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This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
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process, or service by trade name, trademark, manufacturer, or
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SUMMARY

The work accomplished during the third quarter, ending May 31, 1963,
of Contract NAS 3-2532 is summarized below,.

1. LONG-TERM STUDIES (>1000 hr) OF THE VAPORIZATION AND
ELECTRON EMISSION OF UC-ZrC AND W-CLAD UC IN Cs VAPOR

The two long-term test cells have been fabricated and tested. One
has been loaded with a 30 UC—70 ZrC sample and the other with a 90 UC—
10 ZrC sample. The rates of vaporization of these samples in vacuum
have been determined both in the absence and in the presence of a nickel
anode maintained at 983°K with an electrode spacing of 20 mils, in order
to set the baseline values. Measurement of the rates of vaporization of
these samples under these conditions in the presence of cesium vapor at
a pressure of about 1. 8 torr are in preparation and will be continued
for 1000 hr.

Operation of the first test cell, containing the 90 UC—10 ZrC emitter,
was terminated after 510 hr because of leakage through a faulty metal
gasket sealing the electron-gun compartment.

The second test cell, containing a vapor-deposited tungsten-clad UC
emitter, has been assembled and operated for a period of 111 hr. The
test was terminated because a leak developed between the cell compartment
and the electron-gun compartment. A control cell containing a solid tung-
sten emitter is being assembled to check the modifications made in the
design of the electron-gun chamber and the filament in order to overcome
such difficulties. Components for four other test cells have been received.
Fabrication of the emitters for these cells has been partially completed.

2. STUDIES OF THE HIGH-TEMPERATURE PROPERTIES OF UC-ZrC

Measurements have been completed on the vacuum vaporization rates
of two cold-pressed and sintered 30 UC—70 ZrC samples (Bj-9 and B} -9a)
in the temperature range 2073° to 2273°K, and of a cold-pressed and sin-
tered 90 UC—10 ZrC sample (B]-10) in the temperature range 2013° to
2085°K. The vacuum emission of B1-9 in the temperature range 1700° to
2000°K and its open-pore fraction have also been determined. The results
are compared with those obtained on other UC-ZrC samples.

i
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Physical redeposition studies have been made in the following
cases:

UC (2015°-2083°K) with nlckel anode at 558° to 983°K,
90 UC—10 ZrC (2027 to 2038 K) with nickel anode at 983°K,
30 UC—70 ZrC (2082° to 2123°K) with nickel anode at 983°K.

The activation, poisoning, and regeneration of the vacuum emission
of a hyperstoichiometric uranium carbide sample have been studied in the
temperature range 1670° to 2000°K.

The high-temperature furnace, with the sample loading and testing
fixtures in position, has been tested at 2073°K. Minor mechanical diffi-
culties encountered have been corrected. The bearing guiding the loading
rod has been shifted to a cooler region of the furnace to avoid freezing of
the rod by the bearing when the furnace is at a high temperature.

3. IRRADIATION STUDIES

The unclad-carbide capsule has been successfully irradiated in the
General Electric Test Reactor (GETR) for two cycles; all of the high-
temperature W-W26Re thermocouples have been functioning satisfactorily.
The irradiated capsule has been returned to the General Atomic Hot Cell
Facility for postirradiation examinations.

The clad capsule has been assembled and shipped to the GETR for
irradiation beginning the second week of June, 1963.

4. STUDIES OF NEW CATHODE MATERIALS

The vacuum emission of the stoichiometric UMOCZ sample (Dl -2)
has been measured in the temperature range 1750° to 2000°K. The rate
of vacuum vaporization of a cold-pressed and sintered 30 UC—~70 NbC
sample (D]-3) has been determined in the temperature range 2050° to
2198°K.

The compatibility between 98 wt-% W—2 wt-% Mo alloy and UC-ZrC
(90 UC—10 ZrC and 30 UC—70 ZrC) has been studied at 2073°K for a period
of 24 hr (Run D2-4). The diffusion samples after Runs D2-1 (Ir, Re, and
W -26Re versus UC), D2-2 (85 wt-% W—15 wt-% Mo versus UC), and D -3
(98 wt-% W—2 wt-% Mo versus UC) have been examined by electron-
microprobe techniques.

Electron-microprobe studies have been made on the vapor-deposited
tungsten-clad hyperstoichiometric UC (5.02 wt-% C, sample D3-1) after it
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was subjected to diffusion-emission studies at 2073°K for a period of
838 hr., Two carbide samples, one hypostoichiometric UC (4. 70 wt-% C,
sample D3-2) andthe other 30 UC—70 ZrC (sample D3-3) have been clad
with vapor-deposited tungsten and will be subjected to similar studies,

5. FABRICATION DEVELOPMENT

The main effort during this quarter has been in the fabrication of the
samples for the clad irradiation capsule.
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INTRODUCTION

This report covers the work accomplished during the third quarter
of Contract NAS 3-2532Z, which is a continuation of the work under
Contracts NAS 5-1253(1) and NAS 3-2310, (2) to investigate thermionic
cathode materials for the direct conversion of fission heat to electrical
energy for space applications. Measurements of the vaporization, electron
emission, and diffusion properties of various candidate materials under
Contract NAS 5-1253 showed that both UC-ZrC and W -clad UC (or UC-ZrC)
were promising thermionic cathode materials which may provide useful
life (e. g., one year or longer) and performance (e.g., several w/cmz)o
The purpose of the present contract is to make further studies of these
materials in order to establish their feasibility for long-term thermionic
applications in a reactor environment and to develop new cathode materials.
The investigation is divided into five major areas:

1. Long-term (>1000 hr) studies of the vaporization and electron
emission of UC-ZrC and W -clad UC (or UC-ZrC) in Cs vapor.

2. Further investigation of the high-temperature properties of
UC-ZrC, including the effect of sample density and pore struc-
ture on the vaporization and electron-emission characteristics
in vacuum, the effect of anode temperatures and chemical
additives on the vaporization characteristics, the controlling
factors of the electron-emission properties, and the high-
temperature mechanical properties.

3. Studies of the dimensional stability and fission-gas release
properties of UC-ZrC and W - and W -Mo -alloy-clad UC,
UC-ZrC, W-UC cermet, and W-UO) cermet fuels after irradi-
ation at high temperatures,

4. Studies of the vaporization, electron emission, and compatibility
characteristics of new cathode materials.

5. Fabrication development in the preparation of UC-ZrC and W -
and W -alloy-clad uranium -containing refractory nuclear fuels
with controlled structures and compositions.

The cells used in these studies and the sample coding system were
described in Table 1 of GA-3866. (3)



EXPERIMENTAL PROGRAM

1. LONG-TERM STUDIES ON THE VAPORIZATION AND ELECTRON
EMISSION OF UC-ZrC AND W-CLAD UC (OR UC-ZrC) IN Cs VAPOR

1. 1. Rate of Vaporization of UC-ZrC in Cs Vapor

During the second quarter of this contract, it was shown that the
presence of cesium vapor at a pressure of 1. 8 torr reduced the rate of
vaporlzatlon of a cast 90 UC~10 ZrC sample (A;-1a, density 93. 4%) at
2093°K by a factor of six during a 100-hr run, To check the accuracy of
this figure, another 100- hr run was made during the present quarter under
similar conditions at 2083°K with another cast 90 UC—10 ZrC sample
(By-3, density 95.5%). The vacuum vaporization characteristic of this
sample was studied during the first quarter of this contract. Prior to the
cesium JFun, the rate of vaporization of By-3 in vacuum was remeasured
at 2083°K and found to agree with the first quarter result. The data obtained
in the presence of cesium, however, indicated that the vaporization loss
was reduced by a factor of only 1.4, One possible explanation for such a
discrepancy could be the difference in the convection conditions in the cesium
vapor adjacent to the carbide surface during these two runs and the dependence
of the vaporization loss on such convection conditions, The cell used in these
tests has no anode (as shown in GA-4173, Fig, 1). In a cesium cell, with
the carbide cathode situated in the vicinity of an anode surface, the con-
vection condition would certainly be different from that in the absence of the
anode. More meaningful results can be obtained only if an anode at an
interelectrode spacing comparable to that in a cesium cell is incorporated
in the test cell.

Two cells were therefore built for this purpose. They are similar to
the redeposition cell shown in Figs. 13 and 14 of GA-4173. (4) The anode,
however, is cooled by water, through a metal thermal barrier, instead of
by compressed air. By varying the thermal conductance of the barrier,
the anode temperature can be adjusted from 553° to 1123°K., (Figure 1 is a
schematic drawing of this cell. ) One of the cells has been loaded with a
cold-pressed and sintered 30 UC-70 ZrC sample (B;~9a) and the other with
a cold-pressed and sintered 90 UC~10 ZrC sample (B;-10). To set the
baseline values, the vacuum vaporization rates have been determined in the
Langmuir vaporization apparatus and the anode effect on the vacuum vapor-
ization rates has been determined in the test cells in the presence of a nickel
anode at 983°K and with an interelectrode spacing of 20 mils, The vacuum-
vaporizationresults are describedin Section2.1.1, and the anode effect on the

2
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rates of vaporization is presented in Section 2. 2. Preparation is under
way for the initiation of the cesium runs.

1.2, Emission Stability of UC-ZrC and W- clad UC (or UC-ZrC) in Cs
Vapor

The first test cell containing a 90 UC~10 ZrC emitter had been in
operation for about 300 hr by the end of February,1963. The decrease in
cell output indicated that the emitter was poisoned. At the beginning of
this quarter, the emitter was thermally treated to regenerate its emission,
but the test had to be terminated after a total operating time of 510 hr
because leaks developed in the cell components, Postoperational examination
indicated that a metal gasket used to seal the electron-gun compartment
had sprung a leak whenthe tantalum tube separating the electron-gun com-
partment and the cell was hot. This resulted in the embrittlement of the
tantalum holding the tungsten cup and emitter and the tantalum sheath of
the thermocouple, which caused leaking.

The operation of the second test cell commenced during the latter
part of April, 1963. This cell contained a vapor-deposited tungsten-clad
uranium carbide emitter with the configuration shown in Fig. 2. Prior
to the sealing of the cell, the vacuum saturation emission of the emitter
was measured and was found to agree with previously published data(5)
4.0 ma/cm? at 2073°K.

The cell operated for approximately five days for a total of 111 hr,
For 60 hr of the last 70 hr of operation, the cell produced a maximum
power output of about 2 w/cm? at an emitter temperature of about 2073°K.
Figure 3 presents the performance data for several operating conditions.
Figure 4 is a profile of the power density for the period during which the
cell was operating.

Before the operating conditions of the cell could be optimized, the
test was terminated because the pressure in the electron-gun compartment
had exceeded 1 X 10'(5 torr, which tripped the ion-gauge relay and thus cut
off the cell., Postoperational examinations revealed that although the unit
was leak-tight to the ambient atmosphere, a large leak developed internally
between the emitter compartment and the electron-gun compartment.

It appears that there may be a definite problem in the filament design
of the electron-gun system. The flat pancake filament introduces con-
siderable thermal stress on the base of the tantalum emitter holder by
concentrating most of the bombardment current in the center of the filament,
Thermal etching and grain growth in this central portion are quite evident
from visual examination of the tantalum holder. Corrective measures
are being taken. First, the filament will be made slightly conical, so that
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its central portion will be farther from the tantalum surface than its cir-
cumference. This will allow the bombardment power to be more uniformly
distributed over a large surface area. Second, the power input for main-
taining the emitter at a given temperature can be reduced by diffusion
bonding the tungsten cup to the tantalum holder to provide a better heat
conduction path. Third, during this diffusion bonding, a thin disk of tungsten
can also be bonded to the surface of the tantalum holder facing the electron
gun, for thermal protection., In addition, the possibility of providing a
complete tungsten holder for the emitter will not be overlooked.

Several other observations were made during the assembly and
operation of this second cell which may help to improve the cleanliness
and performance of future cells, During the assembly of the cell, the
emitter assembly must be heated to operating conditions without the collector
and guard-ring assembly in'the system. This will eliminate the deposition
of impurities from the tantalum holders, the tantalum radiation shields,
and the titanium getter on the collector surface. If any of these impurities
were to form an oxide coating on the collector surface, an electrical
resistance could be introduced in the cell circuit. Another area where a
small electrical resistance could exist, which might affect the cell output,
is inthe contacts between the emitter andthe emitter holders. These problem
areas canbe checked and the problems resolved by studying the output of a control
cell that contains a solid cast-tungsten emitter diffusion-bonded to the
tantalum support tube. The emitter assembly and the collector-guard-ring
assembly would be outgassed separately and the diffusion bonding should
help to eliminate any internal electrical resistance. Such a cell is being
assembled., Components for the other four emission life-test cells have
been received. Two vapor-deposited tungsten-clad 30 UC~70 ZrC emitters
have been prepared, and one vapor-deposited tungsten-clad uranium
carbide emitter is being fabricated. Two 90 UC~10 ZrC unclad carbide
emitters are waiting for final outgassing, and two 30 UC~70 ZrC unclad
carbide emitters are being prepared.

2. STUDIES OF HIGH-TEMPERATURE PROPERTIES OF UC-ZrC

2.1, Effect of Porosity on the Vacuum Vaporization and Emission of
UC-ZrC

To facilitate fission-gas release and to prevent fuel swelling,
UC-ZrC containing a large number of open pores may have to be used,
either as unclad emitters or as fuel for the clad emitters. It is therefore
necessary to know how pore structures affect the vacuum emission and
vaporization characteristics of these materials.

Previously, a new sample was first studied for its vacuum emission
properties before measurement of its vacuum vaporization characteristics.
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However, it was soon learned that new samples prepared by the cold-
pressing and sintering technique were always metal-rich and that the excess
metal content was removed by the thermal treatments in the vaporization
runs, mostly during the outgassing period. The emission results obtained
before the vaporization runs therefore represent the metal-rich
"transient'' state and have no significance in thermionic applications. For
this reason the vacuum emissions of these samples had to be remeasured
after the vaporization runs,

During this quarter, a new procedure was adopted in which the samples
were studied for their vacuum vaporization rates before measurement of
their vacuum emissions, Since the change in the composition and density
of the samples occurred primarily during the outgassing period prior to
the vaporization runs, both the vaporization and the emission results
obtained with this procedure can be considered as accurate for samples of
essentially constant composition and density.

2.1.1, Vacuum Vaporization

During this quarter, measurements were completed on two cold-
pressed and sintered 30 UC—70 ZrC samples (B;-9 and B{-9%a) which were
cut from the same carbide piece, and on a cold-pressed and sintered
90 UC—10 Z2rC sample (B, -10), The results are shown in Tables 1, 2, and
3 and are plotted as a function of temperature in Fig, 5. Also included in
this figure are the vaporization results for the cold-pressed and sintered
88 UC—12 ZrC sample (B1~2), determined during the first quarter, (3) 1t
is apparent that good agreement exists between the results for B,-9 and
B.-9a and between the results for B, -10 and BI—Z° B;-9 has a density of
861. 7% based on the theoretical density of its final composition, 28. 3
UC—71.7 ZrC, and 89% of its void consists of open pores, Sample B,-2
has a density of 88. 5% based on the theoretical density of its final composition,
88 UC—12 ZrC, and also 89% of its void consists of open pores, Both
B;-9a and B, -10 are being used to study the effect of cesium vapor on the
rate of vaporization of UC-ZrC. Their exact compositions, densities, and
pore structures will be determined after the cesium runs.

The results in Fig. 5, when compared with those for the less porous
UC-ZrC samples of similar compositions,again illustrate the enhancement

of vacuum-vaporization loss from more porous samples,

2.1.2. Vacuum Emission

The vacuum emission of sample B;-9 was measured after the comx
pletion of the vaporization studies. The results are shown in Fig. 6, .
together with those for the hot-pressed sample B;-7. It can be seen that
in spite of the presence of a much higher open-pore fraction of the void in



Table 1

VAPOR-LOSS INVESTIGATION OF 30 UC-70 ZrC SAMPLE B1—9'a'
(Cold-pressed and sintered)

UC Surface
Rate of . Concentration
. Counting Rate
Exposure Weight Loss (alpha counts/min/cm?) Based on
Teomp. Time [{mg/ cm?é/ sec) P Counting Rate | Density
Run No. | (°K) | (sec x 107) x 10-5] Side 1 Side 2 (mol-%) (g/cm3)
Original | ---- - --—- 964 973 15.5 7.56
Degas 2193 9. 54 9.99 536 544 8.5 7. 69
1 2273 2.52 6. 45 493 508 8.0 7.71
2 2163 4. 38 2.55 446 466 7.5 7.71
3 2245 2. 88 4, 43 454 464 7.5 7.73
4 2128 2. 88 1.85 450 467 7.5 7.72
5 2073 3. 42 1. 34 453 447 7.0 7.71

2x- ray diffraction analysis performed prior to vapor-loss determinations indicated a com-
position of about 30 UC-70 ZrC, single phase. Original composition, Uy 151Zrg 347 Cp. 4g2; final
composition, 28.3 UC-71.7 ZrC. Sample had a density of 86. 7% based on the final composition
following the vaporization runs.

01



Table 2

VAPOR-LOSS INVESTIGATION OF 30 UC~70 ZrC SAMPLE B1-9a'a'
(Cold-pressed and sintered)

UC Surface
Rate of . Concentration
. Counting Rate
Exposure Weight Loss (alpha counts/min/cm?2) Based on
T%mp. Time [(mg/cm®/sec) P Counting Rate| Density
Run No. | (°K) |(sec x 10%)]  x 107°] Side 1 Side 2 (mol-%) | (g/cm?3)
Original | ---- | === - 1017 1009 16 7.67
Degas 2236 16.2 8,71 506 521 8 7.89
1 2230 6. 48 4,01 370 512 8 7.91
2 2093 5, 40 1.83 464 511 8 7.92
3 2138 3.96 2.13 439 473 7.5 7.92

é-X—ra'y diffraction analysis performed prior to vapor-loss determinations indicated a

composition of approximately 30 UC-70 ZrC, single phase.
Based on 30 UC~70 ZrC, the specimen had a density of 87. 5% after
Final composition will be determined after life-test in a cesium

Uo. 151270, 367C0. 482"
vapor-loss investigations.

environment.

Original composition,

It



Table 3

VAPOR-LOSS INVESTIGATION OF 90 UC~10 ZxC SAMPLE BI-IO'a‘
{(Cold-pressed and sintered)

Rate of
Weight Loss
Temp. | Exposure Time [:(mg/cmz/sec) Density
Run No. | (CK) (sec x 104) x 10-2] (g/cm3)
Original e e 11. 42
Degas 2085 12. 06 14, 8 11.35
1 2085 4.68 8.73 11.32
2 2013 5.94 3.94 i1.29

a . . .
—~No counting rate was taken owing to the 3% enriched UC

Original composition, Ug 463479, 058C0. 479-
Based on 90 UC—10 ZrC, the specimen had a density of 86. 9%

in sample.

after vapor-loss investigations,
determined after life-test in a cesium environment,

Final composition will be

rA



LOG RATE OF WEIGHT LOSS (MG/CMZ/SEC)

TEMPERATURE (°C)
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Fig. 5--Vacuum rate of vaporization for 90 UC—~10 ZrC and 30 UC-70 ZrC samples,
cold-pressed and sintered
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B1—9 than in Bl-7 (89% versus 33.5%), the emission data for these two
samples show good agreement,

The open-pore fraction in By-9 was determined by the mercury
porosimeter technique after the vacuum emission measurements. The
results shown in Fig. 7 indicate that about 89% of its void consists of
open pores.

2. 2. Redeposition Studies

To test the redeposition cell (see GA-4173,Figs. 13 and 14), a
phys(ljcal redeposition run was made with a uranium carbide cathode at
2003°K and a nickel anode at 1053° K, with an interelectrode spacing of
20 mils., The anode, which was cooled with a stream of compressed air,
after 72 hr developed a leak at the point where the nickel-sheathed
Chromel-Alumel thermocouple was welded to it and where the compressed
air impinged on it. The arrangement was therefore modified to allow the
anode to be cooled with water flowing through a metal thermal barrier.
The anode temperature was varied by changing the nature of the material
and the thermal conductance of the barrier. The cell with the modified
anode-cooling arrangement is shown in Fig. 1. The exposed cathode
surface is 1/2 in. in diameter and the nickel anode is 5/8 in. in diameter.

The effect of the anode surface on vaporization loss was studied for
the following cases:

1. UC (sample B,-1) with nickel anode at 558°, 683° and 983°K.
2. 30 UC~70 ZrC (sample B{-9a) with nickel anode at 983 K
3. 90 UC~10 ZrC (sample B —10) with nickel anode at 983 °k.

The results are shown in Table 4. The vacuum rates of vaporization
of B -9a and B,-10 were reported in Section 2. 1. 1. The vacuum rates
of vaporlzatlon of Bz—l (cold-pressed and sintered, initial composition
UCI., 05), measured in the redeposition cell, are included in Table 4 and
plotted in Fig., 8.

The results given in Table 4 indicate that (1) for UC and 90 UC-10
ZrC, the vaporization loss of the cathode was reduced by the presence of
a high-temperature anode, (2) for UC, the vaporization loss decreased
with the increase of the anode temperature, and (3) for 30 UC~70 ZrC, the
vaporlzatlon loss was not affected by the presence of a high-temperature
anode at 983 K. The reduction in vaporization loss is presumably due to
the back-scattering of the vaporized atoms by the anode surface., The
vapor species from UC and 90 UC—10 ZrC consists mostly of uranium and
carbon atoms{!N6) whereas that from 30 UC=70 ZrC should include a
considerable amount of zirconium., The difference between the results for
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Table 4

ANODE EFFECT ON VAPORIZATION LOSS OF UC AND UC-ZrC

Rate of Rate in
Temp, Temp. Exposure Weight Loss | Absence of Anodel
Sample Run | of Sample | of Collector Time [(mg/cmz/sec) Rate in
No.2 No. (OK) (OK) (sec x 105) x 1075 Presence of Anode
Bz-l 1 2013 558 3. 852 8.16 ~1
(UC) 2 2083 983 3,636 16.3 2.0
3 1983 No anode 2. 106 6.56 --
4 1963 No anode 3. 060 4. 01 .-
5 1948 683 3. 060 1.93 1.5
6 2008 983 3.102 3.77
7 2010 Ne¢ anode 1. 296 7. 45
8 2063 No anode 0. 936 24. 40 --
Bl—9a 4 2123 983 3,384 2. 38 ~1
{30 UC~70 ZrC) 5 2082 983 3. 456 1. 66 ~1
Bl—IO 3 2038 983 3,564 2.10 2.2
{90 UC~10 ZrC) 4 2027 983 3. 456 1. 69 2.3

4A11 of these samples were prepared by cold-pressing and sintering.

The initial com-

position of B,-1 was UC; g5 with a density of about 86% based on the theoretical density of UC.

Details on B1-9a and B;-10 are given in Fig. 5.

BThe data for B,-1 were obtained from Fig. 8; the data for B}-%9a and B;-10 were obtained

from Fig. 5.

LI
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UC and 90 UC-10 ZrC and that for 30 UC~70 ZrC could be due to the
difference in the condensation and back-scattering behavior of uranium
and zirconium from the nickel anode surface. Since zirconium has a much
lower vapor pressure than uranium, it would be expected that zirconium
will condense much more easily on the anode surface than uranium. The
presence of zirconium condensate on the anode surface may help to increase
the anode capture of carbon and uranium by alloying and by chemical com-
bination. The back-scattering of the vaporized atoms thus may become
negligible and the anode effect on the vaporization loss of the carbide may
be considerably reduced or even nullified, The nature and amount of con-
densate on the anode surface are being analyzed for the samples listed

in Table 4, The results should help to determine whether the above
explanation is plausible.

2.3. Thermionic Emission Microscopy

During this quarter, the activation, poisoning, and regeneration of
the emission from a uranium carbide surface were studied with the
thermionic-emission microscope. The sample was made by casting and
was hyperstoichiometric (exact carbon content to be determined), X- ray o
examinations of the sample after outgassing in vacuum (10'6 torr) at 1700°C
for a period of 8 hr indicated that the sample consisted of a mixture of
UC and U_C The sample was then polished with fine emery paper and
placed in the sample holder of the mlcroscope Emlssmn patterns were
taken of the polished surface at 1670°K and then at 1670° and 1770°K after
various thermal treatments in a vacuum of 107° to 3 x 107 " torr. The
results, as shown in Fig. 9, indicate that increasing amounts of the surface
became activated as the temperature of the thermal treatment was increased.
However, the emlss1on pattern still appeared patchy even after thermal
treatment at 2000°K. The pattern observed at 2000°K (not shown in Fig. 9)
had essentially the same features as shown at the lower right in Fig. 9,
although the intensity was much higher. Inside the poorly emitting region,
there seemed to be a second phase of much better emission. The correlation
between the emission pattern and the structural features is now being studied.

In the course of studying the activation of the emission by thermal
treatment, it was observed that each time the sample was cooled down
from a higher temperature, Tl’ to a lower temperature, T,, dark patches
appeared on the emission pattern but when aged at T2 the pattern will
gradually revert to the features characteristic of the sample at temperature
T, (see Fig. 10). The degradation of the emission is interpreted as being
caused by the depletion of uranium on the surface by heating at a high
temperature and by the adsorption of gases on the surface at certain sites
when cooled. When the sample was aged at T,, the uranium concentration
on the surface was replenished by diffusion, the adsorbed gas atoms were
removed by pumping, and the emission at the surface became regenerated.
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Initial polished surface Partial activatio% after
at 1670°K 18 hr at 1670 K

Further actixgation after More a(g:tivation after 3 hr
12 hr at 1900 K, pattern at 2000 'K, pati(:)ern taken at
taken at 1770°K 1770 K

Fig. 9--Electron emission patterns from a uranium carbide surface
showing the successive activation of the emission from a polished sur-
face after thermal treatment at various temperatures (NOTE: bright
regions are better emitting areas. The pattern for the initial polished
surface was taken at twice the exposure times of the other patterns)



a. Imitial emission pattern after activation,

b. Sample heated 1 hr at 2000°K 1n vacuum, then cooled to 1770°K. Surface
partially poisoned by losing adsorbed uranium by evaporation at 2000°K
and by absorbing gaseous impurities upon cooling. Pattern taken 5 min
after cooling.

o .
c-h. Patterns taken at 1770 K at successive 5 min intervals, showing gradual
recovery of emission by replemishing surface uranium concentration by
diffusion, and by removing adsorbed gaseous impurities by pumping,

1. Fully recovered emaitting surface.

Fig. 10--Electron emission patterns from a uranium carbide surface showing the poisoning
and regeneration of the emaitting surface

12
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The poisoning of the emission of this sample in a poor vacuum has
also been studied. When the activated sample was exposed at room tem-
perature to a vacuum of 102 to 10-3 torr for a period of 12 hr, or to the
atmosphere for a period of a few hours, poisoning of the surface occurred,
as indicated by the appearance of large dark patches in the emission
patterns. When the sample was brought to a higher temperature (e. g.,
1670° to 1770°K), the emission recovered in all cases within 8 hr at 1670°K
and within 1 hr at 1770°K in a vacuum of 10~ torr.

Other uranium carbide samples and 90 UC—10 ZrC samples are being
prepared to continue these studies, An effort will be made to correlate
the emission patterns with the microstructures and a study will be made
of the activation, poisoning, and regeneration of UC-ZrC with various
amounts of uranium carbide,

2.4, High-temperature Mechanical Properties

The purpose of the mechanical-properties evaluation is to determine
what effect the U/Zr ratio of UC-ZrC has on strength and to obtain data
with which to predict the swelling behavior during irradiation,

The sample—gesting fixtures have been incorporated into the furnace
and heated to 1800 C for ''shake-down'' evaluation of the equipment. Minor
mechanical difficulties were observed, such as loosening of the bottom
testing fixture and swelling of the sample-loading tube in its guide. In
addition, the bottom of the furnace was found to be uneven so that the
stability of the alignment of the whole furnace was affected., Necessary
corrections and refittings were made to overcome these difficulties.

During a subsequent heating operation, it was noted that the sample-
loading push rod expanded thermally and froze against the water-cooled
guide bushing. This guide bushing was to provide for the alignment of the
push rod in contacting the specimen. Thus it became apparent that a much
better system was needed to provide for push-rod alignment. A decision
was made to enlarge the water-cooled guide sleeve so that it acted only as
a thermal shield. In addition, an alignment bearing integral with the push
rod was added to the top plate of the furnace (see Fig. 11). The features
of the alignment bearing are described as follows:

1. The center of the bearing was aligned with the centerlines of the
push rod and the furnace top plate.

2. The top portion of the bearing was threaded internally to fit the
Instron Universal Tester load cell to assure alignment of the load
cell with the push rod.

3. A water-cooled heat barrier was placed between the push-rod
connection and the alignment bearing to keep the bearing surfaces
cool.
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Fig. 11--Top of furnace for measuring mechanical properties,showing
push rod for loading sample and guiding-alignment bearing. Note water-
cooling arrangement for interface
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Testing of machined, outgassed 10 UC—90 ZrC bars will be initiated
shortly., The composition and number of bars to be used in the test program
are as follows:

No. of Test
Specimens
Composition Planned
ZrC o v e e e e e e e e e e e e 12
10 UC90 ZxrC ... . .o o v 7
30 UC~70 ZrC . v v v o v 0 v o0 s 12
50UC-50ZxrC. ... ..o .. 12
80 UC-202Z2xC ... .« oo v v 20
L 12

Techniques for electrical-discharge machining flats on the 1/4-in. -
diameter and 1-1/4-in. -long test bars have been developed. Six bars can
be machined concurrently to an end-to-end and side-to-side tolerance of
0. 0002 in,

3. IRRADIATION STUDIES

3. 1. Unclad-carbide Capsule

The unclad-carbide capsule has been irradiated in the General
Electric Test Reactor (GETR) for two cycles. All the thermocouples have
been functioning well, The readings for the four high-temperature thermo-
couples during the two irradiation cycles are shown in Fig. 12. The cap-
sule is now back at the General Atomic hot cell. Post-irradiation exami-
nation of the contents of the capsule should be started early in the next
quarter,

3.2. Clad Capsule

The clad capsule has been assembled and shipped to the GETR. A
description of this capsule is given in the following sections.

3.2.1, Nature of Samples in Capsule

Because of compatibility limitations, samples consisting of UC and
90 UC~10 ZrC clad with a 98 wt-% W—2 wt-% Mo alloy were eliminated
from the list shown in Table 10 of GA-4173. (4} The nature of the fuel
samples included in the clad capsule is summarized in Table 5.
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Table 5
FUEL SAMPLES INCLUDED IN THE CLAD CAPSULE
a Number of

Cladding Fuel Fuel Density Samples
W (vapor-deposited) ucC High 2
Low 2
90 UC~10 zrC High 2
Low 2
30 UC-70 ZrC High 2
Low 2
W-UO, cermet|~60 vol-% fuel 2
W-UCcermet |~60 vol-% fuel 2
98 wt-% W—2 wt-% Mo 30 UC-T70 ZzxC High 2
alloy (cast, hot-swaged, Low 2
and machined) W-UO, cermet|~60 vol-% fuel 2
W-UC cermet |~60 vol-% fuel 2

‘a‘LHigh density,>90% theoretical value; low density, 85% to
90% theoretical value,

In addition to the 24 fuel specimens, the capsule also contained 9
vapor-deposited tungsten-clad, enriched 90 UC~10 ZrC samples as
thermal shields for temperature-gradient control and 2 vapor-deposited
tungsten-clad, depleted 90 UC~10 ZrC as control samples. The capsule
contained a total of 35 samples.

3.2.2. Sample Configurations

The configurations of the finished vapor-deposited tungsten-clad
samples and the 98 W—2 Mo-clad samples are shown in Figs. 13a and 13b,
respectively. The void was included inside the cladding to collect the
fission gases released from the fuel; it has a volume approximately equal
to that of the fuel. The axial hole was for the insertion of the tungsten-
thermocouple well, All samples have nominal dimensions of 3/8 in, OD,
1/8 in. ID, and 5/16 in. high. The nominal cladding thickness around the
fuel is 20 mils,

3.2.3. Sample Fabrication

3.2.3, 1. Fuel Fabrication

Carbide Fuels, The UC and the 90 UC~10 ZrC carbide fuel samples
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Fig. 13--Configurations of finished irradiation samples to be included
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were fabricated by cold-pressing and sintering, according to the procedures
described in GA-4173. (4? The 30 UC~70 ZrC fuel samples were prepared

by vacuum hot-pressing under conditions similar to those for fabricating

the 20 UC—80 ZrC fuel samples for the unclad-carbide capsule. (4) The
outgassing, machining, and characterization (structures, dimensions,
densities, and compositions) of these fuel samples were carried out according
to procedures similar to those used for the carbide samples in the unclad
capsule. (4) The finished samples were sealed in glass ampoules before the
cladding operation, The enrichment of these samples was adjusted so that
the U235 density was approximately 29. 4 x 1029 atoms/cm3 of the fuel.
Metallographic and X-ray examinations of duplicates of these samples

showed that all were single-phase materials containing no UC,, or free

metal. The compositions of the samples are shown in Table g

Table 6

COMPOSITION OF CARBIDE FUEL SAMPLES
FOR CLAD CAPSULE

Final Composition after Outgassing
(mol-%)
Nominal Composition C U ' Zr
90 UC—10 ZrC (depleted) 48, 8 45, 8 5.7
90 UC~10 ZrC (enriched) 48. 7 45.9 5.3
UC (enriched) 50. 0 50. 0 -
30 UC-70 ZrC (enriched) 49. 0 15. 7 35. 4

Cermet Fuels, The W—60 vol-% UC cermet samples were prepared
in the following manner. Uranium carbide powder (-325 mesh), obtained
by grinding arc-melted uranium carbldg buttons, was cold-pressed at
90, 000 psi, sintered in vacuum at 1600 C, and annealed in vacuum at 1800°C
for 20 hr to homogenize the alloy., Chemical analysis indicated that the
material was homogenized after this treatment and had a carbon content
of 4, 70 wt-%. The compact was then crushed and the -100/+200 mesh
fraction was mixed with the required amount of -325 mesh tungsten powder
and 0. 03 wt-% of -325 mesh nickel powder as a sintering aid. The mixture
was blended by hand tumbling in a glass vial for about 1/2 hr and then was
vacuum hot-pressed in a graphite die at 1800°C and 8000 psi to produce
cylinders 0. 4 in, in diameter and 5/16 in, in height. The product had a
density of 96% to 98% of the theoretical value, Metallographic examination
revealed that the dispersion was uniform and single-phase (see Fig. 14).

The W—60 vol-% UO, cermet samples were prepared according to
the following procedures. Spherical UO2 particles about 100y in diameter,
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both depleted and fully enriched (obtained from United Nuclear Corporation),
were blended to the degree of enrichment required. The UO, powder was
then mixed with the required amount of -325 mesh tungsten powder and

0. 03 wt-% of -325 mesh nickel powder as a sintering aid, and was vacuum
hot-pressed in a graphite die at 1750°C and 7000 psi into cylinders of about
the same size as the W-UC cermet compacts. The density of the product
was 93% to 95% of the theoretical value. Figure 15 shows photomicrographs
of a W-UOZ cermet sample prepared in this way.

A blended mixture of depleted and fully enriched UO, particles was
used to achieve the required fuel enrichment because partially enriched
UO, particles were not available at the time. A blended mixture of UO;
and tungsten powder instead of tungsten-coated UO, particles was used
to prepare the cermet because the coating process was not sufficiently
developed to ensure a satisfactory product.

235

The enrichment of the cermet fuels was adjusted to give a U
density of approximately 34, 6 X 1020 atoms/cm3.

3.2. 4., Cladding Operation

3.2.4.1., Cladding of Fuels with Vapor-deposited Tungsten

When the carbide fuels were coated with tungsten by the WF¢+H,
reaction, according to the configuration shown in Fig. 13a, at San Fernando
Laboratory, difficulties were encountered because of corrosion of the fuel
by the gaseous mixture surrounding the fuel. (No such problem existed
when the carbide fuel was coated previously, according to the configuration
shown in Fig. 30a of GA-4173.) This problem was solved by first depos-
iting a thin coatir-l_g of tungsten on the carbide fuels under conditions where
the attack on the carbide fuels by the ambient gas mixture was minimized.
The cladding thickness was then built up in accordance with the configuration
shown in Fig. 13a, Figure 16 is a photomicrograph of a 90 UC-10 ZrC
sample coated with 0, 002 in, of tungsten by the modified vapor-deposition
method, illustrating the absence of attack on the carbide by the ambient
gases during the coating operation.

After the cladding operation was completed, the outside diameter
and the ends of the sample were finished to specified dimensions by grinding,
and the inside diameter was machined to size by electrical-discharge
machining. To remove any gas trapped inside the cladding can, a hole was
drilled with a carbide tool on one of the end surfaces and the sample was
outgassed in vacuum at 1750°C for a period of 24 hr. Before and after the
outgassing, the sample was checked for leaks using a helium leak detector.
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3288-1-1 X250

Fig. 16--90 UC~10 ZrC clad with 0. 002 1n. vapor-deposited
tungsten. Note there is no visible attack of the carbide by
the ambient gas mixture during the deposition

3749-1-2 x10

Fig. 17--Cross section of vapor-deposited tungsten-clad

W---UO2 cermet sample
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A tungsten pin was then vacuum-brazed into the hole with platinum, according
to the procedures established during last quarter. (4) After brazing, the
sample was again checked for leaks using helium pressurization followed

by immersion in alcohol. The finished samples, having a configuration

such as that shown in Fig. 13a, were stored in sealed glass ampoules

before being assembled into the irradiation capsule. Figure 17 shows a
cross section of a tungsten-clad W-UO, cermet sample, with the thin seal
coating clearly visible., Figures 18a and b show the end view and the side
view of a tungsten-clad depleted 90 UC—-10 ZrC sample.

3.2.4.2. Cladding of Fuels With 98 wt-% W—2 wt-% Mo Alloy

Cups of the W-Mo alloy in the shape shown in Fig, 33b of GA—4173(4)

were prepared by machining. To minimize the chance of fu_él-cladding
interaction (see Section 2. 4. 2), the inside surfaces of the cups were coated
with a layer of vapor-deposited tungsten 0. 003 in, thick prlor to the loading
of the fuel. After the outgassed fuel and the tungsten baffles™ were loaded
into the cup, a 98 wt-% W—2 wt-% Mo cap was diffusion-bonded in vacuum
to the cup by using 0. Ol-in. ~thick W—26Re alloy sheet as an intermediate
layer, (4) The sample was then checked for leaks using pressurization in
helium followed by immersion in alcohol. The outside diameter and the
ends of the sample were then ground and the inside diameter was machined
by electrical-discharge machining to the dlmensmns required. The sample
was again checked for leaks and outgassed at 1700°C for 2 hr. The finished
samples with the configuration shown in Fig. 13b were stored in sealed
glass ampoules before being assembled into the ‘irradiation capsule.

3.2.5. Arrangement of Samples in Pins

The clad samples listed in Table 6 are grouped into four pins: (1) the
first cermet pin, (2) the low-density pin, (3) the high-density pin, and
(4) the second cermet pin. Figure 19 shows the schematic arrangement of
a fuel pin, which is similar to that in the unclad ca,psule(3) except that the
ZrC thermal shields at each end were replaced by three sheets of 0. 005-1in,
tungsten foil. In each pin, in addition to the tungsten-foil thermal shields,
there were two pieces of tungsten-clad enriched 90 UC~10 ZrC thermal
shields, one at each end of the pin. Since the presence of a depleted control
sample causes perturbation of the temperature of its neighboring sample,
a control sample was incorporated only in the first cermet pin and in the
high-density pin. In addition, an extra tungsten-clad enriched 90 UC~10 ZrC
piece was inserted between the fuel samples and the control sample in the
high-density pin, to minimize the temperature perturbation effect. Separating
the cermet samples into two groups was primarily to avoid having all of

"Provided to minimize fuel redistribution by vaporization, These
baffles are not needed for the tungsten-clad samples because of the presence
of the seal coating.



9¢

3757-1-1 (a) ~X10 3757-1-2 - (b) X10

Fig. 18--Vapor-deposited tungsten-clad depletedr 90 UC~10 ZrC sample:
(a) top view, hole for outgassing also shown; (b) side view
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Fig. 19--Longitudinal cross section of fuel pin in clad
irradiation capsule GA2-306-2F2
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the cermet samples located at the bottom of the capsule where the average
neutron flux, during the reactor cycle, is the lowest.

The arrangement of the samples in the four pins is shown in Figs. 20a,
b, c, and d. The high-temperature W=W26Re (Ta-sheathed) thermocouple
inserted in each pin was located at a point where the temperature was
expected to be the highest along the axis of the pin., Each pin was filled
with purified argon at a pressure of approximately 10 cm Hg, whgch would
rise to about 1 atm at the irradiation temperature (1700 to 1750 C}). In
all cases, a gap of about 0. 005 in, was maintained between adjacent samples
with tungsten wires. The radial gas gap between the samples and the Inconel
container was maintained by 15-mil tungsten wires.

3.2. 6. Arrangement of Pins in the Capsule

The arrangement of the pins in the capsule is shown in Fig. 21;
Fig. 22 shows the transverse cross section of the capsule. In addition to
the four W—W26Re high-temperature thermocouples, there were six
Chromel-Alumel thermocouples for monitoring the outer Inconel-can
temperature and for controlling the composition of the He + N, mixture in
the variable-thermal-conductance gas gap. The locations of these thermo-
couples and the length of each pin are shown in Fig. 23. Figure 24 shows
the calculated radial temperature distribution in the capsule, and Fig. 25
gives the calculated axial temperature distribution through a typical
tungsten-coated fuel sample, Figure 26 is a radiograph of the assembled
capsule and Fig, 27 shows the dimensions of the capsule and lead-tube
assembly,

3,2.7.F Irradiation Schedule

The clad capsule will be irradiated in the GETR for one cycle. It is
expected that the irradiation will be completed by the middle of July, 1963,
Hot-cell examinations of the irradiated capsule should start at the beginning
of August, 1963. Because of the higher burnup rate made possible by the
presence of a void and thus a large heat-radiating area for each clad
sample, it is expected that the total burnup achievable in one cycle will
be approximately equivalent to that for the unclad-carbide capsule in two
cycles.

4. STUDIES OF NEW CATHODE MATERIALS

The development of new materials with better high-temperature
stability, emission performance, and compatibility properties than the
UC-ZrC and simple tungsten-clad fuel systems is covered in this section,
This development involves studies of the vacuum vaporization and emission
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Fig. 20--Arrangement of samples in clad irradiation capsule GA2-306-2F2
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top of capsule (pin No. 4 in Fig. 21)
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Fig. 20--(c) High-density pin, third from top of capsule
(pin No. 2 in. Fig. 21)
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Fig. 20--(d) Second cermetpin, bottom of capsule (pin
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2A2-90¢-2vD onsded
Ul UoTINIIjsIp 2anjeradwia) [RIPRL pojeINd(RD -~H2 Bt

{('NI) Sniavyd 3IINSdVD

1’0

20

€0

¥'0

g0

CALCULATED TEMPERATURE (°F X 102)

n N

o o o o ) &
T T T T T
THERMOCOQUPLE
WELL
SAMPLE
CLADDING
FUEL
SAMPLE
RAMPLE
LADDING
FUEL PIN
GRAPHITE THERMAL BOND
INNER CAN

QUTER CAN

9%



47

3180

3160

3140

o~
1w
[+]
p— )
w o. w o
g g 2 |
- o ©
< 3120 35 - 0.
e x L]
& — w [
= 2 = ]
wi ) =
b o — —_
g w o
= > o a
P = = <
2 = P o
3100 < —
= o o =z
o 73]
& zZ e
= Z 7
- - g
sl & P
= o s
5
'-—-
3080 2
o
> \
3060 1 l |
0 0.1 0.2 0.3 0.4

AXIAL SPECIMEN LENGTH (IN,)

Fig. 25--Calculated axial temperature distribution through ..
a typical tungsten-clad fuel specimen in capsule GA2-306-2F2



m W '
5 g g -

=
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characteristics of uranium-containing carbides other than UC-ZrC; the
diffusion between uranium-containing fuels and refractory metals other
than tungsten; and the effect of ZrC barriers on the compatibility between
refractory metals and uranium-containing fuels,

/
4. 1. Vacuum Emission and Vaporization

4,1, 1., Vacuum Emission

During this quarter, measurements have been made on the vacuum
emission of a hot-pressed stoichiometric UMoC, sample (Dy-2), the vacuum-
vaporization rates of which were reported in GA-4173. The results of
the vacuum-emission measurements are shown in Fig, 28. Included in
this figure are the emission data of Bj-7 (27.4 UC~72. 6 ZrC, hot-pressed).
The close agreement between the two sets of data seems to substantiate the
theory that the emissions of uranium-containing carbides depend on the
presence of a uranium layer on the surface and therefore should be the
same if the physical and chemical conditions of the samples and their
environments allow such a layer to be maintained. Measurements of the
vacuum emission of other uranium-containing carbides will be made under
this program for further confirmation of this theory.

On the basis of the vacuum-emission data in Fig. 28 and the vacuum-
vaporization data shown in GA-4173, there seems to be no special advantage
in using UI\/IoC2 as an unclad cathode, since both its emission and vapori-
zation properties are approximately equivalent to that of UC-ZrC with
comparable uranium content,

4.1.2. Vacuum Vaporization

The rate of vacuum vaporization of a cold-pressed and sintered 30
UC—-70 NbC sample (D, -3) has been measured. The results are shown in
Table 7 and plotted in Fig. 29 asa function oftemperature. The sample had
a density of 74. 5% on the basis of the theoretical density of 30 UC-70 NbC
calculated from X-ray data. {7) The exact composition and pore structure
will be determined after the measurement of its vacuum emission has
been completed. Samples of 30 UC—70 NbC with higher densities are being
prepared for studying their vaporization properties.

4,2, Diffusion

Diffusion studies have been undertaken to discover new cladding
materials and to determine clad-fuel combinations that would be suitable
for clad-emitter applications. Diffusion studies this year have been directed
toward the study of cladding materials that would be easier to fabricate
than arc-cast tungsten (of the four refractory metals, Nb, Mo, Ta,and W,
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Table 7

VAPOR-LOSS INVESTIGATION OF 30 UC—70 NbC SAMPLE D, -3
(Theoretical density, 74.5% after Run No. 4)

1

UC Surface
Rate of Counting Rate Concentration
Exposure Weight l.oss (Al haocl:lounti/min/ cm?) Based on
Temp. Time 4 [(mg/cm™/sec) P Counting Rate | Density
Run No. | (°K) |(sec x 107) x 10-5] Side 1 Side 2 (mol-%) (g/cm?)
Original| ---- | =---- S 908 845 15 ——--
Degas 2083 172.8 - - - - 7.40
1 2116 5.34 3.29 265 267 4.5 7.55
2 2088 3.24 3.67 252 252 4.0 7.56
3 2198 3.93 13.2 244 246 4.0 7.57
4 2050 7.56 1.42 201 200 3.0 7.56

19
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TEMPERATURE (°C)
1800 1850 1800

1 i i i 1 1

4.55 4.8 4.65 4.70 4,75 4.80
RECIPROCAL TEMPERATURE (1/°K x 10%)

sintered, density 74. 5% based on theoretical density of nominal composition

4.85

(4]



53

tungsten has been shown to be the only sct)litable cladding for UC, UO;,, or
UZrC with high uranium content at 1800 C.) Rhenium and iridium were
studied because they have slightly better electron-emission characteristics
in cesium than does tungsten. The tungsten alloys, W—26Re, 98 wt-% W-—2

wt -% Mo, and 85 wt-% W—15 wt-% Mo, were evaluated because their small
grain size would enhance fabricability and the alloy may reduce grain growth.

The examination procedures for diffusion specimens involves
(1) determining metallographically the gross fuel-clad interaction or observ-
able fuel penetration into the cladding, and (2) determining the concentration -
penetration profiles by the electron-beam microprobe technique.

During the first and second quarters, the diffusion between UC and
Ir, Re, 74 wt-% W—26 wt-% Re (Run Dp-1), 85 wt-% W—15 wt-% Mo (Run
D3-9), and 98 wt-% W—2 wt-% Mo (Run D) -3) was studied at 1800°C for
24 hr, and the results are summarized below,

4.2.1. Recapitulation

4,2,1.1, RunD2-1

Interaction occurred between all three suggested cladding materials
and the hyperstoichiometric UC (5.02 wt-% C); the degree of interaction
corresponded to the following: Ir > Re > 74 wt-% W—26 wt-% Re alloy.
Iridium reacted with the uranium carbide so severely that it melted com-
pletely and could not be identified. The liquid phase that was formed
penetrated the uranium carbide grain boundaries to considerable depth.

A zone of interaction 6 to 10 pu thick was observed in pure rhenium and a
layer of precipitate was seen in the 74 wt-% W—26 wt-% Re alloy.

4,2.1.2, RunD2-2 and D2-3

The results obtained on these samples may be summarized as follows:

1. UC (4.76 to 4.80 wt-% C), in contact with both 98 wt-% W-2 wt-%
Mo and 85 wt-% W—15 wt-% Mo, developed an extensive grain-
boundary liquid phase associated with radical grain growth.

2. Both 98 wt-% W—2 wt-% Mo and 85 wt-% W—15 wt-% Mo alloys
were attacked by reaction with the uranium carbide and were
penetrated throughout by a liquid phase thought to be a U-Mo
alloy. This liquid phase was seen at a large percentage of the
triple grain-boundary intersections.

3. Uranium carbide (4. 76 to 4. 80 wt-% C) in contact with pure
tungsten showed liquid-phase formation in the carbide, The
liquid did not penetrate the tungsten; however, the tungsten in
contact with the carbide showed grain-growth inhibition.
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The following hypotheses were formulated to explain the formation of
a liquid phase in the uranium;

1. The single-phase structure of the metal-rich carbide used was
due to a quenched-in high-temperature solubility for uranium;
the excess metal precipitated during the thermal treatment of the
diffusion couple.

2. Nitrogen and oxygen were present in the uranium carbide in
sufficient quantities to hold the uranium in solution with uranium
carbide to give a single-phase structure but were gettered by the
test alloys to precipitate liquid uranium.

3. Carbon, because of an activity gradient, migrated from the
carbide to the test alloys and pure tungsten, leaving the carbide
so metal-rich as to precipitate uranium,.

A hypothesis was also formulated to describe a mechanism for the
penetration into 85 wt-% W—15 wt-% Mo and 98 wt-% W—2 wt-% Mo alloys
by the liquid phase formed in the uranium carbide. This was that the
alloys were made susceptible to liquid-uranium penetration by grain-
boundary segregation of molybdenum, as the arc-cast materials were
quenched from the liquidus to the solidus., A different type of segregation
could have taken place owing to the differing mobilities of molybdenum
and tungsten atoms during annealing of the material, as it was worked down
to break up the cast structure.

During this quarter, thermaltreatment procedures were established
to check the first hypothesis. In addition, electron-beam microprobe
analyses were used to check the segregation of Mo in the W-Mo alloys and
to study the nature of diffusion species and new phase compositions in
diffusion runs Dz-l, DZ—Z, D2-3, and the new compatibility ran D2-4,

4,2.2, Electron-beam Microprobe Analysis

As stated above, the electron-beam microprobe or microanalysis
was used to examine concentration profiles by step-scanning techniques.

The raw step-scanning data have not yet been evaluated to account
for absorption, background, and other calibration effects, so accurate
graphic presentation is not possible. However, some general conclusions
have been drawn. These are presented and coordinated with examples of
cathode-ray tube (CRT) display photographs, which show in a qualitative
way the concentration gradients existing in the diffusion couples covered.
Figure 30 shows, without detailing atomistic mechanisms, the radiations
whose relative intensities are used in step scanning and in deriving CRT
displays of concentration gradients, As shown, the energy of the primary
electron beam (I,primary electron beam current) is disposed of by electron
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scattering (I,back-scattered electrons), X-ray generation (I,characteristic
X-rays), thermal radiation (I,heat), and sample current flow (I,sample
current emanating).

I, primary electron-beam current

I, heat I, back-scattered electrons

I, characteristic X~-rays

NN

I, sample current

Fig., 30--Schematic diagram of electron-beam microprobe
energy dissipation process

The radiation from the surface of the sample and the current intensity
of the sample, generated by impingement of the primary electron beam,
can be used in several ways to evolve a quantitative and/or qualitative
representation of the compositional variation of the sample surface.

The variation in the intensity of back-scattered electrons measured
over a scanned area is a qualitative measure of the compositional variation
of the sample, since atoms of higher atomic number scatter electrons more
effectively than those of a lower number, The intensity of back-scattered
electrons can thus be stated to be a function of average atomic number. It
is observed that sample current intensity and back-scattered electron
intensity have an inversely proportional relationship.

Elements fluoresce with characteristic X-rays on impingement by
the microanalysis electron beam. The characteristic X-rays are analyzed
(with suitable crystals at Bragg angles) for intensity, to quantitatively
determine the sample composition, To determine the compositional
distribution across a specimen, a step-scanning process is used.



56

Both the intensity of back-scattered electrons and the intensity of
characteristic X-rays may be displayed on a cathode-ray tube and photo-
graphed. During this process, the primary electron beam is swept rapidly
over an area of the sample surface while the intensity of the back-scattered
electrons or characteristic X-rays is monitored. Although magnifying the
sweep area, the CRT electron-gun beam is coordinated with the motion of
the primary electron beam of the microanalyzer, and the intensity of the
monitored radiation is used to govern the accelerating potential of the CRT
electrons and thus the image brightness,

4,2.2.1. Microprobe Results

Run D2-2 (85 wt-% W—15 wt-% Mo Contacting UC). Microprobe
analyses were desirable for this diffusion run (1) to determine the com-
position of the extensive grain-boundary.liquid phase developed in the
uranium carbide; (2) to confirm that the liquid phase, which penetrated
through the 85 wt-% W—15 wt-% Mo alloy grain boundaries was actually
U-Mo; and (3) to confirm that the 85 wt-% W-15 wt-% Mo alloy contained
regions of high molybdenum content because of some segregation phonomenon,

The CRT display of back-scattered electron intensity from the liquid
phase regions (see Fig. 31 for the microstructures) in the 85 wt-% W-
15 wt-% Mo alloy after interaction with uranium carbide is shown in Fig, 32a,
This figure shows that the liquid phase has a higher average atomic number
than the surrounding 85 wt-% W—~15 wt-% Mo and is probably predominantly
uranium. Figure 32b, a CRT display of the characteristic X-ray intensity,
UM[-B’ supports this view. Figures 32¢ and 32d, which show the characteristic
X-ray intensity, Wi, and Moy, respectively, from the same sample,
indicate that the liquid phase is depleted in tungsten and contains an amount
of molybdenum similar in quantity to that of the surrounding 85 wt-% W-—
15 wt-% Mo alloy.

The CRT display of back-scattered electron intensity of the liquid
phase formed in the uranium carbide is shown in Fig. 33a. The liquid
phase is of higher average atomic number than the surroﬁnding uranium
carbide grains and is probably uranium. The corresponding CRT display
of UMﬁ X-ray intensity (Fig. 33b) substantiates this. Figure 33¢c, a CRT
display of W1,y characteristic X-ray intensity, reveals that the liquid contains
a small percentage of tungsten and that the bright spot is high in tungsten,
probably a result of tungsten-electrode erosion into the melt during carbide
formation from the elements. The intensity of the Moy, characteristic
X-ray (see Fig. 33d) is inconclusive as to the distribution of molybdenum.

Back-scattered electron intensity from a sample of 85 wt-% W—15 wt-%
Mo (see Fig. 34) in the pretest condition shows a variation in composition.
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-=—85 wt-% W—15 wt-% Mo

3055-1-2 X200

Fig. 31--Liquid-phase forrﬁation in 85 wt-% W—15 wt-% Mo
alloy and UC (Run DZ-Z)



K-21452 W.21456
(2) Back-scattered electrons (b) UMB characteristic X-ray intensity

Fig. 32--CRT displays showiglg liquid phase in 85 wt-% W-I5 wt-% Mo in contact with uranium carbide
at 1800 C for 24 hr (2,b, ¢, and d are from the same area)
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K-21460 K-21466

(a) Back-scattered electrons (b) UM characteristic X-ray intensity

B

Fig. 33--CRT displays showlong liquid phase in uranium carbide in contact with 85 wt-% W—15 wt-%
Mo at 1800 C for 24 hr (a, b, ¢, and d are from the same area)
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K-21458

Fig, 34--Back-scattered electron intensity
by CRT display from a sample of 85 wt-%
W—15 wt -% Mo in the pretest condition. Note
evidence of segregation of alloy constituents;
dark areas are molybdenum-rich regions
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The dark areas are high in molybdenum and appear to be associated with
the grain-boundary structure,

In conclusion, the following qualitative observations may be made:

1. The liquid phase formed in the 85 wt-% W—15 wt-% Mo is a
U-Mo alloy which may contain a slight amount of tungsten,

2, The hypothesis that the 85 wt~-% W—15 wt-% Mo alloy was suscep-
tible to attack by the uranium-rich liquid phase formed in the
uranium carbide, because of segregation effects, has been
partially substantiated by the observation of concentration
gradients in the pretest 85 wt-% W—15 wt-% Mo.

Results obtained on sample D;-3 {98 wt-% W—2 wt-% Mo versus UC) are
similar to those described above; the segregation of Mo in the alloy,
however, is not as pronounced as in 85 wt-% W—15 wt-% Mo.

Run D2-1, W—26Re Contacting UC, The angular precipitate particles
observed near the W—26Re surface in contact with uranium carbide at
1800°C for 24 hr (see Fig, 35) are shown to have a low average atomic
number by a CRT display of back-scattered electrons, Fig. 36a. The
particles are thought to have a high carbon content and may be W,C, the
carbon being derived from the hyperstoichiometric uranium carbide used
for the test., The CRT display of WLoz characteristic X-ray intensity,

Fig. 36b, shows a decrease in tungsten concentration in the precipitate
zone, as would be expected with W,C precipitation, Rep, characteristic
X-ray intensity, Fig, 36_@_, shows an increase in the same area and the
UmMp characteristic X-ray intensity, Fig, 36d, shows a background count
(step-scanning data show a uranium penetration of ~3 y at a level of only
a few hundreds of parts per million), If the precipitate is tungsten carbide,
then it can be assumed that W—26Re may be suitable for use as cladding
for stoichiometric or slightly hypostoichiometric UC or UZrC where
carbon is not available for reaction with the alloy, since the small amount
of precipitate formed might be harmful to the structural capabilities of
the cladding. A diffusion run is planned using W—26Re in contact with
hypostoichiometric 30 UC—70 ZrC at 1800°C for 24 hr,

Rhenium Contacting Uranium Carbide, CRT displays of the character-
istic X~ray and back-scattered electron intensities are not available at
present to illustrate the composition of the reaction layers shown in
Fig. 37. Step-scanning data show that the reaction layers of Fig, 37
extend approximately 6 to 10 u into the pure rhenium,., The thicker reaction

layer contains uranium, carbon, and rhenium at constant composition
and appears to be a homogeneous phase, The uranium level is shown, by
uncorrected step-scanning data, to be roughly equimolar with rhenium,



64

T~
s Senmmem s anens

S

N

e

!
S e
ey
. .
L
. s
e e
oy o
i

X250
tact with
Note small

i con

imen

y
L F A e
e
= Ty
wwﬁww L
e
e e
e e

. AR
S e

e
e - o N

S i
= B
Nﬁw@ ﬁm&%va%ﬁ@? s
=

i £k

A 1
3
e
B
N
.
St
g
o
5
NP
~
o
e e,
s g T
LARELT or e = 2
FE s dak R <3
e hmﬁn(ﬁtew)f»vn GEY -
ST RS fe
e AN i ol
T2 DIV LTR
Rl S, PSS
- F e
e £ -
g, Bty R - f
o, B R, :
P o Ny (IR
PRIW S8y e
iR 3 e

e SEL <R

DR
SBale g o -
et AT
= IS T N n
Sy
Bt s, S

Re

.

—26 wt-%

de at 1800° +20°C for 24 hr.
tate particles near specimen surface; also that

the matrix surrounding these particles is a different

fw

the center of the spec

imen o

i
in

b

1

-

2

. 35--Spec
precipi

i

B R 0 S &
g

phase (lighter in appearance) from the W—26 wt-% Re

uranium car

S
2521
F



Sy I
b

wy gt
1N

Ou

it

K-21468

K-21464
{b) WLoz characteristic X-ray intensity

{a) Back-scattered electron intensity
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(a) Surface reaction layers. Note a reaction layer on the surface and a
more extensive reaction layer beneath it; also note some evidence of
grain-boundary attack

-—First reaction layer
=—Second layer

2521-1-4 (b) X500

(b) Definition of surface reaction layers. Use of polarized light makes
reaction layers more easily discernible, Note that this 1s not the same
area of specimen as 1llustrated in (a)

Fig. 37--Rhenium in contact with uranium carbide at 1800° 220°C for 24 hr
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(c) Hardness increase near specimen surface. Note
smaller size of hardness indentation (diamond
shapes) near the surface of the specimen in contact

with uranium carbide

Fig. 37 (continued)
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Since rhenium is suscepti(])ale to penetration by uranium when held
for a short time (24 hr) at 1800 C in contact with hyperstoichiometric
uranium carbide, it might be classified as an unsuitable cladding material
for such a fuel. The criteria for such a classification are summarized
as follows:

1. Even without considering fissioning, the mechanical properties
of a cladding could be seriously impaired or at least placed in
doubt by the presence of a phase containing rhenium, uranium,
and carbon, since metallographic examination showed the phase
to have higher hardness than the base material.

2. Fissioning of the diffusing uranium atoms, if it resulted in
swelling of the diffusion zone, could cause serious deterioration
of mechanical properties.

3, Development of a porous layer in the cladding by fission-product
generation and concomitant swelling would impair fuel-to-cladding
heat-transfer rates.

4. Thermal-spike formation, during fissioning, in the cladding and
fuel might accelerate diffusion of uranium atoms in the cladding,
making it less stable than observed without irradiation phenomena.

4.2.3. Thermal Treatment of Uranium Carbide

The hypothesis that the single-phase structure of the metal-rich
uranium carbide (used for the compatibility determinations of UC versus
98 wt-% W—2 wt-% Mo and UC versus 85 wt-% W-15 wt-% Mo) was due to
a quenched-in high-temperature solubility for uranium metal was checked
by thermal treatment of the carbide.

A sample of the metal-rich uranium carbide (4. 76% to 4. 80% C),
used for the compa(x)tibility runs referred to above, was supported on ZrC
and heated to 1800 C for 2 hr, slowly cooled to 1100 C over a period of
2 hr, and then furnace-cooled to room temperature. The treatment was
designed to remove a quenched-in structure and allow uranium to precipitate,.

Metallographic examination of the heat-treated specimen revealed
that a liquid phase was present at the edges of the specimen., Little grain
growth was observed--Fig, 38 shows this structure. A. Accary has
referenced work by Magnier wh%ch shows ‘E)he extent of uranium solubility
in uranium carbide between 500 and 2300 C (see Fig. 39). Chemical
analysis of arc-cast uranium carbide fuel slugs, prepared in large quantities
for central power station use, (9) have shown consistantly that single-phase
material may be slightly hypostoichiometric in carbon.

These results substantiate the hypothesis of a solubility of uranium
in single-phase uranium carbide. Although the available metal-rich
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Zone of uranium
liquid formation

3188-1-2 X250

Fig., 38--Metal-rich uranium Sarbide (4.76%to 4.80% C) supported
on ZrC and heated to 1800 C for 2 hr, controlled cooled to
1100 C over a 2 hr period, then furnace cooled
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Fig. 39--Portion of UC binary system showing area of stability of single-
phase hypostoichiometric uranium carbide (from Ref. 8)
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carbide samples could be brought closer to stoichiometry by thermal
treatment, Fig. 39 indicates difficulty in raising the uranium carbide
carbon content higher than 4. 75% to 4. 76% by vaporization of uranium,
unless one goes to telénperaturoes where vaporization is too slow to be useful
for this process (900 to 1100 C) or where de-densification effects might
be harmiul (>2100 C).

4,2.4, Thermal Treatment of 90 UC~10 ZrC

Several samples of 90 UC—10 ZrC were obtained to evaluate the com-
patibility of this fuel material with 98 wt-% W—2 wt-% Mo. The material
was free from uranium inclusions and was metal-rich. It contained 4. 79
to 4, 80 wt-% C, whereas a stoichometric sample of this composition should
contain 5. 01 wt-% C

In order to fully characterize the material prior to the compatibility
run, the following tests were performed:

I. A sample with the above chemlcal composition, supported on clean
ZrC, was heated to 1500°C for 1/2 hr, then cooled to 1270°C
and held for 8 hr between 1270° and 1290°C to precipitate any
quenched-in metal. Metallographic examination showed only
trace amounts of precipitated metal at a few grain boundaries.
Chemical analysis showed that the heat-treated material had
essentially the same carbon content (4. 72 to 4. 76 wt-% C) as
before the heat treatment, This lack of change in the carbon
content indicates that the material was not affected by the evap-
oration of uranium from the sample during this treatment,

2., The 90 UC~10 ZrC used for the compatibility test with 98 wt-% W—
2 wt-% Mo was subjected to a heat treatment designed to
remove any free uranium from the structure by evaporation.

The material was heated to 1800°C in a cold-wall vacuum
chamber for 1 hr and then cooled for I hr at each of the following
temperatures: 1700 1470° , 1370° , and 1270° C. Analyses for
carbon, nitrogen, and oxygen will be obtained for this material,

4,2.5. New Compatibility Tests at 1800°C (Run D2-4)

Another series of specimens was used to determine whether the
incompatibility 6f 98 wt-% W—2 wt-% Mo alloy with uranium carbide would
extend to uranium carbide fuel materials stabilized with ZrC, To accom-
plish this evaluation, 90 UC~10 ZrC and 30 UC—7O ZrC were placed in
contact with 98 wt-% W—2 wt-% Mo alloy at 1800° +20° C for 24 hr in the
following array:

30 UC~ W 30 UC—- | W— 90 UC— | W—

) W
70 ZxC 2 Mo 70 ZrC 2 Mo 10 ZxC 2 Mo
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The diffusion furnace and sample holders have been described in Ref, 1,

A 30 UC-70 ZrC with tungsten sample was included as a comparison
standard; this combination is considered to be compatible for the test
conditions, Figure 40 shows the microstructure of the pretest 30 UC-70
ZrC with a carbon content of 7. 63% to 7. 72% C (stoichiometric carbon
content = 8, 17%). The test results are described below.

90 UC~10 ZrC with 98 wt-% W-2 wt-% Mo, The microstructure of
90 UC~10 ZrC in contact with 98 wt-% W—2 wt-% Mo showing one edge of
the tungsten alloy is shown in Fig, 41l. It is apparent that an extensive
liquid phase was formed which surrounded the 90 UC—10 ZxC grains in
amounts much greater than could be generated by precipitation heat treat-
ment of the 90 UC-10 ZrC not in contact with the alloy. Radical grain
growth occurred in the 90 UC-10 ZrC. Visual estimates of the amount of
liquid phase present showed less than the amount present with pure uranium
carbide in contact with 98 wt-% W—2 wt~-% Mo under the same test conditions.

A liquid phase, determined by electron-microprobe analysis to be a
U-Mo alloy, was found throughout the 98 wt-% W—2 wt-% Mo alloy at triple
and guadruple grain-boundary intersections; Fig., 42 shows an example of
this phase. This liquid phase extended through the 1/8-in, ~thick alloy and
completely filled the interface between the tungsten and the 98 wt-% W—2 wt-%
Mo,as shown in Fig. 43. In addition, the interface was obscured by grain
growth,

30 UC~70 ZrC with 98 wt-% W—2 wt-% Mo. The 30 UC-70 ZxrC
showed essentially a single-phase structure. No large amounts of liquid
phase were observed (see Fig. 44).

The 98 wt-% W—2 wt-% Mo revealed very small amounts of a liguid
phase at triple grain-boundary intersections throughout its volume (see
Fig. 45). Some liquid was seen at the 98 wt-% W—2 wt-% Mo to tungsten
interface, as shown in Fig., 46,

30 UC=70 ZrC with Tungsten. No liquid-phase formation was observed
either in the carbide or in the tungsten (see Fig. 47},

Conclusions. As a cladding material, 98 wt-% W=2 wt-% Mo alloy
does not appear to be as attractive as pure tungsten for uranium carbide
fuels, even when diluted with as much as 70 ZrC, because of a probable
degradation of the alloy strength due to the presence of a grain-boundary
liquid phase and because fissioning would occur in this liquid phase; as
electron-beam microprobe analysis indicates, it does contain uranium.
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Fig. 40--Pretest 30 UC~70 ZxC (hot-pressed),dark
areas are etchant stain (oblique light)
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3496-2-1 X500

Fig., 42--98 wt-9 W-~2 wt-% Mo 1n contact with 90 UC~10
ZrC for 24 hr at 1800° C; note laquid phase at quadruple
grain-boundary intersections
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> Pure tungsten
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> 98 wt-% W—2 wt-% Mo

3496-7-1 X250

Fig. 43--Interface of pure arc-cast tungsten versus 98 wt-% W—
2 wt-% Mo in contact with 90 UC~10 ZrC for 24 hr at
1800°C; note liquid phase at interface and at 98 wt-%

W—2 wt-% Mo grain-boundary intersections
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Fig. 44--Microstructure of 30 UC~70 ZrC 1n co(?tact
with 98 wt-% W—2 wt-% Mo for 24 hr at 1800 C
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Fig, 45--98 wt-% W—-Zowt-% Mo in contact with 30 UC-70
ZrC for 24 hr at 1800 C; note liquid at multiple grain-
boundary intersections
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Fig. 46--Interface of arc-cast tungsten versus 98 wt-% W—
2 wt-% Mo inocontact with 30 UC-70 ZrC for 24 hr
at 1800 C; note interfacial liquid phase
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> Pure arc-cast tungsten

30 UC~70 ZrC

3496-3-1 X500

Fig. - 47--30 UC-70 ZrC versus tungsten at ISOOOC, showing no liquid
at the tungsten boundaries
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In addition, several truisms can be stated about the compatibility of
these W-Mo alloys with UC and with the UZrC compositions studied:

1. The incompatibility of W -Mo alloys with UC and UZrC increases
with the excess metal content and the U/Zr ratio of the carbide
because liquid uranium is more easily formed by gettering of
carbon by the alloys.

2. Increased amounts of Mo in the W-Mo-alloy system create larger
quantities of liquid phase in the alloy, indicating a greater
susceptibility to attack by liquid uranium,

3. Pure tungsten was not attacked by liquid uranium but shows
grain-growth inhibition in contact with uranium carbide. The
inhibition of grain growth is most probably a result of grain-
boundary pinning by impurities introduced from uranium carbide.

4, 3, Diffusion-Emission

In diffusion-~emission studies, the vacuum emission from the surface
of the metal emitter cladding around a uranium-containing fuel is monitored
as a function of time at the operating temperature of the emitter, Since the
vacuum emission is sensitive to the presence of small amounts of impurities,
emission monitoring is a sensitive method for detecting trace diffusion of
fuel ingredients through the cladding to the emitter surface. Any emitter-
fuel combination, qualified in gross diffusion studies, should be subjected
to further trace diffusion studies for two reasons: First, any small
amount of impurity, if accumulated on the emitter surface, changes its
work function and therefore the cesium adsorption property; second, the
presence of uranium, even in trace amounts in the emitter (especially
along the grain boundaries), leads to fissioning and fission-product
accumulation in the emitter and a reduction in its mechanical integrity.

Gross diffusion studies carried out prev1ously(1) showed that tungsten
was compatible with UC (5, 02 wt-% C) and 90 UC~10 ZrC at 1800°C,
During the first quarter of this contract, it was shown that tungsten
deposition by the thermochemical reaction between WFy¢ and HZ represented
one of the most convenient methods for cladding the fuel. Diffusion-
emission studies were therefore carried out during the second quarter on
a vapor-deposited tungsten-clad hyperstomhlometrlc uranium carbide
(5. 02 wt-% C) sample (D3-1) at 1800°C. The results indicated that the
vacuum emission of the tungsten surface decreased gradually during the
first 700 hr at 1800 C. Examination of a section of the sample after
838 hr at 1800°C showed that the diffusion of carbon from the hyper-
stoichiometric uranium carbide through the tungsten cladding to its surface
was probably the reason for the change of the emission characteristics,
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During this quarter, sample D3-1 was examined by the electron-
microprobe technique to detect if there was any uranium diffusion into the
tungsten cladding., The results indicated that within the limit of the sen-
sitivity of the instrument used (a few hundred ppm) no uranium penetration
into the tungsten cladding was detected. Samples similar to D3-1 (vapor-
deposited tungsten-clad hyperstoichiometric uranium carbide) are being
prepared to study its pefformance in cesium vapor as outlined in Section 1.2.

To cover a wider range of uranium carbide stoichiometry and to
study the effect of the addition of ZrC to UC, two more samples have been
prepared for diffusion-emission studies. One is a vapor-deposited tungsten-
clad hypostoichiometric uranium carbide (4. 70 wt-% C) sample (D3~2), and
the other is a vapor-deposited tungsten-clad 30 UC-70 ZrC sample (D3-3).
The carbide samples were first coated with a thin layer (~0. 002 in. ) of
tungsten under conditions such that the attack on the carbide by the ambient
gas mixture was minimized. The coated carbide samples were laid on
cast tungsten bases (Fig. 27, Ref, 3) and the cladding thickness was built
up to about 50 mils. The coating process was interrupted a few times during
the deposition in order to break down the columnar grain structures of the
deposit, The clad samples are being machined by the electrical-discharge
machine to the dimensions required. They will be installed in the emission~
diffusion cells early in June for 1000-hr tests.

5. FABRICATION DEVELOPMENT

The fabrication effort during this quarter has been devoted to the
preparation of samples of the clad capsule,



FUTURE PLANS

1. LONG-TERM TESTS ON THE VAPORIZATION AND EMISSION OF
UC-ZrC AND W-CLAD UC AND UC-ZrC IN Cs VAPCR

The 1000-hr vaporization runs of 90 UC~10ZrC and 30 UC-70 ZxrC
samples in cesium vapor will be initiated,

The operating conditions of the emission life-test control cell con-
taining a solid tungsten emitter will be optimized in order to establish the
conditions for achieving an output of 5 w/cm?, The assembling of the four
emission life-test cells will be pursued. The emitters for these cells
are tungsten-clad hyperstoichiometric UC, tungsten-clad 30 UC—-70 ZrC,
unclad 90 UC~10 ZrC, and unclad 30 UC-70 ZrC.

2. STUDIES OF HIGH-TEMPERATURE PROPERTIES OF UC-ZrC

Studies will be continued on the effect of porosity on the rate of
vaporization and electron emission of UC-ZrC in vacuum, using the
following samples: (1) 30 UC~70 ZrC, density ~95%; (2) 30 UC~70 ZrC,
density 85% to 90%; (3) 90 UC~10 ZrC. density 85% to 90%.

Anode condensate from the previous physical redeposition runs will
be analyzed. Physical redeposition studies of ura(x)nium carbide will be
extended to an anode temperature higher than 983 K prior to the introduction
of cesium and Cs + CsF into the test cell,

Correlation between the emission pattern and the microstructures of
uranium carbide will be pursued. Activation, poisoning, and regeneration
of emission from 30 UC~70 ZrC and 90 UC~10 ZrC will be studied.

The modified bearing arrangement for the loading rod of the high-
temperature mechanical property furnace will be tested and measurements
will be initiated on 10 UC~90 ZrC.

3. IRRADIATION STUDIES

Hot-cell examinations of the contents of the unclad-carbide capsule
will be carried out.

83
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Irradiation of the clad capsule in the GETR will be initiated and the
behavior of the capsule followed.

4., STUDIES OF NEW CATHODE MATERIALS

The vacuum emission of sample Dy-3 (cold-pressed and sintered,
30 UC~70 NbC, density 74. 5%) will be measured. The vacuum vaporization
rates of 30 UC~70 NbC of higher densities and 30 UC—70 TaC will be
studied.

Diffusion between 30 UC~70 ZrC and Ir, Re, and W—26Re will be
studied. The use of ZrC as adiffusion barrier between tungsten and
uranium carbide at ZOOOOC and between tantalum and uranium carbide at
1800°C will be tested.

Diffusion-emission studies of sample D3-2 (vapor-deposited tungsten-
clad hypostoichiometric UC, 4. 70 wt(—)% C) and D3-3 (vapor-deposited
tungsten-clad 30 UC~70 ZrC) at 1800 C will be initiated and continued for
1000 hr.

5. FABRICATION DEVELOPMENT

Studies on the preparation of submicron UC-ZrC powder will be
resumed,
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