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ABSTRACT

We present here one aspect of our recent research on the calorimetry of the Pd/D2O system
which has been concerned with high rates of specific excess enthalpy generation (> 1kWcm-3) at
temperatures close to (or at) the boiling point of the electrolyte solution. This has led to a
particularly simple method of deriving the rate of excess enthalpy production based on measuring
the times required to boil the cells to dryness, this process being followed by using time-lapse video
recordings.

Our use of this simple method as well as our investigations of the results of other research
groups prompts us to present also other simple methods of data analysis which we have used in the
preliminary evaluations of these systems.

General Features of our Calorimetry

Our approach to the measurement of excess enthalpy generation in Pd and Pd-alloy
cathodes polarised in D2O solutions has been described in detail elsewhere (see especially (1-5); see
also (6)). The form of the calorimeter which we currently use is illustrated in Fig 1. The following
features are of particular importance:

(i) at low to intermediate temperatures (say 20-50°C) heat transfer from the cell is dominated by
radiation across the vacuum gap of the lower, unsilvered, portion of the Dewar vessel to the
surrounding water bath (at a cell current of 0.5A and atmospheric pressure of 1 bar, the cooling due
to evaporation of D2O reaches 10% of that due to radiation at typically 95-98°C for Dewar cells of
the design shown in Fig 1).

(ii) the values of the heat transfer coefficients determined in a variety of ways (see below) both with
and without the calibrating resistance heater (see Fig 2 for an example of the temperature-time and
cell potential-time transients) are close to those given by the product of the Stefan-Boltzmann
coefficient and the radiant surface areas of the cells.

(iii) the variations of the heat transfer coefficients with time (due to the progressive fall of the level
of the electrolyte) may be neglected at the first level of approximation (heat balances to within 99%)
as long as the liquid level remains in the upper, silvered portions of the calorimeters.

(iv) the room temperature is controlled and set equal to that of the water baths which contain
secondary cooling circuits; this allows precise operation of the calorimeters at low to intermediate
temperatures (thermal balances can be made to within 99.9% if this is required).

(v) heat transfer from the cells becomes dominated by evaporation of D2O as the cells are driven to
the boiling point.

(vi) the current efficiencies for the electrolysis of D2O (or H2O) are close to 100%.
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Figure 1. Schematic diagram of the single compartment open vacuum Dewar calorimeter cells used
in this work.

Figure 2. Segment of a temperature-time/cell potential-time response (with 0.250 W heat calibration
pulses) for a cell containing a 12.5 × 1.5mm platinum electrode polarised in 0.IM LiOD at 0.250A.
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(Figure 6A)


