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HOT PRESSING O F  RARE EARTH OXIDES 

H .  T. Fullam, C. J. Mi tche l l  

INTRODUCTION 

A program i s  c u r r e n t l y  underway at Battelle-Northwest t o  develop promethium- 

* 147 as an i s o t o p i c  h e a t  source. A s  p a r t  of t h i s  program var ious  methods of 

f a b r i c a t i n g  promethium sesquioxide i n t o  use fu l  shapes a r e  being inves t iga t ed .  

Among t h e  compaction techniques be ing  eva lua ted  a r e  co ld  p re s s ing  and s i n t e r i n g ,  (1) 

s l i p  casting,") fus ion  cas t ing ,  pneumatic impaction, and hot  press ing .  This 

r e p o r t  summarizes t h e  r e s u l t s  of  i n i t i a l  ho t  p re s s ing  s t u d i e s .  

Because of  t h e  l a r g e  volume o f  oxide requi red  f o r  t h e s e  s t u d i e s  and s ince  

t h e  a v a i l a b i l i t y  of  promethium sesquioxide is  l i m i t e d ,  t h e  sesquioxides of 

samarium and neodymium were used as s t and ins  f o r  Pm 0 i n  most o f  t h i s  work. 
2 3 

Only enough p re s s ings  were made wi th  a c t u a l  Pm 0 t o  i n su re  t h a t  t h e  r e s u l t s  
2 3 

obta ined  with t h e  s t and ins  were app l i cab le  t o  promethium sesquioxide.  

SUMMARY 

The sesquioxides o f  samarium and promethium can be compacted t o  d e n s i t i e s  

i n  excess o f  95% of t h e o r e t i c a l  by p re s s ing  at temperatures  of 1 5 9 0 ~ ~  and 

p re s su res  of  5100 p s i .  Under similar condi t ions  Nd 0 w i l l  compress t o  s l i g h t l y  
2 3 

lower d e n s i t i e s .  

I n  add i t i on  t o  t h e  normal ope ra t ing  v a r i a b l e s  which a f f e c t  ho t  press  dens i ty  

( t ime,  temperature,  and p r e s s u r e ) ,  t h e  temperature at which t h e  oxide i s  ca l c ined  

p r i o r  t o  p re s s ing  w a s  found t o  have a  pronounced e f f e c t  on t h e  dens i ty  obta inable .  

A s  a genera l  r e l a t i onsh ip ;  t h e  h igher  t h e  c a l c i n a t i o n  temperature t h e  lower t h e  

dens i ty  which r e s u l t s  f o r  a given s e t  o f  p re s s ing  condi t ions .  

For shapes having l a r g e  length-to-diameter r a t i o s ,  hot  p re s s ing  g ives  a 

uniform dens i ty  throughout t h e  shape length .  Dimensional con t ro l  i s  e x c e l l e n t  

and shape diameters  can e a s i l y  be  c o n t r o l l e d  t o  wi th in  0.001 inch.  When t h e  

p r e s s i n g  c h a r a c t e r i s t i c s  o f  t h e  oxide a r e  known, shape length  can be con t ro l l ed  

t o  w i th in  0.5%. 



Hot pressed p e l l e t s  of t h e  r a r e  e a r t h  oxides have excel lent .physicdl  s t r eng th  

and can be handled read i ly  wfthout physical  damage. Nd 0 p e l l e t s  a r e  s e n s i t i v e  
2 3 

t o  atmospheric moisture, however, and must be handled accordingly t o  prevent 

t h e i r  d is in tegra t ion.  Sm203 and Pm203 p e l l e t s ,  on t h e  o the r  hand, can be l e f t  

i n  t h e  open air f o r  many.days without s u f f e r i n g  any apparent damage. 

Based on t h e  experimental r e s u l t s  of t h i s  program and on q u a l i t a t i v e  impres- 

s ions  gained during t h e  m u s e  of t h e  work, hot pressing appears t o  be a most 

p r a c t i c a l  method of f abr ica t ing  W2O3 i n t o  useful  shapes. If only a few F'm20g 

shapes a r e  t o  be made, t h e  work could be done i n  a glovedbox without excessive 

operator  r ad ia t ion  exposure. A semiproduet ion operat ion,  however, should be 

c a r r i e d  out i n  a remotely operated f a c i l i t y  such as  a manipulator-equipped "hot" 

c e l l .  

PROCESS OBJECTIVES 

I n  compacting promethium sesquioxide in to -use fu l  ahapes,there a r e  severa l  

bas ic  r e q u i ~ m e n t s  which must genera l ly  be met. 

, The f i n a l  compacted shape should have a high densi ty t o  insure  a high 

power density. 

The densi ty  of t h e  shape should be uniform. 

Close dimensional control  should be maintained t o  insure  ease  of 

encapsulation. 

!€he camparted shape s f i ~ ~ I . d  possess g o d  physical  i n t e g r i t y  s o  t h a t  it 

can be handled read i ly  p r i o r  t o  encapsulation. 

In  addit ion t o  t h e  above requiremenC8, the re  a r e  ce r t a in  operktional  f ea tu res  

which t h e  compaction process should possess. 

The physical  operations of t h e  process should be r e l a t i v e l y  simple s o  t h a t  

they can be c a r r i e d  out i n  a gloved box o r  remote f a c i l i t y .  

I f  t h e  work is  performed i n  a gloved box the  amount of physical  handling 

required should be small s o  a s  t o  reduce operator  exposure. 

Physical  containment of  t h e  oxide within t h e  equipment should be good s o  

as t o  keep down t h e  background rad ia t ion  l eve l s .  

The f i n a l  evaluation of hot press ing as  a technique f o r  f abr ica t ing  promethium 

sesquioxide i n t o  useful  shapes w i l l  be based on a l l  t h e  requirements out l ined 

above. 



PRESSING OPERATION 

Two types  of h o t  p re s ses  were used i n  t h i s  work. One was a modified vers ion  

o f  t h e  miniature hot  p r e s s  developed at Oak Ridge. ( 3 )  The second was an induct ion  

hea ted  p re s s  capable o f  p re s s ing  l a r g e r  shapes than  was poss ib l e  with t h e  minia ture  

u n i t .  The c a p a b i l i t i e s  of  each u n i t  a r e  summarized i n  Table I and descr ibed i n  

d e t a i l  i n  t h e  Appendix ( A ) .  Shapes prepared i n  t h i s  work were l i m i t e d  t o  r i g h t  

c i r c u l a r  cy l inders .  . 
Table I 

C h a r a c t e r i s t i c s  o f  Experimental Hot Presses  

Maximum Pressure  

Miniature Hot 
P re s s  

6500 PSI 

Maximum Temperat ure  17OO0c 

Maximum Shape Diameter 1.00 inch 

Maximum Shape Length 0.50 inch 

Atmosphere 

Time Cycle 

Vacuum 

70-80 minutes 

Induct ion Heated 
Hot Press  

6500 PSI 

2 .OO inches 

4.00 inches 

CO-C02-N2 

7-8 hours 

The p re s s ing  technique used w a s  i d e n t i c a l  f o r  each p re s s  and cons is ted  

of :  

. Loading a weighed volume of oxide i n t o  a g raph i t e  mold. 

. Pre-compacting t h e  oxide i n  a hydraul ic  p re s s  at 100-200 PSI. 

. I n s e r t i n g  t h e  mold i n  t h e  hot  p re s s .  

. Heating t h e  mold t o  t h e  d e s i r e d  temperature.  

. Applying pressure .  

. Maintaining t h e  temperatures  and p re s su re  f o r  requi red  time. 

. Cooling p re s s  t o  room temperature.  

r Releasing p re s su re  and removing mold from p res s .  

The dens i ty  of  t h e  pressed  shape w a s  ca l cu la t ed  from t h e  weight and phys i ca l  

dimensions of  t h e  p e l l e t .  No at tempt  was made t o  measure t h e  d e n s i t i e s  by densi-  

tometer techniques.  A t  l e a s t  t h r e e  p re s s ings  were made at each s e t  o f  condi t ions  

and t h e  r e s u l t s  averaged. Normally, t h e  s tandard  devia t ion  i n  dens i ty  was l e s s  

than  0.05 gm/cc. 



HOT PRESSING THE SESQUIOXIDES OF NEODYMIUM AND SAMARIUM - 
Hot press ing of t h e  sesquioxides of samarium and neodymium was s tud ied  i n  

d e t a i l ,  Variables a f f e c t i n g  the  process were evaluated and t h e  d a t a  obtained 

cor re la ted  i n  terms of t h e  process object ives  a s  s e t  f o r t h  above. 

Density 

I n  t h e  hot  press ing operat ion,  th ree  process va r iab les  a f f e c t  t h e  densi ty 

of t h e  pressed shape - t i m e ,  temperature, and pressure - each of which can be 
6 

control led  independently of t h e  o thers .  In  addi t ion ,  t h e  physical  c h a r a c t e r i s t i c s  

of  t h e  mate r i a l  being pressed influence t h e  maximum obtainable densi ty.  The 

e f f e c t s  of these  ( f o u r )  var iables  on t h e  hot  press  densi ty of Sm 0 and Ndp03 
2 3 

were determined and t h e  r e s u l t s  a r e  summarized below, One o the r  va r iab le  which 

might a f f e c t  t h e  densi ty  - namely d i e  mater ia l  - was not evaluated a s  only graphi te  

d ies  were used i n  t h i s  work. 

The current  production process f o r  promethium sesquioxide involves t h e  

p r e c i p i t a t i o n  of t h e  promethium from a n i t r i c  a c i d  so lu t ion  a s  t h e  oxala te ,  and 

t h e  subsequent ca lc ina t ion  o f t h e  oxala te  t o  t h e  sesqufoxide. A s i m i l a r  process 

was used t o  prepare the  sesquioxides of samarium and neodymi um used i n  t h i s  study 

(See Appendix ( B ) ) .  Previous work had shown t h a t  t h e  oxala te  ca lc ina t ion  temperature 

had a pronounced e f f e c t  on t h e  cold press ing and s i n t e r i n g  c h a r a c t e r i s t i c s  of  t h e  

oxides."' This was a l s o  found t o  be t r u e  i n  t h e  case of hot  pressing.  This i s  

shown i n  Figure 1 where hot  press  densi ty i s  p l o t t e d  a s  a function of t h e  oxala te  

ca lc ina t ion  temperature f o r  Sm 0 and Nd20j. FOP Sm 0 t h e  maximum densi ty  i s  
2 3 2 3 

obtained with oxide ca lc ined a t  800-900'~. A t  higher ca lc inat ion temperatures t h e  

densi ty decreases slowly up t o  120O0C and very rapidly  t h e r e a f t e r ,  Samarium 

sesquioxide produced from oxala te  calcined at 750°C o r  l e s s  has a cubic s t r u c t u r e ,  

whereas oxide ca lc ined above 750°C has a monoclinic s t r u c t u r e ,  A l l  of t h e  hot  

pressed p e l l e t s  possessed a,monoclinic s t ruc tu re .  This means t h a t  t h e  oxide 

calcined a t  7 5 0 ' ~  o r  l e s s  undergoes a change i n  c r y s t a l  s t r u c t u r e  during t h e  press ing 

operat ion,  This probably accounts f o r  t h e  apparent d iscont inui ty  i n  t h e  Sm 0 
2 3 

curve i n  Figure 1, 
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The d a t a  f o r  Nd 0 i s  very i r r e g u l a r  and it i s  d i f f i c u l t  t o  c o r r e l a t e  dens i ty  
2 3 

with t h e  oxala te  ca lc in ing temperature. The general  t r e n d  is t h e  same as  f o r  

Sm 0 with h igher  ca lc ina t ion  temperature giving lower hot press d e n s i t i e s .  
2 3 

Nd 0 calc ined a t  9 0 0 ' ~  gave a much higher dens i ty ,  however, than oxide ca lc ined 
2 3 

a t  800°C. Since t h e  c r y s t a l  s t r u c t u r e  o f  both oxide batches w a s  t h e  same p r i o r  t o  
1 

press ing (hexagonal),  it is d i f f i c u l t  t o  explain t h e  high dens i ty  obtained with t h e  

oxide ca lc ined at 900°C. I f  t h e  da ta  f o r  9 0 0 ° C m  ignored, a  l i n e a r  r e l a t ionsh ip  

between dens i ty  and ca lc in ing  temperature can be approximated (Figure 1 - s o l i d  

l i n e ) .  I f  t h e  9 0 0 ~ ~  da ta  a r e  included, a very i r r e g u l a r  r e l a t ionsh ip  r e s u l t s  (Figure 

1 - dashed l i n e ) .  

An attempt w a s  made t o  c o r r e l a t e  t h e  hot press ing  c h a r a c t e r i s t i c s  of Nd 0 
2 3 

and Sm203 ca lc ined a t  various temperatures with oxide surface  a r e a  and p a r t i c l e  

s i z e .  This attempt, which w a s  only p a r t i a l l y  successful ,  i s  summarized i n  

Sect ion  D of t h e  Appendix. 

The e f f e c t  of press ing  time" on the  hot press  dens i ty  i s  shown i n  Figure 2. 

From t h e  data ,  it can be seen t h a t  only a s l i ~ h t  increase i n  dens i ty  r e s u l t s  from 

press ing times i n  excess of  f i v e  minutes. This can be observed v i s u a l l y  during 

t h e  press ing  operat ion by t h e  f a c t  t h a t  ram t r a v e l  i s  negl ig ib le  a f t e r  t h e  f i r s t  

4-5 minutes of pressing.  For those pressings i n  which time w a s  not a  va r i ab le ,  

t e n  minutes was taken as t h e  standard press ing  period. 

The e f f e c t s  of temperature and pressure on the  densi ty of Sm 0 and Nd203 
2 3 

a r e  summarized i n  Figures 3-6. The r e s u l t s  a r e  not unexpected and show t h a t  the  higher 

t h e  temperature and pressure ,  t h e  higher t h e  dens i ty  of t h e  pressed oxide. In 

each of  t h e  f igures  t h e  pronounced e f f e c t  of oxala te  ca lc ina t ion  temperature on 

dens i ty  is  r e a d i l y  apparent. 

Since hot press ing  is  c a r r i e d  out  under condit ions where p l a s t i c  deformation 

of t h e  oxide i s  poss ib le ,  one would not expect a  va r i a t ion  i n  oxide dens i ty  a s  t h e  

L/D of  t h e  cyl inder  i s  varied.  This was borne out by t h e  r e s u l t s  a s  summarized i n  

t h e  following t a b l e .  

*Pressing time is here in  defined a s  t h e  time during which t h e  oxide i s  maintained 
at temperature and pressure.  
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Table I1 

The Effect  of LID on Hot Prns Density of Sm,03 
L 

Calcining Pressure Temperature 
Oxide ~emp. 'C PSI O C  - LID 

It was a l s o  found t h a t  t h e  densi ty was uniform throughout a cyl inder  with a high LID. 

This was  determined by sect ioning a cyl inder  ( 4  sec t ions )  with an LID of 4 and 

measuring t h e  densi ty of each sect ion.  Typical hot pressed cylinders of Sm203 

a re  shown i n  Figure 7. 

The maximum dens i t i e s  obtainable with e x i s t i n g  equipment were determined 

and t h e  r e s u l t s  were as follows: 

Table I11 

Maximum Densit ies  Obtained with Available Hot Presses 

Density . 
Calcining Pressure Temperature Time % of 

Oxide Temp. OC - TSI O c Minutes / a 3  Theor. - 
sm203 800 3.18 1700 30 7-47 96.5 

Nd203 900 3.18 1700 30 7.08 96.8 

With s t ronger  d ies  it should be possible t o  exceed t h e  3.18 TSI pressure l i m i t  

of t h e  e x i s t i n g  equipment and thus  obtain dens i t i e s  g rea te r  than 97% of t h e o r e t i c a l .  

S t r u c t u r a l  S t a b i l i t y  and Dimensional Control 

Samarium seequioxide shapes which have been pressed a t  temperaturesof 1 3 0 0 ~ ~  

and above and pressures greater than 1.2 TSI bave excel lent  s t r u c t u r a l  i n t e g r i t y .  

P e l l e t s  pressed a t  lower temperatures and pressures of ten  crack upon removal 

from the  mold. The oxide shapes produced at high temperatures and pressures 

have good compressive s t rength ,  uniform t e x t u r e  and appearance, very few v i s i b l e  

flaws, and a r e  very s t a b l e  t o  moisture pickup. 





Neodymium sesquioxide behaves q u i t e  s i m i l a r l y  t o  Sm 0 except f o r  i t s  poor 
2 3 

r e s i s t a n c e  t o  moisture pickup. Hot pressed  p e l l e t s  of Nd,O which have good 
2 3 

s t r u c t u r a l  i n t e g r i t y  w i l l ,  when exposed t o  t h e  atmosphere, f a l l  apa r t  q u i t e  

r a p i d l y  due t o  moisture pickup. A p e l l e t  p ressed  at 1700°C w i l l  beain t o  crack 

a f t e r  one-two days exposure and w i l l  be  a p i l e  of  powder a f t e r  th ree- four  

days ( s e e  Figure 8) .  A s  a po in t  o f  comparison, a samarium sesquioxide p e l l e t  , 

p ressed  at 1700°c i s  s t a b l e  f o r  many months before  cracks develop. 

A t  t h e  p re s s ing  temperatures  t h a t  were used (1300-1700'~) some r eac t ion  occurs  

between t h e  oxide and t h e  g raph i t e  d i e .  This r e s u l t s  i n  t h e  formation of a very 

t h i n  ca rb ide  f i l m  on t h e  su r f ace  of t h e  oxide body. In add i t i on ,  t h e r e  is always 

some f r e e  g raph i t e  contamination on t h e  su r f ace  of t h e  oxide. Both t h e  f r e e  

g raph i t e  and t h e  carb ide  can be removed by hea t ing  t h e  oxide i n  a i r  at 600-800'~ 

f o r  a  few hours.  

Hot p re s s ing  is  a v e r s a t i l e  process  which can be  used t o  produce a v a r i e t y  

o f  shapes. This  work w a s  l i m i t e d  t o  r i g h t  c i r c u l a r  cy l inde r s ,  but  many o t h e r  shapes 

could have.been.produced with t h e  proper  d i e s .  Dimensional c o n t r o l  i s  exce l l en t  

and i f  t h e  thermal  expansion c o e f f i c i e n t  o f  t h e  m a t e r i a l  t o  be pressed  is  known, 

t h e  diameter of t h e  pressed  cy l inde r  can be con t ro l l ed  wi th in  0.001 inch.  Even 

i f  t h e  thermal  expansion c o e f f i c i e n t  i s  not  known, t h e  d i e  s i z e  t o  g ive  a s p e c i f i c  

cy l inde r  is  e a s i l y  determined by t r i a l  and e r r o r .  I n  us ing  g raph i t e  d i e s  some 

wear of t h e  d i e  occurs ,  and i f  c lo se  dimensional t o l e r ances  a r e  requi red  t h e  d i e  

has  t o  be  rep laced  q u i t e  f r equen t ly .  For t h i s  work, where close dimensional cont ro l  

w a s  no t  a  p r e r e q u i s i t e ,  a s  many as t h i r t y  press ings  were made from a s i n g l e  

g r a p h i t e  d i e .  

HOT PRESSING PROMETHIUM SESQUIOXIDE 

To check t h e  v a l i d i t y  o f  t h e  assumption t h a t  t h e  r e s u l t s  obtained with S m  0 
2 3 

and Nd 0 were ~ p p l i c a b l e  t o  Rn20g, s e v e r a l  p ress ings  were made with a c t u a l  
2 3 

promethium sesquioxide.  A t  t h e  t ime of  p re s s ing  t h e  oxide contained approximately 

6% Sm203 due t o  r ad ioac t ive  decay. The Pm 0 was prepared by p r e c i p i t a t i n g  t h e  
2 3 

o x a l a t e  and then  c a l c i n i n g  at t h r e e  d i f f e r e n t  temperatures  (800-950-1100~~)  t o  
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FIGURE 8 - Breakup of Hot Pressed Nd20j P e l l e t s  Upon Exposure t o  t h e  Atmosphere 



convert t h e  oxala te  t o  t h e  oxide. Two pe l l e t s .were  pressed from each batch and 

t h e  averaged r e s u l t s  a r e  shown i n  Figure 9. The t h e o r e t i c a l  dens i ty  of  t h e  

Pm 0 6% S m  0 mixture was. taken as t h e  weighted average of t h e  individual  values 
2 3- 2 3 3 (0.94 x 7.43 + 0.06 x-7.74 - 7.45 g/cm ) .  

F r o m  t h e  resul t s ;  it- can be seen t h a t .  the-  press ing  c h a r a c t e r i s t i c s  of Pm 0 
2 3 

a r e  s l i g h t l y .  improved- over those  of  Sm 0 and. fld 0 ( a s  f a r  a8 densi ty  is concerned). 
2 3 2 3 

The v a r i a t i o n  i n  Pm 0 dens i ty  with ca lc in ing  temperature is less and t h e  dens i ty  
2 3 

is h i g h e r . a t  t h e  h igher  oxalate. ca lc in ing  temperature than is  t h e  case with Sm 0 
2 3 

and Nd203. Pm 0 shows a m a x i m u m  densi ty  fbr a ca lc in ing temperature of  9 5 0 ' ~  
2 3 

and lower d e n s i t i e s  with 80O0C and l l O O ° C  oxide-. This is  s i m i l a r  t o  t h e  d a t a  

f o r  Nd 0 which shows a maximum densi ty.  with- 9 0 0 ' ~  oxide. It appears, t h e r e f o r e ,  
2 3 

t h a t  t h e  press ing  r e s u l t s  obtsined with Sm20g and Nd 0 a r e  genera l ly  appl icable  
2 3 

t o  m203. 

The only maJor d i f ferenceencountered  i n  pressing h 2 0 3  was t h a t  it appeared 

t o  be more s e n s i t i v e  t o  thermal shock than e i t h e r  Sm203 o r  Nd20g. This means t h a t  

the  press  must be cooled a t . 8  slower rate t o  prevent t h e  Pm 0 p e l l e t s  from 
2 3 

cracking. A s  a point  of comparison, approximately 30 minutes were required t o  

cool t h e  press  with Sm 0 whereas twice t h i s  time w a s  taken t o  cool t h e  press w i t h  
2 3' 

Pm203' 

PROCESS EVALUATION 

I n  evaluat ing  hot press ing  as a process. f o r  f a b r i c a t i n g  promethium sesqui- 

oxide i n t o  use fu l  shapes, t h e  evaluat ion was based on t h e  requirements s e t  f o r t h  

i n  an ear l ie r . sec t1on:  .While most o f ' t h e  process var iables  have been s tudied  i n  

d e t a i l ,  some of  t h e  evaiuation-s which fo l low a r e  based on q u a l i t a t i v e  impressions 

gained dur ing- the  course of t h e  work and i n  some cases have not  been v e r i f i e d  by 

experimental work. 
'3' 

Density. Promethium sesqui-oxide- can be- hot  pressed t o  d e n s i t i e s  i n  

excess of 95% of t h e o r e t i c a l  q u i t e  readi ly .  Based.on t h e  r e s u l t s  obtained 

with Sm 0 t h e  dens i ty  of l a rge  shapes is  very uniform and one would 
2 3' 

expect Pm 0 shapes t o  show t h e  same uniformity of densi ty.  
2 3 
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FIGURE 9 - Variat ion i n  Pm 0 Density with Oxalate Calcinat ion Temperature 
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. Dimensional Control. The hot  press ing process gives excellent  dimensional 

control ,  and shape diameters can be maintained within 0.001 inch qu i t e  

eas i ly .  Once t h e  pressing c h a r a c t e r i s t i c s  of the-oxide have been deter- 

mined, body l e n e h s  can be control led  within 0.5%. When graphi te  d ies  

a r e  used, however, c lose  dimeneional control  requires  t h a t  t h e  d ies  be 

replaced a f t e r  5-6 pressings . 
. Physical  Strength. Hot pressed r a r e  e a r t h  oxide p e l l e t s  have excel lent  

physical  s t r eng th  and can be handled very read i ly  without f e a r  of physical  

damage. Nd 0 p e l l e t s ,  however, are extremely s e n s i t i v e  t o  moisture 
2 3 

pickup and subsequent l o s s  of physical  s trength.  Neither Pm203norSm203 

p e l l e t s  exh ib i t  such a tendency and can be l e f t  i n  t h e  open f o r  many days 

without any apparent harm. h 2 0 3  p e l l e t s  appear t o  be more s e n s i t i v e  t o  

thermal shock than Sm 0 o r  Nd203 and must be heated and cooled more slowly 
2 3 

t o  prevent cracking. 

. Physical  Operation. With a proper ly  designed press ,  hot pressing can be 

c a r r i e d  out qu i t e  e a s i l y  i n  e i t h e r  a gloved box o r  remote f a c i l i t y .  Some 

physicdl handling of oxide is required,  s o  t h a t  operator r ad ia t ion  

exposure can become a problem i n  a gloved box-operation i f  a l a r g e  number 

of shapes a r e  t o  be fabricated.  Operation i n  a remotely operated f a c i l i t y  

would appear t o  be morelpract ical  f o r  my semi-production operation. 

. Physical  Containment. Although t h e  hot pressing of h 2 0 3  requires the  

handling of dry oxide powder, t h e  physi-cal containment of t h e  oxide 

within t h e  press ing equipment o r  s t ~ r a g e  f a c i l i t i e s  does not appear t o  be 

a problem (assaming reasonably ca re fu l  "housekeeping1'), and hot pressing 

can be ca r r i ed  out i n  a gloved box without excessive cleanup o r  buildup 

i n  t h e  background rad ia t ion  l e v e l .  

Based upon t h e  above considera t iom,hot  pressing appears t o  be a 

p r a c t i c a l  method of f abr ica t ing  Pm203 i n t o  useable shapes. A l imi ted  number of 

shapes could be  fabr ica ted  i n  a gloved box, but a semi-production operat ion should 

be handled i n  a remotely operated f a c i l i t y .  

1. H. T. Fullam and L. J. Kirby, Cold press in^ and S i n t e r i n ~  of Rare Earth Oxides, 
BNWL-386, Apr i l  1967. 

2. H. T. Full&, S l i p  Casting of Rare Earth Oxides, BNWL-437, June 1967. 
3. T. E. Quimby, E. E. P ierce  and R. E. McHenry, Hot Presses f o r  Glove Box and 

Manipulator Cells, Undocumented, Isotopes Development Center, Oak Ridge 
National Laboratory, Oak Ridge, Tennessee. 



A. Equipment 

A s  s t a t e d  previous ly ,  two hot  p re s ses  were used dur ing  t h e  course o f  t h i s  

work, each be ing  designed f o r  a s p e c i f i c  app l i ca t ion .  The miniature hot  

p re s s  as developed a t  O a k  ~ i d g e ' ~ )  was intended f o r  gloved box operat ion.  

The induct ion  hea ted  u n i t  w a s  designed f o r  f a b r i c a t i o n  of  r e l a t i v e l y  l a r g e  

shapes and w a s  no t  intended f o r  use with r ad ioac t ive  ma te r i a l s .  

A . l .  Miniature Hot P re s s  

The minia ture  hot  p re s s  i s  shown i n  Figures  10 and 11. The p re s s  u t i l i z e d  

a s p i r a l l e d  g raph i t e  hea t ing  element which was powered by a high amperage- 

v a r i a b l e  output  DC welder. TZM mul t i l aye r  hea t  s h i e l d s  were placed around 

t h e  hea t ing  element. The single-ended g raph i t e  d i e  w a s  l oca t ed  i n s i d e  t h e  

hea t ing  element and supported by a g raph i t e  block. In  opera t ion , the  tempera- 

t u r e  of t h e  d i e  was measured with an o p t i c a l  pyrometer by sight in^ through 

a s l o t  i n  t h e  hea t ing  element. 

The p r e s s  was normally opera ted  under vacuum (1150 microns) ,  t h e  absolu te  

p re s su re  be ing  measured with a McLeod gage. Pressure  w a s  appl ied  t o  t h e  

plunger  o f  t h e  d i e  through a p i s t o n  and double bellows arrangement. The 

p i s t o n  was ac tua ted  by a hand operated hydraul ic  jack with a maximum pres su re  

c a p a b i l i t y  of 5000 PSI. 

Typical  hea t ing  and cool ing  curves f o r  t h e  press a r e  shown in  Figure 12. 

Normally it requi red  about twelve minutes f o r  t h e  p re s s  t o  reach t h e  des i r ed  

ope ra t ing  temperature.  Af t e r  t h e  power w a s  t u rned  o f f ,  it usua l ly  requi red  a 

cool ing  per iod  of about 20 minutes before  t h e  p re s s  could be disassembled. 

Figure 1 3  shows t h e  d i e  temperature a s  a f'unction of power input .  With t h e  

welder a v a i l a b l e ,  d i e  temperature w a s  l i m i t e d  t o  a maximum of about 1700°C. 

Temperature d i s t r i b u t i o n  i n  t h e  ho t  zone w a s  no t  at a l l  uniform,and it w a s  neces- 

s a ry ,  t h e r e f o r e ,  t o  arrange t h e  p lug  and p i s t o n  wi th in  t h e  g raph i t e  d i e  s o  

t h a t  t h e  oxide was pos i t ioned  i n  t h e  d i e  a t  t h e  exact  l e v e l  viewed by t h e  

o p t i c a l  pyromet e r  . 



FIGURE 10 - Miniature Hot Press and Accessory Equipment 
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A . 2 .  Induct ion Heated Press  

The induct ion  hea ted  hot  p re s s  i s  ind ica t ed  schematical ly  i n  Figure 1 4 .  

It cons i s t ed  of  a g raph i t e  d i e ,  which served a s  t h e  susceptor ,  l oca t ed  i n  

a qua r t z  t u b e  and i n s u l a t e d  with lampblack. A s i g h t  por t  focused on t h e  

d i e  ( a t  t h e  same l e v e l  as t h e  oxide t o  b e  pressed)  and t h e  temperature 

was read  wi th  an o p t i c a l  pyrometer. The d i e  w a s  p ro t ec t ed  from 

atmospheric oxida t ion  by a CO-CO -N atmosphere formed by t h e  r eac t ion  
2 2 

of  t h e  lampblack wi th  oxygen. Pressure  w a s  suppl ied  t o  t h e  plunger by a 

hydrau l i c  ram with a maximum pressure  c a p a b i l i t y  of  5000 PSI. The maximum 

d i e  temperature obta inable  w a s  about 1 7 0 0 ~ ~  wi th  t h e  power supply ava i l ab l e .  

Cylinders up t o  two inches i n  diameter and fou r  inches long could be pressed  

i n  t h e  u n i t .  

B. Mater ia l s  

I n  t h e  product ion process  c u r r e n t l y  used f o r  promet~ium sesquioxide , the  

promethium i s  p r e c i p i t a t e d  from a d i l u t e  n i t r i c  ac id  s o l u t i o n  a s  t h e  oxa la t e  

by t h e  add i t i on  of  o x a l i c  ac id .  The oxa la t e  is f i  1-tered, washed, d r i e d  and 

then  ca l c ined  t o  convert t h e  oxa la t e  t o  t h e  sesquioxide.  Previous work on 

co ld  p re s s ing  and s in te r ing")  has shown t h a t  oxide from d i f f e r e n t  p r e c i p i t a -  

t i o n  ba tches  which have been ca l c ined  under t h e  same condit ions can have 

d i f f e r e n t  p re s s ing  and s i n t e r i n g  c h a r a c t e r i s t i c s .  Therefore,  t h e  samarium 

sesquioxide used i n  t h i s  work w a s  prepared by p r e c i p i t a t i n g  s e v e r a l  oxa la t e  

ba tches  and blending t h e s e  t o g e t h e r  t o  g ive  a uniform oxa la t e  feed ma te r i a l .  

Por t ions  of  t h i s  feed  were then  ca l c ined  at various temperatures t o  g ive  t h e  

oxide r equ i r ed  f o r  t e s t i n g .  A l l  o f  t h e  work wi th  Sm 0 was performed wi th  
2 3 

oxide prepared from t h e  one uniform blend of oxa la t e .  The Nd203 used was 

prepared i n  a similar fashion.  Because of  s i z e  l i m i t a t i o n  with t h e  p r e c i p i t a -  

t i o n  equipment, t h e  prolaethium w a s  processed i n  approximately s i x t y  -gram 

batches and each ba tch  w a s  c a l c ined  ind iv idua l ly .  No attempt was made t o  

b lend  t h e  promethium oxalate batches prlor t o  ca l c ina t ion .  

Reasons f o r  t h e  p o s s i b l e  d i f fe rences  i n  p re s s ing  c h a r a c t e r i s t i c s  of d i f f e r e n t  

ba tches  of oxa la t e ,  which were ca l c ined  under " iden t i ca l "  condi t ions ,  were 

never  def ined,but  t h e y  probably r e l a t e  t o  t h e  presence of  t r a c e  impur i t i e s  i n  

t h e  oxide. 
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FIGURE 1 4  - Induct ion Heated Hot Press 



C. Hot Pressing Procedure 

To reduce as f a r  a s  poss ib le ,  va r i a t ions  i n  hot  press  densi ty due t o  

va r i a t ions  i n  procedure, a uniform pressing method was developed. Several 

procedures were t r i e d ,  but t h e  one t h a t  was found t o  be the  most e f f e c t i v e  

w a s  a s  follows ( f o r  miniature press  opera t ion) .  

The oxide t o  be  pressed was weighed and then loaded i n t o  t h e  graphi te  

d ie  i n  severa l  increments. The oxide was p a r t i a l l y  compacted i n  a 

hydraulic  press  a t  100-200 PSI a f t e r  each increment was added. This 

increased the  oxide dens i ty  from i ts  normal bulk densi ty of about 

one g/cm3 t o  about t h r e e  g/cm3, and g r e a t l y  reduced t h e  mount of ram 

t r a v e l  required i n  t h e  press.  

The d i e  was then placed i n  the  press  and t h e  press assembled. 

The vacuum pump was turned on and t h e  press evacuated t o  a pressure of 

f i f t y  microns. This normally required about 15  minutes pumping time. 

Power t o  the  press  was then turned on and t h e  temperature of  t h e  d i e  

r a i sed  t o  t h e  required press ing  temperature. This normally required about 

t e n  minutes with the  miniature press.  The only temperature cont ro l  

avai lable  was through manual adjustment of t h e  power output of t h e  

welder. It was found, however, t h a t  the  temperature could be con t ro l l ed  

within + 10°C ( a s  read by the  o p t i c a l  pyrometer) by t h i s  means. 

When t h e  d i e  reached t h e  des i red  temperature, pressure was applied t o  t h e  

p i s ton  and maintained a t  t h e  des i red  l e v e l  by hand operat ion of t h e  

hydraulic  jack. 

The press  was maintained a t  temperature and pressure f o r  t e n  minutes. 

The welder w a s  then turned o f f  and t h e  press allowed t o  cool t o  room 

temperature while t h e  d ie  was maintained under pressure. (For those  

s tud ies  i n  which press ing  t i m e  was a va r i ab le  t h e  press was maintained 

a t  temperature and pressure f o r  whatever time was required.)  

When the  press  was cold, t h e  pressure t o  the  d ie  was released and t h e  

vacuum broken. The press  was then disassembled and t h e  d i e  removed. 

The pressed oxide p e l l e t  was removed from t h e  d ie ,  weighed, and i t s  

physical  dimensions determined. 



9. The p e l l e t  w a s  heated i n  a muffle fnrnace a t  6 0 0 - 8 0 0 ~ ~  f o r  a s h o r t  t ime 

t o  burn o f f  t h e  t h i n  carbide and graphi te  l aye r .  

10. The p e l l e t  was then reweighed and i t s  dimension8 measured again. 

11. The dens i ty  of  t h e  p e l l e t  w a s  ca lcula ted  from i ts  weight and physica l  

dimensions. The weight change due t o  graphi te  and carbide removal 

normally amounted t o  l e s s  than 0.05% and had l i t t l e  e f f e c t  on t h e  

dens i ty  value. 

When press ing  neodymium and samarium-sesquioxides, t h e  e n t i r e  process a s  

ou t l ined  above had a time cycle of approximately 70-80 minutes. When 

press ing  promethium sesquioxide i n  a gloved box, t h e  time required f o r  

a complete cycle was about four  hours. Most of t h e  add i t iona l  t ime w a s  

required i n  t h e  handling of t h e  oxide outs ide  of t h e  hot press  (weighing, 

precompacting, e t c .  ) r a t h e r  than i n  t h e  press ing  operat ion i t s e l f .  

A procedure s i m i l a r  t o  t h a t  ou t l ined  above was used with t h e  induction 

heated p r e s s - e x c e p t . t h e  time cycle  wsslnuch longer (7-8 hours)  due t o  

t h e  slower heat ing  and cooling r a t e s .  

D. Influence of Calcining Temperature on Wide Surface Area and P a r t i c l e  S ize  

A s  discussed i n  Section 5, t h e  press ing  c h a r a c t e r i s t i c e  of  r a r e  e a r t h  oxides 

a r e  htghly dependent-on t h e  temperature a t  which t h e  oxide is  calcined p r i o r  

t o  t h e  press ing  operation. It - w a s  f e l t  t h a t  t h i s  vas due t o  v a r i a t i o n s  i n  

surface  a r e a  and p a r t i c l e  s i z e  f o r  oxides calcined at d i f f e r e n t  temperatures. 

The su r face  areas  of Sm 0 and Nd 0 were measured using t h e  s tandard  BET 
2 3 2 3 

method. The r e s u l t s  a r e  shown i n  Figure 15. It  can be seen t h a t  t h e  cubic 

forms of  Sm 0 and Nd203 have much g r e a t e r  surface  areas  than t h e  monoclinic 
2 3 

Sm 0 and hexagonal Nd203. The va r i a t ions  i n  surface  a r e a  of t h e  high 
2 3 

temperature forms of  t h e  oxides with ca lc in ing temperature were not  l a rge ,  

and above ~ O O O ~ C ,  t h e  areas  remained e s s e n t i a l l y  constant.  Based on these  

r e s u l t s ,  it does not  appear t h a t  surface  a rea  alone could account f o r  t h e  

v a r i a t i o n s  i n  oxide press ing  c h a r a c t e r i s t i c s  with ca lc in ina  temperature. 
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An attempt was made t o  screen t h e  various batches of  Sm 0 t o  obtain some 
2 3 

i d e a  o f  p a r t i c l e  s i z e  and s i z e  d i s t r i b u t i o n .  It was found, however, t h a t  

f o r  a l l  t h e  oxide calcined a t  1 1 0 0 ~ ~  o r  l e s s  a l l  of t h e  ma te r i a l  passed 

through t h e  325 mesh screen,  which was t h e  f i n e s t  screen avai lable .  Oxide 

ca lc ined a t  1200°C and above was screened and t h e  r e s u l t s  a r e  shown i n  

t h e  following t a b l e .  

Calcining Weight % of Oxide Passing through Screen 
~ t m p . ,  O C  -325 -250 -200 -150 -100 -60 

Since t h e  f i n e l y  divided oxides could not be adequately s i z e d  by screening,  

a sedimentation technique w a s  used t o  obta in  a comparative measure o f  t h e  

p a r t i c l e  s i z e  f o r  d i f f e r e n t  batches of oxide. Some o f  t h e  s e t t l i n g  curves 

a r e  shown i n  Figure 16. The r e s u l t s  ind ica te ,  as one would expect ,  t h a t  

t h e  higher t h e  ca lc in ing temperature t h e  more rapid  t h e  s e t t l i n g  r a t e .  

Although 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  f o r  each batch of oxide was not 

obtained from t h e  s e t t l i n g  curves, t h e  da ta  ind ica te  t h a t  t h e  l a r g e r  t h e  

p a r t i c l e  s i z e  t h e  poorer t h e  press ing  c h a r a c t e r i s t i c s  of t h e  oxide. 
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Settling Time - Minutes 

FIGURE 16 - Settling Curves for Sm20g Calcined at Various Temperatures 
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