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PROJICT AWD FACILIIT ADMINISTRATION
i‘aﬁk le 00
K. Hs Puechl

U0, -PuQ, coprecipitation runs made with modified equipment have yielded
potiders“having improved sinterability. UOQ,-35 w/o Pu0, that can be readily
sintered to above 93,5 of theoretical d@ﬁsx%y has now b8en consistently produced,
With this modified equipment, sintergbility appears to be much less sensitive
to PuOZ/UO2 composition.

Sintering studies with Pu0, compacts have also been continued and extended
to include the effects of Impurities, The sintering data indicate that air
sintering of Pu0, results in higher density than reduction (N,=6% H,)
sintering; Peduc%lon sintering tends to convert an appreciablé amount of
PuQ, to Pu, 0 Further, it has been showr that the addition of 0.5 w/o
str%nflam %a?bonate tends to enhance the sinterability of Puozo

In preparation forthe fabricalion of high burnup irradiation specimens.
various blending techniques as well as largzer scale equipment are bsing
evaluated. Previous labeoratory trials had indicated that satisfactory
homogenization of component U0 and Puls pouwders could be achieved by wet
ball milling. 3ince this and the subsequent drying operation are time=
consuming process steps, these procedures are being optimized, and alternate
dry blénding methods are also being reassessed. Preliminary results with
U02-ThOz and U0p-Pulz give indication that simplification may be possible.

Oxidation kinetics data or U02-Puls; is now being generated by thermogravimetric
analysis. Preliminary interpretat 1on of the data indicates that there is

no sisple correlation between the oxygen diffusion rate and the DuOZ/UOZ
composition,

Samples of UQgz-Puls covering the complete compesition range have been exposed
to 680°F water for 1000 hours, and the results indicate that over the entire
range cerrosion is comparable to tbat exhibited by UOs. Vacuum sintering

of such pellets for 1 hour st 1000% 0 in contact with 304 and 316 stainless
steels ar major constituents have also been carvied out, and metallographic
and xoray diffractior examination indicate no reaction betmeen geramic and
metal g,

The short-term irradiation capsules are now at the reactor site awaiting
insertion. Jome difficulty had beern encountered due to the propogation of
cracks in the Type 6061-S aluminum capsule weld zones. This difficulty has
been overcome, and the capsules have bean accepted for insertion by the
reactor operator.
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The high burnup test program has now been finglized, and the preliminary
design of the test capsule has beer completed, Both thermal and fast
reactor fuels will be irradiated to obtain performance comparison among
various fabrication procedures.

[a)
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PRIPARATION «MD CHARACTURIZATION OF FURL MATSRIALS

Task 2.00
C. 8. Caldwell 0. FKenis

Preparation and Characterization of Plutonium Oxide
(Jo Goodman, J. Limpert)

Plutonium dioxide for use in homogenization and sintering studies has been
prepared by oxalate, hydroxide, and peroxide precipitation and air cal-
cimation, [he oxalate gnd peroxide products were made as in runs
297Pu27A(1) and 297Pu29(11), and the hydroxide was precipitated by

a continuous method using gaseous ammonia. Preparation and powder
characterizativn-ata are summarized in Tables 2.1-2.4. The high tap
density obtained by calcination of platonium hydroxide at 840°C suggests
that further caleinstion at elevated temperatures may yield a high-density
feed suitable for vibratory compaction or swaging.

Preparation and Characterization of lixed Plutonium-Uraniuw Oxides
{J. Goodman, H, Krake, 7. Potter)

Four cortinuous UOanB w/e Puls coprecipitation runs have been carried out
to further test the improved methods of process comtrol instituted during
the last reporting period. Both aquecus and gaseous ammonia were used as
precipitants and dupiicate runs were made in each case.

Powder characterization data from these and previous runs indicalte that
the improved process has four major advantazes over previous techniques;
nanely.

1) The UOZMPuOZ powder suwface area i1s relatively insensitive to
plutonium content;

2) The U0p-Pul0, powder surface area remains high (4-6 ¥2/gm) following
high temperature (840“C) reduction. (It is pointed out that such
reduction is desgirable when H2m6§ H> non-explosive gas 1s utilized
since the reduction can thereby be accomplished more rapidly.)

(1) MWUMIC P-103, Progress Report, "Development of Plutonium-Bearing
Puel Materials®

(1ii) DUMIC P-104, Progress Report. "Development of Plutonium-Rearing
Fuel Materials"
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Table 2.1

Plutonium Oxalate Preparation Route

Sample Identification

Preciprtation Conditions

Method o
Temperature, C

Feed Composition

gm Pu/l
He, molarity

Strike Solution Composition
HQGZOQ, molarity
Ho02., molarity
Precipitation Average Holdup, hours

Total Number Throughputs

Drying Temperature, °c
Drying Time, hours

Furnace Conversion Conditions
Temperature, °C
Time, minutes

297Pu38 _

Continuous

35

200
3

(25% excess)

100

0.8

0.5
8

100

24

760
30

1
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Table 2.2

Platonium Hydroxide Preparation Route

Sample Identification

Precipitation Conditions
Method o
Temperature, C

Feed Composition
gm Pufl
H4+, molarity

Nominal Feed Flow Rate, 1/hr

Precipitant
Composition
Flow Rate

Average Holdup, minutes

Total Number of Throughputs

Drying Conditions
C

Temperature,
Tine, hr

Conversion Conditions
Gas Atmosphere
Gas Flow Rate, SCFH o
Rate of Temperature Climb, C/min
Temperature, °c
Time at Temperature, minutes
Furnace Charge, gm

297Pu239

Continuous

55

100
1.0

1.2

NH3 gas
780 ce/min
) 32‘@'07 pSia

30
2.8

100
26

Np-6% Hp
5.0

12

840

80
80,0



NUMEC P-105

Table 2.3

Batch Plutonium Peroxide Route

Sample Jdentification

Plutonium Feed Solution
Batch Size, gm Pu
Plutonium Concentration, gm/1
H+ Concentration, ¥

Precipitant
Ho0, Reagent Strength, v/o
H+ Concentration, M
Volume H,0, Added Slowly, 1
Total Volume H202 Added, 1
Addition Rate During Slow Addition, ml/min
Agitator Speed (2.5 in. dia. flat turbine
impeller), rpm

Precipitation Temperature, %c

Digestion Conditions
Temperature, C
Time, hr

FPiltration Time, minutes

Drying Conditions

Temperature, “C
Time, hr

Caleination Conditions
Temperature, °C
Time, hyr

12
1.0

55
48

490
0.5

6



Table 2.4

PuQs Powder Characterizaticn Datg

Total
Surfgce Bulk Tap Subgieve Hetallic
Run Area Density Density Size Impurity
Tdenlification Origin 1°/em gn/ce em/co mierons ppm
297Pu38 Oxalate 4,88 1.53 2,70 1.k 460
297Pu39 Hydroxide 2.65 3.25 5,19 b,k 2400

297Pul0 Peroxide 2h.1 2,77 L. b5 2.3 2271

GOT=d DTHA
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3) The particle sizes are considerably smaller than obtained previously,
and thasg characteristic does not gppear to be sensiiive Lo the dhoice
of precipitant (see Figure 2.1).

k) The U05-35 w/o PuQ, powder exhibits greatly improved sinterability.
ifhereas previct sly prodaeed powders of this composilion couvld be
sintered to only 90,5 of theoretical density, the improved yrodmet
was readily sintered to 95-96,} of theoretical density at 1600°5,

Preparation arnd characterizotion data and the results of spectreograpla
analyses are sumaarized ir Tabies 2,5-2.8, Plutoniuvm filtvate losses during
these runs were limited to 0,03-%,3 mg/rl,

freparation of U0,-Puls by Component Powder Blending
(Ro Swain)

Previously obtained laboratcry-scale tests(l) indicated that satasfactory
blending of component powders could be achieved by wel ball milling, Auto-
radiography of sivtered peliets indicabted that ihe degree of homogereiry
achieved by such Llewding is compershle to that attairabie by coprecapilation.
Studies have now been anitigled to evaluate larger scale eguipment and to
optimize the blending procedures., Other bla.ding technaigoes that may resolt
in satisfactory blendang wathout the reed for subsequert drying are olso
be.ng 1avestigated. Funally. chemcal anzl ysis of small blended samples

are being made in order to develop correlations between the results of such
analyses and the results of suloradiography. If definative correlations

are possible, quality control procedures could be greatly simplified,

To establish optimum conditicne for welt ball mllLlﬁ v four multi Jdeilogyen
blends have been made using UQ; powders plus 1,5 ThOg as a stand-an for POy,
Four different cylinder charges were used ranging from 25 to 405 of ihe
cylinder volume. Powder samples from various localions withir the Jjar

were removed after 30, 60, 90, and 120 minutes of milling, and 50 mg
fractions from these sampies are being snalyzed for thorium by x-ray
fluorescence,

Simultaneously, a sub=kilogram blend of U0y and PuO, has 4130 beeu prepared
by wet ball mullang using a 40} cylinder charge, fwwntyutwo 500 mllivran
samples were removed fo amperometric and aipha counting snalysis atter

2 hours of blendirg., Sellets are now being fabricated, and these will be
analyzed by autcradiography to allow comparison with the chemcal and
countang data.

(1) HWUMZC P-100, Progress Repart, "Developuent of Plutonium-3earing
Fuel Marerials®, page 46,

[ )
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Table'Z,E

Process Conditions

for Coprecipitation of U0»-35 w/e Pu0s
(Aqueous Ammoria Precipitaat)

Run Identification

297Pu35 and 297Pu36

Composition

U02635 w/o PuO2

Precipitation Conditions

Method o Continuocus Continuous Continuous Continuous Continucus
Temperature, C 55 55 55 55 55
Feed Composition
gm Pu/liter 35,0 35.0 35,0 35,0 35,0
gm U/liter 65,0 65,0 6540 65.8 650
7Y, tolarity 1,0 150 1.0 1,0 1,0
Nominal Feed Flow Rate, 1/hr 142 1.2 1:2 1.2 1.2
Precipitant Composition 14,5 14,5 14,5 14,5 14,5
HHLOH, molarity
Precipitant Flow Rate, 0s3 0.3 0.3 0.3 0.3
liters/hr
Precipitant Average Holdup, min 30 30 30 30 30
Total Number Throughputs 3 2 2 2 1
Run Period Startup Steady State | Steady State | Steady State Shut Dowm
Ozide Sample Identification TSE0-740 S5380=640 S360-740 5380840 RS80-740
Diying Temperature, C 180 180 180 180 180
Gas Atmosphere No=60 Hp No=h7) Ty N,=67 Hp No-67 Hy Ho=6;5 Hp
Gés FlOW' Rate, SCFH jaO 506 53@ qqe 500
Rafe of Temperature Climb, 12 12 12 12 12
C/min
Conversion Temperature, C 740 640 7440 840 710
Time at Conversion Temperature, 80 80 80 30 80
ninutes
Pu=35 Furnace Charge, gm 80.8 180 180 180 80.3
Pu~36 Furnace Charge. gm 80,3 163.8 16349 165,27 80.5

$01~-d OoHMHON



Pable 2.6

Process Conditions

for Coprecipitation of U0s-35 w/o Puly

{Gaseous Ammonis Precipitant)

Run Identification

297Pu37

Composition

UG2-35 w/o Pul2

Precipitation Conditions

lethod Continuous Continuous Continuous Continuous Continuous
Temperature, °C 55 55 35 55 55
Feed Composition
gm Pu/liter 35,0 35,0 35,0 35,0 35,0
gm Ufliter 65,0 65.0 65.0 65.0 65,0
P, molarity 1.0 1.0 1.0 1.0 1.0
Hominal Feed Flow Rate., l/hr 1.2 1,2 1.2 1,2 1.2
Precipitant Compositiocn, Gas Gas ias Gas Gas
HA .
Precipitant Flow Rate, 180 ec/min 180 ec/min 180 co/min 180 ¢/min 180 ¢/min
ce/min 28,7 psia 24,7 paia 24,7 psia 24,7 psia 2k,7 peiag
Precipitant Average Holdup, min 30 30 30 30 30
fotal llumber Throughputs 3 2 2 2 i
Run Period Startup sbeady State | Steady 3tatel Steady 3tatel Shutdown
Oxide Sample Identafication 7580740 5580--640 3380-~740 3580-340 RSB0-740
Drying Temperature, “C 180 180 180 150 180
Gas Atmosphere lip-6% Ho N6, Hp lo=6% Ho liz=65 Hy =65 Ho
3as Flow Rate. SCFH 5.0 5.0 5.0 50 5.0
Rate of Temperature Clinmk, 12 iz i2 12 12
O¢ fmir
Conversion Tempersture. 9C FL0 640 i 340 740
Time at Conversion Temperature, 80 80 &0 30 80
minutes
Furnace Charge. gm 80,0 176,73 176,73 176,5 79,8

C0T~d OFHaN




Summary of Powder Characteristics

for Coprecipitated UC-«Puls haterials

L

LA
i

11

Average HSA

OxyzenfFetal B.Z.T. Particle 3ize

Ratio in Surface Bulk Tap Air Permeability <for =200 nmesh

Pu0» Content Uranium Ayea Density Density  Particle Size Fraction
Samnle Bumber w/o Filling® Fraction E~/om anfee ~m/fcc microns microns
Pul3sTS80-740 5 N 2.66 1046
Pu3L4SS80-640 5 5101 2.66 16,76 0.52 1.1 0.21 0.8
Pu34SS80-840 5 HM 229 6.42 0.73 1.72 0.33 1.3
Pu34RSB0-740 5 Juict 2.66 10.81
PQBBTSSG -?2“({2 35 E‘ﬁ*}i 2@31 8@1%’5 1 335 29{31 Qoﬁa 25?
Pu353580-440 35 £11 2.36 10,90 1.37 2:75 0.53 2.0
Pugﬁss%g“?‘i’%’e ?5 Eﬁ"g 2528 ? 3’68 1@33 ?062 8956 20 1
Pu355380-£40 35 a1l 2,18 6,20 1.3 2,60 U,50 1.6
Pu35RS80-740 3 M 244 9,94 1,16 2.0L 0.51 1.5
?uBéTSS’O"?L}G 35 EE“E 2(331 6;3“&@* 165? 2»3(;)2'!‘ go?&? 1 35
Pu35S380-640 35 HM 2.48 9.72 1.46 2:82 0.68 1.4
Pu363S80-740 35 i 2,30 6,64 1.54 2.78 0,64 2,53
Pu3638380-840 35 HM 2,19 Lol 1,47 2. 74 0,67 1.2
Pu36RSC0-71 35 H 2.32 8.23 1.31 2,47 055 1.3
Pul7Tal 0700 35 Hit 2.29 0.74
Pu788F0 -6l 35 HM 2.40 10.93 1,37 2,67 0,59 3.5
PulTSS80-7h0 35 HM 2,27 6,87 1.44 2.63 0,60 1.7
Pa37S380-840 35 Hi 2,18 b.52 1.51 2,89 0,48 1.7
Puia7R3EN-7h0 35 B 2,28 1,0
idu_‘h;:’: 1 I3 53 2 © 6}; j 923’34'

* D~ Hammermilled

Hil = Hom=iilled

GOT~4 O
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WEIGHT PERCENT LESS THAN DIAMETER

AMMONIA PRECIPITATOR
RUN NO. PRECIPITANT CONTROL
Pu-19 AQUEOQOUS (14.5M) PROTOTYPE
Pu-35 " IMPROVED DESIGN
Pu-36 " «
Pu-37 GAS "
109 H LI L T ] ]
80 -
80 -
Pu-19
70 |- Pu-36 Pu-37
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30 Pu-35
20 |-
10 |-
Q ) /] J g 3 4 7
0.1 0.2 0.5 1.0 2 10 20 50

DIAMETER, a

PARTICLE SIZE DISTRIBUTION OF UO,-35 Y% Pu0,

FIG. 2.1
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In addition, UOzmiﬂ Pulo and UOgmiOé PuO2 blends have been prepared using
U02=35 W/c Pu0p coprecipitated material as one of the powder components.
Samples have been taken after two hours of milling and chemical, counting,
and autoradiographic analyses will be compared,

Four dry ball mill blends of U0z~0.5 w/o Pu0p have also been prepared. The
effects of blending time, charge size and moisture content are being evagluated
Preliminary chemical analysis data indicate plutonium content coefficients of
variation of 1.1 and 1.4 using 0.5 gram samples subsequent to 1 and 4 hour
milling, resp. The effects of such blending on particle size distribution

and impurity content are now being ascertained.

While twin-shell blending was used previously to demonstrate the adve?sﬁ
effects (agglomerate formation and segregation) of prolonged blending‘\l/,
studies are now being made to determine optimum blending time reguired
for the production of maximunm achievable homogenization. Using 584 grams
of UO> and 2.5 grams of PuOp, a UozuOOSﬁ Pu0s blend has been prepared in
a 1 gquart blender. Samples were withdrawn from verious loecations after
5, 10, 15, 20 and 25 minutes of blending, and 200 mg fractions have been
analyzed for plutonium content by amperometric titration. The results
presented in Table 2,9 show that optimum blending time is approximately
10 minutes.

A Lodige blender is also being evaluated using ThU» as the minor component.
Mixtures containing from 6 to 13 kg of U0s with 1% ThO, have been blended
and sampled to determine the effects of charge size anﬁ blending time.
Microscopic examination of powder and fabricated pellets show no gross
agglomerate formation. Preliminary ThO, analysis using 50 mg samples
indicate coefficients of deviation of 5 to 7,7 as compared with 1,5 to 6.
cbtained by wet ball milling. ISquipment modifications are now being madse
to obtain further improvement.

Analvytical Chemistry
(0. Menis, B. Conroy, J. Limpert)

During this period, the ceapability for chemical analysis has been increased
by the construction and checkout of two apparati. Specifiecally, a thermo-
gravimetric balance has been modified to allow determination of the oxygen-
to-metal ratio in UOp-Pul, mixtures,and a special coulometry cell has been
constructed to allow determination of trace quantities to hexavalent uranium
in UOz-Puls.

(1) NUMBC P-100, Progress Repart, "Development of Plutonium-Bearing
Fuel Materials", pages 46-47,

14
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Blend Time

Table 2.9

Efficiency of Dry Twin-Shell Blending

U0 Plus % w/o Pu0», in 200 mg Samples

Sample Number

minutes

5
10
15
20

25

1 2 3 b 5 Average
A5k H07 s 529 0512 « 50 H82
0521 493 2518 0519 «521 o514
0515 0511 - 534 A7 Sk 90
o511 «522 492 0503 0 52M 2510
0501 0513 «515 Ak 490 2901

Average 499

Coefficient
of Deviation

(:5)

10,5

2.3

15
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For the determination of the ?o gen-to-metal ratio, an apparatus similar

to that described by Sinclair'\'/ was constructed. A picture of this apparatus
prior to introduction into a glove box is shown in Figure 2.2. The apparatus
consists of a thermobalance wherein a sample can be welghed in a sample tube
under controlled atmospheres. The guartz tube is protected by an Inconel
thimble shich is heated by a platinum winding. Trial runs have been carried
out with Bureau of Standards U40g and utilizing a nitrogen-6; hydrogen
atmosphere to minimize the hydrogen handling problem. The data oblained
from these runs are presented in Table 2.10, It is seen that the resulis
agree within 0.01 mg of the theoretical value. The apparatus is now being
installed in a glove box to allow operation with plutonium.

For the d%tesmination of U(VI), a special coulometry cell based on the work
of Booman‘''/ has been assembled as shown in Figure 2,3. This apparatus will
also be used for the determination of the concentration of fertile material

in irradiated samples,

(1) J. L. Drummond and V. I, Sinclair, "Some Aspects of the Measurement
of Oxygen=-to-Metal Ratio in Solid Solution of Uranium and Plutonium
Dioxides™, presented at Sixth Conference on Anglytical Chemistry in
Huclear Reactor Technology, Gatlinburg, Tennessee, October 1962,

(1) G. L. Booman and W. B. Holbrook, "An Zxtraction, Controlled-Potenmtial
Coulometric Method Specific for Uramium (VI)", Anal. Chem. 31,

10-16 (1959).

16
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Table 2,10

Determination of Oxveen~to-lietal Ratio

Weight in Argon, gm
Theoretical
Reduced

Oxidized

Reduced

Difference

U308 o2
0,22276
0.21429
0,21420
0.22277
0021430
0.,00001 0,0001

U308 U0
0,23312
0,22426
0022425
0.23312
00224058
0,00000 0,00001
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A Mock-Up of a Thermogravimetric Apparatus

Figure 2.2

18
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Controlled Potential Coulometry Cell

Figure 2.3

'I' 19
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FABRICATION AND EVALUATION OF FUEL SHAPE

Task 3.00
B. Ko Halbeman I. D. Thomas

PuOr Sintering Studies
(#, D. Houston)

Sintering evaluation of PuQs powders produced by various process routes
has been continued and the effects of additives are being explored.

Pellets of three material batches, 297Pu29 (oxalate route), 297Pu30
(peroxide route), and 297Pu3l (peroxide route), were sintered at 16007°C
for 1 hour in N,-6% E as well as in air, (gye characteristics of the
pouwders utilizeﬁ were tabulated previously The sintering data are
presented in Table 3.1. The results show that higher sintered densities
are attainable in an oxidizing atmosphere and that the oxalate-derived
powder tends to sinter to a higher density than the peroxide-derived
material. This latter result was not antlclpated since the surface areas
of the peroxide-derived Pulp were 26,0 and 19.5 ¥2/gm, resp. The rel-
atively low sintered densities may be due to the presence of appreciable
amounts of unconverted compounds as indicated by the relatively high
weight losses observed during both oxidation and reduction sintering.
Weight change observations following reoxidation indicate that sintering
in Np-6 Hp reduces approximately 207 of the Pulz to Puy03.

The sintering studies were also extended to ascertain the effect of
controlled impurity additions on the sintering behavior in an oxidizing
atmosphere., While sowe enhancement in sinterability is anticipated under
these conditions due to the effect of lattice defects on msterial diffusion,
such additions may also tend to stabilize PuOp and inbibit Puy04 formation
under reduction sintering. The ions Ca 2 and S¥TZ were selected on the
basis of ionic size and valance. In addition,; the effect of Mg +2 impurity
was also investigated because of its relatively small lonic radius. Powder
lot 297Pu29 derived from the peroxide was used, and the impurity additions
(0.5 w/o) were introduced as carbonates and calcium fluoride. The FPu0s and
impurities were intimately mixed by paste blending in sn agate mortar. A
total of 5 compacts from each powder blend and from pure PuOg were pressed
at 20 tsi and fired for 1 hour in flowing oxygen at 1600°Cc, As shown in

(1) MNUMEC P-103, Progress Report, “Development of Plutonium-Bearing
Fuel Materials', pages 4-6, and NUMEC P~104, Progress Report,
"Development of Plutonium-Bearing Fuel Materials", pages 3=7.
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Table 3.1

Sintering Characteristics of Various Pul, Preparations
(Sintered at 1600°C for 1 hour)

Compaction Green Firing Linear Fired Percent Welght Gain
Composition Pressure Density Sintering Weight Loss OShrinkage Density Theoretical on Qee%adatlop
Designation TSI gnfcc  Atmosvhere T 5 gm/ec Density ‘%
297Puz9 10 6,53 ‘6ﬁ Ho 1.3 13.4 10,01 87.3 0,54
(Oxalate Route) 20 7,10 ﬁ ~6; Hs 1.3 11.8 16,21 89.1 0,55
'J‘?’Q ?05? IJZ"{};S HZ 1'3 902 10012 %803 @o?i
20 7,16 Ar 0.6 12.4 10,49 91,5 -
LS’G 795? Aj.r Gqé 1008 10a71 93@&' -
2971}\1‘29 20 6g60 iv‘s -6 Eg 2a3 11@1 9922%‘ 8(}06 Go?i
(Peroxide Route) 4o 7 .04 NZ‘éﬁ Hp 2.3 10.3 9.26 83.9 0,56
2@ 696@ AlI‘ ie? 1107 90‘!’1’5 82@5 -
2‘3”"3 ?OQA{’ AlI' 10? 1009 998? 8691 -
2(37?1}.3@ 20 6920 I&‘Jz‘éiﬂr HZ 26? 12‘5“3 5 9075 850 1 -
(Peroxide Route) LTy 6.73 N5-675 Hy 2.7 13.5 10,28 89,7 -
26 6320 Alr Zoi;" 1500 100@? 8709 -
z‘i’@ éa?B Ail" 202"’ 1!4‘95 10051 9137 et
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Table 3.2, only the strontimnm addition enhanced the sinterabiiity; the
addition of calecium as the carbonate or fluoride had little eifect, On
the basis of color chasge, both strontium and caldivm appeared 1o form
solid solutions with the PuOp. During subsequent reduction firing, all
compacts lost weight (0.5-0.7 w/o), hence it can be concluded that nowe
of the additives teoded to stabilize the Puls.

Mixed Oxide Sintering Studies
¥ D. Houston)

Sintering trials on various coprecipitated UO,-Pul, materials have Leen
continued. During this pericd, the compositions which were evaluated
included three pure UOp batches, U0, .20% Pulp, tlree UOp=35% Pulp
preparations, and U0,-80% Pu02.

Three batches of UOp designated as 297Pu2l, Pu22, and Pu23 were prepared

by the ADU method to check out certain equipment modifications. These
modifications and the complete histo?y‘and characterization data of these
powders had been previously rep@rted~l)o A1l three batches exhibilted
similar compaction and sintering behavior as indicated by the data presented
in Table 3.3. Densities in the range 93-96,; theoretical were generally
observed. The low densities observed with Pu23SS5 and Pu23386 resuit from
the high content of volatile material that remaing alter the low temperalure
or short-time conversion, resp. These data, thereiocre, are proof that
reproducible product can be precipitated in the modified equipment.

The material prep%r@§ in run 297Pu25 (U02-20 w/o Pul,) as described in
a previous report'*/ was slso compacted and sintered. As shown in
Table 3.4, all batches (converted at various temperatures in the range
640-840°C) sintered to above 93,5 of theoretical density. With increasing
conversion temperature, the green densities at equivalent compaction
pressure and the sintered densities increased. Final densities appeared
to be more dependent on the conversion temperature than on the pressure
utilized for compaction. In general, the sintered densities for various
preparation runs of UOs=20 w/o Puly, that is, 297Pu13 (batch method),
297Pul? (batch method), and 297Pu25 (continuous method), appear to be
similar. Again, reprodieibility of product appears to be satisfactory,

S

(1) NUMEC P-102, Progress Report, Y"Development of Plutonium-Bearing
Fuel Materials", pages 11-16.

(ii) NUMEC P-103, Progress Report, “Development of Plutonium-Bearing
Fuel Materials", pages 14-17.
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Effect of Impurities on Sinteringz Characteristics of Pu&z

Table 3.2

Sintered at 1600°C for 1 Hour in 0,

297Pu29 (Peroxide-Derived)

Controlled Impurity Content - 0,5 w/o

Compacted ~ 20 TSI

Green Welght Loss Linear Fired Percent Refired Density
Controlled Density on Firing Shrinkage Density Theoretical (Mo=6 Hg)

Tmpurity gm/ece (%) 9] _en/ee Density % TD

None 6658 1.7 11.8 9054 83.2 87.9

Sr0 6.57 1.9 15,2 10.62 92.7 89.9

Cal 6.55 2.1 16,1 8,97 78.3 76,9

Mgl 6.49 263 11.3 9,18 80.1 62.2

Cﬁg 6a59 138 1@91 9003 ?808 -

GOT~d D&~
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Composition

Pu21-T5-0
Pu2{-35-0
Pu21-55=2
Pu21-55-6
Pu21-S5-X
Pu2i-R3-0
Pu22-1T5-0
Pu22-53-1
Pu22-55-2
Pu22-55-3
Pu22-35-4

Pu22-R5-0
Pu23-T5-0

Pu23-53-1
Pu23-53-2
Pu23-55-13
Pu23-53-5
Pu23=55-6

Pu23-R5-0

ointering Data for U0~ Preparations

Table 3.3

(Sintered at 1600°C for 1 Hour in No-6) H,)

Compaction Green Weight Loss  Linear Fired Percent
Pressure Density on Firing Shrinkage Density Theoretical
TSI _znfee b < =nfecc Density
10 5.19 1.3 20,9 10,32 Ohp, 2
20 5656 1.3 19.3 10.41 95,0
10 4,97 1ok 22,3 10.42 95.1
20 5.55 1.4 19.7 10,50 9506
10 5.03 1.3 21.5 10.24 934
20 5056 1.3 19.1 10.37 Oy, 6
10 4,99 1.8 21.9 10.39 b, 8
20 5052 1.8 19.6 10.42 95.1
10 24’-.:72 1@8 22—08 1001%’ 9205
20 5430 1.8 19.3 F.92 90.5
10 5006 1.9 21.8 10,48 95.6
20 5.76 1.9 18.5 10,43 95.2
10 5.02 1.8 2201 10.41 95,0
20 5.72 1.8 16.3 10.43 05.2
10 5.17 1.7 2067 10.25 293.5
20 5.77 1.8 18.3 10,35 Oy y
10 5024 1.7 21.2 10.37 9,0
20 5085 108 1?69 10039 92‘%’08‘
10 5027 1.5 21.0 10.45 95.3
20 5.85 1.5 18.2 10.50 95.8
10 5.15 1.6 21.5 1044 95,2
20 5,73 1.7 18,8 10.53 95.1
10 5,03 1.6 21.8 1044 95,2
10 5,17 1.7 21.6 10,48 9506
20 5.78 1.7 18.6 10,53 96,1
10 5.16 1.6 20,8 10.31 Mol
2@ 5072 106 18024' 1(}03‘{%’ 9)'1"03
10 5.30 1.4 20.8 1044 95.2
20 5.86 1.4 18.2 10,52 96,0
10 5.21 1.5 20,6 10,42 95,1
20 5.83 1.5 17.7 10,30 .0
10 Lo77 2ok 22,1 2,86 200
20 5652 260 18.3 9,98 91,1

10 b.33 bok 24,0 - -
ZD ;4»088 ‘,‘4’01‘%’ 2101 - -
10 5011 1.8 21.5 10,40 s, 9
20 5475 1.8 18.4 10,48 95,6

24
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Table 3.4

Sintering Characteristics
of Coprecipitated U0,-20 w/o Pu0,,

(Sintered at 1600°C for 1 lour in Mg»éﬁ Hy)

Compaction Green Weight Loss Linear Fired Percent
Pressure Density on Firing Shrinkage Density Theoretical

Composition TSI _em/ee 4 4 en/cc Density
Pu25TS80~740 10 5002 1.6 22,7 10.66 Wl
20 5.73 1.6 19.2 10,61 05,9
Pu255580-640 10 L, 64 265 24,4 10,33 93.4
20 5036 205 20.6 10,38 23,8
Pu2535580-740 10 5.04 1.7 22,2 10.52 95,1
20 577 1.7 18.4 10.52 95.1
Pu258580-840 10 5043 1,2 20608 10,73 97,0
20 6,01 1.2 18.1 10,76 97.3
Pu25R380-740 10 5,10 2.1 22,1 10,69 6.6
20 5074 261 19.2 10,58 95.7
Pul3 8.2 4,91 1.8 23.1 10,70 96,7
Pul? (17.8%) 11.7 5025 1.5 21,2 10,62 96,0
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Since poor sinterarg characteristics had been previously observed for
coprecipitated UO,-35 w/e PuO, (297Pu19}(1)9 three additiomal batches

of this composition were prepared using the modified equipment. It was
found that this recently produced material (297Pu35, 297Pu36, 297Pu3?)
exhibited far better sintering characteristics than 297Pulf. Densities

in the range of 95 to 98] of theoretical were readily obtained. lhe
gintering data are presented in lable 3.5. In general, the gree~ densities
are lower than for 297Pul9 and the weight losses on firing, higher. These
sintering results indicate that the eguaipment modificatrons allow production
of more sinterable product, and further that the produet characteristics are
reproducible,

A batch of UO;-80 w/o PuOz (297Puz8) was also prepared by coprecipitation
to ultimately provide a coprecxplzat?d blend for mixing with UO20 Powder
characteristics for this msterial'*!’ indicated s reiatively high bulk
density (3.43 gm/cc) and tap density (6.07 gm/cc); hence, relatively poor
sintering characteristics were anticipated. A relatively high pressuare

(27 tsi) was necessary to compact the pellets, and the density increase
due to compaction was quite smalls 7.56 gm/cc compacted as compared to
6,07 gm/ce tap density. The sintering data presented in lable 3.6 confirm
poor sinterability. It is interestang to note that the highest densities
were obltained by sintering in an oxidizing atmosphere. Apparently, with
the small amount of UO2 present, the material behaves wmore like PuOz than
U0o. Subsequently, ball milling was wtilized Lo condition this powder,
however, some impurity was obvicusly introduweed during the milling operation,
gince a rather porous clivker resulted on sintering. On the basis of
preliminary analysis, it is suspected that the harmful impurity is silica,
which comes from the grinding media. [his 1s being investigated in detail,

Oxadation Kinetics of UO,-Pu0,
(Rc G@ffi Sh)

Oxidation kiretic studies by weans of thermogravimetric analysis are
continoinrg on wixed oxide gintered pellets in ordered to ald in tre
irterpretation of sirtering data svnd to help assess the extent of sclzd

. 28 SR LN

(1) NUMEZC P-102, Progress Report, "Development of Plutonium-Dearing
fael haterials"™, pages 29-30; NUFIC P-103, Prcgress Report,
"Development of Plutorium Bearivg Fuel laterials®. pages 22-27;
and NUMEC P .104, Progress Repori, "Development of Plutonimm-leariug
Fuel katerials®™, pages 32-35.

(11) NUMEC P-104, Progress Repori, "Development of Platorium-Bearing
Fuel Materials®™. page 12,
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Table 3.5

Sintering Characteristics
of Coprecipitated U0,-35 w/o PuQ.,

(Sintered at 1600°C for 1 Hour in N,-§) Hy)

Compaction Green Weight Loss Linear Fired Percent
Pressure Density on Firing Shrinkage Density Theoretical

Composition TSI em/ce % 5 ma/ec Density
PuBﬁSSSQ"é}%O 20 505? 2» 1 1893 9983 8802
L‘!’O 6@36 201 1306 10012 9008
Pu355580-840 11.7 5+63 1.2 19.5 10,73 96,3
20 6.05 1.0 18.0 10.95 983
L1y 6.80 1.0 1he5 10.90 07.0
Pu3635580-840 11.7 5062 1.2 19,7 10,72 96,2
Pu3758580-840 10 5o 5% 1.1 19.9 10.65 95,6
20 6,06 1.1 17.4 10,69 96.0
Pu195380-840 11.7 6.58 0.6 13.1 10,06 90.3



Green
Material Density

(Pu28) gm/ec

As Prepared 756
7456
7056

Ball Milled 6.75
6.75

(3]
w

Table 3.6

Sinterins Characteristics
of Coprecipitated U0,-80 /o Pu0,

Firing Weight Loss Linear Fired Percent
Firing Tinme on Firing Shrinkage Density Theoretical
Atmosphere hours 2 4 sm/ee Density
Hz-éﬁ Hy 1 2.0 Bk 9.43 83.0
E‘gz-é;?? HZ 16 15? 80? 906(} 84‘05
Ar 1 1.0 8.7 9.67 85.1
Hy-64% Hy 16 2.7 - 6.69 58,9
Air 1 0.6 11.5 9.76 86,1

RN
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solution frormation., Preliminary runs have besn made with variocus UOp-PuO2
compositions at different temperature intervals in order to determine the
basic rate of oxidation as a function of temperature and composition.

The materials utilized and the temperature intervals are tabulated in
Table 3.7,

A typical oxidation curve as a function of time 1s shown in Figure 3.1
for U0,-5 w/o PuOy powder (PuilB) which was oxidized at 502°C. These
results show the two-step oxidation typieal of pure U0z, For contrast, a
typical oxidation curve for the U0z-12.5 w/c Pu0, sintered pellets is
shown in Figure 3.2,

Using the characteristics of the powder from which the pellets were
sintered, a pseudo particle size was vsed to caimlate diffusion co-
efficients of oxygen in the pellets relative to one another. The diffusion
equations resulting from least squares fitting to Arrhenius plots for the
U0z-5 w/o Pulp, U02-12.5 w/o PuOz, and the U0,-20 w/o Puly sintered pellets
are presented in Table 3.8,

These cobserved diffusion coefficlents are orders of magnitude lower than
obgserved for pure urania. This is due primarily to the use of sintered
pellets; however, the dilution of the cations wilth plutonium, which is imn
its highest state of oxidation, is also a contributing factor. Using the
exact surface area of the sintered pellets will change D, by an order of
magnitude, however, the activation energy (slope of the diffusion curve)
will remain basically unchanged. These diffusion equations will be re-
derived using pellet surface areas measured by the B.E.T. method so that
absolute diffusion coefficients, rather than relative values, can be
obtained., The relative resulis, however, do indicate that there is no
simple relationship between the oxidabtiorn rate and the percertage of
contained plutonia.

Phvsical Property Measurements
(B, K. Halteman, R. Gerrish, J. Roth)

The high temperature thermal expansion apparatus has been checked out,
and the glove box is being closed up prior to commitment of the apparatus
to plutonium,

Prior to commitment to plutornium, trizl operation of the high temperature
x=ray diffractometer is also continuing using ThOp and UQp. Based on the
measured variation of the lattice constant with temperature over the range

0 to 750°C, th%ﬂghexmalne9@ffi¢3gg§g;@ﬁgg§ﬁg§§ion of ThO, has been estimated
to be 10.5 x 10° sgjem@“ca“wfﬁig is in close agreement with the literatire
value of 10,0 x 1077 + 0,5 x 107° em/em-°C. Similar measurements have also
been made with UO2 over the temperature range 0 to 1000°C. These date are
currently being analyzed. The apparatus gppears to be performing satis-
factorily and will be committed to plutonium during the next reporting period.

29
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Table 3.7

Tabulation of Thermogravimetric Oxidation Runs

Oxidation Rug Temperatures

Material w/o PuOZ G
297PulhA 5.0 215, 320, 405, 500, 502
207PullB* 5.0 241, 355, 402
297Pu205580-840 NM 12.5 4o, b61, 480, 500
297Pu205380-840 HM 12.5 430, 450, 470
CP20 (297Pul3) 20.0 oo, 420, 480
297Pul9 35,0 480, 500

* Powder instead of sintered pellets

Table 3.8

Relative Oxyren Diffusion Ejuations

for UOZ—Pu02 Pellets
Material w[o PuO? Diffusion Eauation
297Pulla 5,0 D= (1.95 x 10=3) Exp (-45,150/RT) cm?/sec
297Pu20 125 D = (.64 x 10-Y) Exp (=21,900/RT) cm?/sec
297Pul3 20,0 D = (.89 x 1077) Exp (-38,300/RT) cm?/sec

30
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FUGL ELEMEINT FPABRICATION AND EVALUATION
Task %4.00
I, D¢ Thomas

ompatibility Study
(ho Zambernard )

¥etallographic and x-ray diffraction examination of UOchuOZ pellets
sintered in vacuum for 1 hour at 1000°C in contact with iron, nlckelg
chromium and 304 and 316 stainless steels Indicate ho ceramic-metal
interaction at the interface for UOszuOZ compos1tlons of 0.5, 5, 12.5,
17.8 and 35 w/o Pu0s,.

Corrosion Tests
(M. Zambernard)

The 100, 500, and 1000 hour cgg;gg&gn tests 1n_§§gigﬂggﬁar for seven
coprecipitated UOp-Pulp compositions in the range 0.5 to 100 w/o PulOy
have been completed. Weight gain data and visual inspection indicate
corrosion behavior comparable to U0z, The drying time has been increased
to 48 hours since weight decreases were still significant after 8 and 16
hour drying periods.

The pellets used in the water test are currently being subjected to
75092200 psi steam.
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RADIATTON TESTIRG AND EVALUATION
Task 5.00

L. Jo Jones

Short -Term Irradiation Tegts
(L. Jo Jones, R, M. Horgos)

The fourteen short-term irradiation ~apsules are now at the reactor site
awaiting insertion into the reactor. Insertion had been previcusly
scheduled for the April-lMay cycle, however, leak testing at the reactor
site indicated that 5 of the 28 outer cap welds had developed leaks during
transit. All elements were, therefore, returned for repair. This was
satisfactorily accomplished, and all elements have now passed lesk testing
at the reactor site, as well as at NUMIC,

Upon return of the capsules, they were again lesk tested with verifying
results, OSubsequent sectioning and microscopic examinagtion of the faulty
weld areas showed cracks emanating into the fused zone from the Jointure,
and in some cases these cracks had progressed through the gas voids and
shrink cavities to the surface. The Aluminum Company of Amsrica was bthere-
upon congulted, and they indicated that such cracks could propogate in the
Type 6061=3 aluminum fusion weld due tc small temperature changes or rough
handling, They further ind.cated that this condition could be overcome by
employing a filler rod welding technique. Mocke-up jJoints were therefore
machined and welded using the recommended procedures. The joints were
satisfactorily lesk-tested amd micro-examinztion ghowed that the weld zones
were entirely free of cracks even following thermal cycling and quenching
from 100°C, All capsules were therefore dedesigned accordingly and welded.
Legk testing was performed both prior to and after thermal oycling to insure
ggainst the previous in.transit failure. The elements were shipped znd
subsequent leak testing at the reactor indicated that all capsuies were
satisfactory.

High Burnup Irradiation Tests
(R. M. Horgos)

The preliminary design of the instramsnted cagpsules for the high burnup
irradiation program has been completed, and the fuel materials have been
designated. The irradiation program will ulilize five capsules, each
containing five two-inch long fuel specimens. Two of the cagpsules will
contain thermal reactor fusls, and three will contain fast reactor fuels:
irradiation will be to 20,000 and 100,000 MWD/Tonne, resp. The heat flux
from each capsule will be continuvously monitored dvrins irradiation hy the
utilization of four pairs of thermocouples.
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The chief objectives of the program will be (1) to observe relative per-
formsnce between coprecipitated UQp-PuC; and composite powders prepared
by mechanically mixing component powders, (2) to determine the effect on
performance of relatively gross inhomogeneities that may result from poor
powder blending, and (3) to observe differences in performance that may
arise due to differences in powder stoichiometry or Pu,03 content.
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EACTOR PHYSICS AND ZNGIY ZRRING PARAMETRIC STUDIES

Tagk 8,00
J. D. Clement

Assessment of Plutonium in Near-Thermal Reactors
(Wo Jo Rozs, J. Ruzbacki)

Recent experimental data on U0, water latticeshave been analyzed to allow
updagting of the NUSURP code, The Later data appesars to be in closer agree-
ment with MUFT, REPSETITIOUS: and SOFOCATIE calculated results, and as such

is also in better agreemert with NUSURP calculated resulis. While deviations
are still noted for taight or bighly-icaded lattices, there is insufficient
experimertal data in this range to warrant adjustment of NUSURP paramelers.



