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ABSTRACT
This paper presents a detailed description of the construction and operation of the two types of electrolytic
cells employed in the experimental light water cold fusion research of R. Bush and R. Eagleton at California
State Polytechnic University - Pomona.
INTRODUCTION
Electrolytic cells of the Fleischmann and Pons[1] type using light water with nickel cathodes and alkali
carbonates were first employed at Cal. Poly - Pomona in August of 1991 following the announcement of
excess heat production in light water by Mills and Kneizys[2]. Cell design and protocol was partially driven
by considerations based upon the theoretical work of R. Bush[3]. Since that time a total of 27 light water cells
have been run with alkali carbonate and alkali hydroxide electrolytes using two different cell and calorimeter
configurations. These configurations and other details are described in this paper. The experimental results
obtained with these cells are not discussed in this paper but are presented elsewhere[4,5,6,7,8].
CELL AND CALORIMETER DESIGN
The two types of cells used in our light water work are actually third and fourth generation cell designs
which evolved from earlier work with heavy water. Consequently these cell types are designated as C and
D respectively. They are illustrated in figures 1 and 2. Cells of type C were first used with heavy water in
July of 1990 and continued to be used until January 1993. During that period 17 light water cells and 36
heavy water cells were run. Type D cells were phased in commencing February of 1993 and used for all
cells constructed from that time until the present. To date ten light water cells have been operated using the
type D configuration. Table I gives a summary of the light water cells that have been run to date.
The principal features which are common to both cell designs are as follows:
(1) They are all closed cells. This is achieved by use of a platinum black recombiner which is enclosed in
the air space above the electrolyte. The recombiner is fabricated by bonding platinum black to a nickel
screen mesh and coating one side of the mesh with a non-wetting agent (Teflon). The recombiner for all
cells of type D and some of type C were enclosed within a nickel foil baffle that had extensions on either
sides which served to return the recombination heat back into the electrolyte. This baffle also served to
protect the recombiner from becoming contaminated with electrolyte residue. The recombiner for type C
cells that was not placed in the baffle arrangement was instead affixed to the bottom side of the stopper and
was unshielded. The cell is vented to the atmosphere via an oil bubbler which serves two purposes: (a) to
maintain near ambient pressures, and (b) to isolate the cell from the external environment. A
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balloon attached to the open end of the bubbler is used to monitor a cell for recombiner malfunctions. Of
the light water cells run to date no recombiner malfunctions have been experienced. (2) Magnetic stirring
is used to permit more uniform electrolyte temperatures. Tests have shown that these stirrers have no
measurable effect on the electrolyte temperatures. (3) All surfaces except for electrodes and the nickel heat
sinks are coated with Teflon. The neoprene stoppers are covered with form fitting Teflon tape and the cells
were either pyrex coated with Teflon (type C) or made of Teflon bottles (type D). A special bonding agent
is required to prevent the Teflon from becoming unbonded from the pyrex upon repeated thermal cycling.
It is anticipated that the nickel heat sinks exposed to the electrolyte should pose no problems since they are
shielded electrolytically by the nickel cathodes. (4) The electrodes are as follows: Platinum (AESAR
99.95%) wire anodes were 1 mm diameter and lengths of about 18 cm folded into five equal segments, nickel
fibrex cathodes were formed into open ended cylinders having the platinum anode located along their central
axis. Figures 3 and 4 are electron micrographs of a typical piece of 80/20 nickel fibrex mesh. Shown in these
micrographs are nickel powder (20%) bonded to nickel fibers (80%) where the fibers are about 20 microns
in diameter (Fig. 4). Also it should be noted that the nickel fibers are not fabricated from drawn nickel wires
but are made from sintered nickel powder. These fibers are formed by extruding a slurry of nickel powder
mixed in a plasticizer through a small orifice. After the plasticizer sets, the fibers are sintered in a hydrogen
environment so that only porous nickel remains after the heat treatment. (5) Electrolytes were made of
chemicals obtained from AESAR/Johnson Matthey and nanopure water (17 Mohm-cm) from a Barnstead
filtering system. All electrolytes were 0.57 molar solutions. (6) A port for extracting electrolyte samples
consists of a capped 1 mm diameter Teflon tube which passes through the neoprene stopper and into the
electrolyte. (7) The electrolyte temperature is monitored by use of two 26 gauge type-K thermocouples.
These are threaded into opposite ends of a 1 mm diameter Teflon tube that loops through the neoprene
stopper to just below the cathode and above the magnetic stirrer. This tube is filled with mineral oil to
permit more efficient thermal contact of thermocouples with the electrolyte. As shown in figures 1 and 2
these thermocouples are placed at different depths in the electrolyte. We find that these thermocouples read
very nearly the same temperature provided the magnetic stirrer is operative. However, in the event of a
stirrer malfunction the thermocouple readings may differ by as much as two or three degrees Celsius.
Features that differ for the two cells types are as follows:
Cell Type C - As illustrated in Figure 1, this is a double wall pyrex vessel which provides for a water jacket
enclosing the electrolytic cell except for the top which is capped with a Teflon covered neoprene stopper.
The inlet and outlet coolant temperatures were monitored with type K thermocouples. The pyrex cell was
completely enclosed with a one inch thick layer of styrofoam.
Calibration for these cells was performed in one of two ways: (1) Either a nichrome reference heater was
used or (2) the cell was calibrated by running anodically. When a nichrome reference heater was used it was
placed in a close fitting Teflon tube that looped down into the electrolyte. The nichrome heating element
was attached to electrical leads so as to have it completely immersed within the electrolyte. The cell
calibration procedure is as follows: (1) The temperature of the coolant flowing through the water jacket was
regulated so as to maintain the cell contents at a constant temperature. A typical value for the cell operation
temperature was about 39(C. At this temperature the cells could be calibrated from 0 to 20 watts while using
the laboratory as the heat sink for the cell bath. Table II gives typical calibration data for this type of cell.
Note that the standard deviation in the calibration temperatures is less than 0.1(C. The cell calibration data
points are obtained by plotting the steady state thermal power output (Pout) from the cell as a function of the
average temperature decrease (0T) across the cell walls. This temperature decrease is found by taking the
difference between the average of the two cell thermocouples
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readings and the average of the inlet and outlet thermocouple readings. (For steady state calibration
conditions the electrical power input to the cell is equal to the thermal power output.) This plot of Pout versus
0T was fit by either a linear or a third order polynomial. Figure 5 shows a typical calibration curve that was
obtained for cell 62. The excess power (Pex) was determined by subtracting the electrical power delivered
to the cell from the steady state thermal power coming out of the cell as calculated from the fit that yielded
the smallest value for Pex.
Cell Type D - Cells of this type are illustrated in Figure 2. They are constructed from Teflon bottles and are
designed to be immersed directly within the coolant water bath. The bath water was temperature regulated
as well as stirred. The calibration procedure for these cells are essentially the same as that for type C cells
with the exception that the temperature decrease across the cell walls were obtained by subtracting the bath
temperature from the average of the two cell thermocouple readings. Table III gives a typical set of
calibration data for this type of cell.
Data Acquisition System
All temperatures, currents, and voltages were monitored and logged using a Macintosh IIx computer
equipped with National Instrument's LabView software. For type C cells four type K thermocouples were
used: one at the bath inlet port, one at the bath outlet port, and two within the electrolyte. In the case of type
D cells there was one type K thermocouple within the bath and two within the electrolyte. The thermocouple
sampling rate is 1000/minute with the temperature averaged each minute. The thermocouple voltages were
converted to temperature readings ((C) by use of AD595AQ/9217 integrated circuit chips. This system
permitted steady state temperature measurements with standard deviations of about 0.05(C. Corrections for
thermocouple temperature offsets were made within the software. Cell currents and voltages were logged
from Fluke 45 dual display multimeters equipped with IEEE interface. Figure 6 shows a front panel view
of the virtual instrument used for cell monitoring and control of data logging. Since our cells are calibrated
for only steady state operation at a specified temperature, we make use of this virtual strip chart recorder to
determine when the requisite conditions are achieved before logging data. Table IV gives a typical spread
sheet of data logged for a cell which produced excess heat. Not shown but recorded with this spread sheet
were the following: room temperature, multiplexer reference junction temperature, time mark and date mark.
The data acquisition rate for both Table IV and Figure 5 was for one minute intervals. In Table IV it should
be noted that the fractional uncertainty in Pex about 2% for the 23 minute time interval shown there.
However, all values of Pex which we report are corrected for any differences found after recalibration.
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