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H2O loss during piston-cylinder experiments
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INTRODUCTION

Among experimentalists, there are many unpublished re-
ports and much hearsay concerning the properties of noble
metals and alloys commonly used as capsule materials in high-
pressure experiments. Sealed metal capsules have been used
in many volatile-bearing experiments at high pressures and tem-
peratures to study the influence of volatiles (e.g., C-H-O flu-
ids) on geological systems. However, it is perhaps surprising
that no mention is made in the experimental literature of the
problems that may arise due to unexpected changes in the prop-
erties of capsule materials, except those reported by Patiño
Douce and Beard (1994, 1995) and Brooker et al. (1998). Patiño
Douce and Beard (1994, 1995) performed experiments in a
piston-cylinder apparatus in the range 925–1000 °C and 7–15
kbar with durations of 5–31 days. The pressure medium was
NaCl in all experiments except at 1000 °C and 10 kbar, where
BaCl2 was used. At 1000 °C and 10 kbar, H2O loss up to 57%,
relative to the initial H2O content, was documented after a run
duration of 5 days during dehydration-melting experiments of
an amphibolite gneiss. The samples were contained in gold
capsules 1.4 mm in outer diameter with a wall 0.2 mm thick.
Because the total H2O content of the samples studied by Patiño
Douce and Beard (1994) was <50 µg, documentation of H2O
loss by gravimetric or manometric means was not feasible.
Therefore, the oxygen contents of glasses were determined with
an electron microprobe to estimate the H2O contents of the
experimental products using the procedures of Nash (1992).
The H2O contents of the glasses were calculated from excess
O in the glass analysis, with the assumption that all excess
oxygen is held in H2O and all Fe is Fe2+.

Brooker et al. (1998) performed experiments in a piston-
cylinder apparatus in the range 1600–1650 °C and 15–25 kbar
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Water loss during piston-cylinder experiments is a serious problem. A temperature of about 1050
°C represents the upper thermal limit for constant H2O-containing systems.

with durations of 10–30 min. The capsules were surrounded
by Pyrex powder. Additional pressure-transmitting materials
were crushable alumina and NaCl. At 1600 °C and 20 kbar, no
18O transfer through Pt was detected after a run duration of 30
min. They used a double-capsule technique. A 3 mm pre-an-
nealed inner capsule containing a jadeite + 13CO2 mixture (18O
enriched) was crimp welded and then surrounded by a jadeite
+ 12CO2 mixture. The inner capsule and the outer material were
then sealed in a 5 mm pre-annealed platinum capsule of the
“ash can” design (Sneeringer and Watson 1985). The 18O con-
tents of the inner and outer capsule were determined using an
ion microprobe.

To check the important results of Patiño Douce and Beard
(1994, 1995), which seem to differ from the results of Brooker
et al. (1998), we performed our own experiments. We present
the results of a systematic investigation of the efficacy of three
commonly used precious metals in volatile encapsulation. Al-
though our observations of volatile loss may not be transfer-
able directly to other specific experimental situations, we
nevertheless feel that it is opportune to warn others of the po-
tential problems identified in this study.

STARTING  MATERIALS  AND SAMPLE PREPARATION

Four different kinds of solid compounds, stored in a desic-
cator, were used as starting materials to generate volatiles at
the experimental conditions: (1) silver oxalate (Ag2C2O4); syn-
thesized from oxalic acid dihydrate (H2C2O4·2 H2O;
Merck no. 495) and silver nitrate (AgNO3; Merck no. 1512);
(2) 3-(2-Furyl)-acrylic-acid (C7H6O3; Merck no. 814022); (3)
fumaric acid (C4H4O4; Merck no. 800269); and (4) 4´-Methoxy-
acetophenone (C9H10O2; Merck no. 805795).

Approximately 3–5 mg of each of these compounds were
loaded into capsules. Two experiments were performed with
capsules filled with 1.5 µL pure H2O and 30 mg powdered
quartz (Riedel de Haën no. 18643). The capsule material was
Au, Pt, or Ag75Pd25 (capsule dimensions: Au 3.2 mm outer di-
ameter, 0.2 mm wall; Pt 3.4 mm outer diameter, 0.2 mm wall;*E-mail: Truck@mineralogie.uni-hannover.de


