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CHARACTERIZATION OF SOME U02 A N D  Pu02 PU!dDERS 

ABSTRACT 
s .  

Characterization of nuclear fuel oxide powders typical ly includes data 

from chemical analyses (impurities, H20, F'i , C 1  , etc.  ) and pllysical 

property tes ts  (surface area, particle size and dis tr ibut ion) .  This paper 

discusses the physical characteristics of some comtnon U02 and Pu02 powders 

as determined by B.E.T. surface area, H.E.A. particle size and distribution, 

and scanning electron micrographs. Powders evaluated include: two commercially 

produced U02 powders,oxalate and n i t ra te  source Pu02, and burned Pu metal. 

In addition, oxalate source Pu02 was calcined a t  various temperatures t o  

modify the particle properties . 

The experimental work discussed herein i s  believed t o  be one of the 

f i r s t  examples of using a scanning electron microscope to explain the 

problems associated wi t h  physical property measurement of fine powders. 

i i i  
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CHARACTERIZATION OF SOME U02 A N D  PuOp POWDERS 

INTRODUCTION 

Other than composition, the particulate characteristics of a powder are 

the most important factor influencing i t s  response to densification by 

compaction and sintering. Conventional powder characterization methods such 

as particle size distributions,  surface area, and impurity analyses a1 1 

provide useful inforniation; however, these data are general ly sensitive to 

technique and show only rei a t i  ve differences. Fine powders are complex 

systems and data from a number of characterization techniques i s  necessary 

to adequately define the system. Two primary uses of powder characterization 

data are: ( 1 )  for  quality control purposes to assure a consistent incoming 

raw material condition, and (2) as an aid to  processing which will influence 

deta-i 1 s of process operations. 

The value of characterization data depends on both the accuracy of the 

measurement and i t s  relevance to  the intended processing. A t  BNW the 

nuclear oxides (U02 and Pu02) being used in fuel development work are f ine 

powders with an average particle s ize of 10 microns or less.  Problems 

associated wi t h  f ine powder characterization include : 

1 ) measurement of one or two characteristics does not adequately 

classify a powder, 

2) identification of the physical property actually being 

measured, 

3 )  modification of characteristics resulting from measurement 

technique, 

4 )  segregation resulting from sampling technique. 



Th is  paper discusses t h e  c h a r a c t e r i z a t i o n  of  some common UO, and Pug2 
L 

powders u s i n g  convent ional  techniques and scanning e l e c t r o n  micrographs. 

Var iab les  assoc ia ted w i t h  t i l e  equi  prnent and/or the  method used a r e  a l s o  

discussed. The convent iona l  c h a r a c t e r i z a t i o n  data obta ined i nc l udes  

sur face  area by a m o d i f i e d  B.E.T. technique and p a r t i c l e  s i z e  and d i s t r i -  

b u t i o n  us ing  a g r a v i t y  c e n t r i f u g e  sedimentat ion technique. P a r t i c l e  

morphology i s  observed by scanning e l e c t r o n  microscopy. A general s i n t e r -  

a b i l i t y  t e s t  was a1 so performed. 

SUMMARY 

The nuc lea r  ox ides c u r r e n t l y  be ing  used a t  BNW a r e  f i n e  powders w i t h  

an average p a r t i c l e  s i z e  o f  s i x  microns o r  less.  The average p a r t i c l e  

s i z e  and d i s t r i b u t i o n  curves produced show a s e n s i t i v i t y  t o  d i s p e r s i n g  

technique. Scanning e l e c t r o n  micrographs e x p l a i n  t h i s  s e n s i t i v i t y  and 

demonstrate apparent l i r n i t a t i o n s  i n  da ta  ob ta ined  w i t n  p a r t i c l e  s i z e  and 

surface area measurements. Probl  ems assoc i  a ted w i  t h  p a r t i c l e  morphology a r e  

b e t t e r  de f i ned  through use o f  t he  scanning e l e c t r o n  microscope. Other r e s u l t s  

o f  t h i s  s tudy  i n d i c a t e  t h a t  c a l c i n a t i o n  o f  PuOp powders changes t he  s p e c i f i c  

su r face  area b u t  has l i t t l e  e f f e c t  on p a r t i c l e  s i z e  d i s t r i b u t i o n .  I n  

add i t i on ,  t h e  normal U02 powders analyzed were found t o  be composed o f  

agglomerates o f  sub-micron p a r t i c l e s  o r  c r y s t a l  1 i t e s  and accura te  p a r t i c l e  

s i  ze ana l ys i  s was d i  ff i c u l t .  



PROCEDURE 

Tes t  samples a re  ob ta i ned  us i ng  a m o d i f i e d  " t h i e f "  technique. The 

powder t o  be analyzed i s  s t i r r e d  by hand p r i o r  t o  sampl ing t o  homogenize 

t h e  m a t e r i a l  and mi n im ize  t h e  chances o f  o b t a i n i n g  a nonrepresen ta t i ve  

sample. Cha rac te r i za t i on  techniques a r e  discussed below. 

A. P a r t i c l e  S ize  and D i s t r i b u t i o n  

P a r t i c l e  s i z e  and d i s t r i b u t i o n  a r e  determined by  g r a v i t y - c e n t r i f u g e  

sed imenta t ion  u s i n g  a comnercial  l y  a v a i l  ab l e  M.S.A. (Mine Sa fe ty  Appl i ances)  

p a r t i c l e  s i z e  analyzer .  The powder sample i s  d ispersed  i n  a  water-acetone 

m i x t u r e  c o n t a i n i n g  a smal l  amount of d i s p e r s i n g  agent. The d i spe rsan t  

concen t ra t i on  and degree o f  a g i t a t i o n  a r e  v a r i a b l e s  which have been 

i n v e s t i g a t e d  and w i  11 be d iscussed i n  t h e  r e s u l t s  sec t i on .  The p a r t i c l e s  

measured a r e  p a r t i c l e s  (s tokes  equ i va l en t  d iamete r )  by d e f i n i t i o n  and t he  

curve produced does n o t  imply a s p e c i f i c  s t a t e  o f  agg lomerat ion ( l o o s e l y  

bound c r y s t a l  1  i t e s )  o r  aggrega t ion  ( f i  rm l y  bonded c r y s t a l  1  i t e s  produc ing 

f r a c t u r e d  sur faces  upon sepa ra t i on ) .  

B. Sur face Area 

Sur face area i s  determined by a  m o d i f i e d  B.E.T. technique us i ng  a 

commercial l y  a v a i l a b l e  Aminco (SOR-B.E.T. ) ana lyzer .  The SOR-B.E.T. 

techn ique  determined n i t r o g e n  adso rp t i on  f rom a n i  trogen-he1 i um m i x t u r e  

a t  a  s l i g h t l y  p o s i t i v e  pressure.  Few technique v a r i a b l e s  a r e  assoc ia ted  

w i t h  t h i s  measurement ( exc l ud ing  t he  e f f e c t s  o f  i n i t i a l  sample hea t i ng  

t o  150°C under vacuum t o  remove adsorbed mo i s tu re  and gas).  Sample 



p r e p a r a t i o n  v a r i a t i o n s  were n o t  eva lua ted .  Surface area was determined 

a f t e r  a  number o f  powder m o d i f i c a t i o n  ope ra t i ons  and t h e  e f f e c t s  o f  these 

process ope ra t i ons  ( p r i o r  t o  mechanical b l end ing  o f  t h e  ox ides)  on t h e  

B.E.T. su r f ace  area w i l l  be d iscussed i n  t h e  r e s u l t s  sec t i on .  

C. Scanning E l e c t r o n  M i c r o _  

The scanning e l e c t r o n  microscope p rov ides  advantages ove r  t h e  con- 

ven t i ona l  e l e c t r o n  ni icroscope i n  t h a t  sample p repa ra t i on  does n o t  mod i fy  

t he  sample t o  any s i g n i f i c a n t  degree. The image observed i s  formed w i t h  

secondary e l e c t r o n s  f rom a  scanning beam spot,  thus p r o v i d i n g  e x c e l l e n t  

depth o f  f i e l d  and su r f ace  d e t a i l .  

There a re  few technique v a r i a b l e s  t o  cons ider  w i t h  t h i s  i ns t r umen t  

o t h e r  than assu r i ng  t h a t  t h e  sample i s  r e p r e s e n t a t i v e  o f  t h e  powder l o t  

as a  whole. Scanning micrographs s u p p l i e d  va luab le  p a r t i c l e  shape and 

t e x t u r e  i n f o rma t i on .  The p a r t i c l e  morphology da ta  p rov i ded  a  b a s i s  f o r  

i n t e r p r e t i n g  t h e  r e s u l t s  o f  more conven t iona l  c h a r a c t e r i z a t i o n  techniques. 

DISCUSSION OF RESULTS 

The powders eva lua ted  i nc l uded  two ammonium-diuranate processed normal 

lJ02 powders, 93% 2 3 5 ~  enr i ched  U02, c a l c i n e d  oxa l  a t e  PuD,, c a l c i n e d  n i t r a t e  
L 

Pu02 and burned Pu meta l .  The Pu02 powders were ca lc ined ,  m i l l e d ,  o r  

o therw ise  a g i t a t e d  t o  mod i fy  t h e  p a r t i c u l a t e  p r o p e r t i e s .  C h a r a c t e r i z a t i o n  

data w i l l  be d iscussed i n  t h e  f o l l o w i n g  o rder :  

A. Normal U02 

1. Source A 

2. S o u r c e E  



B. Enr iched U02 

C. S i n t e r a b i l  i ty o f  U02 

D. Pu02 

1. Calc ined Oxalate 

2. Calc ined N i t r a t e  

3. Burned Metal  

E. S i n t e r a b i l i t y  o f  Pu02 

A general  comparison o f  t he  data obta ined wi 11 be i nc l uded  i n  t h e  

d iscuss ion.  

A. Normal U02 

1. Source A 

Source A U02 i s  produced by t h e  amnonium-diuranate 

p r e c i p i t a t e  process. The m a t e r i a l  analyzed was c l a s s i f i e d  

by t h e  s u p p l i e r  as "ceramic grade U02" w i t h  an O/U r a t i o  o f  

2 2.15 and a B.E.T. su r face  area o f  9.5 m /g. 

Ana l ys i s  a t  BNW conf i rmed t he  O/U r a t i o  and sur face  

area values and a l s o  produced t h e  p a r t i c l e  s i z e  and 

d i s t r i b u t i o n  curves shown i n  F igures  1 and 2. F igure  1 

shows t h a t  t h e  average p a r t i c l e  s i z e  i s  about 3 microns. 

F i gu re  2 was obta ined us ing  severe u l  t r a s o n i c  a g i t a t i o n  

and shows t he  e f f e c t s  o f  i n s u f f i c i e n t  d ispersan t  on a s i z e  

and d i s t r i b u t i o n  curve. The up-swing on t he  3 drops of 



10 g / l i  t e r  curve i s  due to compaction in previously se t t led  , 

part ic le  layers. This particular curve points out a source 

of bias in par t ic le  s ize obtained using centrifugal sedimenta- 

tion. The ea r l i e s t  layers formed from gravity and low rpm 

sedimentation will compress s l ight ly when higher centrifugal 

forces are applied. This compaction contributes to experimental 

error .  The 5 and 10 drops of 10 g/l i t e r  would indicate that 

dispersant concentration i s  not c r i t ica l  above the minimum 

( in  th is  case >3 b u t  <5 drops of 10 g/ l i  t e r  solution).  

A scanning electron micrograph of as-received Source A 

U02 (Figure 3)  shows the material to consist of large 

agglomerates of very small particles or  crystal 1 i tes.  These 

agglomerates appear to average about two to five.  microns in 

diameter. This agrees with particle size data in Figure 1. 

A quantity of Source A U02 was examined in the SEN 

a f t e r  wet ball milling for four hours. The effect  of mil 1 ing 

on the agglomerate s ize  and distribution i s  readily apparent 

from comparing micrographs of the wet milled U02 (Figure 4 )  

with the as-received (Figure 3) .  The surface area a f t e r  

2 milling was 9.3 m j g  indicating that  milling had no effect  

on th i s  property. The surface area appears to  be influenced 

more by the morphology of individual par t ic les  or crystal 1 i t es  

than by the s t a t e  of agglomeration. A higher magnification 

micrograph (approximately 20,000 X )  s t i l l  f a i l s  t o  define the 

nature of Source A U02 crystal1 i t e s  (see Figure 5) .  



2. SourceB 

The Source B U02 analyzed was also produced by the amnonium- 

diuranate precipitate process. Analysis for O/H ra t io  and B. E.T. 

2 surface area indicated values of 2.15 and 3.5 m / g ,  respectively. 

The particle s ize distribution curve (Figure 6 )  for th is  material 

indicates an average part ic le  s ize of about two t o  three microns. 

A scanning electron micrograph (Figure 7 )  shows tha t  the 

material consists of agglomerates of fine particles or crystal 1 i tes. 

The basic s i  mi 1 ar i  ty in appearance between the Source B and Source A 

powders (compare Figure 7 with Figure 3) i s  be1 ieved a result  of similar 

production methods. The variation in surface area and particle s ize 

i s  believed a resul t  of small variations in precipitation and oxidation- 

reduction conditions. 

B. Enriched U02 

The enriched U02 analyzed contained 93.16% 2 3 5 ~ .  Enriched U02 was 

produced through conversion of uranium hexafl uoride. Analysis shows the 

O / U  ra t io  and surface area to be 2.08 and a b o u t  2.0, respectively. The 

part ic le  size and distribution curve shown .in Figure 8 indicates an average 

particle s ize around two t o  three microns. The center portion of the curve 

i n  Figure 8 (dotted l ine)  i s  theorized as data points could n o t  be deter- 

mined due t o  lack of definable layers. Reasons fo r  th is  effect  are s t i l l  

being investigated. 

A 1,000X micrograph of enriched U02 (Figure 9 )  would indicate that the 

powder consists of loose agglomerates of from 1 to 10 microns in diameter. 

The 20,000X micrograph (Figure 10) of an agglomerated area shows that 

agglomerates consist of many well-shaped crys ta l l i tes  varying from 0.1 t o  1 

micron in diameter. The uniform dispersion of loose agglomerates (Figure 9 )  
. .. 



and re1  a t i  v c l y  snoot? c r y s t a l  1  i t e  sur faces  ( F i  nrrre 19) :./o111 d i n d i c a t ~  a  

l e s s  a c t i v e  po!vder t ! l ~ i l  the Source I", o r  Source C mate r i a l s .  

- -  - 

Test  yroups c o n t a i n i n n  s i x  t o  t en  pc l  l e t s  each !&/?re pressed and s i n t e r e d  

t o  determine t h e  r e l a t i v e  s i n t e r a b i l i t : /  o f  each no\.rder. Table 1  belolpr 

con ta i ns  f a b r i c a t i o n  data,  s i n t e r i n a  cond i t i ons ,  and s i n t e r a h i l  i ty r e s u l t s .  

TAPLE 1  

FABPI C A i I O l l  A!!D STt:TEPIIIG C0:IDITIOFIS USED FOP UU2 SII!TEPP,RILITY TESTS 

Source A Source B Enr iched 

Powder Condi t i o n  /Is-Received !,s-Pecei ved As-Recc i ved 

~i nder  ' 1  /8% P'JP,-l% 9u t y l -  
S tea ra te  

Press ing Pressure 30,000 20,000 - 40,000 29,O"JO - 40,000 

Green Dens i t y  
(cl/cc > 

5.42 and 5-93 5:59 and 6.17 

S i n t e r i n g T e n p ,  ("C) 1,675 1690°C 1,675 

S i n t e r i n q  Time (hours)  2  G 4  

S i  n t e r i n g  Atnospllere Argon-8% 14, Argon-8% Hz Argon-8Z tI 
L 2 

Sin  t e r e d  Oensi ty  10.49 10.32 and 10.51 10.09 and 10.24 
(r l /cc) 

7; T h e o r e t i c a l  2  95.62 94.07 and 95,81 93.06 and 94.48 

TdOTES: 1. Enr iched !I0 would n o t  press n e l l  w i t h o u t  a h i n d e r - l u b r i c a n t .  2  

A  smal l  amount o f  l u b r i c a n t  (Bu t y l -S tea ra te )  was a l s o  a p p l i e d  

t o  t i l e  d i e  and punch f o r  p ress i ng  o f  Source i7 and E! pm~de rs .  

2. Theo re t i ca l  d e n s i t y  was c a l c u l a t e d  on t h e  has i s  o f  15.97 qrarns/cc 

f o r  normal U3 and 10.84 qrarns/cc f o r  93.1GX en r i ched  UOe 
2  

The s i n t e r e d  d e n s i t i e s  ~ o u l d  i n c ' i c a t e  t h a t  a l l  t h r e e  UO, powders s i n t e r  
L 

reasonably  n e l l .  The 2Pi TD d i f fe rence  betv~een t h e  en r i ched  UO;, and t h e  - 



Source A and B may be p a r t i a l l y  a t t r i b u t e d  t o  t he  d i f f e r e n c e  i n  p a r t i c l e  

morphology (F igures 3, 7, and 10). 

D. Pu02 - 
1. Calc ined Plutonium Oxalate 

The su r face  area and v o l a t i l e  con ten t  o f  Pu02 powder obta ined from 

ca l c i ned  oxa la te  p r e c i p i t a t e  v a r i e s  w i t h  the c a l c i n e  temperature. 

As-received powder i s  p reca l c i ned  by t he  s u p p l i e r  a t  500 + 50°C. 

To lower  t he  v o l a t i l e  content ,  irr~prove the  s t a b i l i t y  w i t h  respec t  

t o  mo is tu re  sorp t ion ,  and reduce the  carbon con ten t  (oxal  a te  res idue) ,  

t he  as-received oxa la te  source Pu02 i s  u s u a l l y  r eca l c i ned  t o  about 

700°C. Test  samples were. a l s o  reca l c i ned  t o  1000°C. Surface area, 

p a r t i c l e  s i z e  d i s t r i b u t i o n s ,  and scanning e l e c t r o n  micrographs have 

been obta ined on as-received (450°C c a l c i n e ) ,  700°C and 1000°C 

r e c a l  c ined  oxal  a te  source Pu02. 

The B.E.T. surface area of oxa la te  source Pu02 ca l c i ned  t o  450, 

2 700, and 1000°C was 38, 9.2, and 1.4 m /g, r espec t i ve l y .  P a r t i c l e  

s i z e  d i s t r i b u t i o n  curves (F igure  11 ) show t h a t  ca l  c i ne  temperature 

has l i t t l e  e f f e c t  on t he  s i z e  d i s t r i b u t i o n .  Th is  was v e r i f i e d  w i t h  

scanning micrographs (F igures 12 and 13) o f  450°C and 100QOt ca l c i ned  

powder. F igures 12 and 13 show e s s e n t i a l l y  no change i n  c r y s t a l l i t e  

o r  agglomerate shape and form. 

The t y p i c a l  oxa la te  source Pu02 agglomerate i s  composed o f  angular  

p l a t e l e t s  gene ra l l y  arranged i n t o  a " r o s e t t e "  s t r u c t u r e  about a nuc- 

l e a t i o n  cen te r  o r  po in t .  The agglomerates a r e  formed d u r i n g  p r e c i p i -  

t a t i o n  of p lu ton ium oxa la te  [ P U ( C ~ O ~ ) ~  . 6H20] and vary  i n  s i z e  from 

approx imate ly  1 micron t o  about 30 microns (see F igure  14). The average 

s i z e  i s  around 6 microns. Ca l c i na t i on  t o  450°C produces PuOZmg powder 



containing 2 t o  3 percent volat i les  (primarily oxalate residue and 

moisture). Calcination t o  450°C a1 so changes the crystal 1 i t e  surfaces 

fron a "fuzzy" or rounded structure to  a sharper angular p la te le t  (compare 

Figure 14 with Figure 15). Calcination a t  temperatures above 450°C has 

1 i t t l e  observable affect  on surface texture or par t ic le  s ize ,  however, 

2 2 the decrease in surface area from about 40 m / g  to 1.4 m / g  infers that 

presintering or  aggregation occurs - evidently in the more closely 

packed aggl omerate center. 

Evidence of sintering (aggregation o r  bonding of agglomerates) 

during calcining to 1000°C was observed when recalcined powders were 

ultrasonically agitated for  various lengths of time. Figures 16 and 17 

contain scanning mi crographs of powders having no agi t a t i  on ,  15 minute 

ultrasonic agitation, and 120 minute ultrasonic agitation. Figure 16 

shows that  the plutonia agglomerates were broken into platelets  and 

smal l e r  agglomerates (or aggregates) a f te r  15 minutes. After 120 

minutes very few agglomerates remained intact  and the powder consisted 

mainly of individual crystal 1 i tes.  Agglomerate subdivision a f t e r  15 

minutes i s  probably the reason for  the s l ight  s h i f t  of the 450°C curve in 

Figure 11 from the 700 and 1000°C curves. Figure 17 shows that a f t e r  

120 minutes of agitation many aggregated particles s t i l l  ex i s t  with the 

majority of crystal1 i tes existing as extremely fine submicron particles.  

The remaining aggregates are believed to  be the center portion of larger 

aggregates. 

Tile transit ion of cal cineti oxal a te  source PuQ2 "part ic les"  from a 

loose agglomerate to a more firmly bonded aggregate structure as calcine 

temperature increases i s  c lar i f ied by data Cr3i: part:,: 2 s i zd  ma! l fp ' s  ' J  - 

2,  ti;i nc.: Jn 733 an..; i 1:::"C cal ci;iei rriat2i.i a1 . Size d-: s t r i  :,ii t ior,  cbrvz; 



obta ined a f t e r  15 minutes and a f t e r  t v ~ o  hour ag i  taL icn o f  1300°C ca l c i ned  

ma te r i a l  (F igure  18) shovr a  d e f i n i t e  s l i i f t  w i t h  increased a g i t a t i o n .  The 

s e r i e s  o f  curves ob t3 ined  a f t e r  a g i t a t i o n  0-7 703°C ca l c i ned  powder 

(F igure  19) a l s o  shows a s h i f t .  Tile l o ~ g  " t a i ; "  on cl le nax i  K I ~ P  :; i,ie 

curves i n  bo th  F igure 18 and 19 i s  i n d i c a t i v e  o f  a r e l a t i v e l y  h i gh  per- 

centage o f  submicron p a r t i c l e s .  The s e r i e s  o f  curves i n  F igure  19 i s  

i n t e r e s t i n g  as the  gradual break-up o f  m- i l d l y  aggregated ma te r i a l  i s  

shown as a f u n c t i o n  o f  a g i t a t i o n  time. Scanning micrographs o f  t h i s  

ma te r i a l  are n o t  shown; however, they con f i rm  the ex ten t  o f  aggregate 

breakup. 

Experiments t o  determine t h e  e f f e c t  o f  d ispersan t  concent ra t ion  

on p a r t i c l e  s i z e  produced e f f e c t s  s i m i l a r  t o  t h a t  obta ined w i t h  Source A 

U02 (compare F igure  20 w i t h  F igure 2) .  Inadequate d i spe rsan t  permi ts  

excessive agglomeration, f a s t e r  s e t t l i n g ,  and some compaction a t  h i ghe r  

rpm' s. 

2. Calc ined Plutonium N i t r a t e  

P l u t o n i a  (Pu02) may be obta ined f rom p lu ton ium n i t r a t e  s o l u t i o n  by 

evapora t ion  and c a l c i n a t i o n .  As w i t h  c a l  c i  ned p l  utonium oxal a te,  the  

. p a r t i  cu l  a te  p r o p e r t i e s  and i m p u r i t y  1  eve1 s  a re  re1  ated t o  the  c a l c i n e  

temperature. The mater i  a1 evaluated was preca l  c ined by the suppl i e r  

t o  about 450°C. The su r face  area f o r  p lu ton ium n i t r a t e  ca l c i ned  

t o  450°C, 650°C, 800°C and 1000°C was 6.3, 5.7, 3.5 and l ess  than 1 m2/ 

gram, respec t i ve ly ,  P a r t i c l e  s i z e  and d i s t r i b u t i o n  curves f o r  powder 

ca l c i ned  a t  t he  aforementioned temperatures are shown i n  F igure  21. 

Cal c i n a t i o n  temperature does n o t  appear t o  s i g n i f i c a n t l y  i n f l uence  t h e  

s i z e  d i s t r i b u t i o n  curve. The smal l  v a r i a t i o n s  between curves i n  F igure 

21 a re  be l i eved  due t o  minor  v a r i a t i o n s  i n  measuring technique. 



Scanning e l e c t r o n  micrographs ( F i  gure 22) show t h e  c a l  c i ned  n i t r a t e  

source Pu02 p a r t i c l e s  t o  be sphero ids r ang ing  f rom submicron t o  about  

5  microns -in diameter.  P,ggl omerates a re  f r equen t  which may account f o r  

the  r e l a t i v e l y  l a r g e  number o f  " p a r t i c l e s "  above 5 microns i n  F i gu re  21. 

No i n f o r m a t i o n  was ob ta ined  on t h e  r e l a t i v e  s t r e n g t h  o r  s t a t e  o f  

aggrega t ion  w i t h i n  t he  aggl omerates. 

3. Burned Pu : le ta l  

A t h i r d  source o f  Pu02 i s  through c o n t r o l l e d  b u r n i n g  ( o x i d a t i o n )  

o f  Pu meta l  s labs .  P a r t i c l e  s i z e  and su r f ace  area a r e  i n f l u e n c e d  by  

t he  i n i t i a l  bu rn i ng  temperature. Terr~peratures o f  f rom 600°C t o  1000°C 

have proved adequate. : l a t e r i  a1 f rom 600°C o x i d a t i o n  appears f i n e r  and 

more u n i f o r m  i n  appearance. The sur face area o f  t h e  exper imenta l  ba t ch  

2 
used f o r  ana l ys i s  was 7.0 m /gram a f t e r  bu rn i ng  i n  we t  he l ium a t  950°C 

2 and was 10.7 m /gram a f t e r  72 hour b a l l  m i l l i n g  u s i n g  A1203 media. 

P a r t i c l e  s i z e  d i s t r i b u t i o n  (F i gu re  23) as w e l l  as scanning e l e c t o n  

micrographs (F i gu re  24) were ob ta i ned  on b a l l  m i l l e d  m a t e r i a l .  The 

average p a r t i c l e  s i z e  appears t o  be between 1 and 2 microns. The s l ope  

o f  the  curve denotes an asymmetric d i  s t r - i b u t i o n  w i t h  an excess ive number 

o f  submi cron p a r t i  c l  es. 

Scanning e l e c t r o n  micrographs show the  powder t o  be composed o f  

sphero ids and ob long p a r t i c l e s  i n  r e l a t i v e l y  loose  aggl omerates. The 

average p a r t i c l e  s i z e  appears l e s s  than one micron. F igure  24 a l s o  

shows occas iona l  hexagonal o r  angu la r  p a r t i c l e s  5  t o  10 microns long.  

There appears t o  be good agreement between t h e  p a r t i c l e  s i z e  da ta  

ob ta ined  by g r a v i  t y - c e n t r i  fuge and t he  observed p a r t i  c l e  s i z e  (scanning 

micrographs)  . 
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E. Sinterabi 1 i t y  of Pug2 

'Test pel l e t s  of calcined pl titonium n i t r a t e ,  burned plutonium metal , and 

calcined plutoniuim oxalate (recalcined a t  625°C) were sintered i n  wet helium 

a t  1559°C for two hours. The helium was bubbled through water prior t o  

entering the sintering furnace. 

Table 2 stlows the relative s in terabi l i ty  of Pu02 from the three sources 

currently being considered for f a s t  reactor fuel. Cf the three source 

powders, calcined oxalate Pu02 was the most d i f f i cu l t  to press as a single 

oxide. Pressing diff icul ty was evidenced by pel l e t  diameter variation, 

pel l e t  ejection pressure, and the increased dwel l time required. Each average 

in Table 2 represents an eleven to fourteen pel l e t  average. 

The sharp angular platelets of oxalate source PuOg are considered as 

contributing to pressing difficul ty as agglomerates of these platelets  

would grip the die surface and inhibi t  pressure distribution within the pellet .  

The high pel l e t  ejection pressure (14,000 psi ) and O.GO5 inch hourgl assing 

in the sintered pe l le t  support th is  assumption. 

Recalcination of calcined n i t ra te  Pu02 had a small b u t  consistent e f fec t  

on sintered pe l le t  density. The decrease from 93.38 to 91.17 percent 

theoretical density i s  uniform with higher recalcine temperature producing 

s l ight ly  lower sintered densities. 

The high green and sintered density of burned Pu metal i s  largely the 

resul t  of the f iner  part ic le  size of tha t  material. The particle s ize of 

burned Pu metal a f t e r  ball milling was about 1 micron (see Figure 23) whereas 

the particle size of both oxalate and n i t ra te  source Pu02 was about 6 microns 

(see Figures 11 and 21 ). 



CONCLUSIONS 

To understand the  na tu re  o f  f i n e  powders, i t  appears necessary t o  use 

data ob ta ined  f rom a number o f  c h a r a c t e r i z a t i o n  techniques. To o b t a i n  

maximum b e n e f i t  f rom t h e  data obta ined,  i t  i s  a l s o  necessary t o  understand 

' .  the  r e l a t i v e  va lue and/or any l i m i t a t i o n s  assoc ia ted  w i t h  t h a t  data. The 

. .  f o l l o w i n g  conc lus ions t h a t  may be drawn f rom t h i s  s t udy  are:  

1)  The scanning e l e c t r o n  microscope has proven t o  be a va l uab le  

c h a r a c t e r i z a t i o n  t o o l  f o r  p r o v i d i n g  morpholog ica l  pe r spec t i ve  on 

f i n e  powders as w e l l  as c l a r i f y i n g  da ta  produced by conven t iona l  

techniques. 

2)  C a l c i n a t i o n  o f  Pu02 powders i s  e f f e c t i v e  i n  changing su r f ace  area, 

b u t  does n o t  appear t o  modify t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n ,  o r  

v i s u a l  (scanning micrograph) su r f ace  t o  a s i g n i f i c a n t  degree. The 

change i n  su r f ace  area i s  be l i eved  due t o  t h e  h e a l i n g  o f  m ic ro -  

c racks  and p robab le  p r e s i n t e r i n g  of t h e  p a r t i c l e  core. 

3 )  The normal UOq powders analyzed were t o o  f i n e  t o  be a c c u r a t e l y  

analyzed us i ng  t h e  M.S.A. p a r t i c l e  s i z e  analyzer .  Scanning e l e c t r o n  

micrographs o f  normal U02 powders show them t o  be agglomerates o f  

submi c ron  o r  u l  t r a - f  i ne c r y s t a l  1 i tes. 

4)  U l t r a s o n i c  a g i t a t i o n  and subsequent p a r t i c l e  s i z e  ana l ys i s  may be 

a usefu l  technique i n  demonst ra t ing t he  r e l a t i v e  s t r e n g t h  o f  

agglomerates o r  aggregates and i n  de te rmin ing  t he  temperature a t  

which t h e  s i n t e r i n g  phenomena commences. 
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D I S P E R S A N T  C O N C E N T R A T I O N  V E R S U S  D I S T R I B U T I O N  

0 S O D I U M  L I G N I N  S U L F O N A T E -  
5  D R O P S  0 .06 g m / 2 0  m l  

A S O D I U M  L I G t j I N  S U L F O N A T E -  
1 5  D R O P S  0.06 g m / 2 0  m l  

0 S O D I U M  L I G N I N  S U L F O N A T E -  
2 5  D R O P S  0 .06 g m / 2 0  m l  

( E A C H  C U R V E  A V E R A G E  
O F  3 D I S P E R S I O N S )  
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FIGURE 2 0 .  EFFECT OF DISPERSANT CONCENTRATION ON PARTICLE S I Z E  OF 4 5 0  OC 
CALCINED OXALATE SOURCE P u 0 2  ( 2  HOUR D I S P E R S I O N )  



FIGURE 2 1 .  PARTICLE S I Z E  OF CALCINED NITRATE SOURCE P u 0 2  
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N u c l e o n i c s  L a b o r a t o r y  

D r .  H. W .  A l t e r ,  M g r .  

G u l f  G e n e r a l  A t o m i c  I n c .  
G e n e r a l  A t o m i c  D i v .  

D .  C o b u r n  

I d a h o  N u c l e a r  C o r p o r a t i o n  - 
J .  A .  Buckham 

L i q u i d  M e t a l  I n f o r m a t i o n  C e n t e r  
R .  W .  D i c k i n s o n  

L i q u i d  M e t a l  I n f o r m a t i o n  C e n t e r  
A .  E .  M i l l e r  

Oak R i d g e  N a t i o n a l  L a b o r a t o r y  
W .  0 .  Harms 



No. o f  
C o p i e s  

ONSITE 

1 

S t a n f o r d  U n i v e r s i t y -  
N u c l e a r  D i v i s i o n  
D i v i s i o n  o f  M e c h a n i c a l  E n g r g  

R .  S h e r  

U n i t e d  N u c l e a r  C o r p o r a t i o n  
R e s e a r c h  a n d  E n g i n e e r i n g  C e n t e r  

R .  F .  D e A n g e l i s  

W e s t i n q h o u s e  E l e c t r i c  C o r p o r a t i o n  
A t o m i c  Power  D i v i s i o n  
Advanced  R e a c t o r  

D .  C .  S p e n c e r  

W e s t i n q h o u s e  E l e c t r i c  C o r p o r a t i o n  (PFDL)  
C h e s w i c k ,  P e n n s y l v a n i a  

J o h n  ~ e n e r o  - 

AEC C h i c a g o  P a t e n t  G r o u p .  
R .  K .  S h a r p  ( ~ i c h l a n d ' )  

AEC RDT S i t e  R E p r e s e n t a t i v e  
P. G .  H o l s t e d  

AEC R i c h l a n d  O p e r a t i o n s  O f f i c e  - 
C .  L .  R o b i n s o n  
J .  M.  S h i v l e y  ( 3 )  

B a t t e l l e  M e m o r i a l  I n s t i t u t e  

B a t t e l l e - N o r t h w e s t  
T e c h n i c a l  I n f o r m a t i o n  

Bech  t e l  C o r p o r a t i o n  
W .  A .  S m i t h  ( R i c h l a n d )  

J e r s e y  N u c l e a r  Company 
J .  L .  J a e c h  

W e s t i n q h o ~ ~ s e  E l e c t r i c  C o r p o r a t i o n  
R .  S t r e z e l e c k i  ( R i c h l a n d )  



No. o f  
C o p i e s  

7  6 WADCO C o r p .  
G .  J .  A l k i r e  
A. G .  A n d e r s o n  
H. J .  A n d e r s o n  
S. 0 .  A r n e s o n  
J .  M .  A t w o o d  
R .  E. B a r d s l e y  
M .  J .  B a r r  ( 1 0 )  
J .  M. B a t c h  
H .  T .  B l a i r  
C .  A. B u r g e s s  
C .  P. C a b e l l  
J .  R .  C a r r e l 1  
J .  C .  C o c h r a n  
G .  S. C o c h r a n e  
D. L .  C o n d o t t a  
J .  F.  E r b e n  
W .  H. E s s e l m a n  
E. A. E v a n s  
W .  M .  G a j e w s k i  
K. M .  H a r m o n  
B. R .  H a y w a r d  
E .  N. H e c k  
P. L .  Ho f rnan  
J .  N. J u d y  

J .  P. K e e n a n  ( 5 )  
G. A .  L a s t  
F .  J .  L e i t z  
ti. E. L i t t l e  
W .  B .  M c D o n a l d  
J .  S. McMahon 
J .  M. N o r r i s  
R .  E. P e t e r s o n  
H. G .  P o w e r s  
B. G .  R i e c k  
W .  E. R o a k e  
G .  J .  R o g e r s  
J .  E. Sarnmis 
W .  F.  S h e e l y  
R .  J .  S q u i r e s  
C .  A. S t r a n d  
C .  D. S w a n s o n  
J .  W .  T h o r n t o n  
K. G .  T o y o d a  
L .  D. T u r n e r  
E. T .  W e b e r  
B .  W o l f e  
W .  R .  W y k o f f  
WADCO D o c u m e n t  C o n t r o l  ( 1 5 )  
WADCO T e c h  P u b s  ( 7 0 3 )  




