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ABSTRACT

Piston-cylinder experiments with C-H-O fluids in equilibrium with graphite as redox
sensor were performed at 900°C and 10 kbar. With this technique, it is possible to inves-
tigate the hydrogen permeability of the material surrounding the samples and to determine
the hydrogen fugacity. The furnace assembly consisted of boron nitride or unfired
pyrophyllite.

Solid organic compounds (C4H404, C9HlO02, and C]4H220) were used as starting mate-
rials. The different RIO ratios of these compounds (1: 1, 5: 1, 22: 1) result in different initial
hydrogen fugacities. The fluid formed during the experiments was analyzed by gas
chromatography.

The experimental data demonstrate that boron nitride is nearly impermeable to hydrogen
at the investigated conditions. The hydrogen fugacity observed in the gold capsules is
controlled by the composition of the C-H-O starting compound. After approximately 1 h
it is 340 bar for experiments with C4H404, 2400 bar for experiments with C9HIO02, and
3200 bar for experiments with Cj4H220 and remains constant for at least 8 d.

The situation is different with unfired pyrophyUite as the pressure-transmitting material.
In these experiments, the same hydrogen fugacity was determined irrespective of the com-
positions of the organic compounds. The hydrogen fugacity seems to be controlled only
by the furnace assembly. It is approximately 470 bar after 3 d.

The hydrogen fugacity in two samples placed side-by-side in the boron nitride assembly
and containing different starting compounds (RIO = 1 and 5) becomes identical during
experimental durations of less than 2 d. This is because of the exchange of hydrogen
through the adjacent capsule walls. This observation can be used to measure the hydrogen
fugacity of any piston-cylinder experiment. In boron nitride assemblies, a second capsule
with a C-H-O fluid and graphite can also be applied to control the hydrogen fugacity
within given limits.

INTRODUCTION

In high-pressure high-temperature experiments it is of-
ten required to know, or to control, the redox state of the
investigated system. The oxygen fugacity (fa,) or the hy-
drogen fugacity (fH,) are commonly used to describe the
redox state. Oxygen and hydrogen fugacity are related by
the H20 forming reaction:

where J, is the fugacity of gas species i and Kj is the
equilibrium constant. The double-capsule technique
(Eugster 1957) is a convenient way to control the

f02'

Using this technique, the sample is sealed in an inner
capsule, commonly consisting of either platinum or one
of the Ag-Pd alloys, both highly permeable to hydrogen
(Chou 1986). This capsule, together with a solid oxygen
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buffer assemblage and water, is in turn sealed in a larger
outer capsule, made commonly of either gold or silver,
which are relatively impermeable to hydrogen. For a giv-
en pressure and temperature f02 is fixed by the solid buff-
er, e.g., the Ni-NiO buffer mixture:
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(lb) where ai is the activity of solid i and K2 is the equilibrium
constant. According to the H20-forming reaction (see
Equations la and 1b), fH2 is also fixed. f02 inside and
outside of the inner capsule is the same, if the fluids on
both sides have the same compositions. If the composi-
tions of the fluids are different, f02 may be different, but
fH2 approaches the same value inside and outside the inner
capsule if its wall is an effective hydrogen membrane.

However, in the case of piston-cylinder experiments the


