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PROJECT AND FACILITY ADMINISTRATION

Task 1.00
K. H. Puechl

Sunmary of Developnent Activities

During this reporting period, continued strong effort has been placed on
the preparation and characterization of Pu0, and UOo-Puls uixtures.
Sintering trials and characterization of pellets have also been glven
emphasis, since this fabrication route will be used for the initial ir-
radition test samples. Effort has also continued on plasma torch production
of spherical Pu0Op particles as well as the metallic coating of oxide
naterials. Reactor physics studies have been continued in order to
determine the effect of cross section assuaptions on the calculated
behavior of plutoniun-fueled near-thermal reactor systens.

Puog has been prepared via the oxalate process using dilute plutonium
nitrate starting solutions in order to obtain information relative to
internal recycling of plutoniun-contained materials. The resulting PuO,
powders have been analyzed to determine thelr characteristics relative to
the pouwders normally produced. It has been found that the Pu0, produced
from the low plutonium concentration feed contains agglomerates that are
not readily broken down; in cowparison, PuQp produced from norual feed
concentration contains larger agglomerates, but these are readily dispersed
ultrasonically. In addition, it has been found that the surface area of
material produced fron the low concentration feed is less sensitive to the
hold tine at temperature during cazlcination,

The water titration method for detersining the total porosity of nowders
has now been satisfactorily adapted for use with Pu0,. Porosity deter-
riinations have been made on various samples of naterials produced in the
past.

A study of the rioisture pickup of Pubs powders during storage has been
coupleted. DEquilibrium moisture content for various huridities has been
determined as a function of the powder calcination tenperature (surface
area). It has been concluded that for most ceramic powders of interest,
the roisture piclkup problem with Puls will not be significantly different
from that encountered in the handling of ceramic-grade U0s,

Thermogravimetric studies performed on plutonium oxalate powders that had
been stored for various periods of time indicate that plutonium oxide de-
conposes at room teuperature. DIvidence of this decomposition has also been
verified by xz-ray erxamination. It is postulated that this room temperature
decornposition is probably due to alpha radiolysis or localized alpha

decay heat.
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Particle surface areas have been measured at various stages during thermal
decomposition of plutonium oyalateo 4 sudden rise in surface area has
been noted, starting at about 275 Cg it is concluded that this rise in
surface area is due to a breakdown in the crystallite structure caused

by fisgsures that oceurred during escape of decomposition gases.

A number of essentially production runs were carried out on UOp-Pul
mixtures in order to deteruine the degree of reprodueibility. A total

of thirteen 600 gm lots were prepared for the three corpositions

U05-0.5 w/o Puls, U0p-5.0 W/G Pui}o@ and U05-20 w/o Pu0p. Samples of

each lot vere subJ@cted to various physiecal and chemical tests, including
composition assay, trace analysis, o f*geﬁ/uran1Uh ratio, surface area,

and particle size., These rvesults indicate that reproducibility was satis-
factory.

Several prototype lab-scale experiuents have been carried out on UO, in
order to determine the feasibility of preparing directly dense, coarse
U05-Puls and Pulp pouders for use as feed for the plasma torch, mechanical
pacling, and swaging. The preparation routes euzanined include homogeneous
precipitation employing uranyl nitrate hexahydrate (UUH) and urea, uranyl
sulfate and urea, and UNI and armoniwma carbonate. The characteristics of
the resultant UOg products anpear to be sufficiently interesting to warrant
extension of this work to PuOs,

Development of analytical chenistry techniques for use with nlutoniun and
plutonivm-uraniuvn wixtures has been continued. A procedure for the poten-
tiometric titration of plutonium that is nore rapid than the previously
developed amperoumetric method has been satisfactorily utilized. In ad-
dition, studies have been initiated on the »nolarcgraphic determination of

oxygen~to-netal raticos in nlutonium-uranium oxide wmiztures., ZX-ray fluo-
rescence and gamia counting procedures have also been developed for assaying
low-level plutonium residues., Preliminary studies have been carried out on
alpha ray spectrometry on nlutonium and other transuranium elements.

During the fabrication of UO,-5 W‘O PuO» pellets by the cold press and
sintered ovrocedure, tvo phenomena rel&tlng to the firing process uere
observed. One phenomenon was fracturing of the sintered pellets and the
other was the appearance of a glassy coating on soue pellet surfaces,
These two effects may be interrelated and will be furfaer investigated.
Other sintering studies were performed to determire the possibility of
re-using fired pellet material as a portion of the pre-pressed powder
1ix. The results indicate that this orocedure is not satisfactory; a
number of oxidation.reduction cycles, as used in the recycling of U0y,
are probably necessary.

The two-phase eutectoid rmicrostructure observed in Pu0, pellets after
sintering in a nitrogen-A) hydrogen atmosphere has now been positively
identified as PuO, and cubic Puy0g. Assuming that the PuO, and Pus03 in

the eutectoid were formed from a single stable phase at the sintering
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temperature, the composition of the latter was calculated to be Puly aon.
Differential thermal analysis 1ndlcates that the eutectoid transformatidn
probably occurs between 600-700°C, The roll of residual carbon in the
decompogltlan and fusion of the PuOp has also been investigated further.
It has been concluded that the carbon is nrimarily responsible for the
observed fusion, probably due to the formation of an oxycarbide of plutonium
similar to that observed in the U-0.C system., DBxperiments indicate, however,
that the carbon is probably not responsible for the conversion of Pu0, to
P'U,203 °

Fabrication of rabbit test capsules for irradiation studies are now in
nrogress, The objective of these experiments will be to determine the
"thermal performance® of UOz-Pul, miztures relative to a U0y standard
sample, Initial capsules will be fabricated by the sintered pellet-in-
tube technique and will allow comparison between co-precipitated and
mechanically.mixed UO7-Pulp powders.

Spherical PuO, particles have now been produced with the plasma torch.
Good size and gpherlolfy’ecntrol was achieved using either crushed high-
fired pellets or pre-formed high-fired particles as feed material.
Srherical particles can be produced by total melting within the torch

or by melting just the surface. When total melting occurs, riost particles
contain & central void.

Spherical particles of PuOs have also been prepared by the use of a multi-
step process of drying, preg51nug granulation, sizing, shaping, and
sintering. In general, these particles are not as spherical as those
produced with the plasma torch, and they do not have the glassy fire-
polished finish, These particles have been successfully coated with an
“electroless® nickel coating up to 20 microns in thickness, and an electro-
lytic conper coaling up to 15 microns in thickness anplied over a 2-4 micron
"electroless™ nickel base coat. Ilectrolytic copper has also been applied
over a vacuum gvaporated 1-3 micron copper base coat; this coating did not
appear to be satlsfactOPyg however,

Reactor physics studies on near-thermal plutoniuwm-fueled systems have been
continued 1o determine the sensitivity of the results to changes in the
effective cross sections of the various isolopes. These studies were
initiated in crder to verify the optimdistic conclusions with regard to
plutonium wtilization arrived alt previously, BResults to date generally
verify the initial corclusions. liore of ihe materials development effort
will, therefore, be divected in the directions indicated by these studies.
Two papers having the titles %The Potential of Plutonium as a Fuel in Near-
Thernal Converter Reactors® and ¥The Potential of Plutonium as a Fuel in
Hear-Thermal Burner Reauvtors® which cover the initial physics work on these
systems will be published in the February 1962 issue of Nuclear Science

and Hngineering.
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General Plant Operations

Two more glove boxes have been coupletely outfitted and have passed leak-
testing specifications, These are the corrosion test box (vhich also
includes an area for electron wicroscope sarple replication) and the de-
contamination box., In addition, the welding box is in the final stages
of outfitting, and work has started on equipment installation in the alpha
boxes required for post-irradiation examination,

The causes of the previous sintering furnace failures have been ascertained.
In one case, a low melting impurity had accidentally been in contact with
the nolybdenum windings. In the other case, two adjacent windings were in
contact, causing a localized hot spot and meliing of the alumina muffle.
3oth furnaces have been reactivated during this quariter, and they have

been operating satisfactorily.

Since the last report period, 33 additional gloves have failed and have been

successfully changed without any evidence of alpha contamination external to
the glove boxes. Glove-changing is now a completely routine operation.

L
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PREPARATION AND CHARACTERIZATION OF FUEL MATERIALS

Task 2.00
C. Se Caldwell 0. Menis

Plutonium Oxide Preparation
via Oxalate Process and Resultant Powder Characterization
(Co 8, Caldwell, R. J. Atkins, A. Biancheria, G. Ehrlich,
J. Goodman, H. Krake)

During this reporting period, Pu0, was prepared via the oxalate process

using dilute plutonium nitrate starting solutions in order to obtain infor-
mation relative to internal recycling of plutonium-contained materials,

The resulting PuQ, powders were analyzed to determine their characteristics
relative to those of powders normally produced. In addition, characterization
of previously produced powders was continued. Also, the simple method for
determining total porosity previously described has now been extended to

Pu0p samples.

Studies have also been continued in order to give a better understanding
of the oxalate process. Specifically, weight pickup during storage of
Pu0, powders has been investigated. Further, thermogravimetric studies
have been carried out to study the oxalate decomposition, and variations
in particle surface area and size have been measured at a number of stages
during oxalate thermal decomposition.

Preparation of Pu02 via Oxalate Process

Preparation of PuQ, via the oxalate process from dilute plutonium nitrate
starting solutions has yielded information of interest for the processing
of plutonium recycle streams where no intermediate concentrating step is
planned., Processing conditions for two continuous runs and one batch run
are surmarized in Table 2.1.

PuO, Powder Characterization

Characterization of pr?y%ously produced PuD, powder, designated 297-Pu-9,
Lots I, II, III and IV‘*/ has been continued., Similar characteristics
have also been measured on materials produced from low plutonium concen-
tration feed (Samples 297-Pu-11A, 11B, and 12B; see Table 2.1). The
resulting characterization data are shown in Table 2.2.

(i) NUMEC P-80, Progress Report, "Development of Plutonium-Bearing Fuel
Materials®, page 10.
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Table 2.1

Swamary of Process Conditions Used

During Preparation of Pu0s from Dilute Plutonium Nitrate Solutions

Sample Identification 297 -Pu-114 | 297-Pu-11B | 267-Pu-12B
Precipitation Conditions
HMethod Continuwous | Continuous Batch
Terperature, °C 35 35 55
Feed Cowmpositions 20 12 10.5
g Pufliter
aY, Lolarity 3 3 3
Strike Solution Composition
HoCs0p, holarity 1.0 1,0 1,0
Uy02, lolarity 0.8 0.8 0.8
Precipitation Average
Holdup, ninutes 23 20 -
Total Humber Throughputs 15.5 24,2 -
Drying Temperature, °C 160 180 180
Furnace Conversion Conditions
Temperature, °C 760 7650 350
Time, minutes 30 30 15




Table 2.2

Powder Characteristics of Various Pu02 Samples
. . B.E.T 1168:.A. 50, Particle Size
Feed Calcination | puiy Tap | Alr.Permeability | o p o microns
Samnle Cornosition g : Density [ Densaty | Avg. Diameter, Disper sed Dispersed
) Term Tire . Axea h .
gn Pufliter| “on mn | ev/ce gi/cc iierons 12fgn |0 Burrell |in Ultrasonic
. L _ _ _Shaker Field
297 -Pu-9-Lot 1 100 760 30 1.97 2.62 2.42 3.4 5ok 3.1
297 -Pu-9-Lot 2 100 750 30 1.76 2.30 2.57 5ok 10.1 3.2
350 30 1,01 1.25 1.63 L3 106 b6
297-Pu-9-Lot 3 100
+760 30 bo1
207-Pu~-9-Lot & 160 760 17 2,00 2,31 3:55 745 2.4 R
760 30 2.26 2,80 2,58 €3 5:2 5.0
297=-Pu-114A 20
+760 30 5.1
297 -Pu-11B 12.5 750 30 2.26 2.7% 2425 7.15 5.7 L6
297 -Pu-12B 10.5 350 15 1.75 2. 14 2.70 52

06-d 0Tl
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A comparison of the measured surface areas for samples 9-Lot I and Lot II
(held for 30 minutes at 760°C) with Lot IV (held for 17 minutes at 760°C)
indicates that the surface area for this material derived from a 100 gm/liter
feed solution is sensitive to the hold time %t a calcination temperature of
760°¢, Specifically, the surface area 7.5 M gm at a hold time of 17 minutes
decreases to 3.4-5.4 M /gm at a hold time of 30 minutes. This sensitivity

is substantiated by all pertinent data obtained earlier and reported in
previous progress reports. In comparison, the surface area of PuO, produced
from low eoncentraflon feed solution seems to be less sensitive to hold

time at 760°C, Specifically, the powder from Sample 11A held for 30 minutes
at 760 C was found to have a surface area of 8,3 M /gm, while after re-
calecination at the same temperature for an additional 30 minutes the surface
area remained quite high at 6.1 M%/gn.

The particle size data obtained with the Mine Safety centrifuge also show
another difference between powders prepared from different plutonium concen-
trations in the feed solution. Hore complete data than presented in Table 2.2
are shown in Figures 2.1 and 2.2. These data show that the powders prepared
from the 100 gm/liter feed solutions contain larger agglomerates but that
these are more readily broken down than those prepared from the more dilute
feed. The relatively large particle size associated with the low feed
concentration product even after ultrasonic dispersion may be an indication
of possible poor reproducibility in subsequent fabrication operations,

From the results shown in Table 2.2 and those reported previously on powders
prepared from normal (100 gm/llter) feed concentration, one can deduce an
average variation of surface area with hold time at ?600C0 This is shown
in Figure 2.3. It is seen that over the range of 5 to 30 minutes hold time,
the surface area decreases in essentially a linear fashion.

The water iitration met%o? for determining the total porosity of powders

as previously described has now been adapted for use with Pul,. Porosity
determinations on three samples (297-Pu-9-Lot III, 297-Pu-4 and EQ?wPuOS)
have been made. BExcellent reproducibility was obtained. The results on
Sample 9-Lot III are shown as a function of hold time at 760°C in Figure 2.3,
It is seen thereon that the porosity variation with hold time is similar to
the associated variation in surface area, Resulis on the other two samples
are presented in Figure 2.4 as a function of the calcination temperature.

It 1s seen that the total porosity rises with calcination temperature to
560 C and then drops off ra.pldly0 This variation is appreciably different
from the associated variation in surfaee area which had previously be?n
shown to remain nearly constant to 490°C and then fall of llnearly(

(i) NUMEC ngﬁq Progress Report, "Development of Plutonium-Bearing Fuel

Haterlals@ pages 22.
(1i) IMEC P-80, Progress Report, "Development of Plutoniwm-Bearing Fuel
Iaterlais“, page 1k,

<o
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In our early experimental work with Pu02 powders of high surface area, it
was noticed that large changes in sample weight occurred during storage,
and it was suspected that most, if not all, of this effect was due to
moisture absorption from the ambient air lao In order to establish the
limits of moisture pickup to be expected with PuO, powders of different
surface area under various envirommental humidity conditions, a series of
carefully-dried powder samples were exposed to controlled conditions in
the range of 33 to 97% relative humidity at room temperature for periods
up to 300 hours.

For these experiments, 297.Pu-4 powders were utilized. Preparation and
characterization data for these waterials have been presented in previous
Quarterly Progress Reports,

Three sets of Pu0p powder samples caleined at 350, 490, and ?6000 were dried
to constant weight and placed in constant humidity chambers. Relative
humidities of 33, 53, 76, and 979 were cbtained by the use of saturated
solutions of Mg012“65209 Mg(N03)2°6H20, HaCl, and K250y, respectively.

The associated weight gain data as s function of time are presented in
Figures 2.5-2.8. In the humidity range between 33 and 76%, 90p of the
equilibrium moisture was picked up within 6 to 12 hours. At 97% relative
humidity, the samples continued to gain weight up to 100 hours, with 90}
of equilibrium being attained, in most cases, within 50 hours. The un-
expected weight decreases observed at 97, relative humidity (Figure 2.6)
after 115 hours exposure are being checked by repsating the measurements
at several points,

The equilibrium moisture contents as a function of relative humidity are
shown in Figure 2.9; the strong effect of caleination history is illustrated.
Within the mid-range of humdity (33-53%), tge equilibrium moisture content
of the powder prepared by calcination at 760 C 1s relatively insensitive to
humiditys an equilibrium moisture level of 0.1 to 0.154 waszobt ined in

this range. Since the powder has a surface area of 10-12 M“/gn‘*1/, and
considering that the surface areas of most powders to be used in ceramic
fuel fabrication will probably fall below this range, the PuQp moisture
pickup problem is expected to be not appreciably different from that
encountered 1n the handling of ceramic-grade U0z,

The variation of the eguilibrium moisture content with powder caleination
temperature is shown in Figure 2,10, A nearly linear relationship is
illustrated in the low to medium relative humidity range. In this humidity

(i) NUMEC P-60, Progress Report, "Development of Plutonium-Bearing Fuel
Materials™, page 22.

(1i) NUEC P-80, Progress Report, "Development of Plutonium-Bearing Fuel
Laterials®, page 12,
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range. the equilibrium moiswure content seems to vary directly as the powder
surface area; 1.e., the surface area decreases by about a factor of 5 over
the calcination temperature range 350 to 760°C, and the equilibrium moisture
content likewise decreasec by roughly the same magnitude. In the high
humidaty range where condensation effects in large capillaries can be
expected, the variation in equilibriun moisture content with powder cal-
cination terperature is somewhat less prorounced.

Thernogravimetric Studies on the Deconpesition of Plutonium Oxalate

Thermogravimetric studies on the decomposition of plutonium oxalate,

Pu(CZO )., have been continued to gain further understanding of the process
chemistry and to aid in the optimization of processing conditions. The
results obtained during this repcrring period are shown in Figures 2,11
through 2,14. In all cases a heating rate of 6°C/min and a flow rate of

2 SCFH were ewployed.

Previous dafa(l) indicated that a gradusl decomposition of the oxalate
seems to occur during storage at room temperature. This postulated de-
composition was further investipgated by performing thermogravimetric
analyses on i1dentical samples after varying storage periods. Figure 2.11
shows a comparison of the decompesition curves obtained in alr on two
different days using Somple 297-Pu-0x.9-Lot I, The curves dated 10-9-61
shows a definite decomposition sﬁage between 150 and 250°C (the initial
welght decrease between 50 and 130°( was assumed to be due to loss of water)
and the weight after drying, taken ar 150°C when compared to the final
Pu0, weight indicates that the oxalatre was 5, decomposed. On the other
hand the curve dated 10-27 61 does ror chow a definite decomposition
stage 1n this temperarure range and the weight after drying indicates
that the oxalate was 17/ decompcsed., Similar resulis were obtained in a
nitrogen aitmosphere. Specifically in Figure 2,12 are shown the data
obtained on 10-20.61, This curve dozs no: show the low temperature de-
composition stage reported prev1ously(1l)for tre same material analyzed
earlier. Analysis of the later measarements indicates that the oxalate
was 19} decomposed after drying. This is in essential agreement with the
results obtained in air. Datra on two sarples of freshly-formed oxalate
were also cbtained in osrder to determine 1f the weight loss after drying
is consistent with the formalas PU(CZGQ)za These data are shown in Figures
2,13 and 2 14, The results anaicate that anhydrous Pu(C,0 )2 is indeed
the stable compound foried efter the drying period; agreement with this
interpretatior is withain 0.3, for Sample 207-Pu-0X 11A and within 1.7
for Sarple 297_.Pu.-0X{.123.

(1) LUMEC P-80, Progress Report. "Develcprment of Plutonium-Bearing Fuel
Laterials®, D& 15>

(15) IWEC P30 Progress deport %De.elopmen* of Plutoniwi-Bearing Fuel
Laterzais". page 17.
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Further evidence that decomposition oceurs at room temperature was obtained
by x-ray examipratiorn. Faint but definite Pu0, lines were observed on
10-20-61 in the diffraction pattern for an aged Sample 297-Pu-0X-9-Lot I
showing that some couplete degradation haa occurred. For the {resh oxalate
samples. 297-Pu-0f{-11A and 12B. nc Puon was detected. When re-examined at
a later date (46 days later for 114 and 21 days later for 12B), the presence
of PuOp still could nct be observed, but the "oxalate® diffraction lines
were now much mcre diffvsed. and some of the fainter lines had disappeared.
These samples will be re.examined periodically to determine if any further
changes are occurring.

This rocom temperature dscompositicn is srxtributed to « -radiolysis or
localized & ~decay heat, Chemical instability. as such at room tem-
perature does not appeas plesusible ir view of *he fact that PuOp lines
were detected in the x-ray pattern of ar vnheated Sdﬁple while the thermo-
gravimetric data on freshly-fcrmed oxalate (Figures 2,13 and 2.14) show
the formation of a s*able irterusarate.

The availsble data s uot sufificient to assign a definite mode of de-
compesition {or plutonium oxaliate Howewer. the two stage reaction (after
drying) for the iresr oxalate samples srrongly suggest thar the reactions
Pu(C Og%)z-%—Pu(GO Yo = 2004 and Pu(GOa) —=Pu0, + 200, 4 play a rajor
role., Analysis on tﬁl& basis yieided for~Saple 11A, Figore 2,13, an
observed CO loss of !k mg zomparea to a calculated value of (1.4 mg and

an observed C0, loss of 15 mg compared to a calculated value of 17.9 ng.
Jarple 12.B Fl?mVG 2.18; yielded an cbscrved CO loss of 13 mg compared to
a calculated value of 15,9 mg and an chserved CO, loss of 26 ng compared to
a calculated value of 25 ng. While this constitutes lair agreement, further
confirmation, such as the analysis of the off gases, 1s required in order
to assign a defirite decouwposition route.

Surface Area and Particle 3ize Changes During Thermal Deconposition of
Plutoniun Oxslate

In order to investigate the origin of the high surface areas observed for
several Pulp samples. surface aies tieasurements have been carried out on
plutoniun oxalate samples during waricus stages of thermal dﬁcomp031t10no
Resuits on Sample 207.Pu. O{.2-Lot IT vere reported earllef . At 2?500
these data showed o svdden rise ip tolral awailable surface area. To
confirm this ifrend. neasurements werc rensated using Sample 297-Pu-0X-11A
prepared from dilute platonzum nitrate feed. The resulting surface areas
based on the weight of the final Pul, povder are shown in Figure 2,15 as
a function of the calcination temperature., It is to be noted that the
variation of available surface area with caleinstion temperature is similar
to that obtaired pieviovsly., Evidence that this variation also occcurs in
the conversion of ADU o UOs; has been cbtained in other related studies
reported ir o later se.vice of thas report,

(i) HNUIEC P-80. Progress Repcrt., "Development of Plutonium-Bearing Fuel

laterials® page 16. g
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The sudden rise in surface area at about 275OC ig attributed to a breakdown
in the crystallite structure caused by the many fissures that occur during
crystal scructure changes and during sescape of decompaﬁiTlon gases, However,
preliminary air-permeability average particle size measurements suggest

that degrasdation of primary particles and agglomerates may also occur during
caleination, These data are summarized in Table 2.3, If such a degradation
in particle size occuss, it is expected that the heating rate employed
during caleination (¢r the atmosphere employed as 1t affects the decom-
position rate) would contribute to the final Pul, particle characteristics.
Investigations of the precursor oxalate pariicle size are being continued
in order to further 1llucidate on the physical decomposition mechanisi,

Such data will provide a basrs for deterruning proper process control and
quality control methods.

Preparaticn and Characrerization of ixed Plutonium Uranium Oxides
(A, Biancheria, ¢ TEhrlicn., B, E. Garcia, J. Goodman

R. A. Jaroszeska I, Hrake, P. Rey)

During this period. a nunber of essentially, production runs were carried
out on these U0,,-Pul, mixtures in order to determine the degree of repro-
ducibility, Thé developed data will make subsequent irradiation tests much
wore meaningful and 1f later desirable, reproducible,

Two lots of U0,-5 w/o Pu0, and nine lots of Eﬂzaﬁop w/o Pu0, powder were
prepared by contlnuou@ coTpreciprtation of amidnium diuvranafe-plotonium
hydroxide from urenium-plutonium nitrate solution followed by the standard
operations of filitvation washing drying reduction, and hammer.milling.
In additaon, twe lo*s oi U0,.20 w/o Puly, were siralerly prepared with the
only variable beiween these lots being The use of dilubte or concentrated
armmonia as the precipitant since esrlier studies had indicated that this
variable exerted sn influenrce on the heat sensitivity of the product during
reduction., The purpose of these runs was to prepare material for pellet
fabrication by cold pressing and sintering and to determine process re-
producibility in multiple runs, particularly in regard to final powder
surface area., particle size distributicn. and other physical characteristics.
?he total yield of oxade prepased was 7 800 gn with each lot comprising

500 gm.

The U-Pu nitrate feed soiutions were prepared by mixaing appropriate amounts
of the constrtuent stock sclutions and daluting to the desired concentration.
The cowpositions were controllea within pomiral Ilawmits of 0.5 + 0.1,

5 4+ 0,5, and 20 + 0.2 w/o Pu02.

For the two low Pu concentrations, sepaiate streans of U-Pu feed solution

and concentrated NIl OH were introducea 1nic a h.liter precipitator con-
taining a stiyred l?GO nl water "beer®, For the 200 concentration. no
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Table 2.3
Aiy Permeability Average Particle Dize
(microns)
Sample Calcination \
Idenéificatlon Tempgrature Pu(Czoh)g Pu0,
= ¢ =mﬁm
207 Pu-fi.Lot IT 760 11.6 2.6
2097 -Pu-2=Lot IIT 350 14,6 1.6
207 -Pu-2.Lot IV 760 €.3 3.6
297.Pu-114 760 10.6 2.3
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heel was used. The composition in the reactor thus changed continuously

and approached steady state during each run. HNH,O0H was added in calculated
excess so that the liguor in the precipitating chamber was slightly basic.
Under these conditions the formation of ADU and Pu(OH)h was almost instan-
taneous. The resulting slurry was moderately viscous and was easily agitated
by the turbine-type stirrer. The temperature of the slurry was maintained
at 5500 by cireulating heated water through a 3 £t spiral of % in 0.D, stain-
less steel tubing immersed in the slurry. Slurry volume was maintained
constant by periocdically withdrawing slurry from the chamber and drawing

it into a porous stainless steel filter cannister. In all cases, the solids
separation was very good; in relatively few cases a small amount of solids
wag drawn through the cannister walls, but this was of short duration and
caused negligible loss., The waste liquor was collected in tanks prior to
disposal., At the completion of the run, the filter cannisters were flushed
with water, aspirated for a few minutes and air-dried at 200°C overnight.

A complete summary of processing conditions for each of the eleven runs is
given in Table 2.4. Average residence time was calculated from the feed
rates in the precipitator.

The filtrate was checked periodically during each run and was found to have
an average pll of 9 + 0,5, Under these conditions, the precipitation is
essentially complete. The waste liquor was checked for Pu content by a

Y - counting procedure and was found to contain 5-20 mg Pu/l for all runs.

After overnight air drying, the cecntents of the filter cannisters were
weighed and transferred to an inconel furnace flask, The oven~dried
material was reduced 1n an atmosphere of Ng»é% Hs. The reduction cycle
involved bringing the furnace temperature from ambient to about 740°C in
one hour, holding at about 740°C for one hour and fifty minutes, cooling
from about 740°C to ambient in one hour, and finally allowing the material
to cool in the reducing gas atmosphere at room temperature for 20 hours.

After reduction, the UO,-Pul, granules were converted to a uniform powder
by hammer-milling., Bach batcéh of material was separately milled. Less
than 19 weight loss was experienced on hammer-milling these materials,
including cleanup.

Samples of each lot were submitted for various physical and chemical tests
including composition assay, trace analysis, oxygen/uranium ratio, surface
area and particle size. The results of the chemical analyses are given in
Table Zago The results of the various physical measurements are given in
Table 2.0,

Average physical preperty measurements and percentage deviations calculated
from the nine replicate data sets (Lots BlA through B2D) lead to the
following conclusionss
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Table 2.4

Sumary of Conversion Processing Data

Coprecinitated UOzaPuOZ Haterials

871-Bla

871-B2A

Sar -3 £3 3 - - =Pl 7 P
Sarmle Identification 871-A1 ~ 87142 thra BIE | thew 52D 297-Pu E? 2,743u 13

Precipitation Conditions

Liethod Continuous | Continuous| Continuoug{ Continucus, Continoous| Continuocus

Tewperature, °C 55 55 55 55 b5 55
Feed Composition

gm Pu/liter 6.2 567 0.5 0.5 20 28§

gmU/liter 116.0 99,0 100 100 80 112

g+, molarity 1,17 1,0 1.0 1,0 1,0 1,0
Feed Flow Rate, liters/hr 1.2 1.2 1.2 1,2 0.73 1.2
Precipitant Composition

NHy,0d, molarity 4.5 14,5 14,5 14,5 3.5 k.5
Precipitant Flow Rate, 0,33 0.33 0.33 0,33 0,57 0.3

liters/hr
Precipitation Average 30 67 Y 67 36 70
ifoldup, ninutes

Total Humber Throughputs 10.2 4,5 L5 4.5 i3 .5
Drying Temperature, °c 200 200 200 200 180 200
Furnace Conversion Conditions

Reduction Temperature, 7H0+5 740+5 7h0+5 740+5 740 to 860°CF 755+5

Aeduction Time, minutes 110 110 110 110 70 80

Gas Atmosphere

Np-6p Hy

Hoe6)5 Ho

ﬁzméﬁ )

-7 .
lp-65 i,

332@5;3 A,

~d OUI0H

Qa
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Table 2.5

Surmary of Analvtical Data
co=precipitated UO»-Pul» laterials
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So ., :‘a e I Ty - ¥ wad e
‘_a.a,mplei ) U0 5 Pu0s . . saectro raphic Irace Anslysis - _ .
Designation e 3 Cd | i W Al P ile 1 5n § Cu | Po i Cr § Sa lio v
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4 @Q bt 4 i 2(} i i £ 3 § % 1] il 5; % kil
1 50 ki @ 2 5 §8 %4 £ e % k] 9% § 8 %
i 56 6 £ 1 L‘; " ki ] % [ 3 % ® 4 5 2 1)
i 5@ §8 %% i g‘) 9% % 2 1] 50 i) A+ 124 ‘;? 5 3 §3
1 5{} ] i if\”) i1 14 L1 8 i ¥ % % 5 0 (i
i G G £ 1 1 G £ %9 52 £ = 4 ki £ 5 # £
1 6 O &t 3] 10 [} L] 1] kil 2% % e k] 5 ] %
100 [t ] 1 5 1 # " 1 5 " ] " 5 1] ®

of




Table 2.0

Surmary of Physical Powder Characteristics

Co=precipitated UO,-Pul- liaterials

. : s BeleTe 7 .. Screen
- P , Bulk Tap Air-Perieability 50,0 1554, e
Sarmple » | Density | Density Avg. Diameter | Surface Ip.iticle Sigexx Analysis
Designation| U0, | PuOp on/ /e ierons ea, rHiorons w/o Greater
AN gy ec 17/ s than 74 udcrons
071-41 95,241 4,76 0.74 1.56 0.40 561 0.0 L2
O71-42 95,451 4,55 1.,20% 1,85 A0 700 0.50 L2
U71-BilA D941 0,57 0.70 2,08 0.40 5.5 0.0 <2
©71-B1B 99.5] 0,54 0.71 2.0) 0.39 L7 0.5 <2
£71-81C 2751 0.52 1.42% 2:23 0.39 L,7 0.7 5
671-B1D 99.5] 0.49 G.60 2.00 0.39 5.2 0.6 25
&71-B1E 9G.51 0,49 0.72 2,18 0.30 Lo2 0.5 8
O71-B24 20,51 046 0,59 1.83 0.35 563 0.8 i2
G71-B2B 2941 0.55 0,50 2,00 053 5.5 1.0 26
871-82C 20,51 0,40 0,67 2.12 0.4l 4,3 0.7 12
871-B2D 09,51 040 0.73 1.070 0.43 52 0,05 s
Average 0,76+0,11] 2.04+40.14 0.40+0.02 5+240,7 0,71+0,18
297-Pu-10(a) 20 1.82 2.2 b6 12.8
297=Pu-10(b) 20 12.2
297-Pu-10(c) 20 12.4
207 -Pu-10(d) 20 8.2
297 cPu1 3% 20 1.29 O.l2 7025 0.71

* Verified by repeat measurement.
% Fzcluding particles of diameter > 74 wicrons,

Hammermilled.

Pt R [N

[
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a) Tap density variations from lot to lot averaged only 375
while buik density variations were twice as high.

b) Air-permeability particle size varied iﬁ% from the
average.

e¢) Surface area variations avteraged iih% from lot to lot.
(Approximately half this variation may be attributed
to experimental ervor,!

The moderately low lot-to-lot property variations observed here indicate
that adequate control of process conditions involving particle agglomerate
characteristics (wet operations) and totzl surface area (furnace treatment)
can be maintained during small-lot process development trials,

Examination of the tabulated data for the U0,-20 w/o Pu0, materials shows
clearly that Lot 297-Pu-10, prepared wi*h dilute ammonia, is distinctively
different from Lot 297-Pu-13, prepared with concentrated smmonia, These
data provide further evidence of the effects of reactant concentration on
pr?@yct svrface area., as first seen couparatively between Lot 297-Pu-6 and
~7\1), Reproducibility of product properties as prepared from concentrated
amaonia appears to be good as can be seen by comparing the surface area
of Sample 297-Pu-13 (7.25 M2/gn) wth the sarlier 33;&%@ 297.Pu-6 prepared.
under the same conditions (7.1 1igm reported earlier‘’/), Further data on
297_Pu-6 material shows the infiuence of reduction temperature on surface
area, These data are presented in Figure 2,163 alsc shown thereon are
similar data for dilute ammonia preparaticns. In contrast, it is to be
noted that a temperature in excess of 050°C is required to initiate loss
of surface area in mixed oxide material prepared with dilute ammonia.

By incorporation of the data developed during this period with pertinent
results developed previcusly using the dilute asmonia process, one can
ascertain the influence of oxide composition on the surface area. This
variation is shown in Fagure 2.17. Addation of plutonium results in an
almost linear increase in surface area. In this effect, the property
influence of ammonia concentration is reversed, and one finds that mixed
oxides prepared by co-precipitation with concentrated ammonia have a final
surface area (range 6-8 ¥*/gm) which is relatively insensitive to plutonium
concentration, due primarily to a leveling.ovt effect (i.e., reduction in
surface area) which occurs during exposure to the 740°C environment during
reduction. The firal surface area can, of course, be controlled by the
correct choice of furnace temperature in this case.

(i) NUMEC P-80, Progress Report, "Development of Plutonium-Bearing Fuel
Materials®™, page Z1.
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Preparation and Characterization
of High Density Granular Oxide Powders
(G. Ehrizch, A. Biancheria, J. Goodman, J. Miles)

As part of a program for the direct preparation of dense, coarse UDp-PuO,
and Pu0y powders for use as mechanical packing, swaging or plasma torch
feed, several prototype preparations of U0s; have been examined, The data
and methods developed from these leb scale experiments will be applied to
the glove box preparstion of powders confaining Pu0s. The preparation
routes examined include homogeneous precipitation employing uranyl nitrate
hexahydrate (UNH) and vrea wuranyl sultate and urea, and UNH and ammonium
carbonate, The direct precipitetior of wuranium(IV)oxalate was also gfaminedo
Processaing condirtions for foar UNH.urea runs were presented &arller(l H
similar data for samples prepared durairg +vhis repor*ing period are presented
in Table 2.7, Precurser pouder chavacteristics produced under these
conditions are presented in Table 2.3,

The effect of preparation conditiors partvicularly reacrant concentrations
and drying temperatuie, upon the prepeyr-ies of the intermediate ADU is
seen to be significant for material precipitated by the hydrolysis of
urea, Comparisor. of characterizartion data from ADU samples, 1405, 1406,
1411, 1412, 1423 and 1h1h shows that remarkably high ADU tap densaties
resulted from use of high rzac*art ccicentrations. Drying at 95°C produced
a higher ADU dereity thar drying a* 25°C. The low ADU surface areas

(0,12 and 0,07 legm respzetivaly) cocrespond to equivalent sphere di-
ameters of 9 and 15 micrens respeciively, for samples 1414 and 1413,

The close agreement between these derised particle diameters. the air-
permeability average diameters and wmicrvcscopically-measured diameters,
correlates well with the high cbzersed 12p density of these materials,

The U02 derived frowm sampie (413 by reduction for 1 hour at 740°C (shown
in Figure 2.18) accordangly hed high buik density (3.2 gm/cc) together
with high surface srea. The effects of bigh-fiying with regard to further
dersification will be studied shortly

Cheracterizatirn data for the UOQ., samples prepared by these metheds are
summarized in Table 2,9, With tge exception of sample 1415, a coarse
particie size, as determained by the Mire Safetly Appliance method, was
obtained. The high surface areas. however, indicate that these U0y
particles have a considerable degree of fine pore structure, Comparison
of the surface areas of the precorsor pouders with the corresponding Uqu
Table 2.10 shows that this fine pore structure originates in the conversion
step, A similar phecnmencon was observed 1n the conversion of plutonium
cxalate and was discusseq 1n a previcas sectzon of this report.

(1) MNUEC P-80 Progress Repor~. “leweicpment of Plutoraium-Bearing Fuel
Laterrals® page 29,
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Figure 2,18 Figure 2.19
Granular U0, Granular U0,

(150X) Sample 1413 (350X) Sample 1420
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Procegs Conditions

Table 2.7

Granalar Oxide Preparation Routes

Experiment Number 19.4.8 19.9.2 19-15-36

Sanple Number 1400 k15 1420
Uranium Starting Solution [ UHH U0,50;,
Uranium Concentration, 11 0.5 0.5 0.5
Precipitant HoC o0y (ﬁH@)QCGB (111,) 5CO
Precipitant Concentration, Y 7.5(505 L3) 2.0 765
Precipitant Addition Time, hrs rapid 1 rapid
Reaction Temperature, QC ~100 ~100 ~100
Reaction Time, hours 1 1 16
pH of lLother Liguor ~7
Drying Temperature, °C 20 05 100
Drying Time, hours 2 16 2
Reduction Temperature, OC 740 740 740
Reduction Time, hours i 1 1
Furnace Atmosphere Np-G I, Hp-6% Hy | Hp=65 Hp
Batch Size, gn U 50 50 50

37




Table 2.8

Powder Characteristics of Precursor
Gramular Oxide Prevaration Routes

Sariol P b N Drying Bulk Tap Average** Surface

ii;iei regi;ielon T;;édltlnge Density | Density | Particle Diameter Ayea.

Jugsied ; 1 &l 3 6o
1405 Uil + (SHE)QCG* 25 2h 1.25 1.37 7.5 1.17
1409 §62(§G3)2 + HQCQO& a0 2 0,59 1.02 0.48
1411 Ul + (H52)2C0* 25 24 1.32 1,67 73 0,67
1412 UlH + (Eﬁg)g@@* 65 24 1.34 1.65 5,8 1,12
1413 UHH + (Eﬁz)zcﬁ* 25 24 1.95 2,16 15,2 0,07
1k UNH + (MHp) 2C0% 95 16 2.36 2.46 17,0 0,12
1415 UNH + (%5?%4)20{33 a5 16 3.62
1420 UOzsﬁk + (EHQ)QCO 160 2 1.54 1.90 11,0 0.95

8¢

*  Preparation described in HULDC P-80, page 29.
*%  Air-permeability method.

00~d DTN



Table 2.9

Characteristics of UO? Pouders

Granular Oxide Preparation Routes

p % Conversion* Bulk Tap %verag;** Surface F5Gﬁ**$ /
Sample | Preparation ) . . r article oy Particle ;| O/U hrsi :
Hunber Route Te&pgzatufe gig?éty Dig72§j Diameter | .. ?i? Jize Ratio Physical Appearance
v ghjec = microns A wicrons
1405 | Ul + Urea 540 - 1.Ch 355 9.6 37 - liixture of spherical and
irregular granules.
1405 | UHI + Urea 740 ~ - 3.5 - L1 - Hizture of spherical and
irregular granules,
1406 | UNI + Urea 540 - 2,02 5.1 6,0 50 2,16 | Lixture of spherical and
irregular granules.,
1406 | UNH + Urea 740 - 2,05 5.0 7.1 5 2,10 | Hixture of spherical and
irregular granules,
1409 UOZ(HO )2 + 740 0.66 1.27 3.1 12.6 11 2.45 | Heedle-like crystals
Oxalic Acid {length 1513047)
1413 | UM + Urea 740 - 3.2 E.0 14,3 23 2,23 | Smooth, nodular granules,
<5G/L(
1415 | U + 740 0.86 1,40 0.73 b.5 1.0 2,16 | Irregular rounded
(EH4)2C03 granules, fuzzy surfacc.
1420 | U050y, + 740 1.74 2,03 6.3 L8 2.2 Snocoth rounded granules
Urea and spheress<:120,y
_ _F Two hours at temperature, 6,5 Mo-04) o

e

ok

wRR

Adlr-perneablility method.

Sedinentation method, shaker dispersion,

i

=
td

t

06~d DU
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Table 2,10

Comparison ol Surface Areas of U02
with Precursor Pouders

Sample Surface Area Ezlgm
Humber ?recursar; L Precursor U0,
1405 A.D.U, 1.2 2.6
1409 Uraniuvm Oxalate 0,48 12,5
1413 A.D.U, 0,07 14,3
1415 A.D.U, 3,62 L,3
1420 ADUU, 0,95 1,8




NUKEC P-90

The physical appearance of the granulay U$q prodacts, taken together with
physical data from Table 2,9 shows. for evaurie, that sample 1413 1s composed
primarily of partisily densified. sirongly.-bound agglomerates, while samples
1405 and 1406 are ccmposed of Larger, lese densified agglomerates. Samples
1415 ADU ard UOs. precipifated by hydrolyeis of armoniun carbonate, rather
than urea, were composed of "enowbali® agglomerates up to 250 microns in. dia.,
which appear weakly bonded togerher, as evidenced by the 1.0 micrcn average
sedimentatior particle size ard 0.7 micron average alr permeability particle
size, Sample 1420 {shoun in Figore 2,19) cortained previously strongly-bound,
large agglomerares, OSample 1409, represenving a different class of material,
consisted of separa*e nzeale iike crystals. whose average dimensions, as
determined bty microsz-opy. torresponded with the aly.permeabiilty average
dismeter,

A glove box 1s preservly belong equapped 1¢ allow extension of this effort
to Pﬁo;\)zUG? and PMDEQ

Araiy acal Chewmistyy
{0, ienis, We Judo. Es E. Garcaa
P. Rey. Re &, Jarcizeslki)

The analyvica. stwvdies during thz pasi quarter incliuvdsed the developmernt of
procedures for te riometric tntration of pletoniem, the iritiation of
studies of the polarographic de*ewmararion of oxyger. te metal ratio in
plutonivm uranium oxmde matores, the aleptayron of x.ray fliorescence
and pamma counting 1o low leével Diuldrlum (8ildse avalysis and the o ray
specirometry of poutcnoum and other tianswranium elements.

'C: rn

Pctentiometraic Titrataion of Plutonium

A new approach to the petenviomeigis titrarvion of piufemzzs has been
developed; this 1nvmiv a rhe ¢xadatiorn of plutomum o the hexavalent
state, then reduction te the quadriialent stave vitl excess ierrous ion
and the back titreticn of the excess with a standard dachromate soluiron,.
The established methcdes of porenticmerric *atratron involve only one electron
change 1n the titrsvior Po (IIT) to Pu (I¥Y, In the above described nmodi-
fication, the sensitiwviry of the merhod 15 thus doubled. The steps in the
procedure involve Firsr oxidarion of 03“ oroum wth argentic pervoxide in a
1N sulfuric acid sclurion. The excess oxxdizang agert 1s then decomposed
by heating. Ther an excess of pxaalgmbly standardized ferrous solution 1s
added and back “irreted wath stacaard 0,500 N porassiuvm dichromate., The
titraticn is carried ovt in a wolume of 10 milliliters with platinum
calomel electrodes, At the end point when titrating 1 to 5 miligrams of
plutomum the potential break 1s approximarvely 50 millivolte., On test
solutions. the agreemert between thie« method and the amperonetric m@thod‘l)

]

(1) NUMEC P-70, Progress Rowpcit, “Development of Plutonium-Bearing Fuel
Materials®, page zla
5
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was within 0.3 per cent. The new procedure can be carried out more rapidly
than the former and eliminates the necessity of using an agar bridge to the
reference cell, This bridge has been found to be a source of trouble because
it is difficult to keep decontaminated and stable and therefore requires
frequent replacement,

Oxygen/Metal Ratic in Mixed Oxades

In the evaluation of preparations of mixed oxides, the ratio of oxygen to
metal 1s of importance. In the case of uranium dioxide alone, two methods
have been used most extensively: one invwolves the conversion of the dioxide

to U40g,and the other ainwelves the pclarographic determination of uranium
(VI)?1§O Because of the possible presence of lower oxides of plutcnium,

the latter method appears to be more suifable to the evaluvation cf the
storchiometric composition of mixed oxides, Also. the simulitaneous deter-
mination of several species and oxadation states in the originsl miziure

is possible, A study was. therefcre started to ascertain the best conditions
for dissolving the mixed oxides without altering the origainal cxidation
states or causing interaction betweern the ccmponents. Work was also initiated
to determine the sensitivity and accuracy of the polarographic method for

the determination of wraniam (VI) by, means Qg an ORNL Foder 2-1988 controlled
potential and derivative polarograph(ll)(lll o

Standards and Reagentz: Standards and reagents were prepared as follows:

Standard Uranium (VI) Sclution - This sclution was prepared from high purity
uranium dioxide dissolved ir mitric acid and converted to the sulfate by
fuming with sulfuric acid. The final uranium concentration was determined
by the Jones reductor-dichromate titraiion method.

Standard Uranium (IV) Soluricn - This solution was prepared by the reduction
of uramiun (VI) sulfate solution in a Jores reductor and ceration to
eliminate traces of uranium (III), To this solutior 40 1l of concentrated
phosphoric¢ acid ard 50 ml of 0,2N perchloric acid were added and the volunme
adjusted to 100 ml with doubly deionized water,

Phosphoric Acid: Phesphoric acaid of Analytical Reagent giade showed a very
high background wher used di-ectiy (see Figure 2,20), Ar effectaive puri-
fication was achieved by adoing a potassium permanganate soluticon to the

(1) Kubota, H., Anal. Cher, 32 610 (1960}

(ii)  Kelley, M. To, Jones, H, Co. and Fasher, D. J., Anal, Chem, 31.
1475 (1959)

(111) Kelley, M. T.. Jores, H, Co. and Fasher, D. J., Anal, Chen, 32
1262 (1960)
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hot acid until a permanent pink color was cbtained and then reducing the
excess with a small amcunt of sodium salfite. The excess sulfite was
eliminated by bubbling helium through the acid for one hour., After this
procedure, the background was reduced as shown in Figure 2.20, curve B,

Experimentals The polarographic determinations were carried out in a cell
made out of a 50 ml beaker covered with a rubber stopper with holes for
admission of a dropping mercury electrode, a saturated calomel electrode
(Beckmann #39270), a platinum anode and a glass tube for bubbling helium
through the sclution.

Polarograms were obtained between +0,15 and -0,60 v vs SCE, and in all
cases, the standard addition technique was ased, The solution was de-
aereated after each additicn, and a blanket of inert gas was kept over
the solution during the determinations,

Results: Polarograms of uranium (VI) at two concentration levels and using
two techniques, one a peak follower, the other the derivative polarogram,
are present in Figures 2,21, 2.22, 2.23, and 2,24, These tests were carried
out in the presence and absence of wranium (IV) and with several acid mixtures.
The acid media tested were phosphoric, phosphoric-perchloric. phosphoric-
sulfuric and mixtures, In all cases, a well-defired polarographic wave

was obtained with half wave potential of 0,084 v vs SCE ain the first medium
and 0,03 v vs SCE in the mixed acids, With the ORNL Mcdel Q-1988 Polarograph
it is possible to produce different types of polarograms. Two of these,
peak follower and derirativwe type, were studied because of thelr special
characteristics., As shown in Figure 2,21, the peak follower setting yields
an undampened polarogram of the maxima of oscillations and thus is free of
errors due to excessive damping., The derivative circuit offers polarograms
shown in Figure 2.22 and 2.23 which are easier to measure and have higher
sensitivity. The respective sensitivities were 0,013 and 0,06 microampere
per microgram of uranium, or approximately a four-fold enhancement for the
derivative method. At two levels of urarium (VI) concentration, 40 to 120
microgram and 4 to 12 micrograms, a linear relaticnship was obtained
(Figures 2.21a and 2.22a). With the lower concentrations, however, the
precision was poorer and 2 bias was noted. This i1s ir part due to the
proporticnally greater effect of small amounts of impurities present in

the supporting electrolyte. From a comparison of the derivative polarograms
and the peak follower at very low concentrations of uranium (VI), presented
in Figures 2.23 and 2,24, 1t 1s alsc evident that the former is easier to
measure even in the presence of a relatively large background current,
Future studies will takes into account the other parameters involved in

the measurement of vranium {(VI) in mixed oxides.
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=12y Flucrescence Analyses

{-ray f{luorescence techniques are being examined to evaluate their usefulness
in analyzing for »lutonauy in the presence of uraniuwm, Such a nethod has
been described by Turnley(l o In our glove box setup, resolution is adequate
to senarate the strongest lines, as shown in Table 2,11, A study is now
being nade to deteriine the miniau, detectable guantities of plutonium and
uraniwm: in order to evaluate lhe use of -ray fluorescense techniques for

the rapid e awinstion of waste solutions,

J =Couating

he study of ~arma couuting as a .eans for estinating the concentration of
plutonivw in waste solutious has bu?n SOﬂklﬂquo The gaima ray spectra,

sho'm 1n 4 Previous progyess vepoxt were found to be of sufficient
intensity to enable one to eztimdte the glutanium conicentration in dulute
solutions, For this pursoce o calibistion curve was developed with solutions
which vere vrevicusly standardiscd by arpercnetiic Litration, Unlnown waste
solutions contained in sitalar containeres were then counted and their con-
centration asceriained.

In this commection o nunber of cowreuulcnv §hsuld be nade to the table

Jresented in the nxevlcus Mosicss re et The 146 lev neal. should

be assigned to Pu-201 instead of +o Pu. 403 the 17 kev z-ray should have
been designated as L series, and the 100 Lmv -ray as K sevries,

Almha Soectrovetry

Alnha soectronetry as a coavenient teans for the determmnation of of ~eniitting
co.monents present in a nplatonian solution wasz studied vith the aild of
crystal letectors, TFor this marnose, a £ilicom diode detector was used

in cor vuciion wmth a DeveYGpheni ?r@ducts Amplifier. Yodel 55-2000, and a
Lu@l@ar Jata, liodel 1ID-101, 253 channel analyzer. For recording the data,

(1) Turnley, YW 5., "i-Ray Fluorescence Analyses of Platoniwm®, Third
Conference on Analytical Chepmastyy .n Huclear Reactor Technolog
Catllmburﬁ, Tennessee, 1257,

(ii) HUW ZC P-70, Prozress leport, "Develomient of Plutoniwi-Bearing
Fuel laterials™. pere 20,



Table 2,11

Relative Intensities and Resolution

of U and Pu Prinecinle X-.ray Fluorescence Spectra

Line

Scattering Anegle,

Uraniwa Plutoniwa

Relative Intensity

Ls
%A}
Ly

26,13 24,91
20,59 19.39
21,60 20,57

17.56 16,54

100

60
Lo

50
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a llosley X.Y recorder was utilized. Spectra of standards and samples were
obta%?ed from sources prepared by an electrolytic technique described by
Ko‘l i) These sources, prepared on mirror polished platinum, were less
than 0,001 micron thick, thereby eliminating most of the effects due to
self-absorption. Standard solutions of Pu-239 and Am-241 were prepared
after an anion resin separation and these were used to calibrate the instru-
ment. Finally, a solution containing a mixture of transuranium elements
and their isotopes was analyzed. The data are presented in Figure 2,25 and
Table 2.12. The peaks due to Pu-239 and Pu-240, shown in this Figure,
coincide with those of the pure standards, within the 0.9% resolution value,
at this energy level, The peak observed at 4.93 llev is due to the presence
of Pu-242, Any contribution fo this peal: from Pu-241 (4.882 Mev) can be
ignored due to 1ts relatively low abundance. The peak at 5.47 Mev is due

to An-241, BSince the other isotopes of Americium differ in energy by &%,
these could be resolved, thereby it is concluded that these were not present.
Some Cm-243 and Cu-244 was found as indicated by a peak at 5.77 Mev. Other
higher isotopes., presumably, were not detected because of their relatively
short half-lives. Based on these preliminary data, the relative ratio of
An and Cn to Pu was 0.03 and 2 x 10-5 per cent, respectively. It is planned
to extend this method to the guantitative estimation of plutoniuvm in various
stock solutions,

(1) Ko, R., Nucleonics, 15, 1 72-77 (1957)
(ii) Xo, R., Bucleonics, ik, 74 (1956)
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Table 2,12

Alvha Spectrometry of Transuranium Elements

Resolution | piphs Peaks (MEV) |

Isotopes ts% x 100 Found Literaturekj)(ll)
Pum‘?ﬂi 1. L4 1 'f'z'”m 93 ‘44’0687

Pu-239 b4

P20 0,9 5014 5 144

An-241 1.2 5047 5.475"

Cm-243 « 5.773

Cr-2llt 1.6 277 5,778

x standards

(i) Dzhelepov, B. 3. and Peker, L. L., Decay Scheumes of
Radicactive Nuclides, Pergauon Press, 1961,
(ii) Bullivan, W. ., Trilinear Chart
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FABRICATION AND EVALUATION OF FUEL SHAPES

Task 3,00
Es K. Halteman L. J. Jones

Mixed Oxide Sintering Studies
(R, M. Horgos, D, Houston, J. Miles)

Investigation of the fabrication of U02w5 w/o Pu0,, pellets by the cold
press and sinter procedure was continued. The po%der was co-precipitated
as ammonium diuranate and plutonium hydroxide, and calcined in nitrogen-
6% hydrogen at 750°C to yield the dioxides. As calcined and reduced, this
powder lot (297-Pu.8) consisted of wery hard, coarse aggregates unsuitable
for pelletizing., The aggregates were broken up by hammer-milling through
a "Mikro® pulverizer. Since the bulk density of the hammer-milled powder
was low, slug pressing prior to cold compaction was found necessary.
Slugging was done at 6 TSI and the slugged material reduced by impact
fracture through a 40 mesh screen. The resultant material could be
successfully compacted at 8-9 TSI without the aid of organic binders.
Pellets that had been pressed at 12 T3I were overpressed, with resultant
lower sintered densities and conical end cracking. All pellets were fired
at 1600-1650°C for one hour in a nitrogen-6j, hydrogen atmosphere with a
four-hour heating cycle and a four-hour cooling cycle. Compaction and
sintering characteristics are given in Table 3.1. The weight loss on
firing is attributed to the %ginaff of residual carbon fron incomplete
decomposition of the oxalate‘l/,

Two phenomena related to the firing process, one concerned with fracturing
of the sintered pellets and the other with the appearance of a glassy
coating on pellet surfaces, were observed. Approximately 15% of the
sintered pellets which had been pressed at 8-9 TSI were found to have
separated into two cylindrical pieces or into two conical ends with a
cylindrical body. In both cases, a rather large impurity or inclusion
was found at the parting interface, Further investigation by x-ray and
spectrographic techniques is underway to determine the composition of the
inclusions, A glassy substance was observed only on certain pellets and
seemed to be related to the pellel pesition in the sintering boat. The
pellets which were met by the purging gas (N2-6% H,) had clean surfaces
while those that were downstream from the gas inle% had the glassy surfaces,
The appearance of the glass is not related to any furnace position since
the good pellets traverse the same regions as the bad ones. These two
phenomena may be interrelated, but further investigation is necessary

for clarification.

(i) MNUMEC P-80, Progress Report, " Development of Plutonium-Bearing Fuel
Materials®, page 19.
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Table 3.1

Compaction and 3intering Data

uo

w/o Pul

Zija_sé,—gmmg

(Sintering at 1600°C for 1 hour)

Compaction Green Fired Firing Welght Loss
Pressure Density, Density, Shrinkage, on Firing,
] ]
TSI em/ce eafce 5 <
& 4,37 10,39 22 1.22
o L,03 10,44 22 1.2
12 5,10 10,08 % 1.22

#*  Conical end cracking.
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To investigate the effects of reusing fired pellet material, fired pellets
of U02-5 w/o Pu0, were broken up in a steel die and further reduced in a
tungsten carbide mill (Spex mill). This powder was added to the original
hammermilled powder in the proportions 30,5 reworked powder-70% original
powder. Samples of the powder blend were then processed by one of the
following schemes prior to compaction:

1) As blended o

2) Reduced in nitrogen-6% hydrogen at 800 C for 2 hours

3) Blended powder re-hammermilled

4) Re-hammermilled plus reduced in nitrogen-6 hydrogen
at 1000°C for 8 hours

When the as blended powder was directly pressed and sintered, the pellets
were badly blistered, indicating that the UO» might have been oxidized
during Spex milling., Reduction treatment of the powder prior to compaction
also did not improve the sintering characteristics; similarly, re-hammermilling
was not beneficial, The compaction and sintering data for these powders are
presented in Table 3.2, Fired densities above 9.75 gm/ce could not be
obtained. It is evident that these procedures are inadequate for satis-
factory usage of reworked powder., Attempls will be made to use reworked
powder by incorporating oxidation-reduction cycles into the procedures.

Such cycles have been used with success for improving the sinterability

of U0y, and it is believed that they will correspondingly improve UOp-PuOp
powders by lowering the particle size and increasing the surface area,

Phase Relationships in the Pu-0 System
(B, Cinai)

During this reporting period, the two phases in the eutectoid microstructure
observed after sintering Pu0s pellets in a nitrogen-6% hydrogen atmosphere
or in vacuo were positively identified as PuO, and cubic Pu203,

By heating a pellet with such a two-phase structure in air at 1000 and
1475°C and measuring the gain in weight until no further gain was observed,
and knowing the initial amount of boeth phases, it was possible to calculate
the composition of the cubic Pup0g phase as PuQq 585 which is very close
to that in the published phase diagram for Pu0 1)7 Assuming that the PuQp
and Pu0y =gz in the eutectoid were formed from a single stable phase at
the sintering temperature, the composition of the latter was likevise
calculated and found to be Pu0108730

(i) Holley, C. Eo, Mulford, R. N, R., Huber, BE. J., Head, E. L.,
Ellinger, F. H., and Bjorklund, C. W.i Proc, Second Internat. Conf.
on the Peaceful Uses of Atomic Bnergy, Geneva, 1958, vol. 6,
ppe 215-220,
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Table 3.2

Proverties of Revorlhed llaterial

U0s-5 w/o Pul,

Conpacting Green Fired Firing Sbight
Faterial Pressure Density Density Shr%nkage F85§ 2?
T3I gn/ec gnfec » w?g.nm
As blended 8 6,04 8,20 10,5 1,00
Re-harmmermilled & 5,19 9,23 13.5 1.990
15 6ol 9655 12,86 1.00
23 6,84 9.75 11.6 1,00
Re-haimermilled & 65,01 .40 14,2 0.75
and reduction 12 5.33 9650 13.5 1.60
16 6,43 De55 13,0 0.80
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Differential thermal analysis has now been carried ocut on a eutectoid-
bearing Pu0s pellet in an atmosphere of nitrogen~6% hydrogen and has
revealed a transformation on heating at 648°C. This value compares with
625 and 654°C obtained previously in an argon atmosphere. It is believed
that the average temperature of 642°C for the transformation on heating
for these three runs and 650°C on cooling are those of the eutectoid and
can be represented by the following reaction:

PuOs_y

Pu02 + oL Pu203

where 2-X can be as low as 1.873. This eutectoid transformation may also
be respo?g%ble for the anomalous thermal expansion behavior observed by
Chikalla‘*’/ 1in PuO, on heating between 600 and 700°C,

Further studies have been made of the effect of sintering atmosphere on
the stability of PuOp. Pellcts made by both the oxalate and peroxide
routes were sintered for one hour at 1600°C in argon. dMetallographic
examination revealed a small amount (< 55) of coherent precipitation in
both samples. This was identified in the PuO, (made by the peroxide route)
as X Pup03. PuOp pellets, again from oxalate and peroxide sources, were
sintered Tor one hour at 1600°C in air, but only Pu0z was subsequently
observed by both metallography and x-ray diffraction. The effect of
molsture in a reducing sintering atmosphere was also investigated. The
standard nitrogen-6) hydrogen mixture was bubbled through deionized water
and in the process picked up 3.1 w/o wixture. The latter fully prevented
the decomposition of Pul, pellets made both by the oxalate and peroxide
routes on sintering for one hour at 1600°C. It would seem that the presence
of a small partial pressure of oxygen alt the sintering temperature is
sufficient to prevent the decomposition of PuQ,.

The role of residual carbon in the decomposition and fusion of the Pul; at
16000C has also been investigated further, No relationship was found
between the tendency for o Puz03 formation on sintering and the residual
carbon content prior to sintering. This conclusion was reached during
investigations with Pu0s peliets in which the carbon had been varied
systematically from about 0.3 to 0% by increasing calcining temperatures,
The sintering conditions were one hour at 1600°C in an atmosphere of
nitrogen-67 hydrogen. An attempt to obtain further information through
the use of theoretically carbon.free Pul, (made by the peroxide route)
was not fully satisfactory since a carbon content of 0.079% was found
after calcination of the peroxide in air at 200°C, This Pulo did show

a reduced tendency to o{ Puz03 formation, but as the green density of the

(i) Chikalla, T. D., Cont, Internat. sur la Fetallurgie du Plutonium,
Grenoble, 1960, April, hemocire No. 35.
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pellets made from this powder was significantly higher (7.6 gm/ce as pressed)
than that made under identical pressing conditions from oxalate source
material (6,69 gnsfcc as pressed). a possibly more rapid sintering of the
former material nay have alloved less time for its Pu0; particles to be in
contact with the reducing atmosphere.

The residual carbon in the oxalate source Pul, hag been suspected of being
responsible for the traces of fusiun Qcc&sloﬁally observed metallographically
after sintering at 1600°C ir the 1.6 Hp atmosphere or in vacuo. It is of
interest that Pu0s of zerc carbon conteni showed no fusion even on heating

to 1750°C in the széa Hy atmosphere. while the PuOp made via the peroxide
route with 0O, 0799 residual carbon showed a trace of fusion after sintering

in a moist Ngwéj Ho atmosphere at 1600°C. TFrom these observations, it
appears that residual carbon in the Pu0» 1s associated with the fusion
observed on sintering.

It may be conjectured that a pirutoniuw carbide phase 1s formed, at least
temporarily. during sintering and that this phase lowers the melting point
of the Puls; 1n facf an oxyecarbide of plutoniwn similar to that observed
in the U- OmC systemn'® ) ray be responsible for ithe observed behavior. To
test this hypotlhesis a carbide mixture uvas pTepared by the deliberate
reduction of Puls wath graphite at abour 1300 C in vacuo. A 50/50 mixture
was then prepared using this product and PuOz powder having zero carbon
contento The resulfing mixture was pelletized and sintered for one hour
at 1600°C in nitrogen-55 hydrogen. As a control, a carben-free PuOZ pellet
formed from the same pouder batch as that used in the maxture was sintered
simultaneously. OSubsequent metallicgraphic exarnnation revealed no fusion
in the ecarbon-free Pul, pellet buet »ery significart fusion in the pellet
formed from the Puls-carbide waxture. These results suggest the need for
a nmore intensive study of the phase relationships in the ternary system
Pu=0-C,

Evaloation Technigues
(B, Cinai)

A technique has been developed for the cathodic vacuum etching of PuQ,
pellets so that Pulpy oK Pus0n and grain boundaries can now all be
simultaneously revealed. The method is simpler than chemical etching
ard is certainiy superior so far as grain boundary delineation i1s con-
cernedo Typleal photommcrographw at a magnification of X800 and enlarged
25% are shown in Figure 3.1,

(i) EURAEC-1, Progress Report, "sStudy of Phase Relationships in the U.C-0
System®, Horth Carclina Jtate College Contract Ho. AT(#O 1)=2663,
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Figure 3.1

Typical Photomicrographs Showing
PnOz, Puozﬁszu203 Eutectoid and Grain Boundaries

Pu0, Pellet No. 63C Sintered for One Hour at 1600°C
in Nitrogen-6% Hydrogen; Polished and Cathodically Vacuum Etched

800X and Enlarged 25%
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Thernal Conductivity Experiment
(E, ¥, Halteman)

The assembly of an apparatus for the measurement of the thermal conductivity
of poor conductors at high temperature by the use of point and plane

sources is continuing. Little effort has been expended during the quarter
since a vendor, Metalizing Industries, Inc., who is fabricating the quartz
to metal seals, has experienced difficalties in making these seals vacuunm-
tight. As a back-up effort, an “0® ring seal has been designed to fit the
limited space available. The susceptor blocks are being remachined, and
longer quartz tubing obtained to fit the new sealing arrangement, The high
voltage supply has been received and is being used to test the high voltage
filter sections. The inductances in the filter are being floated at the
high potential to reduce winding-to-frame voltage breakdown problems, The
eleclron gun and associated control circuits will soon be tested in a separate
vacuum system while the quartz-tc.metal seal problem is bhypassed or resolved.
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FUEL ELEMENT FABRICATIOR AHD EVALUATION

Task 4,00
L. Jo Jones

Box and Eguipment ITnstallation
(1. Zambernard)

The welding box intended for use in plutonium fuel element fabrication

is currently in the final stages of outfitting. This box will be tied to
the decontamination box, thus facilitating the removal of welded assemblies
from the closed system.

Drawings are currently being prepared to allow enclosing the 8% Stanat Mill
in a glove box. The design is such that the box can be evacuated prior to
backfilling with an inert atmosphere thereby eliminating a continuous purging
sequence. This mill is being set up to develop procedures for the fab-
rication of dispersion fuel elements, using stainless steel, zircaloy, or
any of the refractory metals. Since hot rolling of metals which readily
oxidize will be undertaken, it is necessary to make provisions for a good
inert atmosphere, Auxiliary equipment being installed ineludes a muffle-
type furnace capable of heating to 1000°C and an infrared heater capable
of heating both rolls and tables to 250°C. The heat source for the muffle
furnace will be external to the closed system thereby simplifying its
maintenance,

A jig for the testing of reaction rates between the ceramic fuel pellets
and various cladding materials has been designed and constructed. A thick-
walled Inconel tube serves to contain the pellets and the samples of
cladding materials in the form of disks sandwiched together., A load of

up to 50 1lbs can be placed on the samples by a compression spring located
at the end of the tube which is normally external to the furnace, This
load will apply a maximam pressure of 1000 psi on 0,250 inch diameter
pellets. The Jig is also equipped to provide any gaseous atmosphere
desired. JSandwiches of PuOp and U0p-Pul, together with zircaloy, aluminum,
and various grades of stainless steel will be subjected to various tem-
peratures up to 1000°C (approximately 600°C for aluminum) in reducing,
oxidizing, and inert atmospheres for various periods of time, Upon
removal from the Jjig, the sandwich samplss will be sectioned perpendicular
to the metal.ceramic interface and metalicgraphically examined for evidence
of reacticn,
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RADTATION TESTING AND FVALUATION

Task 5,00
L. J. Jenes

Rabbit Tes.s
(L. d. Jones, R. M. Horgos)

Fabrication of the samples for short.term irradiations in hydraulic rabbit
facilities to determine the relative merits of the warious preparation and
fabrication procedures has been started. The proposed capsule and fuel
element were described previously'l’, Bach capsule will contain three
fuel elements--two containing developmental Pu0,-U0p compositions and

one containing enriched U0, to serve as an in-pile control, Tuel elerent
specifications and operating parameters are given in Table 5.1, The UQ,
control samples have been enriched to produce the same specific heat °
generation as the Pu02-U02 samples by comsidering flux suppression and

the effective fission cross-sections of the fissile atoms. In the first
nine capsules, co-precipitated material and material made by mechanical
mixing of the specific oxide componente feolloued by formation of solid
solution duraing the sintering operatior will be compared at three burnup
rates and hence under three temperavure conditions. Attenpts will be nade
to keep the fuel density of these samples identical to allow direct comparison
of their in.pile thermal performance (thermal conductivity plus melting
poiant and relative fission ges retention lapabilities)., Irradiation of
capsules 10 through 14 will allow determination of the effect of porosity
on the irraciation behavior pavticularly on fission gas retention., In
these capsules, attempis wmall be made tc¢ irradiate all elewents at about
the same temperat.re by making allowances for the reduced themal conductivity
associated with the more porous matervialse.

Stainless steel bLubing 15 being vsed for both the fuel element cladding

and the inner capstle, Assembly of the capsule requires shrinkfitting the
stainless steel irmer capswie ivito an alamirum oulter capsnle. The aluminum
capsule components are being machined to match the cutside diameter of the
stainless steel tubing., The ertire cansule assembly. including welding of
both inner and outer capsuie end plugs and shrinkfitting, 1s being performed
on dommy capsules to develop the necessary techniques,

(1) NUMDC P-80, Progress Report, YDevelicopment of Plutonium-Bearing Fuel
liaterials™, pages 51 and 5Z.
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Table 5.1
Rabbit © Design Data
Capeule EIM1 " Fuel Fuel Preparation Fusl Denaity g‘:‘ rt]urbod lin:dmmlml H:ximnf“]:‘d

Hoo anan Compoaiuon(i) Route ﬂ‘g“ N b B
Hos Theorotioal !"‘V z 10 ) ¢ e

i 11 Comp, A Co-precipitated 9395 7.0 3100 190
12 Comp, D Co-precipitated 9395 7.0 3100 190

1-3 Compe A Meohanical Mix 93-95 7.0 3100 190

2 2-4 Comp, A Co-precipitated 9395 6.5 2895 180
2.2 Comp, D Co-precipitated 9395 6.5 2695 180

23 Compo A Mechanical Mix 93-95 6.5 2895 180

3 Fud Compe A Co-presipitated 9395 5e5 2470 165
Ju Comp. D Cowprecipitated 93-95 565 2470 165

3.3 Comp, A Mechanical Mix 93-95 5e5 2470 165

L) bot Comp, B Co-precipitated 9395 7.0 3100 190
| =] Comp. D Co-precipitated 93-95 7.0 3100 190

5.3 Conp. B Mochanieal Mix 9395 2.0 3100 190

5 Gud Comp, B Co-presipitated 9395 6.5 2895 180
5-2 Comp. D Co-precipitated 9395 6.5 2895 180

523 Comp, B Mochanioal Mix 93-95 6.5 2895 180

6 6.1 Comp. B Go-precipitated 93.95 5.5 2470 165
62 Compe D Co-precipitated 93.95 5.5 2470 165

6=3 Comp. B Hechanloal Mix 9395 5.5 2470 165

7 7=1 Cemps € Co-presipitated 93-95 4,0 3075 195
P2 Comp, B Co-preocipitated 9395 4.0 075 195

73 Comp, C Mechanical Mix 93-95 LA 3075 195

8 8-1 Comp, C Co-precipitated 9395 3.5 2700 175
82 Cowmp, E Cowprecipitated 93=95 365 2700 178

8-3 Conp. € Mschanlical Mix 9395 365 2700 175

9 =1 Comp, © Co=precipltated 9395 3.0 2335 160
9.2 Comp. B Co-precipitated 93-95 360 2335 160

9.3 Comp, C Mechanical Mix 9395 3.0 2335 169

10 10-1 Comps 4 Go-ppt or Mech Mix|  82-85 565 2740 165
10.2 Comps D Co-precipitated 9395 505 2i70 165

10.3 Compo A Goppt or Mech Mix 88.91 5.8 2570 165

11 1i-1 Comp, A Co-ppt or Mech Mix 95-97 6.5 2840 180
11.2 Compe D Co-precipitated 9395 6,5 2895 180

113 Comp, B Co-ppt or Mech Mix 9597 605 26840 180

12 12-1 Comp. B Co-ppt or Mech Mix 82.85 5.5 2740 165
12.2 Comp, B Co-precipltated 9395 565 2470 165

123 Comp, B Co-ppt or Meoh Mix| B88~91 545 2570 165

13 13-1 Comp. © Co-ppt or Meoh Mix 8285 3,0 2595 160
132 Comps B Co-presipitated 93-95 3.0 2335 160

13-3 Comp. € Co-ppt or Moch Mix 88-91 3.0 24935 160

1% 1=t Compe G Co-ppt or Mech Mix 88.91 30 2435 160
jLS Comp, B Co-precipitated 93-95 3.0 2335 160

143 Comp, € Co~ppt or Maoh Mix! 9597 3,0 2290 160

(1) Puel Composition Code
A% . 0.5 wfo Pudz + 740 wfo U350, + remainder 0P%0,
“B* . 5 wfo Pula + remainder natural U0,

MCY - 20 wfo Pudy
“pe . 9,27 wfo USI

+ remainder natur

B
50 + remainder U
9ER . 23,95 wfo UP350; + vemainder 02380,
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Hot Laboratory Eguipment Fabrication
(R. M, Horgos)

Five alpha boxes for the hot cell are being made ready for use., Also, two
prototype manipulator boots to facilitate entrance of the manipulators

into the sealed alpha boxes are presently being checked for suitability

for the remote operations contemplated. In addition, a mechanically driven
positioning table to permit entry and removal of the manipulators from the
alpha box has been designed and tuilt, This table is made to raise or lower
the box with respect te the manmipulators. The unit is controlled by a direct
drive from the front of the hot cell,

Manipulators for the metallographic cell which were obtained from excess
property have besn decontaminated and examined to determine the extent of
repairs and replacements parts reguired., These parts have been ordered,
and repairs wiil preoceed afiter delivery of parts. Decontamination of the
metallographic steel cell will ther be started as soon as the manipulators
are operable,

(928
A\



HULEC P20

REACTOR PHYSICS AUD ENGINZERING PARAMETRIC STUDIES

Task 8.00
K., H, Puechl

Assessnent of Plutoniuwm Potentaal in Near-Therwnal Reactors
{J. Ruzbacki)

Two papers having the titles, "The Pctential of Plutonium as a Fuel in
Near-Thermal Converter Reactors® and ®The Potential of Plutonium as a
Fuel in Hear.-Thermal Burrer Reacters® will be published in the February
1962 issue of Nuclear Science and Engineering. Since this work was
performned, additional studies have been rade 1o determine the sensitivity
of the results to changes in the effective cress sections for the various
isotopes, Hspecially the influence of varying degrees of self-.shielding
in the nlutoniur-240 iscotope 1s being examined in sreat detail., The
physies portion of this study is essentlally completed; assessment of

the effect on fuel cycle cost is now underway. Under all reasonable
assumptions as to the effective resonance integral of Pu-240, the physics
results indicate that high P.-240 content plutonium is generally an
attractive fuel in these near-thermal reactor systems, Specifically,

it has been found that the lower the assumed eifective absorption cross
section of Pu-240, the higher the concentration buildup of this isotopes
ie.@., the macroscopre abuorption 1n Pu-240 is not a strong function of

the sssumptions used in deternining the effective microsconic cross
section. For these reactor systems then, under all reasonable assumptions
regarding the Pu-240 absorption cross section, these can always be found
2 Pu/U concentration range wherein a 'nepative resistance® effect exists;
i.e.; wherein the reactivity tends to decrease with further addition of
plutonium, 3Since such ranges wers found to exist generally, it may be
concluded that relatively leng core life (reactivity limiting) is attain-
able with these systens. The associated econonics evaluation which is
now underway will offer specific guidance to the materials development
program. Specifically, it will allow more accurate determination of Pu/U
concentrations of econviic interest; it will also indicate the amount and
direction of effort that is necessary to achieve the economic benefits
associated with a potentially long cove life; i.e., it will indicate the
effort required to extend the radiation danmage limiting life to that
inherently possible from physics considerationsy further, it will indicate
what must be done in the way of materials development to achieve high power
densities within the fuel, thereby to lower the high inventory charges
associated with the relatiwvely high fuel loadings required for these systems,
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Further Development and lodification
of the NUSURP Procedure
(W. Ross, J. Ruzbacki)

The RUSURP procedure has now been entireiy reprograrmed for the RPC-4000
digital computer, Due to the reprograming process, many modifications
have been included to increase flexibility. A fuel cycle economics
program is now being written., so that costs may be determined directly
from the physics resulis withoutl comang off the machine al an intermediate
point,

Effort is continuing on the problem related to the discrepancy between
experinentally-deterrmned an? theoretically-derived values for the U-.238
effective resonance intepral l)o To date, it has besn imnpossible o
obtain a simple expression for the effeciive resonance integral over the
entire range of fuel lunp surface to wolume ratio and extranecus potential
scattering that forces agreement between experimentally-determined and
thecretically-~derived cadwivum ratio data.

(i) NUMEC P-80, Progress Report, "Development of Plutonium-Bearing Fuel
Laterials®, page 54.
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PREPARATION AND COATING OF SPHERICAL OXIDE PARTICLES

Task 11,00
Co 5. Caldwell Lo o Jones

Production of Spherical Pu0s by Plasma Torch
(R, M. Horgos, J. Miles)

Prior to committirg the piasma torch to Pulp operations, a considerable
number of runs on UOs were satisfactorily completed., The yield of spherical
particles 1n a pre-chosen size range {-80 +120 mesh) was approximately

207, of the 1n1t1a1 feed m 1%£§r1 » These runs verified the conclusions
reached in prior UQ; runs namely, (1) a small amount of hydrogen
addition to the 1nprf gas is reguired to prevent superficial surface
oxidation of the U0, (2) completely spherical particles having a smooth
fire-polished surface ars produced from both crushed high-fired U0, pellets
and high-fired U0z spherical particles, and (3) a void is found at “the
center of most of the resultant UOs; spheres.

Immediately followaing the completicn of these U0, studies, the plasma torch
and its glove box were commitied to plulonium e initial trials on PuOs
indicated that the torch parameters which were optimun for U0p were unsatis-
factory for Pu0,. On the first two runs using Pulp the flame temperature
was too high, thereby resulting in wery poor yield, presumably from vapor-
igation of the Pul,. On the third run *+he flame temperature was decreased
considerably and resvited in incomplete melting; however, the particles which
did melt were spheroidized and decreased in size from 80 to 400 mesh.
Additional trials under similar conditions resulted in the severe decrease
in particle size. In addition, the range of particle size varied considerably
within one batch with some pavticles being about 5 to 7 times larger than
the smaliest, However, all melted particles were definitely spherical, and
the surfaces bright ard shirny. Following these runs, it was concluded that
the size change was either due to the poor thermal shock resistance of PuOp
or due to insufficiently large feed material. There was also some evidence
that the pariticles were being reduced ir size by the torch screw-feed
mechanism before reaching the plasua. Therefore, emphasis was given to
modifying the existing feed mechanism and torch nozzle to pesmit acceptance
of larger feed materia: and to remcve the source of mechanical comminution,
The feed mechanism was, therefore, conterted *to a vibration-type device

(1) NUMEC P.70, Progress Report. "Development of Plutonium-Bearing Fuel
Taterials®, page 38,
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with a variable aperature to control feed rates, With these nodifications,
marticles having a maximu size of 20 nesh can be fed through the torch.

In addition to the equipient nodifieations, exitreme variations in the torch
operating raraneters have alsc been tried. In general, coptimum_conditions
were found tc consist of lowest pessible plasma gas flow (30 ft/hr) and
relatively high carrier gas flou (30 ftjjhr)o Using argon and a torch power
input of £00 arps, the caleulaied temrerature of the plasma is 22,000°F
under these conditions.

It is not to be inferred that the particles also reach this temperature.
Rather, when using the nlasiia torch Tor the spheroidization of narticles,
an important parameter anpears to be the local aerodynaric condition
present at the plasma {lame since any gas barrier must be overcome by the
kainetic enerpy of the particle as it cnters the plasna strean. The depth
into the plasna flame cone reached by the particle and its dwell tiuwe in
the plasia deterrang the raxuam tesperature of vhe particle.

Under the foregoing opcratins paraneters, satisfactory soheres of Pul, were
obtained from the following feed materizal: (1) partially.sintered Pu@z
spheres fired at 1475°C having a size range of -T0 +115 mesh, and (2)
crushed hich-fired Pul~ pellets having a size range of .50 +80 mesh. A
relatively rood yield of .70 +120 mesh particles resulted from both feed
materials; the product produced f{rom crushed pellet feed is showm in
Pigure 11.1. Cross-sectional structures at 100 and 200X of the spheres
forned from wartially-sintered w0, spheres ave shown in Figure 11,2

(a and b), lote the appearance of a porous non-fused core in nost of

hese spheres., Apparently, the plasia tended to fire-polish the surface
of these spheres without corpletrely fusing the particles, Cross-sectional
structures at 100 and 2005 of the spheres formed fron crushed high.fired
PuOs pellets are shown in Picure 11.3 (a2 and b). IHerein, note that all
sharp angular surface characteristics of crushed raterial have disappeared
and that nost of the ephercs possess the central voids chsracteristic of
low conductivity ceramic norticles which have been fused,

During the nexl report neviod, the cptinwl torch condations for oreparation
of spheres from sintered agglonerates and dre-shaped spheres will be
systeratically obtained, since the use or crushed high.fired pellets

as feed appears to be costly,

o
O
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Figure 11.1

Pu0, Spheres Produced
from Crughed High-Fired Pellets

20X Enlarged 4 Times
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Figure 11.2

PuO, Spheres Produced by Plasma Torch
from Spherical Feed Material Fired at 1475°C
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Figure 11.3

Pu0s Spheres Produced by Plasma Torch
from Crushed High-Fired Pellet Feed
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Preparation of Spherical Puls Particles
From Ceramc-Grade Pouders
(Co S. Caldwell, A, Biancheria. J. li1les)

In addition to plasma torch spheroidization, a multi-step process of dry-
pressing, granulation, sizing. shaping, and sintering has also been used

suceessfully to vield a nearly-spherical product, controllable within one
mesh size, over the range 00 to 170 mesh (U. S. Series),

Starting with virgin PuO, pouder of internediatle surface area, wafers were
dry-pressed in a one-half inch diawveter double acting die at pressures of
2-4 T3I, Breakup of wafers on successively smaller screens, beginning

with 10 mesh, was carried out nanually. Once reduced to the approximate
green size required, based on a green vafer density of approxirately 5 gn/cec,
the granulayr material was agitated in contact with a screen to produce
nearly-spherical shapes. Undersize matsrial was broken up to a fine

pouder and recycled through the process. The shaved material was pre-
sintered at temperatures of 1000 or 12007C, feusereened& then sintered

to final density at temperatures in the range 1350-1600°C for 4 hours.

A platinun-10) rhodiur: wound furnace (air atrosphere) was used for these
operations, O[f-size, out-cf-shape, and agglonerated particles were sub-
sequently removed by screening. Typical metailographic sections of particles
oroduced by the above route are shoun in Figures 11.4 through 11.9., These
represent naterial formed at a green density of 5 mifce and sintered at

1350, 1400, and 1&75000 It 1s clear thal incomplete sintering has occurrad
in a nwiber of the particles shown. It 1s expected that inproved sintered
density can be obtained at higher terperatures wvith the use of a reducing
atnesphere and/or controiled roisture content, This effect will be checked
in the near future,

In addition to forming green particles by size reduction, it was found
that scme Pul, pouders tended to agglonerate into near-spherical shapes
during agitation., On-size material nade in this manner was combined

with material made by the main process. Particles formed in this manner
can be readily identified by their appearance as sectioned since two
zones exist with each having differert sintered density. Uniform density
can probably be attained by permitting agglomeration to start with very small
original nuclei; hovever, the green density of such particles will be lou,
and higher sintering teiperatures may be required. In any case, the work
to date indicates thalt extrewely close control of nowder characlteristics
is required. Powder surface area, although an important factor in fab-
ricability is not the only controlling variable. Particle morphology,
size distribution, and preparation history are apparently all related to
forrability. For exanmple, spheres could not be produced frou over-calecined
Pu0y, or Pul, wade fron dilute plutoniww nitrate by the oxalate process.
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Figure 11.4

Spheroidized PuO»2,
Sintered at 1350°C,
with 10-15 micron Nickel Coating

(100X) Sample C

Figure 11 05

High Magnification Cross-Section
of Spherical PuOp,
Sintered at 13500C,

with 12 micron Nickel Coating

(400X) Sample C

Figure 11.6

Spheroidized PuO2,
Sintered at 1400°C,
with 20 micron Nickel Coating,
Showing Two Zones of Sintering
Due to Non-Uniformity
in Green Spheres

(100X) Sample DE
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Figure 11.7 Figure 11.8 Figure 11.9
High-Magnification Cross-Section
of Spherical PuOp, Spheroidized PuQp, High-Magnification Cross-Section
Sintered at 1400°C, Sintered at 1475°C, of Spherical Pu0p, with 10 micron
Showing Penetration of Nickel with 15-20 micron Nickel Coating Electrolytic Copper Coating
Coating Within Partially- Over 3-4 micron Nickel Base Coat

Sintered Zones

(400X) Sample D (100X) Sample E (400X) Sample E
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Annlication of lickel and Coprer Coatings
to Spherical Pu0,
(J. 11les. R. Recchia, F. Shinko)

In order to evaluaite the feasibility of costing spherical PuO2 particles
fabricated by the granulation process@ spherical material (.00 +100 mesh)
sintered at 1350, 1&60 and 1475°C was ccared as follows: ’

1) liulti-siaze "elecrroless® nickel coating up to 20 wicrons
thickness.

2) Electrolytic copper up te 15 microns thickness applied
over a 2.4 micron “el@c%rol@sqw nickel base coat.

3) EBlectrolytic .opper applied over a wacuu: evaporated
1.3 micron copper base coat.

'ethods (1) and (2) were successfuls however, method (c) was discarded
after four unsuccessful attempts. I this case. the thin copper base
layer was evidently attacked by the copper cyanide plating solution
before sufficient thickness of elecrrciytic copner had time to deposit
and thus protect the undeilying layer, Substrate (surface) roughness
probably contributed to ihe wulrerabili*y of the base cenducting layer.

Method (1) utilized a standard nickel chloride-hypophosphite bath(i)g
wanually agitated, operating at 80.85°C, Teflon containers were used.
ilechanical amtation and therncstatic temperarure control were used
successfully in prototype UOs coating trials; however, such improvements

in process control were not made durang this preliminary work iwith PuOs.
Inferior quality sintered particles occisronally exhibited penetration

by the nickel (Faigure il, ?) but in geneial even partially sintered material
was adaptable to cealing by this nethod wath little, 1f any, penetration,
Coating thickness control was achieved by exposure time, bath concentration,
and temperature. DSince starting material for these early runs was purposely
allowed to contain a moderate percentage of off.-grade, odd-shape, partially
densified particles in order to deterriire coating effectiveness under
severe conditions., thickness control could only be maintained within

+15,5. Coating process control was observed to be similar to past expe-
rience with UOz; a slight acceleraticn in ccating rate, possibly due to
radration effects, was the only significent daifference. Based on expe-
rience to date, coating control, and uriformity on plasma.-melted spherical
material should pemnt thickness control within +5) or better,

o

(1) HUDC-IY0.72001, Finsl Report on Cond.act AT(30-1)-2254,
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Lethod (2) utilized a maniature rotating barrel plater for agitation
during electrodeposition., Standard copper cyanide plating bath formu-
lations were used\l/, and contact between the platinum wire cathode and
charge vas maintained by the use of larger 20 mesh copper~plated steel
shot, The large diameter shot also served to improve agitation., The
metallographic section in Fagure 11,9 shows that uniform bonding and
coating thickness were obtained using this process, Several process
deficiencies were isoliated and corrected during the coating of three

grades of spherical material sintered at 1350, 1400, and 14?5000 Control
of D.C. current tended to be erratic due to the physical arrangement of

the cathode wire, and possible gas blanketing. Also, agglomeration losses
were high in several runs due tc inadegquate particle motion in the vieinity
of the cathode wire; 1l.e., ciumps of particles appeared to ceuent together
and form a "grape.cluster® which conld not be broken up physically. To
renedy these situations. a higher ratio of dead shot to charge was used in
addition to a higher bath tenpersture, Ope major disadwantage of the process
was the slow coaling rate (approxinately 1 wmicron/hour)s however, potential
for improvement exists, and the process can be extended te other electro-
lytie depogition schemes with only mincr nodiiications.

Fethod (3) utilized vacuun evaporation to foru the base coating of eopper
(1-3 mierons) on 150 micron PuO» spheres prior to electroplating, An
oversize spival tungslen filament was arranged to hold the required anount
of copper for evaporaticn vertically dowunwards onto the charge. The bare
Pu0s particle charge (~v 3 gne) vas separatedout in a thin layer on a
circular pan beneath the filament and the charge was vibration-agitated
during evaporation to provide uniforn exposure ito all surfaces., The re-
sultant coating was exaraned microscopircally and was observed to have 100
coverage, althouch the external surface vas somevhat pebbly, reflecting the
surface condition of the substrate itself, Although useful only for small
quantities of naterial. the vacuwi-evaporation rethod can be extended to
nany netallic and non-nefallic coatings of interest, rarticularly vhere

a high-rurity coating is :equired, or vhere special enviorniental conditions
prehibit the use of otaer coating processes.

(1) lictal Finishing, (1730), nublished by letal Digest.
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