCM is one of the most

critical factors for performance degradation in PEMFC [2]. The

catalyst layer in CCM for current PEMFC is mainly composed

of platinum based catalyst and Nafion ionomer used generally

in the membrane. Without the Nafion ionomer addition, the

majority of the platinum based catalyst sites are inactive [3]. It

is known that the intermediates such as hydrogen peroxide,

OH radicals produced during the fuel cell working process are

potential species that damage perfluorosulfonic acid polymer
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in Nafion ionomer by attacking at the alpha hydrogen [4]. The

dissolution and chemical degradation of Nafion ionomer in

the catalyst layer might be more severe than that in the

membrane because of it is located adjacent to the fuel cell

reaction active sites. Xie et al. [5] revealed the degradation of

the ionomer network in the catalyst layer after 500 h of

operation under high humidity and constant current using

cell impedance trends. Zhang et al. [6] detected the catalyst

layer ionomer degradation after 300 h of fuel cell operation

using XPS quantitative analysis. According to their report, the

catalyst layer surface concentration of fluorine reduced from

50.1% to 38.9%, consistent with a decrease of CF3 and CF2
species and an increase in oxidized forms of carbon. Which

undoubtedly was a proof for the Nafion ionomer change in

catalyst layer. Therefore, increasing catalyst layer durability is

becoming a major challenge and growing focus of research

attention in PEMFC durability studies. Possible mitigation

methods for degradation of Nafion ionomer in the catalyst

layer include reducing peroxide from electrochemical reac-

tion by using radical inhibitors or peroxide-decomposition

catalysts deposited within catalyst layer to decrease the

severity of radical attacks. Research results show that solid

heteropoly acids have excellent redox property and proton

conductivity, and the addition of heteropoly acid to Nafion

membrane is a significant route to achieve the objective of

improving durability attributed to the enhancement of in-

termediates removal and increase of proton transfer channels

[7]. According to this principle of the degradation mitigation

for Nafion membrane, we expect that adding heteropoly acid

into the catalyst layer is also an effective way to improve the

durability for CCM. Zhou et al. [8] developed a novel proton

exchange membrane using phosphotungstic acid (PTA,

H3PW12O40$xH2O) as proton carrier and mesoporous silica as

matrix (PTA-meso-silica). The study provided us the idea of

using phosphotungstic acid as both proton carrier and

peroxide-decomposition catalyst to improve the durability of

PEMFC without apparent decrease in proton conductivity.

In this study, the PEMFC durability was investigated by

impregnating phosphotungstic acid into catalyst layer in CCM

(themodified CCM). TheDOE PEMFCdurability test protocol [2]

was employed to evaluate the durability difference between

the modified CCM and the traditional CCM (no phospho-

tungstic acid). During durability test of CCMs, cyclic voltam-

metry (CV), polarization curves (IV), linear sweep voltammetry

(LSV) and electrochemical impedance spectroscopy (EIS) were

adopted for performance status diagnosis of PEMFC.

Experimental

Preparation of CCM

The CCMs were fabricated using a heating ultrasonic-spray

method, where the catalyst ink was sprayed directly onto

the Nafion XL membrane (DuPont, USA) at a temperature of

100 �C. The catalyst ink was prepared by mixing Pt/C catalyst

(Johnson Matthey, Pt 40 wt%), isopropanol, and a Nafion ion-

omer solution (DuPont, 5wt%), with or without 3wt% phos-

photungstic acid (PTA, H3PW12O40$xH2O, reagent grade

obtained from Sigma Aldrich, FW2880.05) adding respectively.

The two categories of CCMs (traditional CCM and modified

CCM) were prepared with the following membrane and elec-

trode components given in Table 1.

Accelerated stress test

The prepared CCMs with active area of 25 cm2 were sand-

wiched between two gas diffusion layers (SGL-25BC, Ger-

many), then assembled into a single fuel cell using graphite

bipolar plates with serpentine flow channels (Shanghai Hong

Feng Industrial Company Limited), and the clamping force of

the single cell was 5 N m by eight lubricated bolts. This single

fuel cell was connected to the HS-150 Fuel Cell Test Equipment

(Hephas Energy Co., Ltd). For the CCM accelerating degrada-

tion test, the fuel cell was evaluated at 80 �C with pure Air and

H2 (99.999%) being used as cathode and anode reactant

respectively. The current density and gas flow rate were

changed every 30 s, and a test cycle finished after 20 test

points. The complete operational protocol is presented sche-

matically in Table 2 and diagrams of the cycles for accelerated

stress test are shown in Fig. 1.

Electrochemical characterization

At 0, 100, 200, and 300 h, the accelerating stress test was

paused to conduct characterizations of CCM degradations,

such as CV, IV, LSV and EIS. And the electrochemical perfor-

mances were measured by an electrochemical workstation

(ZAHNER IM6ex). During the CV and LSV measurements hu-

midified hydrogen (300 mL/min, dew point: 68 �C) and N2

(500mL/min, dew point: 68 �C) were supplied to the anode and

the cathode respectively. The scan range is 0.05e1.4 V for CV

with scan rate of 20 m V/s, while the scan range is 0.05e0.6 V

with 1mV/s rate for LSV. The EIS was conducted at a constant

current of 200 mA/cm2 with an AC frequency range of

100 kHze0.05 Hz and an amplitude of 5 mV.

Results and discussion

Overall performance degradation in accelerated stress test

Fig. 2 shows the overall performance change of the traditional

and modified CCM during the aging time from 0 to 6000 min.

From the top to the bottom the three parts of the figure exhibit

the voltage behaviors of the two CCMs under different con-

stant current operation of 0.02 A/cm2, 0.1 A/cm2 and 1.2 A/cm2

respectively. It can be seen that the voltage distinction be-

tween the modified and traditional CCM became more and

more obvious with the increase of current density. Further-

more, during the aging time from 0 to 6000 min, the perfor-

mance of modified CCM was better than the traditional CCM

under the constant current operation of 0.02 A/cm2, 0.1 A/cm2

and 1.2 A/cm2, respectively. Even though the performance of

the two CCM was almost the same under lower constant

current operation of 0.02 A/cm2 during the aging time from

0 to 1000 min. From the result, an obvious conclusion can be

summarized that the modified CCM showed an enhanced

performance and stability over the traditional one, especially

at higher current density. And the reasons for the
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