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SUMMARY
POLONIUM ENCAPSULATION STUDIES

Design optimization studies continue, and data indicates that an
increase in microsphere size and polonium centent could be made without
a sacrifice of specific power or mechanical integrity. Experiments were
conducted to investigate the parameters for chemical vapor deposition of
tantalumn and tungsten. Impurities in CVD coatings and incomplete
removal of the fugitive magnesium core are two significant remaining
problems. Rare earth reaction studies have begun with preparation of

1nall quantities of GdTe in a multiple zone vacuum furnace. GdTe, G4,
and Ta have been successfully deposited by vacuum vapor deposition.
Quality control methods are being developed for determining cladding
thickness and fuel content, As vet, no suitable coating material has

been found for protection of the microspheres on an individual particle
basis using the present design criteria,

CURIUM OXIDF, PHASE STUDIES

The thermal stability of curium oxides with respect to decomposi-
tion has been under study. Equilibrium oxygen dissociaticon pressures

have been measured over the temperature and pressure intervals of 300

to 900 °C and 2 to 730 mm 02, respectively. Two intermediate phases
of compositions Cm-O1 79 and CmO1 82 have been o>served in the
system. The results of the decomposition pressure measurements have

been used to construct a phase diagram for the curium-oxygen system.
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HNASA GODDARD MICROTHRUSTER TESTING

The microthruster nozzle partially plugged after being pulsed
34 times during the second test period. Two hour pulses of ammonia
at a flow rate of 1 x 10" ¢ Ib/sec were used. The capsule had been in
the test rig for 53 days under a vacuum environment. The capsule was
removed from the test rig and disassembled in an inert atmosphere.
Hastelloy-X degradation products were removed from the capsule and
the outer gas envelope. The capsule was found to be leak tight and non-
smearable. The microthruster has been reassembled and replaced in
the test rig in a vacuum environment, The exact cause of the Hastelloy-X
degradation is unknown. Further testiing is being held in abeyance
pending agreement on a new lite test plan.
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POLONIUM ENCAPSULATION STUDIES
R. K. Robinson

A process is being developed to encapsulate microgram quantities
210

of Po into hollow, microsphere heat sources. Fach raicrosphere heat

source is to have its own helium gas plenum, 210I-"’o fuel compound, com-

patibility cladding, structural cladding and oxidation resistant coating.

The work described in this report uses tellurium as a stand-in
210

for Po. Polonium fueling experiments should begin during the next
quarter.

MICROENCAPSULATION PRINCIPLES
J. E. Hansen

Parametric Design Criteria

A general design study is being conducted to relate heat source
performance criteria and operating characteristics to the parameters in
Battelle-Northwest's microsphere design concept. Overall development

efforts are based on the design criteria itemized below. These criteria

are directed towards development of a heat source design capability
which will be suitable for SNAP 29 application and/or possible
thermionic applications.

® The as-fabricated microspheres will have a power level of 30 to
40 chm3 of microspheres,

® The heat source fuel will be a rare earth monopolonide possessing
high temperaturc stability,

.

Polonium containment will be insured as required by safety
criteria. This will require a microsphere materials system

which will endure environmental and thermal exposure as follows:

Se— DECLASSIFIED
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For a SNAP 29 Type Mission

a) 135 days at 800 to 1200 °C ia inert gas

b) 1 hr at 1650 “C in an oxidizing and ablative atmosphere
(arbitrarily selected temperature excursion due to mission
abort ur re-entry)

¢) X years at 1330 “C decreasing to ambient teaperature in an
oxidizing atmosphere (soil buria})

For a Thermionic Application
a) X days at 1200 to 1800 “C in inert gas
b) 1 hr at 2000 ¥C in an oxidizing and ablative atmosphere (re-entry)
c} X years at 1500 °C decreasing to ambient temperature in an
oxidizing atmosphere (soil burial)
¢ Individual microspheres will be provided with oxidation protection

S0 as to be capable of surviving re-ent ry with poloniuni containment
to end of life,

Parametric Study Status

Previous design calculations have resulted in a reference design

which is mechanically capable of operating requirements. The reference

design is not in optimum form. The general design study is being per-

formed in general terms to allow for selection of a varietv of microsphere

designs and materials systems as a particular application requires,
are to adapt the design parameters to computer data processing to
facilitate optimization for individual applications.

Plans

Some of the flexibility available to the microsphere concept is
depicted in Figures 1 and 2. Figure 1 illustrates the potential gain in
cladding thickness by increasing the polonium content and diameter of
ecach microsphere. The notation--3x Design, 5x Design, 10x Design--
refers to increasing the polonium by a factor of 3, 5, and 10, respeciively,

per microsphere. Since the reference design contains 2. 7 ug 21oPo, the

ax Design would contain 13,5 ug 210?0. The void volume is then increased

so that the internal pressure and cladding stresses remain the same as in

oy [ECLASSIFIED
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Microsphere Fower Density, W/cm

Shell Thickness, Tantalum Clad (0. 5 mil) Thickness,
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FIGURE 1. Effect of 210

Po Loading on Microsphere Clad
Thickness and Power Density
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FIGURE 2, Effect of Microsphere Packing Density in a Heat
Source Capsule Versus Power Rating
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the reference design. The net effect of increasing the fuel loading per
sphere is that thicker compatibility coatings and/or oxidation coatings
may be employed with no loss in specific power or mechanical integrity.

Figure 2 depicts the power rating of two microsphere designs
versus sphere packing density, The 65 vol% case would be typical of g
capsule containing loose microspheres, i,e., no densification, The

100 vol% case refers to tt = power rating of a single microsphere or a

densified bed of spheres having no voids in the particle-to-particle
interstices. For comparison, power density was plotted as one ordinate

and linear power of a hypothetical 0. §50 in. ID tube was plotted as the
other ordinate,

CHEMICAL VAPOR DEPOSITION {CVD) STUDIES
K. R. Sump

Techniques for fabricating thinwall, hollow microspheres and
claddings of tantalum or tungsten are being developed and refined. The
hollow microe~heres are the basic building biock of the microsphere
heat sources. In fabricating the hollow microspheres, coatings are
deposited on expendable spheres using chemical vapor deposition (CVD),
After the expendable spheres are removed by vacuum vaporization and/or
chemical dissolution, the rare earth element or fuel compound isg
deposited on the exterior of the hollow microsphere.

An alternate approach is to prepare a hollow microsphere with
an internal rare earth metal cladding, This is accomplished by cladding
an expendable core with a rare earth metal followed by deposition of the
refractory metal and subsequent removal of the core.

Coating Parameters

Two CVD coating Systems were used for establishing process

parameters. One system was used for deposition of tungsten from WFG
a fluidized bed of magnesium or copper microspheres. The other

system was used for the establishment of the process parameters for

using

deposition of tantalum from TaCl5 and tungsten from WCIG. Material

S DECLASSIFIED
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balances were made on most of the runs in the chloride sysiem. A balance
was employed to measure the amount of coating material used in a run. A
PH meter was used for monitoring the acid formation in the water scrubber

solution caused by the reduction of the metal chloride by hydrogen during
the run.

Several CVD parameters using the chloride coating material were
investigated. The coating gas temperatures, carrier gas flow rate and
the substrate material were examined with respect to coatings deposited,

the reaction products generated and the reaction efficienc:,

The first nine experimental runs (Table I) were made to establish
a reliable process for coating a substrate with tantalum or tungsten using
TaCl5 or WCIG. The tantalum process appeared reliable but more work
is required with the tungsten process. The scrubber solution was
monitored with the pH meter before and after each run to check nn the
amount of HCI reaction product that had been formed.

Experimental runs C-10 to C-15 were made with the pH meter

directly in the process line providing continuous monitoring of the hydro-

gen ion concentration in the scrubber solution. Each of thege runs was

also evaluated on the basis of the amount of TaCl5 used and the efficiency
of the reduction of the halide by the hydrogen gas, The TaCl container
was weighed before and after each run to obtain the amount of TaCl

used. This information along with the change in hydrogen ion concentra-
tion was used to determine the efficiency of the reduction process.

Coating Analyses

Emphasis was pilaced on analyzing the CVD coatings, The tantalum
samples used for analysis were deposited on copper rods, Speciro-
chemical analysis (Table II} was made to determine metallic impurities

and oxygen, fluorine and chlorine were determined analytically (Table III).

The relatively large aiaounts of iron, chromium and nickel in the
samples were probably caused by the use of a 304 stainless steel reactor
tube. The halide impurities in the tantalum are quite low. However,

s [ECLASSIFIED
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TABLE II. Spectrochemical Analysis of Impurities
in CVD Tantalum and Tungsten

Material Run Q&Q&&MEM&E.&L
Ta C-23 t m m s m m m
Ta C-25 t m m s ¢t m m t
Ta C-26 t s m s t m m t
W C-27 s 8 8 Ss m m s m

TABLE III. Analytical Determinations of Impurities
in CVD Tantalum

Run Fluorine Chlorine Oxyzen
C-23 <5 ppm 33 ppm 1.9 wt%

C-25 <5 ppm <10 ppm 4.5-5.0 wt%
C-206 <5 ppm <10ppm 2.4-2.9 wt%

the oxygen impurity is very high, The validity of the oxygen analysis
and probable causes aie being investigated.

The system for depositing tungsten from WCI6 was modified for
Run C-27 and C-28. Since “he W’Cl6 reacts with brass, an aluminum
preheat cylinder was fabricated. The spectrochemical analysis (Table II)
indicates that the WC1_ reacted with the aluminum as well as the stainless
steel reactor. The tungsten was deposited at temperatures that would
allow a magnesium substrate to be used { ~600 °C). Metellographic
analysis of the material indicates that the tungsten is oxidized. Chemical

analysis is in progress. The oxygen impurity is probably due to oxygen

contamination of the WCIS.

CVD Coating Rare Earth Metals and Compound_s

Several experiments were conducted to determine the effects of
hydrogen and/or coating gases on gadolinium metal and GdTe. Run C-186
was made to determine the feasibility of directly coating gadolinium metal

S [JECLASSIFIED
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by CVD, Ta("l5 coating gas and hydrogen reducing gas were used. The

gadolinium metal was severely affected, but the exact cause of the

reaction is not knownn. The gadohnlum appears to have hydrided with

possible side effects from the vaporized halide compound. GdTe did

not appear to hydride at temperatures to 900 “C in a pure hydrogen
atmosphere.

One experiment {C-24) was made to determine the feasibility of
coating GdTe with tantalum by CVD. A commercially obtained GdTe

rod was used for a substrate. The rod fractured into numerous pieces

when heated and cooled during the coating run.

Metiallographic analysis
revealed that the GdTe was not homogeneous.

The poor quality of the
GdTe prevented a good coating run and subsequent analysis.

Coating Equipment Design

In the earlier runs, the WFS and H2 gases were mixed prior to
entry in the reactor nozzle. The system was then modified to keep the
gases separate until mixing inside tbe nozzle occurred. The results of
this modification were that a smaller amount of WF6 was required for
a specific tungsten coating thickness, the WF& H reaction was more

coinplete and the system stability was improved because tungsten
coating of the nozzle orifice wes greatly decreased.

Evaluatlon of several runs indicat es that a WF 6 flow rate of
20 cm /mm a H2 flow rate of ~3000 cm®/min and a reactor tempera-

ture of 500 “C for 40 min will deposit the desired 7.5 W thick tungsten
coating on -100 +120 mesh magnesium spheres.

Spectrochemical analysis of the tungsten indicates trace
amounts (<0, 01%) of Al, Cr,

and Si and moderate amounts (0. 01 to
1.0%) of Cu, Fe, and Mn,

Analytical determinations were made on the

fluorine and chlorine content of the tr.ugsten. The fluorine impurity

is quite high, ~1200 ppm. The chlorine is generally <25 ppm. Most

of the chlorine impurity may be caused by the ~225 pp n chlorine
impurity in the magnesium substrate material,

o [ECLASSIFIED
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Expendable Core Removal

Studies are underway to develop the best process for removal of
the =xpendable spherical cores, During the previous program the
magnesium cores were removed in the vacuum vaporization system using
resistance heating and a good vacuum, Experiments using induction heating
and flowing argon were performed, However, it appeared that the vacuum
technique was the best, and this ig being fully developed. Complete
removal of zil of the cores was not observed using argon,

It is important
that every particle core is completely remo-ed becanse thi

affects the amount of void volume
the compatibility of the system:.

s direcily
: 0, N reactions, and may also affect

Copper and any other higher melting expeadable cores will proi-

ably be removed by combination process of heating followed by chemical
dissolution. If the gadolinium metal is deposited directly on the expend-
able core followed by a thin cladding of tungsten or tantalum, the core

removal process must be entirely by vaporization since the gadolirium
would be attacked by chemical dissolution,

rial will probably be magnesium,

Therefore, the core mate-

Removal of the expendable magnesium cores from the later

tungsten clad microspheres was done with a high vacuumn pumping system

and an induction heater. The core removal of the first eight batches of
tungsten coated magnesium spheres was limited to a maximum tempera-

ture of ~900 °C, A vacuum in the range of 0. 01 to 0,1y was obtained

during the removal Operation, All of the magnesium was not completely

rermmoved from the tungsten spheres. The remaining magnesium wag

detecied by both spectrochemical and metallographic analysis, The

Spectrochemical analysis indicated >1% magnesium impurity in the

hollow rungsten microspheres.

The induction heating coil and vacuum containment system were
redesigned so that an operating tempevature of 500 °C wac obtainabie.

The vacuum at temperature during core removal was 0, 01 to 0.1,

S— L
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Metallographic examination showed that all magnesium was removed,
However, preliminary chemical analysis indicated a magnesium impurity
level of >1%. Chemical dissolution techniques for removal of the
remaining magnesium are being explored,

TELLURIUM-RARE EARTH REACTION STUDIES
J. E. Hansen, R. M, Fleischman, and W. J. Coleman

Rare earth metal~tellurium/polonium reactions are important to
preparing suitable compound sources for direct fveling of the micro-
- spheres. An alternate approach to direct fueling by vacuum vapor
Jeposition (VVD) is to react polonium or tellurium with microspheres
containing precise amounts of active rare earth metals,

To accomplish either or both of the desired reactions, a muliiple
zone furnace (Figure 3) with independent zone control will be used. The
reaction will take place in a vacuum tight vessel which is sealed for
reaction after the atmosphere is reduced to a rough vacuum. A gamma
scintillation counter (Figure 4) will monitor polonium gamma act1v1ty
in the sphere zone. Reaction completeness should evidence a stabiliza-
tion of gamma activity, Upon conclusion of the reaction, the excess
polonium vapor will be driven to its original zone through use of a
reversed temperature gradient and deposited for further use, Tellurium
has been used as a polonium substrate in the initial reactions.

Reaction facilities for X Po reactions are assembled using a
Lindberg 3-zone Hev1-Duty furnace with chromel=alumel thermocouples
installed ir each of the three zones., The three zones are controlled with
Honeywell Pyr O-vane (0 to 2400 °F) ‘controllers, Over-tempc. oture
safety is conirolied with 2 similar controller and a second thermo-

couple in the center zone. A 5 ofm Welsceh vacuum pump and NRC

vacuum gauge are now available for evacuating the reaction vessel,

Laboratory quantities of GdTc have been prepared to provide

the proper compound for vacaum vapor deposition experiments, Samples
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of other candidate rare earth teliurides--DyTe, ErTe, and LuTe- ‘are

2lso being Prepared. The GdTe Preparations have been completed and
are undergoing verification analyses,

A hydriding facility has been constructed and ig in the final check-
out stage of completion, The facility wii? pe used to activate the rare
earth metals if required prior to solid-vapor reactions of the rare earth
tellurides/polonides. The activation chamber can be €vacuated and back-
filled with up to two inert and/or reactive gases. The processed mate-
rial may be heated to 1000 °C maximum, The Processing operation will
take place completely within an inert gas atmosphere glovebox,

FUELING ST UDIES

Ww. J. Coleman and R. M. Fleischman
Gadolinium Telluride
M

The present » ethod of analyzing for GdTe is 10 1) uctermine the
gadolinium ~to “tellurium ratio by X-ray fluorescence, 2) heat the sample
to 700 to 800 °C ip 4 vacuum to drive off any free tellurium, 3) determuse
the new gadolinium “to-tellurium ration by X-ray fluorescence, 4) heat
remaining sample to 1400 o 1500 °C to drive off an

v free gadolinium and
5) determine the gadolinium -to

“tellurium ratio in the remaining sample,

Due to lack of a standard, the present gadoiinium ~to-tellurium
ratio is only a relative comparison, A standard is presently being pre-
pPared which will help interpret the present data,

GdTe was depqgiﬁed using downward electron-beam eévaporation

method (see Figure 5) ang then analyzed ag described above, The

S {IFCLASSIFIED
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Gadolinium Coatings

Downward evaporation of gadolinium has been achieved, Several
‘samples have been coated using this method. The film adherence is
fair, not quite as good as GdTe, but it appears to be acceptable. The
evaporation rate is excellent with a maximum rate of 700 ﬁlsec and
500 & /sec for normal operative conditions (See Table IV for a rate
comparison of tantalum, gadolinium, and GdTe.)

TABLE IV. Deposition Raies for Electron-Beam
Evaporation Process

Maximuwm Rate, Normal Rate,
Material ___Alsec [sec
Cd 700 500
GdTe 100 75
Ta 30 30

The same E-gun (electron-beam gun), Figure 5, has been used
to do all the downward evaporation, Gadolinium coated samples are
presently being prepared to use in the reaction studies. Efforts are
being made to determine if an active film of gadolinium can be deposited
which would eliminate the hydride process required to activate air
exposed gadolinium. A few runs have been made coating tungsten,
tantalum, copper. and magnesium spheres,

. Tantalum Coating

Downward evaporation of tantalum has been achieved. The film
adherence is good on tungsten, fair on quartz, and poor on tantalum.
The reasons for these differences have not yet been determined. The
evaporation rate is slow with a maximum rate of 30 K/sec. This
appears to be due to the limited power of the E-gun supply (3 kW). The
high melting temperature of tantalum probably results in a large heat
loss leaving only a smzll percent of the original input power to be used
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in evuporating the tantalum. The GdTe coated spheres were coated
with : thin (approximately 0, 154 thick) tantalum film,

Vacuum Vapor Deposgition System

The fueling system ig illustrated in Figure 7. The system can
be broken down into separate units: 1) vacuum system, 2) E-gun,
3) sputtering unit, and 4) particle vibrator,

The vacuum chamber ig designed such that resistance heating,
E-gur heating anq sputtering deposits can be done jointly or separately.,
Initially, the sputtering unit will be installed in a bell jar system for
evaluation and to establigh deposition parameters. The E-gun is
preseatly in operation.

& number of devicesg have been tested for optimum sphere move-
ment :n the VVD coating process. Through process of elimination, low
frequency ultrasonic transducers have been selected as the driving
force. Four transducers are side mounted on an aluminum block. To
elin. rate standing wave problems, a switching mechanism between the

power supply and transducers will be used to switch pPower among the
transducers.

OXIDATION RESISTANT COATINGS
J. E, Hansen

Individual microspheres will POssess an oxidation registant
coatiry to provide assurance of polonium containment in the events of
individual microsphere re-entry or soil burial. The present micro-
sphere design employs tungsten as a strength cladding. Tungsten
incurs catastrophic oxidation at temperatures well below the expected
operating temperatures. The oxidation resistant coating selected must
proteci tungsten from oxidation, and it must be as thin as possible to
avoid unnecessary reduction of microsphere power density.
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A literature survey has revealed that several coating systems are
available which will protect tungsten from oxidation for the required time,
Examples of this information are given in Tables V and VI.

TABLE V. Coatings Which Have Been Reported to Protect
Tungsten in Slow Moving Air

Coating Temperature, °C Hours

Silicides 1650 <10
1300~1400° 10-100
., 1100 >1000

Aluminides 1900 2
Complex Oxide 1850 5
Cermet 1100 >1
Platinum Group 2000 2-5

TABLE VI. Reported Recession Rates for Select Platinum °
Group Metals in Slow Moving Air

Metal 1200 °C 1500 °C 2000 °C
| Recession Rate, mils/hr

Iridium (Ir) 1x10°2 2x10°%  10x10°2

Palladium (Pd) 1 x10°° 2x103  10x103

Platinum (Pt) 1x10%  15x107%

Rhoc'um (Rh) 15x10°°  10x10°3

Selection of an oxidation coating is complicated by compatibility
considerations. At high operating temperatures {(above 1500 °C), nearly
all the tungsten coatings exhibit rapid interdiffusion with the tungsten.
This means that the protective coating completely interdiffuses with the
tungsten to expose a surface which is prone to oxidation,
of interdiffusion is illustrated in Table VII,

The problem
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TABLE VII, Examples of the Problem of Interdiffusion

Coating Temperature, Interdiffusion
Substrate °C Hours Distance, mils
Tr-W 2025 100 2
1000 12
5000 16
1800 3 1
Rh-W 1700 1 2

The problem of interdiffusion also exists at all other materials
interfaces in the microsphere design. Selection of a final oxidation
resigtant coating will be made after compatibility problems throughout
the complete mat :rials system have been considered and the final
strength cladding material is chosen. In the interests of time,
potential oxidation coatings and diffusion barrier gystems will be

screened concurrently with consideration of the basic materials
system,

NONDESTRUCTIVE AND DESTRUCTIVE TESTING AND EVALUATION
e e oy A VS BN TING AND EVALUATION

J. E. Hansen I

Table VIII illustrates the techniques‘_which are being evaluated
for application to the polonium microsphere fabrication mprbcess. The
inherent radiation and contamination problems of handling polonium
limit the utilization of several analytical facilities. However, the
necessary analytical capabilitieg are being established and are expected

to be available as required after polonium arrives on site.

MICROSPHERE QUALITY CONTROL TECHNIQUES
F. V. Richard and D. R. Green

Use of infrared techniques to dete,mine quantity of polonium in
completed microspheres appears plausible, provided previous (infrared
or other) tests have ascertained the uniformity of cladding thicknesses,
A controlled thermal environment is required in order that the emitted
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infrared be an unambiguous function of Quantity of fuel,

Preliminary
ideas include: 1) support of individual sphereg in a thin

tures, 3 a gimilar heat sink with the Mylar replaced by a thin phosphor

accordance with sphere temperature

free falling spheres, Experiments to determine feasibility ang ease of
manipulation of spheres will be necessary,

latter calculations were designed to determine feagibility of using

infrared to check for nonuniform cladding thicknesses, Once a testing

environment is chosen, calculations of surface temperat
of fuel content can be utilized to determin
emission,

ure as a function
e the expected infraregd

Methods for determining cladding thicknesses are still being
investigated, Preliminary results of X~ray microscopy work indicate
ent, the void diameter and total wall
thickness can be observed for a particular plane of observation through
the microsphere, Although difficulty was anticipated in distinguishing
between the various layers, subsequent experimentation with longer
fXposure times and lower tube voltages hag revealed
the wall, possibly the poloniuym layer,
warranted, A pulsed resonant ultrason
cladding thicknesses has been looked in
at present, '

Some structure in
Further Investigation seemsg

ic technique for determining
to but does not appear promising

Further work will probably be concentrated in the areag of
X-ray microscopy, X-ray ﬂuorescence, infrared techniques, and

electromagnetic methods, HEEMSSIHEI]
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CURIUM OXIDE PHASE STUDIES
T. D. Chikalla

The thermal stability of curium oxides with respect to decomposi-
ticn has been under study. Equilibrium oxygen dissociation pressures
have been measured over the temperature and pressure intervals of 300
to 900 °C and 2 to 730 mm O,, respectively. All of the isobaric
temperature-composition plots showed broad hysteresis loops remarkably
similar to those observed in tensimetric studies on the praseodymium -
Oxygen system. The nonstoichiometric compositions encountered in the

p~T interval examined extend over 1,6 < (0/Cm) < 2. Two intermediate

phases have been observed in the system; and, based on the assumption
that curium is completely tetravalent at 300 °C in 1 atm 02, the calculated
compositions of these phases are CmO1 79 and CmO

1.89° These phases
have been designated 1 and §, respectively, while nonstoichiometric phases

occurring near the dioxide and sesquioxide composition have been termed
a and o.

In one series of runs at 159 mm 02, the effects of heating and

cooling rates were studied by traversing the interval 306-900-300 °C in

total times of 24, 72, and 144 hr. The results fromthe 24 and 72 hr runs

are shown in Figure 8. At the slower heating rate, the system breaks
into the (o + 6) region at a lower temperature; and, Aé'xcept for a sharper

6 break, the isobar parallels that obtained over the 24 hr cycle to the

L region where the isobars are coincident. The break out of the 1 phase

occurs at a slightly higher temperature for the lower heating rate, and
in fact, the entire hysteresis loop during both heating and cooling is
shifted toward slightly higher compositional (or temperature) values. On
cooling through 1,

the curves at these two heating rates are again nearly
coincident.

The results from the 144 hr run were complicated by a slight

zero shift in the balance. If the appropriate correction is applied to these

data, the curve during both heatine and cooling nearly coincides with that

obtained during the 72 hr cycle. These results indicate that the hysteresis

m— LSS
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FIGURE 8, The Effect of Heating and Cooling on the
Nonstoichiometry of Curium Oxide, A

72 hr cycle results in a slight closure
of the hysteresis loops.

loop in the (1 + c) region is not significantly altered when the heating and
cooling rates are changed by a factor of six although the (1 + §) loops
are reduced in size. This is similar to the results on the lanthanide

sysiem and no doubt is influenced by the low temperature of the (; 2 §)
reaction,

The resulis of the decomposition pressure measurements have
been used to construct, to a first approximation, a phase diagram for the
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curium-oxygen system, The diagram is shown in Figur~ 9, where the
compositions and temperatures of the various phase transformations have
been taken from the original weight ~temperature versus time records,
All of the dashed lines are highly uncertain and are included simply to
suggest an analogy to the rare earth oxides. The peritectoidal decomposi-
tion temperatures of 1000 "C for : and 500 “C for the & phase are chosen
on the basis of corresponding temperatures in lanthanide oxide systems.
The compositional width of the single phase regions have also been
arbitrarily chosen. The apparently wide t region shown is probably due
to impurities in the sample (principally americium) while the phase
width is due to a2 sluggishness resulting from low temperatures, and both

may be influenced by the structural damage caused by the intense
radioactivity.
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FIGURE 9. Postulated Phase Diagram for the Curium ~Oxygzin System,
Open and closed circles represent transformations observed

on heating and cooling, respectively, Location of dasherd
lines is approximate,
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There is insufficient datg to determine whether oy not the 6 phase
actually decomposes eutectoidally at low temperatures and low pressures
as indicated in the low Pressure runs and as has been suggested in the
Pr-O gystem. Indeed, a plot of l'\"I“t.m:»c_)2 versus T for the various
transformations shows the (a ~ 6) boundary crossing the (6 - ) boundary
at a temperature on ‘he order of 330°C, suggesting a (6 - ; + «a) decom -
position. However, the slope of these plots is extremely susceptible to
errors in pressure, especially at low POy, and great significance ig not °
attached to this fact. Efforts to investigate this occurrence experimentally
were hampered by kinetic effects at the low temperatures involved,

s [JECLASSIFIED
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NASA GODDARD MICROTHRUSTER TESTING

V. L. Hammond and B. .rton

The microthruster was inspected in early August 1967 and installed

in the test rig on August 23, 1967 for the second series of a.mmoma flow
tests., o

The microthruster nozzle partially plugged after being pulsed 34
times during the second test period with 2-hr pulses of ammonia at a flow
rate of 1 x 10 lblsec. The thruster had been in the test rig for 53 days
under a vacuum environment except when being pulsed with ammonia. The
plugging of the nozzle was detected by the rise in the thruster chamber
during the ammonia tests., The chamber pressure at the end of the first
araraonia pulse was 21 psia and, by October 27, 1967, had increased to

4. psia at the end of the 33rd pulse. This increase was continuous to this
rime,

The inlet orifice pressure was 85 psia for all pulses. The next
and last ammonia flow test was made on October 30, 1987; the chamber
pressure at the end of this test was 34 psia. All pressure instrumentation

was calibrated and it was determined that the nozzle had become partially
plugged.

After all concerned pariies were notified and agreement was
reached on the course of action, the thruster was removed from the test
rig on November 3, 1987 and transported to 324 Building in the shipping
cask for disassembly. The disassembly, inspection, and degradation
product removal was started on November 6, 1967 and was continued
through November 8, 1967, NASA Goddard Space Flight Center and

General Electric Company Personnel were on hand to watch the disas-
sembly and inspection.

The assembly was transferred into a welding hood and disassembled
under an argon atmosphere (see Figure 10). The degradation products were
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removed from the capsule and placed in an air-tight container under an

argon atmosphere in the welding hood. The heat shield assembly and
14

Pm capsule were allowed to cool overnight in the welding hood before

they were placed in open air. The degradation products were removed

from the outer gas envelope of the heat shield package in air. The
degradatior products on the capsule varied from a dark gray to a
greenish-gray in color and the surface had a matted appearance. Photo-

graphs were taken of each step in the disassembly to provide complete
documentation,

The following analyses and measurements were made on the
degradation products and microthruster components:

. Analvses and Measurements Results

1. Degradation Products

Emission Spec. Analysis Hastelloy-X Powder
X-ray Difiraction Analysis Fe-Ni Alloy and Crg03
Gas Fusion Analysis (% weight) 1% N2, 20% O9

Carbon Analysis

180 ppm
2. Thruster Components

Capsule Ultrasonic Wall 0.0180 to 0.0216 in, wall
Thickness Measurement thickness

Capsule OD Measurement at 1.1855 to 1.1895 in.
225 °F

Estimated External Wall 0 to 0.0015 in.
Thickness Loss

Estimated Internal Wall 0. 0019 to 0, 0055 in.

Thickness Loss

No leaks could be detected in the heat source by leak checking with

a helium mass spectrometer or by smearing the capsule and checking

for radiation contamination. After the degradation products were removed

from all the thruster components, it was reassembled and returned to
324 Building for insertion into the test rig,

The rear heat shield was removed and repaired during the
inspection. A new thermocouple was fabricated and installed in the core.
The thermocouple seats in the bottom of the thermocouple well and is
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spring loaded. The thermocouple well was cleaned to insure metal to
metal contact. The thruster has been held in a vacuum since the first
of December 1967. The vacuum increased from 5 x 10_5 Torr at the
first of December to 5 x 10-6 Torr by the end of December. The
thermocouple was indicating a capsule skin temperature of 1250 °F the
first of December which is approximately what the original thermo-

couple is estimated to have indicated at that date.

The thruster will be held in the test rig under a vacuum environ-
ment until all concerned parties have reviewed the analyses of the

degradation products and agree on a new life test plan. The exact cause

of the Hastelloy-X degradation has not been established at this time and
may require an extensive compatibility testing program to evaluate and
determine the degradation process that is taking place. No further
ammonia flow iests are planned at this time.
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