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ABSTRACT

This quarterly report covers studies related to the use of Z*Pu0O, in radioisotope power
systems carried out for the Office of Special Nuclear Projects of the US Department of
Energy by Los Alamos National Laboratory. Most of the studies discussed are
ongoing; the results and conclusions described may change as the work progresses.

I. GENERAL-PURPOSE HEAT SOURCE
(GPHS)/SAFETY VERIFICATION TEST (SVT)
SERIES

A. SVT-8 Postmortem Examination (T. George)

Details of the test conditions, module disassembly,
and preliminary results were given in previous monthly
reports. In October, we determined the magnitude of
plutonium release, obtained results of microprobe anal-
yses, and concluded the postmortem.

1. Release Data. To determine the quantity and par-
ticle size of fines released from the breached clad
(FC-391), we ultrasonically cleaned, burned, and
analyzed the plutonium remains of the aeroshell and
graphite impact shells (GISs). The ultrasonic cleaning
solution was combined with the catch tube debris and
treated in a similar manner. Because clad FC-391 was
not flight quality (weld NDE value of 9.8), all of the
SVT-8 test components were ashed at high temperature
to permit rapid analysis. The results of all analyses are
presented in Table 1.

The results indicatc that a total of 0.0860 g of pluto-
nium was released.

2. Microprobe Anslysis of Vent Deposits. Because
previous examination of the FC-436 and FC-437
capsule vents revealed glassy deposits within and adja-

cent to the vent center holes (Fig. 1), cross sections of
both vents were submitted for microprobe analysis. The
results of the analyses indicate that both vent deposits
were predominantly iridium, with low concentrations of
oxygen, silicon, and tungsten. A general survey of the
elements sodium through americium and specific
counts for carbon, nitrogen, aluminum, phosphorus,
calcium, and manganese did not reveal the presence of
any other elements.

B. SVT-10 Postmortem Examination (T. George)

The test conditions, module disassembly, and prelim-
inary results were described in previous reports. In this
quarter, we¢ completed all analyses and were able to
concliude the postmortem.

1. Release Data. To cstablish a baseline for the
quantity of plutonium released by transport through the
capsule vents (no clad failures occurred in SVT-10), we
burned all of the SVT-10 graphitics at high temperature
and analyzed the plutonium remains. The results of the
analyses (Table 1) indicate that 0.0026 g of plutonium
were released. It should be noted, however, that the
graphite components were burned and processed for
anzlysis within contaminated glove-box trains; the
processing environment undoubtedly increased the plu-
tonium content by some factor.



Table I. Plotonium Content of SVT Test Components ;
Plutonium Content  Particle Size
Test Component (g} {jum)
SYT-R Aeroshell 0.0061 —10
Graphite Impact Shells (.0046 10
Catch Tabe Debris (.0090 420
0.0083 +10 to —d20
.0530 =10
SEVT-1* Aeroshell 0.0000 i
Graphite Impact Shells 0.0026 ~1{
*Na Fuilures ocourred in SYT-140.

Fig. 1. Glassy de
vent eenier hobes,

2. Sieve Analyses. To dewermine the guantity of
respirable fuel particles produced by the impact, we
selected capsules FC-152 (secondary GIS) and FC.590
{primary GIS) for particle size analysis. Each capsule
was opened and defueled underwater to prevent the loss
of small fuel fragmenis. Resulis of the sieve analyses are
presented in Table IL

3. Iridium  Microstroctures. Metallographic ex-
amination of sections from capsules FC-152, FC-589,
and FC-590 revealed that the cup microsiruciures were
generally fine grained, The FC.390 weld shield cup did
however contain several coarse-grained sreas {Figs. 2
and 3). The average cup geain sizes ranged from 4 1o 16
grains/0.635-mm nominal wall thickness. The cup grain

2

i13 were phssrved
36 vent, as polis

adiacent o the FC-436 and FC-437
lied. 30X,

sizes are listed in Table 111, Representative microstrisc-
tures are presented in Figs. 4 through 9.

During examination of the FC-589 vent and weld
shield cups, numercus delaminations were observed
along the inner surfaces (Figs, 10 and 11). Although the
cause of 1his defect 13 unclear, the occurmence slong only
the inner surfaces supgesis some relation to the fuel. It is
possible that the defects are not delaminations but are
instead the sites of corrosion or intermetallic reactions.
Mo similar defects were observed in any of 1he other
capsules.

4. Weld Metallograhy, Examinmation of the FC-589
and FC-590 (primary ¢lads) closure welds revealed them
1o be of acceptable quality. Although the FC-590 closure




Table I, SVT-10 Sieve Analyses
(Al values expressed as a fraction of total pellet

weight)
Particle Size FC-152  FC-590
+ G000 0.14470°  0.25090
+2000 to 6000 0.58690  0.52830
+841 to 2000 0.18050  0.14330
+42) to 8§41 1.04820°  0.04230
+177 1o 420 0.02280  0.01990
+125¢0 177 L003TH 000300
+1d 10125 000350  0.00300
+44 to 74 0.00280  0.00230
+3) to 44 HOG1H 0.00160
420 to 30 0.00250 0.00220
+10 to 20 0.00100  0.00080
+9 1o 10 0.00047 000053
+81t0 9 0.00019  0.00027
+T8 0.00027 0.00015
+oto 7 0.00018  0.00013
+5 to & 0.00010  0.00023
+4105 0.00007  0.00009
+3twd 0.00006  0.00012
+ild LOME  (L0000T
+lto2 0.00007 000008
Dol 0.00010  0.00016
Weight Fraction <10 pm 000159  0.00183
o

Fig. 2. An axial section of the FC-5%0 weld
shizld cup contnined severnl abnormally large
grains; SUX.




weld shield cup; SGX,

Fig. 3. Large prains were alse observed in a transverse section of the FC-59%0

e m————
Table 111, Grain Size of Selected SVT Clads
Average*

Test Capzgule  Cuop Section Grains/ Thickness
SVT-10  FC-151  N512-5 Transyerse 155
Axial NIt
N516-1 Transyerse 139
Axial ND
FC-580  Ti1is-2 Transverse 137
Axinl 1.0
TIiI3-2 Transverse 13.7
Axial 11.0
FC-590 V2035 Transverse 10.7
Axial 10.8
Y23 Transverse 4.2
Axial 144
SVT-11  FC-345 LR324-5 Teansverse 16.0
Axial 16.0
LR324-6  Transverse 1740
Axial 160
FC-372 QR320-5  Transverse 17.0
Axial 16.0
QRY20-4  Transversc 1590
Axial 19.0

*Average namber of grains/0,635-mm nominal wall thickness,

"ot determined.
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Fig. 4. The FC-58% vent cup had a fne-grained
microsiructure; transverse sectian, S0X.

Fig. 5, The FC-589 weld shicld cup had an
accepialde microstruciuee Lransvesse section,
SOX,

Fig. 6. The FC-550 vent cup had 3 generally
finse: grasned microstruciure; axiol seciion, JOX.




Fig. 7. Although the FC-390 weld shicld cup contaised some areas of
cxcessive grain prowth, the micrestruciure was generally acoepiable; nxial
section, SOX.

Fig. 8, The microstructure of the FO-E52 vent cup was accepiable; axial
section, S0X,



Fig. 9. The FC-152 weld shicld cup had a fincgmined microstruiciung
Iransverse section, SUX.

Fig. 10, Several subsurdace delaminniions wepe observed on the interior of
the FC-589 went cupy 100X,




Fig. 1. Similar delaminations were observed on the intecior of the FC-589
weld shicdd cugy 100X,

weld contained a significant amount of porogity (Fig,
12a), 1the microstructore (1though somewhat coarse) was
salisfactory (Fig. 12b). The FC-589 weld had a typical
microstrucivre and contained no observable defects
(Fig. 13},

Examination of the FC-152 closure weld revealed a
slight wall misaligamen (Fig. 14a) and cvidence of
incomplete weld penctration {Fig. 14b).

5. Vent Metallography. Microscopic examination of
the FC-58Y and FC-390 capsule vents revealed no me-
chanical defects. The venl frits were uniform and prop-
erly aligned. Because the capsules experienced only
moderate deformation, neither vent was damapged by
e impact, Both vents were free of inermetallic de-
posits.

Examination of the venl cover welds revealed
evidence of abnormal grain growih (Figs. 15 and 16}
Although larpe grains were observed near both cover
welds, the FC-590 weld was worst affecied; wall sections
adjacent to the FC-590 weld were only 2 grains thick
{Fig. 16).

6. Fuel Ceramography, We sampled each fucl pellet
10 provide a specimen for ccramography. Microscopic
examination of the polished samples did not reveal any
unusual features (Figs, 17 through 20). The fuel micro-
structures were typical of SRP production smd were
similar to the microstructures of peliets used in previous
SVT impacis.

8

7. Analytical Results. Specimens for spectrographic
analysis were removed from the FC-132, FC-389, and
FC-590 iridium cups. Results of the analyses {Table V)
indicate that all of the iridium cups comained unusual
amounis of iron (275-550 ppo). In addition, both of the
FC-5%0 cups had elevated copper, aluminum. silicon,
chramium, and nickel contents.

Auger electron spectroscopy (AES) analvses (Table V)
of specimens removed [rom capsules FC-589 and
FC-590 revealed significant tharium depletion on all of
the cup interiors. The thernum concentration on the
interior of one FC-38Y shield cup section was below the
detection limit of the instrument, Oddly, no abnarmal
grain growth was observed in an electron micrograph of
this sample. Grain coarsening was, however, observed
in micrographs of FC-590 shicld cup section No. 2.
Significant amounts of sulfur were also observed in all
of the FC-3%0 cup sections.

Spectrographic and radiochemical analvses of the fusl
pellets (Table V1) did wol reveal any significant ab.
normnalities, The calcium contents were, howewer,
somewhat higher than usieal.

C, 8VT-11 Postmortem Examination (D, Pavonc)

Frevious SVT impacts were conducted using hard-
ened steel targets. For comparison of the GPHS madule
response to impact aganst targel materials with elastic
moduli different than that of steel, the SVT-11 test




(a) S T S o (&)

g 12,0 The FC-390 closure weld contained i.lﬁmiﬁant ah!mml of porosity and had n somewhn! conrse microstructune.
{z) Polished nnd (b) ¢lchexd; bath at 50X, ; ‘ ,

Fig. 13, The FC-389 weld had & typical microstrocture; eiched, 103X,


http://ii.Siufn.-ira
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(b}

Fig. 14. The FC-152 closure weld was not of good quakits. (2) Polished
and (b) etched; both at S0X,




{a)

(B}

Fig. 15, Abnarmal grain growth was observed on both sides of the
ll;'f-mﬁ!? ;ac)n{: cover weld, (3) Tmyrict Exce sicle and (b) trailing face;
ar S0X.
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{a)

(b}

Fig. 16, The FC-590 vent cover weld was also affecied by exoessive
grain growth. {8) Impact faos sids and (b) trailing face; both at S0X.




Fig. 18. No unusual fentures were observed in the microstructure of 1he
HF-185 fus peliet; erched, 10X,
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Fig, 20, No unususl featurcs were observed in the microstructure of the
HF.590 fuel pedlet: eiched, 100X.




Table IV. Spectrographic Analyses of Selected SVT Clads

Elements* (ppm)

Capsule Cup Co Mg Ca Al Si Cr Fe Ni Pt
FC-152 NS12-§ 10 15 ND* 706 15 80 S00 100 30
N516-1 10 5 ND 100 15 60 400 80 30

FC-589 T113-2 4 ND 3 28 ND 20 275 10 ND
T115-2 s 7 3 S0 15 25 300 25 ND

¥C-590 v202-3 45 20 10 228 85 200 4% 200 30
V2035 60 20 10 200 125 200 550 225 30

FC-345 LR324-5 5 S ND 50 ND 30 300 30 ND
LR324-6 5 3 ND 60 ND 20 200 20 30

FC-372 QR820-5 20 3 ND 60 20 20 200 40 ND
QR820-4 § ND ND 60 ND 20 200 20 ND

*Elements are listed only if they exceed the detectability limit in at Ieast one specimen.

"None detected.

assembly was impacted against a concrete target. The
test components were aged 90 days at 1287°C (clad) in
vacuum and subjected 10 a reentry. The module orienta-
tion was & = B = 0°, and the impact temperature was
975°C (clad). Impact velecity was 54.4 m/s. Graphite
components of the test assembly are listed in Table VII,
and encapsulation details for the SVT-11 fueled clads
are given in Table VIII, Data describing the SVT-11 fuel
pellets are presented in Table I'X.

Continuous monitoring of helium release during the
aging treatment did not indicate any evidence of vent
plugging.

After the test, the impacted module (contained within
a sealed catch tube) was transferred 10 the CMR build-
ing for disassembly. The interior of the catch tube was
wet and lightly corroded by alkaline liquid driven from
the concrete. Although the aeroshell closures were
slightly dislodged, the module was essentially intact.
Photographs of the impacted module are shown in Fig.
21, Damage to the acroshell was substantially less than
that incurred at this orientation in impacis against the
steel targets. There were no fraciures on the impact face,
but fractures were present on the center of the
nonclosure narrow faces parallel to the impact shell
axes, The acroshell back was dented and cracked in the
center, Figure 22 shows an obliquely illuminated photo-
graph of the concrete target in which the imprint of the
aeroshell can be seen. There were no major fractures in
the concrete target. However, reproduction of the
graphite surface features in the imprint suggests that
extensive microcracking did occur, Neither GIS was
fractured on the impact face, but a slightly bowed
profile, illustrated in Fig. 23, was cbserved.

No failures of the iridium capsules occurred. Photo-
graphs of the fueled clads are shown in Fig. 24; the gross

deformations are tabulated in Table X. For comparison,
the average deformations of 16 fueled clads (SVT-1
through SVT-4), impacted in the same orientation
against steel targets, are also listed in Table X. The
overall deformation of each fueled clad in this test was
less than the average of those tested against steel targets.

The most severe localized iridium deformation oc-
curred on the center of the FC-345 impact face. Figure
25 shows two fuel fragment indentations with shallow
re-entrant folds. No evidence of iridium failure was
detected by subsequent metallographic examination.

The iridium cup microstructures of the primary
fueled clads were nonuniform across the thickness.
Large grains observed on the cup interiors extended
through 20-25% of the wall thicknesses. Typical cup
microstructures are shown in Fig. 26, and the average
number of grains/0.635-mm nominal wall thickness are
tabulated in Table III, Although the grain size of cup
QR820-4 (FC-372) was finer than that of the others, all
of the cup microstructures were consistent with the
grain sizes observed in previous test clads.

Results of AES analysis of the iridium prain boundary
chemistry are tabulated in Table V. Thorium depletion
at the cup interiors varied from modest in the FC-372
shield cup to severe in the other samples analyzed. Very
minor quantities of phosphorus were also detected in
some samples, In addition, three FC-372 samples
exhibited high concentrations of sulfur; small amounts
of sulfur were also detected in the fourth FC-372 sample,
as well as in one FC-345 sample. The absence of clad
failures suggests that these levels of sulfur can be
tolerated. As usual, carbon and oxygen were present in
widely varying quantities in all samples.

15
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Table V. Iridium AES Analyses

Thys/Irzy Pyz0/Ir29 Can/Irze  Osio/Irny  SysofIrne Clyso/Irae
Specimen Int. Center Ext. (Av) (Av) (Av) (Av) (Av) (Av)
FC-589 V-cup 1 005 044 038 0.29 ND* 0.05 0.57 ND ND
V-cup 2 004 062 051 039 ND 0.07 0.65 0.06 0.02
S-cup 1 004 037 037 0.26 ND 0.05 0.67 0.03 0.06
S-cup 2 ND 030 028 0.19 ND 0.04 0.18 ND ND
FC-590 V-cup 1 004 0.16 048 0.23 ND 0.08 1.24 0.87 0.14
V-cup 2 004 055 054 0.38 ND 0.07 0.96 0.82 0.05
S-cup 1 003 040 0.20 0.21 ND 0.05 0.94 0.76 0.05
S-cup 2 004 008 047 0.20 ND 0.08 0.76 0.10 0.21
FC-345 V-cup1 007 015 041 0.22 ND 0.57 0.98 0.09 ND
V-cup 2 ND 072 036 036 0.03 0.09 0.47 ND 0.05
S-cup 1 007 048 033 0.29 0.02 0.28 0.83 ND ND
S-cup 2 020 057 057 045 ND 0.22 0.57 ND ND
FC-372 V-cup 1 007 056 057 040 ND 0.67 1.10 sk ND
V-cup 2 020 048 0.39 0.36 0.02 095 0.98 S 0.24
S-cup1 038 044 044 042 ND 1.09 1.01 S 0.06
S-cup 2 046 053 046 049 0.02 0.20 0.63 0.04 ND

*None detected.
bStrong indication.




Table VI.

Spectrographic and Radiochemiczl Analyses of SVT Fuel Pellets

Selected Elements® (ppm)

Pellet Test P Ni Mg Ca Al Si Fe C Ti
HF-152 SVT-10 § ND* 2 750 140 25 25 5 35
HF-185 SVT-10 6 ND 1 400 ND 8 10 15 25
HF-589 SVT-10 6 ND 1 S00 ND 160 ND 7 35
HF-590 SVT-10 2 ND 10 750 30 35 15 8 20
HF-341 SVT-11 ND ND 5 200 30 20 30 ND 15
HF-345 SVT-11 16 ND 2 50 ND 40 85 ND 50
HF-365 SVT-11 2 ND 10 100 25 30 20 ND 10
HF-372 SVT-11 2 ND 8§ 30 25 20 30 ND 20
HF-209 BRBCI-1 3 25 20 100 35 80 180 25 20
HF-164 BCI-2 2 ND ND 50 ND 10 120 30 40
HF-351 BCI-3 3 ND ND 50 ND 20 70 15 40

*Flements are listed only if they exceed the detectability 1imit in at least one specimen.,

bNone detected.

Table VII. SVT Graphite Components
SVT-11 SVT-12

Aeroshell PAL-0I0 PAT-1028
Prime Impact Shell PGL-008 PGT-1071

Insulation Sleeve C-40-3 C-56-4
Insulation Disks P-8-2-15  P-13-2-27
P-11-1-17 P-13-2-27

Secondary Impact Shell PGL-012 PGT-1072
Insulation Sleeve C-39-3 C-56-5

P-12-1-20 P-13-2-36

Insulation Disks P-11-1-21 P-13-2.38

Table VIII. Encapsulation Details for SVT Fueled Clads

Iridinm Fuel
Test Capsule Value VentCup ShieldCup FPellet
SVT-11 FC-341 9.3 PR725-2 PR726-3 HEF-341
FC-34S8 76 LR324-5 LR324-6 HF-345
FC-365 3.9 PR727-1 PR727-4 HF-365

FC-372 8.2 QR820-5 QRS8214 HF-372

SVT-i2 FC-226 140 P703-4 P703-5 HF-226

FC-277 129 MR432-3 MER16-6 HF-277
FC-628 1.3 S-111 TR-121.2 HF-628
FC-629 1.3 TR-128.1 TR-1275 HF-629
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Table IX. Data lor SVT Fuel Pellets
Diameter Lenpth Weight  Processing

Test Pellet (mm} {mm) ®) Atmuosphere

SVT-11  HF-341 i 281 150.6 Ar
HF-345 ¥ i By 218 150.5 Ar
HF-3658 NI* NI 150.4 Ar
HF-372 274 74 150.5 Ar

SVT-12 HF-226 278 NI 150.3 Arf,
HF-277 275 374 150.4 ArfD,
HF-628 2.7 280 149.3 Ar
HF-62% 275 278 1494 Ar

()

(b)

Fig. 21. Damage incurred by the acro-
shell in SVT-11 was less than chat in
inpact tests against a steel target. (n} Ime-
m face forwnrd and (b) back side for-
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FC-372

FC-345

FC-365

FC-341

Fig. 24. No failares of the iridivm clad occurred in the SVT-11 fueled clads. The overall deformation was less than that of
ihe impacts against steel largets -
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T
Table X, SVT Test Summnries

Clad NDE _ Gross Deformation (%) Failures

Test Fueled Clads Value Diam Height Axial No. Areas {(mm?)
SVT-11  FC372 g2 68 — ¥l +2.9 H
FC-345 7.6 4+ 82 =789 <32 )] L))
FC-365 B S e e R T o 1y f 0
FC-341 g3l 91 =82 417 0
SVT-12  FC-628 13 + 89 — 51 445 2
FC-629 13 +88 —9%1 461 0 17.0
FC-226 Al -,i_Jl +130 =115 @ +62 1
129  +104 —98 +56 0

Fig. 25, Mo failures of the iridium were observed at the location of most

severe iridivm deformation in FO-345 of SYT-11; ~7X.
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Fig. 26. Iridinm microstructures in SVT-11 were nonuniform across the wall thickness. (a) FC-345 vent cup, (b) FC-345 shicld
cup, (c) FC-372 vem cup, and {d) FC-372 shield cup; all a1 100X
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Iron was the principal impuorily eleméent detected by
clectron spectrographic analysis of the iridium, The
quantities of iron (200-300 ppm) were comparable (o
thase observed in otlier samples in this test scrics. The
spectrographic results arc tabulated in Table IV,

The welds of both primary foeled clads were free of
porosity, The welds penctrated the wall thickness coom-
pletely and possessed desirable microsiruciures.

Resulis of specirographic analysis of samples of the
plutonia pellets are tabulated in Table VI, The calcium
contents of pellets HF-372, HF-341, and HF-365 were
initially reported 1o be 750, >750, and 700 ppm, respec-
tively. Repeat samples were run after carefully cleaning
the spectrographic sample prepuration and arc chamber
facilities. Results for calcium from the repeat samples
were 30, 200, and 10D ppm, respectively. It therefore
appears thay the original resulis were in error because of
inadvertant sample contamination. High calcium con-
tents (=700 ppm ) were also reported for plutonia pellets
from SVT-9; these results were likely biased by the same
problem.

The HF-372 and HF-345 pelict microstructunes wens
typical of SRP fabricated fuel. No second-phase im-
purities were observed in either sample.

Metallographic examination of cross sections of the
FC-345 and FC-372 vent assemblies indicated no vapor
transported deposits in the vent orifices and only small
amounis of plutonis deposited at the entrances 1o 1he
vent filter clemenis. The decomamination cover welds
and the venl asembly welds were froe of cracks and
porosity. However, in both fueled clads, abnormal grain
growth in the parent metal on one side of the cross
seation was observed (Fig. 27).

D, SVT-12: Test and Postmortem (1. George)

On December 13, 1984, a fully loaded GPHS module
was impacted at 75.5 m/s and 975°C. The module
arientation was « = fi = y = 0" (Fig. 28), and the tanget
material was concrete. Before impact, the test assembly
was subjected 10 a simulated reentry cycle a1 1373°C. In
addition, the fucled clads had been aged for 90 days at
1287°C. The SVT~12 zeaphite components are listed in
Table VII and encapsulated details for 1he SVT-12
fueled clads are given in Table VIIIL Data describing the
fuel pellets are presented in Table IX. After the fest, a
sealed catch tube containing the impacted module was

(a)

()

Fig. 27. Abnormal grain growth occurred in the vent assembly welds of the primary fusled clads of SVT-11. () FC-345 and

{b) FC-37%: both a1 50X,
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IMPACT
CONTACT SURFACE

.720

PN

GIS
CAVITY

Fig. 28. The SVT-12 impact assembly.

transferred to Wing 2 of the CMR building. Postmortem
examination of the test components began on December
20, 1984,

The catch tube was placed in an open-fronted hood
and the pump-out plug was removed. A swab was
inserted into thc pump-out hole and a count taken.
Although only low levels of activity were detected, water
vapor released by the concrete had condensed on the
capsule walls and had reduced the detectable alpha
contamination.

The end of the catch tube was removed with some
difficulty (the length of the concrete target required
pulling the entire lid/concrete assembly out of the hood;
only a thin film of water on the concrete prevented
contamination of the laboratory). After the lid/target
assembly had been transferred to another hood, the
inner nickel can (a radiation shield) was removed from
the catch tube.

Examination of the catch tube interior revealed that
the aeroshell had been completely destroyed (Fig. 29).
The aeroshell fractured along the axial contact lines of
the GISs and was broken into several small pieces.
Acroshell breakup was the most severe observed to date
and reflected the high impact velocity.

Damage to the GISs was similar to that observed in
lower velocity impacts. The cap of the primary GIS had
been removed, and the impact face of the GIS contained
a network of axial cracks running the GIS length (Fig.

24

30). Although the cap had been removed, the capsule at
the closure end of the GIS (FC-628) was not released.
The secondary GIS also contained a wide axial crack on
the impact face and several smali cracks on the other
faces (Fig. 31).

The fuel capsules were extracted from the GISs,
photographed, and measurcd. Side and end views of
each capsule may be seen in Figs. 32 and 33, Capsule
strains are listed in Table X.

Macroscopic examination revealed that the fueled
clads at the closure ends of the GISs (FC-628 and
FC-226) had breached. The impact face of capsuie
FC-628 contained a long axial crack (14 mm X 0.! mm)
that traversed the vent and weld shield cups and a short
crack (3.3 mm X 0.1 mm) on the vent cup radius (Fig.
32). Capsule FC-226 breached on the trailing face (Fig.
33), with a wide axial crack (15.3 mm X 1.0 mm) that
traversed both iridium cups.

Although capsules FC-277 and FC-629 weré signifi-
cantly deformed, no areas of Iocalized iridium deforma-
tion were observed in either clad.

E. Bare Clad Impact (BCI) Tests (D, Pavone)
1. BCI-1: Test and Postmortem. In BCI-], a fueled

clad impacted a concrete target at 76.24 m/s and
1090°C. The concrete target had been core drilled from




Fig. 29, The SVT-12 neroshell was badly broken up.

Pad B a1 the Kennedy Space Center. The test clad
{FC-209) was aged 200 h in vacuum at 1287°C and was
encapsulated in a welded, 1antalim impact can orented
with the cylinder axis parallel to the target face.

The tantalum impact can deformed symmeirically,
and ke 1railing end dished inward 10 press onto the back
of the fucled clad. There was a shallow cylindrical
depression on the face of the concrete farget.

Photographs of the impacied fueled clad are shown in
Fig. 34. An axial breach, ~44 mm long and © mm wide,
occurred on the back side. The breach extended the full
length of the clad, Transverse cracks, ~12 mm X 1 mm
and & mm X 0.2 mm, were present on the impact face
near the cylinder-to-end ransition radius. Additionally,
a failure occurred along the centerline of the weld bead,
~ I8 mm X | mm, An area on the trailing face of the
clad, roughly & mm ¥ 10 mm, cxhibited extensive
microcracking and surface spallation, Dark gray surface
deposits wens also present, supgesting possille cons
tamination by materials used for the impact can hard-
ware.

Meratlographic cross sections through the weld fail-
ure, the impact can failure, and the area with surface
spallation were examined, Figure 35 shows the weld
bead microstructure. The offset of the capsule wall on
either side of the fracture is indicative of nonuniform
steain imposed by differential displasement of large
plutonia fragments. The weld penetration was complete,
there was no porogity, and the grain siructure appeared
to b free of transversely oriented columnar grains.

Photomacrographs of the impact face failure on the
vent end are shown in Fig. 36. The photamacrographs
show that the end of the capsule curled nearly 180°
towands the interior, The fracture mode at the filure
was intergranular, with no cvidence of ductile iridium
deformation. However, the generalized reduction in
thickness of the capsule wall of about 33% both in the
flat impact face and the curled region demonstrates the
beneficial effect of compressive stresses normal to the
wall thickness, The reduction of thickness indicates that
the frictional forces &t ibe plutonia/ividium  and
ridinmfantalum inlerfice were low enough to permit
the iridium to clongate. A narrow intergranufar crack
progressing from 1he exterior through about 50% of the
thickness supgests that the potential exists for severing a
relatively large piece of iridium 10 create a much larger
fraciure,

Figure 37 shows the microstructure of a transverse
cross section including 1he surface-spalled arca. The
mitrostructure  consisted of relatively fine grains
clongated in the plane of the capsule wall. Extensive
grain boundary fracturing resulted in loss of material
from the surface, as well as loss of a few individual
grains from the face of the metallographic sample. Lon-
gitudinal cracks existed st sbout two-thirds of the thick-
ness from the exterior suclice. There were no tensile

‘stresges normal 1o the wall thickness during the impact

€vent 1o account for these fraciures, and they perhaps
indicate the depth of contaminanl penetration.
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Fig. 30, The cap of the primary GIS had been removed. {3) Trspact faoe, (b) poodile, and {) closure end; all 311X,
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Fig. 33, Clads contained within the secondary impact assembly,




BCI-1 76.24 m/s

i i

Fig. 34, The iridium clad in 1est BCI- 1 sustained a severe breach on the back, two transvesse breaches on the impact face, and
n wedd faifure on the side; ~0.7TX.

Fig. 35. The offset of the capsule wall on cither side of the weld head fracture of
FC-20% indicates nanunifarm strain impossd on the iridiom copsule wall, The
microstracture was acceplable; SUX.




(b te)

Fig. 36, Transverse impact face fhilures io FC-209 resulied from curvature of the capsale end 1owards the interior of the capgule.
(a) 7X; (b) and (¢) SOX.
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()

Fig, 37. Microstruciure of the FC-200 capsule wall that exhibited surface spalla-
fion. Extensive geain boundary lractering cocurred; (a) 7X and [h) 30X,




Electron microprobe examination of surface deposits
on an area exhibiting microcracking showed that the
deposiis contained tantalum, iron, carbon, and oxygen.
The base metal elements, indivm and tunesten, werg

also detected; however, in some locations, the coating

thickness was sufficient 1o nearly obscure the underiying
iridivm/lungsten alloy.

AES analysis of the exterior of a fractured sample
obtained from an aren with surface discoloration re-
vealed very strong peaks for chlorine, oxygen, and cop-
per, as well as lesser concentrations of iron, carbon,
silver, and sulfur. A similar spectrum was obtained from
the center of the sample; the interior portion had only
meodest levels of carbon and oxygen and a Lace of
phosphorus. The AES specira of a second sample in-

dicated that the grain boundary :mpunucs consisted of

modest amounts of carbon, oxygen, and & small amount
of phosphorus. These resulfs indicate that the con-
tamination of the iridium was not uniform and that the
source of the impuritics was oulside the clsd.

The most likely source of the contaminanis was the
tantalum hardware, particularly the foils used to fabri-
cate the “saddle" that served 1o maintain the orientation
of the fucled clad. Chlorine, oxygen, and iron may have
been present ag nifl scale on the tantalum foils. Copper
could have been inteeduced from electrodes used 1o spot
weld the fixtwres. Althoogh tanialum was present as a
constiluent of the surface film, it apparently did not
diffuse into the grain boundaries.

The weight of plutonia recovered from the impact can
was 16,1450 g, and the amount in the <i0-{im particle
size ranpe was 2518 g

Emission spectrographic analvsis of the plutenia
pellet {Takle V1) showed that all impurities except iron
{180 ppm) were present a1 less than the SRP guideline
fimit

BCI-2

In view of the analytical evidence that indicaies the
irdium capsule was contaminated by extraneous ele-
ments introduced with the test hardware, the resolts of
this 1est should not be considered typical of the fueled
clad responsc.

2. BCI-2: Test and Postmortem, The test clad
(FC-Z14) was aged 200 h a1 1287°C. Because of ap-
parent indium contamination i BCI-I, the tamalum
imrpact can hardware was vacuum outpassed for 1 h at
1250°C before being loaded with the lueled clad and
welded. The impact fest paramctlers wens 53.7 my's,
1021°C; a Kennedy Space Center, Pad B, concrete core
target was used. :

Mo filures of the iridium clad were ohserved. A
shallow depression was presenl on the Fice of the con-
crete target, and the impact face of the fueled clad was
roughened, replicating 1be concrels tarpetl surface. An
axial ridge at the location of a fuel fragment push-
through was present on the impact face, but the maost
severe localized iridium deformation occurred at the
ends of the impact face. Photographs of the impacted
capsule are shown in Fig, 38; test resulis are summarized
in Table XI.

The pletonia feactuge pattern is shown in Fig. 39. The
pellet fractured into several relatively large fragments;
the feacture planc that caused the axial nidge on the
impact face was readily apparent. Although the impact
target was a rigid material, extensive crushing of the
plutonia a1 the impact face did not occur. Instead, the
change in shape appears 1o have been accommuodined
primarity by the relative displacement of fuel fragments.

Small ransverse cracks were obiserved on the interior
of the iridium clad at the ends of the impact fuce. The
largest of these occurred near the vent end. Figure 40
shows a photomacrogrsph and a photomicrograph of

63.7 m/s

Fig. 38. Photographs of 1he impasted fpeled clad FC-E64. There were no failures. Lefl 1o ripht — impact face, side

pmﬁle ack, and vent end; all at ~0.7X.
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Table XI. BCI Test Summarics

Fueled Clad NDE Velacity _ Gross Deformation (%) _ PuRelease(g)
Test Cladd Yalue {mfs) Diam Weight Length  Failores  Tofal <10 pum
BCI-1  FC-209 2.0 7624 4317 -232 +270 A 142076  0.2215
BCI-2  FC-164 1.4 5370 + 96 102 +112 [ 0 0
+12.3 103 +152 2 0.0008  0.0001

FC-351 2.1 64.77

Fig, 3%, The pluionia pellet of FO- 164 fractured into relavively farge frag-
menls. Extensive croghang on the impact o0 wos nol observesl; < 1,5X,

the metallographic cross section through this region of
the capsule. The crack was widest at the interior surface
and extended through ~85% of the wall thickoess. A
secondary crack, extending through ~20% of the thick-
ness, was present near 1he principal crack. The fracture
mode was intergranular with no indication of duciility
at the fracture site.

A transverse cross seclion through 2 ridge on the
impact face is shown in Fig 41. Mild reverse bending
oceurred near the site of the fuel fragment indentation.
Reduction of thickness at the point of mdentation was
about 30%, No evidence of cracking was detected in the
reverse bend region. Because the impact occurred
against & rigid target (conerete), only limited deforma-
tion of the iridivm was possible and a bereach of the
capsule was averted. Had the impact oocurred with &
compressibie material such as FWEPE graphite between
capsule and target, a breach might well have oocurred.

The chemical analysis of the plutonium peliel is
labuliated in Table V1, Impurity elemenis arc present at
levels within the SRP guideline limits,

3. BCI-3: Test and Postmortem. Fueled clad
FL-351 was aged 230 boin vaceum and was encapsulated
in an outgassed tantalum impact can oriented for im-
pact witls the axis paraliel to the 1arget face. The impact
velocity was 64.77 m/s and the clad femperalure was
1090°C. The target was a conerele core removed from a
Kennedy Space Center launch pad,

Photographs of the impacted fueled clad are shown in
Fig. 42, The impact face had a curved profile cor-
responcding to a shallow depression produced in the
target face; the surface replicated the roughness of the
congrete, Visual examination revealed that two narrow
transverse cracks were present on the shield cup end.
The breaches are indicated by arrows in Fig. 42. Severe
localized deformation occurred on the vent end of the
inpact face. Test results are summarized in Fable X1

The plutonia fraciure pattern i shown in Fig, 43,
There appearad 10 be 3 wendency toward the formation
of giaall, elongated, radially oriented fragments around
thie periphery of the eross section, The remainder of the
pellet consisted of relatively large, irregulardy shaped
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(b)

Fig. 40, A crack was initiated on the intericr surface of the iridinm a2 the vent
end of the impact fice. {2) 65X and (b} SOX.




{b)

A1, Fuel fragmeni push-through caused nn axial ridge on the impact face
in BCL2, The iridivm was suppocted by the rigid targed and did not I:fmch;
{2 6.5X and () 50X,

35




BCI-3

64.77 m/s

Fig. 42, Transverse cracks at the ends of the impack fece accurred in FC35E, Left 1o right—impact facs, side

peafile, back, ventend; all a1 0.7X.

Fig. 43, The plutonia fracture pattern of FC-351 exhibited a tendency
amall, radiallv orientad fragments on the perphery, although the principal
fraciure made was large, ireeguiacly shaped frapmenis; ~ 15X,

fragments, Similar 1o the pellet in BCI-2, the impact face
of the pellet was nol severely crushed.

Metallographic cxamination of a longitudinal cross
section cut from the vent end of the impact face showed
three penetrating cracks. Consistent with previous ob-
servations, the fractures were widest at the interior
surface of the capsule wall. One of the lraciures barely
pencirated the capsule wall. The fractures were all inter-
granular with no evidence of localized ductility (Fig.
44), No evidence of fuilure was observed on the capsule
radius.

The plutonia released into the tantalum impact can
was recovered by ultrasonic cleaning in water, particle-
sized into two fractions, and each fraction analyzed for
plutonium content. The total plutonium content of the
2> 10-pm fraction was 10,0007 g, and that of the <10y
fracton was 0.0001 .

Impurity clements in the plutonia pellet were all
present in amoenis below the SRP guidetine (Table V1)
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F. Ballet/Fragment Test Series

1. Bullet/Fragment Test MNo. 3 Postmortem Ex-
amination (T. George). The test conditions, module
disassembly, and preliminary resulls were described in
previous reports. In this quarter, we continued with our
investigation of Ir:Al interactions and received the re-
sults of microprobe analyses conducied on an inler-
metallic deposit atgached to the Al 2219 bulled.

Microprobe analysis of the deposit cross section (Fig.
45) indicaied the apparcnt presence of several InfAlm
phases:

- 96% Alj4% Ir

- 47% AlS53% Tr

- 46% Al/12% Lrf32% Cu/8% Feg2% Ma

- 3010 38% AL 10 62N Ir

«2710 31% AT 10 69% Ir

{all values are wt %)




)

cks were peesent on the vest end of the impeer face of FC-351

(e}

Fig. 44, Three transverse impnct Bave cra

(d) S0X.

(b, (c), and

&) 6.5X;

a
1
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Fig. 45. Optical medallography revealed several phases on 3 cross section of 1the sstermeallic blolby; 40X,

Results of analvses at specific areas on the deposit
<ross section are presented in Table X1E The 27 10 31%
AT 1o 69% Tr compositional range was particularly
inleresting beciause eléctron imaging of an arca with this
composition revealed three distinet phase regions.

2. Bullet/Fragment Test No. 5: (R. Tate). In Octo-
ber, we completed the fifth bullet/fragment test, The
desired 1est conditions were a8 module temperature of
1091°C and a S0-caliber, 18-g, 2219-T87 aluminum
alloy bulle at 549 my's (1300 1/3). The bullel siruck the
GPHS half-module about 13 mm to the left of the
module centerline snd approximately midway between
the weld and the 1op of the clad. The aluminum bullet
was deflected by the target, did not come 1o rest within
ihe assembly, and presumably caused the exil hole
observed in the top of the furnace used to heat the target.
The module temperaiure was measured as 1120°C at the
time of bullet impact, The velocity of the bullel in this
test was determined from a flash x ray at 335 m)s (1820
fiysk The bullet impact produced 8 Nattenad clad plans
el a1 about 60 degrees from the bullet flight path {Fig.
44). Ficld inspection of the target clad did not indicate &
breach of the indivm clad containment. However,
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closer inspection of the clad in the laboratory revealed a
sarrow, 3.6-mm-long crack along the weld centerline in
the weld overlap region. This crack is shown in Fip. 47,
A second crack, a semicircular opening 0.2 mm wide
and 4.5 mm long, was abserved in the cup radius of the
clad adjacent to the bullet impact arca. This feature is
pictured in the upper lefi-hand area o Fig. 48 and at
higher magnification in Fip. 49.

G. Converter Segment Tests (CSTs) (T. Cull and R.
Tate)

In this quarter, we continued 1o make progress in the
CST series. Four tests were conducted: an engintering
{est to evaluate the response of test hardware and suit-
ability of the test configeration (T05-psi static over-
pressure), CST-1 (T36-psi siatic overpressure), CST-2
(1028-psi static overpressure), smd CS5T-3 (1684-psi
siatic overpressure)

The C5Ts were designed to simulaie an explosive
event in which the radicisotope thermoelectric gen-
erator (RTG) housing, insulation, and thermoclectric
clements are driven into the GPHS module stack. In




“Table X11. Phases in an Intermetallic Deposit Formed in SVT Bullet Test
No.3

Number of Approximate Phase
Area® Phases Observed Compositions (wt. %)
1 3 46% AL 12% TR: 32% Cu: 8% Fe: 2% Mn
96% Al: 4% Ir
47T% Al 53% Ir
2 4 45% Al: 15% Irz 32% Cu: 8% Fe
38% Al: 61% Ir: 1% Cu
96% Al 4% Cu
| 48% ALS2% Cu
a 3 46% Al 15% Ir: 31% Cu: 8% Fe
38% Al 62% Ir
97% Al 3% Cu
4 2 38% AL 62% Ir
31% Al 68% Irz 1% Cu
5 i 28.2% AL 71.8% Ir electron imaging
27.8% AL T2.2% Ir revenled euch
30.2% AL 69.8% Ir COMPOSItion a5 4
distinct phase

*A microgruph M.tlﬁl depasit crass section, showing the five areas of interest, may he
seen in Fig, 45,

Fig. 46, Fifth bullet 1est on GPHS hallnodule after
}%%c:\ %S@-&hbﬂ phunminune alloy buliet at 555 my's
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Fig. 47. Crack in the weld seam of the simulani-fueled GPHS clad
after bulles impact a1 555 my/s; E1X.

Fig. 48, Targeted GPHS fuel clad after bullet im-
pactat 53 myfs, Nofe semicirenlar crack in upper ledt
carner.




Fig. 49. Enl

cach CST, the test object was a flight-quality GPHS
module containing four simulant-fueled (F2U0L) clads,
The module was placed between two bulk graphite
meodules and suspended in the shock rube by a graphite
cradle. The 22-in, L. shock tube was purged with a 10-
cfh flow of nitrogen, and the madule stack was heated to.
1091°C {the operating tempéralure of an un-md RTG);
a S«ih flow of nitrogen was maintained in the furnace
during module hcat~up When the module stack reached
1091°C, the firing sequence was initiated. At T-25 5, a
low-energy explosive pin was detonated, (:ausing the
furnace 1o drop away from the module array. The
furnace support then activated a limit switch that sent
power to an clectric winch to lose a sliding door over
e withdrawn lurnace. Mounted on the sliding door
was an RTG housing simulant supporied by an
aluminum angle frame, The housing simulant consisted
of & C-shaped, 0.23-in.-thick aluminum plate, support-
ing a 3 X 6.8-in. RTG segment (Fig. 50), mannfctured
by General Electric (GE) (nominal weight = 356 g). The
GE converter segment was positioned [.5-in. upstream
from the test module after the sliding door was closed
and the winch was deactivated. The test sctup is il-
lustrated in Fig. 51. Afler verifying furnace drop and
door closure (by viewing the shock tube on a video
moniter), the Comp C-4 explosive was detonated. The
test objects were thrown into a vermiculite-filled caich
tube approximately 14 i from the muzzie end of the
shock tube. These items were recovered the following

view of crack in the cup radius area of the
targeted 0:'.?!’[—[.;:?“i fucl clad after bullel imspact; 11X,

day by sifting the vermiculite through 0.125-in. screens.
Flash x-ray units were set up 1o capture the simulint-
fueled clads in flight between the shock tube and the
catch tube, The purpose of the x rays was o observe
pariicle dispersion, should the clads breach, and esti-
mate the fuel clad velocities from their position on the
x-ray films. ;

Results of the individeal CSTs and the enginecring
test are summarized below.

1. CST Engineering Test. A preliminary engingering
165t was conducted at Sandia Mational Laborato-
ries/Coyote I11 Test Site on October 12 to determing the
movement of a flat, ¢ircular, 0.25-in.-thick aluminum
plate. The 21.5-in.-diam plate, a simulant RTG housing,
was supparted by &n aluminum angle frame designed to
allow the plate 10 move forward freely a distance of 3.5
in, In an actual test, the plate would impact a module
array before interacting with 1he support frame. Two
hlgh-rspead 20,000 frames/s cameras viewed the left and
right sides of the plate to determine the plate’s move-
ment (Fig. 32), Data and resulis from this test are
summarized in Table XIIL

2. CST-1. The first CST was conducted a8 Coyote
Tes1 Site on November 1, 1984, The module array was
heated 1o 1120°C 10 allow for cooling after the furnace
was dropped, but the thermocouple measured no drop
in temperature during the 25 s before the high explosive
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Fig. 50, GE converter (51 scgment.
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Fig, §2. Camera positions for engineering shock tube test.

was detonated. A shock wave with static overpressure of
736 psi and static impulse of 3.2 psi-s was generated
with 60 1b of Comp C-4 explosive. None of the clads
breached, but all were deformed. Posttest diametral
measurements of the fuel clads are listed in Table XIV.
Posttest identification of specific fuel clads was not
possible, so the clads were labeled Nos. 1, 2, 3, and 4 in
the order they were recovered. Figures 53 and 54 show
the deformed clads. Data and results from this test are
summarized in Table XIII.

3. CST-2. The second CST was conducted on No-
vember 28, 1984, at Coyote Test Site. An identical test
setup was subjected to a static overpressure of 1028 psi
and a static impulse of 3.75 psi - s. The clads were again
deformed, but none breached. Posttest diametral
measurements of the fuel clads are listed in Table XIV,
Postiest identification of the fuel clads was made
possible by comparing pretest and postiest photographs
of the clad vents. Figures 55 and 56 show the deformed
fuel clads. Data and results from this test are sum-
marized in Table XIII.

4. CST-3. A third shock tube test with a test setup
identical to CST-1 and CST-2 was conducted on
December 10, 1984, at Coyote Test Site, The GPHS-
RTG segment was subjected to a static overpressure of
1684 psi « s and a static impulse of 4.2 psi - s. The clads
were again deformed, but not breached. Posttest
diametral measurements are listed in Table XIV. Laser
eichings on each fuel clad made posttest identification
of the fuel clads possible. The resulting damage to the
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fuel clads is shown in Figs. 57 and 58. The shock tube
end was bulged and, therefore, was not reusable. Data
and results are summarized in Table XIII.

I1. SAFETY TECHNOLOGY PROGRAM
A. Ir/Thand Ir/P Compounds (J. Archuleta)

Methods of growing Ir/Th and Ir/P single crystals
within a copper melt were discussed in previous reports.
In November, we used the scanning electron micro-
scopc (SEM) to photograph Ir/Th and Ir/P single
crystals grown with this technique (Figs. 59 and 60). The
micrographs clearly illusirate the respective structures
of the two crystals,

B. Characterization of the Al/Ir Binary System (K.
Axler and L. Foltyn)

1, Phase Identificaton. Study of the Al/Ir system
continued during this quarter. A sample of 3:1 at.% Ir:Al
was prepared in the arc melter and analyzed by x-ray
diffraction (XRD). The x-ray analysis indicated that the
3:1 mixture melted to form IrAl and unreacted iridium.
The presence of unreacted iridium implies that no com-
pounds exist on the iridium-rich side of the Ir/Al binary
phasc diagram. However, the rapid cooling provided by
the arc melter does not allow sufficient time for equi-
librium to be achieved as a melt cools. Consequently, we
divided the original XRD sample into two specimens;
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TABLE XIII. CST Summaries
Overpressure (psi)* Temp Catch Tube
Test Static Reflected Static Impulse (C°) Test Unit Penetration (ft) Results

CST-ENG 705+70 5189 32 04 25 RTG Housing Simulant 10 Simulant shattered
into 50+ pieces

CST-1 736 =70 5434 3.2 =04 1120 GPHS Module 8 Graphite stripped
from clads; slight
clad deformation

CST-2 1028 = 100 NP* 3.75+05 1054 GPHS Module 11 Graphite stripped
from clads; slight
clad deformation

CST-3 1684 + 300 NP 4.2 08 1084 GPHS Module 21 Graphite stripped
from clads;
moderate clad
deformation

*Figures provided by Sandia National Laboratories.
YNo information provided by Sandia National Laboratories.




TABLE XIV. CST Capsule Strains

Ave, Avg,
Major Diam  Minor Diam  Major/Minor

Test Clad No,  Position {in.) {in.) Ratio
CS8T-1 1 ND* 30.564 28.604 1.069
2 ND 30.420 29.366 1.036

3 ND 30,661 28.682 1.069

4 ND 3 29.456 1022

CST-2 2 GIS C-O8 30,569 28,903 1059
4 15 C-BE 30.753 29032 1458

1 G1S A-BE 3264 29.417 140210

3 GI1S A-OF 29.918 29,389 1018

CST-3 L-12 GISA-BE 30.209 17974 1.080
L-14 GIS A-QOF 30.378 28025 1.084

L-16 GISC-BE 30.742 27.635 1.113

L-19 GISCOE 30.048 28575 1.052

2ipt determined.

Fig. 53, CST-| fucked clads | and 2, vent end and side views. (2) Fucled clad | and (b) fueled clad 2,




3}

(b

Fig. 54, CST-1 fucled clnds 3 and 4, vent end and side views. (a) Fucled chad 3 and {b) focled clad 4.
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(a}

(b

Fig. 55. CST-2 fueled clads 1 (A GIS, bind end} and 2{C GHS, open end), vent end and side views, {a) Fucled clad 1
and (b) fucled clad 2.



Fig, 56. C5T-2 fueled clads 3 (A GI5, open end) and 4 {C G185, blind end}, veni end and side views. (a} Fueled clad 3
and (b) fueled clad 4.




(aff—‘mlcd clad

-3 Fueled clads L-12 (A
L-12 and (b) fucled

(b

GIS blind end) and L-14 (A GIS, open end), vent end and side views.
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Fig. 5%, Ir/Th single crysial. SEM micrograph; 250X,

Fig. 60 Ir/P single crystal. SEM micrograph; 350X,

ome specimen was annealed at 400°C for & weeks and the
other was anncaled at 8007C for 2 weeks. After the heat
freziments, both specimens were resubmitted for XRID
analysis; we are currently waiting for resulis.

We also prepared an arc-melted sample of 1:2.6 at.%
IzAL XRD analysis of the product generated a unigue
fine pattern that differed from the lines associated with
cither IrAl or IrAly. An IrAl ; compound 15 described in
the literature, i

The new multichamber tungsien cell was utilized 1o
simultaneously induction-heat four IrAl powder sam-
ples of varying composition {IrAl ratios of 131, 12, 113,
and 1:4) to 925°C in & vacuum. All four tamples showed
signs of reaction with varying amounts of unrcacied
material, Afler macroscopic examination, the samples
were submitted for XRID analysis.

The XRID results indicated that the 111 TrAl mixture
had formed IrAL The 1:2 IcAl mixture formed a two-
phase product composed of IrAl and IrAl, The §:3 InAl
mixture also formed a two-phase producs, but in this
case only ane phase (IrAly) was identifiable. The fourth
sample, InAl mtio 14, formed a single plase having a
unique x-ray diffraction patlern.

2. Heats of Formation. Theoretical values for the
hests of formation of various IrfAl intermetailic com-
pounds were calculated using 2 technigue described in
the literature by Midema. The results are presented in
Table XV,

We also attempted to experimentally determine the
heat of formation for IrAl, We placed 11 mg of
aluminum and iridivm powders in a 31 atomic ratio in
the differential thermal analyzer (DTA) and heated the
powders at 1% min to 1500°C. A sharp exotherm, ne-
leasing 187 cal/g, maximized at 655°C, Also observed
were 2 small (13 calyg) endothesm at 918*C and a small
{10 calfg) $18°C exotherm at 1334°C. When we heated
the sample a second time, the following were recorded: a
7-calfg endotherm at 852°C, a S-calfg endotherm ai
9i8°C, and a l4-cal/g cxotherm at 1291°C. Cooling
through the same region at 3%min showed only an
exotherm at 642°C {7 cal/g).

. alwla Heats
of Formation for Tr/Al Com-

pounds

Compound  AH¥/patom
IrAl ~16.8
[I'Alz,; ”"]l-}
IrAly —10¥
IrAlyss - BT
IrAls - T4




The exotherm at 655°C on the first heating appears to
be due initially to reaction between the two elements,
followed perhaps by reaction between some Al/Ir com-
pound and one of the elements. The temperature noted
is approximately the same at which a 1:1 Al:Ir mixture
reacted and also corresponds to the melting point
{~661°C) of the aluminum powder from which the
mixes were made. The small endotherm at §52°C on the
second heating and the exotherm at 642°C on cooling
may therefore be due to melting/solidification of excess
aluminum, which could have resulted from inaccuracies
in weighing. Consequently, we believe that the heat of
formation of Allr is approximately 67.4 Kcal/mol.

The small endotherm at 918°C on heating suggests
formation of a high-temperature phase, The fact that a
corresponding exotherm was not seen on cooling is
consistent with the relatively fast cooling rate (5°/min).

C. Investigation of Th/lr/P Ternary Compounds (K.
Axler)

At the present time, a Th/It/P crystallization experi-
ment, which will incorpofate a longer soak time at an
clevated temperature, is underway.

Another preparation was made for a crystal growth
experiment with thorium, iridium, and phosphorus. In
this preparation, a tin flux will be used.

D. Investigation of Th/It/Si Ternary Compounds (K.
Axler)

Silicon is present in the GPHSs as an impurity in the
fuel. The role of this element in regard to the system has
been discussed and several experiments were con-
sidered. In the first test, 1:1:1 at% Th/Ir/Si was
prepared by arc melting, The material formed a clean
button when melted and had a homogeneous appear-
ance. The sample was submitted for metallography, and
a section will be sent for XRD analysis.

E. Computer Modeling of GPHS Thermodynamic
Behavior (K. Axler and R. Sheldon)

We are beginning an cffort to thermodynamically
analyze the behavior of the GPHS using the
SOLGASMIX program. The software was installed on
an IBM-XT computer, and testing of the program was
initiated. All necessary thermodynamic properties will
be contained in a data base stored along with the pro-
gram on a hard disk. This approach will facilitate future
system analyses.
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