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ORNL ISOTOPIC POWER FUELS QUARTERLY REPORT
FOR PERIOD ENDING SEPTEMBER 30, 1973

Eugene Lamb

SUMMARY

Heat soak periods were completed on four of the ten sets
of compatibility couples which were put on test during
the previous quarter. The four sets contain a total of
18 couples. Four couples were examined, and tests on the
others are in progress. Examination of the Kilowatt Test
Source capsule was completed. Four Cmy03/ceramic couples
were examined and additional tests are underway. Mate-
rials selection and test conditions were finalized for a
15-couple matrix to be initiated during FY 1974.

Free energy calculations were made for the reactions of
Cm,03 with Pt—267% Rh—8%Z W, T-111, Hafnalloy 20-20, stain-
less steel type 316, Ir—27 W, Pt—30% Rbh—8% W, and carbon.

The equipment assemblies for the helium release, emis-
sivity, vapor pressure, and heat capacity experiments
were completed and checked out. Installation of the
equipment for x-ray diffraction was completed, and the
system was put into operation. Two x-ray diffraction
examinations were made of pellets used for leach-rate
studies.

A comparison of physical stability was made between two
essentially identical Cm;03 pellets, one stored in dry
air and one stored in argon. Some degradation of the
air-stored pellet was noted but there was no observable
change in the pellet stored in argon. A signficant
variation in as-pressed density was observed between
two Cmp03 pellets prepared from materials of different
ages using identical pressing conditions.

Measurements of rate-of-loss of 24%Cm from 2L*L*Cm?_o:,;
pellets in seawater were made under two sets of condi-
tions — fresh air-saturated flowing seawater at ambient
temperature and a fixed volume of boiling seawater.

The rate of weight gain in dry air was measured for

a hot-pressed CmyO3 pellet of relatively low density.
Calcination weight loss measurements and dry air weight
gain measurements were made on a fraction of purified
curium oxide.

Neutron radiation data from the 244Cm source measurement
made last quarter were analyzed and compared to litera-
ture values. The source was re-analyzed by calorimetry,

o




and the 2%*%Cm content as of date of the radiation mea-
surement was calculated. A recheck of the low-energy
range of the neutron spectra was initiated.

The equipment for the Cm;03 impact study was stored due
to a postponement of this project.

Analytical work on the 24%Cm product which is currently
being used for characterization tests was completed.
Two fractions of stored 24%Cm residues were processed
at the TRU facility and yielded 77 g of highly pure
curium oxide for test work.

Calculations of the yield of 24%Cm as a function of 233y
enrichment in PWR operations were made. The variation in
isotopic abundances of the four principal curium isotopes
were calculated for five reference reactors.

CURIUM-244 FUEL DEVELOPMENT

(Division of Space Nuclear Systems Program LR 30 01 03 3)
244Cm,04 Compatibility Program

Compatibility Couple Tests
(T. A. Butler and J. R. DiStefano)

The 1100°C compatibility couples contained in Sets 3, 4, 5, and 6 com-
pleted the scheduled heat socak periods on August 6 and August 9, 1973.
The tantalum outer containers of Sets 3 and 5 were bulged due to internal
pressure produced in the sealed helium atmosphere at the temperature of
the test, but there was no evidence of rupture. The radiation readings
of the combined neutron and gamma dose rates at a source~to-detector
distance of about 3 in. was 850 mR/hr per gram of 2"“*Cm203 fuel. The
sets were transferred to HRLEL for metallographic examination.

The first power outage for Sets 1 and 2 occurred on September 12, 1973,
and lasted for a periced of 115 hr. The status of the 900, 1100, and
1400°C compatibility test matrix on September 27, 1973, is summarized
in Table 1.

Visually, all of the 18 capsule assemblies from Sets 3, 4, 5, and 6
looked good upon removal from the capsule holders. Except for platinum,
the top disc metal sample was removed for oxygen analysis. The plati-
num sample in each set appeared to be stuck and could not be easily
removed. The capsule assemblies from Set 3 were vented to static helium
and a graphite jacket surrounded the inner capsule. Metallographic
observations can be summarized as follows:




Table 1. Status of Compatibility Tests

Set Start Thermal Cumulative Projected
of Test Cycles Hours End of Test
1 5-3-73 1 3413 12-3-73
2 5-3-73 1 3413 12—3—78
3 4-16-73 3 2560 8-6-73
4 4-16-73 3 2560 8-6-73P
5 4-17-73 2 2510 8-9-73b
6 4-17-73 2 2510 8-9-73P
7 5-3-73 2 3416 12-3-73
8 5-3-73 2 3416 12-3-73
9 5-3-73 2 3408 12-3-73
10 5-3-73 2 3408 12-3-73
85et identifications: bEnd

1. 900°C; 5000 hr; helium atmosphere; Ir, C, Pt, Hf—l% Pt—
0.5% Pd, Hastelloy C-276, Haynes 25, Haynes 188, ThOj,
Pt—20% Rh, and Pt—26% Rh—8% W.

2. 900°C; 5000 hr; graphite, helium atmosphere; Ir, Pt,
Hf-1% Pt—0.5% Pd, Hastelloy C-276, Haynes 25, Haynes
188, ThO,, Pt—20% Rh, and Pt—26% Rh—8% W.

3. 1100°C; 2500 hr; graphite, helium atmosphere; Ir, Pt,
Pt3Ir, and Pt—26% Rh—8% W-0.5%7 Ti.

4. 1100°C; 2500 hr; dynamic vacuum; Ir, Pt, Pt3Ir, C, and
Pt—26% Rh—8% W-0.5% Ti.

5. 1100°C; 2500 hr; helium atmosphere; Ir, Pt, Pt3Ir, C,
and Pt—26% Rh—8% W—0.5% Ti.

6. 1100°C; 2500 hr; graphite, dynamic vacuum; Ir, Pt, Pt3lIr,
and Pt—26% Rh—8% W0.5% Ti.

7. 1400°C; 5000 hr; graphite, helium atomsphere; Ir, C, Mo,
Mo—46% Re, Ta, T-111, W, and W—26Z Re.

8. 1400°C; 5000 hr; dynamic vacuum; Ir, Mo, Mo-467% Re, Ta,
T-111, W, and W—26% Re.

9. 1400°C; 5000 hr; helium atmosphere; Ir, Mo, Mo—46% Re,
Ta, T-111, W, and W—26% Re.

10. 1400°C; 5000 hr; graphite, dynamic vacuum; Ir, C, Mo,

Mo—46% Re, Ta, T-111, W, and W—26% Re.




Platinum Platinum samples and 2l“*(lm?_Og) reacted in
certain locations to form Pt-Cm alloy or
Pt-Cm-0 compound.

Pt—26% Rh—8% W0.5% Ti Slight (1 mil) grain boundary attack of
alloy.

Pt3lr Slight surface roughening and grain boundary
attack up to 1.5 mils in certain areas.

Iridium Slight surface roughening.

Oxygen analyses from samples of the various materials (except platinum)

4
Material Remarks
|
|
‘ from these tests are summarized in Table 2.
|

Table 2. Oxygen Analysis of Compatibility Samples

a Oxygen Concentration (ppm)
Material Helium Vacuum

Graphiteb Al,04C Graphiteb Al,03€

Pt—26% Rh—87% W0.5% Ti 107 61 23 79
Pt3Ir 33 29 <10 <10
Iridium <10 <10 <10 <10
Graphite <10 <10

2<10 ppm oxygen before test.
Graphite intermediate capsule and graphite capsule holder.
CNo graphite intermediate capsule; Al,03 capsule holder.

The relatively high oxygen pickup by Pt—26% Rh—8% W-0.5% Ti was probably
caused by titanium, a strong oxide former. Note that Pt3Ir vented to
helium showed a slight pickup of oxygen while pure iridium did not. Since
data for unalloyed platinum were not obtained, the reason for the pickup
in Pt3Ir is not clear. No significant effects of other variables such

as the helium or vacuum environment or the graphite intermediate capsule
on oxygen pickup were noted in the data we have obtained thus far,

Cm,03 Source Test Capsule (J. R. DiStefano)

A vented tungsten capsule was used to contain Cm,03 for over 660 days at
temperatures from 1000-1400°C.1 Some oxidation of the tungsten capsule
occurred when the test system was disassembled, The Cm,03 pellets were
lodged tightly in each of the seven holes in which they were contained,
and to permit handling and mounting of metallographic samples, most of
the Cmy03 had to be mechanically removed by drilling. It is possible
that these procedures may have caused cracks in the tungsten capsule.




A cross—sectional view of one of the holes that contained some remaining

Cmp03 is shown in Fig. 1. There is considerable evidence of penetration

of the tungsten by Cmy03, especially aleng grain boundaries. The tungsten

also contains numerous cracks which were probably the result of cutting

and drilling. The CmpO3 contains some bright metallic particles which we

- believe to be tungsten. Attempts to analyze various phases in this speci-
men by microprobe analysis were unsuccessful because heat generated by the
sample caused vaporization that rendered the optical and X-ray system
inoperative.

Figure 2 shows a vent disc section and attached vent tube through which
helium gas generated by decay of curium passed. Evidence of deposits are
seen along surfaces of the vent disc, and the vent tube appears to be
almost plugged. Microprobe analysis indicated the material in the vent
tube plug to be a combination of curium oxide and tungsten oxide. The
bright (white) phase in the deposit would seem to indicate the presence

of metallic particles, but this is an artifact of polishing. Material
deposited along the inside diameter of the vent tube is primarily tungsten
oxide, while the bulk of the deposit is more a mixture of curium and
tungsten oxides.

In summary, examination of the capsule from the source test indicates

that under these conditions tungsten provided containment of CmpO3, but

there was considerable grain boundary attack and mass transfer of tungsten.
. This makes unalloyed tungsten appear not to be a good choice for contain-

ment of CmpO3 in the temperature range of 1200-1400°C and under conditions

of a temperature gradient.

Cm,05 Compatibility With Ceramic Materials (P. Angelini)
The plan of experiments is presented in Table 3.

Table 3. 2%%Cm,03 Ceramic
Compatibility Experiments

Experiment Material Tem?fé?ture ii??

A ThO, 1500 24

B ThO» 1300 100

C ThO» 1500 500

D ThO, 1300 500

E Zr0o 1500 24

F Zr0y 1300 100

- G Zr0,y 1500 500
H Zx0, 1300 560

. I Al,503 1500 500
J Al,03 1300 500

o










Optical microscopy on an as-fabricated 0.180-in.-diam pellet with a
density of 10.2 g/cm3 (from Savannah River powder batch SRL-31) has been
completed. The pellet appeared very dense with very little porosity.

The pellet had not changed shape and appeared to have the same dimensions
as it had after fabrication; it had been exposed to air for over one
month prior to examination.

To date, experiments A, B, E, and F have undergone their prescribed heat-
ing times. These couples have been mounted and polished, and the optical
microscopy has been completed. The results obtained thus far do not show
a great reaction between CmyO3 and ThO, or Zr0O; at either temperature.
Unless the reactions occurring are very significant, it is difficult to
determine quantitatively the extent of reaction by optical means in these
cases.

The optical microscopy on the pellets in experiments A, B, E, and F

showed that the fuel pellets had swelled and that the porosity had in-
creased during their exposure at temperature. From the location and
geometry of the voids, it is inferred that the helium generated and con-
tained in the fuel during storage prior to the heating cycle was the

cause of the expansion. The expansion is believed to have occurred during
the initial heating period, at which time the bulk of the stored helium
inventory escaped from the pellet. Both the diameter and height increased
in dimension; however, the increase in height was not uniform across the
pellet. This caused the pellets to lose much contact with the oxide
inserts.

The electron-beam microprobe analysis of experiments A, B, E, and F was
completed. Partly as a result of the swelling of the fuel pellets,
mentioned above, there was much contact lost between the fuel pellet and
the respective ceramic inserts. In the two experiments A and F there
were regions of solid-solid contact as seen in both the optical and
electron microprobe work. In experiments B and E no contact was seen

in the polished couples. This, however, does not mean that there could
not have been solid-solid contact during the experiment. The separation
of the inserts and fuel pellets could have occurred due to mounting or
transporting the couple.

In experiment A the study of the solid-solid contact area showed that
interdiffusion did occur. The data showed that curium had migrated into
the ThO, to an extent of three mils. The thorium had migrated into the
2“““Cm203 to an extent of two mils.

No contact areas were observed in experiments B and E. The data collected
showed that no interdiffusion had occurred.

There were contact areas in experiment F. The data showed that curium
had not migrated into the ZrO,. However, the zirconium had migrated into
the 2%%Cm,05 to an extent of three mils. A study of areas where there
was no solid-solid contact did not show any interdiffusion.




In both the ZrOZ—Z””Cm203 compatibility couples (experiments E and F)
there was a darker gray phase completely surrounding only the 2L+L*Crr1203
pellet. This phase was approximately 1.5 mils in thickness. The phase
was observed both optically and with the electron-beam microprobe. After
studying the darker gray phase with the electron-beam microprobe, it was
concluded that the area was rich in calcium. The concentration of curium
in this area appeared to be the same as in the bulk of the Cm,03 pellet.
The source of the calcium is not identified at this time.

Experiments C, G, and I have undergone their prescribed heating times in
vacuum. In these experiments, the couples were fueled with pellets which
had been fabricated the same day, and the couples were taken to tempera-
ture immediately after fueling. This was done in order to minimize the
helium accumulation in the pellets, thus reducing the possibility of pel-
let expansion and loss of contact area.

FY 1974 Compatibility Matrix (J. R. DiStefano and C. L. Ottinger)

Materials selection and test assembly designs for a 15-couple matrix to

be initiated during FY 1974 have been finalized. This matrix will include
representatives of several types of potential encapsulation materials.

The test assemblies will contain materials specimens which will be used

to test tensile strength changes. Conditions of the tests and materials
are shown below.

5000 hr, 900°C 5000 hr, 1100°C 10,000 hr, 1400°C

Helium Vacuum Vacuum

Haynes-188 Pt-3008 Iridium

Ta—10% W Iridium Ir—27% W

Mo—467 Re Ir—27% W Mo—467% Re

TZM Ta—10% W W—26% Re

Zr0,? Mo—46% Re

Si3Na

a . .
No tensile specimen.

Reaction of Cm,03 With Pt—26% Rh-8% W Alloy (E. E. Ketchen)

The alloy Pt—26% Rh—8% W (53.33 atom % Pt, 39.82 atom % Rh, 6.86 atom 7 W)
is being considered as a capsule material to contain 2L*L*Cm?_03 heat source
material. The potential for the reaction of Cm,03; source material with
Pt—26% Rh—87 W over the 600-1300°C temperature range was investigated
from a thermodynamic viewpoint.

The purification of the curium produced includes plutonium removal. How-
ever, the curium product probably would be held at least a year after the
purification step before it is fabricated as a heat source. During this
period of time about 5% of the 24%4Cm would have decayed to 240py, The
procedure used to reduce the CmO, to Cmp03 before the fabrication step



would not convert the PuO; to Puj03.

PuQ> in the Cmy03 product.

was assumed that the Cmy03 contained 5 mole % PuOjp.

10

Hence the plutonium is present as

For purposes of this thermodynamic study, it

The thermodynamic data needed to calculate the free energy of mixing of
95 mole % Cmy03 with 5 mole % PuO, are not available.
molar free energy of mixing is probably small, it was neglected in the

following calculations.

Since this partial

The partial molar free energies of mixing of Pt, W, and Rh were calcu-
lated using the following equation.2

AE# = RT 0 xj + Vk[Z(ék —-6i)¢i]2 (1)
where ’

Aak = Gibbs partial molar free energy of the k'th component

R = 1.9872 cal

T = absolute temperature

x, = mole fraction of the k'th component

v, = volume of the k'th component

6k = golubility parameter of the k'th component

6i = solubility parameter of the i'th component

¢i = volume fraction of the i'th component

2

The solubility parameters were taken from data by Hildebrand and Scott.

In the derivation of Eq. 1, it was assumed that there was no compound

formation of the metals with each other.

are shown in Table 4 at 600-1300°C.

Table 4. Partial Molar Free Energies of
Mixing of Components in Pt—26% Rh—87 W

Temperature —AG (cal/mole)
(°C) Pt W Rh
600 979 4407 1563
800 1229 5471 1930
1000 1481 6535 2294
1200 1728 7602 2262
1300 1853 8134 2845

The partial molar free energies
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The free energies of formation of Pt30y, WO, Rhy0, Cmy03, PuO,, and Pu,03
were calculated from a data compilation by Alvin Glassner® and a review
article by F. L. OettingL+ and are shown in Table 5. Since the free energies
of Pt304, are positive, this reaction will not proceed in the presence of
oxygen at 600-1300°C. However, the free energies of tungsten and rhodium
with oxygen over the 600-1300°C temperature range are negative, and these
reactions could proceed.

Table 5. Gibbs Free Energy of Formation
of Pt304, WO, Rhp0, PuO,, and Puy03

Temperature AGy (cal/mole)
(°C) Pt30y WO, Rh,0 PuO, Pu,03°
600 10,300 -101,160 ~-11,350 -215,550 -352,120
800 26,400 -93,850 -9,090 -207,050 -339,320
1000 42,080 -86,780 -6,940 -198,700 -326,940
1200 57,330 -79,960 -4,900 -190,530 -314,980
1300 64,790 -76,800 -3,910 -186,500 -309,150

aPu203 data used as stand-in for Cm,03.

The free energy data for Pus03 were used as a stand-in for Cmy03 over the
600-1300°C temperature range. At higher temperature, where the free energies
of Cmp03 could be calculated, the Puy03 values were in good agreement with
Cmy03. Hence the use of the free energy values of Pup03 as a substitute

for Cmy03 may be a reasonable approximation.

The free energies from Tables 4 and 5 were used to calculate the free
energy for Egqs. 2-5. The free energy for Egqs. 2-5 are shown in Table 6.

3W(in Pt—26% Rh—8% W alloy)(s) + 2Cm,03(s) - 4Cm(s) + 3WO,(s) (2)
6Rh(in Pt—26% Rh—8% W alloy) (s) + Cmy03(s) > 3Rh,0(s) + 2Cm(s) (3)
W(in Pt—26% Rh—8% W alloy)(s) + 4PuO,(s) > WO,(s) + 2Pu,03(s) (4)
2Rh(in Pt—267% Rh—8% W alloy)(s) + 2PuO,(s) - Rh,0(s) + Puy03(s) (5)

Since the free energies are positive for Egs. 2-5, WO, and Rh,0 should
not be formed at 600-1300°C. The above oxides are the most favorable
oxides to be formed. Hence, the interaction between Cmp03 and Pt—26%
Rh—8% W to produce the oxides of platinum, rhodium, and tungsten would
not be expected. It was assumed that there is no compound formation
between the constituents of the alloy and that the curium metal will not
form intermetallic compounds with constituents of the alloy. No oxygen
solubility in the alloy is also assumed. Experimental verification of
the results is needed.
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Table 6. Gibbs Free Energies of Reaction for Egs. 2-5

Temperature AG, (cal/mole of Cmy03 or PuOj)
(°C) Eq. 2 Eq. 3 Eq. 4 Eq. 5
600 206,990 327,450 15,300 35,380
800 206,750 323,630 15,290 34,770
1000 206,560 319,840 15,170 34,060
1200 206,450 316,260 14,950 33,250
1300 206,150 314,490 14,780 32,830

Reaction of Cmy03 With T-111 Alloy (E. E. Ketchen)

The alloy T-111 (90.09 atom % Ta, 7.88 atom % W, and 2.03 atom 7% Hf) is
being considered as a capsule material to contain 2L+L+Cm203 heat source
material. The potential for the reaction of Cmy,03 source material with
T-111 alloy over the 600-1300°C temperature range was investigated from
a thermodynamic viewpoint.

The partial molar free energies of mixing for Ta, W, and Hf were calcu-
lated using the method described in the previous section, "Reaction of
Cmp03 With Pt—267% Rh—87% W Alloy." The results are shown in Table 7 from
600-1300°C. 1t should be noted again that this method of calculation
assumes no compound formation of the metals with each other.

Table 7. Partial Molar Free Energies
of Mixing of Components in T-111

Temperature —AG (cal/mole)
(°C) Ta W Hf
600 170 4347 6,604
800 222 5358 8,154
1000 264 6368 9,707
1200 293 7378 11,255
1300 326 7883 12,030

The free energies of formation of Ta,05, WO,, HfOp, Cmy03, PuO;, and Puy03
were calculated from a data compilation by Glassner3 and a review article
by Oetting.L+ The results are shown in Table 8. Since the free energies
of formation of Tay05, WOp, and Hf0, are negative over the 600-1300°C tem~
perature range, the metals will react with oxygen.



Table 8.

1

3

Gibbs Free Energy of Formation
of Ta205, W02, Hf02, PUOZ, and Pu203

Temperature —AG, (cal/mole)

(°C) Tay05 WO, HO, Pu0, Pu,032
600 395,690 101,160 225,450 215,550 352,120
800 374,820 93,850 216,450 207,050 339,320

1000 354,180 86,780 207,770 198,700 326,940

1200 333,750 79,960 199,260 190,530 314,980

1300 323,630 76,800 195,040 186,500 309,150

aPu203 data used as stand-in for CmpO3.

The free energies from Tables 7 and 8 were used to calculate the free

energy for Egs.

6-11. Results are shown in Table 9.

6Ta(in T-111 alloy)(s) + 5Cmy03(s) - 3Ta0s5(s) + 10Cm(s) (6)
3W(in T-111 alloy)(s) + 2Cmy03(s) = 3WO0,(s) + 4Cm(s)
3Hf (in T-111 alloy)(s) + 2Cmy03(s) > 3HfO,(s) + 4Cm(s)
2Ta(in T-111 alloy)(s) + 10PuOy(s) = Tap05(s) + 5Pup03(s) (9)
W(in T-111 alloy)(s) + 4PuO,(s) =+ WO,(s) + 2Pu,03(s)
Hf (in T-111 alloy)(s) + 4PuO,(s) - HfO,(s) + 2Puy03(s)

(7)
(8)

(10)
1)

Table 9. Gibbs Free Energies of Reaction for Egs. 6-11
Temperature AGr (cal/mole of Cmy03 or PuOjp)
(°c) Eq. 6 Eq. 7 Eq. 8 Eq. 9 Eq. 10 Eq. 11
600 114,910 206,900 23,850 -48 15,280 -15,230
800 114,690 206,590 26,880 -53 15,260 -14,690
1000 114,750 206,330 29,840 -130 15,130 -15,280
12060 115,080 206,110 33,000 -280 14,900 -13,960
1300 115,360 205,780 34,610 -360 14,710 -13,810

Since the free energies for

Eqs. 6-8 are positive, the T-111 alloy is not

expected to react with pure Cm,03. However, since the curium product

will contain PuO,, probably
considered. Since the free

about 5%, the reaction of PuO,
energies for Eqs. 9 and 11 are

PuO, in the curium product would be expected to react with

and hafnium in the T-111 alloy.

It was assumed that there

with T-111 was
negative, the

the tantalum

is no compound
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formation between the constituents of the alloy or with the curium metal.
No oxygen solubility in the alloy is also assumed.

In conclusion, it may be stated that a reaction between the tantalum and
hafnium of the T-111 alloy and the Pu0O, would be expected. Experimental
verification of the calculations is needed.

Reaction of Cm,05; With Hafnalloy 20-20 (E. E. Ketchen)

The Hafnalloy 20-20 (95.78 atom % Hf, 3.71 atom % Sn, 0.33 atom % Pd, and
0.18 atom % Pt) is one of the materials under consideration as a capsule
material to contain 21+l+Cm203 heat source. The potential for the reaction
of Cmy03 source material with Hafnalloy 20-20 over the 600-1300°C tem-
perature range was investigated from a thermodynamic viewpoint.

The partial molar free energies of mixing for Hf, Sn, Pd, and Pt were
calculated using the method reported in the Section, "Reaction of Cmy03
With Pt—267% Rh—8% W Alloy." The results are shown in Table 10 from 600-
1300°C. The method of calculation of the partial molar free energies
assumes that no compound formation is present in the alloy mixture.

Table 10. Partial Molar Free Energies
of Mixing of Components in Hafnalloy 20-20

Temperature ~AG (cal/mole)
(°c) HEf Sn Pd Pt
600 18 4495 9,997 11,109
800 35 5816 12,118 13,331
1000 52 7110 14,542 16,109
1200 69 8425 16,725 18,499
1300 78 9080 17,861 19,756

The free energies of formation of HfO,, SnO,, PdO, Pt304, Cmy03, PuO,,
and Pus03 were calculated from a data compilation by Glassner® and a
review article by Oetting.l+ The results are shown in Table 11. Since
the free energies of formation of HfO, and SnO, are negative, they
should react with oxygen over the 600-1300°C temperature range.
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Table 11. Gibbs Free Energies of Formation
of HfO», SnO,, PdO, Pt30,, PuO,, and Pu,03

Temperature AG. (cal/mole)
(°c) HfO, Sn0, PdO Pt 30y Pu0, Pu,04%
600 -225,450  -95,730 -52 10,300 -215,550  =-352,120
800 -216,450 -85,830 4,520 26,400 -207,090 -339,320
1000 -207,770 -76,080 8,780 42,080 -198,700  -326,940
1200 -199,260 -66,470 12,770 57,330 -190,530  -314,980
1300 -195,040 -61,710 14,620 64,790 -186,500 -309,150

aPu203 data used as stand-in for Cmy03.

The free energies from Tables 10 and 11 were used to calculate the free
energies for Egqs. 12-17. Results are shown in Table 12.

3Hf (in Hafnalloy 20-20)(s) + 2Cmp03(s) — 3HfO,(s) + 4Cm(s) (12)
Hf (in Hafnalloy 20-20)(s) + 4PuOy(s) - HfOp(s) + 2Pu,05(s) (13)
. 3Sn(in Hafnalloy 20-20)(s) + 2CmpO3(s) ~ 3Sn0,(s) + 4Cm(s) (14)
Sn(in Hafnalloy 20-20)(s) + 4PuOy(s) ~ Sn05 (s) + 2Pu,03(s) (15)
- 3Pd(in Hafnalloy 20-20)(s) + Cm,03(s) ~ 3Pd0(s) + 2Cm(s) (16)
Pd(in Hafnalloy 20-20)(s) + 2Pu0,(s) - PdO(s) + Pu,03(s) a7

Table 12. Gibbs Free Energies of Reaction for Egs. 12-17

Temperature AG, (cal/mole of Cmp03 or PuOjp)
(°C) Eq. 12 Eq. 13 Eq. 14 Eq. 15 Eq. 16 Eq. 17
600 13,970 -16,870 215,270 16,680 382,000 44,460
800 14,700 -16,720 219,300 17,380 389,230 45,710
1000 15,320 -16,700 223,450 17,990 396,870 46,900
1200 16,200 -16,760 227,920 18,520 403,460 47,510
1300 16,700 -16,800 230,200 18,790 406,610 48,190

Only the hafnium of the alloy has a negative free energy of reaction
(Eq. 13) with PuO,. Hence, the reaction of hafnium with the Pu0; is

- the only expected reaction of those considered. It was assumed that
there is no compound formation between the constituents of the alloy or
with the curium metal. No oxygen solubility in the alloy is assumed.
Experimental verification of the results is needed.
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Reaction of Cm,03 With Stainless Steel 316 Alloy (E. E. Ketchen)

Stainless steel 316 alloy (65.08 atom % Fe, 18.14 atom % Cr, 11.34 atom %
Ni, 2.02 atom % Mn, 1.97 atom % Si, and 1.45 atom % Mo) is one of the
materials under consideration as a capsule material to contain 2““Cm203
heat sources. The potential for the reaction of Cmy03 source material
with stainless steel 316 over the 600-1300°C temperature range was in-
vestigated from a thermodynamic viewpoint.

The partial molar free energies of mixing of Fe, Cr, Ni, Mn, Si, and Mo
to give stainless steel 316 were calculated using the method reported in
the Section, '"Reaction of CmpO3 With Pt—26% Rh—8% W Alloy." The results
from 600-1300°C are shown in Table 13. This method of calculation of

the partial molar free energies assumes that no compound formation is
present in the alloy. It also assumes no oxygen solubility in the alloy.

Table 13. Partial Molar Free Energies of
Mixing of Elements in Stainless Steel 316

Temperature —AG (cal/mole)
(°c) Fe Cr Ni Mn Si Mo
600 730 2,900 3,640 6,710 6,650 7,320
800 900 3,580 4,490 8,260 8,210 9,010
1000 1,070 4,260 5,330 9,810 9,770 10,690
1200 1,240 4,930 6,180 11,360 11,800 12,370
1300 1,320 5,270 6,610 12,140 12,110 13,210

The free energies of formation of Fe30,, Cr,03, NiO, MnO, SiO,, MOOg,
Pu0,, and Pu,03 were calculated from a data compilation by Glassner
and a review article by Oetting.L+ The results are shown in Table 14,
The free energies of formation of Cm,03 are assumed to be the same as
the free energies of formation of Pu,03.

Table 14. Gibbs Free Energies of Formation of
Fe30y, Cr,03, NiO, MnO, SiO,, MoO,, PuO,, and Pu,03

Temperature —AG. (kcal/mole)
(°c) Fe30y Cr,03 Ni0 MnO Si0,  MoO, Pu0, Pu,03°
600 199.79 203.92 39.06 76.82 172.92 95,60 215.55 352.12
800 185.20 189.81 35.01 73.30 164.60 87.91 207.05 339.32
1000 170.88 175.72 31.01 69.76 156.33 80.36 198.70 326.94
1200 156.61 161.67 27.10 66.23 148.10 72.94 190.53 314.98
1300 149,47 154.63 25.15 64.27 144.00 69.27 186.50 309.15

aPu203 data are used as a stand-in for Cm,03.
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The free energies from Tables 13 and 14 were used to calculate the free
energies for Eqs. 18-29. Results are shown in Tables 15 and 16.

9Fe(in SS 316 alloy)(s) + 4Cmy03(s) > 3Fe304(s) + 8Cm(s) (18)

R 3Fe(in SS 316 alloy)(s) + 8PuO,(s) » Fe304(s) + 4Puy03(s) (19)
2Cr(in SS 316 alloy)(s) + Cmy03(s) > Cr,03(s) + 2Cm(s) (20)

| 2Cr(in SS 316 alloy)(s) + 6Pu0O,(s) = Crp03(s) + 3Puy03(s) (21)
| 3Ni(in SS 316 alloy)(s) + Cmy03(s) — 3NiO(s) + 2Cm(s) (22)
Ni(in SS 316 alloy)(s) + 2Pu0O;(s) - NiO(s) + Puy03(s) (23)

3Mn(in SS 316 alloy)(s) + Cmp03(s) - 3MnO(s) + 2Cm(s) (24)

Mn(in SS 316 alloy)(s) + 2Pu0,(s) - MnO(s) + Pu,03(s) (25)

3Si(in SS 316 alloy)(s) + 2Cmy03(s) > 3Si0,(s) + 4Cm(s) (26)

Si(in SS 316 alloy) (s) + 4PuO2(s) > SiOy(s) + 2Puy03(s) (27)

3Mo (in SS 316 alloy)(s) + 2Cmy03(s) > 3MoO,(s) + 4Cm(s) (28)

Mo (in SS 316 alloy)(s) + 4Pu0,(s) - MoO,(s) + 2Pu,03(s) (29)

Table 15. Gibbs Free Energies of Reaction
) for Eqs. 18, 20, 22, 24, 26, and 28

i Temperature AG, (cal/mole of Cmp03)
(°C) Eq. 18 Eq. 20 Eq. 22 Eq. 24 Eq. 26 Eq. 28
600 203,920 154,000 245,850 141,790 102,710 219,710
800 202,450 156,660 247,750 144,200 104,740 220,970
1000 201,150 159,690 249,870 147,060 107,060 222,400
1200 200,300 163,180 252,240 150,380 110,540 224,130
1300 200,020 165,060 253,520 152,770 111,310 225,060

Since the only negative free energies of reaction for Eqs. 18-29 are the
reactions of PuO» with silicon, the silicon of stainless steel 316 is
the only component that is expected to interact with the PuOj; of the
curium product in the 600-1300°C temperature range. It was assumed that
there was no compound formation between the constituents of the alloy or
with the curium metal. No oxygen solubility in the alloy was assumed.
Experimental verification of the interaction of the silicon of stainless
steel 316 is needed.
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Table 16. Gibbs Free Energies of Reaction
for Egqs. 19, 21, 23, 25, 27, and 29

Temperature AG, (cal/mole of PuOj)
(°c) Eq. 19 Eq. 21 Eq. 23 Eq. 25 Eq. 27 Eq. 29
600 14,790 6,470 21,770 4,430 -2,080 17,670
800 14,570 6,940 22,120 4,870 -1,710 17,660
1000 14,280 7,370 22,400 5,260 -1,410 17,820
1200 13,930 7,740 22,580 5,610 -1,040 17,900
1300 13,740 7,910 22,660 5,860 ~1,030 17,930

Reaction of Cmy03 With Ir—=2% W Alloy (E. E. Ketchen)

The alloy Ir—2% W (97.91 atom % Ir, 2.09 atom % W) is one of the alloys
being considered as a capsule material to contain the 2L*L*Cm203 heat
source material.

The partial molar free energies of mixing for iridium and tungsten were
calculated using the method reported in the Section, "Reaction of Cmp03
With Pt—26% Rh—8% W Alloy." The results are shown in Table 17. It
should be noted that these calculations assume that there is no compound
formation between the iridium and tungsten.

Table 17. Partial Molar Free Energies
of Mixing of Components of Ir—2Z W Alloy

Temperature —AG (cal/mole)
(°C) Iridium Tungsten
600 37 6,710
800 45 7,900
1000 53 9,780
1200 62 11,320
1300 66 12,090

The free energies of formation of Ir,03, WO%, Pu,03, and Pu0, were cal-
culated from a data compilation by Glassner® and a review article by
Oetting.L+ The results are shown in Table 18. Iridium will react with
oxygen at 600 and 800°C, and tungsten will react with oxygen at 600-1300°C.



19

Table 18. Gibbs Free Energies of Formation
of Iry03, WO, Puy03, and PuO,

Temperature —AG (kcal/mole)
(°C) Ir,03 WO, Pu, 042 Pu0,
600 -13,900 -101,160 -352,120 -215,550
800 -2,450 -93,850 -339,320 -207,050
1000 8,610 -86,780  -326,940 -198,700
1200 19,490 -79,960 -314,980 -190,530
1300 24,040  -76,800 -309,150 -186,500

a
Puy,03 data are used as a stand-in for Cmy03.

The free energies from Tables 17 and 18 were used to calculate the free
energies for Egqs. 30-33. Results are shown in Table 19.

2Ir(in Ir—2% W alloy)(s) + Cmp03(s) » Ir,03(s) + 2Cm(s) (30)
2Ir(in Ir—2% W alloy)(s) + 6PuO,(s) - Ir,03(s) + 3Pup03(s) (31)
3W(in Ir—2% W alloy)(s) + 2Cmy03(s) ~ 3WO0,(s) + 4Cm(s) (32)
W(in Ir—27% W alloy)(s) + 4PuO,(s) ~> WO, (s) + 2Pu,03(s) (33)

Table 19. Gibbs Free Energies of Reaction for Egqs. 30-33

Temperature AG_ (cal/mole of Cm,03 or PuOjy)
(°c) Eq. 30 Eq. 31 Eq. 32 Eq. 33
600 338,290 37,180 210,430 15,870
800 336,960 36,990 210,930 15,900
1000 335,650 36,690 211,450 15,990
1200 334,600 36,310 212,020 15,880
1300 333,320 35,960 212,080 15,750

Since the free energies are positive for the reaction to form Ir,03 and
WO, from the alloy and Cmy03 and PuO,, this reaction should not occur
at 600-1300°C.

In conclusion, it appears from thermodynamic considerations that the Ir—
2% W alloy will not react with the Cm,03 fuel containing 5% PuO, at 600-
1300°C. The calculations were made on the assumption that there is no
compound formation between iridium and tungsten or curium metal and the
alloy. The oxides most likely to be produced were considered. No assump-
tions were made as to the solubility of oxygen in the alloy. Experimental
verification of the calculations is needed.
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Reaction of Cm,03 With Pt-—30% Rh-8% W (E. E. Ketchen)

The alloy Pt—30% Rh-—8% W (48.68 atom % Pt, 44.65 atom % Rh, and 6.66
atom % W) is one of the alloys being considered as a capsule material
to contain the 2%%Cm,03 heat source material.

The partial molar free energy of mixing for platinum, rhodium, and tung-
sten were calculated using the method described in the Section, "Reaction
of CmpO3 With Pt—26% Rh—87 W Alloy." The results are shown in Table 20,
It should be noted that these calculations assume that there is ng
compound formation between platinum, rhodium, and tungsten.

Table 20. Partial Molar Free Energies of
Mixing of Components of Pt—307 Rh—87% W

Temperature —AG (cal/mole)
°c Pt Rh W
600 1130 1370 4470
800 1420 1690 5550
1000 1710 2010 6630
1200 2090 2330 7700
1300 2130 2490 8240

The free energies of formation of Pt30,, Rh,0, WO,, Pu,03, and Pu0, were
calculated from a data compilation by Glassner® and a review article by
Oetting.L+ The results are shown in Table 21. Platinum will not react
with oxygen at 600-1300°C, but rhodium and tungsten will react with
oxygen at 600-1300°C.

Table 21. Gibbs Free Energy of Formation of
Pt301_+, haO, WOZ, Pu203, and PUOZ

Temperature AG¢ (kcal/mole)
(°c) Pt 30y Rh,0 WO, Pu,03% Pu0,
600 10,300 -11,350 -101,160  -352,120 -215,550
800 26,400 -9,090 -93,850  -339,320 -207,050
1000 42,080 -6,940 -86,780 -326,940 -198,700
1200 57,330 -4,900 -79,960 -314,980 -190,530
1300 64,790 -3,910 -76,800 -309,150 -186,500

aPuzOg data are used as a stand-in for Cm,03.
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The free energies from Tables 20 and 21 were used to calculate the free
energies for Eqs. 34-37. Results are shown in Table 22.

6Rh(in Pt—30% Rh—8% W alloy)(s) + Cm203(s) -+ 3Rh,0(s) + 2Cm(s) (34)
2Rh(in Pt—30% Rh—8% W alloy)(s) + 2Pu0,(s) > Rh,0(s) + Pu,03(s) (35)
3W(in Pt—30% Rh—8% W alloy)(s) + 2Cm,03(s) ~ 3WO,(s) + 4Cm(s) (36)
W(in Pt—30% Rh—8% W alloy) (s) + 4Pu0,(s) ~ WO, (s) + 2Puy03(s) (37)

Table 22. Gibbs Free Energies of Reaction for Egs. 34-37

Temperature AGr (cal/mole of Cmy03 or PuO,)
(°c) Eq. 34 Eq. 35 Eq. 36 Eq. 37
600 326,290 35,180 207,080 15,310
800 322,190 34,530 206,880 15,310
1000 318,170 33,770 206,710 15,190
1200 314,270 32,920 205,600 14,980
1300 312,360 32,480 206,320 14,800

Since the free energies are positive for the reaction to form Rh,0 and
WO, from the alloy and Cmp03 and PuOp, this reaction should not occur at
600-1300°C.

In conclusion, it appears from thermodynamic considerations that the Pt—
30% Rh—8% W alloy will not react with the Cmy03 fuel containing 5% PuOp

at 600-1300°C. The calculations were made on the assumption that there

is no compound formation between platinum, rhodium, and tungsten or curium
metal and the alloy. The oxides most likely to be produced were con-
sidered. No assumptions were made as to the solubility of oxygen in the
alloy. Experimental verification of the calculations is needed.

Reaction of Cmy03 With Carbon (E. E. Ketchen)

The reaction of CmpO3 with carbon is of interest in the 2L+L+Cm203 heat
source program. The thermodynamic calculations® on the reaction of
Cmy03 with carbon to produce CmO have been extended to include Cm,
CmCy 500,5, CmCy g, CmC) 5, and CmC, as reaction products.,

The free energies were calculated from data by F. L. Oetting,L+ JANAF
Thermochemical Tables,® and data by R. A. Kent.’/ Plutonium data for
Pu,03, Pu, PuCpy, s50p,5, PuCy g, PuC; 5, and PuC, were used as stand-ins
for the curium compound data. The results are shown in Table 23 between
1700 and 2400°K. The free energies were calculated for the compound
formation by the reaction of Cmy03 and carbon at the temperatures for
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which the data were derived. Since the free energies are all positive,
no reaction is expected at the temperatures investigated unless a
product of reaction such as CO is removed. Curium dicarbide may be
formed above 2300°K where the free energy may become negative.

Table 23. Gibbs Free Energies of Reaction of CmyQ3 With
Carbon to Produce Cm, CmCq 50g,5, CmCq g, CmC; 5, and CmC;

Temperature AGxgﬁkcal/mole of compound)
(OK) Cm CmC0.500.5 CmCQis CmCI.S CmCz
1700 57.45 41.57 47.25 47.10
1800 51.61 38.94 41.45 41,47
1900 45.83 35.90
2000 40.10 21.36
2100 34.40 15,11
2200 28.76 8.91
2300 23.20 2.79
2400 18.73

A thermodynamic investigation7 has been made on the reaction of PuO; and
carbon to form Pu, PuCy s50p,s5, PuCp g, PuCy 5, and PuC,. Table 24 shows
the results of this work. Unless the products of reaction are removed
there should be no carbide formation until the temperature is near 2150°K.

Table 24. Gibbs Free Energies of Reaction of Carbon With
PuO, to Produce Pu, PuOj s50p,s5, PuCp g, PuCy 5, and PuC,

Temperature AG, (kcal/mole of compound)
(OK) Pm PmC0.500.5 PmCQis PmCl.S PmCz
1700 56.37 41.6 43.6 38.5
1800 48.32 35.6 35.5 30.2
1900 40.28 22.0
2000 33.17 13.5
2100 24,15 4.9
2200 16.18 -3.7
2300 8.20 -12.2
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244Cm,04 Property Characterization

Helium Release (P. Angelini)

The final vacuum checks have been completed on the furnaces and headers.
The three molybdenum sample tubes have been outgassed to 1900°C.

A paper containing the results of previous experiments on helium release
from 24%Cm,03; has been sent to the publisher.

Vapor Pressure (P. Angelini and J. C. Posey)

The temperature capability of the high-temperature vacuum furnace was
tested. The unit is capable of achieving temperatures of at least 1900°C.

Part of the vacuum system associated with this furnace has been modified.

The liquid nitrogen cold trap has been received and installed in the

vacuum system. Some leaks were found in the main vacuum line and rough-

ing valve by using a helium leak detector. The leaks were repaired and

the unit reinstalled and checked. The system is now operating satisfactorily
and is able to achieve pressures less than 5 x 10 ® torr at furnace tem-
peratures up to 1900°C.

The mechanical chopper has been installed on the mass spectrometer fur-
nace. A vacuum of <5 x 107°® torr can be achieved with the motor installed
and furnace temperatures up to 1600°C. However, the pressure goes up
rapidly at higher furnace temperatures. If the outgassing problem can-
not be solved, the mechanical chopper will not be included in the furnace.

X-Ray Diffraction (P. Angelini)

The written procedure and description of the x-ray diffraction glove box
system were sent to the Safety Committee. The system has been approved
for radioactive operation. The final alignment was performed with the
furnace hot stage in place. Silicon powder specimens were used in this
procedure. The equipment and supplies needed for the first planned
experiment were gathered and placed in the process glove box.

The pellet used in the distilled water solubility test was transferred to
the process glove box servicing the x-ray diffraction unit. The powder
was taken from the water—-filled transfer storage bottle, crushed, and

left in air to dry before a sample was mounted on the lucite sample holder.
After 24 hr the sample was mounted in the instrument and a scan made from
20 to 70 degrees (20). Both a monoclinic and an f.c.c. pattern were re-
corded. The f.c.c. pattern was more pronounced than the monoclinic pattern;
however, the peaks were rather broad, showing some crystal damage. The
lattice parameter calculated from the f.c.c. pattern was 5.384 A, This

can be compared with the annealed lattice parameter for PuO, and CmO,
which have values of 5.386 A and 5.372 A, respectively. The powder from
which the pellet was made contained 13% 240py,
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Three reasons could account for the large lattice parameter from the sam-
ple: the sample could be a hydrated oxide, it could be damaged by alpha
radiation, or it could be largely PuO,. Thus a second sample was taken
to 250°C in air for 2 hr. A scan was performed in air immediately after
cooling. The f.c.c. pattern shifted. The monoclinic pattern decreased
in strength relative to the f.c.c. The f.c.c. pattern resulted in a
calculated lattice parameter of 5.369 A. Thus it seems that this sam-
ple was mainly 2L”*CmOZ. The initial sample was probably a hydrated form
of the dioxide having a small fraction of unreacted Cm,03.

The second solubility pellet from the first seawater test was transferred
to the process glove box in its water-filled storage container. The pellet
was removed, crushed, and loaded onto the sample holder under an inert
argon atmosphere. The pellet pieces could be broken very easily; however,
it was not powderlike as in the first sample. The sample was loaded in

the instrument and a scan performed from 10 to 82 degrees (20) under a
helium purge. Again two patterns were observed. The f.c.c. pattern was
again more intense than the monoclinic pattern; however, the difference

was not as pronounced as in the other sample. _The lattice parameter for
the f.c.c. pattern was calculated to be 5.369 A.

In this case, the value for the lattice parameter is very close to that
of CmO,. The sample had been mounted on the holder in a wet condition.
It is possible that, due to self heating and the sample being contained
in a dry helium purge gas situation, the original powder could have de-
hydrated. More experimentation is needed to identify the exact nature

of the compound soon after a solubility experiment is terminated.

The entry glove box to the process glove box was fabricated and installed.
All safety requirements have been met and the unit was placed in opera-
tion. The complete safety interlock system is now installed. Some ser-
vice to the ratemeter and power supply units has been performed. The
graphite crystal has been received and bagged into the glove box. The
crystal and the monochrometer system is being installed onto the unit.

Emissivity (P. Angelini)

The testing of the spectroradiometer has begun. Minor vacuum leaks in

the system have been located and are being removed. Shop work has had

to be performed on some of the pieces. The spectroradiometer was tested

to a maximum sample temperature of 1300°C. Various changes to the
spectroradiometer have been made. A new furnace heat-shield system was
designed. This should enable the attainment of higher sample temperatures.

Heat Capacity (P. Angelint)

The experimental equipment is ready for operation upon receipt of a pellet
prepared from 2L+L*Crr1203 freshly separated from 2L+0Pu02.
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Dimensional Stability (7. A. Butler and C. L. Ottinger)

Two pellets of high-purity 2‘*‘*Cm203 were fabricated under identical press-—
ing conditions. Furnace cycles, pressure increase patterns, and other
conditions were controlled as closely as possible; the final pressing
conditions were 4000 psi, 1450°C, and 30-min full pressure. Pellet data
are shown below:

PCM-P1 PCM-P2
Diameter (cm) 1.270 1.270
Height (cm) 0.795 0.794
Weight (g) 10.82 10.93
Density (g/cm®) 10.8 10.9
Watts 25.8 26.0
Power density (W/cm3) 25.6 25.8

Both pellets were excellent in appearance, showing no evidence of cracks
or chips. Each pellet was stored on a platinum tray, with the pellet
lying on its side to minimize conductive cooling and provide maximum sur-
face exposure to atmosphere. Visual observation in the lighted cell (in
argon atmosphere Vv30°C) showed a barely detectable red glow around the
midpoint of the cylindrical axis. However, with the cell lights out
definite heat zones could be distinguished. The areas of highest inten-
sity were the centers of the flat end faces and at the midpoint of the
cylindrical axis. The color intensity decreased toward the edges (i.e.,
the periferies of the ends of the cylinder), and there was a zone of black,
cooler material in the shape of a ring on either end. Although no actual
temperature measurements were made, calculations using various assump-
tions gave average surface temperature values ranging from 640 to 690°C;
this is in general agreement with the visual observation. The correspond-
ing calculated maximum internal temperature range was 700 to 750°C.

Pellet PCM-Pl was exposed to dry air and pellet PCM-P2 was stored in argon.
Periodic inspections were made including weighing and measurement of
heights and diameters. During an inspection of PCM-Pl after 70 hr storage
in air, it was noted that a small chip had broken off one edge. After

100 hr, both edges of PCM-Pl were chipped badly all around. The chipping
did not occur during handling; pieces simply fell off the pellet. After
n10% of the pellet material had flaked off, no additional flaking occurred.
Measurements of height and diameter (made across the unchipped sections)
showed no changes. The measuring device could detect changes with a pre-
cision of 0.005 cm. Pellet PCM-P2 showed no changes in weight, height,

or diameter during two weeks' storage in argon.

It is thought that the flaking of the air-exposed pellet resulted from
oxidation of the Cm,03 in the relatively cool zones at the pellet edges.
This oxidation process can occur in the temperature range from 250 to
520°C. Although the average surface temperature is above this range, the
cooler edge area temperature is probably within it. Stresses resulting
from thermal gradients may be involved but are probably not the basic
cause, as evidenced by the stability of the argon-stored pellet.
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The relatively high density of these two pellets (n95% of theoretical)

is interesting when compared to similar pellets made from production-
grade material. A pellet of batch SR-31 was pressed under the identical
procedure used for PCM-P1l and PCM-P2. The SR-31 pellet density was only
10.1 g/cm® (weight, 10.88 g; height, 0.852 cm; diameter, 1.27 cm). Some
indications of a relationship between fuel age and achievable density
have been noted in the past, but there have been too few pellets fabri-
cated to establish this relationship. Table 25 shows the average density
of a few pellets with diameters 1.3 £ 0.1 cm pressed under similar con-
ditions from fuels of different ages.

Table 25. Average 2L*L*Cm203 Pellet Densities

L . No. of PuO, Content Average Density
Identification Pellets (weight %)@ (g/cm3)
PCM 2 <0.5 10.8
Kilowatt test 14 3.0 10.2
SR-31 test 1 8.5 10.1
Neutron source test 2 12.5 9.8

aApproximate, at time of fabrication.

The age is expressed as PuO, content since this is the main age-dependent
variable. Other factors may be involved, if indeed the effect is real,
such as storage conditions and method of purification.

Rate of Dissolution of Cm,05 in Seawater (J. C. Posey)

Measurements of the rate of loss of curium from the surface of hot-pressed
244%Cm,03 pellets in seawater have been carried out under two different
sets of conditions. First the rate of loss to a stream of fresh air-
saturated seawater at room temperature was measured. Next, the loss to

a fixed volume of boiling seawater was determined.

The measurements in flowing seawater were carried out in the same manner
as the previous measurements in flowing distilled water. This procedure
was described in more detail last quarter.5

Samples of the stream of seawater that had passed over the pellet were
taken at intervals and analyzed for curium content. Part of the samples
were filtered using a 0.l-um filter to remove particulate matter. The
dissolution rates were calculated from the curium contents of the samples,
the seawater flow rate, and the area of the pellet.

After 1276 hr the pellet was removed from the flowing water system and
independent measurements were made of the rate of loss of curium from its
surface. The pellet was placed in a sample bottle containing seawater.
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After 171 hr the pellet was removed from the seawater and placed in a
second bottle of seawater. The total 2“%Cm remaining in the first bottle
was then determined. A sample of the water in the second bottle was taken
after 42 hr. The total exposure time of the pellet to seawater was

1489 hr.

The measurement of the loss of curium by a pellet in boiling seawater was
carried out in the following manner. The pellet was suspended in a platinum
gauze basket in a Pyrex glass flask containing 175 ml seawater. Samples of
water were withdrawn in pairs from the flask from time to time and analyzed
for 2"%%Cm. One sample was withdrawn through a fine sintered glass filter;
the other sample was not filtered. The test was continued for 847 hr.

At the end of the test the pellet was removed, nitric acid was added to
the flask, and the solution was boiled for 24 hr to bring particulate
material into solution. The pellets had a comparatively high plutonium
content, 13.1% expressed as PuO,. Their densities were comparatively
low, 8.5 and 6.8 g/cm3, respectively for the flowing water and boiling
water tests.

No visible disintegration of the pellet occurred in either test using
seawater. This behavior contrasts with that of Cm,03 pellets in distilled
water. Visible breakup of the pellet began after 300-400 hr in the flow-
ing air-saturated distilled water at room temperature. In boiling distilled
water, breakup was observed after only 8.4 hr.

The pellet exposed to seawater at room temperature, however, was found

to be mechanically weak. It was easily crushed to a powder. Freshly
hot-pressed Cmy03 pellets are very hard and are very difficult to grind
to a powder, indicating that a change in the pellet had occurred. X-ray
diffraction indicated the presence of both Cm,03 and CmO,. This work is
described in more detail under "X-Ray Diffraction" above. The pellet
exposed to boiling seawater has been preserved for other possible methods
of examinatiom.

The rate data obtained with flowing seawater are shown in Fig. 3. The
first rate, 647 pg/cmz'hr at 0.12 hr, was much higher than the subsequent
rates and is not shown on Fig. 3. It indicates loose particulate material
on the surface of the pellets. The same phenomenon was observed in the
test using air-saturated distilled water.

The rates calculated from the concentrations of filtered samples average
lower than those calculated from the concentrations of samples that were
not filtered. This indicates the presence of particulate material and
suggests that material leaves the surface by a mechanism other than
simple solutiom.

After 300-400 hr a large increase was observed in the rates that were
based on unfiltered samples. A similar increase was observed in the test
using air-saturated distilled water at approximately the same time from
the beginning of the test. In the distilled water test, however, a break-
ing up of the pellet was observed at the same time.
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Fig. 3. Rate of Loss of 244Cm From Surface of Pellet in Seawater.

The average rate of 244Ccm loss was 4 ug/cm?+hr during the first 364 hr.
This value is based on the samples which were not filtered excluding the
first abnormally high value. The high values obtained after 364 hr

were not used because of the probability that a chemical change in the
pellet had occurred. Furthermore, gelatinous corrosion products appeared
in the system at about this time. This added an element of uncertainty
to the later data.

The two independent rate measurements carried out after the flowing water
measurements gave values of 146.1 ug/cmz-hr and 49 ug/cmz-hr, respectively,
for the first and second tests. These values are compatible with the high
values observed late in the flowing water test.

The results of the boiling water test are given in Table 26. The filtered
samples had lower concentrations than the samples that were not filtered,
This indicated the presence of particulate material. Both the filtered
and unfiltered sample concentrations increased with time. The filtered
sample concentrations probably do not represent material in true solu-
tion. The presence of suspended material throughout the test indicates
that the solution was saturated. Colloidial material could have passed
through the filters used.
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Table 26. Dissolution of Cmy03 in Boiling Seawater

Time 244%Cm Concentration Average Rate of Dissolution From
(hr) in Seawater (ug/ml) Beginning of Test (ug/cmz-hr)
3.6 0.0025% -
3.6 0.0082 0.64
29.2 0.0038% —
29.3 0.021 0.20
147.6 0.19% —
147.6 0.67 1.3
390.3 0.85% —
390.3 2.0 1.4
507 0.47% —
507 2.0 1.1
724 1.5% —
724 5.1a 2.0
846 1.4 —
846 4.2a b 1.4
847 8.0 2.7
847 7.3b 2.5 1 2.6 av

aSample filtered.
bparticulate material brought into solution by acid.

The final concentrations, obtained after acid treatment, are appreciably
higher than those obtained immediately before the acid addition. This
indicates that some particulate material had settled out.

The overall average rate of dissolution was 2.6 ug/cmz'hr. This value
is lower than the value of 4 ug/cm2°hr obtained early in the test with
flowing seawater at room temperature. It is much lower than the values
obtained late in the room temperature test.

Reaction of Cmy03 With Dry Air (J. C. Posey)

Measurements were made of the rate of gain in weight of a hot-pressed
pellet exposed to dry air. The pellet was composed of Cmy03 containing
13.1% Z“OPuOZ decay product; the density was 7.4 g/cm?® or 64% of theo-
retical. The pellet was exposed to air at room temperature; however,
it was heated by radioactive decay. The estimated average surface
temperature was 150°C.

The results are shown in Fig. 4. This low density material cannot be
exposed to air without oxidation. Complete oxidation to CmOj, however,
requires an extended period of time — in this case about 100 days.

Two samples of purified curium oxide were loaded into platinum cups in
loose powder beds *1 cm in diameter by 1.5 cm deep and calcined in vacuum
4 hr at 1000°C. Weight losses were 0.1l g and 0.12 g on samples contain-
ing 4.39 and 5.27 g of curium, respectively. Although not in exact
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Fig. 4. Oxidation of Cm,03 Exposed to Dry Air.

agreement, both samples indicate an original composition intermediate
between CmO; g and CmO, . The two samples were exposed to dry air for
100 hr. Some weight gain was measured but neither sample returned to
its original uncalcined weight. Another sample containing 9.94 g of
curium was calcined under the same conditions but in a thin granular
layer, then exposed to dry air and weighed periodically. The weight
gain was ~0.07 g/day to a final stabilized weight which was 0.27 g

above the calcined weight. The sample was again calcined and the weight
loss was 0.26 g. These results also indicate an air-stabilized composi-
tion in the range of CmO; gm0y .

244Cmy03 Radiation Measurements (XK. W. Haff)

During some process equipment checks at the Curium Source Fabrication
Facility, recalibration of the process calorimeter used to assay the
244Cm,03 pellets in the source utilized in radiation spectra determina~-
tions resulted in an increase of "v2% in the calibration constant. The
revised value for the source based on this recalibration was 68.8 W
versus the original 67.3 W. Since the content of this source needed

to be known accurately, a verification check was made using a different
calorimeter which is large enough to accept the encapsulated source.
First, the source was placed in the calorimeter and the EMF output of

the thermopile was measured after a steady EMF output was obtained. Then
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the source was replaced with an electric heater and the power adjusted
until the EMF output was the same as that measured for the source. Since
all conditions were the same for both runs, the possibilities for extrane-
ous effects were minimized by this technique. The power input to the
heater was measured at 68.5 W (69.1 W extrapolated to time of radiation
measurements). This is a direct comparative value independent of cali-
bration calculations and is considered the most accurate value for the
source content,

The radiation measurements of the 69.1-W, 2440m203 source were completed,
and the neutron data have been analyzed. The data for the neutron emission
are presented in Table 27. A comparison of the new data with data pre-
viously reported by Savannah River® in Table 28 shows that the total
neutron emission per thermal watt is ~7.6% lower than the SRL data cor-
rected for the 0.0576- to 0.3-MeV range not measured by SRL. This dif-
ference is probably within experimental error and is not considered
significant.

Table 27. Neutron Spectra Data for 2%%Cm,03
(Measured July-August 1973)

BIN (MeV) Neutron Emission
Low Edge High Edge [¢(E), n/sec W]
0.0576 0.0789 0.2878 x 10°
0.0789 0.1091 0.3196 x 10°
0.1091 0.1517 0.3807 x 10°
0.1517 0.2084 0.6631 x 10°
0.2084 0.2644 0.6044 x 10°
0.2644 0.3622 1.2921 x 10°
0.3622 0.5044 1.7558 x 10°
0.5044 0.7000 2.3975 x 10°
0.7000 1.0052 3.8578 x 10°
1.0052 1.400 4.5391 x 10°
1.0 1.5 5.7197 x 10°
1.5 2. 5.2860 x 10°
2.0 2.7 6.2799 x 10°
2.7 3 2.2421 x 10°
3 4 4.7010 x 10°
4 6 4.0072 x 10°
6 7 0.7389 x 10°
7 9 0.5177 x 10°
9 10.6 0.1242 x 10°
10.6 12 0.0348 x 10°

The 2%%Cm,03 source was returned to the Tower Shielding Facility for re-
checks on the low-energy neutron spectrum. The gamma data are presently
being analyzed.
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Table 28, Comparison of ORNL and SRL 2””Cm203 Neutron Emissions Data

ORNL Data SRL Data
MeV Range n/sec-wt MeV Range n/sec-wt
0.0576-1.0052 1.1559 x 108 0.0576-0.32 0.273 x 108
1.0-12. 2.9652 x 108 0.3-12.8 (Sg) 4.04 x 108
12.-12.8° 0.0007 x 108 0.3-12.8 (a,n) 0.151 x 10°
Total 4.1218 x 10° 4.464 x 100

20RNL data included for comparison.
SRL data included for comparison.

Impact Testing of Heat Source Materials (D. W. Ramey)

Since the impact testing of curium fuel has been postponed for a period
of 1 year, provisions were made to store all equipment for the project.
In addition to preparing various pieces of equipment for storage, a
safety analysis was written for the operation of the impact gun in Room
12, Building 3026-C. This analysis will be subject to the review and
approval of the ORNL Radiation Safety Review Committee.

Assay of SRL-31 Curijum-244 Oxide (T. A. Butler)

Curium-244 oxide batch SRL-31 was assayed to provide additional 2L+L+Cm203
for characterization experiments. The isotopic abundances of the two
principal elements, curium and plutonium, are given in Table 29,

Table 29. Isotopic Abundances of Curium
and Plutonium in SRL-31 Oxide

Curium Plutonium
Mass Isotopic Abundance Mass Isotopic Abundance
No. (atom %) No. (atom %)
244 94.26 238 0.091
245 0.880 239 0.028
246 4.74 240 99.86
247 0.077 241 0.002
248 0.042 242 0.022
244 =0.0042

8possible interference from 24bcn,
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The curium and plutonium content of SRL-31 was determined by radiochemical
analysis for 24%Cm and 2%0Pu, and the total element weight was calculated

- by use of the isotopic abundances given in Table 29. The results of the
assay are shown in Table 30.

Table 30, Curium and Plutonium Content in SRL-31 Oxide

Sample Weight  Curium  Plutonium  Cmj03 Pu0y

No. (mg) (mg/g) (mg/g) (mg/g)  (mg/g)
Cm-31-4C 19.3 753 78 827 88
Cm-31-5C 20.0 807 70 888 79
Cm-31-6C 13.9 839 73 922 83
Average 800 74 879 84
Adjusted average? 840 923

8Based on a calorimetric value of 2.24 W/g of Cm,03 product.

The radioactive impurities were determined by standard germanium crystal
gamma spectrometry and are listed in Table 31.

Table 31. Radiocactive Impurities in SRL-31 Oxide

Nuclide Curies/g
Ruthenium-103 =9 x 10 ©
Ruthenium-106 =3 x 10 °
Cesium-134 =3 x 10°®
Cesium-137 =5 x 10 ©
Cerium-144 C =4 x 10°%
Praseodymium-144 =4 x 10"
Zirconium-95 =1 x 10 °
Niobium-95 =4 x 10°°
Europium-154 =1 x 10 °
Americium~-243 9 x 1073

v The non-radioactive impurities were determined by spark source mass

spectrometry and are listed in Table 32. The weight of these impurities
in the form of oxides is “15 mg per gram of sample. The principal
individual impurities are 10.9 mg of AmO, and 1.8 mg of Fe,03 per gram
of sample.
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Table 32. Impurities in Batch SRL-31 Curium Oxide

Element Wt (ppm of Cm) Element Wt (ppm of Cm)
Aluminum 20 Molybdenum 200
arsenic <10 Sodium 200
Boron <10 Nickel 100
Barium <10 Lead 100
Calcium 20 Platinum 100
Cobalt <10 Silicon 100
Chromium 100 Tantalum 150
Copper 30 Titanium <100
Iron 1,500 Zinc <20
Potassium 10 Zirconium <500
Magnesium <10 Americium 12,000
Manganese 30 Rare Earths 300

In summary, the composition of SRL-31 oxide is:

Material mg/g Percent
Cm,03 923 90.3
PuOy 84 8.2
Impurities ~v15 1.5

Curium Oxide Purification (7. 4. Butler and C. L. Ottinger)

Two batches (72-Cm-3 and 72-Cm-4) of impure 244cm oxide recovered from
the Kilowatt Heat Source Test were reprocessed by the ORNL TRU facility.
The principal contaminants were 2L+0Pu02 from alpha decay of 244Ccm and
tungsten from the milling operation during recovery of the fuel from the
heat source test capsule. Processing steps used by the TRU facility in
achieving a high degree of purification included: (1) dissolution of
the curium oxide in nitric acid, (2) segaration from tungsten by decan-
tation and filtration, (3) removal of 240py using a Pubex (HDEHP) batch
solvent extraction, (4) purification from other impurities using two
cycles of oxalate precipitation, and (5) preparation of curium oxide

by calcination of the oxalate in air for 2 hr at 700°C.

Five fractions of purified curium oxide containing a total of 77.0 g of
2bhcnm were received from the TRU facility. These represent the yields
from two purification cycles made on residues containing a total of 88.5 g
of 24%Cm. Purification from plutonium and other impurities was excellent.
The purified material contained an average of only 0.15 wt 7% plutonium,
Americium, which was not separated, is the major impurity at 1.2 wt %3

all other detected contaminants total less than 0.27%.
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The purified product from batch 72-Cm-4 was returned in three lots, SR
Cm-30, -31, and -32. Analyses were made on a composite sample prepared
from grab samples of each lot. The assay data are given in Tables 33,

34, and 35.
‘ Table 33. Curium Oxide Product Table 34. Isotopic Analysis of
Weight and 2%%Cm Content Composite SR Cm-30, -31, -32
Lot Weight 24%cnm by Curium Isotopic Abundance
Number (g) Calorimetry (g)a Mass Number (atom %)2
SR Cm~30  14.85 12.19 244 94,21
SR Cm-31 19.04 15.47 245 0.874
SR Cm-32 15.50 12.74 246 4.79
247 0.080
Total 49,39 40,40 248 0.048
“Date: July 27, 1973. “Date: July 13, 1973.
Table 35. Impurities in Composite SR Cm-30, -31, -328
Imburit Assumed Produgt Impurit Assumed ProduBt
P y Oxidized Form (ppm) P y Oxidized Form (ppm)
Al Al504 8 P P,0s 11
- As A8203 4 Pb Pb02 58
B B,03 16 S S04 125
Bi Bi,03 8 Si $i0, <13
Ca Ca0 7 Ta Tas0sg 25
cl cl1 50 Ti Ti0, <2
Co Co0 1 A V,05 <2
Cr CrO03 4 W W03 126
Cu Cu0 11 Zn Zn0 10
F F 10 Zr Zr0, 135
Fe F8203 11 Y Y203 5
K K20 4 RE'S (RE)203 769
Li€ Li,0 <4 240pyd Pu0, 1,877
Mg MgO <3 243pmd AmO, 12,240
Mn MnO, <1 252¢¢d C£,03 <1®
Mo MoO3 <2
Na Na,0 <13 Total 15,557
Ni Nio 6

aAnalyses were by spark source mass spectrometry except where indicated.
Parts of impurity oxide per million parts of total curium metal.
CAnalyzed by flame photometry.

- Radiochemical analysis.

€Analysis by fast neutron counting indicated that the product contained
0.07 * 0.1 ppm 252Cf more than the feed.
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The purified product from batch 72-Cm-3 was returned in two lots, SR Cm-33
and -34. Analyses were made on a composite sample prepared from grab
samples of each lot. The assay data are given in Tables 36, 37, and 38.

Table 36. Curium Oxide Product Table 37. Isotopic Analysis of
Weight and 2bktcm Content Composite SR Cm-33, ~-34
Lot Weight 2bkbcm by Curium Isotopic Abundance
Number (g) Calorimetry (g)a Mass Number (atom %)a
SR Cm-33  26.82 22.12 244 94.18
SR Cm-34 17.61 14.52 245 0.94
246 4.75
Total  44.43 36.64 247 0.083
248 0.047

8pate: August 13, 1973.

4pate: August 10, 1973.

Table 38. Impurities in Composite SR Cm-33, -342
Tmpurity Assumed Produgt Impurit Assumed Produgt
Oxidized Form (ppm) Y Oxidized Form (ppm)

Al Al,03 19 Ni NiO 25
As ASZO3 11 P P205 69
B B,03 97 Pb PbO, 46
Ba BaO <1 S S04 749
Bi BiyO03 11 Si S$i0, 642
Ca Cal 70 Ta Ta,05 102
c1 c1 60 Ti Ti0, <9
Co Co0 <1 v V,05 2
Cr Cr03 19 W WO3 63
Cu Cu0 8 Zn Zn0 6
F F 70 Zr Zr0, 270
Fe Fes03 57 RE's (RE)203 470
K K,0 12 240pyC PuO, 1,174
Lid Li,0 <5 243pnc AmO, 11,448
Mg MgO 50 252¢fc Cf,03 <1€
Mn MnO, 6
Mo MoO3 <5 Total 16,115
Na Na,0 539

aAnalyses were by spark source mass spectrometry except where indicated.
Parts of impurity oxide per million parts of total curium metal.
CRadiochemical analysis.

dAnalyzed by flame photometry.

€Analysis by fast neutron counting indicated that the product contained
rno more 2°2Cf than the feed material.
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Curium From Power Reactor Fuels (7. A. Butler)

The future source of 2%%Cm in quantity is expected to derive from the
reprocessing of power reactor fuels. A study was begun to examine some
of the factors which influence the amount of 2%%Cm produced in the reac-
tor fuels and to estimate future quantities available from this source
for isotopic power fuels. 1In this study, assistance is provided by

C. W. Kee, Engineering Coordination and Analysis Section, ORNL Chemical
Technology Division, and of F., T. Binford, Development Department, ORNL
Operations Division. Computer calculations and interpretation of the
data are supplied by C. W. Kee.

The nuclear reactions which lead to the formation of 2%%Cm in uranium-
fueled reactors are as follows:

238 239y g- 239Np - 239py
| >|
4.47 x 10°% y 23.5 m 2.35d 2.44 x 10% y
n
A4
243py 2k2pu n 241py 240pu
L k< { i< }
4,96 h 3.87 x 10° y 15y 6.54 x 103 y
8-
AYA
2‘+3Am n 2'+1+Am 3' 2'+‘+Cm
>
7.37 x 103 y 10.1 h 18.12 y

In a previous report5 the yield of 24%Cm from reference PWR reactors was
given as a function of burnup (MWD/MT) for both enriched 235U and plu-
tonium recycle fueled reactors for specified operating conditions., A
large increase in 2hben yield from plutonium recycle fuel is evident, but
significant quantities of these fuels are not expected to be available
for a decade or so.

The production rate of 2"%Cm in enriched uranium fuels is dependent on

the total fluence (neutron flux x time) rather than on burnup alone. The
neutron flux required to maintain constant reactor power levels is greater
for less enriched fuels while the amount of 238y present is about the
same. The rate of neutron captures leading eventually to 24%cm is there-
fore increased. To demonstrate this effect, ORIGEN? calculations were
made for PWR reference reactors operating at a power of 30 MW/MT and
fueled with 1.5, 2.0, 2.5, 2.8, and 3.37% 235 enrichments.

In these calculations, it was assumed that the neutron energy spectrum
This is approximately true since most of the
Small differences occur because of the buildup

is the same in all cases.
fissions are from 235U,
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of a varying amount of plutonium during the life of the reactor fuel;
however, this should not introduce large errors in the calculated yields

of 244Ccm. The results of the calculations are given in Tables 39 and .
40 and Fig. 5. Figure 5 is a graphic display of values given in
Table 40 .

Table 39. Average Neutron Flux as a
Function of Fuel Enrichment

Reactor Power: 30 MW/MT

Fuel Burnup: 33 GWD/MT
235y Enrichment Average Neutron Flux
(%) (n/cm?+sec)
1.5 4.25 x 1013
2.0 3.83 x 1013
2.5 3.45 x 1013
2.8 3.24 x 1013
3.3 2.92 x 1013

Table 40. Influence of 235y Enrichment
on 24%Cm Yield in Power Reactor Fuel

2kkem Yield [g/MT(U)]

Burnup 73T - 5
U Enrichment (%)

[GWD/MT (1) ] 1.5 7.0 2.5 2.8 3.3
3.3 0.004 0.001 0.0003 0.0002 .00008
6.6 0.11 0.038 0.015 0.009 0.004
9.9 0.75 0.31 0.14 0.09 0.04
13.2 2.9 1.3 0.63 0.42 0.22
16.5 7.8 3.9 2.0 1.4 0.74
19.8 17.3 9.3 5.1 3.6 2.0
23.1 32.9 19.1 11.1 8.0 4.7
26.4 56.9 35.0 21.2 15.7 9.5
29.7 89.8 58.1 37.1 28.1 17.6
33.0 133.0 89.8 59.8 46 .4 30.3

The potential supply of 244Ccm from power reactor fuel reprocessing for
isotopic power fuel apglications is projected to be more than adequate
for anticipated needs. 0

Variations in the isotopic composition of curium will occur, depending
on the type and operating parameters of power reactors, which will be
important to the chemical recovery process and characterization of the
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curium fuel form. The characterization of 2h4hCm,05 fuel to date has been
done for the most part on material produced by irradiation of plutonium
isotopes in the USAEC Savannah River reactors. A typical isotopic composi-
tion of this material after a decay period of five years following reactor
discharge is as follows:

Curium Mass No. Atom %
243 0.025
244 94 .46
245 0.828
246 4,57
247 0.075
248 0.043

The most significant difference in the isotopic abundance of curium from
power reactor fuels versus Savannah River product is an increase in the
abundance of the 243¢cm and 2%45Cm isotopes. The 24hcm content will decrease
by a few percent and thus lower the specific power of the fuel. Both 2%3Cm
and 245Cm have high fission cross sections, and thus evaluation will be
required of possible criticality problems in aqueous processing of curium
concentrates and in design of heat sources. In addition, 243Cm has
gamma-ray emissions of 0.211 (5.6%), 0.228 (7.3%), and 0.278 (11.2%) MeV
which influence shielding considerations.

Very little measured data are available on the isotopic composition of
curium from power reactor fuels. Assay of curium recovered from the
normal uranium blanket of the Shippingport reactor after about a 3-year
decay period showed the following isotopic composition.11

Curium Mass No. Atom 7
243 1.53
244 93.64
245 4.05
246 0.762
247 0.094
248 0.002

In Table 41 the abundances of the four principal curium isotopes follow-
ing a 5-year decay period are shown as calculated by the ORIGEN code

for various types of reference power reactors. The calculations are
useful in indicating the range of isotopic concentration variations

that may be anticipated until more measured data become available.
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Table 41. Isotopic Abundance of Curium Isotopes
for Various Power Reactor Fuels

Burnup Isotopic Abundance (atom %)
(GWD) 243Cm Zhhcm 245Cm 246Cm

Reactor Type

PWR (3.3% 2351) 33 0.27 91.8 7.1 0.8
HTGR (Th + U) 94 0.07 91.4 6.3 2.2
PWR (U + Pu) 33 0.05 86.5 12.2 1.3
AI — LMFBR 37 5.54 92.7 2.0 0.04
GE — LMFBR 42 5.53 91.3 3.1 0.1

Curium Source Fabrication Facility Operation

(C. L. Ottinger)

Equipment repairs, recalibrations, and necessary replacements were made
in preparation for experimental work. A considerable amount of solid
waste resulting from previous operations was discarded. Two batches of
2440m residues resulting from the Kilowatt Test Source defueling were
transferred to the TRU facility for reprocessing. The reprocessed 2hhen
was returned in five batches, two of which were opened and used for
experiments.

Operations in support of 24%Cm work included preparation of 244Cm,03 pel-
lets for the ceramic compatibility tests, remeasurement of the heat out-
put of the neutron test source, and transfers of pellets to the leach-rate
study facility. Experiments done at the CSFF are described under "Dimen-
sional Stability," "Reaction of Cmy,03 With Dry Air," and "2t Cm, 03
Radiation Measurements.'"
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