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Development of Hydrogen/Deuterium Absorption Cells Using Platinum Fila-
ments
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Hydrogen/deuterium absorption cells were developed as a device for observing D/H in celestial atmospheres [Kawahara et
al., 1997]. The cell consists of a cylindrical glass container weighing several tens of grams and several centimeters in width,
containing hydrogen or deuterium gas and filaments, with both ends sealed by MgF, windows. In the case of the hydrogen
absorption cell, when the filament is heated, hydrogen molecules inside the cell dissociate and are adsorbed, then thermally
desorbed to form hydrogen atoms that cause resonance scattering with the hydrogen Lyman-alpha emission. This is referred
to as the selective absorption of the cell, because only the hydrogen Lyman-alpha emission cannot pass through the cell. The
same applies to deuterium.

The tungsten filaments currently used in the absorption cells have the highest melting point among metals but stability
issues due to filament degradation. Specifically, the lifetime of a single filament is at most several tens of hours. The
degradation is caused by the formation and sublimation of tungsten oxide due to the oxidation of tungsten. Therefore, in this
study, we aimed to develop an absorption cell with high durability and absorption efficiency by using a platinum filament
instead of tungsten, as platinum is a metal with high oxidation resistance. However, since pure platinum lacks the hardness
required to form filament shapes, a platinum alloy containing 10% rhodium or 10% iridium was used. Hydrogen at 300 Pa
was sealed in a stainless-steel cell, and filaments were applied electric power for a long time, recording the time until they
broke. During this process, voltage and current were continuously measured using a digital multimeter. We also measured
the absorption efficiency of the hydrogen Lyman-alpha emission by the filaments using a VUV experimental setup which
consists of a hydrogen Lyman-alpha light source, a VUV spectrometer and an MCP at the University of Tokyo, Kashiwa
Campus.

The results of durability tests show that the platinum-rhodium filaments feature durability longer than 30 days at around a
temperature of 1450 K, which is comparable or better than that of a tungsten filament. However, at temperatures above 1750
K, the filament melted and broke within a few hours after the power was applied. This was probably caused by the filament
bending, causing adjacent coils to come into contact, shortening the filament length, and increasing the current. The current
through the filament under constant voltage showed no significant fluctuations except a stepwise increase immediately before
the breakage.

As a result of the absorption efficiency experiments, it was confirmed that the hydrogen Lyman-alpha line was absorbed at
a filament temperature of 1600 K with tungsten and platinum alloy filaments. Absorption efficiencies were around 21-26 %,
10-18 % and 21-24 % for the filaments made of tungsten, platinum-rhodium and platinum-iridium, respectively, though the
temperature estimation of the platinum-iridium filament was not accurate. The absorption efficiency for the tungsten filament
reached its upper limit at approximately 1600 K and did not increase when the filament was heated at higher temperatures.
The platinum alloy filaments began to bend at around 1500 K, making accurate temperature calculations difficult. Based on
the experimental result, higher-strength platinum-alloy filaments are being developed by increasing the rhodium content and
diameter of filament.

Kawahara et al, “Glass-type hydrogen and deuterium absorption cells developed for D/H ratio measurements in the
Martian atmosphere”, Appl.Opt.,1997.
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