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PR0J3GT_AMP FACILIlI.-ADI-'-IMISTRATIO!! 

I'ask loOO 

lie H» Fiieehl 

UO«-PuO„ coprecipitation runs Bade with modified equipiKnt have yielded 
powders having improved sinterabilitjo UO„«-35 w/o PuO^ that can be readily 
sintered to above 93,.J of theoretical density has now been consistestiy produced. 
With this modified eqiiipaent̂  sinterability appears to be much less sensitive 
to PuOp/UO„ compositiono 

Sintering studies with PuO„ compacts have also hem. continued and extended 
to include the effects of xmpurltieso The sintering data indicate that air 
sintering of PuO„ results in higher density than reduction (io"^^ ̂ ?) 
sintering; reduction sintering tends to convert an appreciable a»ount of 
PuO_ to PUjjÔ » Furthers it has been Aown that the addition of 0„5 w/o 
strontium carbonate tends to enhance the sinterability of PuO^» 

In preparation forthe fabrication of high burnup irradiation speciKiens, 
various blending techniques as well as larger scale equipment are being 
eval'aated., Previous laboratory trials had indicated that satisfactory 
hoEogeiiization of component UO2 and PU.O2 powders could be achieved by wet 
ball milling. Since this and the subsequent drying operation are tise-
GOEsuffling process steps» these procedures are being optimized, and alternate 
dry blending aethods are also being reassessed, Preliuinary results with 
U02~Th02 and UO2-PUO2 give indication that simplification may be possible. 

Oxidation kinetics data on UO2--PUO2 is now being generated by thermograviBetric 
analysis., Preliiainary interpretation of the data indicates that there is 
no siBiple correlation between the oxygen diffusion rate and the PUO2/UO2 
compositiono 

Samples of UO2-P0-.O2 covering tte complete composition range have been exposed 
to 680% water for 1000 ho'irsj and the results indicate that over t'te entire 
range corrosion is coiiparable to that exhibited by OO20 facuuia sintering 
of such pellets for 1 hour at lOOQ^c in contact mth 304 a»d 3i6 stainless 
steels ai-' major constituents have also hem. carried outc, and setallographic 
and X'-ray diffraction examination in&cate no reaction between eeramie and 
aetals0 

The short-tern irradiation capsules are noif at the reactor site awaiting 
insertiono Some difficulty had been encountered due to the propogation of 
cracks in the Type 6061-S aluininua eapsale weld zones» This difficulty has 
been overcome, and the capsules have hem. accepted for insertion by the 
reaet.or operator. 

1 
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The high burnup t e s t prograa has now been finalizeds, and the preliminary 
design of the t e s t capsule has beer, completedo Both thersial and fas t 
reactor fuels Mill be i r rad ia ted to obtain per-forraan.ee comparison araong 
various fabr icat ion procedureso 

9 
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PRaPAHATIQII AlID CHARAGTiSRIZATIO!! OF FU5L likimiliLS 

Task 2oOO 
G„ S. Caldwell 0, Menis 

Preparation ^md Chy;acteriza.tAori_^f_P]^toajjm 
(J« Goodraafts Jo Limpert) 

Pltitoniua dioxide for use in hoisogenization and s inter ing studies has been 
prepared by oxalate,, hydroxides and peroxide prec ip i ta t ion and air c a l -
eiiatio««__ The oxalate and peroride products were made as in runs 
297Ptt27A^i) and 297Pa29^^^'S and the hydroxide was prec ip i ta ted by 
a continuous method using gaseous ainiaoaia» Prepar-ation and powder 
character isat ion data are summarized in Tables 2,l'-2«4, The high tap 
density obtainea." "by^^caleination of plutonium hydroxide a t 8^0 C suggests 
tha t further calcinat ion a t elevated teiaperatures may yield a high-density 
feed sui table for vibratory compaction or swagingo 

Preparation and Charaeteriaation _Qf Ilixed^Plutpnium-Uraniurs Oxides 
(J« Goodmanj He Kr-akej T, Pot ter) 

Four continuous U02-35 w/o PUO2 eopreeipi ta t ion runs have been carried out 
to fur ther t e s t the ioiproved methods of process control i n s t i t u t e d during 
the l a s t reporting period» Soth aqueous and gaseous amnonia were used as 
p ree ip i t an t s and duplicate runs were siade in each case^ 

Powder character izat ion data from these and previous runs indica te tha t 
the improved process has foui* m-jor advantages over previous techniques; 
namelyJ 

1) The UO2-PUO2 powder surface area i s r e l a t i ve ly insens i t ive to 
Plutonium content; 

2) The U02-Ptt02 P^wdei surface area remains high (k-^S K^Ygin) follot-fing 
high temperature (So-O'-'c) reductioBo ( I t i s pointed out that, sach 
reduction i s desi rable when 1J2-6,I H2 non-es^losive gas i s i i t i laaed 
since the reduction caii thereby be accoBiplished sore rap id ly , ) 

( i ) IfUKSG P-i03, Progress Reports "Developiaent of Plutonium-Bearing 
fuel Hater ia ls" 

( i i ) llUiac P-10^-9 Progress Report, "Development of Plutonium-Bearing 
Fuel Materials" 

3 
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Table 2 A 

P M o s i m J s a M t e _ P r e a E a i i 2 ! L ^ l i e 

J ^ ^ e j d e n t i f i c a t i o n , 

££§ci£i tat ion_Gon^tioas 
Method 
Temperature5 C 

Ieed_CofflEOsitton 
grn Pu/l 
H+j molarity 

SMMi_Soliiaoa_C21EOsitioa 
^2^20%! ao la r i ty 
H202« molarity 

Precdpitation Average Holdup, hours 

Total lumber Throughputs 

Drying Temperature, °C 
Drying Times hours 

Furnace ConYersion Conditions 
Tempera t u r e T ^ 
Time, minutes 

J2Z&3L 

Continuous 
35 

200 
3 

(25'^ excess 
loO 
0,8 

0,5 

8 

100 
2k 

760 
30 

i+ 



MTOIEG P-105 

Table 2o2 

Plutonium Hydroxide Preparation Route 

J ^ E i e J d m t i f i e a t i o n . 

PEeM£iiation_Go^itions 
Method 
Temperature, C 

Pu/l 
^ed-CogEosition 

H+s molarity 

Nominal Feed Flow Rate, l/hr 

Precipitant 
Composition 
Flow Rate 

Average Holdup, minutes 

Total Muraber of Throughputs 

Tempera tureT^G 
Tiiae, hr 

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

=22Z^22i. 

Continuous 
55 

100 
laO 

1.2 

IIH3 gas 
780 cc/min 
® 3^0? psia 

30 

2o8 

100 
26 

^2-6% H2 
5.0 

12 
mo 
80 
80„0 
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Table 2=3 

Ba tchau ton iumPerox ide - l sa t e 

-SgaeJdgaa£icaaon_ _22Z£^ 

99.7 
100«0 
3.0 

30,0 
3oO 
0o320 
0,580 
25 
700 

Plutonium Feed Solution 
Batch Size, gm Fu 
Plutonium Concentration, gm/l 
H+ Concentrations, M 

Precipitant 
H2O2 Reagent Strength, v/o 
H+ Concentration, M 
Volume H2O2 Added Slowly, 1 
Total foluiie H2O2 Added, 1 
Addition Rate Baring Slow Addition, ml/min 
Agitator Speed (2o5 in- diao flat turbine 

impeller)t rpM 

feesiEiiaiioa-^ie^ature,_^ 18 

Digestion Conditions 
Temperature. C 12 
Time, hr 1«0 

Filtration Time, minutes k-

Dmag_coa^:tos 
Temperatures C 55 
Time, hr ^8 

C^cii iat ion Conditions 
Temperature, °C ^90 
Time, hr Oo5 



Rim 
Identification 

297PU38 

297PU39 

297Pu^0 

Origir* 

Oxalate 

Hydroxide 

Peroxide 

Table 2o4 

PmO? Powder Charaeterizstxon Data 

Surface 

Jam. 
4 088 

2.65 

ZhA 

Bulk 
Density 
gia/ec 

1.53 

3o25 

2.77 

Tap 
Density 
gm/cc 

2.7Q 

5.19 

i^oi^S 

Subsieve 
Sisfe 

BierQBs 

lA 

kA 

2.3 

Total 
Metallic 
Impurity 

460 

2^00 

2271 

1 
0 

t! 

» J 1 

•-0 
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3) The pa r t i c l e sizes are considerably smaller than obtained previously5, 
asid t h i s charac te r i s t i c does not appear to be sens i t ive Lo t i e choice 
of prec ip i tant (see Figure 2ol)o 

4) The U02"35 */o PUO2 powder exhibi ts great ly iiproved s in te rab i l i tyo 
isfhereas previously produced powders of thxs eoiaposiiion coi^ld be 
s intered to only 90,i of theore t ica l density^ the improved product 
was readi ly sintered to 95-96,o of theore t i ca l density at l600*^Co 

Preparation axA character isat ion data ard the r e s u l t s of spectrcgraphi 
analyses are sanaarized i-r Tabi<»s 2o5-'2o8<, Pla+oniaii f i l t r a t e losses dwririg 
these tuns were liinited to Q„QyO<,3 lag/nlo 

Preparation cf 1109tfijPz Jgi-- Compone'̂ t Powder Blending 
(R» Si ja in) 

Previously obtaimd laboratc ty-scale tests^^^ Indicated that sa t i s fac tory 
blending of eoifjonest powders could be achieved ty wet bal l lalll•^go Auto-. 
radiography of sxritered p e l l e t s indicated that the degree of hoaogeneiTy 
achieved hj such blending xs eoiparable to that a t t a iPa t i e by coprecipila+iono 
Studies have now been i n i t i a t e d to evaluate larger scale equipsie'^tt and to 
optimize the blending proeediareso Otter bie.ding teehniqaes tha t B I ^ r e su l t 
m sa t i s fac tory blendipg w3thout the need for subsequent dryir»g are .siso 
bei.pg mvestxgatedo Fx-naily* chemical analysis of small blended samples 
are being made xn order to develop correla t ions between the r e s u l t s of such 
analyses and the res i i l t s of aiitoradiography« If def in i t ive correla t ions 
are poss ib le , qua l i ty control procedures could be grea t ly si iplifxed^ 

To es tabl ish optimiifi conditicns for wet ba l l a i l i i n g , foar fflulti-kxlogrsm 
blend* have been made using UO2 powders plus l,i Th02 as 3 s tand-m for Pn02» 
Four different eylaader charges vere used ranging from 25 to 40,a of the 
cylinder volume« Po-wder saaples froia varioms locat ions tmithin the ja r 
were removed af ter 3O9 60g 90*, and 120 minutes of miiling^ and 50 ag 
f ract ions from these samples are being aialyzed for UioriTim by x-ray 
fluorescenee. 

oimultaneousljf a sub-kilograii blend of UO2 and PuOp has also beei< prepared 
by wet ba l l milling using a 40/1 cylinder charge<, Twenty-two 500 imlJiifraia 
samples were reaoved f a amperoietric and alpha ramnting analysis after 
2 hours of blendingo Pe l l e t s are now being fabrieated^ and these HXU be 
analyzed by autoradiography to allow coiapaT'isoii T-jith the chemeal and 
counting data« 

(1) HUEDG P-lOO, Progress S.0p<rt, '•Development of Pli^toriium-Bearing 
Fuel TMerxals"., page H-6„ 

6 



Table 2,5 

Process Conditions 

f^_S2E£eciEi ta t ion_o002":21.H^-E^2 
(Aqueous Amffioma Precipita. i t) 

film I d e n t i f i c a t i o n 

Composit ion 

P r e c i p i t a t i o n Condi t ions 
Method ^ 
Temperature, C 

Feed Composition 
gia P a / l i t e r 
grn U / l i t e r 
H"*", i i o l a r i t y 

l omina l Feed Flow R a t e T T T h r " " 
P r e c i p i t a n t Composition 

IHi,.OH. m o l a r i t y 
P r e c i p i t a n t Flotf 3ate» 
, l i t e r s / h r 

P r e c i p i t a n t Average Holdup, min 
T o t a l Minaber Throughputs 
Run Period 
Oxide Sanole I d e n t i f i c a t i o n 
Drying Temperature, "̂ C 
Gas Atmosphere 
Gas Floxf Ra te , SCFH 
Rate of Temperature Climb, 

C/itiin_ 
Conversion Temperature 7~^'c" 
Time a t Conversion Temperature, 

minutes 
Pu-35 Furnace Charge, em. 
Pii-36 Fttrnace Charge e s i 

297Pu35 and 297Pu36 

1102-35 w/o Pu02 

Continuous 
55 

35 .0 
65aO 

leO 
1^2 

14*5 

o«3 

_,30 . ,.~J 
- ...J..._ 

S t a r t u p 
TS80-740 

'~~~~l80~"~~"^ 
i2-6;S H2 

i,.o.._ ,„ 
12 

740 
80 

80«8 
. . ^ ^ J o ^ X ^ 

Continuous 
_.._„55 ..... ,.,., 

35.0 
65*0 

iaO 
—•j^2~~A 

Ik. 5 

Oo3 

30 
! ~ ~ ^ 2 

Steady S t a t e l 
SS80-640 

I 8 0 ~ " ~ i 

-Tf6TEr\ 
5»0 

12 

640 
8© 

180 

"Tmsm 

Continuous 
. „. 5 i . . 

35=0 
65.0 

1,0 
1»2 

14,5 

0-.3 

_ _ 2 0 _ _ _ 
_ _ _ _ « _ _ ^ 
rsteady State 
r"S380-740 

180 
_ _ _ _ ^ 

« _ . _ - _ _ i i O _ _ 
12 

740 
80 

180 
. . . J 6 3 ^ 2 _ _ 

Continuous 
55 

35.0 
65.Q 

1,2 n 
l4o5 

0,3 

. . J O „ ^ 
Z Z ^ E H J 
^ t e ^ ~ S t a t e i 

SS80-840 
180 

_ ^ _ „ 

r ~ ~ ^ 5 7 o " 
12 

840 
80 

180 
-^_a6la7__. 

Continuous 
5 5 . . . . 

35.0 
65«0 

1,0 
1,2 

14,5 

0.3 

_ _ _ „ J 0 _ _ _ _ 
L ^ I ^ Z ^ 

Shut Bown 
RS80-740 

i ~ ~ l 8 0 ~ ~ ~ ~ " 
""iF^ni"^ 

5a0 
12 

740 
80 

80 ,3 
8§ ,5 



rable 2,6 

Process Conditions 
for Goisrecipitatlon of 0Q2'35 w/o PaOo 

(Gaseous Ammonia Precipitant) 

Sun Ident i f ica t ion 

I Composition 

PreciJitatdSn^ConditioHs 
Method 
feaiperatmre, °G 

Feed Coapos i t ion 
j gm P u / l i t e r 

gm u / l i t e r 
1 H4-g molarity 
rTlominal Feed Flow Rate,-, l / h r 
1 Prec ip i tan t Compositiori^ 
1 !;Hq 
j P r e c a p i t a H t Flow Rate? 
i cc/min 
1 Precip i tant Average Holdup, can 
1 i 'otal llamber fhroiighputs 
r~^ltS~Period ' 
f Oxide Sample Idei<txfiedtxop 
L%ZM3S Temperati're7~^C~ I 
r"Ga?. Atmosphere 
LGai~Fr5i~Ratea SGFH ' 
1 Rate of TeE^eratiire GlaA.-) 
1 °C/raxr< 
1 Ccriversiori Temperature^, °C 
1 f ine at Conversiofi Temperatures) 
i mnutes 
IPu rBace Charge, gm 1 

297Ptt37 

U02=35 w/o Pu02 ] 

Gontinmous 
. ._. 55 ,„ 

35.0 
65o0 

1,0 
l o 2 
l a s 

" '~ l80~cc7^~ ' 
2 4 a ? p s i a 

__. .30._ ...J 
....^ _ 3 . _,.„ 

s t a r t ap 
TS80-740 

" ~ ~ T 8 0 ^ ' i 
^Ti^nr^ 
' " ""^"•" '1701 

12 ~~^ 

r—^^—^ 
80 

80.0 t 

j Continuous 

35 oO 
65=0 

l o O 

1.2 
uas 

180 c c / m n 
24.7 Pa i a 

L..7ii3r"~i] 
r—2^^ 

steady State 
SS80-640 

180 
L Z ^ ^ ^ ^ ^ .r^mp!^^ 

12 

640 
80 j 

^~~l^T3i 

Continuous 

35o0 
65,0 

1 l o O 

r~~~Tr2~i 
•las 

180 crjmln 
24.7 ps i a 

L _ .__J.o„ .,.___. 
2 

s t eady S t a t e 
oS80^.740 

m^;"~~i . . _ - g ^ ™ _ 
5^o_ ! 

12 1 
_ . - i 

Continuous 
_55 

35o0 
65o0 

UO 
1,2 
lias 

180 c / m n 
__24o2_£sia 

P T J T ^ . , . „_„ 2 ^ 
i t e a d j S t a t e 

S S 8 0 - 8 4 0 ! 
180 

"-"="f^3j^ 
5 0 

^^_^" J 
7 i 0 ~ ^ I 840 I 

80~"°~T 80 \ 

"~"°~''T7S7T"~l~~~TzlI^^ 

1 Gontinmous 
1... 55 _ 

35oO 
65.0 

1 1,2 1 
•las 

ioO c/iiiin 
2^ r7 p s i a 

p_ ^̂  ^ r ~ ^ ~ i ^ j 
3hutdoi-m 

^ S 8 0 ^ ? r o ~ | 
r~~~l80~j 

ii"3J%"~~1 
— ^ Q - ^ 

12 
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"^^SMl.^t..j£::mL.MMmt^Mt±£I 

Sample lumber 

Pu34TS80-740 
Pu34SS80-640 
Pu34SS80-840 
Pu34RS80-740 

Pu35TSS0-740 
Pu35SSS0-640 
Pu35SS80-740 
Pu35SS80-e40 
PU35RS80-740 

Pu36TS80-740 
Pu36SS80-640 
Pu36SS80-740 
Pu36SS80-84rj 

Pu36aseo-74ft 

Pii37TSC0-74'^ 
Pu"-7SSP 0-640 
Pu37SS80-74n 
Pa37SDcO-840 
Pui7R38n-74ri 

PuOo Content 
w/o 

5 
5 
5 
5 

35 
35 
35 
35 
35 

X' 
35 
35 
35 
35 

35 
35 
35 
35 
35 

killing* 

!#I 

m. 
»i 

Hl-i 
!§I 
IM 
ill 
Iffi 

M 

m 
mi 
114 
M 

KI 

m 
a4 
HI4 
;i: 

for Coprecipitated UO-

Oxygen/Ketal 
Ratio in 
Uranium 
Fraction 

2o66 
2«66 

2»29 
2.66 

2.31 
2,36 
2.28 
2.18 
2.44 

2,31 
2,48 
2o30 
2.19 
2,32 

2o29 
2,40 

2.27 
2«18 
2o28 

BoS.Te 
Surface 
Area 
M'"/2;ra 

10.46 
16,76 
6,42 
10.81 

8,45 
10, QO 
7,68 
6,20 
9.94 

6.2k 
9.72 
6.6k 
4.41 

8,23 

10o93 
6,87 
4,5? 

.-PuO? I'laterials 

Bulk 
Density 

.̂ ai/pc. 

0,52 

0.73 

1,36 
1^37 
U33 
1.35 
1,16 

lc57 
lo46 
1«54 
1.47 
1,31 

1.37 
1,44 
1.51 

Tap 
Density 
ftia/cc 

1,14 
1,72 

2.91 

2.75 
2.62 
2 .,69 
2o94 

2.94 
2oS2 
2,78 
'io7k 
2,47 

2,6-3 

2.63 
2,8? 

Air Penieability 
Particle Sise 

microns 

0,21 

0.33 

0.60 

0«53 
0.56 

u,6o 
0o51 

0,72 
0,68 
0,64 

0,67 
0o55 

0o59 
0.60 
0.68 

Average HSA 
Particle Size 
for -200 raesh 

Frac bion 
microns 

0.8 
1.3 

2,7 
2,0 
2,1 
1.6 
lo5 

1.5 
lo4 
0 "^ 

lo2 
1.3 

0,74 

3o5 
1,7 
1„7 
1,0 

1 

|-» 
0 Vn 

PiriF .o53 ? , ' ' y j J oW|. 

* W.. - HaflEierailled 
U: - Hon^-Hilled 



UUU NO. 
Pu-19 
Pu-35 
P i i - 3 6 
P y - 3 7 

AMMONIA 
PRECtPiTAMT 

AQUEOUS (I4.5M) 

GAS 

PRECIPITATOR 
CONTROL 
PROTOTYPE 
IMPROVED DESIGN 

i » 

teJ 

Q 

« 
l iJ 
J 

O 

M 

a. 

i&j 

v j 

100 

Pa-i9 

FILTEK CAKE 
WASH 

1.0 2 

D I A M E T E R . ^ 

PARTICLE SIZE DISTRIBUTION OF UOg-SS \ PuO. 

FIG. 2.1 
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In addi t loa , U02-l^ Pa02 and U02-10,a Pu02 blaids have been prepared using 
UO2-35 w/o P'̂ iOz coprecipitated material as one of the powder components.. 
Sanples have been taksa af ter two hours of mi l l i i ^ and eheBdcal? countingj 
and autoradiographic analyses w i l l be cosparedo 

Four dry b a l l s i l l blends of U02"0o5 w/o Pu02 have also been prepared.. The 
effects of blending t iae^ charge s ize and ^ i s t a r e content are being evaluated 
Preliminary chemical analysis data indicate plutoniuBi coatent coeff icients of 
var ia t ion of 1..1 and 1.4/J tisiiig 0^5 gram samples subsequent to 1 and 4 hour 
ad l l ing , resp» The effects of such blending on p a ' t i c l e s ize d i s t r ibu t ion 
and i ^ u r i t y content are now being ascertained,, 

While twin-shel l blending was used previously to deisonstrate the adverse 
effects (agglomerate formation and segregation) of prolonged blendiEg^-^% 
studies are now being made to deters ine optiiiaia blaiding time required 
for the production of iiaximm achievable homogaiization. Using 544 grams 
of UO2 and 2»5 grams of Pti02f a U02-0<,5'̂  Ptt02 blend has been prepared in 
a 1 quart blender.. Saaples were withdrawn from various locat ions a f te r 
5$ 10, 15» 20 and 25 ainutes of blending, and 200 Bg fract ions have been 
analyzed for plutoniuii content by amperometric t i t r a t i on^ The r e s u l t s 
preseated in Table 2o9 show tha t optimiia blmding t i iB i s approsdiaately 
10 Binutes^ 

A L5dige blender i s also being evaltiated -using Th02 as the minor coiponento 
Mxttires containing fro® 6 to 13 kg of UO2 with l̂ a ThOg have been blended 
and saBpled to determine t t e effects of clmrge size ana blending tiiBo 
I-!icrosc»pic examination of powder aid fabricated p e l l e t s show no gross 
aggloHerate foriationa PrellBdnary Th02 aiialya.s using 50 ag sasiples 
ind ica te coeff icients of deviation of 5 to 7p as coapared m t h l,i to 6,i 
obtained by wet ba l l millings Sqmip^nt modifications are now being siade 
to obtain further ii^roveiaent a 

Analytical Chemistry 
(Os Menis, B. Conroy, J« Lisipert) 

During t h i s period, the capabi l i ty for chemical analysis has been increased 
\^ the constrmction and cheekoiit of two apparatia Specif ical lyj a thermo-
graviuet r ie balance has been Hodified to allow determination of the oxygen-
to-BBtal r a t i o in U02-Pti02 mxturesjand a special comlometry c e l l has been 
constructed to allow determination of t race quant i t i es to hexavalent -uraniu® 
in U02-Pu02« 

( i ) lUMSC P-IQO^ Progress Repa"tj "Developiaent of Pliatonium«3earii^ 
Fuel Mater ials" , pages 46-47^ 
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Table 2o9 

292 Jlas»i^/o»feP2 ̂ a-^fifi-sg^-^a^es 

Blend Time 
(minixtes) 

5 

10 

15 

20 

25 

1 

o454 

o521 

»515 

o5ll 

o501 

SaiBDle Number 
2 

„407 

a493 

a511 

a 522 

.513 

3 

.529 

.518 

.534 

.492 

»515 

«512 

o519 

.kk7 

»503 

o484 

5 

o50 

.,521 

^w* 
.52k 

.490 

Average 

Average 

o482 

o5l4 

„490 

o510 

„501, 

o499 

Co 
of 

effiedent 
Deviation 

tl) 
10o5 

2o3 

8o5 

2.6 

2o7 

15 



IIUI'ISC p-105 

For the deteroination of the owgen-to-netal ratio, an apparatus siM.lar 
to that described by Sinelaip^^' was construetedo A pict-ore of this apparatas 
prior to introduction into a glove box is showi in Figure 2u2s The apparatus 
consists of a thernobalanee wherein a saaple can be tteighed in a sanple tube 
•QBder controlled atmospheres # The qiiartz tube is protected by an Inconel 
thiBJble .fhich is heated by a platinum windings Trial runs have been carried 
out with Bureaa of Standards U3O8 and utilizing a nitrogen-6,J hydrogen 
atmosphere to mniaize the hydrogen handling p'oblemo The data obtained 
froH these runs are presented in Table 2ol0o It is seal that the results 
agree t-Athin OoOl ag of the theoretical valtieo The apparatus is now being 
installed in a glove box to allow operation mth plutonima. 

For the determination of U(¥I)5, a special eoulometry cell based on the work 
of Booffian̂ -̂ ^̂  has been asseiibled as showi in Figure 20 3" This apparatus mil 
also be used for tte determination of the concentration of fertile material 
in irradiated saaples« 

(1) J» L« Dmmnond and Yo H» Sinclair s, "Some Aspects of the Measurement 
of Osygen-to-fetal Ratio in Solid Solution of Uranium and Plutonium 
Dioxides", presented at Sixth Conference on Analytical Chemistry in 
luclear Reactor Technology^ Gatlinburg., Tennesseec, October l962o 

(i) G« L, Booman and ¥« Bo Holbrooke "In Sxtractionj Controlled-Potential 
Coulometrie Method Specific for Uranium (¥!)'% Anal., Chen,, ^l* 
10»l6 (1959). 

16 
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Table 2,10 

Determnaam,-0£..^gen-to-Met^^_Ratio 

Weight in Argon, 

Theoretical. 

Reduced 

Oxidized 

Reduced 

Difference 

gm 

U3O8 

0^22276 

Oo22277 

OoOOOOl 

UO2 

0.21429 

0,21420 

o„21430 

0^0001 

U308 

0,23312 

0,23312 

0^00000 

UO2 

Oo22426 

Do22426 

Oo22425 

Oo00001 
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A Mock-Up of a Thermogravimetric Apparatus 

Figure 2.2 
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'^T^ -S --̂ - t -fV^c*^ 

Controlled Potential Coulometrv Cell 

Figure 2.3 

19 
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Task 3oOO 
Bo I« Haltefflan lo Dc Thomas 

Pm02 Sintering Studies 
(Ma D« HottstST"""" 

Sintering evaluation of Pm02 powders produced by various process routes 
has been continued and the effects of additives are being es^loredo 

Pellets of three material batches^ 297Pii2.9 (oxalate route) ̂  297Ptt30 Q 
(peroxide route), and 297Pu31 (peroxide route), were sintered at 16OO C 
for 1 hour in lo-^)! Hg as well as in air, ,The characteristics of the 
powders utilized were tabulated previously^ K The sintering data are 
presented in Table 3*1^ The results show that higher sintered densities 
are attainable in an oxidizing at^sphere and that the oxalate-derived 
powder tends to sinter to a higher density thai the peroxide-derived 
Eateriale This latter result was not anticipated sime the surface areas 
of the peroxide-derived PUO2 were 26<.0 and i9»5 M^/gm, respe The rel­
atively low sintered densities may be due to the presence of appreciable 
aHounts of unconverted co^ounds as indicated by the relatively high 
weight losses observed during both oxidation and reduction sinteringo 
Weight change observations following reoridation indicate that sintering 
in l2-6}t H2 reduces approximately ZQ'fi of the PTa02 ̂ ^ ̂ 2^3* 

The sinterijag studies were also extended to ascertain the effect of 
controlled iiĝ urity additions on the slBtering behavior in an ori.dizing 
atmosphere^ While so» enhanceuent in sinterability is anticipated under 
these conditions dm to the effect of lattice defects on laateriaL dilfmsioR.s, 
such additions may also tend to stabilize Ptt02 and inhibit PU2O3 foraation 
under reduction sintering,. The ions Ca'*'̂  and Sr^^ were selectea on the 
basis of ionic size and valance. In additions the effect of ¥^'^^ ii^urity 
was also investigated because of its relatively small ionic radius* Poiirder 
lot 297Pu29 derived fron the per03d.de was usedj and the iiî urity additions 
(0^5 w/o) were introduced as carbonates and calciuia fluoride«. The PUO2 and 
ifflpurities were intinately iiixed bj paste blending in an agate sortare A 
total of 5 contacts from each powder blend and from pure PUO2 were pressed 
at 20 tsi and fired for 1 hour in flowing o^gen at l600°C» As shotm. in 

(i) lUKSC P-103, Progress Report, -'Development of Plutonium-Bearing 
Fuel Materials", pages 4™6g and HUffiG P-104s Progress Eeport^ 
"Developifeiit of Plutonium-Bearing Fuel Katerlals'% pages 3-7« 
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Composition 
Designation 

297PU29 
(Oxalate Route) 

297PU29 
(Peroxide Eoute) 

297Pu30 
(Peroside Eoute) 

Compaction 
Pressure 

TSI 

10 
20 
40 

20 
40 

20 
40 

20 
40 

20 
40 
20 
40 

Sintering 

Green 
Density 
SBi/ec 

6,53 
7olO 
7.57 
7.16 
1,57 

6,60 
7,04 

6.60 
7o04 

6,20 
6.73 
6.20 
6.73 

Table 3̂ 1 

Characteristics of Various PuOo Preparations 
(Sintered at l600°C for 1 hour) 

Sintering 
Atmosohere 

Io-6;S Hj, 
N|-6vi Hi 
%2'(^P H2 
Air 
Air 

M2-6f, H? 
M2~6^ Hi 

Air 
Air 

Mp™6fi .% 
M|^6f. % 

Air 
lir 

Firing 
Weight Loss 

l<.3 
U3 
1.3 
0.6 
0„6 

2o3 
2.3 

U7 
U7 

2.7 
2,7 
2o4 
2,4 

Linear 
Shrinkage 

13o4 
11.8 
9.2 
12,4 
10.8 

l l e l 
10,3 

11.7 
10,9 

14,5 
13o5 
15o0 
14,5 

Fired 
Density 
gia/ee 

10.01 
10.21 
10.12 
10.49 
10,71 

9.24 
9.26 

9.45 
9.87 

9.75 
10.28 
10,07 
10,51 

Percent 
Theoretical 
Densit?/ 

87.3 
89.1 
88.3 
91.5 
93.4 

80o6 
83.9 

82.5 
86,1 

85.1 
89.7 

87,9 
91,7 

Weight Gain 
on Eeoxidation 

0,54 
0.55 
0,71 

-

0,71 
0,56 

-

-

: 
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Table 3o2j only the st.roati.uia addition etihanced the s i n t e r a b i l i t y ; the 
additioH of calcium as the carbonate or f luoride lad l i t t l e ef fec t , Oa 
the basis of color chafJgej both strontxiiia and ealci-ura appeared i-o fom 
solid solut ions m t h the Pii02<. During subsequent reduction f i r ing^ a31 
eoKpaets l o s t weight (OaS-Oo? iiio),j lieiiee i t can be eonclmded that none 
of the addi t ives teaded to s t ab i l i ze the Pa02» 

Mxed Oxide SijAeriBS._Stidies 
'"""""TKTir' Houstofi.) 

SiateriHg t r i a l s on various coprecipitated TO2-Pa02 a a t e r i a i s have been 
coyitinueds During th i s period^ the cos^osit ions which were evalaat-ed 
iacluded three pure TOg batches., UO2-205I Pa02j) three 1102-35/̂  Ptt02 
preparatioESs, and TO2-80',o PuOa* 

Three batches of UO2 designated as 297P'a2i.j Pti22s and Pu23 were prepared 
by the ADU method t o check out cer ta in equipKent Bodifications» These 
modifications and the coiplete his tory atid character iaat ioa data of these 
potfders had been previously reported'^-'o All tte-ee batches exhibited 
sind-lar coiif)action and s inter ing behavior as indicated by the data pr€«se>Tted 
in Table 3-3* Densities is. the range 93-96,i theore t i ca l were geneial ly 
observedo The low dens i t i e s observed with Pm23SS5 and Pti23SS6 resu l t from 
the high content of vo l a t i l e mater ial that reraains after the loif tenfserature 
or short-time conversion^ respo These datsg thereforeg are proof tha t 
reproducible product can be prec ip i ta ted in the modified equipment <, 

The material prepared in ran 297Pu25 (TO2-2O w/o Pm02) as described in. 
a previous report^^^^ was also coipacted and sintered„ As shotrn in 
Table 3'>4g a l l batches (converted a t various tenperattires in the r ^ g e 
640-840°C) s intered to above 93)^ of theore t i ca l deasityo Mith increasing 
conversion te iyera tures the green dens i t i e s a t equivalent coEpaetion 
pressure and the sintered dens i t i es increased. Fittal dens i t i es appeared 
to be more dependent on the eonversion teii)eratiire than on the pressure 
u t i l i z e d for eoBi)action» In general.^, the sintered dens i t i e s for vaxioiis 
preparation runs of TO2-»20 w/o P11O29 t lmt iSj) 297P11I3 (batch method) y 
29?Pttl7 (batch iiethod)9 and 297P^.5 (eontinuous method), appear to be 
siadlare Again, r ep rod ie ib i l i t y of product appears to be satisfactoFj/,, 

( i ) HDHSG P-.IO29 Progress Report, "Development of Plutoni-am-Bearing 
Fuel lfateria.ls'% pages l i - l6o 

( i i ) lOTiSG P-103j Progress Report, "Developineiit of Pltttonimrfl-Bearing 
Fuel Materials**» pages l4»17« 
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Table 3»2 

Sintered at 1600*̂ 0 for 1 Hour in 0^ 
297Pu29 (Peroside-DeriTed) 

n 

Controlled 
ImDuritF 

lone 

SrO 

CaO 

MgO 

GaF2 

Green 
Density 

CTl/cG 

6.58 

6.37 

6.55 

6A9 

6.59 

Controlled Impurity 
Coiapaeted 

Weight Loss 
on Fi r ing 

(i) 
1.7 

1.9 

2.1 

2.3 

1.8 

Linear 
Shrinkage m 

11»8 

15<.2 

10.1 

11,3 

10,1 

Content - 0, 
- 20 TSI 

Fired 
Density 

10.62 

8.97 

9.18 

9.03 

.5 Ĵ'/o 

Percent 
Theoretical 

Density 

83.2 

92.7 

78.3 

80.1 

78.8 

Refired Density 
012-6/0 Ho) 

'i TD 

87»9 

89 «9 

76.9 

82.2 

_ 

§ 

o 
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Table 3«3 

Sintering Data for POo Preparations 
(Sintered a t l600°C for l~HoTir in 1,-6;' %) 

Composition 

PU21-TS-0 

Pu21-SS-0 

Fm21-SS-2 

P112I-SS-6 

PU21-SS-X 

Pti21-RS-0 

Pu22-TS-0 

P1122-33-I 

Pu22-SS-2 

Pti22-SS-3 

Pii22~SS-^f 

PU22-RS-0 

P1123-TS-O 

P1123-S3-I 

Pti23~SS-2 

PT123-SS-3 

PU23-SS-5 

F1123-SS-6 

P1123-RS-O 

Coapaction 
P r e s s u r e 

TSI 

10 
20 
10 
20 
10 
20 
10 
20 

10 
20 

10 
20 

10 
20 
10 
20 
10 
20 

10 
20 

10 
20 

10 

10 
20 
10 
20 
10 
20 
10 
20 
10 
20 
10 
20 
10 
20 

Green 
Density 

gBi/ec 

5<.19 
5^56 

kS7 
5o55 
5o03 
5o56 
4„99 
5o52 

4.72 
5..30 

5.06 
5o76 

5o02 
5»72 

5»17 
5.77 
5.24 
5.85 

5»27 
5.85 

5A5 
5.73 

5.03 

5ol7 
5o78 
5.16 
5o72 
5.30 
5.86 
5o21 
5.83 
4o77 
5o52 

4«33 
4 ,88 

5.11 
5^75 

Weight Loss 
on F i r i n g 

i 
1.3 
l»3 

1„3 
lo3 
1.8 
U 8 

1„8 
1.8 

1.9 
lo9 
1„8 
1,8 

U 7 
1«8 

1.7 
I08 

1.5 
1.5 
l e6 
1»7 
1.6 

1,7 
lo? 
1.6 
I06 
lo4 
lo4 

lo5 
1.5 
ZA 
2A 
4.4 
4.4 
1.8 
1.8 

Linear 
Shrinkage 

4̂ 

20,9 
19o3 
22 .3 
19o7 

21„5 
19.1 
21»9 
19o6 

22,8 
19»3 
21.8 
18.5 
2 2 a 
lSo3 
20 „7 
18«3 
21.2 
17.9 
21.0 
18,2 

21o5 
18,8 
21.8 

21.6 
18.6 
20.8 
18.4 
2O08 
18,2 
20„6 
17»7 
22»1 
I8a3 
24o0 
21 ol 

21..5 
18„4 

F i r e d 
Dens i ty 

smifcc 

10„32 
10„4l 
10.42 
10o50 

10,24 
10„37 
10.39 
10„42 

10„14 
9.92 

10,48 
10,43 
i0„4 l 
10,43 

10,25 
10„35 
I0o37 
10„39 

10a45 
10,50 

10„¥+ 
10.53 
10 JA 

10.48 
10,53 
10,31 
10,34 
10,44 
10«52 
10o42 
10o30 
9»86 
9* 98 

-

10o40 
10,48 

Percen t 
T h e o r e t i c a l 

Densi ty 

94o2 
95o0 

95ol 
95.8 
93 e4 
94o6 
9^08 
95 ul 

92 .5 
90„5 
95o6 
95.2 

95 oO 
95o2 

93.5 
94»4 
94o6 
94„8 

95 0 3 
95c B 

95 0 2 
9601 

95.2 

95 06 
96 ,1 
94ol 
94,3 
95»3 
96a0 
9 5 a 
94,0 
90 oO 
9 i « l 

-

94 .9 
95 .6 

24 



NWEC P-105 

Table 3o4 

-GomEositioiL 

Pu25TS80-740 

PT125SS80-640 

Fu25SS80-740 

PU25SS80-840 

Pu25RS80-740 

Pul3 

Pul7 (17.8/0) 

SiMerin^-SMEasieEisiics 

(Sintered at 1600^0 for 1 Hour in l2-6fS H^) 

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

10 
20 

10 
20 

10 
20 

10 
20 

10 
20 

8.2 

11.7 

5«02 
5.73 

4.64 
5«36 

5.04 
5^77 

5A3 
6,01 

5ol0 
5e74 

4»91 

5«25 

1.6 
1.6 

2„5 
2«5 

1..7 
lo7 

1,2 
1»2 

2,1 
2.1 

1„8 

1.5 

22.7 
19»2 

24,4 
20«6 

22 o 2 
18.4 

20«8 
18.1 

22.1 

19e2 

23.1 

21.2 

10,66 
10.61 

10.33 
10.38 

10,52 
10o52 

10o73 
10̂ 76 

10.69 
10̂ 58 

10.70 

10.62 

Percent 
Theoretical 

96 A 
95-9 

93o4 
93.8 

95<.l 
95 a 1 

97.0 
97.3 

96 „ 6 
95.7 

96«7 

96,0 
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Since poor s m t e n t g charac te r i s t i c s had been preTionsly obserTed for 
eoprecxpitated U02-35 w/o PBO2 (Z97P'ul9')^'^h three addxtto^al batches 
of t h i s composition were prepared using the modified equipments I t was 
found that t h i s recent ly produced laaterxal ( 2 9 7 F B 3 5 , ZSlf^J^^ 297PTi37) 
exhibited far be t t e r smteriBg charac te r i s t i c s than 297^'^19<' Densities 
in the range of 95 to 98,t of theore t ica l were readi ly obtained, fhe 
s inter ing data are presented in Table 3̂ 5=. I s general» the gree*^ dens i t ies 
are Iwfer than for 297P^i9 and the weight losses on f i r i n g , higher. These 
s inter ing r e s u l t s indicate tha t the eqaipiBest modifieatxons allow production 
of Kore s in terable product, aad fu r t t e r that the product charac te r i s t i c s are 
reproducibleo 

A batch of TO2-8O w/o P11O2 (297P<i28) was also prepared by coprecipi tat ion 
to u l t i n a t e l y provide a eoprecipxt9,ted blend for mixing imth UOgo Powder 
cha rac t e r i s t i c s for t h i s nater ia l^^^ indicated a r e l a t i v e l y high bulk-
density (3O43 gm/cc) and tap densi ty (60O7 ga /cc ) | hence^ r e l a t i ve ly poor 
s in ter ing cha rac te r i s t i c s were anticipatedo A r e l a t i ve ly high pressare 
(27 t s i ) was Hecessary to compact the pelletsg, and the density increase 
due to compaction was qui te small; 7o56 gia/ce compacted as compared to 
6007 gm/ce tap densi ty. The s inter ing data prese^ited in Table 3*6 confirm 
poor s i a t e rab i l i tyo I t i s mterestxr^g to note thst the highest dens i t ies 
were obtained by sintering m an oxidizing atsiosphereo Apparently;, with 
the sBall amount of !J02 present , the material behaves more l ike Pu02 thap 
UO20 Sub sequent lyj, b a l l laillipg was mti l ised to condition t h i s powder, 
however, SOBB iiapiirity Kas obvio^isly introduced daring the lail l iag operation^ 
since a ra ther porous clipker resul ted on s in te r ing . On the bas i s of 
preliiaiBary analys is , i t i s suspected that +he barmfiil impurity i s s i l i c a , 
which comes from the grindxpg ittedxa» fhis i s being investigated m d e t a i l . 

Oxidation Kir«etics_ofJ|02-PiP2 
"~~~~~~~TR7'"" r̂rS sh) 

Oxidation k ipe t ic studies by neaxis of themograviBetric aaalysis are 
con+inair»g on mixed oxide sintered p e l l e t s in ordered to aid ^n the 
i t ' t e rprpta t ion of sxrtering data 8«d to help assess the extent of scl id 

( i ) MUESG P-1029 Progress Reportv> "Development of Flmtonium^Bearang 
Fael featerials'% pages 29-30; HUl-SC P 403^ Prcgress Heport* 
"Developiaent of Fi-utorium BeariPg Fuel l a t e r i a l s " ? pages 22-27| 
arid MUMSC P lO&i, Progress Heport, "Developiient of Plutoninffi-Bearirig 
Fuel h a t e r i a l s " , pages 32-35" 

( l i ) MOMG P-lO^j, Progress Report , *De-%elopiiient of Fl'itoriiim-Bearing 
Fuel Materials"« page 12o 
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fable 3»5 

Sinterias .^haraetCTist ics . 
o I Josec iMia ted j ro2- .2 iw/^Ja£»2 

(Sintered at 1600°G for 1 Hour in l2-6̂ i H2) 

-CoEffiositioiL 

Pu35SS80-640 

Pu35SS80-840 

Pu363S80-840 

Pu37SS80-840 

Cojapaction 
Pressure 

20 
40 

lla7 
20 
40 

11.7 

10 
20 

Green 
Density 

5^57 
6.36 

5^63 
6.05 
6.80 

5.62 

5o54 
6.06 

Weight Loss 
on Firing 

2.1 
2ol 

1.2 
1.0 
1.0 

1.2 

lol 
1,1 

Linear Fired Percent 
Shrinkage Density Theoretical 

- -Sa/ec. _Denjit£__ J2^ 

I8e3 
I3.6 

19o5 
18.0 
14.5 

19.7 

19.9 
17.4 

9.83 
10,12 

10.73 
10.95 
10.90 

10.72 

10.65 
10^69 

88.2 
90.8 

96«3 
98,3 
97 08 

96.2 

95-6 
96,0 

Pul9SS80-840 11.7 6.58 0.6 13.1 10e06 90,3 
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Table 3.6 

§iaiSmi2_GhaEMteristi£S 

Green 
Density 
CTi/cc 

7.56 
7.56 
7^56 

6.75 
6,75 

Firing 
Atmosphere 

l2~6,1 H2 

l2-6̂ l Hg 

lir 

l2-6)a H2 

Air 

Firing 
T1 me 
hours 

1 

16 
1 

16 

1 

Weight Loss 
on Firing 

2.0 

1©7 
1©0 

2©7 
0,6 

Linear 
Shrinkage 

i 
8©4 

8o7 

8©7 

llo5 

Fired 
Density 
gm/cc 

9.43 

9©60 

9©67 

6©69 

9©78 
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solution fcrmation. Preliminary runs have beea made l a t h various UO2-PU.O2 
compositions at different tefflperature iBtervals In. order to deteriaine the 
basic r a t e of oxidatioB as a function of temperature and coiiposition© 
The materials u t i l i z ed and the temperatmre in terva ls are tabulated in 
Table 3<.7o 

A typ ica l oxidation curve as a fenetioii of t i a e i s showi XE Figure 3«1 
for U02-5 w/o PQO2 powder (Pul4E) which was oxidized a t 402°Ga These 
r e s u l t s show the two-step oxidation typical of pure TO2© For contrast^ a 
typical oxidation curve for the U02-12.5 w/o Pu,02 s intered p e l l e t s i s 
shoMB i s Figure 3<>2© 

Usipg the eharac te r i s t i c s of the powder from which the p e l l e t s were 
sintered^ a psemdo p a r t i c l e s i se was used to ea l a i l a t e diffusion eo-
eff ic ieEts of oi^gen in the p e l l e t s re la t iTe to one mothero The diffusion 
equations resu l t ing froa l ea s t squares f i t t i n g to irrhenlt ts p lo ts for the 
UO2-5 w/o Pii02» U02-'12©5 w/o PTI02* and the UOg-ZO w/o Pm02 sintered p e l l e t s 
are presented in Table 3"8a 

These obserired diffusion coeff icients are orders of aagnitiide lower than 
observed for pure urania. This i s diie priiaarily to the use of sintered 
p e l l e t s ; however, the d i lu t ion of the catioas m t h plmtoriiumj which i s in 
i t s highest s t a t e of oD.dation, i s also a contributing fac tor . Using the 
exact surface area of the s intered p e l l e t s m i l change Dg by an order of 
laagnitudes, however» the act ivat ion energy (slope of the diffusion curve) 
w i l l remain bas ica l ly unchanged^ These diffusion equatioBS wi l l be r e -
derived using p e l l e t surface areas Tmaaxred by the 3oE<,T« method so t ha t 
absolute diffusion coeff ieimtsg rather thaii r e l a t ive values9 can be 
obtalBed© The r e l a t i ve results5, however;, do iadiea te tha t there i s BO 
simple re la t ionsh ip between the oxidatioi? ra te and the pereeritage of 
contaiBed plutouia . 

Physical Propg-ty MeasureiieBts 
(S, I© HaLtenaUs R© Gerrishj, J© Roth) 

The high temperature t t e m a l ej^ansion apparatus has been checked out, 
and the glove box i s being closed up pr ior to comoitmeiit of the apparatus 
t o Plutonium© 

Prior to coBmitiaent to plutoEium, t r i a l operation of the high temperatyre 
x-ray diffractoueter i s a l so continuing using Th02 and UO2© Based on the 
Beasured var ia t ion of the l a t t i c e constant with temperature over the range 
0 to 750°G 9 the^Jhemil , coef fi£ient.j3f,_,e^j||SMin of ThOg has been^_stiBated 
to be 10,5 X 16"^ cM/cm~^C©^ This i s in close agreeient with the l i t i r l t l P e 
value of 10.0 x i0"° + 0,5 x 10"° eii/cm-°Co Similar measureHents have also 
been Made m t h TO2 over the t e ^ e r a t u r e range 0 to 1000°C© These date are 
current ly beiEg analyzed© The apparatus appears to be performing s a t i s ­
f ac to r i ly and wi l l be coiraiitted to plutonium during the rtext reporting period© 
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Table 3©7 

Tabulation of Thermograviiaetric Oxidation Runs 

J M e r l a l 
297Pttl4A 
297Pul4B* 
297PU20SS80-840 
297PU20SS80-840 
CP20 (297PU13) 
297Pttl9 

MM 

w/o PuOo 
5©0 '" 
5©0 
12©5 
12©5 
20©0 
35^0 

Powder instead of sintered pellets 

Ozidation Run Temperatures 

215, 320, 405, 500, 502 
241, 355, 402 
¥1-0, 46l, 480, 500 
430, 450, 470 
400, 420, 480 
480, 500 

Table 3.8 

Relative Oxygen Diffusion fi^iuations 

Material 
297Ptil4A 
297Pu20 
297Pttl3 

5©0 ' 
12©5 
20©0 

-mmnJopJg^ation 
D = (1©95 X 10-3) Exp (-45,150/RT) cBi2/see 
D = (©64 X 10-9) Exp (-21,900/aT) cEi2/see 
D = (©89 X 10"^) Ixp (-38,300/RT) em2/sec 

30 



I 
I—>• 

o 
•sjt 

• x j j 

50 

4 0 -

3 0 -I o 
u 

HI 20 
o 
z 
< 
X 
o 

1 r T 1 1 1 1 1 j r 1 1 i 1 1 r 

SAMPLE: 
297 Pu I4B 
TEMPERATURE 4 0 2 * C 

J———X.- - - -1 - -—- i - I 1——i —J _ i _ j^ J — J — t . 
15 20 2S 30 

T I M E , MINUTES 

OXIDATION CURVE 

FIG. 3.1 

35 40 45 50 



4 0 80 120 160 200 240 

TIME, MINUTES 

280 320 360 

n 
I 

O 

IWWj 

W
E

IG
H

T
, 

o
 

z 
b j 

2 
< 
X 
O 

20 

rt 

1 1 1 1 1 1 1 1 1 1 1 1 1 i i 1 1 t 

^ 

^ ^ " ^ 

^ ^ ^ 
^ ^ SAMPLE: 

^ ^ 297 Py 20 SS 80-840-NM 

^ . . ^ ^ ^ TEMPERATURE 4 6 r c 

N-^«--^-^^^^ 

L_ J _ L-,,̂  1 1 1 - L L _ _ i L 1 1 i 1 L- 1 1 1 1 

1 

-

-

*" 

-

-

400 

OXiPATiON CURVE 

FI6. 3.2 



HTOISG P-105 

FPSL SLSI'SgHT FABRIGATIOM MP SfALPATIOM 

Task 4©00 

I© D, Thomas 

Compatibility Study 
(Mo Zaabernard) 

Ketallographic and x-ray diffraction exaBiinatioB of JJ02̂ !̂ 2_P®?-1-®'*'Ŝ  
sintered in vacuum for 1 hour at 1000°G in contact with iron, nickel^ " 
chr.flliuB and 304 and 31^ st̂ ainless, steels TUfiicate no cef affile-metal 
interaction at the interface for IIO2-PUO2 coiipositions of 0.5s So 12©5f 
17©8 and 35 w/o PuOg© 

Corrosion Tests 
"(irYaSernardy 

The lOOj 500, and 1000 hour corrosion tests in 680gF_watgr for seven 
c©precipitated UO2-PUO2 compositions in the raBge'^rTto 100 xf/o PUO2 
have been completed© Weight gain data and visual inspection indicate 
corrosion behavior comparable to DO20 The drying tiie has been increased 
to 48 hours since weight decreases were still significant after 8 and 16 
hour drying periods. 

The pellets used in the water test are currently being subjected to 
750°F-2200 psi steam. 
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aiPIATIOB TS3TIMG A» MMJJITIQM 

Task 5-00 

L« Jo Jones 

Short^tTeriB I r rad ia t ion Tests 
(Lo Jo Joinesg R« M<. Horgos) 

The fourt.een short-term i r r a d i a t i o m a p s u l e s are now at the reactor s i t e 
awaitiag insertt.on into the reactor» Inser t ion had been premously 
schedmled for the April-May cyclej however§ leak tes t ing at the reactor 
s i t e indicated tha t 5 of the 28 outer cap welds had developed leaks during 
t r a n s i t a All e l emn t s werej, therefore , returned for repair., This was 
s a t i s f a c t o r i l y accoB^lished, and A.1 e leaents have now passed leak tes t ing 
at the reactor s i t e , as well as a t MUMJSGO 

Upon re tura of the capsuless they were again leak tes ted m t h T©rifying 
resul ts^ Subsequent sectioning and nicroscopic examination of the faul ty 
weld areas showed cracks enianatiBg in to the fused zone from the joiriturej 
and in some cases these cracks had progressed thrc>ugh the gas voids aM 
shrink cav i t i e s t o the sarfaeec. The llurainuia Goipany of America was t he re ­
upon consultedJ and they indicated tha t sueh cracks could propogate in the 
Tjpe 6061-S aluminuii fusion weld due to siiall tenperature changes or rough 
haridliKgo Th^ further indi,eated tha t thJ,s condition could be overcome by 
eaploying a f i l l e r rod %TeMing techniqueo Mock-up jo in t s were therefore 
ina,chined axA welded usiag the recommended procedures^ The jo in t s were 
s a t i s f a c t o r i l y lealt-tested arf. micro-examinstioB. diowed that the weld zones 
were e n t i r e l y free of cracks even following thermal cycling and quenching 
froffl lOO^Co All caps'ttles were t t e re fo re dede signed accordirigly and welded. 
Leak t e s t i ng was performed both pr ior to and af ter thermal cycling to insure 
agaixist the previous i n - t r a n s i t f a i l u r e . The eleiients were shipped and 
subsequent leak t e s t ing at the reactor indicated t ha t a3.1 capsules were 
satisfactoryo 

High Burnup I r radia t ioB Tests 

"""^"""TSTir^rgo gj"--------" 
The p re l imnary design of the instraiBnted capsules for the high burnup 
irradiatiorx program has been completed., and the fuel mater ials have been 
designated^ The i r r ad ia t ion program wi l l u t i l i z e five capsules9 each 
containing five two-inch long fuel specinens^ Two of the capsules m i l 
contain thermal reactor fue ls , and three -will contaia f a s t reactor fuelsj 
i r r ad ia t ion m i l be t o ZOjOOO and 100,000 IMDfTonneg r esp . The heat flmx 
from each capsule w i l l be continuously laonitored during i r r ad ia t ion by the 
u t i l i z a t i o n of four pa i r s of ttermocouplese 
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The chief objectives of the program m i l be ( l ) to observe r e l a t ive per-
forfflance between coprecipit ated_U02:^!fe ^^^ asmposite poi-iders prepared 
by mechanically mixing coipoBeiit powders.. (2) to determirie the effect on 
performance of r e l a t i v e l y gross inhomogeneities tha t Biay r e s u l t froa poor 
powier blending, and (3) to observe differences in performance tha t may 
a r i s e due to differences in powder stoichiometry or ^^2^3 ^•^^^^'^-^'' 
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MAG10R,P|gSICS MS) ailGI!IggaiIS PA^FETRIC STPDIlSS 

Task 8u00 
J.> Do Clement 

AssessMRt of PlutoMua in Hear-Theriaal Reactors 

Recent ejcperx^ntal data on UO2 water l a t t i ceshave bees analyzed to allow 
updating of the lUSURP code« The l a t e r data appears to be in closer agree-
EBnt with MDFTs RSPSTITIOUSj and S0IDCAT3 calculated resul ts? md as such 
i s also in b e t t e r agreeraerit with MUSUBP calculated resultSo ¥hxle deviations 
are s t i l l noted for t igh t or highly-loaded l a t t i ce s0 t t e r e i s iHsufficient 
experiaeEtal data in t h i s ra ige to warrant adjustBieat of IIUSDRP parameters.. 
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