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Off-center hot spots: Double thermocouple determination of the thermal gradient in a
1.27 cm (1/2 in.) CaF2 piston-cylinder furnace assembly
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ABSTRACT

Double-thermocouple experiments were carried out at 10 kbar in a 1.27 cm (1/2 in.)
piston-cylinder apparatus to map the thermal gradient and locate the peak temperature of
a CaF2-graphite furnace assembly over the temperature interval 900–1500 8C. An unex-
pected but reproducible result was that the thermal peak is displaced upward significantly
(toward the steel base plug) from the vertical center of the graphite heater tubes.

The hot spot of our assembly, defined as the region no more than 10 8C cooler than the
peak temperature, is displaced upward from the center of the furnace and moves slightly
toward the center with increasing temperature. At a maximum temperature of 914 8C, the
center of the hot spot was 2.6 mm above the mid-point of the furnace, while at 1510 8C,
the highest temperature investigated, the center of the hot spot was 2.2 mm above the
center of the furnace. The hot spot varies in width from 3.2 mm at lower temperatures to
2.2 mm at 1510 8C. We attribute the upward displacement of the hot spot to the greater
thermal conductivity of the lower tungsten-carbide piston (k 5 100W/mK at 200 8C)
relative to the upper stainless steel base plug (k 5 25 W/mK at 600 8C). The piston
apparently conducts heat more efficiently downward than the steel plug does upward, thus
displacing the hot spot upward from the furnace center.

INTRODUCTION

Steep thermal gradients are intrinsic to the design of
the piston-cylinder apparatus. In most such devices, sam-
ples are enclosed in an approximately 3–4 cm long, 1.27
cm (1/2 in.) or 1.91 cm (3/4 in.) diameter furnace assem-
bly that is then placed inside the axial hole of the pressure
vessel. This vessel (or bomb plate as it is known in many
labs) is typically about 5 cm thick and is cooled along
the top and bottom surfaces with flowing water. In many
configurations, a sheet of mylar lies between the cooling
water and the top of the vessel. Heat is generated within
the furnace assembly by running an electrical current
through a thin-walled graphite tube, which heats resis-
tively. As the graphite furnace tube is the only assembly
part that generates significant heat, the thermal gradient
along the vertical axis of the full assembly is greatest
within the portion spanned by the graphite furnace. Pre-
vious studies in talc assemblies (Boyd and England 1960,
1963; Cohen et al. 1967) suggested that the gradient is
symmetrical with respect to the furnace center. Recent
studies of NaCl-Pyrex assemblies (Hudon et al. 1994;
Dunn 1993) also infer a hot spot centered within the fur-
nace. However, with the exception of Hudon et al. (1994),
these studies do not address the effect of compression
during experiments on the position of the thermocouples.
In particular, it is unclear whether reported thermocouple
positions are measured pre- or post-experiment, leaving
the data ambiguous to interpret. Nevertheless, as a result
of these findings, most piston-cylinder laboratories center

the sample capsule within the furnace tube of their par-
ticular assembly. We show that assuming that the peak
temperature is centered vertically in the furnace is not
always valid and can have undesirable consequences if
large sample capsules are used.

During an experiment, the crimped and folded capsules
are positioned very close to the thermocouple with their
narrow dimensions oriented vertically. These capsules
probably do not experience large thermal gradients sim-
ply because their smaller dimensions are aligned parallel
to the long axis of the furnace. In addition, at the lower
temperatures where gold capsules are often used, thermal
gradients are less steep and the hot spot region is larger
(Boyd and England 1963, Fig. 1; Hudon et al. 1994).
However, when graphite liners are used to isolate samples
from outer platinum capsules, significantly larger cap-
sules must be used to accommodate both the liner and
sample volume. Graphite-lined platinum sample capsules
used in this study, initially 4 to 4.5 mm in length, com-
press to 2.8 to 3.2 mm during experiments. If not placed
correctly within the hot spot, such large capsules can ex-
perience large thermal gradients, especially when carried
out at the high temperatures necessary in peridotite melt-
ing experiments (.1200 8C).

In Figure 1 we show spinel compositions from exper-
iment FER-A-6 carried out at 1280 8C for 96 h. The dis-
concerting variability of these data motivated this study.
With increasing temperature and concomitant increase in
partial melting, the Mg/(Mg 1 FeT) of spinel decreases


