Introduction

A novel nano-material that creates electricity

using the sun is being investigated in EONO s

International Research Initiative. The material
absorbs solar radiation to produce electricity in
devices called thermionic energy converters
(TECs). Special electrodes using nano-particles
of diamond powder. The project aims to
achieve operation below o6 r ehde a tevel,
possibly as low as 320e Celsius. Conventional
TECs with metal electrodes require
temperatures well above 1,500e Celsius to
produce sufficient electrical current.
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Lithiated Nanoparticle Diamond

Diamond is a promising photocathode, field
emitter and thermionic emitter due to its
chemical stability, high thermal conductivity and
the relative ease of inducing a negative
electron affinity. A negative electron affinity,
where the conduction band minimum is at a
higher energy than the vacuum level, is
invariably induced by a surface treatment
leading to an adsorbate on the diamond
surface.

During the last decade, advances in doping of
artificial diamond have led to a number of

Experimental Results

A number of grades of lithiated powder from
500nm down to 30nm have been tested for
emission in a vacuum chamber, at 1x108 torr.
They were heated from room temperature to
850AC in steps. At each temperature step, a
voltage was applied to give the current-
voltage (IV) curves shown in FIG 4 (a). Work-
functions were found to be 1.37-1.41eV using
equation (1), as shown in FIG 4(b). The acid
washed material emitted less current but
showed an improved work-function of 0.91eV.
Electrodes incorporating this material are being

Model Results

The modelling work has been organised so that
the adsorption of lithium onto the three
principal crystal planes found on the diamond
surface is tackled first. This provides predictions
that can be compared with experimental work.
The second phase of this work will examine the
role of lithium in the bulk lattice of diamond.
Here the degree of activity will be mediated by
the number and location of other impurity
atoms. A summary of some of the findings from
the first phase of work conducted on the
C(100)-(1x1):0 diamond surface are presented

Key Laboratory Facility

Omicron Ultra High Vacuum Variable
temperature Scanning probe microscope is
installed in the Bristol Nano Science and
Quantum Information Centre- the quietest

laboratory in the world. The low noise lab is
pictured in FIG 7. This equipment is wholly
funded by E.ON IRI project and is used to
map the location and stability of lithium and
other dopant atoms on the surface of
diamond. It is equipped with a scanning
Kelvin Probe allowing maps of work-function
to be generated with nm precision and
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The trials, in south-west England and southern
France, will use parabolic dishes to concentrate
the s u nr@ys to provide heat energy for the
cathode. The UK locations are the highest
latitudes at which a domestic-sized TEC using

solar power could meet most of a pr opertyos

Thermionic emission current density (J)
depends on two key factors that determine the
current that can be output from a thermionic
device; the emitter work-function ((g) and the
temperature (T) of the emitter, as described by

equation (1), y

Li t h imobiity st high temperatures means
that its incorporation into diamond films during
CVD growth is problematic. The Bristol project
uses a different approach. Commercial High
Pressure High Temperature (HPHT) nano-
crystalline powders are thermally treated with a

Application of a small electric field (<0.2V/um),
to mitigate space charge raises the current
density to several A/lcm?.

Table 1 Calculated structural and electronic
properties of the Li-adsorbed C(100)-(1x1) :O
surface.
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that the manner in which lithium is co-ordinated
on the surface and within the bulk appear to be
markedly different. For example, when

The wider market would be to link the new
TECs with plant that is already available to
concentrate solar power for utility, commercial
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el e ct kinetic @rsergy is absorbed as heat
and its potential energy may be used to do work
in an electrical load thereby generating useful
electrical power. The power (P) generated by
such a converter may be expressed by
equation (2).

tracking platform, (FIG 6, left). The
prototype devices (FIG 6 right) will be
demountable vacuum diodes with active
areas of 45cm?. Prototype and platform
fabrications are already underway.

solar belts. incorporation into the bulk is dependent on the
number and type of other impurities present in
the diamond lattice and the nature of the lithium

entering the lattice.

FIG.4 (a) IV curves showing emission current
with applied field for 500nm grade of lithiated

. diamond material .
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FIG. 1. Prototype Thermionic FIG.2.Potential distributions and electrical FIG.3.Mono-crystalline grade of lithiated FIG 4(b) Richardson plots for un-doped, FIG 5 Lowest energy structures for 0.5 ML FIG 6 (Left)Drawing of custom sun-tracker
Diamond Converters fitted to para- characteristics for a vacuum diode (left), diode diamond particles with a range of particle sizes. lithiated and acid-treated nanodiamond and 1 ML Li adsorption on C(100)-(1x1):O, with dish and solar panels.

materials , with work functions detailed in the
legend.

bolic dish concentrators . converter (centre), and space charge-free converter

(right).

with reference to the lithium lattice positions (Right)Exploded view of prototype.

considered.
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