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PROJECT AIID FACILITY ADKIWISTRATIQM 

Task 1,00 
K# H. Puechl 

Smunary of Developraent Activities 

During this reporting period, particular effort has been placed on powder 
blending and pellet sintering studies prior to irradiation saiaple fabrication^ 
and, subsequently, the production and characterization of the pellets 
slated for irradiation^ Also, PU'02 ^^^ ^̂ 2~̂ '̂ 2̂ characterization studies 
have been continued, and new techniques are being developed. Specificallyj 
dynamic moisture pickup determinations on PUO2 have been laade in raoist air, 
nitrogen, and carbon dioxide atraospheres using a recording thermogravi­
metric balance; the Sharpies Microiiierograph has been comitted to plutoniui?i, 
and powder particle size distributions have been measured and compared to 
previous deterrainations made ifith air-peraeability equipraent; and the 
suitability and reliability of analytical cheraistry assaying procedures 
such as x-ray fluorescence and gai-ama spectrometry are being evaliiatedo 
Prototype work on UO2 for the direct precipitation of PUO2 and PUO2-UO2 
feed materials for swagingj vibratory compaction, and dispersion fabrication 
has also been continued,. In addition, investigation of PUO2 spherical 
particle fomation by mechanical buildup and by plasma torch Itision has 
been extended# Associated reactor physics studies have been concentrated 
on the further comparison of plutoniura and U-235 in near-thermal converter 
reactors. 

In preparation for the fabrication of irradiation test specimens to be 
prepared by the mechanical blending of individual PuOp and UO^ powdersj 
blending studies were initiated to develop methods required for the attain­
ment of desired homogeneity« Initial blending trials in a twin-shell blender 
were unsatisfactory due to balling up of the individual powders. These 
balls tended to remain intact through the pellet sintering fabrication 
step» It was further deterniined that these balls could not be broken up 
by haiSBierriilling follomng blendinge Good results i-xere finally achieved 
by xfet ball Killing; the resultant pellets cannot be differentiated froBi 
pellets produced with coprecipitated material. 

Pellet sintering studies on UO9-5 w/o PUO2 and U02-0,5 '«'/o ^"^^2 '^'^^^® carried 
out to investigate the effect of corapaction pressure, firing temperature, 
and firing tiraê  Over the ranges of the parameters investigated, only ninor 
trends were noted. In general, the resulting pellets were all satisfactory, 
having densities in the range 92o3 "to 95-̂ 5/5 of theoreticalo Alsoj it was 
determined that the glassy surface previously noted̂ "''''was due to buildup 

(1) imiEG P-.90, Progress Report, "Developnent of Plutonium-Bearing Fuel 
Materials", page 2„ 
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within the furnaces of impurities contained in the as-received plutonium 
nitrate solution. The ftirnaces have been cleaned up, and the inpurity 
problem is being resolved mth the plutoniwa supplier^ 

Sintering studies have also been carried out on PUO2 to study the effects 
of compaction press-ure, firing teiaperature, firing time, and firing atmos-
phere» It has been determined that l4O0-.1500°C is the best firing temperature 
to obtain raaximiua pellet density, and also that sintering in air yields 
higher densities than sintering in a U2~H2 atmosphereo Fxirthers it was 
noted that the degree of PU2O3 formation while sintering in an M2-H2 
atmosphere is inversely proportional to corapaction pressure, indicating 
that the degree of fonaation is determined by the exposed surface area^ 

All pellets for the rabbit irradiation tests have been produced during this 
periods This includes using coprecipitated as well as Eiechanically blended 
feed materials For all pelletsj the final densities xfere at least as high 
as specified* 

In order to allow further assessraent of the moisture pickup problem during 
PUO2 powder.handling and storage, the static atmosphere tests reported 
previously^ •̂'' were augraented by dynaraic tests using a thermogravimetric 
balanceo Measurements made in air, nitrogen, and carton dioxide at 765.' 
relative humidity and a 0,3 SCFH flovj rate indicate that there are no major 
effects due to oxygen or carbon dioxide. 

The Sharpies Microaerograph has been coiiaaitted to plutoniura during this 
quarter, and prelirainary investigations have been carried out to determine 
particle size distributions of plutoniuia oxide and precursor- plutoniura 
oxalate powders. Good reproducibility was attainable, and agreement with 
previous air permeability average particle size results was obtainedo 
This gives indication that the Microsierograph can be used as a rapid 
method for quality control. 

Two additional lots of UO2-5 v/o PUO2 powder were precipitated during this 
periodo Powder characterization data for these and two previously produced 
lots have been obtained.. Also, powder characteristics x-iere reiaeasured 
following harsiBiernilling in order to allow assessment of the effects of this 
treatmento 

Assaying solids for plutoniura content has been carried out by x-ray fluorescence 
examinations In addition, gamiaa ray spectrometry has also been extended to 
solidso Calibration curves have been generated for both methods« X-ray 
fluorescence appears particularly proEiising; reproducibility is good, and 
interference from conmon inert elements is snail„ 

(i) MWdiC P-90, Progress Report, »»Developnient of Plutonium-Bearing Fuel 
Materials", page 13o 
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In preparation for work with PU.O2 and UO2-PUO2J prototype studies are being 
carried out with UO2 to assess the possibility of producing directly high 
density granular feed for swaging^ vibratory corapaction, and dispersion 
fuel fabrications Trial precipitations have been carried out by the perordde 
route, the horaogeneous (urea) route^ and the uranyl oxalate route a The 
products have been analyzed by optical and electron microscopy and densities, 
and particle sizes have also been measured. 

Effort has been continued on the fabrication of spherical PuOo particles by 
mechanical buildup and also by plasma torch fusion^ Mechanical buildup 
studies have been carried out using a variety of preconditioned powders 
in order to obtain an xmderstanding of the parameters that influence re­
producibility,, The results are being evaluated. The plasma torch feeding 
mechanism has been Kodified^ and subsequent trial rans under different torch 
and flow gas conditions indicate that a broad variety of product can be 
obtained^ Of special interest is the fact that particles have now been 
produced that do not contain central voids; these particles are nearly iOOfo 
dense« 

Reactor physics studies have been continued to allow assessment of plutoniraa 
relative to U-235^in near-thermal reactor systeras*. Under cost assumptions 
used previously'̂  % it has been shoxm that optiauEi fuel cycle costs from 
plutonium-natural mraniua fueled systeeis are well below those attainable 
with slightly enriched uraniuBi fueled systems even if it is assuEied that 
radiation daxflage is not limiting and that an ideal burnable poison (or 
solution poison) exists to limit the reactivity* 

General Plant Operations 

The IllfSC Plutonium Ia,boratory has now been in operation with plutoniura 
for more than one year,. During this time interval, sore than I6 kilograms 
of Plutonium have been processedo Operating experience has been excellent» 
Mo one has received an exposure greater than allowable under Federal 
regulationso Minor contaaination has occurred on a nuraber of instances, 
but decontamination was readily achieved* This experience demonstrates 
that plutonitmi can be safely handled in an industrial-type operation, 
wherein the najority of enployees are scientifically untrained^ 

Equipnent design and installation is continuing in order to allow fab­
rication of fuel elements by swaging and rolling and also to allow post-
irradiation examination of plutoniuiii-containing materials within the hot 
cell facilities« The alpha bozes for the hot cell are on hand and are 
being outfitted to serve a variety of functions, including element dis-
asserably, exaEiination̂  sectioning, polishingj fission gas release 
determination, etc 

(i) K<, Puechl, Potential of Plutoniwa as a Fuel in lear-TherRial Converter 
Reactors", Muclear Sci, andEng.. 12, 135-150 (l962). 
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Plans to utilize the Westinghouse Testing Reactor for all irradiations are 
now being changed due to the shutdown of this installation. Other reactor 
sites are being considered on the basis of technical requirements and 
possible shipping and travel expenditur-es. 



IWIEC P-100 

PREPARATIOI AMD cmRACTERIZATION OF FUEL MTERIALS 

Task 2.00 
Co So Caldwell 0, Menis 

Plutonium Oxide Preparation 
via Oxalate Process and Resultant Powder Characterization 
'" ' (C. S, Caldwell, A» Biancheria) 

During this reporting period, no additional PUO2 was processedi however, 
characterization studies t-iere continued using material previously prepared. 
Short-term dynamic Eieasurecients of moisture adsorption on PUO2 were made 
in a therraogravimetric balance using air, nitrogen^ and carbon dioxide as 
the carrier gas^ In addition, particle size determnations of PuOo and 
the precursor plutonium oxalate powders were made with the Sharpies Micro-
raerograph, and the results were compared to previous values determined 
xfith an air-permeability apparatus^ 

Moisture Adsorption in Plutonium Dioxide Powder 

To supplement the long-term^ environmental moisture pickup studies reported 
previously for PUO2 powder^^^j short-tenti dynamc measurements, using 
different carrier gases, have been laade using a recording thermobalance* 
The results of these studies will be the determination of limits of moisture 
pickup to be expected with PUO2 potfders of different surface areas under 
different conditions of atmospheric husiiditye 

Investigations during this period were carried out at room temperature 
using SaEiples 297-Pa-^-l and 297~Pu-it-5 having surface areas of 60 and 
10 M^/gm, resp. Dynamic atraospheres of air, nitrogen, and carbon dioxide 
were used at 76^0 relative humidity and a flow rate of 0o5 SCFH« This 
relative humidity was achieved by bubbling the gases through two coluiims 
of saturated potassium sulfate solution,, 

To obtain base weights, the PuOo powders were dried to constant weight in 
the thermobalance at 115 to 120^C in a stream of dry nitrogen prior to and 
at the end of each experiment. Correctior^s for buoyancy differences were 
also applied to the raw data^ The results are shoim in Figure 2ol« 

Although the final rate of approach to equilibriura was slight]^ slower in 
the moist CO2 atmosphere than in moist air or nitrogen for Sample 297-Pu-^-l, 
the curves are nearly equivalent, indicating that there are no major effects 
due to O2 or C02« The equilibrium raoisture contents obtained from these 

(i) lUHEC P-90, Progress Report, "Development of Plutonium-Bearing Fuel 
llaterials*% page 13® 
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curves are 19«0 nig E^J^ PUO2 for the Pu-i|—1 sample and 3»0 »€ H20/gra 
PUO2 for the Pu-4-5 sample^ For practical purposes, the rate of adsorption 
during the first ten minutes of exposure in air can be considered equivalent 
for both samples, indicating that the raoisture content for high surface 
area powders can be kept to a reasonable level if the cumulative exposure 
time is limited^ Similar measurements employing samples with lower surface 
areas will be made at lower humidities to provide information applicable to 
a wider range of PuOp pox̂ rders and atEiospheric conditions of interest. 

Particle Size Deterrfdnation of Plutoni-ttBi Dioxide and Plutoniura Oxalate 
Powders 

Installation of the Sharpies Microiiierograph air-sediEientation equipment into 
a glove box was completed during this period, and trial measurements were 
Eiade on PUO2 and Pu(C20jij,)2 powders. 

Particle size distributions of several Pm02 samples were measured over a 
wide range of nitrogen feed pressures to determine optimura dispersion 
conditions^ Feed pressures of 100-125 psig were found to yield satisfactory 
dispersions for all powders tested, although some dependence on powder 
history was observed^ Agreement of the PU.O2 Hicroaerograph average particle 
sizes with previously Eieasured air-permeability average sizesC^) is encouraging 
and supports the conclusion that adequate dispersion was obtained* Good 
reproducibility was also attainable (see Figure 2o2) indicating that this 
method can successfully be used for routine particle-size control* 

Preliminary trials using precursor plutonium oxalates (aged in an air 
atmosphere) were also carried out*. These particle size data are compared 
in Table 2«.l with values obtained for the corresponding PUO2 powders o 
This comparison shows that significant particle degradation occurs diiring 
calcination of the oxalate,.an effect observed previously using air-
permeability raeasurement'^^^* 

Preparation and Charaeteriaation of Hixed Plutonima-Pranima Oxides 
IXo Biancheria,~G7~Ehriich7~'Er~Gareia, Jo GoodBian", Ro Jaroszeski) 

During this period, four lots of UO2-5 w/o PUO2 were prepared by copre-
cipitation to provide additional imterial for pellet fabrication studies 
and for irradiation sample preparations These products xfere characterized 
to establish process controllability and to ascertain supplementary 

(i) IIDKEG P-90, Progress Beport, "Development of Plutoniuia-Bearing Fuel 
Materi^s*', page ?, 

(ii) HUMEC P-90, Progress Report, "Development of Plutonium-Bearing Fuel 
Materials", page Jla 
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Table 2ol 

Coaparison of Precursor Plutonima Oxalate 
Particle Size with Corresponding Plutonium Dioxide Size 

Saiiple 
Iden t i f i ca t ion 

297-Pu-9-Lot I I 

297-Pu-9-Lot I I I 

297-Pu-9-Lot I¥ 

297-PU-.11A 

297-PT.i-llB 

Kicronierograph 1 
Average* Par t i c le Size, 

microns 
mC?0kJ9 

6.5 

5«8 

3a8 

6ol 

4 ,8 

PuO? 

1,7 

2.9 

2o6 

2o9 

2A 

* Feed pressure of 125 psig 
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information^ including the effect of haitmermilling on particle size. In 
addition^ trial blends of UO2-2O w/o Ptt02 and TO2-5 w/o Pu02 were prepared 
by physical mixing of UO2 and PUO2 powders using dry and wet processes, 
Frora this work^ it was established that homogeneity requirements for 
irradiation sample fabrication could be raet by wet ball millings 

Continuous Coprecipitation and Product Characterization of PO9-5 w/o PuOp 

Lots 871-A-3Aand 871-A-3B were prepared by a preTiously used method; i,e., 
continuous precipitation from an acidified TJ(¥I)-Pu(l¥) nitrate solution 
with concentrated aqueous araiaonla» Processing data for these 35^ SP-
preparations as well as for two other batches described below are presented 
in Table 292. The resultant powder contained a substantial percentage of 
+200 Biesh hard agglomerates xihieh could not be broken down by the standard 
shaker dispersion technique used prior to sedinentation particle size 
analysis; however, haiiaraerDiilling once through 0»010«* herringbone screens 
xfas found to be partially effective« The effect of hanmermlling on powder 
characteristics is shown in Table 2,3» These data agree well with those ,.. 
obtained previously on similarly treated niaterial (Lots 87i-A-l and 871-A-2)^'^' 
The results indicate that hanmerniilling laay be required as a nonaal processing 
step5 possibly in combination mth alternate precipitation and/or washing 
procedures, in order to eliminate the presence of undesirable hard agglomerates 
in the pelletizing feed* 

Two other lots of UO2-5 w/o PuO^ powder (297-Pu.-l̂ {A and 297-Pu-.l%B) were 
prepared by continuous coprecipitation under t̂ e conditions also sho^m 
in Table 2.2* In addition to the original 7^0 G reduction step, a second 
full reduction cycle at 64'0°G was required to obtain complete comrersion« 
Since the product surface area was 50/> higher than anticipated, subsequent 
heat treatments were used in an attempt to reduce the surface area to 
5 + 1 M /iflg» Such heat treatment was carried out at temperatures of 7^0, 
780, 820, 860, and 900°C in a reducing atmosphere,, Contrary to results 
obtained with previous preparations, the surface area of this inaterial did 
not decrease substantiallys, as can be seen from the data presented in Table ZJ^« 
However, the air-penaeability particle size showed an increase which ruay be 
attributed to particle-particle bridging* In addition, one cycle of oxidation-
reduction treatment at 780°C (Sample 1^-780(RR)) was carried out« This 
resulted in a 37/̂  decrease in surface area which niay be attributed to 
reaction heating effects during the oxidation step. Due to the abnormal 
characteristics observed in the above niaterial, further evaluation will 
be carried out, including sinterability tests and electron microscopy. 

Blending of PuO? and UP? Powders 

In preparation for providing mechanically blended fuOp-Wp for rabbit tests, 
raixing trials were carried out using various blending"and"nilling techniques* 

(i) ITOIiEG P-90, Progress Report, "Developiaent of Plutoniuia-Bearing Fuel 
Materials", p. 31. 
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Table 2.2 

Sumraary of Preparation Data 
for 'CopFecipitated U02-"Tw7o~PttO. 

Sample Identification 

Precipitation Conditions 
Method 
Temperature, °C 

Feed Coniposition 
gra Pu/liter 
ga U/liter 
H+, molarity 

Feed Flow Rate, liters/hr 

Precipitant Composition 
MH||,OH, molarity 

Precipitant Flow Rate 
liters/hr 

Precipitation Average Holdup, 
minutes 

Total Io« of Throughputs 

Drying Temperature, °C 

Furnace Conversion Conditions 
Reduction Teiaperature, C 
Reduction Time, Eiinutes 
Gas Atmosphere 

871-A-3A & B 

Continuous 
60 

5^25 
100.00 
loO 

1,20 

l^o8 

0.20 

32 

8,5 

200 

7kQ + 5 
100 "" 
I2-65J H2 

297-Pu-lM 

Continuous 
58 

5»M 
100a30 
1.0 

la25 

IkS 

0,25 

30 

3.8 

200 

7̂1-0 + 5 
85 
H2̂ 6/. H2 

297-Ptt-l̂ B 

Continuous 
58 

5A1 
100.30 
1.0 

1.25 

lif.8 

0.25 

30 

3.8 

200 

7̂ 0 + 5 
85 
l2-6̂ t Hg 
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Table 2,3 

Effect of Haiiiaerrailling on Powder Gharaeter is t ies 
" " " " Coprecipitated !I09-.T^o PUOQ """" 

Sample lumber 

871-A-3A « 

871-^3A IM 

871-A-3B M 

871-A-3B m 

Milling 
Treatment 

lone 

Haismermilled 

lone 

HaBmeriiilled 

BeiioXo 
Surface Area 

M̂ /gra 

6ol 

6A 

5.8 

7ol 

Bup-
Density 
gm/cc 

1.̂ 8 

0,76 

1.22 

0062 

Tap 
Density 
gm/ee 

I063 

1,72 

lo^l-? 

IA5 

Air Permeability 
Particle Size 

microns 

«̂8 

0A5 

2.3 

0c39 

Average MSA 
Particle Size 
for 1200 mesh 

Fraction, 
microns 

0=35 

0,72 

O.li.5 

1.00 

w/o 
Greater Than 

7V 1 
(200 me'sh) 

66 

10 

56 
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Table ZA 

Seeraingly Anoaalous Effect of Reduction History on Powder Character is t ics 
Coprecipitated 1109-5 w/o PuO? ' ~ 

Sample 
Designation 

297-Pti-l%A 

297-PU-14-A-35 

297-Pu-l^A-780 

297-PTI-1^A-860 

297-Pu-l^A-70 

297-PU-14A-820 

297-1^-1^1-780 

297-PTi-l*A-900 

Reduction History 

7^0°C (70 min) + 6^0°C (70 min) 

7kO°C (70 min) + 6%0°C (70 ain) + 7^°C (35 min) 

Atove 4- 780°G (35 min) 

Above + 860°C (35 ain) 

7^0°C (70 min) + 6^0°C (70 ndn) + 7̂ 0°C (70 rain) 

Above + 820°C (35 min) 

Above + 780°C (oxidation) + 780°C (70 rain) 

7^0°C (70 min) + 6i|.0°G (70 min) + 900°C (35 min) 

Bulk 
Density 
(gra/cc) 

-

-

1.19 

1.27 

-

1.21 

1.45 

1«19 

Tap 
Density 
.(gm/cc) 

-

_ 

io70 

1.60 

_ 

1,68 

1.72 

lo58 

Air 
Permeability 
Avg Particle 

Size, 
microns 

_ 

_ 

0.6 

3^3 

„ 

lA 

3.9 

lA 

BsEoTe 
Surface 
Area 

(K^/gm) 

7.30 

60^0 

6«23 

6,24 

6.30 

6,00 

4.62 

6A 
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Ttjin-shell blending follox-red by haiiEierrfiilling was found to produce an 
unsatisfactory product since the individual powders tended to ball up; 
hence, the product was grossly non-horiogeneousc On the other hand, vet 
ball milling yielded a product that could not be differentiated from 
coprecipitated materials after sintering these results and the techniques 
utilized to measure hoiaogeneity are more fully described under Task 3»00<, 

In preliminary trials, individual UO2 and Ptt02 component powders in the 
required amounts were each synthesised and pre-conditioned by dry-blending 
and haianiermilling together material from near-duplicate preparation lots* 
The powder characteristics of the horaogenized coraponent materials (Samples 
BRU-lIl-I and BR Pu-IM) are listed in Table 2^5 as are the characteristics 
following blending as described below^ The surface areas of the UO2 and 
PuOo were closely ratched; hoxiever, no attempt x-ias Kade to simultaneously 
match bulk properties or particle siae,, The particle size distributions 
for the conponent powders are shoxm in Figure 2.3« After x̂ eighing, the 
PuO~ powder and an equal ariount of UO2 were pre-riixed for two hours in a 
PK twin-shell blender^ The balance of the UOp was then added and blending 
was continued for an additional ten hours« After blending, the mixtures 
were samples, analyzed, and characterized (Figure 2A)^ Comparison of 
blend particle sizes with the theoretical values predicted from data on 
the coriiponent pox-fders indicates a slight growth in size# Use of an aggressive 
dispersion nethod (ultrasonic) prior to measurement would prolmbly have 
eliminated this observed effects 

Analyses for plutonium were carried out by the normal amperometric titration 
procedure using sample quantities of 50 to 390 milligrams representing four 
spot samples and one composite saiaple from each blend* Sample-to-sasple 
variations on plutoniura content were relatively high (^ to 23$) indicating 
that segregation had occurred during blendingo These data were consistent 
with the significant amount of "balling" or agglomeration observed during 
blendingo In fact, tap and bulk density laeasureiaents on the component PUO2 
powder (Table 2,5) show that a significant ariioimt of agglomeration had 
occurred prior to blending with UO2* 

Subsequent treatment showed that these PUO2 aggloeierates created during the 
original two-hour blending step also survive haramerinilling treatment, despite 
the use of extremely fine (0,010 in) slotted herringbone screens^ Also, 
complete dispersion of these aggloiaerates was not accomplished by one pass 
haiflinermilling in a Bantam Micro Pulverizer or by subsequent dry-pressing* 
Eventually, it was found that wet ballnilling under standard conditions for 
four hours yielded a satisfactory product as indicated by autoradiography 
of the sintered pellets (see Task 3„00), 

Preparation and Characterization of High Density Granular Oxide Powders 

Several methods have been under development for the direct preparation of 
dense granular UO2-PUO2 and PUO2 raaterials for use in the fabrication of 

Ik 



fable 2o5 

Characteristics of GoBiponent and Dry-Blended 
Ilraniua and Plutonium Dioxide Powders 

Sample 

UO2 BR-U-1 
(blended 2 hrs) 

UO2-BR-U-I m 
(haBHaermilled) 

PUO2 BR-Pu-1 
(blended 2 hrs) 

PUO2 BB-Pu-1 M 
(haamerailled) 

UO2-5 w/o PaOp 
MB-R5 
(blended 12 hrs)* 

UO2-2O w/o PttOg 
MB»R-20 
(blended 12 hrs)* 

Bulk 
Density 
(ga/cc) 

1,68 

0o?6 

2c23 

la85 

2,W 

2o30 

Tap 
Density 
(gm/cc) 

2.03 

lc87 

3e56 

2«B5 

3ol2 

Surface 
4rea 

(ir/giti) 

^o05 

k-AZ 

k'.O 

i^A5 

^o33 

4.27 

Air 
Permeability 

Particle 
Size 

microns 

kA 

0.50 

3»3 

lo2 

2,32 

lcl2 

Average 
ILSoAo 
Particle 
Size 

microns 

0.6^ 

3a0 

0«6 

0.8 

Per Cent 
Less Than 
7^ microns 

98 

98 

98 

98 

* PUO2 blended with equal amount of UO2 for 2 hrs; 
balance of TO2 added, and mixed for additional 10 hrs 
(2-qt tmn-shell PK blender) 
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fuel shapes by mechanical coiapaction, sifaging, or rollingo In addition, 
this type of precipitation process laay also provide satisfactory feed for 
plasBia-torch spheroidization or high surface area granular feed for 
pelletizing and sintering K As an alternate to aechanical agglomeration 
of ceramic-grade powders as a foriaing step, precipitation of granular 
agglouerates may prove to be a high yield controllable process which is 
more suitable for plutoniusi-bearing Materials, particularly recycled 
plutonim'io 

During this reporting period, prototype data has been obtained for a 
continuous precipitation process utilizing uranyl peroxide and plutonima 
peroxide intermediateso Work has also been continued on the preparation 
of grantilar raaterials ¥ia homogeneous (urea) precipitation and via the 
uranyl oxalate route. 

Preparation of powders containing PUO2 will coimnenee shortly, utilizing 
information obtained froa these prototype experiraentSo 

Peroxide Precipitation Route 

The preparation of uranyl peroxide i-ias carried out continuously in a reactor 
provided with a stirrer by the sliiiultaneous slow addition of uranyl nitrate 
and dilute hydrogen peroxide solutions -.lith continuous slurry mthdrawal to 
maintain constant volijnee Processing conditions and partial product char­
acterization data are presented in Table Z^6^ A photomicrograph of a typical 
peroxide material (1^2) is shoi-m in Figure ZoS* The powder is seen to 
consist of individual particles, the majority of which are almost spherical 
in shapeo Measured particle diameters are within the ̂ •O-.SO micron range^ 
UO2 prepared froBi thgse peroxide precursors by reduction at temperatures 
of 7^0, 850, and 900 C had surface areas of U29, O065, and 0.79 tr/gia. 
The densification of these products i-iith further heat treatment at elevated 
temperatures is currently being exaiainedo Additional studies relating 
the effects of preparation variables with physical properties and ease 
of densification are planned for the near futureo 

Homogeneous Precipitation frort Uranyl Mitrate Solutions Using Urea 

Processing conditions for four uranyl nitrate-urea runs have been presented 
earlier'•'••'-̂ o Similar data for three additional preparations are presented 
in Tables 2<.7 and 2o8, Tiro of these preparations (60-17-32 and 60-32-1) 
were carried out on a relatively large scaler 

(i) I„ Schonbergj Uo Runfors, !<. Kiesslingj Proco 2nd United Gonf, on Peaceful 
Uses of Atomic Energyj, ¥oio 65 ppo 624-629 (1958)» 

(ii) NUMEC P-80s Progress Report, ''Development of Plutoniua-Bearing Fuel 
Materials", p, 29<• 
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Table 2«6 

Uranium Peroxide Processing Data 

Run luaber 

Uranium cone o, gm/l 
Yol of U feed, 1 
Uranium flow rate, i.-il/siin 

% ® 2 °°"-̂ si gi'i/l 
?ol of H2O2 feed, 1 
H2O2 ̂ lo^* rate J, r<il/fflin 
Reactor vol, 1 
Residence time, Eiin 
lOo of throughputs 
Reaction temp, °C 

U concs filtrates gm/l 

Reduction atBiosphere 
Rate of temp rise, ^Cfnln 
Reduction temp, °C 
Reduction time (plateau), rain 

Surface area of UO2, M^/gm 
Bulk density, gra/cc 
Tap density, gBi/cc 
Sub-sieve size, microns 

A6I 

7O0O 
1000 

6,1 
irt-

1425 
8.6 

400 
27 
6 
24 

0.209 

112̂ 6̂ , H2 
30 
QOO 
60 

0o79 
2.2 
3o2 
fy.A 

A6Z 

70 oO 
1000 

2<.5 
kJ^ 

1360 

3A 
400 
68 
6 

Zk 

0.013 

11,-6^ lig 
"30 
850 
120 

O065 
„ 

_ 

— 

1463 

70,0 
1000 

4>2 
100 

1400 
5.8 

400 
40 
6 
24 

0,006 

'̂ 30 
740 
45 

1«29 
_ 
_ 

— 

19 



Table 2«7 

Reaction Conditions 
for Uranyl Mitrate-Prea Homogeneous Precipitation 

Ejqjeriment Hwaber 

Source of uranium 
Weight of material taken 
Holes m^-^ 
Initial volume of UOg solution, rf. 
Moles urea taken 
Initial voluiae of urea solution, ml 
Additional time of urea solution, rain 
Total final volume of solution, ml 
Urea/U022+ 
Reaction temperature 
Reaction tiraê  hrs 

Drying conditions 
Temperature, °C 
Atmosphere 
Time, hrs 

Weight of dried ADU, gra 

60-17=32 

Eldorado ADU 
262.5 
Oo75 

1050 
2o25 

420 
10 

1470 
3 

Eeflux 
18 

60 
Air 
18 

250 »0 

60-29-9 

Eldorado ADU 
87c 2 
0o25 

350 
^75 

150 
2 

500 
3 

Eeflux 
22 

25 
Air 
100 

8606 

6O.32-I 

Eldorado ADU 
262o5 
0e75 

1050 
2«25 

450 
10 

1500 
3 

Reflux 
23 

25 
Air 
200 

237 08 
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Table 2,8 

Con¥ersion Conditions 
for Preparation of IJO9 from ADU 

Run lumber 

Weight of material charged, gm 
Gas composition 
Gas floxf rate, cfm 
Rate of teiape cliiab, C/min 
Conversion temperature, C 
Tiiae at temperatmre, min 
Weight of prodmct, gm 
$ conversion 

0/U ratio 
Surface area^ M̂ /gia 

60-17-32 

250.0 
l2-6^ H2 

k 

85 
212o6 
85«4 

2,31 
3o03 

60-29-9 

8606 
Ih-^P H2 

6.5 
8̂ 0 
60 
58o2 
83,0 

2,10 
7.86 



NmiEC P-100 

Fi^ i re 2^5 

Photomicrograph of Grarmlar Pranyl Peroxide 

80X 
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As before I the gramilar yellow intermediate poxfders appeared to be coraposed 
of individual spheroidal particles., Photomicrographs of this intenaedi9,te 
product (60-29-9) and the derived UO2 are shox-m in Figures 2.6 and 2o7« 
It is seen that the spheroidal shape persists through the conversion process 
f rora the intermediate compound to the UO2 with only slight diBiinution of 
particle sizeo 

Electron micrographs of specimens from the previously prepared sample (1405) 
show small arroxAead shaped particles« Two typical electron micrographs are 
shown in Figure 2o8o Close microscopic examination reveals a sandstone 
structure with the presence of many small holes in the particle surface,. 
Determinations of particle density are being carried out at the present 
time to assist in interpretationo 

Uranyl Oxalate Preparation Route 

Some additional uraryl oxalate preparations have also been sade. Processing 
conditions are shox̂ m in Table 2.9^ The crystalline yellow uranyl oxalate 
powder was prepared over a wide range of conditions of temperature, precip­
itating reagent, solvent, and reaction tiiaeo Photomicrographs of specimens 
of each preparation were obtained* In general there was a mde variation 
in crystal sizse and shape from preparation to preparation, but all products 
exhibited evidence of nearly complete crystallization^ A photomicrograph 
of a typical ozalate specimen (60-9-18) is shot-m in Figure 2.9<. 

Several samples of typical uranyl oxalate preparations were converted to 
UOo under conditions presented in Table 2ol0a Corresponding product char­
acterization data are also presented in this Table» 

The results suggest that small variations in the wet processing method 
have less effect upon the final UO2 characteristics than do the conditions 
under which the uranyl oxalate is converted to U02<> A number of* additional 
uranyl oxalate preparations are now in progress to provide a more complete 
understanding of the process» 

Photomicrographs of two specimens of UOo derived, from 60-9-18 uranyl oxalate 
are shoi-m in Figure 2<.10o It is noted that the external shape of the 
particles corresponds closely to the external shape of the ozalate precursoro 
This effect was noted earlier in the conversion of the urea hydrolysis 
intermediate to UO20 Microscopic examination of the surface of the UO2 
derived from uranyl oxalate fails to reveal any evidence of unusual pore 
structure although many fissures are visible» 

Analytical Chemistry 
(Oo Menis, Eo Halteman, Eo Garcia, 

Po Reyj and R<. Jaroszeski) 

The study of the application of x-ray emission and ganma spectrometry to 
the analyses of preparations of mixed oxides of uraniusi and plutoniuni has 
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. ^ 

Figure 2,6 
Photomicrograph of Granular Intermediate Precipitate 
from Uranyl Nitrate-Urea Homogeneous Precipitation 

Sample 60-29-9 80X 

Figure 2.7 
Photomicrograph of Grsinular UO2 
from Homogeneous Precipitation 

Sample 60-29-9 80X 
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Figure 2,8 

Electron Micrographs of Intermediate Compound 
Prepared by UraJiyl Nitrate-Urea Precipitation 

(Sample No, 1^05) 
12,000X 
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Table 2.9 

Seaetion Conditions for Preaipltatior 
of Jranyl Oxalate Granolaj Crystals 

Sxperisient Mumber 

Source o£ uraniom 
So lven t 

Holes CcOs]-^ ^ ^ 
I n i t i a l Toliame of [UO2J so lu t ion^ :sl 
Sotjrse o£ ^2%l~ ^^^na 
Mol®s lC2Qh^^ 
I n i t i a l volmse of 'pz^M ~ s o l u t i o n j ral 
Addi txonal t ime of 'CzOt^ " s o l u t i o n , ml 
T o t a l f i n a l volxme of s o l u t i o s a o i 
P^ 7 uoa «• 

tempsSFTStnres C 
a e a d t i o n t i m e , h r s 

Drying Condi t ions 
t ea ipe ra tu re , G 
Atmosphere 
Tims, h r s 

'height of d r i e d p r e c l D i t a t e , gm 
^ n i n prea ip i ta te**-** 
T i e l d on ij b a s i s 

19-!t-8 

DMH* 
H2O -i- HNO3 
oH = 1 
0 .25 
500 

0 .75 
100 
2 
600 
3 
Heflax 
1 

90 
A i r 
2 

-

60-4-14 

H20 

0.125 

0 . I 2 5 
17 
5 
500 
1 
Reflux 
184 

eo 
Yae 
18 

*2 .9 
6 1 . 2 
38 

60-4-26 

50 -TOl i StOH 
50 TOl i a , o 
0 .062 
250 
StoOX 
0.J66 
9 
2 
259 
1.06 
E e f l u i 
ISJ 

80 
f a c 
18 

21 .6 
62 .9 
92 

60-5-23 

H2O 

0.125 
350 
H,OX 
0^125 
150 
-? 

500 
1 
(5 h r s a t 95 
(64 h r s a t 25 

50 
Tao 
18 

!*2.3 
6 0 . 3 
36 

60-5-35 

OHH 

320 

0.062 
240 
3t2CX 
0.066 
9 
2 
249 
1.06 
25 
68 

50 
?ac 
18 

22 .3 
59.3 
91 

60-9-18 

iJIH 
Hjp 

0.125 
350 
,1201 
0.125 
150 
2 
500 
1 
SsiXnx 
40 

25 
Vac over P20s; 
18 

39 .2 

60-10-1 

•JSH 
IjO 

0.062 
2W 
St,OX 
0.366 

249 
1.06 
(44. h r s a t 25*» 
(30 h r s a t 95 

25 
?ac over ?',0<5 
13 

17.0 

* SapDlied hf adorado Ilining and Refining 
** Eastman #123 - White Labsl Diethyl Oxalate 
•** Baker and Adamson #ll'i.l . Oxalie Aeid, crystal, reagent, ACS 
"" Product heated in air at 900''C for 2 hours, i 3 oalouOated on basis of 

prodiiced from a given weight of product. 
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Figure 2^9 

PhotomJerograph of Uranyl Oxalate 

Sample No. 60-9-18 28X 

27 



Table 2.10 

UOg ConTersiori Conditions 
for Pranyl Oxalate Preparations 

and Product Characterization Data 

Run IJuaber 

Weight of charge, gm 
Gas composition 
Flow rate, ft^/hr 
Rate of heat up, °C/min 
Conversion terap, °G 
Tirae at terip, m n 
Weight of product J gE. 
',S conversion 

0/U Ratio 
Surface area, H /gra 
Bulk density, gm/cc 
Tap density, gai/cc 
Sub-sieve size^ microns 

60-4-1^ 

15o00 
!J2-6}5 H2 

If, 

15 
540 
45 
i0,65 
65o2 

2o23 
10.4 
0o75 
U3^^ 
2o07 

60-4'.l4 

15.00 
M2«6,S H2 

30 
740 
45 
10.52 
70.3 

2cll 
5ol 
Oo75 
lo86 
-

60-5-23 

15o00 
l2-6:S Ho 

15 
540 
45 
9o79 
65 o7 

2.23 
13«8 
0.93 
1.59 
1.96 

60^5-23 

15o00 
Il2̂ 6f, Il2 

4 

30 
740 
45 
10»55 
70o5 

2.12 
4.7 
0o90 
1.86 
" 

60-9-18 

15o00 
Il2~6,J H2 
4 
15 
540 
45 
10 a 16 

68,7 

2c 25 

9^9 
0o93 
1»63 
lo95 

60-9-18 

15.00 

4 ^ 
30 
740 
45 
]0a05 
66o8 

2cl3 
4e7 
IcOl 
lo82 
— 
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w W 

Sample 60_9-l8 kOX 

^̂ ^ 

\ 

'%lk. '••n. 

4 # 

J 

\ 
w 

Sample 60-9-18-7^0 40X 

Figure 2.10 

Photomicrographs of UOQ 
Derived from Uranyl Oxalate 
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been continuedo Calibration curves have been generated for specific 
specimens and conditions» Further work is necessary to simplify sample 
preparation and to increase accuracy<» 

X-ray Emission Analysis 

Chemical analysis by x-ray emission is of particular interest since it can 
serve as verification of the accuracy of the analyses of major components 
by the spec tropho tome trie procedure'-"-̂ o Further, it has the advantage over 
the spectrophotoBietric method in that it is relatively free of interference 
from impurities or additives* Also, this method should make it feasible to 
obtain a aore accurate value for the uranium content in preparations xfhich 
have a relatively high percentage of plutonium^ 

X-ray emission studies have been reported in the literatw? £OT the deter­
mination of plutoniuia in solutions t̂ '̂' and in slurrieŝ '̂ -̂ -̂ ô In the 
development and adoption of these procedures to the mixed oxides, several 
variables are being investigated to optimize precision and accuracy^ The 
areas being studies include the selection of appropriate internal standards, 
the effect of various flxixes or diluents, the effect of variation in 
composition, and the methods for suitable saiaple preparation^ 

A Philips lorelco Universal X-ray Spectrograph, Model 5236O, x-d.th its 
associated components is being used for this work« The components include 
a lithium fluoride crystal (2d = 4,,02761); a tungsten target x-ray tube, 
type FA-6O; a scintillation counter, type 52245; a pulse height analyzer, 
type 52332; and a scaler, type 421455<> 

A number of standard samples have been prepared with different araounts of 
contained PUO2 and an internal standard, Th02« The Pu-Og was prepared by 
calcination 01 high purity metal and the Th02 was reagent grade niatê 'ialo 
Known quantities of the oxides were weighed into a 50 nil beaker and fused 
at 450 C with 10 graits of potassitna pyrosulfateo The. selection of potassium 
pyrosulfate as flux was based on previous experiencê '̂̂ ^̂ '̂ ô This medium 

(i) MUMEC P-70, Progress Report, "Developiaent of Plutonium-Bearing 
Fuel Materials", p* 23, 

(ii) Do S, Flikkema and R» ¥0 Shablaske, USAEC Report 11-5804 (1957)« 

(iii) Wo So Turnley, Talanta 6, I89 (i960), 

(iv) lUl̂ IEC P-.70, Progress Report5 "Development of Plutonium-Bearing 
Fuel Materials", p„ 18^ 

(v) T. Jo Gullen, Anal, Cheia, 22f 5l6 (I960), 
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effectively dissolves the refractory mixed oxides and at the saaie time 
serves as good diluent ifith low absorption properties^ 

The fusion was carried out for a period of approxiiaately four hours until, 
on visual examination of the ruelt, a transparent solution was achieved^ 
The fused mass was then poured into a teflon tray and allowed to cool, 
after which it was ground in an agate mortar to approximately 200 mesh 
size^ The powder x€as then pressed at 9000 psi to obtain briquettes if- inch 
in diameter and approximately j inch thick„ 

By ffleasureiaent on both sides of the briquette, it was occasionally found 
that some segregation had occurred at the surface» In those eases where 
significant differences were noted, surface polishing eliminated the 
discrepancy. Studies are now under way with other flux materials which 
could provide a solid bead, hence, elirainate the need for briquette 
pressing and grinding« 

Each briquette was loaded into a sample holder having a rnylar window., The 
intensity of the esiission was measured at five different angles, three of 
theia, 24ol2, 26.62, and 29<.12°, for background correction, and two, 24^89 
and 27<.46, for the plutoniura and thorium emission peakso A fixed time 
technique was chosen to collect approximately a total of 20,000 counts at 
the plutoniura and thoriura peaks<> Typical data suitable for calibration 
are presented in Table 2ollo 

The calibration curve based on these data is not linear over the entire 
range of Pu/Th tfeight ratios. The,reasons for deviation from linearity 
are discussed in the literaturê "'"̂ ^̂ '̂  » The higher slope with increasing 
amounts of plutonium can be attributed to the self-absorption effect. 
Despite this non-linearity, good reproducibility is attainable with the 
use of a calibration curveo The relative standard deviation for saaiples 
containing over 15 mg of plutonium in the presence of high concentrations 
of diverse ions (Co, Mi, Cr, Ho, ¥, Fe), such as found in Haynes alloy, 
was less than 0o6'^; tfith 3-5 rag of plutonium in the same raaterial, the 
standard deviation was less than lf)« 

Determination of Plutonium by GaBgia Spectrometry 

The application of garnma counting for the determination of plutoniursi in 
solutions has been extended to soXid^ saiaples a Similar "work has been 
recently reported by the Britisĥ "̂ '*'̂ ''̂  For this purpose, the higher energy 
peak at 210 kev, from the U-237 daughter of Pu-24l, was chosen. 

(i) Ha Ao Liebhafsky, fL G,. Pfeiffer, W» H« Winslow, and P, D« Zeiiany, 
"X-Ray Absorption and Emission in Analytical Chemistry", John Wiley 
& Son, Inco, Hew York (I960)o 

(ii) J, Cope, lorelco Reporter 2, 41 (1956)a 
(iii) i„ Jo Fudge, Ge Philip, Eo Foster, "lion-Destructive Determination 

of PliitoniuBi-239 in Ceramic Fuel Element Pellets by Gamna 
Spectroraetry'% AERE-H 3838, Sept« 196I0 j ^ 



Table 2oll 

Calibration Date for Plutoniuja by I-ray Emission 

Standard 
Number 

1 

2 

3 

4 

5 

6 

Pu/Th 
Weight 
Ratio 

0c044 

0.059 

0«201 

0o556 

O08O3 

I0I56 

Counts/Minute at Angle <^ 

24ol2° 

1183 

1162 

1167 

1187 

1180 

1135 

24.89° 

1181 

1191 

1306 

1750 

2040 

2440 

26062° 

973 

952 

964 

974 

971 

952 

27.46° 

2381 

2524 

1872 

1875 

1857 

1853 

29ol2° 

739 

728 

740 

151 

153 

741 

Background 
Correction 

CpBl 

24,89° 

1112 

1092 

J100 

1115 

1110 

1072 

27*46° 

887 

866 

879 

892 

888 

872 

let 
Counts 
cpm 

Pu 

69 

100 

206 

635 

930 

1368 

Th 

1494 

1658 

993 

983 

970 

981 

Pu/Th 
Intensity 
Ratio 

0,046 

0.060 

0,207 

0.646 

0.959 

1,394 

Intensity j 
Ratio j 

Weight 
Eatio 

la045 

I0OI7 

I0O30 

1.162 

1,194 

1,206 
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Two techniques were investigated; one, the application of a calibration 
curve and the other a standard addition procedure« The results of the 
calibration method are presented in Table 2,12 and Figure 2«11^ In the 
region 0,8 to 2 mg of Pu, the results are fairly linear with relative 
standard deviation of less than 5/S» For solid saaples which contained 
large concentrations of absorbing material, a standard addition technique 
permitted analysis without the need for duplication of conditions for 
calibration purposes* 

Future studies aimed at improving precision ifill include measurement at 
the 384 kev peak. 
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Table 2,12 

Determination of Plutonium by Gaama Spectrometry 
(Data for a Typical"5aJibration Curve) 

Sample 
lumber 

1 

2 

3 

4 

T o t a l Pu 

10„3 

1,91 

1.34 

0.84 

epia 

734 

183 

123 

74 

cpBi/mg Pu 

71o3 

95<.8 

91..8 

88a 
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Figure 2.11 

DETERMINATION OF PLUTONIUM BY GAMMA SPECTROMETRY 

MEASUREMENT AT THE 214 Kew ENERGY PEAK 
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FABRICATIOM AWD EVALUATION OF F U a SHAPES 

Task 3^00 
E« Ko Halteman L* J. Jones 

Mixed Oxide Sintering Studies 
(Mo Do Houston) ^ ~~ 

Investigation of the fabrication paraneters for U02-5 w/o PUO2 and 
U02-0,5 xf/o PUO2 by the cold coiapaction and sintering method has been 
continuede The feed material was produced by coprecipitation, uranium 
as aramoniuHi diuranate and plutonium as plutonium hydroxide, and subsequent 
reduction to the oxides at 750°G in nitrogen-6<S hydrogeno It has pre­
viously been shown that this reduction cycle results in formation of a 
solid solution of the oxides» The resultant powders were prepared for 
compaction by haBmermilling, slug pressing, and granulation through a 
35 laesh screen. All pellets were dry pressed using only a Sterotex die 
lubricanto During this period, approximately 6OO grams of UO2-5 w/o PuOo 
and 50 graras of U02-0,5 w/o PUO2 have teen processed,, The sintering 
furnace inpurities previously observed^^' have been analyzed and corrective 
action taken. Previous difficulties experienced with the sintering of 
mixed oxide pellets have been attributed to the presence of these furnace 
impurities.. 

It was reported in the previous progress report that a significant number 
(approxiraately 15^) of UO2-5 w/o PuOg pellets were fractured or coated 
with a glassy substance during the firing cycles Observed at the fractured 
interfaces tfere foreign inclusions or areas of apparent fusion» A crystallin 
growth was also noted both in the sintering furnace tube and on the moly­
bdenum boata These needlelike crystals were analyzed by x-ray fluorescence, 
x-ray diffraction, and emission spectrographic techniques. Since the main 
constituents were found to be molybdenum and silicon, it was postulated 
that an interraetallic compound of these two elements inight be present as 
the impurity^ However, the diffraction pattern did not agree ifith published 
data for any of the molybdenuBi silicideso Trace quantities of iron, nickel, 
uranium, and plutonituii were also found in the needleŝ , Analysis of a sample 
taken from the cold zone of the fxirnace showed the presence of cadmium, 
boron, manganese, gallium, and leado Subsequent spectrographic analysis 
of the furnace components (wire, tube, grain, and cement) showed that these 
components were free of the offending high cross section elements* It has 
noiif been established that these elements were present in significant amounts 
in the as-received plutoniuri nitrate and thereby built up in the furnace 

(i) I'lUI'IEC P-90, Progress Report, "Development of Plutonium-Bearing Fuel 
Materials", page 54o 
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over a period of timet, This problem is now being discussed with the 
plutonium supplier» The sintering furnace has been cleaned of all loose 
powdery material, and niolybdenum sintering boat covers are now being used 
to minimize furnace contamination^ Approximately 40 pellets of U0->-5 t*/o 
PUO2, which were fired in this protected manner, showed no evidence of 
fracturing or of "glass** formationo Crystalline material was still found 
on the boat handle but xfas prevented from contacting the pellets^ 

Sintering data for the eoprecipitated UO2-5 w/o Ptt02 and UO2-O85 v/o PUO2 
material are presented in Table 3«'lo These data show that sintered densities 
are not greatly influenced by the PUO2 concentration or the processing 
variables (compacting pressure, firing time, firing teraperature) in the 
ranges studiedo As expected, slight improvements in the green density 
with increasing cosipaction pressure and fired density with increasing 
firing tiicie and temperature i-jere foundo Good reproducibility is also 
illustrated by the results., 

The processing of fired scrap material from fractured or imperfect pellets 
was continuedo An oxidation-reduction cycle of four hours at 1000°C in 
air followed by four hours at 800°C in nitrogen-6̂ ,̂  hydrogen was utilized 
to break down the sintered particles. The sintering characteristics of 
this reworked material indicated that the cycling was not beneficial in 
producing high density pelletso The densities of pellets produced from 
raaterial given one, two, and three such cycles was 8o53» 8ol7» and 7-»06 
gm/ec, respo A density of 9»40 gm/cc had been obtained under identical 
sintering conditions from the fired material as crushed and rehatamermilled. 
During the progressive oxidation-reduction cycles, the resultant itiaterial 
took on a reddish hue which might indicate the forEiation of UoOg; this 
could explain the low densities observedo Oj^gen analyses are being made 
to verify this postulate<, 

PuO? Sinterin̂ ^ Studies 
(He D, Houston, J, Miles) 

The sintering characteristics of PUO2 have been examined by evaluating 
different oxide preparations, compaction pressuresj, and firing time, 
temperature, and atmosphere-a 

Two lots of PUO2 powder prepared by the oxalate route and calcined in air 
at 760°C were usedo Sample 297-Pii-9-3» which was used for the major portion 
of this investigation, had a surface area of 4ol ¥r/gm while Sample 
297-P^-9-4 measured 7o5 " /gfio A considerable difference in the sintering 
characteristics of these two lots can be seen in the data presented in 
Table 3»2o The higher surface area material produced the higher fired 
density, as expectedo 

The studies made to deterirdne the effort of compaction pressure Indicate 
that corapaetion pressure has little, if any, effect upon the final fired 
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Table 3ol 

Sintering Data for Goprecipitated UO2-PUO2 Compacts 

Composition 

U0o-0o5 w/o PuOo 
^ ' £U 

UO2-5 w/o FUO2 
Lot Al 
Lot A2 
Lot A3 

Compaction 
Pressure(^) 

(TSI) 

8 
8 
9 
9 
10 
10 

8 
8 
9 
9 
10 
10 

8 
8 
9 
9 
10 
10 

8 
8 
8 

Green 
Density 
(IPI/GC) 

5c04 
5o00 
5-11 
5.14 
5^19 
5o20 

5o05 
5oOl 
5ol3 
5=12 
5ol8 
5c 14 

5o03 
5o06 
5ol2 
5ol5 
5,18 
S'^yj 

hSl 
4o97 
4<,89 

1 __j 

Firing 
TiPie 
(hrs) 

1 
2 
1 
2 
1 
2 

1 
2 
1 
2 
1 
2 

1 
2 
1 
2 
1 
2 

i 1 
1 
1 

Firing 
TeEip^^^ 

(°C) 

1550 
1550 
1550 
1550 
1550 
1550 

1600 
1600 
1600 
1600 
1600 
1600 

1650 
1650 
1650 
1650 
1650 
1650 

1600 
1600 
1600 

Fired 
Density 
(gm/cc) 

10.22 
10o32 
I0o23 
10.34 
IO0I2 
10.36 

10.38 
10.42 
10.41 

«=. 
10.31 
I0o35 

10o40 
10o42 
10„37 
10o44 
10o40 
10o35 

10.39 
10.42 
10,50 

Theoretical 
Densitj(3) 

>s 
93.2 
94ol 
93.3 
94o3 
92o3 
94.5 

94.7 
; 95o0 

94c 9 
«= 

94,0 
94.4 

94o8 
95=0 
94,6 
95o2 
94o8 
94«4 

: 94o5 
94.8 

! 95.5 

Linear 
Shrinkage 

ii.) 

21=4 
21a8 
2I0O 
21.1 
20,4 
20.8 

1 ""—~ 

21.6 
22o0 
21.3 
21c3 
20 08 
21<2 

21,8 
21,7 
21.4 
21o3 
21.1 
2I0O 

22c0 
21.5 
23o8 

(1) Slugged at 5 TSI and granulated through 35 mesho 
(2) All samples fired in 94^ nitrogen-6f9 hydrogen, 
(3) Theoretical density of UO2-O05 w/o Pu02 » 10,97 pi/ccs 

Theoretical density of UO2-5 w/o Ptt02 » 10,99 gn/cco 
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Table 3-2 

Sintering Studies for PuO? 
Compacting Pressure - Sintering Temperature - Sintering Atmosphere 

Lot 

Pu.9-3 
(Compaction 
Pressure) 

Pu^9-3 
(Firing 
Temperature) 

Fu-9.'.3 
(Firing 
Atmosphere) 

Pu.9-4 
(Firing 
Atmosphere) 

Pu>9»3 
(Firing 
Time) 

Compaction 
Pressure 
(TSI) 

?o3 
18.1 
28»9 
31o9 
h5,2 

3lo5 
3I0 
31o5 
3I05 
31.5 

3lo5 
3lo5 
31=.5 

19,7 
41,4 
31o5 

7o9 
8.2 
7o3 
41 o4 
8„2 

Green 
Density 
(pa/cc) 

6o28 
6o94 
7.30 
7.5^ 
7.68 

7.22 
7.32 
7o36 
7.37 
7=36 

7c37 
7o34 
7=34 

6.79 
7.29 
7.16 

6o28 
6,18 
6cl8 
7.55 
6o42 

Firing 
Time 
(hrs) 

2 
2 
1 

1 
k 
16 
20 
72 

Firing 
Temperature 

(°C) 

1600 
1600 
1600 
1600 
1600 

1200 
1300 
1400 
1500 
1600 

1500 
1550 
1550 

1500 
1500 
1550 

1600 
1600 
1600 
1600 
1600 

Firing 
Atmosphere 

Mp/H, 
(94iS) 
(94i6) 
(94i6) 
(94i6) 

Mo/Ho 
(94s5) 
(9% 6) 
(94i6) 
(94:6) 

I2/H2 
Air 
Air 

44 
, 0 ^ 

Air 

»2/H2 
(94:6) 
(94s6) 
(94i6) 
(94:6) 

Fired 
Density 

Imk£L 
9o97 
10,12 
IO0I9 
lOolO 
IO0I2 

10,03 
10o21 
I0o3i 
10o33 
10,16 

10,33 
10o46 
I0o5l 

10,58 
10=59 
10,90 

9.97 
9»96 
9.75 
10»01 
10,23 

Theoretical 
Density 

ii) ^ 
87a0 
88,2 
88.8 
88,1 
88„2 

S7,5 
89a 
90,0 
90a 
88«6 

90a 
91.Z 
91.7 

92o2 
92,3 
95^1 

87o0 
86,9 
85a 
87.4 
89.3 

Linear 
Shrinkage 

..„Jli_ 

13^9 
iia 
8,9 
7.7 
7r.3 

10,2 

loa 
10«0 
10^3 
9,4 

10,3 
10,5 
10.8 

i4a 
10,7 
17«2 

13.9 
14,8 
14.4 
8.7 
14,9 
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density under the sintering conditions studied^ How-ever, microstructural 
differences which followed a pressiire relationship were noted« Considerable 
porosity was observed in the lower pressure compacts (7-19 T/in^), while 
in the higher pressure compacts, the porosity i#as not apparent but the 
grain size was reduced^ Photomicrographs of the pressure study compacts 
are shown in Figure 3«1<> It is seen that the high porosity and large 
grain size of the lot-fer pressure specimens changes to low porosity and 
small grain size in the higher pressure specimens.. Also, in the lower 
pressure compacts, dark bands of a second phase, presuBiably PU2O35 can 
be seen. These bands are not apparent in the higher pressure compacts 
even though PU2O3 xms detected by x-ray examination» 

The results relating fired density to firing tesiperature, other factors Q 
being constant, indicate that a temperature in the range of 1400 to I5OO C 
is best for the attainment of highest density.in the reducing atmosphere 
utilizeds This confirms the earlier results^-^^^ The reduced density and 
linear shrinkage obsemred after l600°C firing may be attributed to the 
partial reduction of PUO2 to PU2O3. 

The results also show that the fired density is not particularly dependent 
upon the firing time at temperature in the range considered., 

The results relating to the effect of sintering atmosphere indicate that 
higher densities are attainable by firing in air rather than in M2-H2» 
T>jis is to be expected since PUO2 is the highest oxide of plutonium and 
PU2O3 has a much lower physical density (10^2 gm/cc)* Further investigations 
of the efforts of compaction pressure and firing temperature within the 
limits of the furnace with air atmosphere will be undertaken,. 

The pellets sintered in nitrogen-6il hydrogen and utilized in the previously 
described compaction pressure study subsequently were re-oxidized in air at 
1000°C for 16 hourso The results are shown in Table 3»3'> It is to be noted 
that the weight gains due to air exposure ifere far below the values anti­
cipated from previous results* This indicates that the aaiount of PU0O3 
existing in these pellets before reoxidation w-as only 9-13/'̂  compared''to 
25-30/J measured previously in other saisiplesc These data were verified 
since no additional weight gain was noted follomng subsequent comminution 
of the pellets and refiring in air at 1000°C for four hourso From the 
trend of decreased PU2O3 formation tdth increasing compaction pressure, 
it can be postulated that the degree of PU2O3 formation is deterrained 
by the surface area available during the early stages of the sintering 
process0 

(i) NDMEG P-70, Progress Report, '̂ Development of Plutonium-Bearing 
Fuel Materials'% page 36^ 
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Table 3«3 

Reoxidation of PuO? 

Lot 

Pu-9-3 

Compacting 
Pressure 

7.3 

18a 

28.9 

37«9 

45»2 

Fired 
Density 

gm/cc 

9.84 

ioa2 

9>65 

9.98 

l o a i 

Weight Loss 
on 

Fir ing 

97 

91 

90 

85 

88 

Weight Gain 
on 

Reoxidation 
L—JJlZffl_ 

40.6 

39»9 

36a 

31»7 

28 oO 

Calculated 
Amount of 

Pa203 
''-^ 

13.45 

13«20 

11.95 

10.50 

9.27 
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Compaction Pressure 7.25 TSI 

Neg. 41B 

Compaction Pressure 18,05 T3I 

Neg. 42B 

• '^ Vi^ 'T^''; .?..?̂ "*»' :5 '"^L^ 

V*̂ -w 
> . - ^ i . - ^ ^ 

Compaction Pressure 28.90 TWI 
Neg. it3B 

Compaction Pressure 37.90 TSI 
Neg. 44B 

Compaction Pressure 45.15 TSI 
Neg. 45B 

Figure 3*1 

Photomicrographs of Sintered PuOp Compacts 

(Sintered at l600°C for 1 hour in N2-65S H2) 

800X 

42 



NUI'lEC P-100 

Rabbit Test Fuel Fabrication 
(Mo D» Houston^ B» Cinai) 

The fabrication of samples for short-term irradiations in hydraulic 
rabbit facilities is continuing^ The final fired pellets have been 
evaluated by optical microscopy, x-ray diffraction^ and autoradiography 
to determine adequacy of initial material blending, homogenization during 
firing, and sintering characteristics. Four UO2-PUO2 compositions have 
been prepared frora both eoprecipitated and mechanically-mixed individual 
compound powders« X-ray diffraction has indicated a single phase for 
the eoprecipitated raaterial and two distinct fluorite structures for 
the mechanical blends, as expectedo 

As discussed under Task 2.00, in preliminary trial preparations, con­
siderable balling was noted in the mechanically mixed powders following 
twin-shell blending« As shown in Figure 3»2, these miniature spheres 
Mere retained in the compacted and fired pellets of these materials. 
Further examination by autoradiography verified this macroinhomogeneity, 
and more satisfactory blending techniques were^ therefore ̂  developed.. 

The autoradiography of the ends of the pellets was accomplished by trans­
ferring a polished metallographic section, after decontamination, out of 
the glove box into a special container having a double window of 0.00025 
inch thick %lar sheets Exposure of the x-ray film by direct contact with 
the %lar for approxiraately 45 seconds resulted in satisfactory radiographs., 
The autoradiograph shown in Figure 3o3 is from the identical sasiple shown 
in Figure 3»2 and shows the pronounced balling effect with multi-layered 
spheres of alternating U02-rich and Pu02-rich layers» It is pointed out 
that this autoradiograph is a negative of the alpha-particle exposed x-ray 
film5 and hence, the high alpha producing regions, ioe#, high plutonium 
regions, appear white^ As discussed under Task 2^00, this balling effect 
occurs during the initial stages of blending of the very fine UO2 and PUO2 
powders* It is to be noted that these spheres remain intact through the 
pre-slugging at 5 ^SI, the manual granulation, and the cold compaction 
at 8-10 TSI, Further treatment by hammermilling of the powders after 
blending resulted in the nonhomogeneous fragments shox-m in Figure 3«4s 
Subsequent wet ball milling of the blended poi'fders gave a uniform textured 
mixture and pellet as shown in Figure 3'»5« For comparison, an auto­
radiograph of a U02-20;» PUO2 pellet made from eoprecipitated powder is 
shown in Figure 3»"^ It can be seen that the wet ball milling results 
in material which has a macrohomogeneity similar to eoprecipitated 
materials Therefore, this processing has been adopted for all mechanically 
mixed compositions for the irradiation specimenso 

The compaction and sintering characteristics of the various UO2-PUO2 
compositions to be used for the rabbit irradiations and also for UO2 
and PuOo are given in Table 3o4a In general, the mechanically blended 
materials yielded lower densities and shrinkages than the eoprecipitated 
batches. Most of this behavior is probably due to the sequential formation 
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Table 3 A 

GoHipaction and Sintering Data for Oxide Pe l l e t s 

Composition 

UOg 

U02-.5}! PuOp 
(w/o) 

no2»2o;S PttOg 

PUO2 

Preparation 

ADU 
ADU 
ADU 

Keehanieal Blend (MB) 
MB 
MB + Ball Mill 
KB + Ball Mill 
Goprecipitated 
Slugged and granulated 
Slugged and Granulated 
(Hot slugged) 

MB 
MB 
MB + Ball Mill 
KB + Ball Mill 
C oprecipi tated 
Slugged and Granulated 
Slugged and Granulated 
(lot slugged) 

Osalate 
Oxalate 
Oxalate 
Ozalate 

Compaction 
Pressure 

_JISI1_J 

8o2 
8o2 
8o2 

8.2 
8o2 
8e2 
80 2 
8,2 
9ol 
8,2 
8.2 

8,2 
7.8 
8o2 
8o2 
8,2 
llo2 
8,2 
.8.2 

8„2 
7.3 

41,4 
8o2 

Green 
Density 
(©ii/ec) 

5ol5 
5o09 
5a8 

5^19 
5=23 
5a4 
5.45 
5o04 
5ai 
4o9 
4.88 

5»33 
5o28 
5.30 
5o69 
4.91 
5.09 
5a 14 
4,74 

6a8 
6a8 
7o55 
6a42 

Firing 
Time 

JJ^J 
l^ 

16 
20 

k 
16 
16 
20 
H 

16 
20 
72 

1|, 
16 
16 
20 
4 
16 
20 
72 

4 
16 
20 
72- , 

Fired 
Density 
(gm/cc) 

10,41 
10„52 
10 c 56 

10a32 
10.52 
10.59 
10,36 
10 063 
IO06O 
10,52 
10<,49 

10.36 
10,41 
10,64 
ioa6 
10,70 
10,73 
10.68 

10.53 

9.96 
9.75 
10.01 

10,23 

Theoretical 
Density 

(f.) 
95o0 
960O 

96o3 

94o0 
95o8 
96o4 
94.2 

96.8 
96.5 
95.8 
95o5 

93^6 
94ol 
96a 
91.8 

960 7 
97o0 
96o5 
95a 

86.9 
85»0 
87o 
89.3 

Linear 
Shrinkage 

....JIL^ 
21o3 
21«8 
21o3 

2O06 
20o9 
21 .=2 
20a 
22o3 
21o9 
22.8 
23ol 

19o9 
20,4 
20»2 
17o5 
23a 
22,3 
22 oO 

23.9 

14.8 
14.4 
8o7 
l4o9 
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V 4, 

Figure 3«2 

Photomicrograph of Sintered Pellet 
of Mechanically Blended UQ?-20 w/o"?uO? 

(Sintered at l600°C for k hours in ^2-6^ H2) 

lOOX 
Neg, 2^9 

5̂ 
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Antoradiograph of Sintered Pellet 

(Sintered at l600°C for 4 hours in M2-6^ H2) 
Meg, 11 13.5X 

Fi^£§_M 
4Htor^^fir^h.M_^ateredP^et 

MechMiic^lj:. Blended. Md Hammemilled m^20 w/o PaOo 
(Sintered at l600°C for I6 hours in 12-6^ Hg) 

Neĝ  19 13.5X 
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Autoradiograph of Sintered Pellet 
of _MeehanicaIl.y Blended and Wet .Ball Milled POo-ZO w/o PnOg 

(Sintered at l600°C for l6 hours in 12'^ % ) 
Neg. 18 13.5X 

Atttoradiograph of Sintered Pellet 
of Coprecipitated md Co-red-aced POg-20 w/o Pu02 
(Sintered at i600°C for I6 homrs in l2-6^ H2) 

Neg. 20 13.5X 
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of solid solution, ioe«s either before or during sintering^ Also, a 
slight effect Biay be due to the low surface area of the P11O2 used, 
297-PT1-9-3 having a surface area of 4<,1 lr/gm« It is also to be noted 
that fired densities for the coprecipitated materials are slightly higher 
than for pure W2^ All densities except those for Fu02» which is not 
required for the irradiation tests, xfere equivalent to or better than 
the specified requirements for the irradiation samples. X-ray diffraction 
patterns indicate that single phase material resulted from the 5 w/o and 
20 w/o PuOp batches which had been imechanically blended, ball railled, and 
fired^ Two phases, PUO2 and PupOo, were found to be present in the pure 
PUO2 pelletso However, latcrostructural examination of these speciraens 
failed to show the eutectoid structure, Figures 3o7 and 3»8, The reason 
for this is currently under investigation. Other specimens in the series 
are in the preparative stage for microscopy and x-ray examinations» The 
longer fired samples (72 hours) were especially prepared to study possible 
segregation effects in the coprecipitated materialso 

Thermal Conductivity Experiment 
(Eo Ko Halteman) 

The assembly of the apparatus for the measurement of the theriaal conductivity 
of poor thermal conductors at high temperature by the use of point and 
plane sources is continuing. The qtiartz to metal seals used in tlie original 
design have been abandoned and replaced with a mechanical seal using "0" 
rings and a packing gland arrangements The equipment has been assembled 
and made vacuura tighto The sample insertion rod aechanism has been assembled 
and found to work satisfactorily when under vacuum. The sample lowering rod 
and bottora viewing port interchange sechanisra has also been made leak tight* 

Work is progressing rapidly on the assembly of the auxiliary electrical 
equipment,, The R* Fo generator has been installed adjacent to the glove 
box. In order to improve the power transfer efficiency, the impedance 
matching step-doim transformer has been installed inside the glove box 
and as close to the experiment as possible. As an initial trial, a work 
coil of 13 turns of flattened i inch copper tubing mil be usedo The high 
voltage equipment for the electron ©in is also being assembled. The high 
voltage filter has been tested and potted to reduce corona. This filter 
reduces the ripple voltage to less than 2 volts in 30 'kv̂  An auxiliary 
supply of 5 '<̂v has been asserabled along with a four section LC filter* 
The ripple voltage of this supply is less than l|- volts» This power supply 
will be used to provide the focusing and control potentials for use with 
an electrostatic focusing and electrostatic deflection electron gun» With 
this gan the 30 ^v supply will be used to provide a post acceleration 
potential to the electron beam. 
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^ r-^t i^'^n f ^ 
n? 

AT* 

.V9 
Figure 3.7 

Photomicrograph of PuOg (297-Pu9-3) 
Compacted at 8.2 TSI 

(Sintered at l600°C for k hours in ^2-^ ^g) 

Neg. 32D 800X 

Figure 3.8 

Photomicrograph of PuO^ (297-Pu9-3) 
Compacted at 7.3 TSI 

(Sintered at l600°C for I6 hours in ^2-^ Hg) 

Neg. 33B BOOX 
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FOEL ELB4EMT FABRICATIOM AID EYALPATIOM 

Task 4,00 
L» J,, Jones 

Box and Equipment Installation 
~"' (iC ZambernardF"" 

Effort is continuing on the design of glove boxes and associated equipment 
required for the fabrication of dispersion fuel eleaents by rolling. The 
design philosophy was presented previously(i)« 

Installation of the swaging machine has also been initiated. In this glove 
box, provisions have been raade to provide a seal between the glove box end 
and the fuel element tube so that the length of the working piece need not 
be limited by glove box diraensions» This box will be tied to the transfer 
tunnel to allow for ready movement of material witiiout the need for bagging. 

(i) ITMEG P-90, Progress Report, "Developsient of Plutonium-Bearing Fuel 
Materials", p« 62» 

50 



TOKEC P-100 

RADIiTIOM TESTIMG AMD EYALPATIOM 

Task 5.00 
L, J, Jones 

Rabbit Tests 
(Lo J. Jones, R. M. Horgos) 

The original plans to perform the irradiation of the short-tine rabbit 
capsules^^^ in the Westinghoust Testing Reactor (WTR) have had to be 
discarded due to the shutting down of the ¥TR« The PreliBiinary Request 
for Irradiation Services (Form AEC-21) had been approved, and assigmient 
of reactor space in the WTR had been liadê  Also, test specimen and capsule 
design had been generally approved by the WTE Project Engineering Department, 
negotiations are currently under way to obtain space in another testing 
reactor« The irradiation facilities at these other reactors are being 
evaluated as to their compatibility with the proposed program,, Although 
it is not anticipated that the fuel materials^ compositions, or fuel 
element design will require modification, it is almost a certainty that 
the capsule design mil require complete modification0 All work associated 
with the capsule fabrication has therefore been stopped until reactor space 
has been assigned and negotiations with the assigned reactor have been 
initiated in regard to capsule design^ Fabrication of the fuel pellets, 
however, has been continued as described under Task 3,00, 

Hot Laboratory Equipiaent Fabrication 

lETirHoriosT 

Fabrication of the alpha boxes for the hot cell is continuing, and in­
stallation of renotely controlled equipment is being performed. The 
preliminary design of the apparatus for collecting and analyzing fission 
gases has been completed. Also, design of an in-cell puncturing apparatus 
for the fission gas studies has been initiateds, For tiie proposed rabbit 
tests this puncturing apparatus will not be required since the time at 
temperature ifill be too short to alloxf diffusion of the fission gases out 
of the fuel into the fuel element can# However^ this apparatus will be 
necessary for a complete evaluation of the fuel from the high bumup 
experiments which are scheduled.. 

The manipulators for the metallogra.phic cell have been completely over­
hauled and installed in the contarfiinated raetallographic cell^ The exterior 
of the cell has been coiapletely decontaminated and paintedo Decontaniination 
of the cell interior is now in progress utilizing the repaired raanipulators^ 

(i) NII-IEC P-90, Progress Report, "Developraent of Plutonium-Bearing Fuel 
Materials", pp# 63 and 64. 
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Construction of the in-cell alpha enclosure for the metallographie cell 
has been delayed,pe: 
previous results^ •' 
chemical procedures 

has been delayed,pending installation of a cathodic vacutim etcher since 
previous results^ •' indicate that such etching is for superior to normal 

(i) KIMEC P-90, Progress Report, «Developraent of Plutonium-Bearing Fuel 
Materials", pages 59 and 60^ 

52 



HUKEG P-100 

REACTOR PHYSICS AMD EMGIMEERIMG PARAHETRIC STUDIES 

Task 8.00 
K. H« Puechl 

Assessment of Plutonium Potential in lear-Thermal Reactors 
"~~~ " ""(W, Rossi J-> Razbacki) 

A more detailed comparison of U-235 vs plutoniutii fuel cycle costs in near-
theriaal converter reactors has been carried out to supplement the previously 
reported studies^^^. In general, the plutoniuEi isotopic composition, 
physics assumptions, cost assumptions, and calculation procedures were 
those used in the earlier study« As discussed in the last progress 
report, the.results are not particularly sensitive to cross-section 
as sumptions^ •'•"'•'; hence, the conclusions can be considered to be generally 
valid^ 

Specifically, the object of the study was to compare optimum fuel cycle 
costs achievable with a plutonium-natural uranium loading to those attain­
able with a slightly enriched uraniwa loading imder the assuraptions that 
radiation damage is not limiting and that an ''ideal" burnable poison (or 
solution poison) could be used to hold, down the excess reactivity. These 
data, therefore, give a tme comparison of ultimate potential fuel cycle 
costs,, The analyses were performed on a Tankee-type core containing sirailar 
fuel elements and identical neutron leakageo 

For each particular lattice spacing, denoted by J"S,s/SNi (rflacroseopic 
slowing down power per heavy atom), calculations were performed at a number 
of different enrichments in order to deteraiine the enrichment that results 
in minimum fuel cycle costs under the specific cost assumptions utilized* 
These optimum cost values so determined are presented in Figure 8«1» It is 
seen that the optimum fuel cycle cost for plutoniuia fueled systems is 
2«205 mills/kwh and occurs at ̂ S s/-̂ -̂̂  ~ ^^O. In comparison, the 
optiHium cost for uraniuai fueled systems is 2o52 mills/kwh which occurs 
a-t T^s/^Ni = IIO0 In order to achieve optiraum costs, a more dilute 
lattice is therefore indicated for plutoniuia. Operation under such 
conditions would tend to increase capital costs (since less heat could 

(i) K» Ho Puechl, **The Potential of Plutonium as a Fuel in Hear-Thermal 
Converter Reactors", luclear Science and Engineering: 12., 135-150 (1962)* 

(ii) IDMEC P-90, Progress Report, "Development of Plutoniura-Bearing Fuel 
Materials", p, 66, 
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be extracted from the same sized core); however, this seeming disadvantage 
can be offset by using fuel that is diluted with a low cross section Material 
such as Zr02e Studies are planned to determine the effect of such dilution, 
and if the results so indicate, to initiate experimental investigation of 
materials preparation. 

Figures 8o2 and 8,3 are presented to illustrate the details behind the cost 
data presented in Figure 8»lo It is seen that to achieve the optiiaum fuel 
costs for both uraxixvm and plutoniuia loadings requires irradiation to an 
average of 30,000-̂ 1-0,000 lMD/Tonne« Such core lives are not now feasible 
with present fuel materials technolosr„ However, if calculations indicate 
merit to dilution of plutoniuia with Zr02 to increase power density, then a 
by-product advantage of increased irradiation stability due to the addition 
of this inert material may be considered. 

Figure 8o4 shows the associated initial hot, equilibrium fission product 
reactivities for these optimized fuel cycle cost loadings« It is seen 
that the amount of reactivity that must be controlled for uraniuia systeias 
is appreciably greater than for corresponding plutonium systerns« The 
shimifling needed for plutonium systems can be controlled by rods while a 
burnable poison or solution poison would be a necessity for the uranitmi 
loadings. 
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' 50 75 100 125 150 175 

VARIATION OF INITIAL HOT. EQUILIBRIUM FISSION PRODUCT Kelt 

WITH DEGREE OF MODERATION UNDER CONDITIONS THAT 

YIELD OPTIMUM FUEL CYCLE COSTS 
Rgure 8.4 
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PREPAMTIOH AHD COATING OF SPHERICAL OXIDE PARTICLES 

Task H„00 
C9 So Caldwell L,, J« Jones 

Preparation of Spherical PuOp Particles 
froifl Ceramic Grade Poyaers 
~~~ do Biancheria)""""" 

During the current reporting period, aggloaeration methods for fon?iing 
spherical particles from cerauaic grade PUO2 as a starting naterial liave 
been further investigated, Densification after foraing was obtained by 
high-teraperature sintering or by partial sintering followed by plasma 
torch meltingo Spherical high density materials mil be used initially 
for coating studies and later for dispersion fuel fabrication development. 
The current goal is to prepare 100 gBi quantities of high and intermediate 
density particles within the 8O-I7O laesh range utilizing dry-aggloBieration 
followed by sintering at temperatures up to l650°Go Previous ifork using 
a dry-pressing breakdown forming laethod gave spherical particles of inter­
mediate density after sintering at 1500°C in air^^^o 

Several trials have been made employing PUO2 Sample Pu-2.97-9 Lot 4> for 
which powder properties are suamarized in Table 11<,1» Three separate 
portions of the powder were subjected to a variety of attrition procedures 
including wet and dry vibratory mix liilUing or ball milling,, The dry 
powder was then agglomerated and shaped by rolling in a jar for 10-30 
isiinutes* Two of the portions yielded very low quantities of +120 mesh 
spheres although yields of up to 35/& were obtained in the -120 +200 mesh 
rangeo The third portion, designated as B-3> gave a 35!̂  yield of +120 
i.iesh green spheres on the first agglOEieration cycle» Over half of this 
material was in the -70 +100 laesh range, and acceptable sphericity was 
obtained as shown in Figure 11oi* By forcing the oversize iiaterial through 
a 120 mesh screen and recycling this iiaterial in combination mth the -120 
mesh fines, larger spherical aggloraerates were prepared^ Utilizing four 
complete cycles in this nanner, -50 +70 Hesh green spheres were prepared 
with an overall yield of 28';l„ 

Although green agglomerate shapes were uniformly spherical, a significant 
percentage of the resulting sintered spheres (Figures li<,2 and 11,3) 
exhibited distortions thought to be caused by local green density variationsa 
In addition, doublet forraation due to particle-particle sintering was 
observed; this effect can be miniiidzed by using alternate pre-sintering 

(i) ffOHEG P-70, Progress Report, ••Development of Plutoniura-Bearing Fuel 
Materials"', p^ 73« 
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Table 11.,1 

Characteristics of PuO? Powder 
Used for Kechanical Sphere Forming 

Sample 
Designation 

297-PU-9 
Lot M 

Bulk 
Density 

gm/cc 

2.22 

Tap 
Density 

gBl/cC 

2o87 

Average 
Par t i c l e Size*, 

Biicrons 

%3 

Surface Area 
l# /ga 

6,6 

* Recaleined 



Figure 11.1 

Agglomerate-formed PuO^ Spheres Prior to Sintering 
(-70+120 mesh) 

Sample B-3-15 ÔX 

Agglomerate-formed PUO2 Spheres after Sintering 
(-70+120 mesh fraction) 

Sample B-3-15S 40X 
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Figure 11.3 

Agglomerate-formed Pup?. Spheres 
after Sintering 

Sample B-3-12S ^X 

6^ 
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conditions* The densities and sintering conditions of several representative 
samples are sunmarized in Table llo2o Information on a representative over­
size (-̂ 0 +50 mesh) fraction is also included for comparison^ The higher 
density obtained for Sample B-3-15 over that obtained for B-3-12 may be due 
to the effect of sintering in an oxidizing environment; therefore, direct 
comparisons on several samples will be Bade to clarify this effects 

Production of Spherical PUOQ by Plasma Torch 

"~" (Rr"Hnfor^) 
Since the last progress report was issued, considerable progress has been 
laade in the development of techniques to produce^spherical particles by 
the plasma torch <> During early trials on PUO2 , there had been an 
indication that a severe decrease ip particle size could be es^ected 
due to either poor therraal shoclk resistance of the PUO2 or to an un­
desirable characteristic of the standard feed aiechanisni which tended to 
pulverize the feed .particles prior to their introduction to the plasiaa 
flames Upon iHodification of the feed mechanisBi and subsequent spheroidization 
trials, it was concluded that the poor previous results had been due primarily 
to the method of feeding* 

Although modification of the feed system increased the yield of on-sized 
particlesI the operating efficiency as to number of spheres formed was 
unaffected when utilizing torch operating conditions siBiilar to those 
used for the original trials. Under these conditions, yields of on-size 
spherical particles were only about 25 to 30^» To increase the yields, 
a systematic study was initiated to determine the optimuisi feed materials 
and operating torch parameters» Ihile early.9^servations indicated the 
best feed material to be pre-rolled spheres^^^% continued investigation 
has shown that any type of feed material can be converted to a satis­
factory product by proper choice of torch current and gas flows« 

From an econoraical viewpoint, the most desirable type of feed raaterial 
would be previously unprocessed powders having a particle size near to 
the desired size of the final products The horaogeneous precipitation 
studies reported under Task 2,00 are directed towards this application^ 
Unsintered ceramic-grade powder would be too friable, and particle forming 
with subsequent sintering to at least 35 to 5^% o£ theoretical density 
would be required^ Crushing of high-fired, high-density pellets must 
be ruled out on economic grounds, since it has been Aown that a loss 
of ̂ 0 to 50^ results due to fines. 

(i) lUMEG F-90, Progress Report, "Development of Plutonitaa-Bearing Fuel 
Materials", pp.. 68 and 69o 

(ii) NUKEC F-90, Progress Report, "Development of Plutoniun-Bearing Fuel 
Materials", po 73« 
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Table 11.2 

Green and Sintered Densities 
of Spheroidized PuOg 

SaBiple 
limber 

B-3«12 

B-3-15 

B-.3-B 

Size Range 
(mesh) 

-50 +70 

-70 +120 

' Ji-o +50 

. . _ . J? _fi_ 

uensi c-y 
gra/cc* 

Green 

3o59 

3.63 

» 

Sintered 

608 

9o5 

8^3 

Sintering Conditions I 

Atraosphere 

M2-6'| H2 

Air 

l2 -^^ H2 

Maxo 
Tenip,°C 

1500 

1500 

1600 

Time a t 
KaxoTemp 

2 

2 

2 

* I^cnoxaetric method employing mercury 
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Subsequent spheroidization trials using sintered FUO2 aggloraerates as 
feed have resulted in attainment of a high density products The particular 
agglomerates utilized were formed by slug pressing unsintered FUO2 to low 
pressures, manual granulation through sieves about three sieve sizes larger 
than the desired end product, and furnace sintering for one hour at 15OO to 
l600°C« The measured density of this material was 85 to 90^ of theoretical; 
the density after plasraa torch fusion and spheroidization increased to about 92-
955̂ 0 Eepresentative cross-sections of material produced during these trials 
are shown in Figures 11»^-11„6„ As shown in Figure 11<,6, an appreciable 
increase in density has been realized over earlier trials? 90 to 95^ of 
these particles are completely fused, and essentially 100^ are spherical^ 
Continued refineiaents in torch operating paraiaeters and subsequent processing 
of the product should allow further improvement in density^ 
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F igure 1 1 . ^ 

Pu02 Spheroidized in the Plasma Torch 
Sintered Agglomerate Feed 

Neg. 37 200X 

Figure 11.5 

PuOg Spheroidized in the Plasma Torch 
Sintered Agglomerate Feed 

Neg, 38 200X 

Figure 11.6 

PUOQ Spheroidized in the Plasma Torch 
Sintered Agglomerate Feed 

and Improved Torch Parameters 
Neg. kO 200X 
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