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Abstract:

The proposal focusses on testing gas pressure cells for solid gas reactions followed by in situ neutron scattering. These reactions are
getting high attention due to far-reaching applications. For example, the synthesis of functional materials, which can be used for
hydrogen storage or proton conductivity, as used for renewables and fuels cells. Two recently developed gas pressure cells, based on
previous cells are presented and should be tested. They are developed for the D20 diffractometer using deuterium pressure. A newly
designed environment for the currently used sapphire single crystal sample holder should reduce mechanical tension leading to higher
pressure stability. The second developed cell separates the inner sample holder from the outer pressure holding element. This allows a|
lower background contribution of the sample holder to the diffraction pattern. The pressure holding tube does not contribute to the
diffraction pattern as all reflections are filtered out by the radial collimator at D20. The increased gas volume and thus high background
contribution should be reduced by using Gd203 vanished shades inside the reaction chamber.
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The experiment was part of the development of sapphire single-crystal gas-pressure cells for in situ neutron
powder diffraction on solid-gas reactions. Neutron absorbing Gd,03; containing varnish was tested successfully
to prevent the activation of stainless-steel parts of the gas pressure cells.

For both gas pressure cells (see proposal text), the width for the opening of the primary beam has been varied.
The reflection-to-background ratio stays nearly constant for about 10° in case of the double-walled cell (Fig. 1,
top left) and 20° for the adapted cell (not shown), respectively. This will enable a proper alignment procedure
without data quality losses for both cells.

Additionally, an inlet for the double-walled cell to reduce the gas volume in the reaction chamber has been
tested with a silicon powder sample in an aluminium crucible (Fig. 1, top right). The background, mainly caused
by the incoherent scattering of hydrogen gas, is reduced by 50%. One parasitic reflection (20 = 40°) has been
observed due to a hole in the neutron absorbing varnish.

Finally, four new sapphire single crystals have been tested by w scans. As expected, the background scales with
the wall thickness. Fig. 1 (bottom left) shows an example of a sapphire suitable for in situ neutron diffraction,
Fig. 1 (bottom right) shows an example for an unsuitable one.

20

/“’

— "‘-_v“-__./\““'\-._ 6000 [
+

i L

&0 B0 100 120 140

Intensity [counts]
g

i i i i i i i i i 26
& 8 10 12 u 16 18 n z u Empty double wmnd gas pressure cell, 10 bar H; ——
_Opening angle w "] . ) Double walled gas pressure cell Inlet | Vakuum
Reﬂecnonﬂ;ackgmund ratio of the Si (11 1) reflection —— Double walled gas pressure cell Inlet | 10 bar Hy
60 60
45 45
- £
30 3 X 3
15 15
0 0
20 30 40 50 60 70 80 90 100 110 120 130 140 om0 40 o0 80 IO B f0p 00 <O nEl a3 el

260

Figure 1 Effect of the opening angle of the double walled cell on the reflection-to-background ratio for the Si (111) reflection (top left),
effect of an Inlet for the double walled cell on background at various hydrogen pressures (top right), w-scan of a sapphire crystal
suitable for in situ neutron diffraction (bottom left) and w-scan of a sapphire crystal unsuitable for that purpose (bottom right),
intensity in false colours



