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14s parat $41 the p; ome",hium development program at, the  Psae1.f9: Nor"t.west 

Laboratory (Batzerle-Northwest) various methods of  compacting prome~hl1m 

sesqnisxade i n t o  u s e f u l  shapes of high dens i ty  have been eva lua ted ,  Fabra@&- 

tlon t e c h n ~ q u e s  scouted  include:  co ld  p re s s ing  and sin%erinJL! hot  p re s s ing ,  42 :  

s , ~ p  east;nng, fksfon c a s t i n g ,  and pneumatic ~mpactihsn, This  report s9pnma~izes 

a very b r i e f  s tudy on t h e  use of slip cas t ing  as a csmpactfsn methodo 

Since t h e  avai iabikuty  of promethium sesquioxide was ~ i m i t e d  and because 

l a r g e  mounts  sf oxide were r equ i r ed  i n  t h e  s l i p  c a s t i n g  s t u d i e s ,  t h e  

sesquisx ides  sf s m a r i m  and neodgpmi3m were used as s t m d f n s  for Pm 0 i n  
!sab 2 3 

t h i s  work, The resllvlts of o t h e r  csmpaetisn s t ~ d i e s ' ~ k h v e  ehawn that d a t a  

obta ined  with Sm 0 and Nd 0 a r e  gene ra l ly  %ppincetbPe t o  Pm203. It is felt, 
2 3 2 3 

t h e r e f a r e ,  tha t  Sne s k i p  c a s t i n g  r e s u l t s  ob ta ined  w i t h  s t a d i n s  a r e  a p p i ~ e a b l e  

t o  prsmechim sesquisx ide  

Time avaf kable f o r  t h i s  work was l i m i t e d  and 1% was lmposssble to study 

a l l  t h e  aa raab le s  involved i n  s l i p  c a s t i n g  t h e  r a r e  e%Yth oxides ,  The work 

was c a r r i e d  only t o  the point  where m eva lua t ion  of  i ts  p o t e n t i a l  could be 

made, For t h i s  reason m a y  of t h e  observa t ions  and conclusions sta%ed are 

q u a i i t  at fwe nn n a t w e  rather than  quantl t a t i v e ,  

SUMMARY --- 
The sesqunoxides of samarium and neodymium can be  s l i p  east { s o l i d  

casLing1 i n  p l a s t e r  molds very ~ e a d n t y ~  S l i p  p repa ra t ion  i s  simple and under 

optvwurn c o n d a ~ i o n s  t h e  cast. shape 1s e a s i l y  removed from t h e  mckdC Green 

c a s t  shapes having densa t f e s  g r e a t e r  t h m  5 gm/ee were prepared us ing  Sm 0 
2 3" 

The only maJor problem encomzered w a s  t h e  tendeney sf t h e  cas t  shape to cracK 

on f i r i n g ,  Green shapes of low i n i t i a l  density always cmsked or spaaled badly 

Y 
H ,  I", PuZtwn and L o  J ,  K i ~ h y ,  Cold P~essimg and Sin&srinq of Rape EezreFm 
Oxides, BNWL-386, Ma3, 1987. 
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The fxnal  f i r e d  shape should have good physica l  s t r e n g t h -  

Dlrnenslonal cont ro l  of t h e  shape should be good so  t h a t  source 

encapsulat ion is  s impl i f i  edc  

>I addition the re  a r e  c e r t a i n  opera t ional  requirements which t h e  process should 

f u l f i l l .  

Physical operat ions of t h e  process should be simple so  they can be easxly 

c a r r i e d  out i n  a remotely operated f a c i l i t y  (such as a hot c e l l )  o r  a 

shie lded glove box, 

I f  the  work 4s done i n  a sh ie lded glove box, t h e  operat ions should be such 

t h a t  handling requirements a r e  small and opeyator exposure redueed t o  a. 

mrn imm 

Physical  containment of t h e  oxide within t h e  box should be good so  t h a t  

background radnation l e v e l s  i n  %he glove box a r e  l o w  and box elemup t imes 

reduced t o  a minimumo 

Over-all evaluat ion of  t h e  s l i p  cas t ing  process a s  a means of eompaetnmg 

promethrum sesquioxide i n t o  usef$lY shapes w i l l  be based on a l l  sf t h e  above 

reyu? rements 

SLIP CASTING PROCESS --"-- 
S l i p  cas t ing  of rare e a r t h  oxides e m  be c a r r i e d  out  using standard 

:ei-am3; techniques (in t h i s  work, s l i p  cas t ing  r e f e r s  t o  s o l i d  cas t ing  a s  

p!) ,-:pd t c ~  d r a in  , a s t l n g ) ,  The process breaks down i n t o  th ree  bas ic  operatrons:  

PI epu* a taon  of t h e  aqueous s l i p ,  

Casting of the  sPlp i n  a p l a s t e r  moldo 

P l r ing  of t h e  eas t  shape, 

Each of t h e  t h r e e  s t eps  as they apply t o  t h e  s l i p  cas t ing  of samarium 

and neodymium sesquioxides a r e  discussed b r i e f l y  i n  t h e  f'oPlowing sec t ions ,  



SlfF Pr epara t  f on 

Aqueous s l i p s  of r a r e  e a r t h  oxndes a r e  prepared by combining a weighed 

mount of  oxide wnth a d e i l o c e d a t . h g  agent,  adding a YtPlov'n volume of" water ,  

and mixing the r e s u l t i n g  s l u r r y  mclk  a f l u i d  s l i p  i s  obtained,  The deiloccu- 

Pat ing  agent used i n  t h i s  work was Daxad 23, supplied by DF, R o  S o  RosenfePs 

of Isoehem, In@,  MilPlng o r  t h e  sirp 1 s  c w ~ i e d  out i n  a porcelain b a l l  m i l l  

using aPmina  b a l l s ,  Normally aesut  one hour 's  mi l l ing  produces a s k i p  of  

m i n i m a n  viscosity , 

Casting OperatLon 

After the s l i p  1s mil led ,  it i s  removed from t h e  b a l l  m i l l  and poured i n t o  

a plas ter -of-par is  moPd, A s  w&er i s  adsorbed by %he mold, addftf  onal  s l i p  

is added until t he  mold i s  f i l l e d o  Once t h e  mold ns f i l l e d ,  it is allowed t o  

set m%f8 %he adsorption of waxer i s  complete and the cas t  shape is  ffm, 

The e a s t  shape is then removed from t h e  mold m d  ~ t s  phys ica l  dimensions and 

w e ~ g h t  determined, It nomal ly  t akes  38-60 minutes for  t h e  e a s t  t o  s e t  up 

t o  t h e  point  where nt can be removed from the mold. A l l  of t h e  shapes e a s t  

%E t h i s  work were rxght eircular eyl lnders  

F i r ing  

Tine green c a s t  shape when removed from t h e  mold n o m a l l y  eontains about 

18% water, Most of t h i s  water 1s removed by drying t he  c a s t  i n  a flowing stream 

of RIP a t  ambient temperature. The a i r -d r i ed  shape ( e o n t a ~ n i n g  0.7 - 1.0% ~ ~ 0 )  

1 s  then heated to aapprsxnrnately 8oae and he,d for  one hour, The t e m p e ~ a t u r e  i s  

knen slowly ~ n s ~ e a s e d  t o  the  krnal f l r l n g  t e m p e r a t ~ r e ~  A t y p i c a l  f i r i n g  curve 

for  Sm 0 i s  shown In Plgure I-B, Also ~ n c l u d e d  is  t h e  drying curve f o r  t h e  
2 3 

c a s t  shape ( I-A) , 

CHARACTER%ZATjiON OF M E  EBRTH OXIDE SLIPS 

Smarlaun m d  neodymium srnps :m be prepared very readilyo The f l u i d i t y  

of' t h e  s l l p  dk;erld3 on 17%~ water content  and mi i l rng  t ime,  A def"%o@eulating 

agent is required t o  reduce slip viscosity to a useable l e v e l ,  

Rheologlcal P roper t i e s  

Prom an opera t ional  viewpoint, t h e  viscosi%y of the  s l i p  i s  the  most 

important variable to be considered, I n  Chis w o r ~  s l a p  v i s c o s i t i e s  were 

measure& with a Brookfield Model RVT viseonmeter, It was d l f f n e u l t  t o  ge t  an 
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accurate measure of s l i p  v ~ s c o s i t y ,  however, due t o  oxide s e t t l i n g ,  and t h e  

v i s c o s i t y  da ta  given have an aeeuraey s f  no b e t t e r  than f 20%. Samarium and 

neodymium oxide s l i p s  appear t o  be non-Newtonian f l u i d s  sf t h e  d i l a t a n t  c l a s s  

and t h e i r  apparent v i scos i ty  increases  with ~ n e r e a s f n g  shear  r a t e o  A 1 1  v i s e o s f t y  

da ta  here in  repor ted  were obtained using fa number 2 spindle  and a  s ~ e e d  sf 

20 RPM, 

With smariwn a d  neodymium sesquioxide s l i p s  a  de f l sccu la t fng  agent i s  

requi red  %s reduce s l i p  v i s z a s i t y  &s a useful  level, When a defloeeulatLng 

agent such as  Dexad 23 i s  ased, a samarium sesquiswnde s l r p  containing as  Bow 

as PL,5 wi2,% water  is  s u i f i e i e n t i y  f l u i d  t o  be eas table ,  

In  preparing most of the  r a r e  e a r t h  oxsde sYlps, 0,$ w t o %  Dexad 23 was 

used, Increased mounts  of  the dei lozeula t fng agent d id  not appear to reduce 

the  v f a e s s i t y  appreciably,  It w a s  fsmd that a mallfng time of about one hour 

was suffsef  en t  t o  produee a s l i p  sf mlnrmm v i s c o s i t y ,  With a "di lu te"  s k i p  

add i t iona l  mi l l ing  time did not appear t o  change t h e  v i s c o s i t y  apprecfabEgr, 

With "concentrated" s l a p s ,  hswevel-, t h e  vlscosbty apparently increased substan- 

tial* upon prolonged mi l l ing  ;See Table 1;" 

Variat ion xm Viscosi ty with MiPYlng Time 

Vf scsslty i cps ) 
MfPSlng Time 40 w t  ,% H20 16.6 w t . %  H,O 

h r s  82,9 w t o %  Sm 0 2-3 

P a 6 82 

2 2 6 8 4 

8 2 6 f 46 

The var ia t ions  in s l i p  wisedsi ty with water content f o r  Sm 0 s l i p s  a r e  
2 3 

shown i n  Figure 2 ,  The oxide used had been calcined a t  PkOO°C! p r i o r  t o  s l i p  

prepara t ion ,  The e a l c i n a t i s n  temperature appears t o  a f f e c t  s l i p  vfscos i&y but 

nod ensugh da ta  was obtained t o  determine tne  exazt r e l a t i o n s h i p ,  Viscosi ty 
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~ e m a i n s  f e f r iy  low as t h e  wa"uer content of the s l i p  ns reduced from 40 wt ,% 

to about 20 w$,$, A t  Lower water conten%s, hewever, t h e  viscosity increases  

-very yapidly md it was not found possibke t o  pPepare a fluid s l i p  having a 

water eontent sf less than  YY wt,%, 

The d e n s i t i e s  of Sm 0 m d  Nd 0 sYlps depend pr imar i ly  on t h e  w a t e ~  
2 4 2 3 

eonten% sf %he s11ps m d  on t h e  tempera twe a t  which t h e  oxfde i s  calefned 

pr ior  %o use,  The e f f e e t  of water content i s  shown fn Figure 3 f o r  oxides 

calcin?ci at lL60°Co 'The variation i n  sk ip  dens i ty  with oxsde eaYefnation 

temperat was only p a r t  m i l y  e ~ a i u a t  ed and the  r e s u l t s  ava i l ab le  are shown 

in 'Ta~le IT, 

Variation in S l i p  Density with Oxfcle Calcinatfon Temperature 

Calcfnatron Water Canten% Sknp Density 
3xi de Temp, , '@ Wto % &E/e@ 

Ltndsay Sm203+ Unknown 22 ,3  P G 9 5  

Sm 0 
2 3 

l PO0 2 2 , 3  3,02 

S%Q 1.700 22 2 3 o 53. 

*6marierm sesqiaf oxsde as fecelved f rain Linilbay Chem1cak has a eubf c 
struetare  whereas oxade ca le incd  at 8 0 0 " ~  and above has a msnoeifnf c 
s t r&ture0  

CMTPNG C H m C F E R E S T E C G  

%n  he caszkng operat ion t h e  nmportmt e o n s f d e r a t ~ s n s  a re :  

Trmsfer of t h e  s l i p  f:om t h e  b a l l  m i l l  to the mold, 

Removal of t h e  cas t  Srom t h e  mold- 

The green density of the  @as% shape, 

f j r s t  two f a c k o ~ a  a r e  Smpsntant rn  as f a r  as they e f f e c t  t h e  r a d i a t i o n  

exposure of the persanneio  The t h i r d  1s important because of i t s  e f f e c t  on t h e  

firing charac$er is%ics  of %he cas t  shapes, 
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Cast Preparat ion 

As previously stated, a m a r  nrum and neodymi9m oxide s l f  ps eon$ainfng as  

l i t t l e  as If,? w t , %  water e m  be suc:essfu~ly  cast in plaster molds, The 

water content (and thus the viscosity] of t h e  s l i p ,  hovelise~, has a pronounced 

e f f e z t  on t h e  ease of t h e  easting operation, Hlgh viscosity s l i p s  a r e  d i f f i c u l t  

to remove f ~ o m  the mill and l a ~ g e  mounts  o f  t h e  slips are always P e e  behind, 

Low v i s - o s i t y  s lnps  a r e  e a s l i y  removed from t ne  m i l  b u t  r e q u i ~ e  longer eas t ing  

times, (The eas t fng  elme i s  he~efn def~ned as  the time r e q u ~ r e d  to r i l l  the  

mold, bak does no% fnciude the  Clrrxe ~ e q a l ~ e d  TOP the cast t o  s e t  up so t h a t  

it c a n  be removed frsm t h e  rn~ad,  The data shows Chat %he cas t ing  t ime 

varies w i t h  %he water content of the slip a s s m l n g  zcnstant mii i fng  t ime 

Table P I 1  

Effect  o f  Water Content sn Casting Time 

Milling Tnme Waxer Cant enz Castnng Time 
0x2 de HP Wr, $ i(rnfna ) 

Snn2O3 I l A b )  7 

'"2'3 1 
22 J i2 

Sm 8, 1 40 0 
2 3 

2 0 

I n  addiclon, it was %sand t h a t  the Icnges %he sastlng tnme t h e  longer &he 

se%%ang up pe r i ad  before the Pas% eonrd be ramaved from t n e  mold, However, 

a k ~ p c s  made from l o w  ~isc~sfty s ~ i p s ~ a - ~ e r  seetang up, were wueh e a s i e r  t o  

remove from t h e  moYaa then $ere those snapes prepayea from high viseosiey 

IT ",he skips  were m i l l e d  f s r  long periods of time  two h a w s )  the eas t fng  

times became exeessZve, Fay example, a 9m,6 s k n p  contaming 30% water ,  whPeh 
r 3 

had been m i l l e d  for  one hour, had a eastrng Zime of about Yg minutes t o  pr06uce 

a one aneh diameter by four  ~ n e h e s  long sy i fnde r ,  A sirnaia~ s l i p  milled for  

eight hours had a e a s t ~ n g  tlrue c ~ f  e lgh r  hours. A NdaOg s l i p  ( 2 5  5% ~ ~ 0 )  milled 

TOP 60 kanr s  had a casting t i m e  I n  sx:ess cTL 2k horns, T h e ~ e i o r e ,  the s h o ~ t e s t  

milling time w h l ~ h  gives a f Y u d  slip 1s des ired  from a cas t ing  s tandpoint ,  



Tne green r t  Pength or rare earth oxide c a s t s  1s goad and they z m  be 

handled readxly whthaut physacai damage They a r e  not  a s  s t rong ,  however, 

as cold pressed p e l l e t s ,  

Green Cast Density_ 

'The green dens i ty  of r a r e  e a r t h  oxfde c a s t s  depends primaraly on the  

dens i ty  of t h e  sk ip  (which i n  t u r n  is  dependent on t h e  water e o n t e n t ) ,  "Phis 

re la t ionsh ip  is  shown i n  Fagure 4 for  Sm20g The da ta  @Ten a r e  f o r  s l i p s  which 

weze mi l led  about one hour If t h e  s l i p s  a r e  milled for  longer periods of 

time ( a 4  hours ) ,  t he  s l i p  density as  not a f fec ted  but  t h e  gseen e a s t  densnty 

is g r e a t l y  increased a s  shown by t h e  following nwnbers(TabBe IV), 

Effect of Mil l ing Time en Green Cast Density of Sm2C13 

Water Content Mil l ing Time S l i p  Density Green Cast Density 
Cwto  % )  ( ~ r s ,  1 q / c @  gm/e@ 

22,3 2 3 c 0 2  "S 92 

The advantages s f  increas ing green dens i ty  by add i t iona l  mnllfng, however, 

a r e  o f i s e t  by t h e  long cas t ing  times required. 

The densi ty  of t h e  green east e m  a l s o  be increased by ca lc in ing t h e  

r a r e  e a r t h  oxide a t  higher temperatures p a i s r  t o  slip prepara t ion ,  The 

exset  r e l a t i s n s h f p  hwa not been esta-blished but t h e  foilowing numbers i nd ica te  

t h e  over-al l  t r end ,  
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FIGURE 4 - Green Cast Density as a Function of Slip Composition for Sm 0 
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Table V 

Ef fec t  of  Oxide Calcrnatnon Temperature on Green Cast Density 

Calc ina t ion  Water Content S l i p  Density Green Cast 
Oxide Temp,, 'C of  S l i p  - w t ,  5 m / e c  Density-gm/cc 

Smeoj 1100 22 ,3  3-02 3.92 

Sm203 
nroo 22,2 3 . 5s 4078 

FIRING CHARA*CTEHIST1 CS -- 
The obJec t ives  of t h e  f n r i n g  ope ra t ion  a r e  Lo Increase  the  phys i ca l  

s t l e n g t h  md dens i ty  of t h e  e a s t  shape, I n  add~tfon, uneven shrinkage and 

dimensional var ia t4  oms s h o d 1 3  be reduced t a  a mfnimm 

Density of F i r e d  Shapes 

For a given f i r i n g  temperature and t ime ,  t h e  dens i ty  of t h e  f i r e d  shape 1s 

related dx rec t ly  t o  t h e  green dens i ty  and, therefore?, t o  t h e  water eontev~t  of 

t h e  s l i p ,  t h e  milking t ime,  and t h e  oxide ea l c fna t fon  temperature, Plgure 5 

shows t h e  v a r i a t i o n  i n  dens i ty  of Sm 0 f i r e d  shapes with t h e  water content  of 
2 3 

t h e  s Y ~ p  (Sm O ca l a lned  at PPOO'C, mil l ed  1-2 h a w s  and f i r e d  a% 1300 or  k500"~)~ 
2 3 

It e m  be seen t h a t  a low water conxent and high s l i p  dens i ty  %re requ i r ed  t o  g ive  

a h igh  f i r e d  dens i ty ,  

When t h e  s l n p  e a s t  shapes weye f ~ r e d  at  temperatures  of 1160"~ sr l e s s ,  

no inc rease  In density was aehreved, Some s i n t e r l n g  d l d  o ~ c u r  but  t h e  de l r ease  

in shape v o i d e  w a s  o f f s e t  by t h e  Ysss sf mois ture  and t h e  f inal .  densnty ou 

t h e  Yised shape w a s  approxnmately t h e  same xs t h e  a n ~ t P a L  green dens i ty  The 

v a r i a t i o n s  i n  f l r e d  dens i ty  w l t h  f l r i n g  temperature for Sm,O shapes sf varying 
2 3  

green d e n s l t ~ e s  a r e  summarized m Figure  6. Figure 7 shows t y p i c a l  Sm203 shapes 

l n  t h e  various s t a g e s  of t h e  f i r i n g  p roces s ,  

S t r  ~ c t w a l  S t a b i l i t y  

S l ip -eas t  Sm 0 and Nd 0 shapes which had been fired &t temperatures  of 
2 3 2 3 

~ 1 0 0 " ~  a d  above had good phys i ca l  s t r e n g t h ,  how ere^, those shapes which had 

low green d e n s i t i e s  a l w w s  cracked and s p a l l e d  very badly when aip dried and 

f i r e d .  Most of t h e  c racking  occurred during t h e  a L r  r r y l n g  period o r  whew t h e  

shapes were hea ted  from m b f e n t  t o  2 0 0 ~ C ,  The most prev8Lent. t ype  of f a i l u s e  

was the  development s f  s u r f a c e  c racks  and subsequent spdYYationc 
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FIGURE 5 - Varia t ion  i n  Fired Density with S l i p  Composition f o r  Sm 0 
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FIGURE 6 - Varia t ion  i n  Fi red  Density of  Sm 0 with  F i r ing  Temperature 
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High density green shapes~ on the other hand, could be dried and fired

without cracking if the heating and cooling rates were carefully controlled In

the range of 20-500o C, Even with high density green shapes some surface

(:racks developed if the drying and heating rates were too great c Normally,

about a 6-8 hour drying period was required to prevent surface cracks from

developing,

Typical flawed Sm
2

0
3

shapes are shown in Figure 8, Shape 8-A shows surface

cracks as a result of too rapid a drying rate, 8-B shows some spallation and

a major crack due to too rapid a cooling rate; 8-c shows the effect of uneven

heating; and 8-D shows a small amount of surface blistering and spallation,

Figure 9 shows a shape that has been correctly firedo No cracking or spalling

has occurred~ and the only flaws are some small voids at the surface 0

Dlmensional Control

Dimensional control of the slip cast shape is difficult to maintain during

the firing operation, Uneven shrinkage can give badly distorted shapes, while

even under the most closely controlled conditions dimensional variat10ns of

2-3% are common, In addition, there is always some variation in shape dimenSions

due to one surface of the shape being in contact with the setter plate during

the firing processc Figure 10 shows the dimensions of a typical rare earth

oxide shape before and af'ter firing (with optimum control of the firing process) 0

The shape has a slight ta.per to facilitate its removal from the mold, In

firing, the small end was placed in contact with the setter plate to give a

more uniform diameter 0

EVALUATION OF SLIP CASTING PROCESS

In evaluating slip casting as a process for fabricating promethium

sesquioxide into useable shapes, the evaluation must be based on the require­

ments set forth in Section 3, abovec Since the experimental work was limited and

not all the variables could be studied. in detail, the over-all evaluation of

the process that follows is based on qualitative impressions gained during the

course of the work and in some cases have not been verified by experimental

worko
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FIGURE 8 - Fired Shapes of Sm
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Showing Flaws due to Incorrect Firing



FIGURE 9 - Samarium Sesquioxide Shape Cor rec t ly  F i r ed  



FIGURE 10 - Shape Dimensions Before and After Fir ing 



, r risl sy , 13y se lec t  ang t h e  proper c a s t i n g  and r n r l n g  condrtasns,  r a r e  e a r t h  

oxide saaLs  01 moderately high densities ($90-95% 01 cneoretrcalj can be 

prepared q d i t e  readrky,  To prcduce shapes of h lgher  d e n s i t i e s  will requnre 

f i s ~ n g  temperature above ~ 5 6 0 ~ ~ ~  The r a r e  e a r t h  oxlde c a s t s  show a good 

~ d ~ f o r m i t y  of dens1 t y ,  at l e a s t  for t h e  r i g h t  elrclr ; .a~ ,-yP.~x~ders t h a t  were 

prepared i n  t h i s  work, 

Phys ica l  S t r eng th ,  The unf i r ed  e a s t s  of Nd 0 and Sm 0 show good green 
2 3 2 3 

s t r e n g t h  and ean be handled q u i t e  r e a d i l y  a s  long  as reasonable e w e  i s  

taken ,  The a i r  d r i e d  e a s t s  have s t r e n g t h s  e q u ~ w a i e n t  t o  the  green c a s t s ,  

but t h e  oxide at  the s u r f a c e  has a powdery t ~ x ~ ~ r e ,  The a i r  dried shapes ,  

t h e r e f o r e ,  should be handled a s  l i t t l e  as p o s ~ f b h  t o  prevent the Poose 

powder from sloughing o f f ,  The f i r e d  easts have excel l e n t  s t r e n g t h  and 

t e x t i r e ,  They ean be handled reada ly  and will s tand  a great deai  of rnechanlcal 

shsek without damage, The above comments apply only  t o  t hose  easts which 

have been processed c o r r e c t l y ,  however, t o  prevent  cracking and s p a l l i n g ,  

F i r e d  e a s t s  which do have cracks show poor physfeak strength and l i t t l e  

r e s l a t  m c e  bo mechanical shock, 

Dimensional Control A s  In  my s l i p  easziwg prosess ,dfmensisnai  c o n t r o l  is  

very poor ,  Uneven shrinkage and warpaae can be ekiminated by enreful  f i r r n g ,  

but oven under  t h e  mast ea re fak ly  c s n t ~ o l l e d  condi t ions  t h e  reprsducibiPxty 

of t h e  process  i s  no better than $ 2-3% based on %he phys l ca i  dimensions 

sf t h e  f i r e d  shapes,  

= PhysleaY O p e ~ a t f o n ,  The phys i ca l  requirements of t h e  s h p  easclng process 

a r e  such t h a t  they  can be performed in e i t h e r  s remotely opera ted  f a c i l i t y  

o r  a gloved box, However, operation nn a remote f a c a l n t y  would r e q a i r e  

man~pula~srs with a good a l f z i n g  r apac i ty  to handle i t e m s  such as t h e  

b a l l  m l l i s ,  

Operator Exposure, If the process  were %o be  carried out i n  a glove box, a 

fa i r  mount. of' handl ing would be requf r e d e  Sfnee it would be difficult t o  

shneYd t h e  var ious  p ieces  of equipment, t h e  ope ra to r s  would reeeLXJe 

substantial q u a n t i t i e s  of  r a d i a t i o n  $0 thelr hands, 



Physfeab Containment, Most s f  the  work would be carraed out w l t k  Pm 0 i n  
2 4 

s l u r r y  fom or as a eompactefi shape, Tnere wstld be l i t t l e  handling of 

loose dry pswde~;  the re to re ,  the  physical containment sf the sxfde would be 

r e l a t i v e l y  s%mple, Kowe~er, In  k m a l i n g  t he  ~ I u r r i e s  a number of" items 

of equipment would b u i l d  up quan%iQ;ea of prcmethim whfch would r e s u l t  f n  

a high backgro5md rad ia t ion  l e v e l  in a gloved box,, 

Based on the  above f ac to r s ,  t h e  following eonclusisns have been reached with 

regazd t o  the  use of slip castnng f o r  f a b r i c a t i n g  promethium sesqufoxfde shapes, 

1- If c lose  dimensional control  1s r e q u ~ r e d ,  sinp castxng is  not a sui table  

process Tor eompaet~ng prsmethlm sesquioxide, Where dnmensional eon t ro l  

I s  not  e r f t i e a l ,  sYxp cas t ing  =&I De dsed t o  prepare PPn 0 shapes of 
2 3 

moderately high dens i ty  very readily, 

2 ,  Beealtase of (8.) t h e  physical handling recyured and (b) %he brmfidq of' 

promethum i n t h s ' p r o e e s s  equipment;- m y  pyaduction s l i p  c a s t i n g  operat ion 

would have $0 be per~orwaed i n  a remotely operated fac%Pi ty ,  POP metking a 

~irnxleed number of shapes, however, t h e  work :auld probably be done rm a 

gloved box without, excesefve operaTsr ~ X P S B I L I P P ,  
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