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Yamagishi, K. Oiso, T. K. Yamada, Japanese
Journal of Applied Physics (Selected Topics in
Applied Physics: Nano Electronics and Devices:
Characterization and Control of Nano Surfaces
and Interfaces), 52 (2013) 110115.

2 . Recovery of nanomolecular electronic states from
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tunneling spectroscopy:
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Nakashima, K. Oiso and T. K. Yamada,

Nanotechnology 24 (2013) 395704.
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In this research, in situ optical transmission relaxation (OTR) measurements were used to examine the electrode
kinetics of Pr1Ceo90,-5 thin films under conditions similar to the cathode operation in solid oxide fuel cells
(SOFCs). Electrode kinetics were found to degrade significantly over time and surface sensitive techniques
were used to identify a significant concentration of impurities (Si, K, Na, and Ca) on the surface and are
believed to be the source of electrode performance degradation. Additionally, it was found that La oxide added
to the electrode surface improves electrode kinetics by over 10x. It is believed that the enhancement arises from
scavenging of impurities on the surface.

(WFZERER 36 T OB R)

Introduction

Solid oxide fuel cell (SOFC) cathodes and
oxygen storage materials used in automotive
emissions catalysts rely on rapid exchange of
oxygen between the lattice and atmosphere.
Often, these electrode kinetics are measured by
electrical or electrochemical methods on thin ' i
films, where, due to the small film thickness, - 0
surface exchange rather than diffusion — Time / hours

dominates. However, the presence of a contact Figure 1: Change in optical transmission (i.e.
metal, required for electrical relaxation =~ measured photocurrent) of a thin film with step
measurements, could potentially impact the  changes in oxygen partial pressure (pO.).

oxygen exchange Kkinetics by its catalytic
activity and thereby mask the inherent activity
of the film itself. To overcome this technical
barrier, we successfully introduced an optical

Photocurrent / nA

In these measurements, significantly lower
oxygen exchange rates than those expected
based on our electrical measurements on similar
method for the study of SOFC electrode films were found. In this research, we examined

reaction kinetics on “un-contacted” thin films of the surface chemistry of these thin films using

Pro1CeosO2s (PCO). In this technique, the secondary ion mass spectrometry (SIMS) and
high  resolution  transmission  electron

microscopy (TEM) in an attempt to understand
the source of the degradation in electrode
Changes in transmission of ||ght through the reaction kinetics with time. Addltlona“y, we
film, called optical transmission relaxation ~ developed a new method to treat the surface of
(OTR), see figure 1. 'Lhese_ films to dramatically improve electrode
inetics.

relaxation time for a change in oxidation state
of the film following a step change in oxygen
partial pressure (pO2) is monitored through

Results and Discussion



In the first part of this project, we examined the
surface chemistry of a thin film which displayed
very poor electrode kinetics. A SIMS depth
profile is shown in figure 2. The sample in the figure
had exhibited decreasing electrode Kinetics during
the course of several days of OTR measurements at
300 - 400 °C. Later, the sample was heated to 600 °C
and electrode Kinetics were significantly lower than
that previously found by more conventional
electrical measurements. The SIMS depth profile
clearly shows a large amount of K, Na, Si, and Ca
impurities at the surface of the film, extending
approximately 60 nm into the film. In comparison, a
newly deposited film did not show any impurity
accumulation at the surface.

PCO layer

-

N ™

Log(Intensity)

il 1111 | [0 |l 111
0 300 600 900 1200 1500 1800
Time /s
Figure 2: SIMS depth profiles for a post-OTR
measured PCO thin film (see reference 1).

The impurity build-up at the surface is believed, at
present, to be the primary source for previously
measured degradation in oxygen surface exchange
coefficient with time for this film. It is well known
that Si (present in figure 2) significantly increases
oxide ion grain boundary resistance and as well as
blocking oxygen exchange at the surface, whilst
surface CaO coverage has been shown to have a
deleterious effect on surface oxygen exchange in
yttria stabilized zirconia (a similar fluorite oxide),
and has previously been observed on ceria based
oxide surfaces.

In the second part of this project we
developed a new method to enhance the electrode
Kinetics by using a surface treatment of La oxide.
Previous researchers have found that La oxide

deposited on other state-of-the-art SOFC electrodes
improves performance, though the origin of the
improvement is not well understood. In this case, we
used pulsed laser deposition (PLD) to deposit La
oxide on the surface of a PCO film which had
previously been aged during OTR measurements
and thus displayed very slow electrode kinetics. The
results of OTR before and after treatment are shown
in figure 3. The electrode kinetics were enhanced by
over 10x after the treatment. However, the treatment
works only for a < 24 hours under testing conditions,
after which TEM showed a dense La oxide layer
~10 nm thick on the surface. The improvement in
electrode kinetics is believed to arise from a
scavenging of impurities by La, thus opening free
surface of PCO to reaction with oxygen. New
methods to stabilize this improvement as well as
identifying the source of impurities is underway.

T T T 0.2

\ 500 °C
g & S
kel N> \\ —eo—No La ‘
8 N —a-WithLa | E
91 \7 40.1 ©
® 2
©
o
)
2 —

0.0 0.2 0.4 0.6 0.8 1.0
Time [hours]
Figure 3: Addition of La to the film surface after
aging dramatically increases the oxygen exchange
rate (see reference 2).

(R
1. “Observation of surface impurities in
PrixCe1xO25 thin films following optical

absorption relaxation measurements”, S. R.
Bishop, J. Druce, J. J. Kim, J. Kilner, and H. L.
Tuller, ECS Transactions, ECS Transactions, V.
50, no. 27, pgs. 35-38 (2013).

2. “Compensation for Oxygen Exchange Rate
Limiting Impurities on a Pro1Ceps0,5 SOFC
Electrode Materials”, S. R. Bishop, J. Druce, J.
Kilner, T. Ishihara, and K. Sasaki, ECS
Transactions, v. 57, no. 1, pgs. 2003-2007
(2013).
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Figure 1 (a) A chemical structure of viologen monomer
(A11V12). (b) Change in absorption spectra of A11V12 in
DMF under atmosphere.
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Scheme 1 Synthetic routes of polysiloxane containing
viologen moieties in the side chain.
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Scheme 2 Synthetic routes of poly(acrylate) containing
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Figure 2 Change in absorption spectra of PA11(CB/V12) (a)
in DMF (3.0x10** g/ml) or (b) chloroform (1.0x10 g/ml)
before and after irradiation with UV light.
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Figure 3 Photograph of PA11(CB/V12) film.
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