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ABSTRACT

The scope of this work is to present an evaluation of
the postirradiation examination of the second set of high-U-

loaded, low-enriched U308, UA12 and U3S' miniature plates
manufactured by the Comisi'n Nacional de Energla AtIbmica
(CNEA) of Argentina, and irradiated and examinated, within
the framework of the Reduced Enrichment Research and Test
Reactor (RERTR) Program, at Oak Ridge National Laboratory
and Argonne National Laboratory.

This paper includes fabrication details of the plates,
their irradiation history and the results of postirradia-
tion examination which are compared to those of the previous
test and to present results from other laboratories partici-

pating in the REM Program.

Postirradiation examination of these plates showed sat-
isfactory performance for the oxides, aluminides and sili-
cides (except for the highest-loaded U3Si plate) with the
only indication of detrimental behavior being the slight
bowing of some plates at about 80% burnup.

INTRODUCTION

The Comisi'n Nacional de Energla Atbmica (CNEA) has developed low and
medium enriched fuel of three types for research and test reactors: AIX-Al
(20-45% enriched in U-235), U308-Al 20% enriched in U-235), and U3Si-Al
(20% enriched in U-235). Within the scope of technical work defined in the
memorandum of conversational and within the framework of the Reduced Enrich-
ment Research and Test Reactor (RERTR) Program of Argonne National Labora-

tory (ANL), the CNEA fabricated twenty-two 22) miniature fuel plates for
testing in the Oak Ridge Research Reactor (ORR) at Oak Ridge National Labora-
tory (ORNL). The main objectives of this general program have been the fabrica-
tion development and irradiation performance characterization of low-enriched
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plate-type fuel for two purposes: (1) to replace the highly enriched fuel
used in the CNEA reactor RA-3 for research, development, and isotope production,
and 2 to supply low-enriched fuel elements for the Peruvian RP-0 reactor and
the Argentine RA-6 reactor.

The first irradiation experiments consisted of four 4 U308-Al plates
ranging from 65 to 75 wt% U308 35 to 44 vl% U308, 247 to 312 g U/cm3)
and six 6) Alx-A1 plates ranging from 55 to 76 wt% Alx 34 to 50 vol% Alx,
1.45 to 252 g U/cm3). Irradiation of the experiment in the core of the OR
began in July 1981 and was discontinued at approximately 98% burnup in October
1982. Examination of the plates following irradiation showed completely
satisfactory performance. A second set of test plates consisting of higher-
loaded plates (aluminide, oxide, and silicide Al-dispersion fuels), for which
irradiation and examination have been completed, is the subject of this report.
The plates for the second test consist of U308-Al 44 to 51 vl% U308, 312 to
3.58 g U/cm'), UA12-Al 43 to 48 vol% UA12, 299 to 309 g U/cm3), and U3S'-Al
(35 to 42 vl% U3Si, 5.18 to 610 g U/cm3). The silicide fuel was incorporated
into the program after exchanging ideas with the ANL RERTR Program staff as
part of the ANL/CNEA joint study on reduced enrichment.

This report presents the fabrication details of the test plates, their
irradiation history in the ORR, and the results of postirradiation examination
at the High Radiation Level Examination Laboratory (HRLEL) at ORNL and at the
Alpha-Gamma Hot Cell Facility (AGHCF) at ANL. These results are compared to
those of the previous test and to recent results from other laboratories
participating in the RERTR Program.

FABRICATION OF TEST PLATES

The miniature plates were fabricated using conventional powder metallurgy
techniques and the roll bonding process. The twelve plates met the ORNL
specification for testing in the ORR.3

Materials

The uranium-oxide (U308) powder used in the test was enriched to 19.67
wt% U-235 and was fabricated by the Y12 plant of the United States Department
of Energy (USDOE) according to specifications for the High Flux Isotope Reactor.4
The fuel-particle-size distribution used for plate production was 75% in the
range 45-90 and 25% less than 45 �m.

The uranium-aluminum intermetallic particles were obtained by comminution
of induction-melted ingots. The ingots were produced by induction melting in
alumina crucibles under inert gas (argon or helium) at low pressure 530 mbar)
and casting into graphite molds. The ingots were machined into chips in an
inert-atmosphere glove box. The chips were then crushed and sieved in an inert
atmosphere to reach the desired particle size distribution of 65% in the range
53-180 pm, 10% in the range 45-53 pm, and 25% less than 45 M. Metallic uranium
enriched to 45 wt% U-235 was purchased from the USDOE and alloyed with
natural uranium metal to achieve the 19.82 wt% U-235 enrichment. In order to
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increase the uranium loading it was necessary to prepare a uranium-aluminum
alloy in the range corresponding to UA12 81.52 wt% U) with a density of
8.14 g/cm3. Chemical analysis of the ingots produced showed that one was below
stoichiometric 80.30 wt% U, density 795 g/cm3) and the others were above
stoichiometric 82.70 wt% U, density 8.45 g/cm3). Metallographic studies and
microprobe analyses of the hyperstoichiometric alloy showed that small amounts
of the a--Uranium phase were present. These small amounts of free uranium
(-6 wt%) were not expected to influence the irradiation behavior.

Slightly hypostoichiometric compositions were prepared for producing
the U3Si (U 4 wt% Si). The ingots were prepared by induction melting in
alumina crucibles in a manner similar to that for the aluminides. The as-
cast ingots were annealed 72 hours at 800% in an inert gas atmosphere to
achieve completion of the peritectoid reaction through which U3Si is formed.
The composition achieved was 392 wt% Si and the density achieved was 15.20
g/cm3. Similar procedures to those used for the aluminide powders were used
to comminute the silicide material. The particle-size distribution used for
plate manufacture was 75% in the range 45-180 pm and 25 wt% less than 45 Um.

The aluminum powder used was a commercially available atomized powder
(Arquimex Impalpable). The average particle size was pm, with 100% less than
45 Om and 99.5% less than 38 pm. The minimum Al content was 99.5 wt%.

The cladding and frame material was 6061 aluminum alloy produced by
KICSA (Kaiser Aluminum) conforming to ASTM B209-67 "aluminum alloy sheet."

Description of Test Plates

The miniature fuel plates consist of a fueled region containing the fuel
compound dispersed in aluminum and clad on all sides with 6061 aluminum alloy.

The characteristics of the test plates are listed in Table 

IRRADIATION OF MINIPLATES

Irradiation of the twelve CNEA miniplates contained in Module 6 began on
February 12, 1982, in Position of the High-Uranium-Loaded Fuel Element
Development (HFED) test vehicle. The irradiation history of Module 6 is
summarized in Table 2.

Periodically during the irradiation of the module, the channel gap thick-
nesses were measured using an ultrasonic probe. Analysis of the data indicates
almost no net thickness increase of the plates. Some warping of some of the
plates was indicated, as was subsequently confirmed by visual inspection
of the module.

POSTIRRADIATION EVALUATION METHODS

The postirradiation evaluation of the test included visual examination
of the module, removal of plates from the module, visual examination of plates,
dimensional measurements, removal of oxide film, immersion density measurements,
and gamma scanning for all plates and blister testing, metallography, and
burnup analysis for selected plates.

88



Visual Examination

Visual examination of the module revealed no unusual appearance of the
module exterior. Examination of the coolant channels using backlighting
indicated that several plates were slightly bowed or swelled.

Visual examination of the plates through the cell window with oblique
lighting revealed bowing of RA-140, RA-142, RA-143, RA-231, and RA-226.
This is illustrated in Fig. 1. Plates RA-302 and RA-303 showed some swelling
and a rippled appearance while RA-305 showed smooth, even swelling with no
ripple effect. The remainder of the plates were flat with no swelling
apparent. Frontlighted photographs and examination revealed the plates to be
clean with slight longitudinal scratches (from the channel measuring device).

Dimensional and Volume Changes

The lengths and widths of the plates showed no significant change from
preirradiation values. The thickness and volume changes are summarized in
Table 3 The aluminide and the oxide plates show negative volume changes and
the silicide plates show positive volume changes. Plate RA-116 (from Module 9)
which was thought to have an erroneous density determination was remeasured
with this group. The volume change repeated almost exactly 1.23 versus 121%).

Under the assumption that fuel particle swelling is accommodated by the void
volume in the as-fabricated plates before manifesting itself as net plate swell-
ing, the sum of the measured net meat volume change and the initial meat void
content is a measure of the amount of fuel particle swelling. Normalized to unit
fission density, this quantity falls in rather narrow ranges according to fuel
type. The quantity ranges from 68 to 83 for the aluminides and sicides
(except for plate RA-305, which will be discussed later). This range is only
slightly below the 72 to 98 values observed in previous experiments. The
quantity for the oxide plates ranges from 37 to 48, about one-half the value
observed in previous experiments. Therefore, the very-highly-loaded oxide
plates can accommodate more swelling than would have been predicted from results
of earlier measurements coupled with the increased void volumes of the present
plates. It is significant that the volume changes for the oxide and aluminide
plates are negative even at 90% depletion. The volume changes for the silicide
plates are positve and increase with increasing uranium density. The signifi-
cantly higher value of the fuel particle swelling per unit fission density
(11.2) for plate RA-305 indicates that the fuel density may have an important
effect on the swelling behavior Of U3Si-

Metallography

Two oxide plates, three aluminide plates, and two silicide plates were
selected for metallographic examination. Only the longitudinal sections were
examined. The oxide plates were RA-231, the highest-loaded oxide plate at
3.58 g U/cm3' and RA-226, a lower-loaded and thinner plate. The microstructure
of RA-226 and RA-231 are shown in Figs. 2 and 3 The layering and stringering
obvious in the as-fabricated plates is not apparent after irradiation. The
fuel and matrix interaction is essentially complete with very little free
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aluminum remaining (slightly more in the lower-loaded plate RA-226) No
cracking or separation was observed in the meat or cladding. The overall
void volume and pore size appear to be slightly larger in the higher-loaded
plate RA-231 (even though this plate had less as-fabricated void volume).
The structural appearance is similar to that observed in the Module-9 oxide
plates and previous tests of other high-loaded oxide plates. The matrix now
consists primarily of an Al-fuel reaction zone containing no voids visible
in the light microscope. There is essentially no reaction into the cladding
and the cladding performed well in the region of the minimum cladding thickness
(200 over the dogbone.

The aluminide plates selected for examination (longitudinal sections
only) were at or near the maximum loading of 308 g U/cm3. Plates RA-140 and
RA-142 contained the same fuel compound 82.7 wt% U in compound) at about the
same loading. Figures 4 and show that these plates contain very little free
aluminum and much of the meat is single phase with isolated areas of a second
phase. Very small bubbles appear to be present but are not well resolved.
Plate RA-130 has a different fuel compound composition 80.3 wt% U). The load-
ing is similar to the other plates, as shown in Figure 6 More free aluminum
remains in the matrix of this plate. The meat consists mainly of three phases
a light phase being the matrix (with no bubbles) for a distribution of a darker
phase containing small bubbles and an intermediate phase between the two con-
taining smaller bubbles. The tapered meat end on plate RA-142 has prevented
extensive dogboning with a minimum cladding thickness of 200 pm. There are no
cracks or separations observed in the meats or cladding. There is no inter-
action into the cladding.

The general microstructural appearances of the silicide plates are similar
to those observed in previous tests of high-loaded U3Si-Al plates, as shown in
Figs. 7 and 8. The matrix consists primarily of some free aluminum, a reaction
zone surrounding the fuel particles with a measured thickness ranging from
4-8 Um, and the fuel particles (showing two differentiated areas). The outer
area contains a large amount of bigger voids and the inner area contains smaller
voids or no visible voids at this magnification. The distribution of voids is
irregular; normally, the bigger ones are concentrated and some of them are inter-
linked along a waving chain through the meat. No cracking or separation are
observed in the meat or cladding.

The tapered end of the meat in plate RA-303 is shown in Fig. 9 The dog-
boning is practically negligible. The shape of the meat end is similar to that
previously observed in tapered-end aluminide plates.

The main differences observed between the plates are the void sizes and
their distributions. The fuel particles in plate RA-305 contain more and
larger voids than those in plate RA-303. Taking into account that both plates
have reached the same burnup, these differences could be explained by the
percentage of fuel volume of the compound 36 and 42% for plates RA-303 and
RA-305, respectively) which results in higher fission density for plate RA-305
(2.70 x 102 fs/cm3) compared to RA-303 2-30 x 1021 fss/cm3). Both

plates had practically the same preirradiated void content. This difference
in fission density could result in a different fuel core temperature during
irradiation, with the consequent enhancement in the fission gas mobility.
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Gamma Scanning

The analog gamma scans show uniform burnup along the length of the plates.
The Cs-137 peak area from the center of the plates, as determined by the
multichannel analyzer, is tabulated in Table 4 Also in Table 4 are the areal
loadings of U-235 both from the data package and the x-ray scan and the ratios
of the CS-137 peak areas to these areal -235 loadings. This number is consis-
tent 0012 - 0.016 x-ray and 0.010 - 0014 data package) for the plates, indi-
cating uniform burnup across the module. When burnup analyses are obtained
for two of the plates, the Cs-137 peak area will be used to deter-mine the
fission densities for the remaining plates.

Blister Testing

Two oxide plates, two aluminide plates (plus RA-116 from Module 9, and
one silicide plate were selected for determination of the blister threshold
temperature. Table 6 lists the piates, their enrichment and loadings, and the
annealing temperature at which blistering was observed. None of the plates
I. pillowed" during blister testing. "Pillowing" refers to a general separation

through the meat with the entire fueled region showing swelling.

These blister threshold temperatures are consistent with previous data on
both low-loaded, highly enriched plates and higher-loaded, low-enriched plates
from other laboratories in the RERTR program. Thus, it is concluded that the
blister threshold temperature not significantly changed for these oxide
plates loaded to 355 g U/cm3, these aluminide plates loaded to 309 g U/cm3
and this silicide plate loaded to 5.18 g U/cm3.

Thickness measurements taken between successive anneals showed that the
plates remained at fairly constant thickness through the blistering threshold
temperatures. This behavior is different from that of the Module-9 plates,
which tended to increase in thickness prior to blistering.

None of the small blisters observed i the Module-9 plates, and believed
to be associated with inhomogene4ties in the cladding, were observed during
these blister annealing tests (even though RA-116 from Module 9 was annealed
with these plates).

Scanning Electron Microscopy

Electron micrographs taken on samples from the center of plates RA-303
and RA-305 are shown in Fig. 10. The overall microstructure, although more
detailed, is similar to that shown in the optical metallography.

The fission gas bubble morphology in the fuel of plate RA-303 is iden-
tical to that in previously examined U3Si fuel at similar burnup.

As was already evident in the optical micrography, the bubbles in plate
RA-305 have begun to link up in a large number of fuel particles. This type

of bubble morphology represents the beginning stage of break-away swelling, a
rapid final stage of swelling "hat in previously irradiated U3SiA1 fuel led

to Dillowing in a relatively small burnup increment.
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Bubble growth of this magnitude has not been seen in U3Si until now.
The modest bubble growth observed in plate RA-302, however, as mentioned
before, is rather typical of high burnup U3Si. The increase in bubble
growth rate has been linked to the presence of aluminum that diffused into the
fuel particle periphery where the larger bubbles are concentrated. It is poss-
ible that in the higher-loaded plate, RA-305, the operating temperature was
higher and aluminum diffusion was more rapid. An earlier and deeper penetration
of aluminum resulting from a higher fuel temperature may have hastened the
process of gas bubble growth in this fuel.

CONCLUSIONS

Miniature fuel plates containing high loadings of low-enriched fuel were
irradiated to an estimated burnup of 90.5% of the original U-235. The test
contained U308 at loadings up to 80 wt% 358 g U/cm3)' UA12 at loadings up to
78 wt% 309 g U/cm3), and U3Si at loadings up to 83 wt% 610 g U/cm3), all
enriched to 20% U-235. Postirradiation examination of these plates showed
satisfactory performance (except for the highest-loaded U3Si plate) with the
only indication of detrimental behavior being the slight bowing of several
plates at about 80% burnup. Specific comments relating to the postirradiation
examination follow:

1. Visual examination of the test module revealed bowing in several
plates which did not significantly affect cooling channels.
Periodic measurements of the coolant channels during shutdown
of the reactor indicated this bowing occurred at 80% burnup.
otherwise the module and plates appeared to be in excellent
condition.

2. Visual examination of the plates after removal from the module
revealed no blisters or defects other than the bowing mentioned
above. Scratches from the channel spacing measurement device and
a few handling marks were evident.

3. Dimensional measurements indicated essentially no change in the
width and length of the plates. The thickness changes were nega-
tive for the oxide and aluminide plates. The silicide plates showed
positive changes, with the maximum observed value of 86% having
negligible effect on the coolant channel.

4. The volume change as measured by immersion density correlates well
with fission density and preirradiation void content for each
group of plates. Again, the oxide and aluminide plates showed
negative values and the maximum positive value observed for the
silicide plates is negligible in terms of reactor performance.
However, the increased rate of swelling evidenced by the highest-
density plate indicates that caution must be exercised with very-
high-density U3Si fuel.
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5. The relative Cs-137 abundance determined by gamma scanning corre-
lates well with areal U-235 loading. These data indicated uniform
burnup across the plates and the module. The scans showed less
effect from dogboning than had been previously observed. The gamma
scanning results will be used to estimate the fission density in
the test plates when chemically analyzed burnup values are available
for the selected plates.

6. Blister annealing tests showed the blister threshold temperature to
be consistent with previous data from both low-loaded, highly enriched
plates and higher-loaded low--enriched plates. The lowest blister
temperature observed was 450% for the highest-loaded oxide plate.
The other oxide plate blistered at 475'C. The aluminide plates
blistered at 475% and 500% and one plate from the previous test
did not show conventional blisters even at 5500C. The silicide plate
blistered at 500% as small blisters along the fuel core periphery.

7. Metallographic examination showed no separations or cracking
in the meats or cladding, consistent with previous experience.
The structure of the oxide plates is similar to that previously
observed. The aluminides showed different characteristics for the
two fuel compounds. The 82.7-wt%-U-compound plates showed mainly
two phases with no visible bubble nucleation within the phases.
The 80.3-wt%-U-compound plates showed three phases with bubble
nucleation visible in one phase. All three plates showed a uni-
form distribution of larger pores which are more predominant in
the plate with the thickest meat.

The structure of the lower-loaded silicide plate 520 g U/cm3 is
practically the same as those previously observed with similar
loading at the same burnup. The meat swelled around 11%. The
highest-loaded plate 61 g U/cm3) presents a different charac-
teristic; much larger bubbles indicate that it may be entering
the stage of break-away swelling 20% meat swelling and 72% fuel
particle swelling).

8. The use of tapered-end meat confirms the applicability of this
technique in reducing the amount of dogboning in high-loaded
plates 14% dogboning for non-tapered end meat compared with
approximately 0% for the others).

9. Scanning electron microscopy of the silicide plates confirms the
metallographic observation. The highest magnification showed
a spongy phase that could be related to the original carbon
content. Only a few such zones could be found in both plates.
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Table 1. Characteristics of Irradiation Test Plates

Uranium Areal Maximum Thickness (mm)
Plate Dispersed Density Loading Areal Load. Meat Plate

No. Phase (g/cm 3) (gU-235/m2) M Ave. Ave.

RA-223 U308 3.12 184 33 0.60 1.28
RA-231 U308 3.58 273 29 0.77 1.53
RA-226 U308 3.49 220 26 0.64 1.29
RA-234 U308 3.55 305 19 0.77 1.53
RA-130 UA12 3.08 161 61 0.53 1.29
RA-142 UA12 3.04 226 35 0.75 1.54
RA-140 UA12 2.99 188 33 0.63 1.30
RA-143 UA12 3.01 224 35 0.75 1.53
RA-132 UA12 3.09 161 61 0.53 1.29
RA-302 U3S' 5.18 361 19 0.70 1.51
RA-305 U3S' 6.10 345 39 0.57 1.26
RA-303 U3Si 5.20 362 19 0.70 1.52

Maximum Areal Loading I x 100
Average Areal Loading

Table 2 Irradiation History of Module 6

No. of U-235
No. of Partial Burnup

Module Full- Average Full Power- at end
in Begin End Power Module Power Reduction of

Position Irrad. irrad. Days Power, kW Cycles Cycles Cycle

1 2/12/82 3/25/82 39 90 4 1 17
2 3/26/82 5/24/82 45 87 5 2 36
2 5/27/82 7/24/82 49 66 6 0 52
3 8/17/82 10/24/82 54 68 6 0 70
3 11/19/82 12/07/82 16 50 2 1 74
3 12/09/82 1/14/82 35 40 5 0 81
5 3/10/83 6/13/83 85 23 14 4 91
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Table 3 Thickness and Volume Change of Plates

Module- . Volume2 Calculated3 Original
Slot Plate Dispersed Thicknessichange*-- Change Burnup Void
No. No. Phase (mils) (UM) M M (1021 fiss/cm3) vol.%

6-1 RA-223 U308 -1.14 -29 -2.26 -3.56 1.37 10.11
2 RA-231 U308 -1.69 -43 -2.81 -3.90 1.57 9.68
3 RA-226 U308 -1.81 -46 -3.57 -5.45 1.53 12.08
4 RA-234 U308 -1.77 -45 -2.94 -3.43 1.56 10.51

5 RA-130 UA12 -0.83 -21 -1.63 -2.73 1.36 12.60
6 RA-142 UA12 -2.20 -56 -3.64 -5.80 1.34 16.53
7 RA-140 UA12 -2.52 -64 -4.93 -7.18 1.32 17.78
8 RA-143 UA12 -2.80 -71 -4.64 -6.28 1.33 17.36
9 RA-132 UA12 -0.87 -22 -1.71 -2.98 1.37 12.26

10 RA-302 U3Si 2.72 69 4.57 10.33 2.29 8.11
11 RA-305 U3Si 4.29 109 8.62 20.39 2.70 9.99
12 RA-303 U3Si 3.03 77 5.07 11.38 2.30 7.71

9-7 RA-1164 UAlx 1.23 11.93

post tpre
t x 10 = thick change .
core

1Based on thickness of plates without removal oxide film.

2Based on immersion densities with a correction based on weight of aluminum
lost to oxide.

3Based on P-stimated 90.5% burnup of original U-235 atom and includes an
estimate of Pu fission.

4
RA-116 is from Module 9 density measurement was repeated with the Module 6
plates.
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Table 4 Correlation of Area of Cs-137 Peak with Areal U-235 Loading and
y Height.

Areal Areal Cs-137 Cs-137
Meat Fission Loading Loading Peak Digital

Module Thick- Density Data Pkg. X-ray Area Areal
slot Plate ness (1021 (g -235/m2) Scan Digital Loading
No. No. mm fiss/cm3) (g U-235/m2)(counts/ X-Ray

sec) Pkg Scan

6-1 RA-223 0.600 1.37 184 192 2.50 0.014 0.013
2 RA-231 0.775 1.57 273 240 3.34 0.012 0.014
3 RA-226 0.641 1.53 220 223 2.94 0.013 0.013
4 RA-234 0.873 1.56 305 268 3.72 0.012 0.014
5 RA-130 0.527 1.36 161 145 1.81 0.011 0.012
6 RA-142 0.750 1.34 226 230 2.72 0.012 0.012
7 RA-140 0.634 1.32 188 193 2.47 0.013 0.013
8 RA-143 0.750 1.33 224 229 2.72 0.012 0.012
9 RA-132 0.527 1.37 161 155 2.15 0.013 0.014

10 RA-302 0.703 2.29 361 283 4.42 0.012 0.016
11 RA-305 0.570 2.70 345 235 3.53 0.010 0.015
12 RA-303 0.703 2.30 362 282 4.21 0.012 0.015

Table 5. Threshold Temperature for Oxide, Aluminide and Silicide Plates.

Blister
U-235 Uranium Fission Density Threshold

Plate Fuel Type Enrichment Density (1021 fiss/cm3) Temperature
No. % (g/cm3) (1 C)

RA-234 U308 19.67 3.55 1.56 450
RA-223 U308 19.67 3.12 1.37 500
RA-132 IJA12 19.82 3.09 1.37 475
RA-143 UA12 19.82 3.01 1.33 500
RA-116 UAlx 20.18 2.28 1.15 > 550
RA-302 U3Si 19.82 5.18 2.30 500
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Fig. 1. Photo taken with oblique lighting s owing bowing on plates
RA-140, RA-142, and RA-143 (from upper left clockwise) and
uniform swelling on plate RA-303 (lower left).
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Fig. 2 Longitudinal microstructure of Plate RA-226 showing free
aluminum, voids distribution and the three phases present.
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Fig. 3 Longitudinal microstructure of Plate RA-231 showing free
aluminum, voids distribution and the three phases present.
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Fig. 4 Longitudinal microstructure of Plate RA-140 showing some free
aluminum, voids and the apparently two Uranium-Aluminum phases.
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Fig. 5. Longitudinal microstructure of Plate RA-142 showing similar
structure to RA-140 with the exception of larger and more voids.
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Fig. 6 Longitudinal microstructure of Plate RA-130 showing voids
distribution, free aluminum and the three phases present.
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Fig. 7 Longitudinal microstructure of Plate RA-303 showing the voids
distribution and the phases present (25OX).
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Fig. 8. Longitudinal microstructure of Plate RA-305 showing the voids
distribution and the phases present (25OX).
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Fig. 9 Photo of Plate RA-303 showing the effect of tapered end 50X).
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Fig. 10. Electron micrograph of Plate RA-303 and RA-305 showing the overall
microstructures and the fission gas bubbles morphologies.
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