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INTRODUCTION AND SUMMARY

The Advanced Thermionic Technology Program at
Thermo Electron Corporation is sponsored by the Depart-
ment of Energy (DOE) and the National Aeronautics and
Space Administration (NASA) via the Jet Propulsion Lab-
oratory (JPL).

The primary long-term goal of the DOE effort is to
improve TEC performance to the level that thermionic
topping of fossil fuel powerplants becomes tech-
nically possible and economically attractive. An inter-
mediate goal is to demonstrate an in-boiler thermionic
module in the early 1980's. A short-term goal is the
demonstration of the reliability of thermionic operation
in a combustion environment.

The focus of the JPL program is to develop therm-
ionic conversion technology appropriate for nuclear elec-
tric propulsion (NEP) missiors. These missions require
operation at collector temperatures that are substan-
tially higher than those associated with terrestrial
applications.

The DOE and JPL tasks for developing thermionic
energy conversion (TEC) are complementary and syner-
gistic. Converter performance improvement is an area in

which one agency's program supports the effort of the

other.
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This report covers progress made during the three-
month period from October through December 1980. During

this period, significant accomplishments include:

DOE PROGRAM

® Continuing stable output from the combustion
life test of the one-inch diameter hemispherical
silicon carbide diode (Converter No. 239) at an
emitter temperature of 1730 K for a period of
over 4200 hours.

® Construction of four diode module completed.

® Favorable results obtained from TAM
combustor-gas turbine system analyses. A
summary briefing on this study was presented at
DOE (Germantown) on December 11.

® Obtained a FERP work function of 2.3 eV with the
W(100)-0-Zr-C electrode.
JPL PROGRAM
® The average minimum barrier index of the last

six research diodes built with sublimed
molybdenum oxide collectors was 2.0 eV.

viii
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1.0 PART ONE: DOE TASKS

1.1 THERMIONIC AND MATERIAL RESEARCH AND TECHNOLOGY

1.1.1 TASK I. SURFACE AND PLASMA INVESTIGATIONS

The objective of tris task 1is to support the
development of thermionic energy converters by providine
experimental data and analyses relating to plasma char-
acteristics and electrode properties

The Zr-0-W(100) emitter has a work function of 2,
eV and is stable at high temperatures; The addition of
carbon is believed to lower this work function further.
During this reporting period, the coadsorption of carbon
monoxide (CO) and zirconium (Zr) onto W(100) was invest-
igated with emphasis on the work function change. Three
methods of exposing ihe W(100) surface to CO and Zr were
employed.

In tre first method, Zr was deposited first onto
clean W(100). The ratios of zirconium 92 eV to tungsten
169 eV Auger peak-peak heights for three runs were 0.51,
1.33 and 2.45. The sample was then heated in 10-7

torr CO for 10 minutes with the sample held at 1500 K




e

CORPORATION

followed By a one minute vacuum anreal to 1600 - 1700 K.
The resultant FERP work functions after the anneal were
2.56, 2.60, and 2.53 eV. ‘Appreciable carbon was present
on the surface after the anneal, indicating that carbon
can lower the work function bvelow the 2.7 eV value
obtained for Zr-0-W(100). The work function after
annealing is surprising since it is relatiQely independ-
ent of the initial dose over the range of Zr concentra-
| tion studied.

In the second method, the cleaned W(100) crystal
was held at 1200 K and exposed to 60 x 10-6® torr-sec
(69L) of CO. The crystal was then exposed to Zr in
varuun and heated for one minute at progressively higher
annealing temperatures (see Figure 1). The Auger scans
were taken at room temprrature, and the zirconium 92 eV
peak was used in all Auger measurements for this and
succeeding graphs. The work function gradually
decreases to a minimum of 2.38 eV as the anneal tempera-
ture varies from 1200 - 1700 K. The elemental surface
concentrations change little during these heatings,
suggesting that an activation energy nust be exceeded in
order to reach the minumum work function. The work
function rises to 3.05 eV after the 1800 K anneal, and
the carbon and oxygen concentrations decrease wmarkedly,

apparently due to CO desorption,
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Figure 1. Auger Percent Concentration and Work Function Versus
Anneal Temperature for CO and Zr Deposited on W(100).
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In the third method, CO was adsorbed first (as ia
the second method), but with the cleaned crystal at room
temperature. The exposure providing saturated CO cover-
age was determin:d to be approximately 120 L by plotting
C/W and O/W Auger ratios as a function of CO exposure
(see Figure 2). The fact that the C/W ratio saturates
much sooner than the O/W signal is not understood, but
may be due to a rearrangement of CO molecules on the
surface duriag the dosing. [The gas purity was monitor-
ed with & mass spectrometer, and beam current was held
at 1 uA to minimize beam effects.]

The 120 L CO exposure with ghe crystal at room
tenperature was {ollowed by a zircoéium dose. The work
function versus irgn/Wyjgg Auger ratio is shown
in Figure 3. The work function decreases from 5.3 eV to
3.1 eV,

For each 7Zrgo/Wyigg ratio in Figure 3, the crystal
was then annealed in vacuum at 1700 K for on-= minute.
The FFRP work function after anneal versus Zrgo/Wy g
ratio ig shown in Figure 4. The ngz/wlsg ratioc for

both Figures 3 and 4 was measured before annealing, and

for each daca point in Figure 4, the crystal was flashed
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COoUBPORBATION

to 2400 K, expos:d to CO, exposed to Zr, and annealed to
1700 K. The minimum work function obtained is 2.29 eV,
which is 0.4 eV lower than the work function obtained
forizr-o-'(lOO) without carbon. The work function is
strongly dependent on the Zr92/l169 ratio, and a value
for Zrgp/Wigg between 1.30 and 1.45 is necessary to
obtain the minimum work function.

The work functions obtaired in Figure 4 can bhe
related to the elemental surface concentrations. The
percent concentrations after annealing of 7r, Zr+0O and
72r+0+C, versus work function are shown in Figure 5. The
graph shows that maximizing the Zr or Zr+0 concentra-
tions does not minimize the work function, whereas maxi-
mizing the Zr+0+C concentrations does minimize the work
function.

The primary conclusions from this study are 1) a
surface with a work function of 2.3 eV can be obtained
by coadsorption of CO and Zr onto W(100) followed by a
vacuum anneal, 2) the order of deposition is important
(CO must he deposited before the Zr in order to obtain
the lowest work functions), and 3) maximizing the
percent concentration of Zr+0+C results in the minimum

work function.

--—-d
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Tests of the stability of this low work function
surface under extended heating and adsorption of back-

ground gases are in progress.
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1.1.2 TASK Il. LOW-TEMPERATURE CONVERTER DEVELOPMENT
The ohjective of this task is to develop thermionic
diodes with improved performance at low collector tem-
peratures (i.e., 500-900 K). Converter characteristics
will be measured as a function of emitter temperature,
collector temperature, cesium pressure, interelectrode

spacing and, if applicable, additive gas pressure.

A. Converter No. 246:. Tungsten Emitter, Nickel
Collector, Heat Flux Diode

The collector work function was measured by the
retarding tlot wmethod. The minimum work function of
1.54 eV is consistent with other measurements made on
nickel in the variable-spaced research converter. The
collector work function versus the ratio T /Ty Iis
presented in Figure 6.

Prior to collector heat flux measurements, the
diode will be characterized at higher emitter tempera-
tures, and the collector work function measurement will

be repeated at various electrode temperatures.

11
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1.1.3 TASK 111, ENHANCED MODE CONVERTER EXPFRIMENTS
The objective of this task is to formulate and
evaluate therm:onic converter configurations which have
the potential of operating more efficiently than the
conventional ignited mode diode. In the ignited mode,
the mechanism for supplying the ions for space charge
neutralization is not efficient. Other techniques which
allow the conierter to operate in the unignited mode
(e.r., those utilizing auxiliary discharge regions and
surface contact ionization electrodes) should be more
efficient in producing ions and, hence, more efficient
in converting heat 1into electricity. Close-spaced
devices that do not require ions should also be more
efficient than ignited mode diodes. In the ignited
mode, structured electrodes offer the possibility of
significantly reducing the plasma losses. Several types
of ¢nhanced mode converters will be investigated experi-
mentally.
No effort was expended on this task during this

reporting period.

13
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" 1.1.4 TASK IV. COMPONENT HARDWARE DEVELOPMENT

The objective of this task is to develop converter
hardware suitable for operation in a combustion atmos-
phere such as would be encountered in a thermionic-
topped fossil fuel powerplant. Although the effort
includes considerable materials evaluation, the focus is
on the fabrication and testing of hot shell - emitter
subassemblies utilizing chemical vapor deposition (CVD)
of composite silicon carbide-graphite-tungsten struc-

tures.

A. CVD Hot Shell-Emitter Development

1) Hot Shell Fabrication

During this reporting period, four leaktight tori-
spherical hot shells were fabricated. The approximate
dimensions are two inches in diameter by two inches
long, as shown in Figure 7. The tungsten deposit on
these shells was very uniform. All shells had a thick-
ness profile of + 0.002 inches along the torispherical
end. The silicon carbide deposit was different in
appearance from the previous deposits on hemispherical
shells. A shiny ring was located on the nose of all the

shells. This ring was approximately one to one and a










































































































	1982009762.pdf
	0001A03.JPG
	0001A04.TIF
	0001A05.TIF

	notice_poor quality MF.pdf
	0001A04.JPG
	0001A04.TIF
	0001A05.JPG




