1504 LETTERS TO

A Method of Producing an Electric Current from
Radioactivity

P. E. OHMART*
The Ohmart Corporation, Cincinnali, Ohio
(Received September 5, 1951)

XPERIMENTS have shown that if a cell, made up of two
electrochemically dissimilar materials separated by a gas,
is connected to a current measuring device, a small continuous
current will be caused to flow from the more noble to the more
aclive electrode without an external source of voltage when the
separating gas is forcibly ionized by exposure to nuclear radiation.
The current thus produced has been found to be dependent upon
the nature of the electrodes and their surfaces, the type and flux
density of the energizing radiation, the type and pressure of the
filling gas, and (when excited by gamma-radiation) the gamma-
stopping power of the electrodes.

It has been found, for example, that if a cell with one electrode
made of gold and the other of lead with air as the filling gas is
energized by gamma-radiation, a small, continuous current will
flow from the gold to the lead. If a copper electrode is substituted
for the gold, the current is smaller but the polarity is the same.
When the surface of the copper is oxidized the current increases
and is greater than that originally obtained with the gold. When a
lead electrode having a surface that is identical with the other lead
electrode is substituted for the gold electrode, no current flows.
When an aluminum electrode is substituted for the gold, the cur-
rent is weaker and is reversed in polarity.

By connecting a potentiometer with such a polarity that in-
creasing the voltage of the potentiometer caused a reduction in the
current flow and adjusting it until the current dropped to zero,
it was found to be possible to measure the open-circuit voltage of
the cell. By carrying out a number of measurements with various
types of filling gases at different pressures, with various types of
energizing radiation on a number of different electrode combina-
tions, it was found that the open-circuit voltage of the cell is ap-
parently dependent upon the character of the surfaces of the
electrodes only and is essentially independent of the type and
pressure of the filling gas, the geometry of the cell, and the type of
energizing radiation. A list of open-circuit voltages of cells with
aluminum negative electrodes (Al,O; surfaces) and different posi-
tive electrodes is given in Table I. It will be noted that these fall
in the same general position as they appear in the electrochemical
series.

TaBLE I. Open circuit voltages of cells with aluminum (A1:03)
negative electrodes.

Characteristic potential

Positive electrodes (volts)
PhO: plated on gold 1.34
Oxidized copper 0.975
Gold plated on copper 0.95
Silver 0.67
Copper 0.64
Brass 0.64
Lead 0.2
Chromium 0.18
Zinc —0.01

The current, on the other hand, was found to increase as the flux
density increased, to increase as the molecular weight of the filling
gas increased (ionization potential of the gas also seems to be an
influencing factor), to approach zero as the gas pressure ap-
proached zero, and to depend on the type of energizing radiation.
Also, when a cell was energized by gamma-radiation, it was found
that the gamma-stopping power of the electrodes was an im-
portant factor since some ionization of the filling gas is produced
by secondary electrons emitted from the surfaces of the electrodes.
For example, a gold:lead cell gives greater current flow from
gamma-radiation than a copper oxide:aluminum oxide cell even
though its open-circuit voltage is lower.
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The fact that the current approaches zero as the pressure of the
gas approaches zero and an experiment carried out with alpha-
activity in which the cell was so arranged that current flow was
caused by ionization of the gas alone (since none of the alpha-
particles could strike either electrode) indicate that practically
none of the total current is produced by selective secondary
clectron emission from the electrodes. Also it should be noted
that when a light metal is employed as the positive electrode and
a heavy metal as the negative electrode, tendencies for current
flow caused by secondary electron emission from the electrodes
will be in opposition to the direction that the current actually has
been observed to flow.

F16. 1. Coaxial type cell, disassembled.

From the foregoing it appears as if these cells are essentially
constant-voltage generators with variable internal impedances
and that there is a close analogy between these and the ordinary
electrolytic cells. The voltage in both types of cells is dependent
upon the nature of the electrodes, and the current is dependent
upon the concentration of ions between the electrodes as well as
the external load resistance. Also there is an analogy to the be-
havior of an ordinary ionization chamber. In the ionization cham-
ber the electrodes may be identical, and an external potential is
required to make the radiation-produced gas jons move and thus
produce a current. Whereas, in this cell the inherent potential
difference between the electrodes produces the necessary potential.

Also it is interesting to note the similarity of the method of
measuring the open-circuit voltages of the cells and the Kelvin
Null method of measuring contact differences of potential. In the
Kelvin Null method contact potentials are made to produce a
current flow by vibrating a reed in the electrostatic field produced
by the contact potential of the electrodes. In these cells, the cur-
rent flow is produced by ionizing the gas in the field between the
electrodes.

Initial efficiencies of conversion of radioactive energy to elec-
trical energy that were achieved were only of the order of 1XX1071
percent when an air cell was excited by gamma-radiation from a
24.8 milligram radium source. In order to improve these efficiencies
the co-axial type cell, shown in Figs. 1 and 2, was constructed.

FiG. 2, Coaxial type cell, assembled.

In this cell the negative electrode was prepared by first plating the
brass case with lead and then coating the lead with magnesium
by metal evaporation. Thus, since no efforts were made to protect
it from oxygen, the negative electrode had a magnesium oxide
surface. The positive electrode was made by plating brass shim
stock first with gold and then with lead-dioxide. The characteristic
potential of the cell was 1.24 volts. The cell was filled with argon
gas at 70 pounds per square inch gauge. The sample was mounted
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F16. 3. Electrometer circuit used with coaxial cell.

in the center of the cylinder so that greater than 50 percent
geometry was obtained.

When this cell was connected to the simple electrometer circuit
shown in Fig. 3 and was checked for sensitivity and linearity with
several calibrated Co%® sources the curve shown in Fig. 4 resulted.

When the cell was excited with approximately 11 microcuries of
Agho, 0.86 volt was developed across 1X 10 ohms, thus the elec-
trical power that was received from the cell was 7.3)X 10~ watt.
If the assumption is made that the gamma-radiation from Agh0
has an average energy of 1.0 million electron volts, then the power
that would be available from the source would be (number of
disintegrations per second) X (the energy of the gamma-photons)
X (charge on an electron). In numerical values this would give

(11.0X1078X3.7X 1019) X (1.0X 108) X (1.59 X 10~19)
=06.49X 1078 watt.
So the over-all efficiency would be

(7.3X1072) /(6.49X1078) X 102=0.011 percent.

If this is corrected by a geometry factor so that only the gamma-
energy that is available for conversion to electrical energy is con-
sidered, then the efficiency would be about 0.02 percent.

For recoil-proton or alpha-detection where it is desirable to
discriminate against gamma-radiation, it has been found desirable
to make electrodes of light materials such as aluminum for the
negative electrode and copper-oxide-on-copper or carbon for the
positive electrode to reduce the number of secondary electrons
emitted from the electrodes.

Although this effect may be found to have many uses, so far its
applications mainly have been confined to the measurement of
electrode potentials, to the measurement of the rate of growth of
oxide films, and to the measurement of gamma-radiation in a
portable gamma-monitor, It has been possible to build 2 gamma-
monitor that has an over-all size of 3} inches by 3} inches by 7}

inches. Compared with the well known “Cutie Pie,” it is smaller,
more sensitive, and simpler in that no high voltage battery is re-
quired. It should be pointed out however that the energy-sensi-
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F1G. 4. Calibration curve of coaxial cell.

tivity of the detector is not, as yet, known. A complete description
of this device will appear later in the literature.

Experiments performed to date in this work have been of a pre-
liminary and exploratory nature. It is planned to repeat all experi-
ments discussed here with greater attention to detail and control
so that greater precision will result.

*Formerly of Mound Laboratory, Monsanto Chemical Company,
Miamisburg, Ohio.



