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Report:

1) Technical problems
A significant amount of beam time could not be used because of technical problems: Due to a
short ciruit in the heating system, the UHV chamber had to be vented on Wed 02 07 2014.
Repair work and pumping the analyzer chamber to sufficient vaccuum conditions took at least
until Thu 03 07 2014 19:00, but even after that sparks were frequently disturbing data
acquisition.

2) Sample preparatlon and mounting

Figure 1

Three different ceria-based materials and a perovsklte were
investigated before and after thermal reduction. 6 pellets (2 in each
run) were introduced into the analyser chamber:

sample ‘ceria’ was synthesized using a polymerized complex
method. A pellet (38 mg, 5mm diameter, pressed at 1 ton) was
prepared and exposed to several thermochemical H,O splitting
redox cycles in our laboratory setup. 2. sample ceriaHf10 was

synthesized via Pecchini type route by cooperation partners at
EMPA. A pellet 38 mg, diameter 5mm, 1 ton) was prepared and
exposed to several thermochemical H,O splitting redox cycles in our laboratory setup. 3.
Hf01 was prepared using a polymerized complex method (same as sample ceria). ca. 120 mg
of the powder were pressed into a pellet (13 mm diameter, 3 tons) and sintered on a zirconia
crucible by ramping to 1300 °C in air and keeping the temperature constant for 3 hours.
Pellets had a distorted, curved geometry after the heat treatment. 4. HfO1b was prepared in the
same way as Hf01. 5. perovskite La 0.6 Sr 0.4 Cr 0.8 Co 0.2 O 3 was prepared via a Pecchini
synthesis. The preparation of pellets was performed in the same was for samples Hf01, Hf01b
and perovskite samples.




3) Heating — in situ thermal reductio

5)

6)

Figure 2 T and p during reduction.

n

The sampleholder bearing two pellets was heated to
high temperatures two times. Figure 1shows the
temperature and pressure recorded during the first
heat- up for the thermal reduction of samples ceria
and ceriaHf10. Figure 1 shows the sample pellets
after thermal reduction. The highest temperature
measured was 1470 °C. In the second heat-up, the
traget temperature of 1200 °C was reached in a
controlled way.

4) Results and discussion

XPS 12 keV; Ce2p3/2 (Figure 4), Ce3p3/2 and Ce3d (Figure 5) spectra were recorded before

and after thermal reduction.

XPS 9 keV: Due to bad S/N ratio, measurements atat 9 keV were not successful.

1.2536  keV (Mg X-ray tube): Ce3d
spectra (Figure 5) of the reduced
samples were taken.

XRD: Simultaneously to XPS at 12 keV
photon energy, XRD measurements
were performed by scanning the range 8
< 20 < 40 in 1600 steps and a dwell
time of 2 s. Figure 3 shows XRD
patterns of sample ceriaHfO1 recorded
before and after thermal reduction, the
Mo sample holder as well as reference
patterns (bottom). Figure 7 shows that
thermal reduction leads to new peaks in
the perovskite sample.

Conclusions

Photoemission spectra of Ce 2p3/2,
Ce3p3/2 and Ce3d were successfully
recorded at 12 keV and 1.2536 keV
before and after thermal reduction at
high temperature (1470 °C and 1200
°C). Spectra show differences when
both recorded different photon energies
(12 and 1.2536 keV) as well as before
and after thermal reduction. A more
detailed analysis is hampered by the
high noise level and the incompleteness
of the dataset due to technical
problems.

Strategies for improving the

experiment

We propose the following strategies to
improve the S/N ratio and reduce
charging effects:

a.

improve sample holder geometry to
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sample holder in case it breaks due to thermal stress during fast heating and cooling. This



could be done by using two layers of Mo sheets with differently sized bores for the samples or
a Mo mesh.

b. improve sample geometry and surface of pellet - make flat pellets and reduce surface
roughness

c. find optimal temperature for reduction - in UHV lower T are sufficient for reaching the desired
non-stoichiometry & and avoid total reduction to Ce,O3; and phase changes or decomposition.

d. reduce the number of time consuming sample changes by mounting up to 4 samples with a
custom-made sample-holder.

e. clean the surface by heating to moderate temperatures (ca. 400 ° C) before measuring samples
in the oxidised state.
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