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A low-pressure–high-temperature technique for the piston-cylinder
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ABSTRACT

A method for conducting successful low pressure (0.3–0.5 GPa) and high temperature (900–1200 
°C) experiments in the 19 mm piston-cylinder is presented. The technique is capable of running 
high fluid/melt experiments with minimum hydrogen loss, attaining precise, reproducible pressures 
(±10%), and has fast initial quench rates (>150 °C/s). These abilities are invaluable when conducting 
low pressure, fluid-saturated experiments such as phase equilibria, volatile solubility, and dynamic 
degassing experiments that are relevant to sub-volcanic magma chamber processes. A double capsule 
construction is also described that uses a solid oxygen buffer, and minimizes both contamination of 
the sample by carbon and the loss of iron in the melt to the capsule walls. 

Keywords: Piston-cylinder, volatile, solubility, experiment, calibration, fluid, carbon dioxide, H2O

INTRODUCTION

The piston-cylinder (PC) technique has been in use in the 
experimental petrology community for nearly fifty years. Many 
studies have proven the capability of this apparatus and shown 
that it is well suited for experiments in the 0.5 to 2.5 GPa pres-
sure range (e.g., Boyd and England 1960; Johannes et al. 1971; 
Holloway and Wood 1988). Its use, however, at pressures lower 
than 0.5 GPa has been questioned (e.g., Nelson and Montana 
1992) due to assembly failure and the specter of friction and its 
effect on the translation of the measured hydraulic oil pressure 
to the actual experimental pressure felt by the sample. 

Given these difficulties, the success of any low-pressure as-
sembly design rests not only on the ability to successfully reach 
certain P-T conditions without assembly failure, but also on 
the accurate calibration between hydraulic oil pressure and the 
actual sample pressure. Achieving such a calibration, however, 
is problematic as there are few appropriate calibrants available 
to consider. Although the melting curves of various salts are 
well known and can be used (Clark 1959; Bohlen 1984) for this 
purpose, their melting points are low relative to the temperatures 
of interest for silicate melts, making them a poor choice. Also, 
because of these relatively low temperatures, there can be signifi-
cant uncertainty in determining melting due to small temperature 
gradients within the assembly, and contaminants such as H2O 
can also introduce error. Solid-state reactions in systems such as 
the pure SiO2 and aluminosilicate system (kyanite-sillimanite-
andalusite) are also potential calibrants, but they are famously 
plagued by slow kinetics (e.g., Bohlen and Boettcher 1982) 
induced by their composition and their relatively low temperature 
(compared to igneous temperatures) of transformation. More 
recently, Baker (2004) has used the H2O-albite liquid solubil-
ity relations measured and empirically modeled by Behrens et 

al. (2001) to calibrate pressure between 400 and 500 MPa in a 
non-end-loaded piston-cylinder apparatus. This study has shown 
the potential to successfully use solid media apparatus such as 
piston-cylinders at low pressure, although the presence of carbon 
contamination of the fluid-melt system from the graphite furnace 
(Brooker et al. 1998) was not assessed in their study (i.e., a pure 
H2O fluid was assumed), and no runs at high temperature (>800 
°C) below 392 MPa were attempted (Baker 2004). 

We present here a sample assembly and modified run method 
for use with the piston-cylinder at pressures as low as 300 MPa, 
and show the results of a calibration study using mixed CO2-H2O 
fluid solubility in rhyolite melt. A double-capsule technique, us-
ing a Pt outer capsule with an Au80-Pd20 alloy inner capsule, 
is also discussed that minimizes carbon contamination from 
the graphite furnace. The capsule design also allows the use 
of a solid oxygen buffer, as well as minimizing the loss of Fe 
from the inner capsule melt to the capsule wall. Mass balance 
constraints are also discussed that indicate no significant loss 
of any volatile component (H2, H2O, CO2, O2) from the sample 
capsule assembly at high (1200 °C) temperatures.

EXPERIMENTAL SAMPLE ASSEMBLY
The low-pressure 19 mm piston-cylinder assembly is shown in Figure 1. 

Overall, it is very similar to the high-pressure design (e.g., Holloway and Wood 
1988), but has several modifications that address the two main concerns of running 
at low pressures: the effect of friction leading to a non-hydrostatic pressure within 
the sample assembly, and thermocouple and/or furnace failure. 

Similar to the high-pressure assembly, use of a pyrex sleeve between the 
graphite furnace and the outer NaCl cell is necessary to reach temperatures higher 
than ~800 °C (Holloway and Wood 1988). Crushable MgO is also used as the main 
support material within the furnace. A thin-walled sleeve of crushable MgO ceramic 
is placed around the sample capsule, with powdered pyrex packed between the MgO 
sleeve and the capsule. The MgO ceramic sleeve is necessary to provide support 
of the furnace during compression and minimizes furnace failures due to localized 
deformation due to the compression of the powdered pyrex placed around the 
sample capsule. The powdered pyrex is used as it provides a softer support medium 
around the capsule, and is easier to remove from the outer capsule walls after the 
run than crushable MgO or alumina. This is a desirable feature as it allows easier 


