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I. INTRODUCTION

Our work was motivated by an interest in thermionic emitters used in
microwave transmitter tubes (traveling-wave tubes) for space communication.
These emitters are the so-called impregnated cathodes that consist of porous
tungsten structures of about 807 bulk density so that the pores form a
connected network. The pores are impregnated with mixed oxides of barium,
calcium, and aluminum from melt. In operation, the tungsten matrix reacts
with the mixed oxide impregnants to produce a continuous supply of barium to
the emitting surface, ensuring a low work-function surface during the life of
the satellite. The ability to make quantitative analyses of the embedded
oxides or impregnants allows us to examine composition uniformity and identify

the products of chemical reaction which accompany cathode operation.

Energy dispersed x-ray spectrometry (EDXS) is a convenient technique, but
its ability to do quantitative analysis on samples having a complex geometry
such as those containing embedded materials is often questioned. The findings
described below, however, indicate that with pore sizes of the order of a few
micrometers and with suitable sample preparation, it is possible to obtain
good quantitative agreements between EDXS and the standard technique of

wavelength dispersed x-ray spectrometry (WDXS).
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II. EXPERIMENTAL PROCEDURE

Each sample was sectioned so as to expose its interior, and was polished

flat in order to establish a well-defined geometric relationship between the
surface of the specimen and the analyzer system; this is an important

procedure for obtaining quantitative results. The mixed oxide impregnant

material is loosely held in the tungsten matrix, however, and must be rigidly

supported during sectioning and polishing. A technique was developed to

support the oxide material in place by infiltrating the entire structure with

plastic so that the impregnants would not be smeared during polishing. The

details of sample preparation are described elsewhere.1

b £ay aa |

A micrograph of a polished surface is shown in Fig. 1. The light area is

tungsten and the dark regions are pores, which now contain impregnant
materials supported by plastic. The features inside the pores represent
different phases of oxides and will be described below in greater detail.

Beam analysis is made directly on the supported materials, pore by pore. To

avoid interference from the tungsten matrix, the analyzing beams were directed

to the interior of the pores. The experimental conditions are described in

Table 1 for both wavelength and energy dispersed analyses.

In addition to these techniques, it turned out that different oxide
phases could also be distinguished by their grey scale as seen in ordinary

secondary-electron SEM photographs. A “"calibration,” or the actual
identification of regions having a particular grey level with a given oxide
phase, of course, requires actual quantitative analysis by WDXS. 1In Fig. 1

the oxide phases that were so identified are indicated. The grey-scale

delineation was extremely helpful in directing the beam to perform analysis of

the individual phases.
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. Fig. 1. Micrograph of Polished Cross Section of Impregnated
Cathode. Values are Ba0:€a0:Al,0, mole ratios.
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o Table 1. Experimental Conditions for Wavelength

o and Energy Dispersal Analysis

7oy WDXS EDXS
,.A':_',

:.: Instrument Cameca Camebax- Cambridge S 200;
:_\. Micro Tracor Northern 5500
:" Electron energy 15 keV 15 keV

N4

,:f Sample current 9 nA 0.05-0.1 nA
2 L8

’ Take-off angle 40° 35°

_:$~ Counting time 20 s peak,

.'_-'_:: 10 s background 150 s

\« : Analyzed element, line, Ba, L, BaSQ, Ba, L, BaSoO,

j t

G standard Al, K, Al,0, Al, K, Al,0,
",‘ ] ']
2 Ca, K, CaSiO, Ca, K, CaSiOj,
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III. RESULTS

The results of measuring the oxide composition in 30 pores in one sample

are shown Fig. 2 in a phase diagram2

for the system of BaO, Ca0, and Al ,04.
Each point on the phase diagram represents the result obtained on one pore,
and the average values of 30 pores are also indicated. Figure 2 (bottom)
shows the data obtained by EDXS, while Fig. 2 (top) displays the same results
on the same sample in approximately the same region but obtained by electron
microprobe. The scatter in the phase diagram in each case is attributed
mostly to the nonuniformity of the sample itself. The agreement between the

EDXS and the microprobe results is good; the methods agree to about 57%.

After a cathode is operated at elevated temperatures, the reaction of the
oxide impregnants with the tungsten matrix results in the formation of
different oxide phases; the details depend on the operating conditions and on
the positior of the phases in the sample, because there is a continuously
decreasing barium vapor pressure towards the emitting surface. The particular
region in Fig. 1 shows the existence of several phases: dibarium calcium
tungstate near the tungsten wall; calcium oxide (which has separated into
sizable particles); and the remaining barium, calcium, and aluminum mixed
oxides. When the beam was directed to these different regions, the results
shown in Fig. 3 were obtained. The points scattered on the line joining the
end points of barium aluminate and calcium oxide correspond to regions in the
sample which contained a mixture of these two phases. Below that line are
points corresponding to a composition close to that of the starting material
(Fig. 2). The points at the lower portion of the phase diagrams have a ratio
of barium oxide to calcium oxide of 2:1, and in each case a tungsten signal
showing a material composition of dibarium calcium tungstate was observed.

The similarity of the two sets of data shows that the two techniques gave very

comparable results.

T

Gﬂﬁ;ﬁf
AN S

-
by

>

Y

P sl gt
PR
(R N

%%
-5lf &
O

e AR
J




I o T P T Y VW W oW U L v oW LR W LW L L hha ‘20 aN S epth e R SSA AL AL R Ul St d
LA

A

.

T A ML L WY "

BaO:CaO:AI203

Ba0:Ca0:Al;04
0:0:100

0:0:100
MOLE PERCENTS ya
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Fig. 2. Analysis of Unused Cathode
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3. Analysis of Used Cathode
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N IV. CONCLUSION

Dy The technique of EDXS can be used to obtain quantitative analysis results

of oxides in a metal matrix which are in good agreement with results obtained

o . by WDXS. Sample preparation that supports the embedded material and provides
a well-defined geometry in the analysis chamber is essential to obtaining the

- favorable comparison. The analysis volumes were large enough in this case so

as not to give significant signals from the matrix. 1In general the matrix can

still absorb some of the x-rays and so affect the accuracy of the analysis,

) but the extent will depend on analysis geometry. In our case, the two

A techniques employed different take-off angles; the good agreement of the

") results suggests that the matrix absorption effect here is not large.
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LABORATORY OPERATIONS

The Aerospace Corporation functions as an "architect-engineer” for
national security projects, specializing in advanced military space systems.
Providing research support, the corporation's Laboratory Operations conducts
experimental and theoretical investigations that focus on the application of
scientific and technical advances to such systems. Vital to the success of
these investigations is the technical statf's wide-ranging expertise and its
ability to stay current with new developments. This expertise is enhanced by
a research program aimed at dealing with the many problems associated with
rapidly evolving space systems. Contributing their capabilities to the
research effort are these individual laboratories:

Aerophysics Laboratory: Launch vehicle and reentry fluid mechanics, heat
transfer and flight dynamics; chemical and electric propulsion, propellant
chemistry, chemical dynamics, environmental chemistry, trace detection;
spacecraft structural mechanics, contamination, thermal and structural
control; high temperature thermomechanics, gas kinetics and radiation; cw and
pulsed chemical and excimer laser development including chemical kinetics,

spectroscopy, optical resonators, beam control, atmospheric propagation, laser
effects and countermeasures.

Chemistry and Physics Laboratory: Atmospheric chemical reactions,
atmospheric optics, light scattering, state-specific chemical reactions and
radiative signatures of missile plumes, sensor out-of -field-of -view rejection,
applied laser spectroscopy, laser chemistry, laser optoelectronics, solar cell
physics, battery electrochemistry, space vacuum and radiation effects on
materials, lubrication and surface phenomena, thermionic emission, photo-
sensitive materials and detectors, atomic frequency standards, and
environmental chemistry.

Computer Science Laboratory: Program verification, program translation,
performance-sensitive system desiygn, distributed architectures for spaceborne
computers, fault-tolerant computer systems, artificial {intelligence, micro-
electronics applications, communication protocols, and computer security.

Electronics Research Labotatory: Microelectronics, solid-state device
physics, compound semiconductors, radiation hardening; electro-optics, quantum
electronics, solid-state lasers, optical propagation and communications;
microwave semiconductor devices, mnicrowave/millimeter wave measurements,
diagnostics and radiometry, microwave/millimeter wave thermionic devices;
atomic time and frequency standards,; antennas, rf systems, electromagnetic
propagation phenomena, spdace communication systems.

Materials Sciences lLahoratory: Development of new materials: metals,
alloys, ceramics, polymers and their composites, and new torms of carbon; non-
destructive evaluation, component failure analysis and reliability; fracture
mechanics and stress corrosion; analvels and evaluation of materfals at
cryogenic and elevated temperatures as well as in space and enemy-indiced

environments.

Space Sciences Lahoratory: Maunetospherto, auroral and cosmic ray
physics, wave-particle intera-rians, nagnetospheris plasma waves, atmospheriy
dand {onospheric phvsr s, densir, ol s Ean o the apper gtmasphare,
remote sensing using atmospher ) it st phvston s tebrared astrodory,
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