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PROJECT AfID FACILITI ADMIMISTRATION 

Task 1«00 
K. H. Puechl 

Smriniary of Developiaent Activities 

During this reporting period, continued strong effort has been placed on 
the preparation and characterization of PUO2 and UO2-PUO2 laixtureŝ  
Sintering trials and characterization of pellets have also been given 
eraphasis, since this fabrication route mil be used for the initial ir-
radition test saapleso Effort has also continued on plasma torch pi*oduction 
of spherical PUO2 particles as xfell as the netallic coating of oxide 
naterials. Reactor physics studies have been continued in order to 
deterifiine the effect of cross section assuiflptions on the calcxilated 
behavior of plutoniwa-fueled near-thernial reactor systems, 

PUO2 has been prepared via the oxalate process using dilute plutonima 
nitrate starting solutions in order to obtain information relative to 
internal recycling of plutoniuisi-contained materials» The resulting PUO2 
poi/ders have been analyzed to deterraine their characteristics relative to 
the poxjders normally produced. It lias been found that the PUO2 produced 
froBi the low plutoniiuii concentration feed contains aggloiaerates that are 
not readily broken dot-m; in coi'iparison, PUO2 produced from nonaal feed 
concentration contains larger agglomerates, but these are readily dispersed 
ultrasonically. In addition, it has been found that the surface area of 
Kiaterial produced fron the low concentration feed is less sensitive to the 
hold tirae at teiaperature during calcination. 

The water titration raethod for deter:.iining the total porosity of powders 
has now been satisfactorily adapted for use viith Pu02» Porosity deter-
i-iinations have been made on various samples of r.iaterials produced in the 
past, 

A study of the rioisture pickup of PUO2 powders during storage has been 
coi.ipleted« Equilibriupi rioisture content for various huriidities has been 
determined as a function of the pox/der calcination teiuperature (surface 
area). It has been concluded that for Biost cerasiic powders of interest, 
the moisture pickup problem xdth PUO2 will not be significantly different 
froEi that encountered in the handling of ceramic-grade U02« 

TheriiiograviiTietric studies perforraed on plutonium oxalate powders that had 
been stored for various periods of tiBie indicate that plutoniurn o>dde de-
couposes at room teiaperature. Evidence of this decomposition has also been 
verified by z-ray exawinationo It is postulated that this rooEi temperature 
deeonposition 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 therraal 
decoBiposition of plutonixuii oxalateo A sudden rise in surface area has 
been noted, starting at about 275°G; it is concluded that this rise in 
surface area is due to a breakdoî m in the crystallite structure caused 
by fissures that occurred during escape of decoEiposition gases# 

A number of essentially production r-uns were carried out on UO2-PUO2 
Rdxtures in order to deterwiae the degree of reproducibility^ A total 
of thirteen 6OO gid lots were prepared for the three conpositions 
UO2-O.5 w/o PUO2, UO2-.50O w/o Pu02f and UO2-2O w/o Pu02a Samples of 
each lot xrere subjected to various physical and chemical tests, including 
composition assay, trace analysis,̂  oiQrgen/uraniuii ratio, surface area, 
and particle size^ These results indieate that reproducibility was satis­
factory. 

Several prototype lab-scale experiuenxs have been carried out on UO2 in 
order to determine the feasibility of preparing directly dense, coarse 
UO2-PUO2 and PUO2 powders for use as feed for the plasria torch, Mechanical 
packin", and sxxaging. The preparation routes e::aiiiined include homogeneous 
precipitation employing uranyl nitrate hexahydrate (UIIH) and urea, uranyl 
sulfate and urea, and UICI and ancioniuiii carbonateo The characteristics of 
the resultant UO2 products appear to be sufficiently interesting to xmrrant 
extension of this woi'-k to PUO20 

Developaent of analytical ehenistry techniques for use xrith plutoniura and 
plutoniuBi-uranium i.iixtures has been continued^ A procedure for the poten-
tiortetric titration of plutonixiia that is nore rapid than the ̂ sreviously 
developed ar'-iperoiaetrie method has been satisfactorily utilized^ In ad­
dition, studies have been initiated on the polarographic deterraination of 
ozygen-to-iaetal ratios in plutonima-uranium oxide laixtures. X-ray fluo­
rescence and garatia counting procedures have also been developed for assaying 
loxi-level plutonium residues«, Prelirainary studies have been carried out on 
alpha ray spectronetry on plutoniura and other transuraniuia eleraentso 

During the fabrication of U0o~5 ̂ -̂/o PUO2 pellets by the cold press and 
sintered procedure, two phenonena relating to the firing process were 
observed. One phenoiaenon ifas fracturing of the sintered pellets and the 
other was the appearance of a glassy coating on SOMB pellet surfaces» 
These txro effects Liay be interrelated and xn.ll be further investigated^ 
Other sintering studies xrere perfornied to detertiiine the possibility of 
re-usinj^ fired pellet riaterial as a portion of the ore-pressed poxfder 
nix. The results indicate that this procedure is not satisfactory; a 
nuraber of osidation-reduction cycles, as used in the recycling of U02» 
are probably necessary. 

The txfo-phase euteetoid rderostructure observed in PUO2 pellets after 
sintering in a nitrogen-6p hydrogen atmosphere has noxf been positively 
identified as PUO2 and cubic Pup03» Assuwiiig that the PUO2 and Ptt203 in 
the euteetoid xrere formed froi'i a single stable phase at the sintering 
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temperature, the coiaposition of the latter was calculated to be Py-0î 073» 
Differential therraal analysis indicates that the euteetoid transforniation 
probably occurs bett-ieen 600-.700°C„ The roll of residual carbon in the 
decoifiposition and fusion of the PUO2 has also been investigated further. 
It has been concluded that the carbon is primarily responsible for the 
observed fusion^ probably due to the formation of an oxycarbide of plutonium 
siiailar to that observed in the U-O-C systeiâ  Experiinents indicate, however, 
that the carbon is probably not responsible for the conversion of PuOg to 
PU2O3. 

Fabrication of rabbit test capsules for irradiation studies are now in 
progress« The objective of these esperiiuents xiill be to determine the 
"theriaa]. perforraarice" of UO2-PUO2 ciixtures relative to a UO2 standard 
saraple» Initial capsules x-rill be fabricated by the sintered pellet-in-
tube technique and xd.ll alloxf cotiparison between eo-precipitated and 
Bieehanically-reixed UO2-PUO2 powders. 

Spherical PuOp particles have noxf been produced x-iith the plasma torch« 
Good size and'^sphericity control ifas achieved using either crushed high-
fired pellets or pre-forraed high-fired particles as feed I'liaterial, 
Spherical particles can be produced by total raelting xfithin the torch 
or by Lielting just the surface^ Hien total melting occurs^ iiost particles 
contain a central void» 

Spherical particles of PUO2 have also been prepared by the use of a multi-
step process of drying., pressing, granulation, sizing., shaping, and 
sinteringo In general, these particles are not as spherical as those 
produced xnth the plasiaa torch, and they do not have the glassy fire-
polished finisho These particles have been successfully coated x-iith an 
*'electroless" nickel coating up to 20 microns in thickness, and an electro­
lytic copper coating u.p to 15 mierons in thickness applied over a 2-^ micron 
"electroless" nickel base coat<, Electrolytic copper !ias also been applied 
over a vacuuEi evaporated 1-3 liiicron copper base coat; this coating did not 
appear to be satisfaetoryj, hoxfever. 

Reactor physics studies on near-..ther»ial plutoniioifi-fueled systeas have been 
continued to detersine the sensitimty of the results to changes in the 
effective cross sections of the various isotopeso These studies x-rere 
initiated in order to verify the optii-dstic conclusions with regard to 
plutoniuiji utilization arrived at previously^ Results to date generally 
verify the initial conclusions» Ilore of the roaterials development effort 
xfill, therefore, be directed in the directions indicated by these studies. 
Two papers having the titles "The Potential of Plutoniura as a Fuel in Mear-
Theraal Converter Reactors" and "The Potential of Plutonium as a Fuel in 
Ilear-Theri'ial Burner Reactors" xfhich cover the initial physics x-jork on these 
systeras x-all be published in the February 1?62 issue of Hud ear Science 
and Engineering» 
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General Plant Operations 

Tx-ro more glove boxes have been coi-ipletely outfitted and have passed leak-
testing specifications^ These are the corrosion test box (xihich also 
includes an area for electron Microscope sanple replication) and the de­
contamination box. In addition, the welding box is in the final stages 
of outfitting, and work has started on equipiaent installation in the alpha 
boxes required for post-irradiation exaraination« 

The causes of the previous sintering furnace failures have been ascertained* 
In one case, a loxf melting ii,ipurity had accidentally been in contact with 
the jiolybdenuiit X'iindings« In the other case, two adjacent windings xfere in 
contact, causing a localized hot spot and melting of the almaina niufflê  
3oth furnaces have been reactivated during this quarter, and they have 
been operating satisfactorily. 

Since the last report period, 33 additional gloves have failed and have been 
successfully changed xfithout any evidence of alpha contamination external to 
the glove boxes. Glove-changing is noxf a completely routine operation^ 
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PREPARATIOM AMD CHARACTERIZATIOM OF FUEL MTERIALS 

Task 2.00 
C, S. Caldwell 0. Menis 

Plutonium Oxide Preparation 
via Oxalate Process and Resultant Powder Characterization 
(Co Sa Caldwell, R<, J« Atkins, A« Biancheria, G. Ehrlich, 

J« Goodiaan, H, Krake) 

During this reporting period, Pa02 was prepared via the oxalate process 
using dilute plutonium nitrate starting solutions in order to obtain infor-
Biation relative to internal recycling of plutonium-eontained BJaterials« 
The resulting Ptt02 poxjders were analyzed to determine their characteristics 
relative to those of powders noannally produced. In addition, characterization 
of previously produced poxfders x-jas continued. Also, the simple method for 
determining total porosity previously described has now been extended to 
Pu02 saiaples* 

Studies have also been continued in order to give a better understanding 
of the oxalate process. Specifically, weight pickup during storage of 
PUO2 powders has been investigated. Further, thermogravimetric studies 
have been carried out to stu(^ the oxalate decomposition, and variations 
in particle surface area and size have been measured at a number of stages 
during oxalate thernal decoBiposition. 

Preparation of PuO? via Oxalate Process 

Preparation of PuOg via the oxalate process frora dilute plutoniuia 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 suiamarized in Table 2«l9 

PuOg Powder Characterization 

Characterization of previously produced PuOo powder, designated 297-PU-9, 
Lots I, II, III and If̂ -'"̂  has been continued^ Siaiilar characteristics 
have also been measured on materials produced from low plutonium concen­
tration feed (Samples 297-Ptt-llA, IIB, and 12B; see Table 2»1)« The 
resulting characterization data are shoxm in Table 2.,2<. 

(i) MUI-IEC P-80, Progress Report, ̂ Development of Plutonium-Bearing Fuel 
Materials", page 10« 
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Table 2*1 

Suiaraary of Process Conditions Used 
During Preparation of PuO? froia Dilute Plutonium Hi t ra te Solutions 

Saraple Identification 

Precipitation Conditions 
Method 
TePiperature, °C 
Feed Cowpositions 
pi Pu/liter 

H , Lolarity 

Strike Solution Coiiiposition 
H2C2O1J,, Molarity 
Il202» Molarity 

Precipitation Average 
Holdup, idnutes 

Total IJuEiber Throughputs 

Drying Temperature, C 

Furnace Conversion Conditions 
Temperature, °C 
Time, minutes 

297-Pu-llA 

Continuous 
35 
20 

3 

i.o 
0.8 

23 

15^5 

180 

760 
30 

297-Pii-llB 

Continuous 
35 
12 

3 

1»0 

ox 

20 

24«2 

180 

760 
30 

297-PU-12B 

Batch 
55 
I0o5 

3 

1.0 
0.8 

-

-

180 

350 
15 
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Table 2o2 

Poxfder C h a r a c t e r i s t i c s of Various Pu02 Saraples 

Sai.iple 

297-Pu-9=-Lot 1 

297-Ptt-9-Lot 2 

297-Pti-9-Lot 3 

297-Pu-9-Lot if-

297-Pu-llA 

297-Pu-llB 

297-Pti-12B 

Feed 
Goiiposition 
gia P u / l i t e r 

100 

100 

100 

100 

20 

12.5 

10.5 

Calcination 

Teira 

760 

760 

350 

+760 

760 

760 

+760 

750 

350 

Tir.e 
min 

30 

30 

30 

30 

17 

30 

30 

30 

15 

Bulk 
Dens i ty 

gi'i/ec 

lo97 

lo76 

loOl 

2.09 

2.26 

2.26 

lo75 

Tap 
Density 

g!i/cc 

2.62 

2o30 

1,25 

2o31 

2,80 

2.74 

2ol* 

Air- Perneabil i ty 
Axrgo Diaraeter, 

iiicrons 

ZAZ 

2.57 

1,63 

3.55 

2,58 

2o28 

2.70 

BeE„T. 
Surface 

Area 
Il2/pi 

3o4 

5o^ 

43 

4a 

7^5 

8e3 

6,1 

7.15 

52 

lIoSoAo 50,j P a r t i c l e Si 'zej 
microns | 

Dispelsed 
in Burrell 

Shaker 

5 .* 

lOal 

10 c6 

9 A 

5.2 

5^7 

Dispersed 
in Ultrasonic 

Fie ld 

3«l 

3o2 

hjj 

ZA 

5^0 

k.6 
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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°G) with Lot If (held for 17 minutes at 760°C) 
indicates that the surface area for this aaterial derived from a 100 gm/liter 
feed solution is sensitive to the hold time at a calcination temperature of 
760°C» Specifically8, the surface area T^S ^i Im at a hold time of 17 minutes 
decreases to 3̂ %-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 reportso In comparison, the surface area of PuOg produced 
frora loxf concentration feed solution seeHs to be less sensitive to hold 
tiae at 760°Co Specificallys, the powder frora Saiaple llA held for 30 ainutes 
at 760°C xfas found to have a surface area of 8«3 M^/ga, while after re-
calcination at the same temperature for an additional 30 minutes the surface 
area remained quite high at 6«1 H~/pic, 

The particle size data obtained with the Mine Safety centrifuge also shoxf 
another difference between poxfders prepared frora. different plutonium concen­
trations in the feed solution» More complete data than presented in Table 2»2 
are shoxna in Figures 2ol and 2a2« These data show that the poxfders prepared 
from the 100 pi/liter feed solutions contain larger agglomerates but that 
these are more readily broken doxm than those prepared from the more dilute 
feed. The relatively large particle size associated xdth the low feed 
concentration product even after ultrasonic dispersion loay be an indication 
of possible poor reproducibility in subsequent fabrication operationso 

From the results shox«n in Table 2^2 and those reported previously on powders 
prepared froii normal (100 gia/liter) feed concentration, one can deduce an 
average variation of surface area xfith hold time at 7̂ 0 Co This is shown 
in Figure 2<,3t> It is seen that over the range of 5 to 30 rainutes hold time, 
the surface area decreases in essentially a linear fashiono 

The water titration method for determining the total porosity of powders 
as previously described̂ '̂ ''̂  has now been adapted for use mth PuOg^ Porosity 
determinations on three saiiples (297-Pa-9-Lot III, 297-Pu.-̂  and 297-Pu-5) 
have been laadê  Excellent 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 por-osity variation with hold tirae is sisiilar to 
the associated variation in surface area* Results on the other two saraples 
are presented in Figure 2ok as a function of the calcination temperature. 
It is seen that the total porosity rises mth calcination teniperature to 
560 C and then drops off rapidly^ This variation is appreciably different 
from the associated variation in surface area x-jhich had previously,teen 
shown to remain nearly constant to 490°C and then fall of linearlŷ -̂ ^̂ o 

(i) IfUMSC P-80 J Progress Report, "Developiaent of Plutoniuii-Bearing Fuel 
Materials"* pages 22. 

(ii) IIUitEC P-06, Progress Report, "Developpient of Plutoniuia-Bearins Fuel 
I aterials", page l̂i-o 
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In otir early experimental work with PUO2 powders of high stirface area, it 
was noticed that large changes in sample weight occturred during storage, 
and it was suspected that most, if not all, of this effect was due to 
iaoistu.re absorption from the ambient air̂ "*"'*. In order to establish the 
limits of laoisture pickup to be expected with PUO2 powders of different 
surface area under various enYiroimental hmaidity conditions, a series of 
earefully-dried powder samples were exposed to controlled conditions in 
the range of 33 to 975̂  relative homidity at room temperature for periods 
up to 300 hourSo 

For these experisentss, 297-Pu-% potiders were utilized* Preparation and 
characterization data for these materials haTe been presented in previous 
Quarterly Progress Reports<» 

Three sets of PUO2 powder saiuples calcined at 350;. ̂ 901 and 760°C were dried 
to constant weight and placed in constant humidity chambers® RelatiTe 
hurflidities of 33*) 53» 76« and 97'̂ ^ •were obtained by the use of saturated 
solutions of MgGl2''6H20^ Mg( 103)2"61120, HaCl, and K2SO11,, respectivelja 

The associated ifeight gaxn data as a function of tirae are presented in 
Figures 2a5-2»8„ In the hinaidity range between 33 and 76'p^ 90^ of the 
equilibrium moisture was picked up within 6 to 12 hours o At 97'/̂  relative 
hxuaiditŷ  the samples continued to gain iieight up to 100 hours,, mth 90/t 
of equilibriuiri being attained;, in most easeSj, irithin 50 hourso The un­
expected weight decreases observed at 97fi relative humidity (Figure 2o6) 
after 115 hours exposure are being checked by repeating the measurements 
at several points. 

The equxlibriura moisture contents as a function of relative humidity are 
shown in Figure 2,9; the strong effect of calcination history is illustrated^ 
Within the mid-range of hunadity (33-53/̂ ^ s» t|e equilibriuia iioisture content 
of the powder prepared by calcination at 7^0 C is relatiirely insensitive to 
humidity; an equilxbriupi moisture leî el of 0<,i to 0ol5'/ was^obtalped in 
this range. Since the powder has a surface area of 10-12 M /gm̂ '̂ '̂ s and 
considering that the surface areas of Biost powders to be used in ceraoiic 
fael fabrication will probably fall below this range^ the PUO2 Bioisture 
pickup problem is expected to be not appreciably different froBi that 
encountered m the handling of eeraitiic-grade TO20 

The variation of the equilibriuifl iioisture content with powder calcination 
temperature is shown in Figure 2ol0o A nearly linear relationship is 
illustrated in the low to medxuBi relative htiiaidity rangeo In this humidity 

(i) MUMEC P-.60, Progress Eeport, "Developiient of Plutoniuifi-Bearing Fuel 
Materials", page 22. 

(ii) IIUI:EC P-.80, Progress Report, "Developnient of Plutoniura-Bearing Fuel 
Laterials*% page 12o 
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range, the equilibrium Bioisture content seems to vary directly as the powder 
surface area; Xoeo, the surface area decreases by about a factor of 5 OYer 
the calcination temperature range 350 to 760°Cs and the equilibrium moisture 
content like'&n.se decreasec by roughly the sarae laagnitudeo In the high 
humidity range where condensation effects in large capillaries can be 
expected, the variation m equxliDriun moisture content xfith powder cal­
cination tenperature is soraexfhat less pronounced^ 

Themogravimetrie Studies on the Decoripcsition of Plutoniuia Oxalate 

Theriaogravimetric studies on the decoaposition of plutoniwn oxalate, 
Pu(C20|̂ )p, have been continued to gam further understanding of the process 
cheiaistry and to aid m the optimization of processing conditions* The 
results obtained during this repcrtmg period are shown in Figures 2.11 
through 2ol4o In all cases a heating rate of 6°C/Eiin and a flow rate of 
2 SCFH were employedo 

Previous data ^ indicated that a gradual decomposition of the oxalate 
seems to occur during storage at -rooBi temperatureo This postulated de­
composition was further inTestigated by performing therniograidiaetrie 
analyses on identical samples after varying storage periods^ Figure 2«11 
shows a comparison of the decorapositxon curves obtained in air on two 
different days using Saiaple 297-Pu-^0x^9-Lot I^ The curves dated 10-9-61 
shows a definite decomposition stage between 150 and 250°C (the initial 
xfsight decrease between 50 and 130 C was assumed to be due to loss of water) 
and the weight after drying, taken at 1$0^C when corapared to the final 
PuOj weight indicates that the oxalate was jp decomposed^ On the other 
hand, the ciirve dated 10-27 61 does roT show a definite decomposition 
stage m this tepiperarure range and the weigbt after drying indicates 
that the oxalate Dfas 17/ deconposed. Sirailar x-esults were obtained in a 
nitrogen atEiospheree Specifically in Figure Z-AZ are shorn the data 
obtained on 10-20^61, Ihis cur ire does no: show the low temperature de­
composition stage reported previousijr^-^^for the same Biaterial analyzed 
earlier^ Analysis of the later Eieasoreipsnts indicates tbat the oxalate 
Xfas 15/j decomposed after drymgo This is in essential agreement with the 
results obtained m air. Data on Hm samples of freshly-formed oxalate 
Xfere also obtained m oiaei to determine if the xjeight loss after drying 
is consistent tfith the forraala Pu(C;0||)2- These data are showi in Figures 
2al3 and 2 l4^ Ibe results maicate that anhydrous Pa(C20|,)2 is indeed 
the stable compourid lonied after the drying period; agreeroent with this 
interpretation is m t h m Oo3p for Sanple 297-'Pu»0X llA and x-dthin l»7j5 
for Saiiple 2Q7--Pu^0X-123. 

(i) KII'IEC P-SOs, Progress Report. "Develcpnent of Plutoniuia-Bearing Fuel 
Iiaterials»', P̂ -Ce 15, 

(ij) tWnEC P-80 Piogrecs Aepor+ "De yelopiien'' of Plutoniiui-Bearing Fuel 
Laterials". page 17=. 
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Further ei/idence that decomposition occurs at room temperature was obtained 
by x-ray exaraipatior.. Faint but definite Pu-Og lines were observed on 
10-20-61 xn the diffractior. pattern for an aged Saraple 297--Pti-OX-.9-Lot I 
showing that soiae complete degradatiori baa occurredo For the fresh oxalate 
samples, 297-Pu.-0X-llA and 12B, nc PaO^ was detectedo When re-examined at 
a later date (46 days later for llA an^ 21 days later for 12B), the presence 
of PUO2 still could net be observed^ but the "oxalate" diffraction lines 
were now ranch la&re diffused^ and soiae o£ the fainter lines had disappeared^ 
These sartples will be re-exaBiir»ed periodically to determine if any further 
changes are occurring. 

This room teiaperatuTe decoraposxticii is attributed to ©< -radiolysis or 
localized »<-decay heat^ Chefluea; instability, as such at roora tera-
peraitire does r^ot appear plaugabie IP "t̂iew of +he fact that PUO2 lines 
were detected m the x-ray pattern of ar uriheated saiaple while the thermo-
gra¥inie+ric data on freshly-fcrmed oxsjate (FigiJres 2ol3 apd 2ol4-) show 
the foriiiation of a stable ifterueaiate. 

The available data xs not sufficient to assign a definite mode of de-
eoiaposition for plutonima oxalate Howe<?eri the two stage reaction (after 
drying) for the frest oxalate sa,iriples srronglj suggest thax the reactions 
Pu(C204)2—>-'PuiGO'j}^ f 2C0f and PuCCO^Jg —--PuOg + 2002^ play a riajor 
roleo Analysis on this basis yielded for Saiiple llA, Figure 2ol3f an 
observed CO loss of Itt- Big comparea to a calculated value of il,^ mg and 
an observed CO, loss of I5 ng eospared to a calculated ¥aliie of 17«9 oigo 
Sanple 12-B Figure 2ol^s yielded an observed. GO loss of 13 mg compared to 
a calculated value of 15.,9 mg and an obser̂ /ed CO2 loss of 26 ng compared to 
a calculated value of 25 ng. While this constitutes Cair agreement, further 
eonfirniation, fuch as the analysis of the off gases ̂  is required in order 
to assign a definite decomposition roate„ 

Surface Area and Particle 3ize Ghanges Dirinĝ ^ Thermal Decoaposition of 
Plntoniwi Qyalate 

In order to imfestigate the origin of the high surface areas observed for 
se¥eral P11O2 sariples. surface axea rdeasurements have been carried out on 
plutomtJia oxalate sampJes during -•rarioas exages of thenaal/decoriposition,, 
Sesalts on Sample 29?-.Pa-OX-?-Lot II uere reported earlier̂ '̂̂ *. At 275°C 
these data showed a sodden rise m to.'-sl available surface area. To 
confirt.1 this trend* neasureiiienTs were repeated using Sample 297-PU.--OX-11A 
prepared fioia dilute platoniaai nitrate feedo The resulting surface areas 
based on the weight of the final PuOo poirder are sho¥n m Figure 2ol5 as 
a function of the calcination teBiperaturea It is to be noted that the 
¥ariatxon of a¥ailab]e surface area with calcination temperature is similar 
to that obtained pit̂ 'iovsiyo Eiridence that this variation also occurs in 
the conversion of MX fo UOQ has been cbtained in other related studies 
reported in a later se'.txori ol this /eporto 

(i) IIUIIEC P-80. Progress Eeport, "DeTelopwent of Plutonium^Bearing Fuel 
Ilâ erials"' page 16-, 
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The sudden rise in surface area at about 275 C is attributed to a breakdown 
in the crystallite stractare caused by the many fissures that occur during 
crystal scrueture changes and during escape of decomposition gaseso However, 
preliminary air-permeability average particle size laeasurements suggest 
that degradation of pririiary particles and agglomerates may also occur during 
calcinationo These data are siaiiiiarized xn fable 2o3» If such a degradation 
in particle size occurs, it is expected that the heating rate employed 
during calcination (or the ataosphere employed as it affects the decoia-
position rate) would contribu+e to the final Ptt02 particle characteristics. 
Investigations of the precursor oxalate particle'^size are being continued 
in order to further illiicidate on the physical decoiEposition Eieehanisi>u 
Such data will provide a basis for detemming proper process control and 
quality control netJiods« 

Preparation^ and Characterization of I!l:ced Plutonimm-Praniuin Oxides 
(Â  Biancheriaj G Ihrlicn, E, Eo Garcia^ Jo Goodraan 

Ev Ao Jaroszeski IL llrakê  P. ley) 

During this period* a nuiiber of essentiallyj, production rons were carried 
out on these TOp-Pu02 mixtures m order to determine the degree of repro-
ducibilitjo The developed data lall iiake subsequent irradiation tests much 
more meaningful and if later desirablej, reproducible o 

Two lots of TO2-5 w/o PuO„ and nine lots of UOg-OoS w/o ^^^2 P°̂ d̂®̂  were 
prepared by eontmuous co-precipitâ tior. of am.ioniuiEi diuranate-platonium 
hydroxide from uraniwj-plutonius nitrate solution follo%fed by the standard 
operations of filtration washing drying reduction, and haiaraer-raillingo 
In addition, tt-ro lo*s ol UOp-PO ti/o PaOj, mere siitalarly prepared mth the 
only variable between these lots being the use of dilute or concentrated 
aniKonia as the precipitant since earlier studies had indicated that this 
¥ariable exerted an mfluerice on the heat sensiti^n ty of the product during 
reductioni The purpose of these ruTiS was to prepare material for pellet 
fabrication by cold, pressing and sintering and to determine process re­
producibility xn multiple runs, particularly in regard to final powder 
surface area, particle size distribu+ion, and other physical eharacteristicso 
The total yield of oxide prepared was 7 800 gn >Ath each lot comprising 
600 gllo 

The U-Pu nitrate feed soiations were piepared by laixmg appropriate aaiounts 
of the constituent stock solutions and dilating to the desired concentration^ 
The coMpositions were controllea tttthin noimnal liimts of 0»5 ± Ool» 
5 + 0,5s, and 20 + 0̂ 2 w/o Pii02« 

For the two low Pu concentrations» sepaiate streaxas of U->Pu feed solution 
and concentrated Bi%OH were introducea ±r»to a %-liter precipitator con». 
taming a stiired 17OO HI water •'heei** For the 20̂ 5 concentration, no 
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Table 2»3 

Air Permeability Average Particle Size 

Sample 
Identification 

297-PTi-9-Lot II 

29?-Pu-9-Lot III 

297-Pu-9-Lot IV 

297"-Pti-llA 

Calcination 
Temperature 

OQ 

760 

350 

760 

760 

Pu(C20|,)2 

II06 

lk;6 

8,3 

10,6 

PUO2 

2,6 

106 

3o6 

2o3 
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heel was usedo The composition in the reactor thus changed continuously 
and approached steadj'" state during each rano IH^OH was added in calculated 
excess so that the liquor in the precipitating chamber was slightly basic. 
Under these conditions the foraation of MM and Pu(OH)|j, was almost instan­
taneous» The resulting slurry was moderately viscous and was easily agitated 
by the turbine-type stirrero The temperature of the slurry was itiaintained 
at 55°C by cireulating heated water through a 3 ft spiral of -|- in OoDo stain­
less steel tubing isMersed in the slmrrjo Slurry volume t-fas laaintained 
constant by periodically withdramng slurry from the chaaiber and dramng 
it into a porous stainless steel filter eannister* In all cases, the solids 
separation was very good; in relatively few eases a sraall amount of solids 
was drawi through the cannister walls, but this was of short duration and 
caused negligible loss„ The waste liquor was collected in tanks prior to 
disposalo At the eoEipletion of tiie run, the filter cannisters were flushed 
with water, aspirated for a few minutes and air-dried at 200°C overnights 

A coBiplete sumraary of processing conditions for each of the eleven runs is 
given in Table 2A<, Average residence time was calculated from the feed 
rates in the precipitatoro 

The filtrate was cheeked periodically during each run and was found to have 
an average pH of 9 + Oo5o Under these conditions, the precipitation is 
essentially completeo 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 contents of the filter cannisters were 
i-j-eighed and transferred to an inconel furnace flask. The oven-dried 
material was reduced m an atmosphere of l2"6fo H2!. The reduction cycle 
involved bringing the furnace temperature from aiubient to about 7^0°C in 
one hourJ holding at about 7^0°C for one hour and fifty minutes§ cooling 
froBi about 7^0°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 UO2-PUO2 granules were converted to a uniforra powder 
by haBiaer-Diilling,, Each batch of laaterial was separately railled» Less 
than l̂a weight loss was experienced on haiimer-iiilling these materials, 
including cleanupo 

Samples of each lot were submitted for various physical and chemical tests 
including composition assay^ trace analysis, ojqrgen/uranium ratios surface 
area and particle size« The results of the chemical analyses are given in 
Table 2o5o The results of the various physical measureraents are given in 
Table 2„6o 

Average physical property Bieasurements and percentage deviations calculated 
froM the nine replicate data sets (Lots BIA through B2D) lead to the 
follomng conclusionss 
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Table 2 A 

Suiiiaary of Conversion Processing Data 
Coprecipitated U02-Pu02 Materials 

1 Saiuple Identification 

1 Precipitation Conditions 
1 Ilethod 
1 Teiaperature, *̂C 

Feed Coriiposition 
gm Pu/liter 
gBi U/liter 
H*, raolarity 

Feed Flow Eate, liters/hr 

Precipitant CoHposition 
lIHî OHs Biolarity 

Precipitant Plow Rate, 
liters/hr 

Precipitation Average 
Holdup, ninutes 

! Total Itoiber Throughputs 

Drying Temperature^ C 

Furnace Conversion Conditions 
Reduction Temperature, ̂ C 
Reduction Tisie, minutes 
Gas Atmosphere 

871-.A1 

Continuous 
55 

6,2. 
116,0 
lol7 

1.2 

11^5 

0,33 

30 

10.2 

200 

7^0+5 
no 

M2"6;J H2 

871-A2 

Continaous 
55 

50? 
99.0 
loO 

1,2 

14,5 

0,33 

67 

k.5 

200 

7^0+5 
110 

871^Bli 
thru BIE 

Continuous 
55 

0.5 
100 
UO 

14,5 

0o33 

67 

^.5 

200 

740+5 

no 
lig-̂ ; H2 

871-B2A 
thru B?D 

Conti nuous 

55 

0.5 
100 
no 

1,2 

14,5 

o»33 

67 

k.5 

200 

7^0+5 
110 

ii2-6;5 H2 

297-̂ Pu 40 

Continaous 
45 

20 
80 

no 

0.73 

3.5 

Oa57 

36 

13 

180 

740 to 860°G 
70 

I2-6J': H2 

297-P11-13 

Continuous 
55 

28,9 
112 
1,0 

n2 

l4o5 

0,3 

70 

4,5 

200 

755±5 
80 

M2-6'; H2 



Table 2,5 

Sui'Biary of Analytical Data 
go-precipi tated POp-̂ PuO? I la ter ia ls 

Saaple 
Des ignat ion 

8?nBlA 

07n-Bi3 

871"BIG 

G7l -BID 

871-BlE 

871»32A 

871-'E23 

87nB2C 

671-B2D 

; UO2 

99.4 

99.5 

99o5 

99o5 

99,5 

99.5 

99,i^ 

99«5 

99.5 

p Pu02 

C.57 

0o54 

0o52 

0o49 

0,49 

0,46 

0„55 

0.48 

0.49 

?e 

150 

100 

150 

150 

150 

150 

100 

100 

100 

J 

^0 ,2 

-t 

i» 

M 

» 

II 

IS 

«t 

« 

Cd 

^ 1 

s» 

B 

» 

« 

« 

tl 

n 

a 

ilr. 

£5 

20 

25 

15 

10 

10 

10 

10 

15 

Jpectrof^raphi 
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Al 
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kS 

ft 

SI 
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II 

If 
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t l 

II 

6 

Pb , 

< 5 

It 

IS 

It 

1! 

II 

tl 

It 

ft 

Cr 

< 1 0 

»s 

t l 

B 

« 

» 

ft 

» 

It 

S i 

75 

n 

It 
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Table 2,6 

3uEinary of Physical Powder Characteristics 
Co-precipitated UO^-PuO? Materials 

Sample 
Des ignat ion 

871-Al 
G71-A2 

G7nBlA 
8 7 n B l B 
871>31G 
871-BID 
8 7 n B l E 
C71-32A 
871-B2B 
871-B2G 
871-B2B 

Average 

297-Pu-10(a) 
297-Pa-10(b) 
297-Pu»10(c) 
297-PB-10(d) 

297-PU-13**'* 

UO2 

95o24 
95^5 

l^A 
99.5 
99 .5 
91.5 
99 o5 
99«5 
99 .4 
99 .5 
9?. 5 

PuO'? 

4 .76 
4 ,55 

0,57 
0.5^^ 
0.52 
0,49 
0,49 
0.46 
0,55 
Go4G 
0.49 

20 
20 
20 
20 

20 

Bulk 
Dens i ty 

gn/cc 

0 .74 
1,20* 

0.70 
0 .71 
n 4 2 * 
G.60 
0,72 
0,59 
0a5G 
0.67 
0 .73 

0.78+oni 

1.82 

1^29 

Tap 
Densi ty 

p i / e c 

1,86 
1,85 

2.08 
2.09 
2 .23 
2.09 
2,18 
I083 
2a08 
2 .12 
1.00 

2.04+0014 

id® ^ 

A i r - P e n i e a b i l i t y 
Avg, Diaiaeter 

Microns 

0.40 
,40 

0.40 
0.39 
0.39 
0,39 
0.30 
0.35 

.53 
0.44 
0«43 

0^40+0,02 

4 . 6 

0.42 

Surface 
Area 

5.1 
7.OG 

5^5 
4 . 7 
4 . 7 
5 ,2 
4 . 2 
5.3 
5>5 
4 . 3 
5 .2 

5,2+0.7 

12.8 
12.2 
12.4 

0 0 

7.25 

50,J IlaSsAo 
P a r t i c l e Size**' 

ri icrons 

0 .0 
0.50 

0.8 
0 .5 
0.7 
0.6 
0 .5 
0.8 

no 
0.7 
0,95 

0.71+0.18 

0.71 

Screen 
Analys is 

w/o Grea te r 
than 74 !;.iicrons 

^2 
<Z 

<Z 
<2 

0 

26 
8 

12 
26 
12 
u 

s 
S 
I 

VO 

* Y e r i f i e d by r e p e a t measurement. 
** Excluding p a r t i c l e s of d iamete r > 7^ Jaicrons. 

*** HaBiaerifiilled. 
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a) Tap density variations from lot to lot averaged only +7P 
while bulk density variations were twice as high,, 

b) Air-pemeability particle size varied +5î  from the 
averageo 

c) Surface area variations â ieraged +145$ from lot to loto 
(Approximately half this variation may be attributed 
to experimental errors) 

The moderately low lot-to-lot property variations observed here indicate 
that adequate eontrol of process coriditions involving particle agglooierate 
characteristics (wet operations) and total surface area (furnace treatment) 
can be maintained during sraall-lot process developaient trials« 

Examination of the tabulated data for the UO2-2O w/o PU.O2 naterials shows 
clearly that Lot 297-P'i-30, prepared wj-h dilate apiaonia, is distinctively 
different from Lot 297-P«-13» pre|»red xfith concentrated artaaoniao These 
data provide further evidence of the effects of reaetant concentration on 
product surface area, as first seen coiaparatively between Lot 297-Pii«6 and 
~7^^K Reproducibility of product properties as prepared from concentrated 
aioMonia appears to be good as can be seen by comparing the surface area 
of Sample 297-Pti-13 (7»?5 M^/ga) mth the earlier SaBiple 297-Pa-6 prepared 
under the sa»e conditions (7ol !i gn reported earlier*' '')o Further data on 
297-PU.-6 material shows the influence of reduction temperature on siirface 
areao These data are presented m Figure 2,16; also shown thereon are 
similar data for dilute aBmonia preparations^ In contrast, it is to be 
noted that a temperature in excess of 850°C is required to initiate loss 
of surface area in itiixed oxide material prepared with dilute aisiaonia. 

By incorporation of the data developed dinrxng this period with pertinent 
results developed premomsly using the dilute amaionia process^ one can 
ascertain the influence of oxide composition on the surface area^ This 
variation is showi m Figure 2ol7« Addition of plutonium results in an 
almost linear increase in surface areao In this effect,, the property 
influence of aiifionia concentration is reversed,, and one finds that niixed 
oxides prepared by co-piecipitation with concentrated annaonia have a final 
surface area (range 6-8 l̂ /gci) xAich is relatively insensitive to pltttoniuin 
concentratioHi, due primarily to a levelmg-oiit effect (i»e«s reduction in 
surface area) which occurs during exposure to the 7^0°C environiaent during 
reduction« The final surface area can, of course, be controlled by the 
correct choice of furnace temperatmre in this case. 

(i) lOTIEC P-.80, Progress Report, "Development of Plutonium-Bearing Fuel 
l-Iaterials";, page 21» 
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Preparation and Characteiization 
of High Depsity Granular Oxide Powders 

(G„ Ehrlieh^, A a Biancheriaj, J« Goodman, J„ Miles) 

As par t of a program for the d i rec t preparation of denser coarse U02'-Pii02 
and PUO2 powders for use as mechanical packing, swaging or plasma torch 
feeds several protot jpe preparaticriS of IIO2 have been exsmined. The data 
and methods def eloped from these l^b scale'experiments m i l be applied to 
the glove box preparation of po^de.'s conlaining P1JO20 The preparation 
routes examined include hoiaoger»eoas p rec ip i t a t ion employing -aranyl n i t r a t e 
hexahydrate (UM) and vrea aranyl siJLiate and urea, and UIH and amiaonitiBi 
carbonate* The di rect precipi*st ior tf iiraniijiaCI?)oxalate was also examined« 
Processing conditions foi foar UMH-mrea runs were presented ear l ier^^ ' ' ; 
siBiilar data for samples prepared during This repor*ing period are presented 
m Table 2o/o Precmrser powder cha rac te r i s t i c s produced tinder these 
conditions are presented xn Table 2«8o 

The effect of preparation corjditiors pa.rtxcttlariy reaetant concentrations 
and drying temperatwe, tipoE the prcper~xes of the interaiediate ADU i s 
seen to be significarii for na te r i a l p rec ip i ta ted by the hydrolysis of 
mxeao CoBiparisor. of character izat ion data from ADU saniplesj 1405s, lk06g 
1%11, 14-12., 14-13 ^*d l4l4^ shows that jremarkably high ADU tap dens i t ies 
resu l ted from use of high rsac-^ar-t cc icer«tratioriS» Drying a t 95°C produced 
a higher ADU der^i ty thar drying a* 25^Cs The low ADU surface areas 
(O0I2 and O0O7 H /gBi respec+i^rely) correspond to eqiii¥alent sphere d i ­
ameters of 9 and I5 axcrcps tespedxye'lfj for samples l4l% and I4l3^ 
The close agreement tetween these a e j i ' a d pa r t i c l e dxaBieteif̂ s>, the a i r -
permeability average diaJieters sfid i(iicTcscopically»iaeasiired diaraeters, 
co r re la tes well i-ixtfa the high cbfersgd tap density of these »iaterials« 
fhe UO2 derived froa saiipie l4 i3 b^ reduc+ion for i hour a t 7*0°C (shown 
in Figure 2<,18) accordingly h^d high toik density (3o2 gia/cc) together 
with high saiface area. The e f lec t s of higb-f i r ing with regard to fa r ther 
de^fsification wi l l be studied shor t ly 

Cbaracterizatirin data foi the Wp saaples prepared by these methods are 
STOmarized in Table 2a9o With t i e exceptioa of saiiiple 1415^ a coarse 
p a r t i c l e size„ as deterfliined hj the 'Exne Safety Appliance IHethod;̂  was 
obtainedo The high swia.ce a reas , howerer^ indicate tha t xhese TO2 
p a r t i c l e s have a eorisiderable degree of f ine pore stimetttres Comparison 
of the surface areas of the piecarsor p«*ders with the corresponding TO2» 
Table 2ol0 shows that t h i s f ine pore s-tiuctmre or iginates m the conversion 
stepo A similar pBeonpienGii was oDser^fed in, the conversion of plutonium 
oxalate and was disca&seci in a p^'evioas section of t h i s reporto 

(1) imiEC P*80 Pi ogress Pepor*. ^E'e'-elcpmePt of Pinto&iwiuBearing Fuel 
La te r i a l s " page 29 <» 
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Table 2,7 

Process Conditions 
Grarmlar Oxide Preparation Routes 

Ezperiiaent Jliiiriber 

Sar.iple Mwiiber 

Uranium Star t ing Solution 

i Uranium Concentration^ K 

Precip i tant 

Prec ip i tan t Concentration, M 

Prec ip i tan t Addition Tiaiej hrs 
o 

Reaction Teiaperature, C 

ileaetion Times, hours 

pH of hother Liquor 

Drying Tewperature, °C 

Drying Time, hours 

Reduction Teraperature, °C 

Reduction Time, hoars 

Furnace Ataiosphere 

Batch Sizes gî i U 

19.4^8 

1%0? 

UilJ! 

Oo5 

%C2% 

7.5(50;'' 13) 

rapid 

—100 

1 

90 

2 

7*0 

1 

l'l2--6',4 H2 

.0 

19-9-2 

1415 

UIIH 

Oo5 

(IIHI|.)2C03 

2o0 

1 

^ 1 0 0 

1 

95 

16 

740 

1 

ti2-(4 Hg 

50 

19-15-36 

1420 

U02S0^ 

0.5 

(11112)200 

7^5 

rapid 

--400 

16 

^7 

100 

2 

740 

1 

M2-^; I 2 

50 

37 



Table 2,8 

Powder Characteristics of Precursor 
Granular Oside Preparation PiOutes 

Sapiple 
Iiauber 

1405 

1400 

1411 

1412 

1413 

1414 

1415 

1420 

Prepai-ation 
Route 

Ulin + (IIH2)2C0* 

U02(H03)2 + H2C20l̂  

mm + (11112)200* 

miH + (112)200* 

UflH + (11112)200* 

mm + (!IH2)2C0* 

mm + (iHi|.)2C03 

UO2SO1,. + (11112)200 

Drying 
Conations 

Temp 
OC 

25 

90 

25 

65 

25 

95 

95 

100 

Time 
hrs 

24 

2 

24 

24 

24 

16 

16 

2 

Bulk 
Density 

gm/cc 

1.25 

0o59 

l»32 

1<,34 

1.95 

2,36 

1.54 

Tap 
Density 

gm/ce 

lo37 

I0O2 

1,67 

I065 

2.16 

2^46 

1,90 

A¥erage*=* 
Par t i c l e Diaiaeter 

raicrons 

7o8 

7»3 

5.8 

15.2 

17o0 

l l o O 

Surface 
4rea 
i-l'^/sci 

I 0 I 7 

0.48 

0.67 

1.12 

0.07 

0.12 

3.62 

0.95 

* Preparation described in IIUIiEC P-80, page 29» 
=̂ * Air-permeability method,. 



Table 2«9 

• 

Characteristics of UOQ Powders 
Granular Oaide Preparation Routes 

Saraple 
IluEiber 

1 1405 

1405 

1406 

1406 

1409 

1413 

1415 

1420 

1 

Preparation 
Route 

UIIII + Urea 

OTII + Urea 

UMH + Urea 

UIH + Urea 

U02(II03)2 + 
Oxalic Acid 

UIIII + Urea 

UIIII + 
(M%)2C03 

UO2SO1,, + 
Urea 

Conversion* 
Tempera ttire 

°C 

540 

740 

540 

740 

740 

740 

740 

740 

Bulk 
Density 
gBi/cc 

-

™ 

" 

-

O066 

-

O086 

1«74 

Tap 
Density 
gti/cc 

1,C4 

-

2»02 

2,05 

1,27 

3»2 

1,40 

2.03 

ATerage** 
Particle 
Diameter 
sdcrons 

3.6 

3.5 

5.1 

5»o 

3̂ 1 

8,0 

0»73 

6.3 

Surface 
1 Area 
i-i /gK 

9.6 

^ 

6,0 

7,1 

12.6 

14,3 

4,5 

4.8 

50;>** 
Particle 
Size 

rdcrons 

37 

41 

50 

45 

11 

23 

loO 

2o2 

0/U 
Ratio 

„ 

^ 

ZA6 

2al0 

2.46 

2,23 

2a8 

Physical Appearance 

liixture of spherical and 
irregular granules. 

Kizture of spherical and 
irregular granules. 

Kisture of spherical and 
irregular granules« 

Mixture of spherical and 
irregular granules^ 

leedle-like crystals 
(length 15^-60^) 

Smooth5 nodular granules^ 
<50^' 

Irregular rounded 
granuless fuzzy surface. 

Snooth rounded granules | 
and spheres,< 120^ 1 

* Tifo hours at temperature, 6,S Il2-S%;5 % 
Vo ** Air-peraeability methodo 

'̂ ** Sedinentation method, shaker dispersion^ 
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Table 2<.10 

CoBiparison of Surface Areas of UOg 
with Precursor Poirders 

Saciple 
Htmiber 

1405 

14.Q9 

1^13 

1415 

1420 

Precursor 

AoDoUc. 

Uranium Oxalate 

A.D,U„ 

A.D.U., 

A„D„U. 

Surface Area 
Precursor 

1,2 

0.,48 

0„07 

3 062 

0,95 

E^/m 
UO9 

9o6 

12„6 

14,3 

4.3 

4.8 

• 
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The pliysical appearance of the granalar UÔ  prodacts, taken together m t h 
physical data fro® laWe 2o9 shows* lor e>-ai.iple, that sample 1413 i s composed 
primarily of p a i t i a l l y densified, strongly-bound agglomerates9 while samples 
1405 and l406 are ccaiposed of l a rger , l e s s densified agglomerates,, Sajaples 
1415 ADU ard UO2, prec ip i ta ted by hyaroj^gis of ar-moniuEi cartonatej, r a the r 
than ureay were coiiposed of "snowball" aggloiaerates up to 250 r-acrons i n , dia,„j 
which appear \feakly bonded toge'^heT, as evidenced by the l.>0 iidercn average 
sedimentatior- p a r t i c l e size ar<d Oo7 nacror aiferage a i r permeability p a r t i c l e 
s i z e , Saunpie 1420 ŝhoxffi in Figufe 2^19^ cor<*3±iiecl premously strongly-.bound, 
la rge aggloineiaTeso Sample 1^09., represePTlrig a different c lass of Fiaterial , 
consisted of separate rtseoie l u t e c rys ta l s , iKhcse a'je-rage diBiensionSs, as 
deterBdned t y r.acf03-opj, :oTre=.por>ded with t^t a i r-permeabil i ty arerage 
diametero 

A gloue box IS pieserr ly bei/sg eqt-ipped tc allow extensioE of xhis effort 
to PuOj-UOp and Pî Ojo 

Aral^^irji^ CfeeiiasTry 
(0« lleniSo, Ifv J"da. E« E» Garcia 

P„ Rey. R« A., Jaro-jzc-ski) 

The arialyxica>t scudies du/ing t i e pas* quarter mciijded the derelopment of 
procedures for pcieiii i imetric xi t ra t iot- of pi(j,tG!iiiAra, the i n i t i a t i o n of 
s tudies of the polafographic de^'ewuiratiof' ol osyger tc metal r a t i o i a 
plutoniUBi-uraniuia o:ade iiijctijre=, i-he d»l«.p^a*io& cf x-iay fljorescence 
and ganisa counting to low le'^ei pjyict-iuiii i;eiicij.e analysis and the o< ray 
spectrometry of pxutoriiMB 8xA other tiai'isxranioia eieiaertsa 

PctentioKietric^_J'xtratxoR of PlutoniUBi 

A new approach to the pcteritio^aelric t i f a t i c r ^ of pliitora jia ha,s been 
developed; t h i s mvoives fhe c:iidat3 0i; of piutomam to the hesa^alent 
state^ then reduction to the quaciri\alent s t a t e vith excess ierrous ion 
and the back t i t r a t i o n cf trie exz-ess l a t h a standard daehrornate solution,, 
The established aethcds of pctentioiseTeic • i t r a t i o n involve only one electron 
change xn the t i t r a t i e r Pv CHI5 to Pv CIV U In the aboYe described Biodi-
f i ca t ion , the sens i t i v i^ j of the Biet-hod n thus doubiedo The steps in the 
procedure involve f irsf oxidatioa ol p]'>iGniuia X'ath argentic per-oxide m a 
11 sulfiirie aeid soJuTion, The excess o;^di ziiig agert i s then decomposed 
by heatinge Ther an excess of pre«icosly sta/tdardized ferrous solution i s 
added and back ti'-ra+ed >jxtt stai-aa^'d Oo500 M potassiuia dtchroiaateo The 
t i t r a t i o n i s carrieci otst m a voluiae of 10 l u i l l i l i t e r s m t h platinum 
calomel electrodeso At the end point when t a t r a t i n g 1 to 5 Eiilligrams of 
plutonium the potent ia l break as appioxiiaaTely 50 mi l l ivol t so On t e s t , . 
solutions^ the ai;reeiaert between tfci'- Method and the aiaperorietric method''•'• ̂  

(1) MUMEC P-70, Progfes.- Pepcj t , *»De '̂elopi!ient of Plutonium-Bearing Fuel 
Materials", page 21 <, 

file:///feakly


NUIIEC P~90 

was tfithin Oo3 per cento The neif procedure can be carried out more rapidly 
than the former and eliminates the necessity of using an agar bridge to the 
reference cello This bridge has been found to be a source of trouble because 
it is difficult to keep decontaminated and stable and therefore requires 
frequent replaceiaento 

Oxygen/Metal Ratio m Mixed Ondes 

In the eval\ia.tiofl of preparations of mixed oxides,, the ratio of o^gen to 
rnetal is of importaneeo In the case of uranium dioxide alone., two methods 
have been ased most extensirely?, one m'wolYes the conversion of the dioxide 
to UoOg^and the othei iR¥o2ves the pclarographic determination of uranium 
(Yi)\i7« Because of the possible presence of lower oxides of plutcnitmis, 
the latter Method appears to be moie suitable to the e»raluation cf the 
stoichiometric eoniposition of mixed oxideso Also, the simultaneous deter-
ruination of seueral species and oxidation states in the original mixture 
is possible, A study xfas, therefore started to ascertain the best conditions 
for dissolYing the mixed oxides withoTit al-tering the original oxidation 
states or camsing interaction between the components.. Work was also initiated 
to determine the sensitivity and accuracy of the polarographie method for 
the deterramation of uranittra (¥1) by.pearis of an ORIL Kodej. *M988 controlled 
potential and derî 'ative polarograpĥ -'̂ '̂*-̂ -'-̂ .̂ 

Standards and Reagents: Standards and reagents were prepared as follotfsi 

Standard Uranima (YI) Solution - This solution was prepared from high purity 
uranium dioxide dissolved in nitric acid and coro/erted to the sulfate by 
fuming mth sulfuric acido The final uranium concentration was determined 
by the Jones redact or-aichroBiate titration laethodo 

Standard Uranium (IV) Jolutiofi - This solution was prepared by the reduction 
of uranim~{¥lJ~"^l^te~solation m a Jones reductor and aeration to 
eliminate traces of 'aranium (III)«, To this solution 40 1.1I of concentrated 
phosphoric acid and 50 Bii of 0o2I perchloric acid were added and the volume 
adjusted to 100 BI1 m.tk doubly deionized water» 

Phosphoric Acid; Phcsphoric acid of Analy+ical Reagent giade shox-fed a very 
high background when used. di"ectly (see Figure 2o20), Ar. effective puri­
fication ̂ las achieved by adomg a potaseiim perraanganate solution to the 

(1) Kubota, Hu, Anal« Cberao J2. 6i0 (I96O) 
(ii) Kelley, M,, I«« Jores^ H„ C«, and Fisher.; Dc J« , Anal» Chem« ^., 

1475 (1939) 
(iii) Kelieyj IL Tv. Jones, H„ Cc«, and Fisher., Do Ĵ.̂  Anal^ Cheiru 22 

1262 (I960) 
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CURVE A-. SUPPORTING ELECTROLYTE 
PREPARED FROM ANALYTICAL 
REAGENT GRADE PHOSPHORIC 
Acia 

CURVE Bt SUPPORTING ELECTROLYTE 
AFTER PURIFICATION. 

OSCILLATIONS OMITTED 
IN TRACING 

- 0 . 4 - 0 . 6 - 0 . 8 
V vs. SCE 

Fjgtjre 2.20 
POLAROGRAM OF THE BACKGROUND CURRENT 
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hot acid un+il a per'aanent pink color was obtained and then reducing the 
excess with a small aiaoant of sodiuii salfite,. The excess sulfite was 
elirainated by bubbling helium through the acid for one houro After this 
proeedures, the background was reduced as shown in Figure 2.2O4, curve B« 

Experimental8 The polarographie deternaiiations were carried out In a cell 
Blade out of a 50 ®1 beaker ecyered with a rubber stopper with holes for 
admission of a dropping mercury electrode,, a saturated calomel electrode 
(Beckmann #39270);, a platin'om anode and a glass tube for bubbling helium 
through the solution^ 

Polarograms were obtained betifeen +0«15 and .--0,60 v ws SCE?, and in all 
cases J the standard addition technique was used*, The solutAon was de~ 
aereated after each addxtiorr, and a blanket of inert gas was kept over 
the solution during the detefBiinationso 

Resultss Polarograms of uranium (¥1) at two concentration levels and using 
two techniques^ one a peak follower;, the other the derivative polarograait 
are present in Figures 2o2l9 2t,22>, Z„23t> and 2<,24<. These tests were carried 
out in the presence and absence of araniuni (l¥) and with several acid mixtures« 
The acid media tested were phosphoric^ phosphoric-perchloric, phosphoric-
sulfuric and mixtures» In all cases5 a itell-defiped polarographie wave 
was obtained with half wave potential of 0c084 v vs SCI m the first aedium 
and O0O3 V vs SCE in the laixed acids^ With the ORIL Mcdel a-1988 Polarograph 
it is possible to produee di.ffererit types of polarograciSo fi-io of these5, 
peak follower and derirative type^j xfere studied because of their special 
characteristicso As shown in FigaT'e 2o21j the peak follower setting yields 
an undampened polarograii of the inaxii«ia of oscillations and thus is free of 
errors due to excessive daapingo The derivatiYS circuit offers polarograms 
shown in Figure 2o22 and 2o23 which are easier to measure and have higher 
sensitifityo The respectii/e sensitl'-dtaes were 0^013 and O.O6 microampere 
per microgram of ur-ariium* or approxiraŝ tely a four-fold enhancement for the 
derivative methodo At tifo levels of uranium (¥l) concentrations 40 to 120 
mierogras and 4 to 12 micrograms^ a linear relationship was obtained 
(Figures 2,,21a and 2„22a.)« With the lower concentrations, however̂ , the 
precision was poorer and a bias was noted* This is in part due to the 
proportionally greater effect of small aaounts of iiapurxties present in 
the supporting electrolyte., From a. comparison of the derivative polarograms 
and the peak follower at very low concentrations of urani'iini (¥1)., presented 
in Figures 2623 acd 2o24|, it is also efxdent that the former is easier to 
laeasure even in the presence of a relatively large backgî ound ciirrent® 
Future studies will take into account the other parameters involved in 
the measurement of uraiiiuBi (¥l) in Eiixed oxideso 
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.I-Ilay Fluorescence Analyses 

X-ray fluorescence •techniques are being esanir<ed to evaluate their usefulness 
in analyzing for plutonimi in the presence of ui-anitue. Such a method has 
been described by Turnley'''''̂  In oar glo^e bo:; setup, resolution is adequate 
to separate the strongest lines, as shotin in Table 2oll» A study is noix 
beins iiade to deteT̂ r.-ine the Kini..i«ii detectable quaaititles of plutoniuBi and 
uraiiiuii m order to evaluate U^e use of ::-ray fluorescense techniques for 
the rapid e-̂ ai.anation of xiaste soiutionsa 

/ICouatinF: 

The study of '̂ aMaa couutiuc as a ...eaiiS for estiiiating the concentration of 
plutoniuid in uaste solutions has been continued. The gaima ray spectra, 
sho^m m a. previous progress report^ \ >/ere found to be cf sufficient 
intensity to enable one to ettif.jie the ĵ 'lutonitai. concentration in dulute 
solutions. For thxs purpoce a calibijtion curve xias developed uith solutions 
iihieh were previously standardized by ariperoiietidc titration, Unknown waste 
solutions contained l^n siialar coiitainere iieie then counted and their con-
centraf-ion ascertained,, 

In this connoction,, a nuriber of corre.txcaj should be iiade to the table 
presented in the previous pioj::ics3 repcrt^"*"^^. The 146 Lev tieak should 
be assigned to Pu-2^'l instead of to Pii-''̂ lO; tho 1? kev ::-ray should have 
been des3£;nated as L series, and the 100 kei? "-ray as K series. 

Alpha S pec t roi -e t rj 

Alpha s')ect rone try as a convenient i eans for the detei'ifiinatiori of c> -̂ei l i t ting 
components present m a pxatoniari solution uas studied Tdth the aid of 
c rys t a l detectors. For t h i s ouroose, a s i l i con diode detector i:as used 
in con Junction a t h a Developiient Products Ariiplifier^ I'odel 33-2000, and a 
Nuclear lata^ Ilodel IID-IOI, 35^ channel analyzer*, For recording the data , 

( i ) Turnley, 1/ CK, "T-Iiay Fluorescence Analyses of Platoniuin", Third 
Conference on Analytical Chesastry xn IJuclear Reactor Technology, 
Cat l inburs , Tennesoee, D'j')'^ 

( i i ) ilUi i;C P-70, Projress Report, ''Developnent of Plutoniuii-Bearinc 
Fuel I a i e r i a l s " . pace 26» 
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Table 2a11 

Relative Intensities and Resolution 
of U and Pu Principle X~ray Fluorescence Spectra 

Line 

V/ 

Scatterinf< Angle, 
Uraniui.i 

26,13 

20o59 

21,60 

17»56 

Plutoni-ffi'i 

2̂ +, 91 

19»39 

20 „ 57 

16a 5^ 

Relative In tens i ty 

100 

80 

60 

40 

• 
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a llosley I»Y recorder x-aas utilizedo Spectra of standards and saaples were 
obtalwedvfroa sources prepared by an electrolytic technique described by 
l^^iijiiij^ These sources, prepared on lairror polished platinuift, x-tere less 
than OsOOl rfiicron thick, thereby elirainating most of the effects due to 
self-absorptioHo Standard solutions of Pu-239 and A2ft-24l were prepared 
after an anion resin separation and these were used to calibrate the instru­
ments Finally, a solution containing a rdxture 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, shot-m in this Figure, 
coincide xfith those of the pure standards, tfithin the 0,9̂ 1 resolution value^ 
at this energy levels The peak observed at ̂ .93 He'̂  is due to the presence 
of Pu-2i|-2« Any contribution to this peal: from Pu-24l (4.882 Mev) can be 
ignored due to its relatively low abundance„ The peak at 5^^7 Kev is due 
to Ai.i-2̂ H, Since the other isotopes of ABiericiuia differ in energy by 4'̂S, 
these could be resolved, thereby it is concluded that these were not pi'esent. 
SoBie Ca-2^3 and Cifi-2%4 tjas found as indicated by a peak at 5o7? Meva Other 
higher isotopes,, presurnablyj were not detected because of their relatively 
short half«lives» Based on these preliminary data, the relative ratio of 
Aril and Ci'i to Pu uas 0,03 and 2 x 10"^ per cent^ respeetivelyo It is planned 
to estend this Method to the quantitative estimation of plutoniur.i in various 
stock solutions» 

(i) lo, R., Mucleonics. H , 1 72*77 (1957) 
(ii) Ko, Ro, Ilucleonicst » , 7^ (195o) 
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Table 2»12 

Alpha Spectroraetry of Transuraniuni Elenients 

I s o t o p e s 

Pu-.2^1 

Pu-239 
Pu-240 

Aiti-.2^1 

Gra.243 
Cni-2l|4 

Reso lu t ion 

^ 1 X 100 

1«1 

0 .9 

lo2 

U 6 

Alpha 
Found 

4-. 93 

5o l^ 

5M 

5^77 

Peaks (ME?) . 
L i t e r a t u r e ^ ' 

k.QB? 

5,144^' 

5Mf 

5«773 
5,778 

; : ) ( i i ) 

X standards 

(i) Dzhelepov, Bo 3o and Peker^ L» K,, Decay ScheBies of 
Radioactive Nuclides, Pergaaon Press, 196I0 

(ii) Sullivan, ;j„ !L, Trilinear Chart 
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FABRIGATIOH AMD EYALPATIOM OF FUEL SHAPES 

Task 3,00 
E* Ka Halteman Lo J« Jones 

Mixed Oxide SinteriRg Studies 
(S, Mo Horgos, Do Houston, Js Miles) 

Investigation of the fabrication of UOg-S w/o PuO pellets by the cold 
press and sinter procedure was eontlnuede The powder was co-precipitated 
as aBnmoniuBi diuranate and plutonium hydroxides, and calcined in nitrogen-
6>S hydrogen at 750°C to yield the dioxides« As calcined and reduced^ this 
powder lot (297-Ptt-8) consisted of veiy hard, coarse aggregates unsuitable 
for pelletizdngo The aggregates were broken up by haiamer-milling through 
a ••Mikro" pulverizer^ Since the bulk density of the hammer-milled powder 
was lowj 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 ̂ 0 mesh screen* The resultant Baterial could be 
successfully compacted at 8-9 TSI t-dthout the aid of organic binders. 
Pellets that had been pressed at 12 TSI were oTerpressed, xfith resultant 
lower sintered densities and conical end cracking. All pellets were fired 
at l600~l650°G for one hour in a riitrogen-6fj hydrogen atmosphere with a 
four-hour heating cycle and a four-homr cooling cycle,, Compaction and 
sintering characteristics are gi-fen in Table 3«>1<» The weight loss on 
firing is attributed to the burnoff of residual carbon fron incomplete 
decomposition of the oxalatê -'•'o 

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 observeds Approxiitiately 15'/9 of ttte 
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 inyestigation by x-ray and 
speetrographic techniques is underway to deteriaine the composition of the 
inclusionso, A glassy substance was observed only on certain pellets and 
seeBied to be related to the pellet position in the sintering boats The 
pellets which were met by the purging gas (l2-6̂ 'a H^) had clean surfaces 
while those that were dowii.streaia from the gas inlet had the glassy surfaces,, 
The appearance of the glass is not related to ai^ furnace position since 
the good pellets tra¥erse the saae regions as the bad oness These two 
phenomena may be interrelated* but further investigation is necessary 
for clarificationo 

(i) MttiEC P-.80, Progress Report, '• Deirelopment of Plutonium-Bearing Fuel 
liaterials'% page 19» 
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Table 3ol 

CoBipaction and Sintering Data 

(Siiiteriap: a t M O P c ' f o r i hour) 

Coapaction 
Pressure 

TSI 

8 

o 

12 

Green 
Density, 

fCra/cc 

4,87 

4.^3 

5ol9 

Fired 
Density, 
f;ia/cc 

10,39 

lOM 

10„08 

Fir ing 
Shrirf'ace, 

^ 

22 

22 

* 

Weight Loss 
on Fi r ing , 

- >' 

1.22 

1.23 

i«22 

* Conical end cracking* 
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To in¥estigate the effects of reusing fired pellet material, fired pellets 
of UO2-5 w/o Ptt02 were broken up in a steel die and further reduced in a 
tungsten carbide eiill (Spex mill)o This poxfder was added to the original 
haHmeniilled potfder in the proportions 3^/ reworked powder-70'l original 
powdero Samples of the powder blend were then processed by one of the 
following schemes prior to compactions 

1) As blended 
2) Reduced in nit.rogen»65l hydrogen at 800 G for 2 hours 
3) Blended powder re-haiimersilled 
k) Re-haDmer-Eiilled plus reduced in nitrogen-.6<3 hydrogen 

at 1000*̂ C for 8 hours 

When the as blended powder was directly pressed and sintered, the pellets 
were to.dly blistered, indicating that the UO2 might have been oxidized 
during Spex railling* Reduction treatment of the poxfder prior to eoBipaction 
also did not improve the sintering characteristics; similarlyj re-haiaraermilling 
was not beneficial« The compaction and sintering data for these powders are 
presented in Table 3o2. Fired densities above 9«.75 gm/ce could not be 
obtained,, It is e¥ident that these procedures are inadequate for satis­
factory usage of reworked powder® Attempts 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 UO2, and it is believed that they will correspondingly iraprove UO2-PUO2 
powders by lowering the particle size and increasing the surface area» 

Phase Relationships in the Pu-0 System 

'""^""^""""TBrciST"^" ' — 
During this reporting period, the two phases in the eutectoid microstructure 
observed after sintering PUO2 pellets in a n±trogen~6fo hydrogen atmosphere 
or in vacuo were positively identified as PUO2 and cubic Fu20o» 

By heating a pellet with such a two-phase structure in air at 1000 and 
14-75°C and Heasuring the gain in weight until no further gain was observed, 
and knowing the initial amount of b&th phases,, it was possible to calculate 
the composition of the cubic P'lxpfij phase as Pu.O| ̂ 35 which is very close 
to that in the published phase diagram for PuOv̂ -Ĵ  Assuming that the PUO2 
and P'iOî ĝg i^ t'̂ ® eafceetoid were forraed froni a single stable phase at 
the sintering temperature,, the composition of the latter was likemse 
calculated and found to be PuOj gnoa 

(i) Holley, Co E<., Mulfords R„ lo Ro ̂  Huber, So Jo, Head, E« Lo, 
Ellinger, F<, H<., and Bjorklund? Co ¥«; Proc^ Second Intemats Conf, 
on the Peaceful Uses of Atomic Ener^, Geneva^ 1958» vol« 6, 
ppo 215-220„ 
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Table 3.2 

Properties of Ileworked I ia ter ia l 

!-,aterial 

As blended 

Re-haranierEiilled 

Re -haiiiaerrailled 
and reduction 

Gornpacting 
Pressure 

T3I 

8 

8 
15 
23 

8 
12 
16 

Green 
Density 

gi.-i/cc 

6„04 

6A9 
6o^5 
6o84 

6.01 
6,33 
6,43 

Fired 
Density 

gia/cc 

8,20 

9«23 
9^55 
9,75 

9<,40 
9.50 
9.65 

Fir ing 
Shrinkage 

10.5 

13.5 
12.8 
11.6 

14,2 
13^5 
13»0 

Weight 
Loss on 
Fir ing 

1.00 

1»90 
1.00 
1.00 

0.75 
lo60 
0.80 
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Differential thermal analysis has now been carried out on a eutectoid-
bearing PUO2 pellet in an atmosphere of nitrogen-6fo hydrogen and has 
revealed a transformation on heating at 648°C« This value compares with 
625 and 654°C obtained previously in an argon ataospheree It is believed 
that the average teaperature 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 reaction1 

Pu02^X :z ^^2 •*" -< ̂ 2^3 

where 2-X can be as low as lo873o Thxs eutectoid transfonaation may also 
be responpible foi the anomalous thermal expansion behavior observed by 
Chikalla^^^ xn PuOj on heating between 6OO and 700°C>, 

Further studies have been made of the effect of sintering atmosphere on 
the stability of Fu02<» Pellc-ts made by both the oxalate and peroxide 
routes were sintered for one hour at i600°C in argon» Ketallographic 
examination revealed a small aiaount (< %i) of coherent precipitation in 
both sampleso This was identified in the FuOp (®ade by the peroxide route) 
as cX, PU203" JPu-02 pellets, again from escalate~and peroxide sources, were 
sintered for one hour at l600°C in air, but only PUO2 was subsequently 
observed by both metallography and x-.ray diffraction. The effect of 
laoistttre in a reducing sintering atmosphere was also investigated. The 
standard nitrogen-.65S hydrogen mixture was bubbled through deionized water 
and in the process picked up 3«1 w/o Mixtures The latter fully prevented 
the decomposition of PUO2 pellets made both by the oxalate and peroxide 
routes on sintering for one hour at l600°Gs It would seem that the presence 
of a SBiall partial pressure of oxygen ai the sintering teiaperature is 
sufficient to prevent the decoraposition of PuOgo 

The role of residual carbon in the decomposition and fusion of the Pa02 at 
16000c has also been intrestigated further, lo relationship was found 
between the tendency forK PU2O3 fowaation on sintering and the residual 
carbon content prior to sintering^ This conclusion was reached during 
investigations with Ptt02 pellets in. which the carbon had been varied 
systeDatically frora about 0^3 ^o &fa by increasing calcining temperatures. 
The sintering conditions were one hour at l600°C in an atmosphere of 
nitrogen-6^ hydrogen^ An attempt to obtain further infomation through 
the use of theoretically carbon-free PUO2 (made by the peroxide route) 
was not fully satisfactory since a carbon content of 0»0795^ was found 
after calcination of the peroxide in air at 700°Co This PUO2 did show 
a reduced tendency to o< PU2O3 formation, bat as the green density of the 

(i) Chikalla^ T<, D«, Conto Internato sur la Metallurgie dm Plutonimij 
Grenoble, 1960^ April, Keiaoire IIOo 35^ 
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pellets made from this powder was significantly higher {7^6 gia/cc as pressed) 
than that made under identical pressing conditions from oxalate source 
material (6069 gris/cc as pressed), a possibly aore rapid sintering of the 
former material nay have allowed less tirae for its Pa02 particles to be in 
contact with the reducing atmosphere« 

The residual carbon in the oxalate soarce PUO2 has been suspected of being 
responsible for the traces of fusion occasionally observed metallographically 
after sintering at l600°C ir. the Il2-6j5 H2 atmosphere or m facuo^ It is of 
interest that Pia.02 of zero carbon content shox/ed no fusion even on heating 
to 1750°C m the l2-4» % atiaospheie* while the PUO2 r.iade via the peroxide 
route with OO079/J residiml carbon shoijed a trace of fusion after sintering 
in a laoist l2-6,l II2 atmosphere at l600°Co From these observations„ it 
appears that residual cari5on in the P'J02 IS associated x/ith the fusion 
observed on sintering. 

It may be conjectured that a pxatonimi carbide phase is formed, at least 
temporarily., during sintering and that this phase lowers the iflelting point 
of the PUO2I m fact^.an osycarbide of plutoniUHi similar to that observed 
in the U^O-C system^^^ raay be responsible for the observed behavior® To 
test this hypothesis a carbide isiixtare tas prepared by the deliberate 
reduction of Py02 with graphite at aboaf 1500°C in vacuos A 50/50 mixture 
was then prepared using this product and Pa02 powder having zero carbon 
contents The resaltmg laixtuie was pelletised and sintered for one hour 
at l600°C in nitrogen"6̂ « hydrogen,, is a control., a carton-free PU.O2 pellet 
formed from the same powder ba+ch as that used xn the lasture was sintered 
siBultaneouslyo Subsequent pietallcgraphic exaiiination revealed no fusion 
in the carbon-free Pa02 pellet but *^Brj significant fusion m the pellet 
formed fror.i the Pu02-carbide iraxturee These results sug^sst the need for 
a more intensive stuc^ of the phase relationships in the ternary system 
Pu-0-C« 

Evalaation Techniques 
""""""(BT'CinaiT"™''^"" 

A technique has been developed for the eathodic vacuura etching of PUO2 
pellets so that Ptt02s) <=< PJ.2O3 and giaxa boundaries can now all be 
siiaultaneously revealedo The netbod is simpler than eherdeal etching 
ar.d is certainly supeiior so far as gram boundary delineation is eon-
cernedo Typical photoiaicrographs at a magnification of X8OO and enlarged 
Z5lfo are showi in Figure "iolo 

(i) EURAEG^ly Progress Report^ "Study of Phase Relationships m the U-C-O 
System",, Horth Carolina 3tate Colieee Contract Mo, AT(40~l)^2663« 
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Figure 3.1 

Typical Photomicrographs Showing 
PuOg, Pu02/<?t PU2O3 Eutectoid and Grain Boundaries 

PUO2 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 Sxperiment 
"~~Ti7~K7"'^t^m) 

The assembly of an apparatus for the raeasurement of the therBial 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 Industriesj Inco, who is fabricating the quartz 
to metal seals» has experienced diffiealties in aialcing these seals vacuim-
tights As a back-up effort^ an "0'* ring seal has been designed to fit the 
limited space available* The smseeptor blocks are being remachined, and 
longer quartz tmbing obtained to fit the new sealing arrangements The high 
voltage supply has been received and is being used to test the high voltage 
filter sections^ The inductances m the filter are being floated at the 
high potential to reduce winding-to-frase voltage breakdown problems* The 
electron gun andassociated eontrol eireuits mil soon be tested in a separate 
vacuMi system while the quartz-tĉ -Eietal seal problem is bypassed or resolved* 
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FUEL BLB'fflMT FABRICATIOM AMD EflLMTIOM 

Task %oOO 
Lo J» Jones 

Box and Eqitiipment._Iristallation 
"TSr&̂ temardJ"""'̂ '̂'̂  

The welding box intended for use in plutoniuia fael eleraent fabrication 
is currently in the final stages of otitfittingo This box will be tied to 
the decontamination bosj thus facilitating the reoioval 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 ifith an inert atmosphere thereby elirainating a continuous purging 
sequence,. This mill is being set tip to develop procedmres for the fab­
rication of dispersion fuel elements,, msing stainless steel, zircaloy^ or 
any of the refractoiy metalso Since hot rolling of aetals which readily 
oxidize will be undertaken^ it is necessary to make provisions for a good 
inert atmosphere« Auxiliary equipment being installed includes a muffle-
type furnace capable of heating to 1000°C and an infrared heater capable 
of heating both rolls and tables to 250°Co The heat source for the muffle 
furnace x-d.ll be external to the closed system thereby simplif̂ /ing its 
maintenanceo 

A jig for the testing of reaction rates between the ceraraie fuel pellets 
and fariotts cladding iiaterials has been designed and constructed. A thick-
walled Inconel tube serYes to contain the pellets and the samples of 
cladding Materials in the form of disks sandwiched together^ A load of 
mp to 50 lbs can be placed on the samples by a compression spring located 
at the end of the tube which is noriaally external to the fumacco This 
load m.11 apply a masim.'aiii pressure of 1000 psi on 0^250 inch diameter 
pellets« The jig is also equipped to pro¥ide any gaseous atmosphere 
desiredo Sandwiches of Pti02 and U02'>Pii02 together with aircaloy, aluEiinuHi;, 
and various grades of stainless steel mil be subjected to various tera-
peratures up to lOOO^C (approximately 600̂ "C for alwaimm) in reducing^ 
oxidizingj, arid inert atsiospheres for various periods of time^ Upon 
removal frora the jig, the sandvaeh saapies xfill be sectioned perpendiemlar 
to the metal-ceraiaie interface and laetalicgraphically examined for emdeaee 
of reacticno 
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MPIHIOM TESTIIIG AMD EYALUATIOH 

l a s k 5oOO 
Lo J i Jc»es 

Rabte,t_TestS 
(Lo J . Jones , S,, Me Horgos) 

Fabrication of the sasiples for s h o r t - t e m i r r ad i a t i ons xn hydraulie rabbi t 
f a c i l i t i e s to deteraiine the r e l a t i v e n e r i t s of the various preparation and 
fabr icat ion pxocedares has been started^ The proposed capstile and fuel 
element were described previously^^^o Each capsule xAll contain three 
fuel eleiaeBts—two containing defelopmental PU.O2-UO2 compositions and 
one contaaning enriched 1102 "̂ ° serve as an i n - p i l e eontrolo Fuel elenent 
specif icat ions and operating parameters ajre given m lab le 5«^o The TO9 
control samples have been enriched to produce the same specif ic heat 
generation as the Ptt02-U02 saaples by considering fliix suppression and 
the effective f i s s ion cross-.sections of the f i s s i l e atoiiSo Xn the f i r s t 
nine capsules, co-precipi ta ted Biaterial and Material r-ade by riechanical 
mixing of the specif ic oside componepts folloued by forniation of so l id 
solut ion during the s in ter ing operalior wi l l be coBipared at three bmrnup 
r a t e s and hence under three temperature cor«ditions<, Attenpts w i l l be riade 
to keep the fuel density of these samples iden t i ca l to allow d i rec t comparison 
of t he i r in^pi le thenaal perfoirflance (therBial conductedty plus sielting 
point and r e l a t i v e f i ss ion gas re tept ion capabilities)<> IrradAation of 
eapsyles 10 thjomgh 1^ will allow determination of the effect of porosi ty 
on the i r r ad i a t i on behatior pa'«"ticiilarly on f i s s ion gas retent ions In 
these capsules* attempts l o l l be itade tc i r r a d i a t e a l l eleinents a t aboat 
the same teBiperat^re by maJtmg allowances for the reduced theraial conductivity 
associated with the more porous r,iateTials» 

Sta in less s tee l Itibing 15 being used for both the fuel element cladding 
and the inner capsule* Asseaibly of the eapsmle requires shr inkf i t t ing the 
s t a in l e s s s tee l irr-er capsule ir.ro an aiQ»iiE.um outer capsuleo Bie al-mairrara 
capsule eoaporierits are being nacnined to patch the outside dxaxneter of the 
s t a in l e s s s t ee l tkbir<g« The en t i r e capsule asseFibly. including welding of 
both inner and outer capsule end plmgs and shrinkfit t ing. , i s being performed 
on daniniy capsules to detelop the necessary teehrdqueso 

(x) HUl'iEC P-80, Progress Reportj W&velopaierit of Plutonima-Bearing Fuel 
I iaterials"^ pages 51 and 52c 

63 

http://ir.ro


IDMK P-90 

TaM.0 5.1 

Gapnile 

1 *"' 
1 

2 

8 

9 

SO 

t i 

13 

W 

Ik 

He. 

1.1 
J-2 
1-3 

2-1 
2-2 
2-3 

3-1 
3-2 
3-3 

^-2 
4-3 

5-2 
5-3 

6.i 

g-3 

7-1 
7-2 
7-3 

8.1 
a-2 
8-3 

9-1 
9-2 
9-3 

10.1 
10-2 
JO-3 

11.1 
a - 2 
11-3 

ia-1 
12.2 
l i - 3 

13-1 
13-2 
13.3 

rt-1 
1 ik-z 

tt-3 

Qsupssltlsii '^) 

Oomp. i 
Coiip» B 

Coup, i 

Coup, i 

Csiq3« B 

OoBp. B 

Ce>ap> B 
Coap. D 
Semp. B 

O0B9. B 
Oeup, D 
Con*, B 

Coup. E 
Oonp. 0 

Qemps C 
Qoinp. B 
Oaqp« S 

C019. C 

Compe & 
CoBp. D 
Osnp. k 

Comp. A 
Ooiap. B 
Somp. B 

Coay. B 
€oDp. D 
Conpi B 

Ooap. 0 
Ssnp, B 

€0^)9 C 
Ceiiip« E 

Pus! Preparation 
Bouta 

Po.pr@olpltatsd 
Os-praoipltated 
Isofemleal Mtx 

Cs.pr®®iiri.tat«d 
Co-praolpltatad 
M w h u d e d Hljc 

€o-pr®slpltated 
Cs-pr®9ipitat®d 
Msshuiisal tUx 

C©-pr«®ipltat«d 
Ss-pr@alpl1»t®d 
nrnhmloBX Mix 

Ce-pM®ipitat®d 
Go-pr@0ipltattcl 
MMhanioal Mix 

Oo-prselpltatad 
Qe-preelpitatdd 
Haehanled. Mix 

Go-pr00ipltated 
Gs-prseipltatod 
Meahameaa. Mis 

Co-pr®®ipitat®<l 
Co»prMiplteted 
Meshanlsal Ux. 

Co-praislpitateil 
0©-pi»®lpltat«l 
MsAanloal Mix 

Co-pp* or Hash Mis 
Oo-prealpltatod 
Goppt or Msal» Mijc 

Gs-ppt ©r Ifaah Mis 
C®-pr®eiplt®t®d 
Co-ppt or Hash Mix 

Go-ppt or Haoh Mix 
Co-praslpltatsd 
Go-ppt or Mssh Mix 

Oo.pp% or Hagli Mix 
Gs-pwolplteted 
Cs-ppt o r Ifaiill tOx 

Co-ppt or HMh tux 
Co-pr®slpltato€ 

1 Co.ppt or Vmh. m x 

fmaX B s n s l ^ 

93.95 
93-95 
93-95 

93.95 
93-95 
93-95 

93-95 
93-95 
93-93 

93-95 
93.95 
93-95 

93-95 
93-93 
93-93 

93-95 
93-95 
93-95 

93-95 
93-95 
93-95 

93-93 
93-93 
93-93 

93.95 
93-93 
93-93 

82-83 
93-95 
88-91 

95-9? 
93-95 
93-97 

82-83 

82-85 

88-91 
93-93 
95-97 

Onpsrturtad 
Xli@ntol Flux 

7.0 
7.0 
7.0 

fi.3 

6.5 

3.5 
5.3 
3.5 

7.0 
7.0 
7.0 

5.5 
6.5 
g.5 

5.5 
3.5 
5.3 

* ,0 
%.o 
%.o 

3.3 
3.5 
3.5 

3.0 
3.0 
3.0 

5.3 
5.5 
S.3 

6.3 
6.5 
6.5 

5.3 
5.S 
S.5 

3.0 
3.0 
3.0 

3.0 
3.0 
3.0 

ManiBua fuA 
T®Bp«ratar@ 

Og 

3100 
3100 
3100 

2B95 
2893 
2895 

2*70 
2«»70 
2%70 

3100 
3100 
3100 

2895 
2893 
2893 

2 W 
2%70 
2W0 

3073 
3073 
3075 

2700 
2700 
2700 

2335 
2335 
2335 

2 7 « 
2*70 
2370 

28i|0 
2895 
28W 

27'»S 
2470 
257® 

2S95 
2335 
2*35 

2435 
2333 
2290 

M a ^ ^ Clnd 1 
Iaip0r%t»ra 

"0 1 

190 
190 
190 

ISO 
180 
ISO 

165 
165 
S«3 

190 
190 
19s 

100 
ISO 
180 

163 
163 
165 

195 
193 
193 

1?5 
173 
175 

m 
160 

165 
163 
163 

ISO 
ISO 
180 

163 
165 
165 

160 
160 
160 

160 
160 
160 

C1) Fud Q<^©sitt®B Gefc 
®i® - 0.5 w/o PaOi -I- 1M w/s u83% + 
"B® - 5 w/s Pii©2 * r«»lnd@r natur^ OOj 
«C® - 20 s/o PaOs + rsBiilafcr natwriaOOg 
"W - 9.27 w/o W^iOz •*• waalKtor U ^ ^ s 
®B« - 23.93 w/o M^3*2 4- r«»alid®r 023% 

B83802 



ITOIEC P^90 

Hot Laboratoiy Equipment- Fabrication 

Five alpha boxes for the hot cell are being made ready for msea AlsOg two 
prototype nianipulator boots to fae-ilitate entrance of the laanip-nlators 
into the sealed alpha boxes are presently being cheeked for suitability 
for the remote operations conteKplatedo In addition j, a mechanically driven 
positioniHg table to permit entry and removal of the aanipulators from the 
alpha bos has been desipied and Imilto fMs table is made to raise or lower 
the box with respect to the maii3.pa],ators«, The umt 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 been decontaniiiated and examined to deteimine the extent of 
repairs and replacements parts reqairedo These parts have been ordered., 
and repairs will proceed after delivery of parts« Decoritainination of the 
Metallographic steel cell wxll thee be started as soon as the manipulators 
are operable» 
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REACTOR PHYSICS HID EHGIHaERIMG PAIiAIffiTRIC STUDIES 

Task 8000 
Ko I-L Puechl 

Assessment of Plutoniim Potential in M(--ar-Theri.ial Reactors 

Two papers hairing the titles, "The Potential of Plutonimi as a Fuel in 
Mear-TherMal Converter Reactors" and "The Poteniial of Plutoniuia as a 
Fuel in Hear-Theriaal Burner Reactors'* mil be published in the February 
1962 issue of nuclear Science and Engineering« Since this work was 
performed, additional studies have been riade to deterraine the sensitivity 
of the results to changes in the effectiire cress sections for the Tarious 
isotopes. Especially the influence of varying degrees of self-shielding 
in the plutoniwi-.240 isotope is being exaiamed in great detail. The 
physics portion of this study is essentially coEipleted; assessment of 
the effect on fuel cycle cost is not-r underway* Under all reasonable 
assuEiptions as to the effectiTe resonance integral of Pu-2if0, the physics 
results indicate that high Pu-2^0 content plutoniura is generally an 
attractive fuel in these near-thermal reaetot' systeraso Specifically^ 
it has been found that the lot-ier the assuiaed effective absorption cross 
section of Pa-2%0, the higher the concentration buildup of this isotope; 
ioe», the inacroscopie absorption m PU.-.240 is not a strong function of 
the assumptions used in deteraining the effective riiicroseopic cross 
section. For these reactor systems then, under all reasonable assumptions 
regarding the Pu~2̂ f0 absorption cross section., these can always be found 
a Pu/U concentration range xfherein a "negative resistance" effect exists; 
i»e., wherein the reactivity tends to decrease i-dth further addition of 
platoniuBio Since sach ranges were found to exist generally, it itiay be 
concluded that relatively Icng eoi'e life (reactivity limiting) is attain­
able with these systenso The associated economies evaluation which is 
now underway will offer specific guidance to the materials development 
prograiEo Specifically, it will allotf more accurate deteraination of Pu/U 
concentrations of eeonoiaic interest; it mil also indicate the amount and 
direction of effort that is necessary to achieve the econoraic benefits 
associated iiith a potentially long core life; ioC, it mil indicate the 
effort required to extend the radiation damage limiting life to that 
inherently possible from physics considerations! further, it will indicate 
what raust be done in the way of tiaterials development to achieve high power 
densities tfithin the fuel^ rhereby to loxfer the high inventory charges 
associated with the relatively high fuel loadings required for these systems^ 
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Further Development and Modification 
of the MUSURP Procedure 

XWr^EossT^T'tozbackiy" 

The MUSURP procedure has noif been entirely reprograi.iDied for the RPC-^'OOO 
digital coniputero Due to the reprograiar.iing process, many modifications 
have been included to increase flexibility^ A fuel cycle econoraics 
program is now being written, so that costs rtiay be determined directly 
from the physics results mthout coitnng off the machine at an intermediate 
point. 

Effort is continuing on the problepi related to the discrepancy between 
experirientally-detemined and theoretically-derived values for the U~238 
effective resonance integral̂ -"-̂ a To date, it has been inpossible to 
obtain a simple expression for the effective resonance integral over the 
entire ran^e of fuel lurip surface to volupie ratio and extraneous potential 
scattering that forces agreeraent bettfeen experiMentally-detertnined and 
theoretically-derived cadiiiima ratio data. 

(i) lUl-IEG P-80, Progress Report^ "Development of Plutonium-Bearing Fuel 
Materials", page 5^« 
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PREPAMTIOM A!ID COATIMG OF SPHERICAL QgPS PARTICLES 

Task lloOO 
C« S. Caldwell Lo J« Jones 

Produotion of Spherical FaO? by Plasma Torch 

°~~~~~~~~T5r~Mr'^rioi7~J„ iijĵ ŷ-—---—-------

Prior to coimaittirg the plasnia torch to PUO2 operations, a considerable 
number of runs on UO2 were satisfactorily coBipleted« The yield of spherical 
particles m a pre-ehosen size range {-80 +120 mesh) was approxisiately 
70/) of the initial feed material« These rans verified the conclusions 
reached in prior UO2 rans^'^'; mjnelj,^ Cll a small mtomnt of hydrogen 
addition to the inert gas is required to prevent superficial surface 
oxidation of the UO2J, (2) completely spherical particles having a siaooth 
fire-polished surface are produced from both crashed high^fired UO2 pellets 
and high-fired 1102 spherical particles, and (3) a void is found at^the 
center of most of the resultant UO2 spheres« 

IiMediately following the coiapleticn ol these UOg studies s, the plasua torch 
and its glove box tfere coianitted vo plutoaimn, The initial trials on PUO2 
indicated that the torch parameters which were optimuffi for UO2 were unsatis-
faetoiy for PuO^o On the first tt-io runs using PUO2 the flame temperature 
tfas too high, thereby resulting in verj poor yield., presumably from vapor­
ization of the PnOoo On the third ran the flarae terdperature x-ias decreased 
considerably and resulted ill incoraplete raelting; hox-rever, the particles which 
did melt were spheroidized and decreased in size frora 80 to 4-00 raesho 
Additional trials under similar concktions resulted m the severe decrease 
in particle size. In additionj the range of particle size varied considerably 
ifithin one batch with some particles being about 5 to 7 times larger than 
the siaallesto However., all melted particles were definitely spherieali and 
the surfaces bright and shiny. Following these r-unsj, it was concluded that 
the size change was either due to the poor thermal shock resistance of PU.O2 
or due to insufficiently large feed iiaterialo Diere was also soBie evidence 
that the particles were being redv,ced ir size by the torch screw-feed 
piechanisa before reaching the plasiaa© Therefore, emphasis was given to 
modifying the existing feed mechanism axid torch nozale to permit acceptance 
of larger feed raateriaa and to remote the source of ifieclianieal coHiiainution. 
The feed mechariisiii waSj therefore, conierted to a vibration-type device 

(i) MMEC P-70 J, Progress Report, "Development of Plutonius-Bearing Fuel 
liaterials'% page 380 
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xjith a variable aperature to control feed rates, With these raodrficationss 
particles having a iiiaxiitiuii slae of 20 riesh can be fed through the torch. 

In addition to the equipment nodifications, extreme variations in the torch 
operating pararieters have also been tried^ In general, optiinuifi conditions 
were found tc consist of lowest possible plasma gas flow (30 ft-̂ /hr) and 
relatively high carrier gas flon (30 ft-'/hr). Using argon and a torch poxfer 
input of fSOO ajipsi, the calculaled teciperature of the plasma is 22,000°F 
under these conditionso 

It is not to be inferred that the particles also reach this temperature» 
Rather, xjlien using the plasiia torch for the spheroidization of particles, 
an inportant paraitieter appears to be the local aerodynanie condition 
present at the plasma flarae since any gas barrier itiust be overcoae by the 
kxnetic energy of the particle as it enters the plasiia streara„ The depth 
into the plasr̂ a flaBie cone reached h]j the particle and its dxjell tiue in 
the plasi.ia deteriime the va:ni:,3X'i tacperalure of the particle. 

Under the foregoing oporaxin^ paraiieters* satisfactory spheres of PuOo xrere 
obtained froi'i the following feed iiaterial: (l) partially-siatered 'P^^2 
spheres fired at 1475°G having a size ranse of -CO +II5 nesh, and (2) 
crushed hi^h-fired PuOo pellets having a size raxige of -60 +80 laesh, A 
relatively good yield of -?0 +120 nesh particles resulted froia both feed 
materials; the product produced frora crushed pellet feed is shoim in 
Figure liolo Cross-sectional structures at 100 and 200X of the spheres 
forned from partially-sintered FuO^ spheres are shoijii in Fi^nre 11,2 
(a and b)a iJote the appearance of ""a porous non»fased core in Most of 
these spheres. Apparently, the plasiia tended to fire-polish the surface 
of these spheres 'jithout conpletely fusing the particles* Cross-sectional 
structures at 100 and 200II of the spheres fomed fron crushed high-fired 
Pu02 pellets are sho'.-m in Fij/ire 11 »3 (a and b)„ Herein, note that all 
sharp an,3ular surface characteristics of crushed material have disappeared 
and tlmt iiost of the spheres possess the central voids characteristic of 
loxj conductivity eeraiaic pai tides which have been fused. 

During the nest report period, the cptiauii torch conditions for preparation 
of spheres froir. sintered agg;!operates and pre-shaped spheres mil be 
systeiiatically obtained, since the use of crushed hî ĥ-fired pellets 
as feed appears to be costly. 
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Figure 11.1 

PuOp Spheres Produced 
from Crashed High-Fired Pellets 

20X Enlarged k Times 
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?l 

(a) lOOX 

Figure 11.2 

PUO2 Spheres Produced ty Plasma Torch 
from Spherical Feed Material Fired at lk75°0 
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(b) 200 

Figure 11.3 

Pu02 Spheres Produced by Plasma Torch 
from Crushed High-Fired Pellet Feed 
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Preparation of Spherxcal PuO? Particles 
Froa Cerar.ixc-Grade Poxiders 

(Co So Galdxrells i^ Bianeheria, Ĵ  Ilxles) 

In addition to plasma torch splieroidization, a laulti-step process of dry-
pressing, granulatioR, sizxng. shaping, aid sintering has also been used 
successfully to yield a nearly-spherical product, controllable mthin one 
mesh size, over the range 00 to 170 laesh (Uo S. Series)« 

Starting mth virgin PuOp poi/der of intexi'tedia le surface area, wafers were 
dry-pressed in a one-half inch dxai.ieter doable acting die at pressures of 
2-h- T3I» Breakup of wafers on successiTely siaaller screens, beginning 
with 10 r.iosh, i-ras carried out r,ianaally<. Once reduced to the approximate 
green size required, based OK a green lafer density of approsdnately 5 gi'i/cc, 
the granular raaterial iias agitated in contact with a screen to produce 
nearly-spherical shapes» Undersize material was broken up to a fine 
poirder and recycled through the process. The shaped raaterial was pre-
sintered at tersiperatiires of 1000 or 1200"C» re-screened, then sintered 
to final density at tenperatures m the lange 1350-1600 C for 4- hourso 
A platinuri-lOp rhodimi wound furnace (air atmosphere) was used for these 
operationso Off-size, out-of-shape^ and agglonerated particles trere sub­
sequently removed by sereeniEg<, Typical .uetallographic sections of particles 
produced by the atove roate are shotm in Figures 11«^ through 11«9» These 
represent î aterxal foriaed at a greea density of 5 ©i/cc and sintered at 
1350> I'+OO, and l473°Co It is clear that mcoifiplete sintering has occurred 
in a niaiber of the particles shox-iru It is expected that inproved sintered 
density caii be obtained at higher teuperatares tjith tho use of a reducing 
atnosphere and/or controlled iioisture content* Tins effect will be checked 
in the near future^ 

In addition to foriamg ^reea particles by size reduction, it was found 
that soi'ie PmO, poudeis tended to a£glorierate into near-spherical shapes 
during agitation^ On-size naterial rmde XP this manner was coBibined 
with Biaterial made by the r.iain processo Particles formed in this Bianner 
can be readily identified by their appearance as sectioned since two 
zones exist iiith each having different sintered density, Unifowi density 
can probably be attained by permitting agglopieration to start with very siaall 
original nuclei; hovever, the green density of such particles will be loxf, 
and higher sintering teiiperatures may be reqairede In any case, the work 
to date indicates that ertreniely close control of po-f-ider characteristics 
is requiredo Powder surface area, although an ir.iportant factor in fab-
ricability is not the only controlling Yanableo Particle raorphology, 
size distribution, and prepaiation history are apparently all related to 
forriabilit.y„ For e::ai*iple, spheres could not be produced froiii over-calcined 
Pu02, or Pu02 laade fron dilute pi atom ma nitrate by the oxalate process» 
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Figure 11.4 

Spheroidized PuO?, 
Sintered at 1350^C, 

with 10-15 micron Nickel Coating 

Figure 11,5 

High Magnification Cross-Section 
of Spherical Pu02t 
Sintered at 135OOC, 

with 12 micron Nickel Coating 

Figure 11.6 

Spheroidized I*u02, 
Sintered at I^QOC, 

with 20 micron Nickel Coating, 
Shovang Two Zones of Sintering 

Due to Non-Uniformity 
in Green Spheres 

(lOOX) Sample C (^OX) Sample C (lOOX) Sample DE 
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Figure 11,7 

High-Magnification Cross-Section 
of Spherical PUO2, 
Sintered at l̂ fOOOC, 

Showing Penetration of Nickel 
Coating Within Partially-

Sintered Zones 

Figure 11.8 

Spheroidized Pu02, 
Sintered at 1V/5°C, 

with 15-20 micron Nickel Coating 

Figure 11,9 

High-Magnification Cross-Section 
of Spherical Pu02» with 10 micron 

Electrolytic Copper Coating 
Over 3-^ micron Nickel Base Coat 

(ifOOX) Sample D (lOOX) Sample E (^OX) Sample E 
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Application of Ilickel and ̂ Copper ̂Coatings 
to Spherical PuO> 

(J. I lies, H. Recchia, F." Shipko) 

In oraer to eTaluate the feasibility of coating spherical Ptt02 particles 
fabricated by the granulation process, spherical Biaterial (-00 +100 mesh) 
sintered at 1350^ l&OO., and l475°C was coated as follows; 

1) Iiulti-stâ e "elec'^roless* nickel coating up to 20 i,dcrons 
thickness, 

2) Electrolytic copper up to 15 microns thickness applied 
over a Z~^ micron "electroless* nickel base coat^ 

3) Electrolytic ^opper applied over a ¥acumi e\»aporated 
1-3 Eicron copper base eoato 

lethods (1) and (2) were successful; howerer, raethod (c) xfas discarded 
after four uitsueee&jful atteiapts« IJ. this ease* the thin copper base 
layer was e¥idently attacked by the copper cyanide plating solution 
before sufficient thickness of elecTclytxe copper had tisie to deposit 
and thus protect the undeilying layer. Substrate (surface) roughness 
probably contributed to the 'fjlreiabils*y of the base conducting layer* 

Method (l) utilized a standard nickel chloride-hy|3ophosphite bath(^), 
manually agitated, operating at 80-85^Co Teflon containers were used» 
ilechanical agitation and therxiostatic teaperature control were used 
successfully in prototyx»e 1102 coating trials, hox/evers, such iiiproveraents 
in process control nere not made during this prelibdnaiy trork lidth Pu02o 
Inferior quality sintered particles ocĉ sioitally exhibited penetration 
by the nickel (Figure ilo?) but in genexal even partially sintered naterial 
xj-as adaptable to coaling by this iiethod xath little^ if any, penetration* 
Coating thickness control uas aehieired by exposure tine, bath concentration» 
and temperature o Since starting r,iaterial for these early runs was purposely 
allowed to contain a iioderate percentage of off-grade, odd-shape^ partially 
densified particles xn order to detemme coating effecti¥eness under 
severe conditions, thickness control could only be maintained within 
+15'/'o Coating process control -aas obsenred to be sirdlar to past expe­
rience mth UO21 a slight aeeelera.tion in coating rate, possibly due to 
radiation effects., was the only significant differencee Based on expe­
rience to date, coating control̂ , and urxforBiity on plassia-melted spherical 
material shotild perrat thickness control tixthm +5;! or better.. 

(i) I!Ui:rjC-irx0.2CiU, Fwal Report on GonUact AT(30-l)-2254, 
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Eethod (2) utilized a idiniature rotating barrel plater for agitation 
during electrodeposition* Standard copper cyanide plating bath forau-
lations were used(^)j, and contact betireen the platinum ijxre cathode and 
charge iias maintained by the use of larger 20 raesh copper-plated steel 
shoto The large diameter shot also served to iraprove agitationo The 
Bietallographic section in Figure 11 o9 shoxfs that unifora bonding and 
coating thickness were obtained iisins this process, Several process 
deficiencies were isolated and corrected during the coating of three 
grades of spherical material sintered at 1350., IWO, and 1̂ 75°Co Control 
of DoCo current tended to be eriatie due to the physical arrangement of 
the cathode x-dre, and possible gas blanketing, Also^ agglomeration losses 
Xfere high in several runs due to inadequate particle laotion in the vicinity 
of the cathode tare; ioeo, cimaps of particles appeared to ceraent together 
and forci a "grape-.cluster" which coald not be broken up physically» To 
reraedy these situations, a higher ratio of dead shot to charge xfas used in 
addition to a higher bath tenpefatare. One major disadirantage of the process 
was the SIOT coating rate (spprosdiaately 1 nicron/hour); hoxrever, potential 
for iriiproveiaent exists, and the process can be extended to other electro­
lytic deposition schei.ies m.th only m.nor nodificationso 

Method (3) utilized lacaur.i evaporation to fomi tho base coating of copper 
(1-3 Ederons) on 150 i.iicron Pu02 spheres prior to electroplating* An 
oversize spiial tun̂ elei* filajtient iias arranged to hold the required aiiount 
of copper for evaporation vertically downwards onto the charge# The bare 
PUO2 particle charge (•'̂ 3 ĝ '̂s) iras separated out in a thin layer on a 
circular pan beneath the filai-ient and the charge xias vibration-agitated 
during evaporation to protnde uniforii exposure to all surfaceso The re­
sultant coating xias exaiianed Eiir-roscopically and was observed to have lOÔ j 
coverage, althoaj;h the externa] surface x/as soaexihat pebbly5 reflecting the 
surface condition of the substrate itself, Although useful only for sniall 
quantities of riaterial, the vacuoii-evaporation riethod can be extended to 
iiany rietallic and non-fiecalliac eoatincs of interest ̂  particularly xfhere 
a high-purity coating is lequiredg or tihere special enviorraiental conditions 
prohibit the use ol otner coating p^ocessese 

(i) Ilotal Finlshinn, (J:*JO)» published bj' Letal Digest, 
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