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PROJECT AND FACILITY ADMINISTRATION 

Task loOO 
Ho Jo Garber Ko Ho Puechl 

General Plant Operations 

At the end of this report period, four months of experience working with 
Plutonium had been accumulatedo Over this time span, all ventilation 
systems have been working satisfactority on a continuous basis. Also, 
monitoring of the building effluent air has shown no activity above back
ground. Although 15 glove failures (small tares, etco) have occurred, no 
measurable plutonium activity has been released to the general plant atmos
phere. This glove failure history is primarily due to the use of a special 
expandable rubber bung to aid in glove replacement. With this device, the 
replacement of defective gloves has been reduced to a routine five minute 
operation. In short, it may be concluded that the plant has passed the 
initial shakedown period with flying colors. We consider this record to 
be a cljallenge to maintain. 

Twenty-three glove boxes are now on line, and PUO2 and PUO2-UO2 powder is 
being prepared and characterized in more or less routine fashion. Similarly, 
these powders are being milled, blended, pressed and sintered. During this 
report period, the "cold" reprocessing boxes containing small-scale solvent 
extraction and ion-exchange equipment were also placed on-line, thereby 
allowing initiation of plutonium recovery studies (Task 6.00). 

Box outfitting is now centered on those required for fuel element fabrication; 
tube loading, welding, decontamination, corrosion testing, swaging, and 
mechanical packing. In addition, considerable effort is being expended 
on the design, procurement and installation of equipment that is required 
for post-irradiation examination and testing in the hot cell proper and 
in the hot metallography cello 

The building and glove box line fire and overheat alarm system has now been 
installed and placed in operation. Anticipatory or rate-of-rise response 
detectors have been installed within glove boxes and strategic plant areas. 
Alarm locations are indicated in sui overhead panel board visible from the 
operation's office and work area. A ten-point combustible gas alarm system 
is also being installed to centralize warning of accumulating combustible 
gases or vapors. 
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Summary of Experimental Activities 

During this period, two new lots of PUO2 were prepared using a continuous 
oxalate precipitation process. Also, since plutonium metal may be the 
preferred shipping material for feed, one lot of PUO2 was prepared by 
batch precipitation from a nitrate solution prqjared originally by dis
solution of the metalo Continuous coprecipitation studies were also 
initiated using a uranium -20 w/o plutonium nitrate feed solution. Char
acterization studies on the PUO2 powders, including those prepared during 
the previous quarter, indicate that minor variations in processing variables, 
especially during precipitation, can affect the final, product. 

A large difference in powder characteristics, especially in the particle 
size distribution, was noted between the lots prepared from the as-received 
nitrate solution and those prepared from the metal. This indicates a strong 
effect of the history of preparation. For reproducibility and unformity of 
product, the feed material must, therefore9 be well controlled. 

The specific surface area of the initial batch of PUO2 powder was foTind to 
increase appreciably during storage. Measiirements with both the BoE.T. and 
Innes apparati confirm this behavior. This phenomenon will be further 
investigate^ and other powder samples will be examined to determine if 
they exhibit similar behavioro 

The Deltatherm differential thermal analysis apparatus has been checked 
out, however, air oxidation experiments with UO2 resulted in spurious peaks. 
This is probably the result of bed swelling and cracking. Bed packing 
experiments are now going on to eliminate this difficulty. 

Some analytical procedures have been worked out for the analysis of oxides 
and mixed oxides of plutonium and ursuiium. A new spectrophotometric procedure 
was developed for the simultaneous determination of uranium and plutonium. 
In addition, more conventional amperometric and coiilometric titrations, 
ion exchange separationss ^-spectrometry and cK counting techniques have 
been evaluated and/or modified. 

Sintering studies on pure PUO2 have been continued; also, sintering trials 
have been run on both mechanically mixed and co=.precipitated P*u02"U02 
oxides. The studies on pure PUO2 show that maximtun density is achieved 
when the sintering temperature is between 1200 and 1^00°C; significantly 
lower densities resiilt when sintering at higher temperatures. Preliminary 
results on the mechanically mixed composite material indicate that sintering 
behavior is determined by the dominant component. Insufficient data has 
been obtained with co-precipitated material to draw conclusions. 

Metallographic examination of PUO2 sintered pellets has brought out an 
unexpected microstructural feature; the appearance is similar to eutectoid 
structure in alloys. Factors affecting formation will be determined during 

7 
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the next quarter; the composition of this phase will also be investigated 
by x-ray diffraction and chemical analysis. 

Mechanical packing ejqjeriments have been carried out using crushed UO2 
pellets that had been fired to a high density. As anticipated, when using 
packing techniques developed for idealized spherical particles, high packing 
densities were unattainable with this non-spherical material. However, the 
variation of packing density with particle size ratio for binary systems 
shows that the packing phenomenon is identical to that which exists in 
idealized systems. 

Production of spherical UO2 for further mechanical packing studies has 
been initiated using the plasma torch. Initial results indicate that 
excellent spheroid!zation is attainable with this method but that the 
particles contain central voids. Factors controlling void formation 
will be further investigated. 

The assembly of the thermal conductivity apparatus is proceeding without 
any major difficulties. A topical report covering the theory and design 
of this apparatus has been issued as NUMEC P-31 "Design Study of the 
Measurement of Thermal Conductivity of Poor Conductors at High Temperatures 
by the Use of Point and Plane Sources of Heat". 

Reactor Physics Studies 

Two sttidies have been completed covering the analysis of the potential of 
plutonium as a fuel in near-thermal converter and stradght boxmer reactors. 
For both reactor types, it has been shown that plutonium is a promising 
fuel since the Pu-2^ acts as a combination source material and burnable 
poison, thereby limiting the reactivity variation during core life so that 
parasitic shim control requirements are minimized. 

8 
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PREPARATION AND CHARACTERIZATION OF FUEL MATERIALS 

Task 2.00 
Co S. Caldwell 

A. Biancheria Eo E. Garcia H. Krake P. Rey 
J. Goodman R. Jaroszeski 0. Menis 

Plutonium Oxide Preparation and Powder Characterization 

Precipitation conditions and product characteristics of batch-process 
PUO2 prepared during the previous quarter were presented in NUMEC P-60. 
During the current report period, characterization and analysis of this 
material was continued, and two new lots of Pu02 were prepared by a 
continuous oxalate precipitation process to determine reproducibility 
and to provide material for characterization, blending 5 pelletization,, 
and sintering trials. A fourth lot of PUO2 was made by batch oxalate 
precipitation from a plutonium nitrate solution prepared originally by 
dissolution of plutonium metal in HCl followed by conversion to the nitrate 
form. 

Continuous Process PuO;? Preparation (Runs 297-Pu-^ and -5); The original 
plutonium nitrate solution, as-received, was metered volumetrically and 
diluted with nitric acid to lOOg Pu/L, providing a final acidity of 3M. 
The oxalate precipitation was started by feeding 80 ml of nitrate and an 
eqxjal volume of 1 M oxalic acid (0.25 M H2O2) into a 3o5 liter pyrex 
precipitator, using air agitation to provide a uniform slurry heel. The 
plutonium nitrate and oxalic acid solutions were then metered uniformly 
into the precipitator at predetermined rates to give an average holdup 
time of 20 min in the precipitator. Agitation during this period was 
maintained by a 2-| in dia turbine=paddle mixer operating at 500 RPM, As 
soon as the slurry reached the operating level of k?^ ml,, vacuum with= 
drawal and filtration was begun. Steady-state conditions were maintained 
in this manner for the length of the run, approximately II5 min. The 
filter cake, contained in a porous cylindrical can, was washed with de^ 
ionized water, air dried for 10 min, then transferred to a forced=.convection 
drying oven for removal of excess moisture prior to calcination. The 
dried oxalate was calcined to PUO2 in air at temperatures of 350, kZO^ 
k-90, 560, and 760°C within Inconel furnace flasks. Samples of wet oxalate, 
dried oxalate, and PUO2 product were retained for chemical analysis, 
x-ray diffraction, thermogravimetric studies and other characterization 
measurements. The conversion processing data are summarized in Table 2,1. 
On the basis of the control achieved during continuous runs to date, an 
0.5 L precipitator will be used in some of the future runs to permit 
longercontinuous operation using smaller quantities of starting material. 

9 



Table 2.1 

Summary of Conversion Processing Data 
Plutonium Oxide Materials 

o 

I 
•S3 
O 

End Product 

Precipitation Conditions 
Method 
Temperature °C 

Feed Composition 
gm Pu/liter 
gm U/liter 
H^, molarity 

Strike Solution Composition 
H2C2O4 
H2O2 
NH4OH 

Precipitator Avg, Holdup, rain 

Total No. Throughputs 

297-Pu_4 
Pu02 

Continuous 
28 

100 

3.0 

1 
0,25 

20 

5o4 

297-PU-5 
Pu02 

Continuous 
28 

100 

3.0 

1 
0.25 

20 

5.4 

297-PU-6 
U02-20% PuO? 

Continuous 
58 

20 
80 
1,0 

li.5 

15 

3o3 

526-Pu-M-l 
Pu02 

Batch 
35 

106 

1.8 
(1.4 C1-) 

1 
0.6 

-

-
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Continuous Co-precipitation (Run 297-Pu-6); Conversion processing data 
for the nin are summarized in Table 2,1. A mixed uranium - 20 w/o plutonium 
nitrate feed solution containing 100 g metal/L was made up to provide a 
final acidity of 1 JM HNO^, The run was started by preheating 80 ml of 
nitrate feed to 35°^ in a 4 L precipitator, adding the required amount 
of concentrated aqueous ammonia while maintaining agitation, followed by 
continuous addition of both reactants at predetermined rates to give a 
holdup time of 20 min. Vacuum withdrawal and tiltration was controlled 
to maintain steaciy-state conditions in the precipitator for ^^ minutes. 
The filter cake was washed with deionized water to minimize the residual 
ammonium nitrate content, A visual check indicated negligible loss of 
material during washing, A characteristic property of both co-precipitated 
ammonium uranate-plutonium hydroxide precipitates (297-Pu-3 and 297-P'i-6) 
has been the low bulk density of the wet cake, 0,15 g metal/cc wet cake, 
in contrast to 0.35-0.45 g/cc for ADU prepared by the equivalent route. 
After air-drying the filter cake at l60°C, blended portions were decomposed 
and reduced in a 6^ H2-94^ N2 atmosphere at temperatures of 590, 640, 690$, 
and 740°C. The Pu02''U02 products were cooled and chilled in the reducing 
atmosphere, then unloaded in a 5^ oxygen-95/^ nitrogen atmosphere, yielding 
a range of brown-colored powders showing no surface oxidation. Subsequent 
exposure to air at room temperature resulted in rapid spontaineous oxidation 
of the powder produced at 590, 640 and 690°C. At 740°C the product activity 
was reduced sufficiently to prevent rapid oxidation. In any case, the 
Pu02''U02 surface area is considerably higher than the most active UO2 
produced from ADU, which indicates the need for preparing material of 
lower activity in future runs if spontaneous oxidation is to be avoided 
during storage. The effect of lower ammonia concentrations and slower 
precipitation rates will be determined next. 

Powder Characterization; Characterization data obtained to date on various 
PUO2 powders are summarized in Table 2.2, This series of measurements will 
be completed during the next quarterly period, but the available results are 
presented below. 

A small but definite shift in properties in noted between the 297='P»i-4 and 
297-P11-5 samples particularly powder density, indicating that minor variations 
in processing variables (Table 2.1) can affect the final product. The 
temperature dependence of the parameters indicates that the shift in 
properties is not due to temperature variation in the calciner bat is 
more likely due to variations in the precipitation step. Both sets of 
powders show similar internal trends with calcination temperature. This 
is apparent in the general increase of the bulk and tap densities and 
air-permeability number with increasing calcination temperature. The 
increase in the bulk parameters appears to be due to the decreasing ex
ternal surface area (increasing size) as measured by the air-permeability 
method. It should be noted that some of the powders could not be suffi
ciently compressed to obtain a reading on the Fischer Sub-Sieve Sizer 
(the air-permeability method employed) when the required weight of 11.4 gm 
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Table 2.2 

Characterization Parajieters 
of PUOQ Samples 

Sample 

Pu-4-1 
Pu-4-2 
Pu-4-3 
Pu-4-4 
Pu-4-5 

Pu.5-1 
Pu.5-2 
Pu.5.3 
Pu.5-4 
Pu-5-5 

297-Pa-l 
526.350 

526-560 

Oxalate 
Preparation 

Method 

Continuous 
Continuous 
Continuous 
Continuous 
Continuous 

Continuous 
Continuous 
Continuous 
Continuous 
Continuous 

Batch 
Pu Metal 
Batch 
Pu Metal 
Batch 

Calcination 
Temp, °C 

350 
420 
490 
560 
760 

350 
420 
490 
560 
760 

350 
350 

560 

Bulk Density 
gm/cc 

1.38 
1,30 
1,42 
1.42 

1.34 
lo55 
1.63 
1.63 

1,80 
.92 

.93 

Tap Density 
gm/cc 

1.82 
1.80 
1.85 
2,03 

1.72 
2.00 
2.05 
2.16 

2,24 
1,13 

1.57 

Air-Permeability, 
Avg Diameter* 

1.7 
1.7 
1,8 
1.9 

1.9 
2.2 
2,1 
2.4 

: 

BoE.T. Surface 
Area, m^/gm 

-

25.8 

17.9 

9.0 

28.0 
28.5 

34.3 

505̂  Particle 
Size, micron** 

7.8 
9.9 

9.3 

11.4 
11.8 

10.9 

10.5 
1.3 

* Calculated from data employing one-half the required sample weight. 

** Mine Safety centrifugal particle size analysis. 

to 
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was used. The diameter shown in Table 2.2 was calculated according to 
the equation of Gooden and Smith (Fisher Sub-Sieve Sizer Instruction 
Booklet) employing data obtained at half the required sample weight. 
The total surface area data (gas absorption technique) indicate a decrease 
with increasing calcination temperature. These trends are in agreement 
with results of other investigators (Ref, 1). 

It should be noted that despite the strong dependence of surface area on 
calcination temperature, the agglomerate size distribution remained rel
atively insensitive to this variable. The partially complete MSA size 
distribution data drawn as a composite in Figure 2.1 show that the samples 
have similarly shaped curves and narrow distributions. Approximately 80^ 
by weight of the particles lie within a 15 micron range. The relatively 
large sizes obtained when compared to the high surface area and smaller 
sub-sieve size indicates that the powders are highly agglomerated. The 
agglomerate size and size distribution may be an extremely important 
parameter in PUO2-UO2 blending processes. 

Comparison of samples 297-Pu-4-l and 297-Pu-5-l and 297-Pu-l (Table 2.2) 
which was also prepared via the oxalate route and calcined at 350°Cs 
again demonstrates the sensitivity of some of the properties to process 
variations. This material was prepared on a batch basis. The effect of 
these small variations on the fabrication, sinterabilityj, and blending 
processes will be determined in future work and eventxially will determine 
the degree of control required in preparation procedures. 

The behavior of plutonium oxalate during calcination was also exaioined 
using a continuous recording thermobalance. The decomposition curves 
for sajjiples 297-Pu-4 and 297-Pu-5 showed slight differences indicating 
a higher reactivity for the sample with the lower particle size and bvOLk 
density. Detailed data will be presented after evaluation is complete. 

The large shift in p.roperties noted when comparing sample 526-350 wi,th 
297-PU-4-1, 297-Pu-5-'l9 and 297-Pa^l and sample 526^560 with 297-Pu.-4-4 
and 297-Pu-5°4 points out the effect of the history of preparation. The 
526 series was prepared with Pu metal as starting material0 and the oxalate 
precipitation was made in the presence of excess chloride ion. For com-
parisonj the complete size distributions for samples 297"Pu."l9 526=.360s, 
and 526-560 are shown in Figure 2.2. 

Attempts to check the measurement of the total surface area of sample 
297-Pu-l indicated an apparent increase in the specific surface area with 
time in storage. Measurements employing the B.E.T. (tfrypton) apparatus 
showed that the surface area increased from 29 to 42 Trr/gm over a period 
of six days and from 42 to 50 m^/gm over the next four days. Measure
ments employing the Innes (nitrogen) apparatus showed a corresponding 
increase from 35 to 43 m^/gm over a period of five days. In both cases 
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the Pu02 was stored in air under ambient conditions between experiments. 
In the case of the first Innes measurement, the sample was left attached 
to the apparatus overnight -under nitrogen atmosphere and remeasured. The 
results agreed within 0.3 m^/gm of the first measurement. The apparent 
increase in surface area is attributed to progressive changes in the 
chemically bound constituents of the oxide due to exposure to the atmos
phere. The Pu-4 and Pu-5 samples will be re-examined to determine if 
they exhibit the same behavior. 

Analyses for Product Purity; Spectrographic analyses of PUO2 and Pa02°U02 
whose preparation was described in the previous Quarterly Progress Report 
(NUMEC P-60) are presented in Table 2„3. 

Sample 297-P'i-l was prepared from plutonium nitrate which was reported to 
contain 876 ppm total impurity by spectrographic analysis. Based on the 
results in Table 2.3, the total metallic impurity in oxide sajnple 297-Pu-l 
was IOO-I5O ppm, which represents an overall purification factor of 6-8 
during conversion. This is in accord with results reported by Rasmussen 
and Hopkins (Ref, 2) who, starting with nitrate containing 7?000 ppm 
impurity, prepared PUO2 containing 1100 ppm of total metallic impurities 
by a continuous oxalate precipitation process. Samples 297-PU-2 and 
297-Pu-3j prepared by ammonium hydroxide precipitation of uranium.-
plutonium nitrate solutions, exhibited impurity levels comparable to 
resxilts obtained in earlier UO2 preparation runs using the same glove 
box processing equipment. 

Uranium Dioxide Preparation and Characterization; One 2 Kg lot of UO2 
was prepared by continuous precipitation and several additional, lots will 
be prepared for use in blending with high-activity Pu02 material. The 
characterization results on these lots will be reporteci as a group when 
comparative data are available. Thermogravimetric analysis of UO2 air 
oxidation characteristics and ADU decomposition behavior in reducing and 
oxidizing atmospheres have been carried out on a wide range of material, 
types,and results are being correlated for later presentation. 

The Deltatherm differential thermal analysis apparatus has been checked 
out with silica using Zr02 as a standard. Air oxidation experiments with 
loosely packed UO2 employing Th02 or AI2O3 as a standard resulted in several 
spurious peaks. Results were improved liy compacting the UO2 or mixing the 
UO2 with the standards but the degree of improvement varied with different 
samples. Experiments carried out in the Chevenard thermobalance showed 
that the oxidation of these samples takes place as a two-step reaction 
indicating that only two peaks should be observed in the D.ToA. apparatus. 
The spurious behavior in the D.ToA. is believed to be due to swelling and 
cracking of the sample bed during oxidation. Experiments are presently 
being carried out employing various packing techniques atnd various mixtures 
with standards in order to determine the optimum operating conditionso 
The UO2 oxidation experiments are being carried out to elucidate upon the 
experience of other investigators who have reported a relationship between 
DoToAo behavior and sinterability. 

16 



Table 2.3 

Spectrographic Analysis of Plutonium Oxide Samples o 

I 
O 

Sample 

297-Pu-l Pu02 

297-Pa-2 U02°5^ Pu02 

297-PU-3 U02'20^ PUO2 

Impur i ty Level (ppm) | 
Fe 

25 

20 

40 

B 

< 1 

<o5 

<2 

Cd 

< 1 

<.5 

<7 

Mn 

2 

2 

5 

Mg Sn 

5 5 

5 

5 

< 1 

20 

Cu 1 Pb 

< 1 

< 1 

< 1 

10 

20 

10 

Cr 

2 

2 

2 

Ni . 

< 1 

< 1 

< 1 

. Mo 

<10 

10 

10 

V 

< 1 

< 1 

< 1 

Be 

< 1 

< 1 

< 1 
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Analytical Chemistry 

The Analytical Chemistry group has been engaged in adapting and evaluating 
procedures for the analysis of oxides and mixed oxides of plutonium and 
uranium. Methods for dissolution of these oxides were investigated, and 
a variety of procedures for the determination of the major and minor 
components were tested. These procedures included spectrophotometry, 
(^-spectrometry, c^ countings optical spectrography, amperometiric and 
coulometric titrations and ion exchange separations. In addition, a new 
procedure for the simultaneous determination of uranium and plutonium 
was developed. Finally, over sixty samples of interest to the project 
were analyzed. 

Dissolution of Oxides; Methods for dissolving the oxides from the stand-
point of -speed and optimum conditioris necessary for subsequent assay of 
the constituents were investigated. For the dissolution of plutonium 
oxide fusion with potassium hydrogen sulfate was found to be most con
venient. In contrast to the ammonium hydrogen fluoride method,) this 
procedure eliminates the need of complexation of fluorides with aluminum 
nitrate prior to subsequent analysis steps. The fusion was carried out in 
a platinum crucible in a well-type furnace. The sample was mix;ed with 
2-3 grams "of flux and sintered at 200 C. Then the temperature was raised 
to 500°C smd the reaction allowed to continue until a clear melt was 
obtained. For the plutonium assay, the cooled melt was then dissolved 
in dulute sulfuric acid. For the mixed oxides of uranium and plutonium, 
the samples were dissolved by refluxing in 13 N HNOo and then adding 3 ml 
of sulfuric acid and distilling off the nitric acid. 

Coulometric and Amperometric Titration of Plutonium; Controlled potential 
coulometry has been used previously for determination of plutonium, and the 
technique is fully described (Ref. 3> 4, 5)o In this study, a controlled 
potential ORNL Model Q-2005 coulometer was employed (Ref, 6, 7)° The 
calibration of this instrument was made with a standard resistor (Leeds 
and Northrup No. 403OB, 100 ohms resistance) and 1.345V mercury battery. 
To simulate the experimental solution conditions, a non-electrolyticj 
4 microfarad capacitor was connected across the precision resistor. 
Calibration factors were obtained for the oxidation and reduction at 
several sensitivity settings of the instrument. The data are presented 
in Table 2.4. The characteristics of an electrolytic cell similar in 
construction to that described by Schults (Ref. 5) was then evaluated 
with iron and plutonium solutions. The oxidation-reduction potentials 
for the iron III-II couple in two acid media and that for plutonium III-
IV in sulphuric media are shown in Figure 2.3° These data agree well with 
those reported in the literature (Ref, 8) considering that the effect of 
temperature was not controlled in this experiment. 

For the determination of plutoni-um in the presence of uranium, the 
coulometric procedure must be modified because of the reaction between 
U IV with Pu III. Recently, Shults (Ref. 9) described such a 
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Table 2.4 

Calibration Factors for Constant-Potential Cotxlometer 

do determinations for each setting) 

Circuit 

Oxidation 

Reduction 

Sensitivity 

XI 

x5 

xlO 

xl 

x5 

xlO 

J" actor* 

40,28 ± 0,043 

8.046 t 0,009 

4.03 t 0,013 

40,29 t 0.038 

8,06 t 0,0l6 

4.04 t 0,014 

VJS** 1 

0,11 

0,11 

0,32 

0,094 

0.20 

0,35 

* Cculombs/volt 

** Coefficient of variation 

• 
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modification which involves the reduction of plutonium VI with coulometrically 
generated iron II. The overall reaction is; 

++ -H- Ji +4 +++ 
PUO2 + Fe + 4H^ = Pu + 2Fe + H2O 

+k. +++ 
Both the Pu and Fe formed in this reaction can be determined at controlled 
potential coulometric titrations without interference from uranium. 

Using this method as modified ty Shvilts, plutonium was oxidized to the 
hexavalent state by fuming with perchloric acid. To obtain reproducible 
results, it was found that the fuming must be carefully controlled. Also, 
the perchoric acid fumes present a problem in the glove box. For these 
reasons, a further modification was tested; specifically, a silver peroxide 
oxidation of plutonium was substituted for the perchloric acid filming. The 
oxidation was found to be very rapid even when cold, and the excess peroxide 
was readily destroyed by warming the solution. Further, since excess silver 
interferes, because its oxidation potential is close to that of plutonium, 
it was coraplexed with chloride. The few determinations made using this 
method yielded values in close agreement with those obtained by other 
procedures, but it was difficult to carry out repetitive analyses because 
of the necessity for removing silver chloride precipitate from the cell 
after each titration. For this reason, another method, amperometric 
titration was also investigated. 

Sells and Larsen's method (Ref. 10) of amperometric titration of the pluto
nium VI with a ferrous solution was carried out with some modifications. 
In their procedure, plutonium is oxidized with excess AgO and the excess 
destroyed by warming the sulfuric acid solution. Then, the titration of 
Pu VI with a standard ferrous solution is carried out with a rotary platiniam 
electrode at a potential of 1 volt vs SCE reference solution. In their 
procedure, in order to achieve the desired precision, a weight buret is 
used to measure the quantity of added titrant. We substituted a micro-
metric syringe, and the volume of titrant was measured to the nearest 
0.001 ml. A typical titration curve is presented in Figure 2.4. The 
coefficient of variation in this titration was 0.2 per cent. Samples 
of plutonium in the presence of large quantities of uranium could be 
titrated rapidly wxih the desired precision and accuracy. 

Radiochemical Methods: Another method tried for the determination of pluto-
nium in mixed oxide involves an anion resin separation followed by cA, 
counting of the plutonium activity. In this procedure, the solution was 
first pre-treated to convert plutonium to the quadrivalent state. Speci
fically, the acid solution was treated with H2O2 to reduce the plutonium, 
and then NaN02 was added to oxidize Pu III to Pu IV. The resulting 
solution was then adjusted to 12 N with HNOo and passed through an anion 
resin (AG-1 x 10, 200-400 mesh) in the nitrate form. The resin was sub
sequently washed with 12 N HNOo solution to strip the uranium and americixun. 
Then the plutonium was eluted with 1 N HNO3 and with a 5 per cent 
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hydroxylamine hydrochloride solution. After dilution to a volume sxiitable 
to satisfy counting statistics and to minimize self-absorption, aliquots 
were evaporated on counting plates and counted in a 2- TT geometry pro
portional counter. The precision of this method was better than 1 per 
cent, and the agreement with the amperometric method was of the same 
magnitude. 

In addition to the above, radiochemical analysis was also performed using 
<A>and /"counting in conjunction with a multi-channel analyzer. The 
instruments used for measuring the activity of the samples and the energy 
of the radiation consisted of a 256 channel analyzer (Nuclear Data Model 
NDlOl) equipped with a 2" x 2" Nal Tl crystal attached to a Dumont 6292 
photomultiplier tube. Recording attachments were a Mosley x-y recorder, 
an IBM typewriter, and an oscilloscope. Associated instruments were a 
2-77'geometry proportional counter (NMC Model PC-3A) and a windowless 
scintillation counter (NRD Model CS-5). Calibrated Pu sources (containing 
also Am) were prepared in the following manner: A known weight Pu sample 
was dissolved in 100 ml of dilute acid and an aliquot containing 50 to 100 
thousand DPM of activity was transferred onto a 2^ platinum disk. After 
drying under infrared light, the source was flamed at approximately 700°C 
for 30 seconds. Before counting, the source was coated with JO-^Oyyg/cvnr-
cellulose nitrate film. (A correction for the absorption due to the film 
was determined experimentally and found to be less than 3^)0 The total 
=< activity (of Pu-239, Pu-240, Pu-24l and Am-24l) was reproducible from 
sources prepared in this manner. 

For gamma spectrometry, it was found that the induced x-rays from the 
platinum interfered; therefore, for these determinations, the solutions 
were evaporated in a polyethylene cup and, after drying under infrared 
light, covered with a mylar film. Using the 256 channel analyzer, the 
gamma spectra of the several plutonium isotopes and americium were identified. 
Typical data are presented in Figures 2.5 and 2.6 for these spectra, before 
and after an anion resin separation of americixim. The energy levels of the 
y emission are presented in Table 2.5° Small deviations from the literature 
values are evident and are due to the fact that the spectrometer had been 
calibrated gnly with high energy sources at gain 2 with Cs 137, Na^^, 
Mn^^ and Co°^ and also with the Cs-137 x-ray peak at 32 kev, at gains 4,8 
and 160 Complete linearity of the energy response was attained with these 
calibration isotopes; the straight line going through the origin. It is 
hoped to extend this work to quantitative estimation of the plutonium and 
americium nuclides. 

Simultaneous Spectrophotometric Determination of Uranium and Plutonium; 
A differential spectrophotometric method was developed for the simultaneous 
determination of iiranium and plutonium. This method is based on the 
measurement of the absorbance of the sulfate complexes of uranium and 
plutonium at two wavelengths against a reference standard. At 420 m ^ 
the absorbance of both uranium and plutonium is measured, while at 76O m ^ 
only plutonium absorbance is determined. The latter value for plutonium, 
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Table 2.5 

Gamma Spectra of Nuclides 

Sample 

Pu-Am 

Pu 

Pu-Am 
fc>n Pt. support) 

Analyzer 
Gain 

8 

^ 
8 

16 

X so-cope 

Pu-239 
XUK 
Am-24l 

\km~Zkl 
LPU-239J 
Am-24l 
XUL 
Pu-2^0 
PU-239 
XUK 
Pu-239 
PU-240 

Pu-239 
Am-24l 
XUL 
Pu-239 

rAra-2A-r 
Lpt. . 

Found 

k 
17 
28 

[44] 
L J 
59 
95 

145 
5 

17 
38 
44 
50 
58 
93 
15 
62 

=eaks (Kev) 
Li te ra ture 
(Ref. 11.12) 

^ 7 
17 
26,34 

[43.441 
L38.8 J 
59.57 (Xpeak) 

100 
146 (Upeak) 
^ 7 
17 
38.8 
45.4 
51.7 
59.57 (Lpeak) 

100 
13 

[59.571 
[66 J 1 
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from its relative absorbance index at two wavelengths» can be used to 
correct for its contribution at the lower wavelengthso The uranium is 
thus determined by difference by the differential high precision technique 
previously reported elsewhere (Refo 13, 14). Plutonivim can be similarly 
detenmined at 67O m^o 

All spectrophotometric measurements were made in a Beckman Model DU quartz 
spectrophotometer with quartz cells of 1 cm path lengtho The cells were 
carefully matched and corrections applied when necessary» The uranium 
reference solution was prepared from high purity uranium trioxide dis
solved in 4M sulfuric acido The exact uranium concentration was deter
mined by a standard dichromate titration after reduction with zinc amalgam,, 
This solution was made up to a definite weight with ̂  sulfuric acid, and 
aliquots of this solution were weighed in order to prepare the various 
reference solutions,, The plutonium reference solution was prepared from 
Plutonium metal. The oxide layer formed on the metal was scraped under 
water; and, finally, reduced electrolytically (Ref<, 15)« The metal was 
then dissolved in 6N hydrochloric acid, oxidized with a few drops of 
nitric acid and fumed with enough sulfuric to provide a 4M solutiono 
Aliquots of this solution were taken to prepare the different reference 
solutions,, 

Spectra of uranium and plutonium and a mixture of both (approximately 
551, uranium:plutonium) were determined using the Beckman DoUo spectro-
photometero The sensitivity setting was kept constant throughout the 
series of measurements. The zero adjustment was made by varying the 
slit width (see Figure 2.7)o 

The determination of uranium was made using the differential method. The 
concentration of an unknown solution is calculated from the relationship§ 

02 - FAj. + C^ 

where C2 is the concentration of the unknown, Cj that of the high absorbance 
reference solution, and Ar is the difference of absorbance between unknown 
and standard. F is a calibration factor given by F = -^9 where Ac is 
the difference in concentration between two standard solutions ana A.a 
is the absorbance of the standard solution of higher concentration measured 
against the standard solution of lower concentration. The calibration 
factor, F was determined from a series of standard solutions and is 
presented in Table 2.6. 

Calibration curves for plutonium shown in Figure 2.8 follow Beer's Law 
at the four wavelengths chosen. Additional determinations with mixtures 
of uranium and plutonium indicated that there is no significant absorbance 
from uranium at either 550 or 670 m y . Due to its higher sensitivity, 
the peak 670 m^was selected for the determination of plutonivm. 
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Table 2.6 

Spectrophotometric Determination 
Reproducibility of the Calibration Factor for Uranium 

1 standards Mg/ml 
Reference 

13 o9^ 

13.9^ 

13o9^ 

13o9^ 

16.0^ 

16.04 

Comparison 

16„04 

17.98 

2O0O9 

22o31' 

17.98 

22,31 

Number of 
Determinations 

10 

5 

5 

5 

10 

10 

Ac 
mp 

2,10 

t^.Ok 

6A5 

8.37 

1.94 

6.27 

Aa 
(average) 

.108 

,207 

.326 

»439 

,102 

.331 

F = A °/A a 
mg/unit absorbance 

19.5 

19.5 

18.9 

19.1 

19.0 

19.0 

The average factor is 19.2 + 0,29 and the coefficient of variation is +1.5^. 
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For actual determinations, both solutions, the reference and unknown, were 
allowed to attain the same temperature and then the absorbance of the tin-
known solution was determined at 420 m>^ and at 67O mxi . Then using the 
value of absorbance at 67O VB^ and the calibration curves, a correction for 
the absorbance of plutonium at 420 m/i was calculated. The concentration 
of uranium-was then determined using the formula 

G2 = F(Ar, 420-Ao, 420) + Ci 

where Ar,420 is the absorbance reading at 420 m/f and AQ, 420 m ^ is the 
correction calcula.ted from the plutoilium calibration curves. The concen
tration of plutonium in the solution was then obtained from the calibration 
curve. 

Uranium values obtained from two mixed oxide duplicate samples showed good 
reproducibility; namely, 70.1 and 69«3^ U, For plutonium, the duplicate 
values were 17,4 and 17.7^. The results for plutonium agreed well with the 
values obtained by amperometric titration (17.4^) and radiation counting 
after an ion-exchange separation (17.5^). It is, therefore, concluded 
that this spectrophotometric method shows promise as a rapid and accurate 
procedure for the determination of uranium and plutonium in samples of 
mixed oxides. Further work will include a study of the influence of the 
concentration of acid; the maximum concentration of nitrate allowable; 
interference of other elements; and of the application of a differential 
technique to the detennination of plutoniiim. 

Optical Spectrography; A carrier distillation procedure was tested for 
the determination of trace impurities in plutonium and uranixua oxide 
mixttires. This study included the evaluation of a carrier distillation 
procedure with several oxide matrix mixtures, and the effect of modification 
of the spectrograph optics system on the sensitivity of detection of trace 
elements. It was found that by changing from an AgCl-graphite mixture to 
an AgCl-BaF2-graphite combination, the detection limits for B and Si could 
be improved. The modification of the optics was necessitated in part by 
the increased distance, 48 inches, between the electrodes and the entrance 
slit of the spectrograph, and in part by a biprism which was cutting off 
spectra below 2300°, The modification eliminated the biprism and by means 
of a relay of four lenses, completely illuminated only one grating. Under 
present conditions in a carrier distillation procedure, the detection limits 
for typical trace elements are presented in Table 2,7. 

31 



NUMEC P-70 

Table 2.7 

Optical Spectrography 
Detection Limits by Carrier Distillation in PuO? 

Element 

Fe 

B 

Cd 

Cu 

Gr 

Si 

Ni 

V 

Wave length, A^ 

3020 

2497 

2288 

3247 

2835 

2514 

3050 

3185 

Detection limit, 
ppm* 

< 5 

<0.2 

1 

< 5 

< 5 

<10 

<10 

<io 

* Conditions were as follows! 

B. L, Spectrograph 
Bo Grating 
SA#1 Photographic plate, 1 minute exposure, 2 0 ^ slit width, 

2^ mm electrode separation, 10 amp. D.C, arc and total sample 
charge of 100 mg. 
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FABRICATION AND EVALUAnON OF FUEL SHAPES 

Task 3.00 
L, J. Jones 

B, M. Cinai R. M. Horgos R. K. McGeary 
E. K, Halteman J. K. Koeneman 

PuO? Sintering Studies 

The study of sintering temperature on the sinterability of PUO2 was 
continued and compared with the sinterability of UO2. In addition, such 
powder preparation and sintering variables as powder drying, milling, 
separation of specific granule size fractions, and sintering atmosphere 
on Pu02 sinterability were investigated. To increase the accuracy of 
sintered pellet density determinations, the green pellet diameters were 
increased, as indicated in NUMEC P-60, from 0.188 to 0.301-0.324 inches. 

Pressing was accomplished much in the same manner as described in NUMEC 
P-60. The powder was dry-slugged at 65OO psi in a 0.467 inch diameter 
die and hand granulated through a 20 mesh screen. Most of the pellets 
were pressed from powder granules passing through the 20 mesh screen; 
however, a few were pressed from granules in the specific size fractions 
-20+35 mesh and -35+^0 mesh. Those pressed from the -20+35 mesh fraction 
were lower in green density than pellets pressed from the other mesh sizes; 
however, there was no significsmt effect on the sintered density. Spex 
milling of the as-received powder did not affect either the green or 
sintered density. Vacuum drying of the powder prior to pressing lowered 
the green density as well as the sintered density. For all cases, the 
resultant granules were hand pressed, without the addition of binder, in 
hardened steel dies at pressures ranging from 20 to 70 tsi, Sterotex was 
used as the die and punch lubricant and was applied as a saturated solution 
in trichlorethylene. 

The sintering cycle for all runs consisted of a four-hour heat-up period 
to achieve maximum temperature, a one-hour period at temperature, and a 
four-hour cooling period. Heating and cooling of the pellets were accom
plished by moving the molybdenum boat containing the pellets an inch at 
a time into or out of the furnace, which was held at constant temperat\ire 
throughout the run. The maximum rate of pellet heating or cooling was 
approximately 10°C per minute. The furnace atmosphere was held constant 
throughout the sintering cycle and for all runs but one consisted of 94^ 
nitrogen-6^ hydrogen. One pellet was sintered in vacuxim at I6OO G for 
one hour. The sintered density of this pellet was comparable to the density 
of pellets sintered at the same temperature in the nitrogen-hydrogen 
mixture. The results of these sintering runs are shown in Table 3.1. 
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Table 3.1 

Sintering Characteristics of PuO? 

Sample Nos 

U-8-0-17 
U-8-0-27 
Pu-lA-24 
Pu-lA-25 
Pu-lA-30 
Pu-lA-31 
Pu-1A=33 
Pu-1-50 
Pu-1-48 
Pu-1-49 
Pu-l-51 
Pu-1-52 
U-8-0-7 
U-8-O-I6 
U-8-0-18 
Pu-lA-28 
Pu-lA-29 
Pu-lA-32 
Pu-lA-34 
Pu-lA-35 

Pelletizing 
Pressure 

tsi 
37 
37 
37 
37 
37 
37 
37 
65 
55 
60 
70 
70 
37 
37 
37 
37 
37 
37 
37 
37 

Sintering^ ' 
Temperature 

. °G 

1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1400 
1300 
1200 
1200 
925 
925 
925 
925 
925 
925 
925 
925 

Green^^^ 
Densifer 
gm/cm3̂  

6.19 
6,05 
5.82 
5.83 
6.08 
6,03 
5.90 
6.77 
6.51 
6,58 

e,79 
6,90 
6,00 
6,22 
5.81 
6,04 
6.00 
5077 
5.84 
5.8^ 

Sintered^^^ 
Densi"^ 
gm/cm-̂  

10.41 
10.22 
10.55 
10,59 
10,24 
10,21 
10,32 
10.72 
11,26 
11,20 
11.20 
11,02 
6,40 
6.64 
6.25 
9.13 
9.04 
8.56 
8.66 
8,60 

Per Cent of 
Theoretical 
Density 

95.0 
93.2 
92,0 
92,3 
89.3 
89,0 
90.0 
93.5 
98.2 
97.6 
97.6 
96.1 
58.4 
60.6 
57.0 
79^S 
78.8 
74,6 

75^5 
75.0 

Per Cent 
Increase 
in Density 

68 
69 
81 
82 
68 
69 
75 
^8 , 
73 
70 
65 
60 
7 
7 
8 
51 
51 
48 
48 
.46 

(1) Sintering Atmosphere - 94^ N2 + 6^ H2. Sintering time at temperature - 1 hoxir, 

(2) Geometrical 

(3) Archimedean for samples sintered at I6OO, 1400, I3OO, and 1200°C, Geometrical for samples 
sintered at 925°C, 
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The Pu02 sintered densities are plotted vs. sintering temperature in 
Figure 3«1<> As surmized in NUMEC P-60 from preliminary data, maximum 
density is achieved when the sintering temperat\ire is between 1200 and 
1400°C; sintering at l600°C results in significantly lower densities. 
Note from Table 3*1 that a significant increase in density (approximately 
50^) results from sintering PUO2 at temperatures as low as 925 C, while 
UO2 sintered under similar conditions increased in density only 7̂ „ 

PuOg-UOo Sinterability Studies 

PUO2 powder and UOo powder were mechanically mixed by Spex milling for 
three minutes. The powders were prepared and pressed, without binder, 
in the same manner as the PUO2 pellets. Results of one-hour sintering 
runs at 925, I3OO, and l600°C are given in Table 3,2, along with the 
results of sintering two pellets of co-precipitated UO2-2O w/o Pa02 
(Pu-3) at 1400 and l600°C. 

Note that for the three pellets of mechanically mixed UO2-2O w/o Pu02 the 
sintering behavior parallels that of the predominant component, UO2. 
There is little increase in density at 925°C as compared with the 50^ 
increase at this temperature for pure PUO2, and as the sintering tem
perature is increased, the resultant density is also increased without 
indications of any maximum point as with pure PUO2, 

One pellet each of UO2-5O w/o PUO2 and U02-75 w/o PUO2 were sintered 
in 9 ^ nitrogen + 6^ hydrogen and in 9 ^ argon + 6^ hydrogen, respectively, 
at 1600 C. There was no effect of the sintering atmosphere on final 
density. While insufficient samples were utilized to draw conclusions, 
the indications are that the 50 w/o PUO2 composition sintered to a higher 
density than the 75 w/o PUO2 composition; it is suggested that the 75 w/o 
Pu02 composition acts like pure PUO2, that is, the maximum density is 
achieved at a sintering temperature less than the l600°C used here. 

The co-precipitated UO2-2O w/o Pu02 (batch Pu-3) sintered to a high 
density at relatively low temperature in a minimum sintering time. 
Continued work during the next quarter on the sintering characteristics 
of co-precipitated PUO2-UO2 compositions should determine the best 
sintering conditions. In particular, the batches of co-precipitated 
UO2-2O w/o PUO2 csilcined at various temperatures and described iinder 
Task 2,00 will be evaluated for sintering behavior. 

Also during the next quarter, the samples of mechanically mixed oxides 
will be subjected to x-ray diffraction studies to determine iiie degree 
of homogeneity. In addition, ssimples from the powder blend and resulting 
pellets will be analyzed to determine the macrohomogeneity obtained by 
the blending operation. Attempts will also be made to establish a quick 
solution in nitric acid method for determining the degree of homogeneity 
by measurement of undissolved PUO2 residue. The mechanical mixing and 
sinterability studies will be continued over a broader range of materials. 
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Table 3.2 

Sintering Characteristics of PnO-?-UO? 

Sample Noo 

U-Pu-1-1 

U-Pu-1-64 

U-Pu-1-3 

U-Pu-1-65 

U-Pu-l-67 

U-Pu-1.66 

U-Pu-1-68 

U-Pu-3-54 

U-Pu-3-52 

Composition 

20 w/o PUO2-UO2 

20 w/o PUO2-UO2 

20 w/o PUO2-UO2 

50 w/o PUO2-UO2 

50 w/o PUO2-UO2 

75 w/o PUO2-UO2 

?5 w/o PUO2-UO2 

20 w/o PUO2-UO2 

20 w/o PUO2-UO2 

Powder 
Preparation 

Meche Mixed 

Meeh, Mixed 

Mecho Mixed 

Mech» Mixed 

Mecho Mixed 

Mech. Mixed 

Mech. Mixed 

Co-ppt'n, 

Co-ppt*no 

Pelletizing 
Pressure 

tsi 

37 

29 

37 

35 

35 

35 

35 

29 

20 

Sintering'^^ 
Temperature 

1600 

1300 

925 

1600 

1600 

1600 

1600 

1600 

1400 

Green^^^ 
Densi-^ 
gm/cra-̂  

6.16 

5e79 

6,07 

6.40 

6.30 

6,44 

6,28 

5o26 

5o04 

Sintered(3) 
Densi"br 
gm/cm^ 

10.53 

10.43 

(>*57 

10.94 

10.68 

10,48 

10,60 

10.77 

10.50 

Per Cent of 
Theoretical 
Density 

95.2 

94.3 

59.4 

97.6 

95.3 

92.4 

93.5 

97.4 

94,9 

Per Cent 
Increase 
in Density 

71 

80 

8 

71 

70 

63 

69 

105 

108 

o 
•T3 
I 
-S} 

o 

(1) Sintering Atmosphere - 9 ^ N2 + 65̂  H2 except samples U-Pu-1-67 and 68 in 9^^ k + 6$ H2. 
Sintering Time at Teiiperature - 1 hour, 

(2) Geometrical 

(3) Archimedean for samples sintered at 16OO, 1400, and 1300°C, Geometrical for sample U-Pu=l-3, 
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Fuel Particle Preparation—Plasma Torch 

Spherical UO2 material has been prepared using the plasma flame torch. 
Two types of feed material were used: (l) crushed high~fired UO2 pellets 
classified by sieving and (2) high-fired UO2 spherical particles agglom
erated into "green" spherical particles by rotary milling. Excellent 
spheroidization was obtained with both materials although the uniformity 
of product was appreciably better with the spherical feed material. 
Material as coarse as -80+100 was readily melted at approximately full 
power (500 amps) using helium gas. Although not tried, it is believed 
that on an intermittent basis coarser powder (-50+60) could be adequately 
spheroidized under the same conditions. Tests were also run with different 
gases. It was foxind that a small amount of hydrogen added to the helium 
prevents superficial sxirface oxidation of the UO2. Also, high purity 
inert atmosphere is not required with the hydrogen addition. Satisfactory 
spheroidization of UO2 was also obtained with an argon-hydrogen mixture. 
However, in this case, considerably more hydrogen was required in order 
to increase the flame temperature of the "cooler" argon flame and also to 
prevent surface oxidation of the UO20 

UO2 material processed under apparently optimum conditions was found to 
be completely spherical with a fire-polished surface. However, a void 
was found at the center of most of the melted spheres with the void size 
being proportional to the size of the particle. Apparently, soon after 
the molten particle leaves the flame and cools, a sharp temperature gradient 
is established because of the low thermal conductivity of the U02« Then, 
as the sphere surface solidifies, the size of the particle is established, 
and the subsequent radial solidification of the molten core material leaves 
a void at the center. This physical picture was more or less substantiated 
since similar behavior was observed with Zr02 but not with tungsten. The 
thermal conductivity of the metal being 20 times greater than UO2 and 80 
times greater than Zr02 makes void formation impossible. This phenomenon 
will be investigated further to develop quantitative data. 

Electron Microscopy and Metallography 

In order to allow stuc3y of powder dispersion for the characterization 
studies, a small cell was designed and tested to facilitate examination 
of plutonium oxide slurries. Although operation of the device was 
successful, illumination of the metallograph was too weak to produce 
good observations or photographs. Accordingly, a carbon arc illumination 
source is currently being tested. 

Glove box techniques have been developed for all of the metallographic 
operations from cold mounting through the final polishing and etching for 
sintered UO2, UO2-PUO2, and Pu02 pellets. The microstructural changes 
accompanying the sintering of UO2, Pu02, and UO2-PUO2 are being studied 
as an aid to the characterization of the materials and as a primary step 
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to the study of homogenization in UO2-PUO2 mixtures on sintering. An 
unexpected microstructural feature has been observed in sintered Pu02<. 
The appearance is similar to eutectoid structure in alloys. Why such a 
structure should be present in "pure" Pu02 is unknown at this time. 
Factors affecting its formation are now being determined. Variables 
being studied are sintering time, temperature, atmosphere, cooling rate, 
and the addition to the PuOp of UOp. Attempts will be made to determine 
the composition of the second phase by x-ray diffraction and tgr chemical 
analysis. 

The 0,0003" thick nickel window intended to be used as a primary barrier 
for x-.ray diffraction examinations was found not to be completely satis
factory in that it led to considerable backscattering and, in addition, 
superimposed the diffraction lines from itself onto the film in both the 
forward and backward directions. This window problem has been overcome 
by using a small piece of 0.010" thick berylliiim sheet as a window for the 
primary x-ray beam and a 0,0003" thick nickel foil as a window for the 
diffracted x-rays. Since diffraction lines were still obtained from the 
beryllium, thick lead strips were fitted on both sides of the beryllixua 
just beyond the area through which the beam passed to absorb any x-rays 
diffracted from it. An attempt to xise Th02 powder spread as a thin layer 
on the surface of a UOo pellet as an internal calibration standard for 
the lattice parameter measurements of UOp was unsuccessful due to the 
inability to obtain a thin enough Isiyer of Th02<. 

X-ray diffraction is being used to follow the decomposition of ADU on 
heating in vacuum. This study will be extended to include stages in 
the final reduction to UG20 The formation of PUO2 and co-precipitated 
PUO2-UO2 will likewise be followed. This work is necessary for the 
determination of the degree of homogeneity in mechanical mixtures of 
PUO2-UO2. 

Thermal Conductivity and Melting Point 

A topical report, NUMEC P-31» "Design Stuciy of the Measurement of 
Thermal Conductivity of Poor Conductors at High Temperatures by the 
Use of Point and Plane Sources of Heat", has been issued covering the 
analysis of the method currently under development. Details of the 
computational program for computing the thermal conductivity from the 
experimental data are also covered. 

The hardware for performing the experiment has been machined and delivered. 
The various pieces are currently being assembled, attached to the vacuum 
system and leak tested. All major pieces of auxiliary equipment, except 
the high voltage supply, have now been received. A two section auxiliary 
filter for the high voltage supply has been designed and is currently being 
constructed. The RF generator has been received and will be installed once 
power loss measurements on the lead lines to the work coil are completed. 
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Because of the high cost of fabricating the tantalum susceptor, the various 
components were machined hy a local vendor and will be assembled and welded 
by NUMEC, As a precaution, the initial trial heats will be made using a 
molybdenum susceptor. 

An apparatus for melting point determination using a tungsten strip heater 
has been designed and is currently being fabricated. Delivery is expected 
the first week in August, 
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FUEL ELEMENTS FABRICATION AND EVALUATION 

Task 4,00 
Lo Jo Jones 

R, Mo Horgos Jo K„ Koeneman R„ K„ McGeary 

Mechanical Packing 

Mechanical packing experiments have been resumed during the past qxiarter. 
Most of these studies have been performed using crushed UO2 pellets that 
had been fired to a high density (10,4 gra/cc). The crushed pellets were 
screened to obtain certain discrete size fractions. The packing density 
of each individual size was determined and subsequently binary and ternary 
mixtures were also studied. Using techniques previously developed, the 
packing density of individual size fractions varied between 50 and 60^ TD, 
The very fine material (-325) gave the least dense packing while the coarsest 
material (-6+8) gave the most dense packing. By allowing the bed of material 
to dilate slightly during packing, it was possible to obtain a slight improve
ment in packing density; e.g,, to 62,5^ TD for the -6+8 fraction. It is 
interesting to note that in prior studies with spherical shot, all size 
fractions (except -400 mesh) packed to approximately 62<,5i> TD, From this 
observation it might be assumed that .-6+8 crushed material could be used 
for the coarse component of a packing with the additional components 
being spherical. This was tried, and the results were negative; evidently, 
the lack of uniformity of size of the voids prevented optimum passage of 
the spherical material through the bed of the coarse component. 

Data for binary packings of crushed pellets are presented in Figure 4,1 
together with data for spherical metal shot. The shape of the two curves 
are similar indicating that the general packing phenomenon is the same 
for both materials. All packings for the level portions of the curves, 
i,eo, to the right of the knee of the curves, were made by introduction 
of the fine component into the previously prepared bed of coarse component 
without allowing a dilation of the bed during the vibration of material. 
Points on the steep portions of the curves were obtained ty allowing dilation 
of the bed of coarse material in order to enlarge the effective void size 
sufficiently to allow the fines to pass. Ternary packings from cinished 
high-fired UO2 are only slightly more dense than binary packings. The 
obvious reason for this condition is the difficulty of getting the third 
component particles to enter the non-uniform void spaces in the binary 
packing. Allowing dilation of the binary packing was found to give no 
advantage since this caused segregation of the binary mixture. Prior 
mixing of the second and third components before introduction into the 
coarse component was a little more effective. Quantitative data covering 
this study will be presented in the next quarterly report. 
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Box and Equipment Installation 

Installation of an 8 inch variable speed lathe, variable speed drill press, 
tool grinder, and storage facilities for associated attachments and hand 
tools was initiated and completed during the quarter. Trial operation of 
the equipment necessitated certain modifications of all pieces of equipment 
for greater ease of operation and safety. The tool gidnder was moxinted on 
a movable assembly so as to center each grinding wheel with respect to the 
operator's glove ports. Special non-flammable peg boards were installed 
for hand tool storage, and four small cabinets were placed in the box 
for storage of necessary machinist's tools and equipment. An industrial 
vacuum cleaner was also installed to aid in cleaning the box and thereby 
to minimize the possibility of contact between gloves and sharp chips. 

An overhead crane assembly was also installed in this glove box to facil
itate handling such heavy objects as four-jaw lathe chucks and also to aid 
in changing the lathe drive belts, which necessitates moving the drive 
motor. Special plastic barriers similar to dog ports were fabricated 
and installed on all glove ports to prevent loose gloves from becoming 
entangled in rotating machinery,' Because operation of this equipment is 
considered to be more hazardous than that normally encountered in glove 
box operations, special key locks were installed on each item. Special 
safety guards and safety foot switches were also installed where deemed 
necessary. Although leak testing is complete and the box ready for 
commitment, cold operations are contemplated for a short period of time 
to facilitate correction of any operational difficulties. 

To permit fabrication of fuel elements for radiation tests, box fabri
cation priority will be given to the modification and completion of the 
welding box. The automatic welding torch from Vacuum Specialties, Inc, 
has been received. The welding box must be modified to include a connecting 
port suitable for connection of this box to the glove port ring of the 
decontamination box. Work is underlay on the installation of equipment 
in the decontamination box, A box system to enclose the Fenn swager in
cluding an automatic feed mechanism similar to that used at Hanford has 
been designed and ordered, 

A Blickman box is being outfitted for NaK canning and radiation capsule 
welding. The vacutom system has been installed and checked for integrity, 
A Graham variable speed transmission and a universal three jaw chuck 
are being installed to permit firm positioning of the NaK filled capsules 
during welding. Vacuum gauges have been installed, and the box is 
expected to be ready during the next report period. 

43 



NUMEC P-70 

RADIATION TESTING AND EVALUATION 

Task 5.0 
Lo J, Jones 

R„ M„ Horgos 

In order to obtain in-pile performance data which can play a major effect 
on the direction of the entire development effort, it is necessary to 
implement the radiation program as soon as possible. Negotiations with 
test reactor operators have, therefore, been resumed (the radiation 
program having been postponed from the last fiscal year). Also, the 
design of alpha boxes for examination of irradiated samples has been 
completed and inquiries for their fabrication sent out. 

As an extra precaution against leakage of reactive material such as NaK 
into the reactor process water, the test reactor operator (WTR) now re
quires double encapsulation of such reactive materials. Secondly, the 
reactor operator was not very receptive towards the use of aluminum as 
the capsule material containing NaK but rather preferred stainless steel 
as the material of construction. Since the relatively high thennal cross 
section of the elements in stainless steel perturb the flux in the experi
mental facility, it is to the experimenter's advantage to utilize a minimum 
of stainless steel. Consequently, the fuel materials will be contained in 
relatively thin wall stainless tubing (of the order 10-15 mils wall thick
ness). In turn, the fuel element will be centered in a thin-walled 
stainless capsule (approximately 1/32 inch wall thickness) containing 
NaK as the heat transfer medium. After seal welding and leak testing, 
this capsule will be shrunk-fit into an aluminum capsule to fit the 
experimental facility. It is believed that such a capsule design will 
satisfy the reactor operator's requirements and provide a minimum of flux 
perturbation at a reasonable capsule cost. 

Design of the alpha box for use in our hot cell has been completed. Box 
dimensions are 54''W, 48'* H, and 42" D, Choice of materials of construction 
have been made with due regard for their resistance to damage by gajnma 
radiation. Box details, such as manipulator and glove ports, shielded 
storage safe,, scrap disposal and bag out ports, ventilation system, etCj 
as well as box support mechanism, have been completed. 

The windows will be constnicted of cerium stabilized glass annealed 
for proper strength and ductility. Glove ports will be machined and 
welded into place rather than depending upon the, relatively low raidiation 
resistant molded plastic ports in use on our standard plutonium boxes. 
Glove ports will be positioned to allow access to all inside -surface 
areas of the box for decontamination. Two 22 inch diameter ports on 
the top of the box will suffice for Master Slave manipulator entrance. 
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A 22 inch bag out port for entrance or removal of large equipment after 
commission of the box to plutonium is provided on the back, A scrap dis
posal tube and shielded storage safe are provided in the base of the box. 
When not being used in an experiment$ radioactive samples will be kept in 
the shielded safe to reduce the integrated gamma dosage to box and equip
ment components. 

Each box will have its own ventilation system, including a blower, absolute 
filters (both inlet and outlet)9 dampers and automatic valves for switching 
to nitrogen atmosphere in case of fire, A cylindrical high efficiency 
filter will be used to facilitate change and removal. The sealing procedure 
is similar to the sphincter valve operation in use on our standard plutonium 
boxes. 
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FUEL REPROCESSING 

Task 6,00 
Co So Caldwell 

Ro Jo Atkins 

Small-scale solvent extraction and ion-exchange equipment for plutonium 
recovery and low gamma level separation processing has been installed and 
checked out in the glove box line© The equipment arrangement is shown in 
Figure 6,1, Other small scale solvent extraction equipment for use in a 
hot cell alpha box has been procured and subjected to initial acceptance 
tests. 

Dissolution studies of U02-20^ Pu02 and U02-0,5^ ̂ ^^2 co-precipitated 
powders (297-'Pu--2 and 297-Pu-3) indicate rapid and complete dissolution 
in 13 N HNOo, in accordance with the results attributed by other inves
tigators to the existence of solid-solution U02°Pu02 product material. 
Further dissolution studies on U02-'Pu02 pellets will be made for comparison 
with x-ray diffraction results and metallographic studies. In addition, 
air oxidation of U02°Ptt02 pellets will be carried out with the object 
of determining overall reaction rates and dimensional changes. Recovery 
of plutoniTxm from process residues and filtrate wastes will also be carried 
out as such material becomes available from the fuel preparation work. 
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REACTOR PHYSICS AND ENGINEERING PARAMETRIC STUDIES 

Task 8,00 
Ko H, Puechl 

Jo Ruzbacki 

During this period, two studies were completed, and two papers covering 
this work were submitted to Nuclear Science and Engineering for publication. 
The first study was made to ascertain the potential of plutonium as a fuel 
in near-thermal converter reactors. The second study was of a similar 
nature except that straight burner reactors were analyzed. 

The results of these investigations show that plutonium is a promising fuel 
for both converter and burner reactor applications. Specifically, for 
pressurized or boiling water converter reactors, it was found that core 
lives in excess of 40,000 MWD/Tonne are attainable with the use of pluto
nium fuel containing an isotopic concentration of Pu-240 in excess of 10 
a/o. The Pu-240 acting as a combination source material and burnable 
poison limits the reactivity variation during core life so that shim 
control requirements are minimizedo 

CalcTxlations made to determine the behavior of the SM-1 and Shippingport 
seed lattices when loaded with plutonium fuel show that high burnouts are 
also possible with these systems. Input data for these calc\xlations are 
shown in Table 8,1, For these burner reactors, only a portion of the fuel 
need be plutonium; in fact, pure plutonium loadings are not interesting 
because the desired k cannot be achieved. About 60^ Pu fuel seems to be 
desirable for the SM-1, while about 25/̂  seems to give optimum performance 
for the Shippingport seed lattice. 

During the next period, further work will be carried on in this interesting 
area in order to determine the effect on performance of various modifications 
of input data, theory and reactor design parameters. To carry out this work, 
the NUSURP procedure is now being reprogrammed for the RPC.4000 machine. 
Since this machine has adequate storage to handle the entire program, the 
appreciable amount of time expended on switching tapes with the LPG-30 
will be eliminated. This should allow rapid investigation of the many 
variations that are interesting and allow assessment of the results which 
are necessary to gain a good understanding of the physics and economics of 
these plutonium systems. 

As pointed out in the previous quarterly report (NUMEC P-6O), the NUSURP 
procedure cannot yet be accepted with complete confidence because of the 
present discrepancy between resonance escape theory and cadmium ratio 
measurements. An investigation of this problem has resxxlted in a unique 
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comparison between theory and experiment; a comparison which gives a vivid 
illustration of the magnitude of the discrepancy, A paper, entitled "An 
Approach to Reactor Physics Using Results of Integral Experiments - Part 11" 
covers this subject and has been accepted for publication in Nuclear Science 
and Engineering, Recent Bettis measurements (Nuclear Sci. and Eng, £, 421 
(1961)) shed much light on this general subject, these latest data will soon 
be analyzed in an attempt to resolve some of the present discrepancy. 
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Table 8,1 

DESIGN AND INPUT DATA FOR REACTIVITY AND BURNOUT STUDIES 
Based on the isotopic compositions: Plutonium; 78 a/o Pu-239» 12 a/o Pu-240, 10 a/o Pu-24l 

Uranium; 93 a/o U-235f 7 a/o U-238 

Item 
Fuel Element 
Composition 

Geometry 
Meat Thickness 
Clad Thickness ^ 

Core Material Voltune Ratios 
Water/Meat 
Clad/Meat 
Stmicture/Meat 

Program Input Data 
Average Moderator Temperature, °K 
Average Fuel Temperature, °K 

Input Parameters 

f rs/UhNi 
ffa/IhNiLod 
(L a/2- hND^iaci + structure 

SM-1 Lattice Shippingport Seed Lattice 
1 Input and Design Data 1 

UO2 and PUO2 Kp = 10.1 gm/cc) + steel 
in meat;steel%ladding and structure 

Flat Plate 
20 mils 
5 mils 

8.2 
0.50 
0.65 

500 
589 

UÔ . + PuO? in Meat, v/o 
13 18.55 2̂5 30 37.1 

3200 2240 1662 1382 1120 
51.2 35.9 26.7 22.2 18.0 
81.6 57.2 42.5 35.4 28.6 

UOp and PuOg (^ = 10.1 gm/cc) 
•f Zircaloy in meat;Zircaloy 
cladding and stnicture 
Flat Plate 
40 mils 
15 mils 

2.0 
0.75 
0.75 

561 
630 

UO? + PuO? in Meat, v/o 
4 7 10 

236O 1350 945 
37.8 21.6 15.1 
14.0 8.0 5*^ 

o 
% 

Initial k«, / €: 

1.5 
1.5 
1.4 
1.4 
1.4 
1.3 
1.25 
1.25 

Input Data for Lattice Burnout 
UO2 + Pu02 

in Fuel Meat, v/o 

SK-1 

— 
-

37.1 
30 
18,55 
37.1 
37.1 
?0 

Dilute Lattice, 
(2^ .more H?0) 

_ 
-

37.1 
30 
— 

37.1 
-
-

Studies 
Pu in Fuel, 

a/o 
3M-1 

— 
-

56.0 
66.0 
84,0 
71.9 
78»0 
??-o 

Dilute 

-• 
. 

79.2 
92.2 

n 

100 
— 
-

U02 + PU02 
in Fuel Meat, v/o 

10 
7 
«• 
M 

a. 

«> 

10 
7 

Pu in Fuel, 
a/o 

22.2 
30.9 
_ 
<M 

mm 

» 

50.5 
72.? 
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