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CURIUM PROGRAM

1. IRRADIATION OF AMERICTUM-2h1

1.1. Reactor Production-Rate Experiments

Five 100-mg AmOs samples were irradiated in the ORR and diécharged on
January 1%, 1963%. Irradiation and heat generation data on these samples
are presented in Table 1.1.1.

Table 1.1.1. Basic Data on Five Irradiated AmOs Samples

Tnitial Total (242

o C Am®*l " Flux = Irradia-

Sample An=*Y  icsioned  (Neutrons  tion Time eat  Heat
No. (as element). (mg) - om2 sec-1) (days) | Output Output

(mg) : & - v )
E-9-9 80.9 7.k 3.9 x 104 62 S 391 3.7
E-10-1 82.4 6.6 3.49 x 1014 50 . 3.72 3.5
E-11-1 81.3 6.5 3.49 x 101% 50 3.71 3.5
F-1-1 106.6 8.5 3,49 x 1014 50 L6 4.3
F-2-1 78.2 6.3 2.58 x 10*% 50 3.37 3.1

Thé total heat output of each sample was measured calorimetrically and
contains no correction for heating due to other radioisotopes. The
weight of Am®*! fissioned is calculated from practical cross section
values, the flux, and the integrated flux.

The measured thermal power contains contrlbutlons by the fission products,
residual Am2dl, Pu 238, Cm243, and Am=%2, The major contribution during
the first 60 days after reactor discharge is the heat produced by the
short-lived fission products. The fission product heating, amounting to
~8% of the total heat output at the time of measurement, was calculated.
for each sample and subtracted from the total heat output to obtain the
heat generated by the Cm®%42, The heat contributed by Am24l, Am243

Pu238, and Pu®*® combined amounted to < O. 3% and was neglected because
this value is within the experimental error.

242 and

The corrected heat outputs were further adjusted for decay of Cm
converted to milligrams of Cm=*2 to obtain the percent conversion of
Mn24t to Cm®42 at reactor discharge. The results are given in Table 1.1.2.

These experimental values are 1% lower than the calculated values.
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Table 1.1.2. Percentage Conversion of Am®*! to

242
at Reactor Discharge C

242 :

Sample (i;3 g:gigr gzziegzigut' g?schéiée Agzg§n¥§r§;222

- -~ (w) (mg) :
E-9-9 80.9 = .986 3,723 30.9 38.2
E-10-1 82.k4 .985 3.519 29.2 351
E-11-1 81.3 .980 3.532 29.3 36.0
F-1-1 106.6 .985 4.362 36.2 34.0
F-2-1  78.2 981 3,194 26.5 33,9

The percentage of initial Am®%Y that fissions is strongly dependent on'
the integrated flux,:.and calculated values are given in Table 1.1.3 as a
function of integrated flux (nvt) for three flux values.

Table 1.1.4t lists the calculated values of the residual AmZ%! as a per-
centage of the initial Am®4Y for various total integrated fluxes.



Table 1.1.3. -Percentage of Mn®*! Fissioned as a Function of Flux and Irradiation Time

Irr%giation | 1 x 1014%Am¢*1 2 x 1014%Am44l 3 x 10%% o
(diﬁi) Wt pigsioned nve fissioned nvt f?izioned
10 8.6k x 10 0.10 1.73 x 102° 0.60 2.59 x 10%° 1.31
20 1.73 x 10°° 0.55 3.46 x 10%° 1.53 5.18 x 102° 2.77
30 - :2.59 x 102° 0.87 . 5.18 x 10%° 2;32 7.78 x.102° L .00
oo - 3.46 x 102° 1.2 6.91 x 1039 3,17 1.0k x 102 5.15
- 50 - k.32 x 1020 1.56 8.64 x 10=° 3.85 1.30 x 1031 6.00
60 -~ 5.18 x 102°° 2,03 1.0k x 102 h.ho . 1.56 x 1021 6.76
70 6.05 x 1029 2.19 1.21 x 1022 4.98 1.81 x 102% 7.35
80  6.91x10%° . 2.51 1.38 x 1022 5.60 2.07 x 1022 7.85
90 . T7.78 x 108° 2.80 1.56 x 1022 ~5.90 2.33% x 10°% 8.26
100 8.6k x 1020 3,50 1.73 x 1022 6.30 2.56 x 1021 8.68
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Table 1.1.4. .Percentage of Am®4l Left as a Function
of Total Intégrated Flux

Irradiation

Pime nvtl%t 9 Res%%gal

(days) 2 x 10 Flux Am
10 1.73 x 10=° 89.0
20 3.46 x 10%° : 78.5
20 5.18 x 102° 70.0
4o 6.91 x 102° . 61.5
50 8.64 x 1020 . 5hk.5 ,
60 1.0k x 102 4kg.0 -
70 1.21 x 1021 43.0
80 1.38 x 10°t 38.0 -
90 1.56 x 1051 34,0

100 1.73 x 102t 30.0

120 2.08 x 102* 23.5

1.2. CUalorimetric . Beterminaticn.of Lupivi-2042

The thermal powers of two samples of irradiated Am®*! obtained from the
MIR were remeasured to determine if the thermal power of long-lived radio-
active impurities would be apparent from the declining power rate of the
samples.

The rate of temperature rise in a system of known heat capacity was uti= .- -
lized for the measurements. The calorimeter consisted of a tall cylindrical
Dewar flask containing a known amount of water. The top of the flask was
sealed by a large cork stopper which was penetrated by a stirrer shaft and

a thermométer. To calibrate the calorimeter, the total active heat capacity
was détermined by measurement of the rate of temperature rise produced by
a heater of accurately known.wattage.

After calibration, the heater was removed and similar rates of temperature
rise were determined using the Cm=%2 samples. The average of three measure-
‘ments on each sample was 30.% *0.6 w for MND-1-1 and 29.6 #0.6 w for MND-1-2.

- Previous measurements of the heat generatlon rate of these samples made
September 14, 1962, gave 52 *2 w for both samples. e power on January 24,
1963, calculated from the earlier value and using a Cm 242 palf-life of
162.5 days, should have been 29.6 w. The close -agreement .of the later
values with those calculated using the Cm®42 decay rate indicates that only
a small part of the sample heat comes from radlolsotopes other than Cm342,
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1.3. Irradiation Target Fabrication

The design of the americium targets has been completed and Table 1.3.1
glves the specifications and reference photographs.

Table 1.3.1. Americium Target Data -

Ttem “Specifiéations Fig. No.

Pellets per capsule 12 - 1.3.4
Pellet dimensions 0.5 in. x 0.420 in. diam 1.3.3%
Pellet sleeve wall - S

thickness 0.040 in. S 1.3.3
Pellet end cap thickness  .0.070 in. top, 0.050 in. bottom 1.3.3
Pellet powder weight 72.3% Al (200 mesh) B

.composition C - 27.7% AmOg ' R -
Capsule material Type 1100 aluminum, H1k -
Capsule dimensions 8 in. x 0.5 in. OD x-0.430 in. ID" 1.3.k4
Capsule bottom plug 0.1875 in. x 0.430 in. diam 1.3.4
Capsule top plug 0.1875 in. x 0.430 in. diam - 1.3k
Capsule spacer dimensions 1.25 in. x 0.420 in. OD x 0.290

‘ in. ID v 1.3.4
Total weight of Al per : - .

capsule - 57.3 g ‘ - -
Total weight of AmOs per

capsule 3.4 g : -

Target Assembly Designed for 18 capsules 1.%.10

The target. pellets are pressed at 40,000 psi (Fig. 1.3.1) and have den-
sities of ~91% of theoretical. The loaded capsule is hydraulically
collapsed (Fig. 1.3.7) around the pellets at 8000 psig to reduce the
clearance between the pellets and capsule wall to 0.001 in. or less.
Radiographs of eight welded capsules in Flg 1.3.8 show that the required
minimum clearance was achieved.

The free gas volume inside the capsule is 0.17 in.s, which includes the
free volume in the individual pellets resulting from the difference be-
tween actual and theoretical den51ty as well as the gas volume provided
by the capsule spacer.

Target Development

Four die assemblies were fabricated and ~15 simulated pellets were pressed.
The dies and punches (Fig. 1.%.2) were cleaned in concentrated NaOH to



I | | 3
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.remove residual aluminum. The number of pelletsythat may be pressed
with one die assembly varies from 4 to 8. Eventually, the long punch
freezes in the die body and cannot be removed with the ejector punch.

A standard capsule was loaded (Fig. 1.3.5) with l} pellets, L4 spacer discs,
and.-One spacer tube,: and’. sealed by welding (Fig. 1.3.6). The capsule
was tested in ethylene glycol at 25 in. Hg vacuum and revealed no leaks.

During the swaging operation, the area around the spacer tube collapsed

at 8000 psig. An examination of the capsule revealed a slight lengthwise
ridge with approximate dimensions of 3 x 1/16 x 0,005 in. The clearance
between the capsule and the pellets is estimated to be less than 0.0005 in.
Additional capsules will be prepared with heavier walled spacer tubes to
withstand the swaging pressure.

Although the capsule seal welds did not leak during the leak test, sec-
tioned specimens were microphotographed and Fig. 1.3.9 indicates that
gassing occurred during the welding operation. Future end plugs will be *
made with a small vent hole which will be sealed after the end plug is

~welded. Further experiments to perfect the- weldlng, swaging and leak

test operations will be conducted.

Table 1.3.2 indicates the progress to date on the design and fabrication
phases of the project.

Table 1.3.2. Target Fabrication Equipment

‘Description % gii;%ﬁte | ;agzigiZizn Remarks
Blender -100 50 . Testing of prototype
model in progress
Press 100 100 Testing in progress ~
Pellet loading device v 100 100 v Testing in progress
Swaging tool 100 100 Testing in progress *
Capsule 95 10 : Testihg in progress
leak testing equipment 90 ‘ .5 Criteria not complete

1.k, Target Shipping Cask

Drawings of the MND cask have been received, and the necessary revisions
are 96% complete.
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Fig. 1.3.1. Americium-241 Pellet Press




UNCLASSIFIED
PHOTO 60385

Fig. 1.3.2. Americium-2L41 Die Assembly and Pellets

UNCL ASSIFIED
PHOTO 60389

Fig. 1.3.3. Americium-241 Sectioned Pellets




UNCLASSIFIED
PHOTO 60384

Fig. 1.3.4. Americium-241 Pellets, Spacer, End Plugs and Capsule

UNCLASSIFIED
PHOTO 60391

Fig. 1.3.5. Americium-241l Capsule Loading Device
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UNCLASSIFIED
. PHOTO 60388

Fig. 1.3.6. Americium-241 Capsule Welder
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Fig. 1.%.7.
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Americium-241 Capsule Swaging Device
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Fig. 1.3.8. Radiographs of Americium-241l Capsules

UNCLASSIFIED
PHOTO 60764
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Fig. 1.3.9. Americium Target Capsule Weld

UNCLASSIFIED
PHOTO 60386

Fig. 1.3.10. Americium-241 Target Assembly
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2. CHEMICAL PROCESS DEVELOPMENT

2.1. Tramex Flowsheet Test at High Power Density

The equipment for the second high-activity level test in the Analytical
Hot Cells has been procured and is now being assembled in the alpha con-
tainment box. Four samples of irradiated Am®41 will be discharged in
Februvary and March to provide Cm®42 for the full-level Tramex tests.

Effect of Acid Concentration on Tramex Extraction

Distribution coefficients were determined for HC1l between the hydrochloride
salt of 0.6 M Alamine 336 in diethylbenzene and feeds containing 9, 10,

and 11 M LiCl over an acid range of 0.0l to 2.0 M. The distribution co-
efficients of HCl for feeds containing 0.01 M HC1 were 4, 9, and 20,
respectively for 9, 10, and 11 M LiCl. Distribution coefficients de-
creased with increasing acid concentration.

The effect of acid on europium distribution coefficients over the above
acid range was determined for 9 and 10 M LiCl feeds. Europium distribu-
tion coefficients from 9 M LiCl decreased from 0.005 to 0.0004 as the
free acid concentration in the solvent increased from 0.02 to 0.2 M.
With 10 M LiCl, europium distribution coefficients decreased from 0.012
to 0.0012 as the free acid concentration in the solvent increased from
0.03 to 0.3 M.

These studies will be extended to the effect of acid on americium extrac-

tion. The results will determine how much free acid can be tolerated in
Tramex feed solutions.

Actinide-Lanthanide Separations in Carbonate Solutions

Distribution coefficients of americium, cerium, and europium between
Dowex 21K resin (50-100 mesh) and NaHCOs solutions were inversely pro-
portional to the NaHCOsz concentration over the range 0.02 to 0.2 M. At
lower concentrations there was a decrease in this dependency, perhaps as
a result of rare earth and americium insolubility. At 0.1 M NaHCOg,
distribution coefficients for americium, cerium, and europium were 50,
110, and 350, respectively. Distribution coefficients between Dowex 21K
resin and KsCOs solutions increased slightly as the KoCOs concentration
increased from 0.02 to 0.2 M. At 0.1 M KoCOz, distribution coefficients
were 100 for americium and 300 for europium.

Extraction of rare earths and americium from carbonate solutions into
Aliquat 336 (a quaternary amine) was similar to sorption on Dowex 21K,
but no extraction into Alamine 336 (a tertiary amine) was noted. Dis-
tribution coefficients into Aliquat %36 were approximately proportional
to the inverse fourth power of the NalHCOg5 concentration over the range
0.25 to 1 M and to the inverse first power of the NaHCOz over the range
0.1 to 0.2 M. Separation factors decreased with increasing NaHCOgz
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concentration. At 0.1 M NaHCOz, americium, cerium, and europium distri-

bution coefficients into %0% Aliquat 336-diethylbenzene were 20, 40, and

200, respectively. Extraction from K2COsz solutions was similar in behav-
ior but about a factor of two less for the same molarities of NaHCOs and

KoCO0s.

These results do not give positive indication that an actinide-lanthanide
group separation is possible in the Aliquat 336-carbonate system. It
seems Pprobable that curium and heavier actinides will be more extractable
than americium and will have distribution coefficients approaching or
greater than those for cerium. Additional investigation is needed to
resolve this and other guestions concerning this system.

2.2. Curium Recovery Facility

The design of process equipment and cell alterations is 98% complete. The
design of the roof area sample handling equipment is being checked and .
pipe details for prefabrication are 75% complete. Details of the sampling
systems and shielding for the multichannel gamma spectrometer have not
been started. ’

The construction of the makeup area is complete except for the installa-
tion of the glove box containing the pump drive. The operating area
construction is complete except for the installation of the fire protec-
tion system and the gamma spectrometer equipment. The roof area equip-
ment has not been installed, but all components except the sample removal
box have been fabricated. All structural supports are in the cell, and
installation of the piping has begun.

The plated cell tanks are at Parma, Ohio, being prepared for application
of the tantalum. A tantalum valve is being fabricated in ORNL shops.
When completed, this valve will be tested at the TRU mockup for oper-
ability and leakage.

3. CURIUM-2L42 SOURCE FABRICATION

3.1. Chemical Process Development

‘Zirconium Chemistry

The results of the Cm®*® run greviously reportedl indicated that the
separation of Zr-Nb from Cm=% by oxalate precipitation is low. Higher
decontamination factors for Zr-Nb cannot be readlly achieved because of -
the following requirements:

1. The oxalate solution is adjusted to pH 1-2 to minimize m=%2
losses due to solubility in solutions containing a high
concentration of acid.

“E. Lamb, Curium Program December 1962, ORNL-TM-503%
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2. Zirconium tends to precipitate as a polynuclear complex in
neutral or slightly acid solutions.

3. The presence of a considerable excess of complexing agent such
as oxalate does not keep zirconium in solution.

4. The curium oxalate precipitate is dissolved in 4 N HNOg, and
the colloidal zirconium goes into solution under these con-
ditions. The cycle is completed by decreasing the pH of the
solution to reprecipitate curium oxalate.

The absorptlon of Zr-Nb by silica gel from 2 N and L N HNOz solutions

was investigated as a means of separating Zr- Wb from curium. A volume of
50 ml of silica gel was preconditioned with HNOs and two 110-ml batches
of HNOz, 2 N and 4 N respectively, containing 40 mg/liter of zirconium
were run through the column. The absorption of Zr-Nb by the silica gel
column was 97.7% from the 2 N HNOz and 99.1% from the 4 N HNOz solution.

The effect of radiation generated HzOz on the absorption of Zr-Nb by
silica gel was examined by using a 10-ml silica gel column which was pre-
conditioned with 4 N HNOz. A volume of 110 ml of 4 N HNOs containing

Lo mg/llter of zirconium and Zr®3-Nb®5 tracer without H-0o was passed
through the column. The break-through of activity into the column ef-
fluent was followed as a function of the number of column volumes of
solution put through the column. The instantaneous activity in the ef-
fluent is given as a percentage of the tracer activity in the initial
solution. The results are shown in Table 3.1.1.

Table 3.1.1. The Percentage of Zr-Nb Activity in the Effluent
versus the Number of Column Volumes

Column Volumes

4 N HNOs % Original Activity

@ O\O \O OO oW
O WO —1\0 O\ (o

)

.

O OO\ F WD

1

About 90% of the initial Zr-Nb activity was absorbed by the silica gel
from the 4 N HNOs solution. Hydrogen peroxide was added to make the
solution O. 02 M in Ho02 and the experiment was repeated to simulate the-
effects of radiation on aqueous solutions. It was found that 66.3% of
the Zr-Nb activity came through on the first column volume, and 86.1%
of the Zr-Nb activity broke through on the second column volume. The
Ho0o complexed most of the W5 and considerable amounts of Zr>

The precipitation of zirconium from 4 N HNO3 as zirconium phosphate is
being investigated. If this step is fea31ble, it could be performed in
the presently planned eguipment.
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Buildup of Noncondensable Gas Above a Curium-242 Solution

A volume of 120 ml of 4 N HNOs solution containing 87.9 curies of Cm=%2
was placed in a 250-ml polyethylene bottle. The free space above the
solution was 162 ml. A Magnahelic gauge was attached to the polyethylene
bottle and a linear increase in pressure with time was observed. The
observed pressure rise was 0.071 in. of water per minute from which the
gas production rate was calculated to be 1.74 ml per hour per 100 curies
of Cm®%2,

3.2 Source Fabrication Development

Brazing Studies

The investigation of techniques for brazing a Gds0s-Rh cermet to a tung-
sten plate has been continued. The sintering of the pellet and bonding

it to the tungsten plate in one heating operation was first considered.

A small GdoOs-Rh pellet was sintered at temperatures > 1650°C on a tung-
sten plate. Figure %.2.1 shows an enlargement of the interface between
the sintered pellet and the tungsten plate. A metal bond was made between
the rhodium of the pellet and the tungsten plate and no GdoOs was within
0.001 in. of the tungsten plate.

Further experiments have shown the undesirability of sintering the pellet
and bonding it to the tungsten plate at the same time. When the two
operations are carried on concurrently, the outer edge of the pellet
bonds to the tungsten plate before the pellet has completely shrunk and
the pellet then deforms on further sintering.

The use of palladium metal as a braze material was investigated by heating
a cermet pellet-palladium sheet-tungsten plate sandwich to 1580°C. Figure
3.2.2 shows that the palladium metal diffused into the cermet and made a
metallic bond with the tungsten plate. When a specimen of soft material
is bonded to a hard material and then polished, the soft material erodes
faster than the hard material, and an indentation of the soft material is
left at the interface. The black line on Figure %.2.2 is the shadow of
the higher edge of tungsten metal on the lower palladium section. The
metal bond of the cermet to the tungsten plate is excellent and no void
areas are visible.

Gadolinium Oxide-Rhodium Cermet

The effect of contaminants in the feed powder of a Gds03~Rh cermet was
extended with the study of the additions of Als05 and ZrOs in the amount
of l% of the Gdo0s-Rh mixture, respectively. The pellets were sintered

at 1725°C for 2 hr in the Rh-Pt resistance furnace. Figure 3%.2.% shows

an enlargement of the surface of the cermet with the Als03 addition. The
crystals of AloOs are distinguishable from the white rhodium metal, the
gray GdoOg, and the black void spaces. The ZrOps contaminated cermet shows
a similar pattern. The additions of either Al-0s or ZrOs had no adverse
effect on the final cermet.
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Fig. 3.2.1. Gdy03-Rh Cermet Sintered to Tungsten. Reduced 40%.

Fig. 3.2.2. Gdy03-Rh Brazed to Tungsten with Paladium. Reduced 40%.

UNCLASSIFIED
Y-48923

Fig. 3.2.3. Gdp03-Rh Cermet with 1% Al,03. Reduced 40%.
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Sintering Furnace Development

A preliminary design of a vertical model of the graphite resistance fur-
nace has been completed and is shown in Figure 3.2.4, The graphite heating
element (1), which is shown partially lowered, connects electrodes (2)
and (3) during furnace operation and retracts to permit access to the
hot area. The graphite heating element is replaceable if an element is
fractured. The electrodes are water cooled (4) to prevent overheating.
The bell jar may be evacuated through the vacuum line (5) or operated
under a helium atmosphere with a helium purge. The temperature of the
pellet can be determined by an optical pyrometer through an observation
hole (6) in the graphite element. The stabilized zirconia stand (7) is
used to hold the pellet (8) for the sintering operation.

This vertical model has several advantages over the earlier reported hori-
zontal experimental furnace. First, a uniform heating of the pellet is
expected due to a longer heating element and the orientation of the pel-
let with respect to the furnace heating element. Second, this furnace
will provide better contaimment of radioactivity and occupy less floor
space than the horizontal model. A prototype of this furnace is under
construction.

3.% Source Fabrication Facility (SFF)

The structural modifications to the SFF building are ~45% complete. The
preliminary proposal for the SFF equipment was transmitted to the AEC and
proposal approval is expected by February 8, 1963%.

The design status for the SFF and its equipment is indicated in Table
5.3.1 and Table 3.3.2, respectively. :

Table %.%.1l. SFF Design Status

Description % Complete
Structural 90
Piping 80
Air Handling 70
Electrical 90
Civil engineering 10
Cell ventilation 50
Cubicle No. 1 equipment layout 10
Feed transfer station 20
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UNCLASSIFIED
ORNL-LR-DWG 78180

137,

Fig. 3.2.4 Vertical Model of Graphite Resistance Furnace
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Table 3.3.2. SFF Equipment Design Status

Description % Complete
Bag-out port 98
Access port 98
Waste cask 95
Deolly 97
Sample cask 95
Manipulator decontamination 90
Welders 30
Doors and inter-cell transfers 50
Maintenance enclosure 10

Chill blocks

O == press

3.4, Radiation Safety

The revised Radiation Safety Criteria were established at a meeting on
January 25, 1963. Tentative agreement was reached with Radiation Safety
and Control personnel on all proposed changes.

3.5. Generator Fueling

A review of the SNAP-13 fueling fixture was held at ORNL on January 25,
1963, with representatives from MND and the AEC present.

The design drawings for the fixture were transmitted to ORNL and a verbal
description of the operations was presented by MND. Tentative agreement
on all phases of the operations was reached by ORNL and MND, but ORNL
will review design prints in detail before final verification.

A decision was made to use a cell in the ORNL Radioisotope Development
Laboratory for the fueling operation since the unit requires a minimum
of 5 ft from cell floor to fixture base plate. Composite drawings of
the cell have been transmitted to MND.
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