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This paper presents thermionic-conversion data obtained from a variable-
gap cesium diminiode with a hot-pressed, sintered lanthanum-hexaboride emit-
ter and an arc-melted lanthanum-hexaboride collector, Performance curves
cover a range of temperatures: emitter 1500 to 1700 K, coll :utor 750 to 1000 K,
and cesium reservoir 370 to 510 X, Calculated values of + mitter and collector
work functions and barrier index are also given.

INTRODUCTION

TEC with metal-hexaboride electrodes (ref. 1) was part of a diode-screening
project at the Lewis Research Center (LeRC) in 1970. The work depended on
economical "mess production' of the diminiode, shown in figure 1 (refs, 2 to 6).
This cesium diode had been degigned with guarded electrodes small enough to
accommodate obtainable 0. 64-cm-diameter single crystals of refractory mate-
rials like tungsten, rhenium, iridium (ref. 6), and metal hexaborides, In fact
procurement initiated in IFebruary 1971 for 0.8-~cm-diameter LaBg single crys-
tals to be made by R. W. Johnson (ref. 7). But the in-core nuclear thermionic
program incorporated the diminiode capability for a statistical study of reactor-
compatible electrode materials (refs. 8 to 10), During the 1973 termination of
space nuclear activities (including TEC) an attemptl to evaluate a diminiode with
LaB6 electrodes fell shor.. Subsequently presentation at the 1974 IEEE Inter-
national Conference on Plasma Science reviewed TEC electrodes of LaBg and
other metallides (rel, 1) in conjunction with the diminiode (ref. 11), Then the
current work began with LeRC's technical and fiscal management of NASA's
applien-research-and-technology (ART) program for TEC in July 1975 (refs.

12 to 17).

NASA's TEC-ART Program prompted important new information on metal

hexaborides and LaBg in particular (refs. 18 to 26). Additional emphasis came
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with the July 1477 revelation of L,7-V barrier indices for cesium diodes with :
LaBg collectors at the Sukhumi Institute of Physics and Technology (ref. 27). ',;-
Shortly thereafter programmatic retrenchment terminated TEC-ART activities
at LeRC. And NASA transferred fiscal and technical management of its TEC- o
ART program to the Jet Propulsion Laboratory (JPL), where NEP-prototype H
emphasis (refs. 28 to 34) has led to Indicated discontinuations of research on
metal hexaborides,

' In the Interim LeRC overcame impurity and attachment problems for LaB,
electrodes in a diminiode with a hot-press-sintered emitter and an arc-mclted
collector. And after a long source search 0, 8-cm-diameter single crystals are
on order for LaBg and are available for the even more promising cerium hexa-
boride (CeBg). Diminiode evaluations of the better-performing metal-hexaboride
crystal faces would allow optimum-surface selections. Then parametrically
enutrolled vapor deposition should enable an approach to such desirable TEC-
electrode surfaces in practical cylindric configurations. But diminiode person-
nel and facilities will be dispersed before the monoerystalline metal hexaborides
arrive,

Fortunately some preliminary results for the diminiode with 99,8 percent-
pure LaB; electrodes are now available. These data represent a 1600 to 1700 K
sintered La.B6 emitter, a 750 to 1000 K arc-melted LaB6 collector, a 370 to g
510 K cesium reservoir, and 0.25 mm interelectrode spacing. The present
paper disqusses performance values obtained [rom this thermionic energy con-
verter with emitter and collector surfaces of LaBg-

W. E. Frey and R. D. Schaal developed and performed special procedures
and conducted research tests necessary to fabricate this diminiode. References
4, 65, and 10 provide detailed descriptions of all equipment and procedures used
in the experiments treated in this paper.
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ELECTRODE MATERIAL PROCESSING

Many types of lanthanwm hexaboride (LaBG) were purchased or formed in- A
house in an attempt to fabricate thermionic d'ode electrodes, These forms of
LaBg powder were tried: cold-pressed; hot-pressed; electron-beam melted;
arc-melted; and hot-pressed, sintered as wall as single crystal, Some of the
problems encountered were high impurity levels, low material strengths, high
porosities, voids, cracks, small sample sizes, various reactivities, and ther-
mal expansion mismatches, The best form for a diminiode would be of course i
a 0.7-cm~diameter, high-purity, oriented, uniform, single crystal of LaBg.
Since this form was not available the following polycrystalline LaB; material —{
was used, ?1

e R B e Rt T




‘The collector electrode started with hot pressed 86 percent dense and 99,8
percent pure LaBg. This hot-pressed material was arc melted into a high-
density button. The button was shaped by an electrical-discharge machine (EDM)
into a 0,780-cm~diameter by 0,185-cm-thick disk for the collector. A Zr, 22.8
w/o-Ru braze (1623 K melt point) was used to attach the collector to a diminiode
nicbium, alumina-cerniet sub-assembly. The final preparation of the collector
face and guard ring separation was done by EDMing. A heat-cycle test was per-
formed on this collector sub-assemibly in an RF vacuum. furnace, The sub-
assembly was heated 10 tbmes from room temperature to 1073 K at <1070 torr,

The biggest problem with the Lsﬂ?,6 emitter electrode was finding a method
fo attach it fo the diminiode tantalum~-top-hat structure. Many brazing or ad-
hesive materials were tried to adhere LaB 6 to Ta for high-temperature emitter
applications, References 1 and 39 mention most of the materials tried. Failure
was more common than not for several reasons, The major cause of failure was
a high reactivity of LaB 6 at temperatures above 1500 K with practically all mate-
rials tried. Another reason was the brittleness of LaBg which caused cracking
under the stress, generally as a result of thermal cycling and thermal expansion
mismatch. Additionally, some materials, such as Pt and MoSiz, wicked info
the porous LaBg and contaminated the electrode surface.

Special low vapor pressure (-1'10"10 torr at 1500 K) braze alloys were pre-
pared and used with LaBg (vef. 40). The alloy Zr, 22.8 w/0o-Ru which melis at
about 1523 K was a fair braze but applicable only for the low temperature col-
lector electrode. A Zr, 31.1 w/o-Mo braze was fair as an emitter braze but
limited to about 1700 K maximum due to reactions and remelting problems,

Attempts wore made fo melt LaBg on W, Ta, and Mo pedestals. Generally,
a reaction occurs well before the melting of LaBg, thereby raising doubts as to
the chemical integrity of an electrode joined by this method. Furthex proof of
chemiecal diffusion was the depression of the LaBg melting point by 200 to
400 K below literature values.

Clean metal-to~met.! diffusion honding also had the problem of LaBg reac-
tions. As a result, TaC coated Ta was tried as the base pedestal. Limited
success occurred in that reactions were prevented. The bonding, in general,

did not hold up after thermal eyeling to about 1700 K. Subsequently, private
communications with E. K, Storms (LASL) indicated 150 cycles to over 1772 K
without failure for a TaCo, braze of LaBg.

At this point it was concluded that a more readily attainable method to hold
the LaB; would ke mostly mechanical, A tantalum carbide coating was used to
prevent LaB, from reacting with a tantalum cup into which it was hot-press
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sintered, Several different configurations were tried. The one that worked
best is described below,

A carbonized tantalum cup as shown in figure 2 was machined. The car-
honizing was accomplished by packing carbon powder into the tantaium cup and
RT heating in a vacuum for 1 hour at 2100 K., The excess carbon powder was
removed from the cup and 320-mesh, high-purity LaBg powder was cold
pressed into the cup., The tantalum cup and LaIE%6 were RF heated to 2100 K
for 2 hours in 9. vacuum with a tantalum rod pushing on tha LaBg with a con-
stant 210 N/cm (305 psi) pressure to sinter the LaB.

Since the LaB g Was helow the tantalum cup surface, the excess tuntalum
was removed using high speed tools. No EDMing was done on this electrode
because of past experience which showed a loosening of the sintered LaB6 mate-
rial in the tantalum cup affer EDMing. The surface of the LaJB6 emitter was
prepared using fine emery paper, A Zr, 18 w/o-Re hraze alloy (melting point
1870 K) was used to bond the Ta, LaB; cup to the tantalum top hat of the dimin-
iode, This sub-assembly was heated at <10"6 torr for 10 cycles from room
temperature to 1700 K. The bond between the LaB 6 and tantalum remained
good as was observed from the constant femperature difference at a given tem-~
perature between the LaB; and tantalum.

One additional property measured on the sintered La]:-l6 was its thermal
expansion. As can be seen in figure 3, the thermal expansion of sintered LaBg
matches that of annealed niobium (ref, 36), This means that the diminiode col-
lector sub-assembly has a good thermal expansion match, The emitfer stbh-
assembly has the LaB 6 in compression which should make a good mechanical
bond.

After any parts of the diminiode were subjected to cutting fluids or con-
tamination of any kind, they were ulirasonically cleaned in trichlorocthane
(NA 500) before vacuum bhakeout, welding, brazing, or assembly.

At this point the two basic electrode sub-~-assemblies were ready for final
assembly. TFor a detailed description of the diminiode assembly, see ruier-
ence 11 (note that the cesium fill procedure, given below, has been modified
so that capsules are no longer used).

DIMINIODE PROCESSING

A new processing chamber was used for the LaB, diminiode. This chamber
shown In [igure 4 zallows diminiode bake-out, emitter-top-hat-temperature cali-
bration, electrode-spacing calibrations, cesium fiilling and a copper-braze
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closure, Both turbomolecular and vac-lon pumping are used on this water
jacketed chamber to maintain 1078 torr (diminiode cold) and 10”7 torr (diminjode
hot).

In this case the LaB; diminiode was electron-bombardment (EB) heated to
1673 K emitter and a 933 K colleator tomperature for bakeout, A temperature
calibration of the black-bedy hole in the Lai; (sighting down tho opon cesium-
reservoir tube) versus the black-body hole in the top hat was done, As indicated
in references 37 and 38, this calibvation is wcceptable because the diminiode
holds at zero current before and after the data-taking cyele. These low-
transport conditions and thermal inertia assure good sensing of the emitter
temperature, The electrode gap was also checked at this time with the dimin-
iode hot,

Cesium is introduced info the chamber from a high-purity cesiumn bottle
through 2 heated stainless-steel tube as shown in figure 6. The {low is con-
trolled with a metal seal stainless-steel valve, The cesium is dropped from
the and of the tube onto a small, heated stainless steel tray, After visually ob-
serving the cesium, the tray can be tipped to allow the cesium to run into the
diminiode or into a caich can, Jollowing cesium addition a tantalum ball is
then dropped into Che end of the cesium reservoir and copper brazed in place
to seal the diminiode.

The diminiode is now ready for performance Lesting after it is removed
from the processing chamber and mounted into the test station,

DIMINIODE RESULTS

TFigure 6 shows the current-density, voltage (1, V) envelopes for constant
emitter temperatures of 15600, 1650, 1600, 1650, and 1700 K with tho collector
varied from 750 to 1000 K and the cesium reservoir varied over a temperature
range of 510 to 370 K. The power densily (P, V) envelopes calculated from the
I, V vesults are shown in figure 7. These two figures are summarized in the
following table to show where maximum power occurred.




Emitter Approximate | Approximate | Maximum | Voltage
temperature, | collector cesium power at
Tg, temperature, | temperature, | output, | maximum
K Tc. Poax power,
K w /cmz v
1500 850 440 1.86 0.22
15560 850 440 2.50 .28
1600 860 440 3.50 .38
1650 850 450 4.20 .40
1700 900 460 5.29 .45

As can be seen from the table, the cesium reservoir temperatures
are much lower than the expected 550 K. Cesium reservoir thermocouples
and readout instzumentation were checked with no apparent discrepancies
found. A procedure check revealed that more cesium was added to this
din: 'ode thar was isual. Steps tal.cn to ascertain pessiltle cesium temper-
at.re problems are descriceda .clow.

The diminiode was carefully removed and X-rays were taken to see if
any cesium extended beyond the cesium-temperature control zone. The reser-
voir tube axis is in a 3° below horizontal position during operation. No appar-
ent cesium extension could be seen.

The diminiode was then positioned with the cesium-reservoir pointing
down. The reservoir was cooled and the rest of the diminiode heated with 2n
air heat gun to make sure all the cesium was in the reservoir. Another set of
X-rays was taken. No cesium could be seen above the cesium-reservoir-
temperature control zone.

The diminiode was then placed in its normal operating position. Hot
water was used to heat the cesium reservoir with the rest of the diminiode at
room temperature. After heating in this manner for 5 to 10 minutes the reser-
voir was cooled and another series of X-rays taken. This time the X-rays re-
vealed cesium in the unheated portion of the cesium reservoir tube. At this
point the decision was made to remount the diminiode in its test station with the
cesium reservoir pointing down to prevent any possible cesium extension be-
yond the control zone.

When trying to test the diminiode in this new position it was discovered
that the collector was no longer operative. Apparently a large segment of the
collector had dislodged locally, but not enough to short out another element.
Arc-melted samples had demonstrated this separating tendency. A series of
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runs was made using the guard ving as thoe collector to sss If there weoro any
changes in the cesium resorvoir temperature for maximum power, Maximum
power occurred at a eesiwn rescrvolir tomperature of 450 to 460 K at 16500 K
emitter and 850 K collector temperatures, Thus the diminiode apparently did
operate at the ceslum~reservoir temperaturos indicated with e possihle ecrror
of 225°,

A comparison of the I, V and P, V envelopes of the LaBG diminiode with a
TECO W, O, Cs diode, and a Re, Nb diode all with 1700 X emitters is shown
in figure 8. As can be seen in this figure the LaB diminiode produces a maxi-
muun power that is almost equal to the best diode (Re, Nb) but at almost twice
the voltagoe, 0,45 volt versus 0,23 volt,

Indeed the most efficient operation of the LaBg diminiode occurs at 0.76
volt and 6 A/cm (3.8 W/cm J. There the work funci.ion of the 1700 K emitter
is less than 2,64 oV, the barrier index is about 1.9 volts, and the calculated
efficiency for optimum leads is approximately 1.' percent. Unfortunately baak
emission data to enable determination of the work function fer the 853 K rol-
lector was unavailable,

In fact because of the complete lack of experience with cesium diodes
having LaB 6 emlitters and collectors, these initial tesks were made based on
accumulated results for refyvactory-metal elecirodes. As such these findings
are very nonoptimum, And a search of the data collection revealed no suitable
back-emission numbers. Correcting this deficiency was a goal of the noxt set
ol tests before changing the interelectrode spacing, But the collector malfunc-
tion intervened.

Additional I, V curves did reveal barrier indices less than 1,95 volts for
both 1653 and 1596 K emitters: 1653 K emitier, 801 K collector, 0.62 V,

4.8 A/cm 3.0 W/Cm‘?‘, <2,.587 eV emitter work function, ~1,95 V harrier
index and 1596 K emitter, 853 K collector, 5.3 A/cmz, 0.51V, 2.7 W/01112,
<2.46 emitter work function, ~1,95 V barrier index,

CONCLUDING REMARKS

As can be seen in the diminiode results, the performance of the LaB G is
equal to some of the best electrode combinations at this time. It is felt that
the LaBg material and electrode spacihg used in this test are far from the
optimwn. Work functions for single crystal I..aB6 are ¢q . (100) = 2,52 ¢V,
PLaB 4(110) =2.60 ¢V, and ¢y .p 5(346) =2.41 eV,
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I'ield emission work by L. Swanson indicates even lower work [unctions
are available, Swanson also obtained nonoptimized cosinted LaB(100) work
functions of 1.3 eV (refs. 17 to21) without oxygenation, With collector work
functions approaching this low value and interelectrode losses diminished by
reduced cesium pressures perhaps coupled with some enhancement, barrier
indlces significantly lower than the measured 1,9 eV value seem quite probable,
Turthermore the work function for CeB;(100) is less than LaB(100), which is
even more promising,

Incidentally reference 41 indicates vaporization rates between 4x10™
(LaBg 4q4) and ax10™4 (LaBg q49) cm/yr (2 to 0.2 mils/yr) for congruently
vaporizing LaB, at 1700 K, So TEC with 1700 K congruently vaporizing LaB,
emlitter surfaces and congruently depositing LaBG collector surfaces appear
practical both in performance and lifetime, The inierelectrode gay would
mevrely shift between 0,04 and 0,004 em (16 and 2 mils) in 10 years of ser-
vice,

Work with promising metallides like LaBg and CeBy for TEC electrodes
should include tests of selected faces (refs. 17 to 21) of high-purity single
crystals of specified stoichlometries (refs. 17 to 23). If such systematic
research is neglected, a far more complex situation could result than occurred
for refractory-metal TEC electrodes in the early 1960's. Understanding and
control of TEC variables had eluded researchers for many years, Finally
investigations of pure, oriented monocrystailine electrodes in exceedingly
clean converters lifted the veil to. reveal a systematic technology where
confusion formerly prevailed. IHaving defined and deseribed the datum base
for refractory-metal electrodes, TEC research workers could then inyvoke
crystal-face and additive effects predictably ~ rather than haphazardly.

Metallide TEC electrodes begin with more chemieal complexity, hence
greater permutability than the relatively simple single clements of their
refractory-metal counterparts, Thus systematic research to point the way
to controlled, productive development is even more important for success with
matallide TEC electrodes than it ultimately proved to be for the refractory-
metal predecessors,

3

ORIGINAL PAGE 15
F POOR QUALITY

B e T

R e e A

Fﬁ"mm——tw N



RETFERENCES

1. J. F, Morris, "High-Efficiency, Low-Temperature Cesium Diodes with
Lanthanum-Ilexaboride Electrodes, " NASA TM X-71649; IEEE 1974
International Conference on Plasma Sclence, Conforence Record-
Abstracts; IEEE, New York, 1974, Session 1Ad4, pp. 7-8.

2, dJ, ¥, Morris, "A Freeze, Melt Valve and Dispensing System for Cestum, "
NASA TM X-2126, Nov. 1970,

3, d. F. Morris, "Vacuum-Packaged Cesjum for Nucleay Thermionic Diodes, "
NASA TM X-21562, Jun, 1971,

4, J, F. Morris, "The Diminlode: A Research and Development Tool for
Nuclear Thermionles, " NASA TM X~-2686, Aug., 1972,

5. R, B. Lancashire, E, J, Manista, J, F. Morrig, and A, L. Smith,
"Emitter Surface Temperature Distribution for a Miniature Thermionic

6. E. W. Kroeger, V. L. Bair, and J. F. Morris, "Diminiode Thermionic
Conversion with 111-[ridium Elcctrodes, " NASA TM X-73492, Sep. 1976.

7. R. W. Johnson and A, H, Daane, "The Lanthanum-Boron System, " J,
Phys. Chem., vol. 65, no. 6, pp, 909-915, June 1961.

8. A. L. Smith, R, B, Lancashire, E. J, Manista, and J. F, Morris,
""Diminiode Performance Data with an ASTAR-811C Emitter and a
Niohium-1 Percent Zirconium Collector, "' NASA TM X-2587, Aug. 1972,

9. d. F, Morris, A, L. Smith, and &. J, Manista, "Thermionic Performance
of a Variable-Gap Cesium Diminiode with a 110-Single-Crystal-Tungsten
Emitter and a Polycrystalline-Niobium Collector, "' NALA TM X-2953,
Mar, 1974,

10. A, L. Smith, E. J. Manista, and J. F, Morris, "Thermionic Performance
of a Cesium Diminiode with Relatively Impure 110-Tungsten Elecirodss, !
NASA TM X~3021, June 1974.

11,7, I', Morris, "Energy-Conversion Research and Development with
Diminiodes, '" NASA TM X-71533; IEEE 1974 International Conference
on Plasma Science, Conference Record-Abstracts; ILEER, New York,
1974, Session 1A5, p. 8.

12. J. G, Lundholm, J. I'. Morris, and J. W, Stearns, "NABA Thermionic
Converter Research and Technology Program, '' Presenied at the IEER
Thermionic Conversion Specialist Conference, Eindhoven, The Nether~
lands; Sep. 1-3, 1975,

Wy T

N

.

TR R

]

n

G

A




L Y o e

g 10
!

13, 4. G. Lundholm and J, ¥, Morrls, "NASA Research ard Tochnology Pro-
gram in Thermionic Energy Conversion, ' IEEE 1976 Internntional Con-
ference on Plasma Soieree, Ceniorence Record-Abstracss, IEEL, New

: York, 1976, Session 6C., p, 137.

. 14, J. T, Morris and J. G, Itndholm, "NASA Thermionic~Conversion Pro-
gram, ' 11th Intersocioty Enerpy Conversion Engineoring Conference
Proceoedings; Vol, 2, AIChE, New York, 1976, pp. 1d62-1656,

H 16. J. F. Morris, "The NASA Thermionic-Conversion (I'EC-ART) Program, "
‘ NAEA TM X-73610; IEEE 1977 International Conference on Plasma
Science, Conferonce Record-Abstracts, IEEE, New York, 1977,
Session 2B7, p, 60.

16, J. F. Morris, "NASA Thermionic-Conversion Program,t Twolith Iuter~-
socicty Energy Conversion Engineoring Conference Proceedings, Vol, 2,
Amerfcan Nuclear Society, Inc., La Grange Park, 1977, pp. 1540-1547,

1 17. J. F. Morris, "The NASA The,smionic-Conversion (TEC-ART) Program, "
IREE Trans. Plasma Sci., vol, PS-6, no, 2, June 1978,

R e

18, L. W. Swanson, J. T. Dickinson, and D, R, McNeely, "Fabrication and
Surface Characterization of Composite Refractory Compounds Suitabloe
for Thermionic Converters, '' NASA CR-2668, 1970.

19, L. W, Swanson, M. Gesley, and D, R, McNeely, "Iabrication and Surface
Characterization of Composite Refractory Compounds Suitable for Therm-
ionic Converters, ! Oregon Graduate Center, Beaverton, OR, Interim
Report no. 2, NASA Grant NSG-3(54, 1977, (NASA CR-135374)

20. L. W. Swanson, M, Gesley, and D. R, McNeely, "Fabrication and Surface
Characterization of Cemposite Relractory Compounds Suitable for Therm-~
ionic Converters, ' Oregon Graduate Center, Beaverton, OR, Interim
Report no, 3, NASA Grant NSG-3054, 1977. (NASA CR-136375)

el B
P L i T

ARG

AT
-

e

= g >
P e e s ) .

21. L. W. Swanson and D, R, McNeely, "Surface Characterization and Electron
Emission Characteristics of BaBg, LaBg, CeBg, and SmB, " Presented
at the World Electrotechnical Congress, Moscow, USSR, June 21-25,
1977,

ket

R A AT TR

Bk, S i A
s et

':J, 22, E, Storms and B, Mueller, "Phase Relationship and Thermodynamic Proper-
i ties of Transition Metal Borides. I - The Molybdenum-Boxron System and
o Elemental Boron,"J, Phys, Chem., vol. 81, no. ., pp. 318-324, Feb.

g 1977.




11

23, D. L. Jacobson and E, K. Storms, "Work Functlon Measurement of Lan-
thanum Boron Compornds, " IEKE Tyans. Plasma Sei., vol, PS-6, no, 1,
Mauar, 1978,

24, I, N. duffman, A, H, Sommer, C, L. Balestra, T, R, Briere, and P, 13,
Octtinger, "High~Lfficlency Thermionle Converter Studies, " Thormo
Electron Corp,, Waltham, Mass,, TE-4202-12-77, 19706, (NASA CR-
135135)

26. F, N, Huffman, A, I, Sommer, C. L, Balestra, T, R. Briere, D. Licb,
P, E, Octtingor, and D, B, Goodale, "igh-Efficiency Thermionic Con-
verfer Studies, " Thermo Electron Corp,, Waltham, Mass., TE~4233-
162-77, 1977. (NASA CR-136203)

26, I", N, Huffman, D, Lieb, and I', Ruleh, "Thormionic Convertor Studics at
Thermo Electron, " 12th Intersociety Energy Conversion Enpineoring
Proceedings, Vol, 2, American Nuclear Society, Inc., La Grange Park,
L., 1977, pp. 1648-1654,

27, J. ¥, Morris, "NASA, ERDA Thermionic-Conversion Tour of Europe and
the USSR, 6/14 to 7/6/77; World Electrotechnical Conference, Moscow,
6/21 to 6/25/7 (a chronological trip report), " NASA Lewis Roesearch
Center, Cleveland, Q.

28, E, V, Pawlik and W. M. Phillips, "A Nuclear Electric Propulsion Vehicle
for Planehary L. luration, " J. Spacecr. Rockets, vol. 14, no. 9, 518-526,
Sep, 1977.

29, J. W, Stearns, "Status Report on Nuclear Electric Propulsion Systems, "
Presented at the 21st Annual Meating of the American Astronautical
Society, Paper No. AAS75-164, Aug, 19756,

80. "JPL/LASL Heat Pipe/Thermionic Reactor Technology Development Pro-
gram, "' Progress Report for February, March, April, and May 1977;
June 30, 1977.

31. D. R, Kecenig, W. A. Ranken, and E, W. Salmi, "Heat Pipe Reactors for
Space Power Applications, ' AIAA Paper 77-491, Mar. 1977,

32, R, E, English, :Comment on "Heat-Pipe Reactors for Space Power Applica-
tions, ' submiited to J. Energy.

33. J. I. Morris, "High-Temperaturs, High-Power-Density Thermionic
Energy Conversion for Space, ' NASA TM X-73844, Nov 1977,

ORIGINAL PAGE IS
OF POOR QUALITY,

T g ey -

1 _L_w..'-\-r-—-w,_.mzt.- e e O

TS

L VR U T LT L s B o e e on - e e T — —



12

34, J. I, Morris, "Optimize Qut-of~-Core Thermionic Encrgy Conversion for
Nueleor Electric Propulsion, " NASA TM-73892, Iob, 1978,

36, Y. S, Toulouklian, ed,, Thermophysloal Properties of High Temperature
Solld Materials, Vol, 1, Mac Millan Co,, New York, 1967,

36. J. M. Lafforty, "Boride Cathodes," d. Appl. Phys., vol. 22, no. 3, 299,
1961,

37, E, J, Manista, "Computer-Acquired Performance Data from an Etched-
Rhenium, Molybdenum Planar Diode, ' NASA TM X-2481, Jan, 1972,

38, R. Breitwieser, E. J. Manista, and A. L. Smith, "Computerized Porlor-
mance Mapping of a Thermionic Converter with Oriented Tungsten Elec-
trodes, " NASA 'TM X-52714, Oct, 1969,

39, V. L, Baly, "Low Vapor Pressure Braze Alloys for Thermionic Energy
Converters, " NASA TM X~73493, May 1976.

40. Vv, L. Bair, "Some Properties of Low-Vapor-Pressure Braze Alloys for
Thermionic Converters, ' NASA TM~78867, Apr. 1978,

41, B. Storms ard B, Mueller, "Phase Relationship, Vaporization and Thormo-
dynamic ivn.evties of the Lanthanum-Boron System, " J. Phys. Chem,,
vol, %4, no. 1, 51, 1978,

.S S

P e o

T




~ THREE "'C"

| CLARPS USED

| WITH “RECISION

| SHiMS FOR SPACING

3 EMITTER
fegriy ~~ COLLECTOR

I e ~I""‘"‘"{ BELLOW

N

- —— B

(b) DIMINIONE MOUNTED ON FLANGE,

Figure 1, - Diminiode,

4‘ 2| cesium J

Sy

5

ORIGINAL PAGE IS
OF POOR QUALITY



l 0. 635 cm GIAM |
‘ | 0.635
u% cm

Figure 2. - Tantalum cup for sintering LaBig emitter,

THERMAL EXPANSION, percent

| | |

0 1000 2000 3000
TEMPERATURE, K

Figure 3, - Thermal expansion (ref, 35),

OR"GINAL pPAGE b
OF POOR QU




VACUUM CHAMBER g
VACUUM /
e GAGE .
. CATCH CAN = _ Ta BALL
) . HOLDER ¥
¢ BOTTLE . - ;
' : /% FEED THRU o

s Top 2 J

WINDOW

PN e—

g i
DIMINIOD! e
- |
L™ :
TOP WINDOW ';
SHIELD . 4
17-2902 H
!
Figure 4, - Processing chamber parts,
WINDOWS
Cs BOTTLE H
t
r

HEATED S, 5. TUBE

5. 5. TRAY

DIMINIODE

r——————————

10N PUMP [

— 1

Figure 5, - Processing chamber schematic,
9 {]

1S
ORIGINAL PAGE

T ———————— — —————g— N T R



il A i B o F SO [ e—  S—

CURRENT, Alem?

n -
72—
N r—
2] -
m b—
15—
nr-
9 —
(‘ b
,.—
ol l - _l. __l. pa—_ 1‘_ .l_.___]
N -5 0 o N 15 L)
VOLTS, V
Figure 6. - LaBg, LaBg constant emitter temper -
ature envelopes, optimum collector and reser-
voir. 0.25 mm gap.
T
~
-
o
Iy
| 1500 | 1600|150 |
0 2 %0 75 1.0
VOLTS, v

Figure 7. - LaBg, LaBg constant
emitter temperature envelopes,
optimum collector and reser-
voirs.

—




B T T S e L e B B e Tt §

ll[— \
\
\
ar \
= —= == LaBy, LabB,
e N, WOz
apk-

18—

5.8 Wiem?
AT0.23V~

>
~

o

Nt
POWER, Wicm?

o
b
A
==
=]
3
~

33 5Wiem?
ATO.3V ~

-0 -5 0 25 %0 .15 Lo
VOLTS, v

Figure 8. - Constant emitter temperature envelopes
1700 K emitter, optimum collector and reservoir.
0.2 mm gap.

RIGINAL PAGE 1>
OF POOR QUALITY




	GeneralDisclaimer.pdf
	0001A02.pdf
	0001A03.pdf
	0001A03_.pdf
	0001A04.pdf
	0001A05.pdf
	0001A06.pdf
	0001A07.pdf
	0001A08.pdf
	0001A09.pdf
	0001A10.pdf
	0001A11.pdf
	0001A12.pdf
	0001A13.pdf
	0001A14.pdf
	0001B01.pdf
	0001B02.pdf
	0001B03.pdf
	0001B04.pdf
	0001B05.pdf

