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SEP-180  
M e t a i l u r s y  G C e r a m i c s  

F I g d r o s t a L i c  p r e s s i n g ;  was, i n v e s t i g r t l e d  a s  a m e t h o d  [Of f a l j r i c n t . i r i g  
l o n g  p r e f n r $ s  made f r o m  u r a n i u m  p o w d e r .  A l a b o r a t o r y  s c a l e  p r e s -  
suPe v e s s e l .  w a s  c o n s t r u c t e d  t o  e v a l u a t e  t h e  f e a s i b i l i t y  o f  t h i s  
p roces s , .  V a r i o u s  m e t a l  p o w d c r s  w e r e  l o a d e d  i n t o  f l e x i h - l e  m o l d s  
a n d  s u b j e c t e d  t o  p r e s s u r e  i n  a n  e n c l o s e d  l i q u i d o  The h i g h  d e n s i t y  
o f  u r a n i u m  c a u s e d  t h e  f l e x i b l e  m o l d s  t o  d i s t o r t  d u r i n g  f i l l i n g  a n d  
a f t e r  p r e s s - i n y  t h e r e  was a, t e n d e n c y  f o r  t h e  c o m p a c t  t o  a d h e r e  t o  
t h e  m o l d ,  N e t h o d s  o f  m i n i m i z i n g  t h e s e  d i f f i c u l t i e s  a r e  s u g g e s t e a ,  

U r a n i u m  powd 'e r ,  c o ~ n p a c t e d  i n  a  p l a s t i c  m o l d  a t  2 1  t s i  h a d  a  d e n -  
s i t y  o f  1 2 , s  g / c c .  D u r i n y  t h e  c o u r s e  o f  t h e  i n v e s t i g a t i o n ,  i t  
was  fo ,und  t h a t  h y d r o s t a t i c  p r e s s i n g  o f  o t h e r  m e t a l  p o w d e r s  p r e s e n -  
t e d  a d v a n t a g e s  o v e r  c o n v e n t i o n a l  s t e e l  d i e  m e t h o d s ,  e s p e c i a l l y  i n  
t h e  a b i l i t y  t o  p r e s s  e x p e r i m e n t a l  s h a p e s  u s i n g  e c o n o m i c a l  e q u i p -  
m e n t .  R e c o m m e n d a t i o n s  w e r e  made f o r  f u r t h e r  d e v e l o p m e n t  w o r k  o n  
b o t h  c o l d  a n d  h o t  h y d r o s t a t i c  p r e s s i n g ,  
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I. IN TRODUC TPON . . . . . . . . .  

U s ~ a l  pgtnrderp ~ e t a l i j u ~ g i g a b  nethodis h a v e  beeW eaonbmically s u c c e s s -  
* f u l  in tlie p f o d y c ? i o @  ,Of m e t a l  cd?Ilpaets o f  r e l a t i v e l y  s m a i l  s h a p e $ ,  

Larger  secttans r e ~ u P P e  i n c r e a s w t  press  tonnage and carnplex d i e s ,  
f n  o r d e r  26 r a ~ h d e a e  unift2rnf d e n ~ % t $  tbraughogt a r e 8 8 t i a e l y  l a r g 6  

@ csmgec t ,  68~bte  O P  f i&lt$gIe a d t i f i g  rises mus& be emplayed, t h u s  
pkesehsiag a c o s t 2 y  die m a c b i n i m ~  o p e r b t i o n *  In a d b i t i ~ a ,  p a r t s  
presses i g  8%ef28  d i e s  nust be d e e g g h s d  sa t h a t  %bey a e n  Be e j e c e s d  
e a s i l y  from t h e  d i e .  T h i s  e2lmifiett$s t h e  g g $ s i b i l i l & g a  o f  press ing  
p i e c e s  v h i c h  have ~ f i d @ t ~ f l t s ,  Peentraat  auglt?Ba transverse h o l e s  

1. o r  & h ~ @ q d e d  $ a C t i ~ n s ~  

B g d f o s t @ x i e  pressing p c Q v $ d e s  $ mesas OP d i s t r i b u e i w $  u d F f  orm gtes-  
& M ~ D  % b  B B P  $ u ~ ~ $ % e e $  o f  d c o n l p a ~ t  bg $lrmnersi~dg a f l e x i b l e  mold 
cantairming pawbeg i@i ti ~ui t i3ble  m i ~ ~ i d ,  t h e n  a p p l y i v t g  a f o r c e  t o  
t h e  etlcllQsed l i q u i d .  S i n c e  there  a m  Be: as shearing: forces in a 
l l q a i d ,  t h e  @us$g&ra i s  erafism$t.eed kkadi@fnished t a  a i l  p a r t s  ~f 
the mold. E B ~ m l f i a t B n g  4ba use  o f  ~ b 6 2 l y  6iteel dies by e m p l o y i n g  
cheap rubber b r   asti tie fnohda permits  $40  inexpensive eoa lua t ' i oa  
a f  the $easibti&$t a$  PPgrBucibg pafts fro@ various metal 
i-Jgtdrostat$~ press 1 B ~ E  oida t ~ n ~ s  be c~as8Sa~r;ed B v s i ~ a b % e  a ~ s l  in 
28bocatary d a ~ e f O p @ @ t  W &  rk .  

8 .  . R e ,  @ad'deftxl .  and a l b e f s 2 ~ 3 )  Bsve u s e d  n a y i a t $ , a n a  o f  $he hydro- , 

s b 8 t f c  ~p<zssaf  atg; pr$nt~fpie  f l ~ f  C o ~ p e c ' t f h g  meltaf powders 0%; e a r l y  
0 s .  8 9 t 3 Y  T$isv 'prevlous  m a r k  kbowkir&tv,er, watas done  using rubber molds 
slid s&mp%e ~ $ 1 % 8 $ r i a a l  shapes, T h i s  repars d e s c r i b e s  %he use o f  
iP.ubb%~ and p f  e.siti$ aakiJifig I n  mmd~ue shapes OncBudi ng e lmpie  eydfrr- 
ders agd  m ~ r e .  ~r~.pp,Aett a e c t k . s ~ . a .  

TWs equipmc,rtt 8equ.i rernewjis $ 0 8  Q Stab~r a % ~ r J @  JPC 018' aydrose a t $ c  'pres..- 
6dAg y n i $  a r e  ~ o t  eJeb.0rat.e.  A s t e e l  p r e s s i n g  chamber  . W i t h  s u i t *  

. a b l e  Clasarp  a @ @  .s,qa-1,. end g a t i e t h ~ d  ai! Dressuse  e g p l f c e t f o a  are 
%he esspntiaEs ol$ a c o l d  ptes.si .gg s e i t  c -  Hydrostatic pressit ig a t  
e5sy,eeed bernpetatqgs w ~ u l d  req@$res B ,m.e%806 o f  he s t tog  e i t h e f .  
8be  f l u i d  0.r ~ h q l f i b e r ,  or. bogti;.* Pfes~are  ~ p p I i a a 8 6 o ~ t  f n  t h i s  ease 
,$?dir$d. he$~ri~.a  -a m ~ r - e  d i f $ i c u l $  - p ~ g B ~ e a s  a d d  6 p e c i e i  h i g h  s t re~gOht~  
Wigb $epper.a%uira steels asas8 fis . g e l e ~ f + e . d .  $fie d e s i g n  o f  a h o t  
J ~ y f l ~ o s t ; a % W c i  s y $ $ e m  3 i I i  be @or@ &bar~k lg@ty  djscussed i n  sscaigw 
X I &  f B 1 .  

$be purpD%a of' tbjs repor% i s  lecl p e l a t e  the progress  made u s i n g  a 
Z b b o r a t a r y  6 e a l c  0946 h g d r a s s a t i i :  pressing e n i e .  The  p r o j e c t  was 
Carr$lcd o u t  9 s  part 0 %  e prctgfam f g t  $Re devts%apmea% o f  a method 
$92 t h e  pro@actiO~ 8f e Bsn$ urs@3um f l a t - g i e f s  or  C u b ~ J a r  pge forq ,  
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1 1 .  APPARATUS AND PROCEDURE 

The  e q u i p $ e n t  u s e d  i n  t h i s  i n v e s t i g a t i o n  was d e s i g n e d  f o ~  c o l d  
p r e s s i n g  o n l y .  The p r e s s u r e  v e s s e l  was m a c h i n e d  f r o m  a n  S f E  4130 
s t e e b  f o r g i n g .  A f t e r  r o u g h  r n a c b d a i n g ,  t h e  c y l i n d e r  was h e a t  t r e a t -  
e d  t o  2 5 - 3 Q R q ,  g i v i n g  a t h e a r e t f o a l  y i e l d  s t r e n g t h  o f  5 0 , 5 0 0  p s i .  
A s c a l e  d r a w i n g  o f  t h e  c y l i n d e r  w i t h  d i m e n s i o n s  i s  shown i n  F i g .  1. 

T h e  c l o s u r e -  e a l  a s s e m b l g  was e f f e c t e d  b y  u s i n g  a twudpiece $ l s & o a  
a r r a n g e m e n t 4 ! ,  m a c h i n e d  from SAE 4 3 4 0  and h a r d e n e d  t o  50Rc ( s e e  Fig. 
2 .) Between  t h e  t w o - p i s t a n  s e c t i o n s ,  a h  u n s u p p o r t e d - a r e s  t y p e  
g a s k e t  was u s e d  b o  m a i n t a i n  a pressure- t  i g h t  s a a i .  C o m & i n a t i o n s  af 
n e o p r e h e  gabber w i t h  a e f l o n ,  c o p p e r  a n d  b r a s s  f l a t  w a s h e r s  w e r e  
t r i e d  a&& e o n s l b s r e d  u n s a t i s P s c t o r y  b e c a u s e  o f  e x t r e m e  e x t r u s i o n  
o f  t h e  aubber .  The s e a l  d e s i g n  f i n a l l y  d e c i d e d  u p o n  c o n s i s t e d  o f  
a 3 / 8 - i ~ ~ A  ~ ~ O S S  g a s k e t  w i t h  a s m a l l  r i d g e  c u t  t o  carry a r u b b e r  
@-ring, (See F i g .  31,  In o p e r a t i o n ,  t h e  a c t i o n  o f  t h e  b o t t o m  s e c -  
& $ o n  o f  tfie pisban f ~ r c i n g  t f ie  g a s k e t  a g a i n s t  t h e  t o p  s e c t i o n  
c a u s e d  t h e  rubber t o  p r e s s  o u t w a r d  a g a i n s t  t h e  c y l i n d e r  w a l l s ,  t h u s  
f $ r m i n g  d n b  a a d n % a L n i n g  a s u i t a b l e  s e a l  u n t i l  p r e s s u r e  was  r e l e a ~ e d ,  
B o t h  s e c b f o n s  o f  t h e  p i s t o e  were p r o v i d e d  w i t h  a  t h r e a d e d  ho l e  s o  
thd$ the# cgutd Be r e m o v e d  w i t h  a screw J a c k .  

Pressure m e a a U P e n e a t  was a c c o m p P i s h e d  by means  o f  a B a l d w l a  SB-4 
s t r a i n  , gauge  m o u ~ t e d  on t h e  c ; y l i n d e ~  b y  a 3 / 1 6 - i n c h  h i g h  pressure 

8 

f a t t i n g  a n d  c~nf tec ted  t o  a  C a o d i f i e d  b r i d g e  s t r a i n  r e c o r d e r .  Maxi- 
m u m  o u t p u t  from tbe p r e s s  u s e d  was f o u n d  t o  c o r r e s p o n d  t o  62,000 
~ 9 0  Lnside the siramber and this gressura.was used for  a l l  expert-  '4 

mnatol p ~ e s s i # t g s  

The e n t t r e  press  assembly  Was m o u a t e d  o n  a p o r t a b l e  truck WhiCW 
e b u l d  b e  p l a c e d  in a 3 0 0 - t o n  h y d r a u l i c  p r e s s ,  Fig, 4 shows  t h e  
mougted a s s e m b l y  i n  %rant o f  t h e  p r e s s .  

Both  SAE ION motor 011 a n d  w a t e r - s o l u b l e  c u t t i n g  O f u i d  were used a s  
8 B q ~ i d  media ~ i t h  s a t 3 a f a o t o r y  P O C U ~  t c  T h e  c u t t i n g  fl lr56, dB- 
l u t e d  w i t h  ten p a r t s  w a t e r  was u l t i m a t e l y  c h o s e 4  b e c e u s b  i t  $as 
c l e b h s r  sad C D U ~ ~  be h e a d l e d  more  e a s i l y .  

One @f t h e  pri@ g o n s i d e r a t i o n s  i n  t h i s  p r b J e c B  was  t h e  s e l e c t i o l t  
9% B p r o p e r  m a t e r i a l  f o r  t h e  ma16 t o  c o n t a i n  t h e  p o w d e r ,  I n  geam 
&?Pal, the a6Jd bad  t o  c o n f o r m  t o  s e v e r a l  b a s i c  r e q U i ~ d m $ A t s ,  I t  
had t o  b e  rfgidt e n o u g h  to ,  h o l d  i t s  s h a p e  within r e a s o n a b l e  I l r [ l i $ ~  
d%te& b e i n g  loaded with powder ,  but w i t h  s u f f i c i e n t  f l e x i b i l i t y  
t o  al low f u l l  and e v e n  c o p g ~ e s s l o a  upon tRe a p p l f e a t i b n  o f  press 
srt?eo Is addition, i f  t h e  mold  had .any tendency  t o  a d h e r e  t o  $he 
pt$saeb compact, O t  c a u l d  n o t  Be strong enough t o  break the soapact  
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b y  r e t u r n i n g  t o  i t s  o r i g i n a l  s E z e  a f t e r  t h e  r e l e a s e  of p g e s s u r e ,  
S e v e r a l  m o l d i n g . m a t e r i a ~ s  a s  described b e l o w  wese  t e s t e d ,  e a c h  
b e i n g  u l t . ' i m a t e l y ; c h o s e n '  f o r  a  p a r t i c u l a r  a p p l i c a t i o n  b e c a u q e  o f  
c e r t a i n  : . q h a r a c E e r E s t $ c s  P l a s t B s o l s  w e r e  u s e d , w R e r e  s t r o n g ,  r i g i d  
f i l m s  w e r e  n ' e e d e d ,  L a t e x  a n d  Gooch t u b i n g  w e r e  e m p l o y e d  w h e r e  

. .  s o f t  e 1 , a ' s t i c : ' m o l d s  w e s e  n e c e s s a r y ,  N u p l a m o l d  v a s  u s e d  t o  o b t a i n  
a ' v e k y  : s  of  .6, and  weak, m o l d , .  I . . .  

a .  . . . . . . . :. .: q. 

P l a s t i s ' b l  wa; a l i q u i d  t y p e  m o l d i n g  a g e n t  c o n s i s t i n g  o f  a d i s p e r -  
s i o n  o f  t h e r m o p l a s t i c  r e s i n s  i n  a s y s t e m  of p l a s t i c i z e ~ s .  I t  was 
f lu id"  a t  room t e m p e r a e l a p e  and  ioron.ed s f l e x i b l e  film u p o n  % b e  a p -  
p l B ~ a t $ o 4  o f  R e a Q d  C o m p l e t e  f u s i o n  o e o u r r e d  a t  350QE and,  upqn  
c o g l i n g  t o  room temperature, a tipygb, PBex i ' b l e  f i l m  was f 'ortned 
~ ~ n t o r m i n g  e o  t h e  s h a p e  Q% the body  spon ubB4eh i t  was m o l d e d .  By  
QP%er$@g xhe e h e m l o a l  e a m p o s f t i o m ,  f a  was 9 a s S i b l e  t o  o b t a i n  v a r i -  
W % O ~ S  Lo h a r d n e s s  end t e ~ s i l e  s t f e n g t h o  bI01ds were u s u a l l y  made 
k~ ~ B P P ~ W ~  
~ 9 8 % e ,  as ased %n %heso eaperiments, c o a s i s C e d  o f  .a n a t a l ~ a l  rubber 
dbspemed l a  about 60% water c o n t a i n i n g  a  s m a l l  amouab o f  ammania*  
f l ahds  B e r e  produced by p a i n t i f i g ,  s p r a y $ n g ,  6r d f p p l n g .  TRSek  
w e % s  ttere. g r a d u e e d  by B i p p E n g  e m e t a b  f o r m  f i r s t  i n t o  a e o a g v l a n t ,  
%ReB i o t a  ghe r a t e s .  A s o f t ,  f l e x i b l e  b i i @  r e s u l t e d  &hen h b e  
@@%f?P e v a p o ~ a ' & e d ~  E x t s e  t o u ~ h n e s s  c a o i d  b e  o b t a i n e d  bgf c u r i n g  
bIB$ @a16 a.t -i5BQF % Q B  a e w e r a l  h o u r s  

Ab30ther p l h s  t i so l  coPlsgieaad, made by L u c k e y  babaratories  and  tnawn 
ss ~uglsnsld, w e s  use$ in a few abstsnees w h e r e  c a s t i n g  was d e c e s -  
se l fyo  T h i s  p 3 a s 8 8 s a . l  was a  vsgy s o f t ,  r u b b e k g  m a t e r i a l  s u p p l i e d  
a$ $Makt peb&etso 2 &  m e l t e d  3%' 35Q°F a n d  cou ld  be  e a s t  B N u n d  
$ha ho-del* The oesoBl$n.g m a s s e  when ~ o o l e d  Eo m o m  t e m p e b a t u r e ,  
@ a s  9 safit, t l ex ib le  mold  w h i c a  had t o  b e  used bn v e r y  t h i c k  
6eCt; toras P o 8  any aoessan a b l e  s t r e n g t h .  

$ e v e p a $  pPefab8leased t r r b i n g s  s e r e  a s e d  f o r  small cyltaadervs 60$$7, 
e b b e b  t b b i d g  S s  a % h B h ,  s u r g i o a 2  r u b b e r .  Vac~ur t l  t u b i n g  I s  a  s 9 4 t  
@ $ l n Q o 8 c e d  r&bBers u s u a l l y  s u p p l i e d  i n  t h i c k  s e c t i o n s .  P a 8 p e e k p I e - n e c  

$1~86160115 aa%e38al,  was u s e d  i n  wety $ b i n  s b e e t l n g .  

$he praClue%$sa of a cyt8ndrf e s & = s h a g e d  mo$d was a s fmple o p e r a t  400 
o @ f a $  al@osB a8y o f  the above modding cageDts.  F a r  c y a $ ~ b e r s  o v e k  
03e-%ach La ldiamete~,  p l a s e i s o ~  aas f o u n d  t a  be m o s t  d e s i t a B B e  
Recause b f  its- superior  s%aeatgthie %n ge.oere1, t h e  gdethsd o f  mot8 
Pzze Ig~Pa%Sa@ was es P o l  lows  : 

P Brass  o~ aluatnu@ Pam was macahined t o  t h e  d e s i r e d  s Q e e  e n d  sRap. 
P l ~ ~ f n u m  was p r e f e r r e d  b e c a u s e  P%s l ow  d e n s i t y  made Be e a s i e r  'Fo 
8 8 n d l e  @hen h o t .  The 'form was C U B  a b o u t  SSH i n c h e s  l o n g e r  t h a n  
%be d e s i s e d  mold l e n g t h  t o  pesmit AahdlZBg and  c u t t i n g  o f f  excesso 

-7- 
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T h i s  m o l d  f o r m . w a s  h e a t e d  t o  350°F ,  t h e n  d i p p e d  i n t o  l i q u i d  p l a s t i -  
s o l .  I n  m o s t  c a s e s  a d i p  o f  o n e  m i n u t e ,  g i v i n g  a  t h i c k n e s s  o f  
a b o u t  1 / 1 6 - i n c h ,  was s u f f i c i e n t .  F o r  h e a v i e r  s e c t i o n s ,  t h e  f o r m  
c o u l d  be  r e h e a t e d  a'nd d i p p e d  a g a i n ,  t h u s  b u i l d i n g  u p  s u c c e s s i v e  o 
l a y e r s .  A f t e r  d i p p i n g ,  t h e  f o r m  was r e t u r n e d  t o  t h e  o v e n  a n d  
b a k e d  a t  325OF u n t i l  a  s l i g h t  c o l o r  c h a n g e  was n o t i c e d ,  i n d i c a t i n g  
c o m p l e t e  f u s i o n .  G o o l i n g  was a c c o m p l i s h e d  b y  w a t e r  q u e n c h i n g .  : 0' 

A f t e r  b e i n g  s t r i p p e d  f r o m  t h e  f o r m ,  t h e ' m o l d  was f i l l e d  w i t h  m e t a l  
p o w d e r  a n d  s e a l e d ,  A s u i t a b l e  s e a l  was e f f e c t e d  by c e m e n t i n g  a 
r u b b e r  s t o p p e r  i n t o  t h e  t o p  u s i n g  a  p l a s t i c  c e m e n t .  

v ' 

P l a s t i s o l  m o l d s ,  h a v i n g  g o o d  r i g i d i t y ,  w e r e  s i m p l y  f i l l e d  w i t h  
m e t a l  p o w d e r  a n d  p l a c e d  i n t o  t h e  p r e s s u r e  v e s s e l .  O t h e r  t y p e s  o f  
m o l d s ,  b e i n g  s o f t  a n d  f l e x i b l e  h a d  t o  b e  s u s p e n d e d  f r o m  a w i r e  
r a c k  p l a c e d  i n  t h e  v e s s e l ,  

A .  C o l d  H y d r o s t a t i c  P r e s s i n q  

The a t t e m p t  ' t o  ' p r o d u c e  a .  t h i n ,  r e c t a n g u l a r  p l a t e  c o m p r i s e d  o n e  
o f  t h e  e f f o r t s  i n  t h e  h y d r o s t a t i c  p r e s s i n g  - p r o g r a m ,  . B e c a u s e  
o f  t h e  l a r g e  amount  o f  t i t a n i u m  powder  c o n t a i n e d  . i n  a  l o n g  
p l a t e  ( a b o u t  70 p o u n d s )  a  h e a v y  p l a s t i s o l  mo ld  was  d e : c i d e d  t o  
b e  t h e  o n l y  r e a s o n a b l e  c o n t a i n e r  f 0 . r  t h e  p o w d e r .  , AS w o u l d  b e -  
e x p e c t e d  t h i n  w a l l  , .mo lds  o f  a  s o f t  m a t e r i . a l  de fo . rmed  u n d e r  t h e  
w e i g h t  o f  t h e  m e t a l  . p o w d e r ,  a n d  c o n s e q u e n t l y  t h e  p r e s s e d  corn- 
p a c t  was m i s s h a p e n .  I n c r e a s i n g  t h e  r i g i d i t y  o f  t h e  m o l d ,  by  
u s i n g  m o r e  r i g i d " m o 1 d '  m a t e r i a l s , '  o r  b y  u s i n g  t h i c k e r  w a l l  
m o l d s  r e s u l t e d  i n  b e t t e r  s h a p e  a n d  d i m e n s i o n a l  ~ e p r o d u c t i 6 ~ ~  
T h i s  i m p r o v e m e n t  c o u l d  a l s o  be h a d  b y  u s i n g  a  p e r f o r a t e d  m e t a l  
c o n t a i n e r  a r o u n d  t h e  mo ld  w h i c h  s e r v e d  . t d  n i a i n t a i n  t h e  m o l d  
c o n f i g u r a t  i , o n .  The ' p e r f o r a t i o n s  o r  h o l e s  s t i l l  p e r m i t t e d  t h e  
h y d r a u l i c  . p r e s s u r e  t o  a c t  upon  t h e  f l e x i b l e  m o l d n .  

A t  t h e  t o p  p r e s s u r e  a t t a i n a b l e  w i t h  t h e  , a t l a f l a b l e ~ f a c i l i t i e s i  
a  d e n s i t y  o f  12.e5 g / c c  was r e a l i z e d  . i n  t h e  c o m p a c t s ,  A t  t h i s  ; . 

dens it.^ u r a n i u m  i s  p y r o p h o r i c  and  m u s t " b e  h a h d l e d .  i n  .a p r o t e c - ,  
t i v e  a t m o s p h e r e .  c o u p l e g  w i t h  t h e  p r o b l e m  a f  m o l d .  a d h e r e n c e  
t h i s  made h a n d l i n g  d i f f i c u l t .  

A n o t h e r  p a r t  o f  t h i s  p r o g r a m  was . t h e  a t t e m p t  t o  h y d r o s t a t i c a l l y  
p r e s s  a  h o l l o w  c y l i n d r i c a l  u r a n i u m  p r e f o r m  f o r  u l t  i m a t d .  ' u s e  as 
a  c l a d  f u e l  e l e m e n t .  P l a s t i . s o 1  a g a i n  was  d e c i d e d  upon f o r  a 
m o l d i n g  a g e n t  a n d  was p r e p a r e d  i n  t h e  u s u a l  way u s i n g  .an 

. a l u m i n u m  h o l l o w  c y l i n d e r  a s  a  m o l d i n g  f o r m .  S e a l . i n g  was a c -  
c o m p l i s h e d  by u s i n g  a  p l a s t i c  g a s k e t  c e m e n t e d  i n t o  b o t h  e n d s ,  
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L a t e r ,  t h e  s e a l i l l g  p r o c e s s  was  m o d i f i e d  f o r  e a s i e r  d r y - b ~ x  
l o a d i n g ,  The m o l d i n g  f o r m  was a l t e r e d  by p l a c i n g  t h r e e  s m a l l  

& 
r g d s  bn the t a p  e n d c  The  b o l d  t h u s  p r o d u c e d  h a d  t h r e e  h o l l o w  
t u b e s  l e a d i n g  i n f o  t h e  powder  c a v i t y  ( F i g .  5). In l o a d i n g ,  
& h e  p o w d e r  was d e l i v e r e d  t o  t h e  mold t h r o u g h  t h e  t h r e e  t o p  
t u b e s  by means o f  a  t h r e e - n e c k e d  f u n n e l .  S e a l i n g  was t h e n  
c o m p a e t e a  b y  me l t i ng  t h e  t o p  of t h e  f o u r  t u b e s  w i t h  a  s o l d e r i n g  
i r o n .  T h e  q l t e r e d  d e s i g n  p e r m i t t e d  a more e v e n  d i s t r i b u t i d n  
of' pawdet,  F i g ,  5 S H O W S  a p J a s t i s o l  m ~ L d  and  a  p r e s s e d ,  ~ y l i n -  
d e ~ .  ' 

$ 

Qne t tHiqbe p r e s s i n g  p.robletqwas e f l c g u n e e r e d  i n  t h e  h o l l o w  
~ y l i a d e r  p r o g r a m ,  S i n c e  a c o n s t a n t  p r e s su re  was e x e r t e d  on 
a l l  s u r f a c e s .  a f  t h e  , b o d y  b e i n g  p r e s s e d ,  a n d  l e s s  a r e a  b a s  
present o n  the i n s i d e ,  F u r f a b e  a f  . a  h o l l d ; w  c y l i n d e r ,  the e n t i r e  
e s s e m b l y  YEIS campaqted t o w a r d  t h e  c e q t r a . 1  a x i s ,  'It was f i eces -  . . 

; sary,  t h e r e f o r e ,  +.a o b t a i n  a  m,old wh0s.e i n ' s i d e  w a l l   auld have . . 

opt.intutB s t r e n g t h *  n a m e l y  e n o y g h  t .6  h o l d  t h e  powder  i r i g i d  b e -  .. . 

fore p r e s s i n g  b u t ' n o t  e n o u g , h  t o  c r a c k  t h e  c o m p a c t  when pres-  
s v r e  .Was r e l e a s e d  b y  r e t u r n i n g  €Q o r i g i n a l  s i z e o  A 1 / 1 6 - i n c h  
Inold wall Was found,  ' to  h a v e  bs ' t h  g h e s e  c h a r a c t e r i s t i c s ,  
Agarffi b a w e v e r ,  t h e  adHerehce xj1f u r a n i u m  powder t o  t h e  mold  a n d  
lsts B q w  d e n s i t y  m8de t h e  c Q m p a e t s  d i f f S c u 1 . t  t o  . h a n d l e o  

Adherevdce of the cQmpaceezf, metal, p o w d e r s  t h e  w o l d  w a l l  was 
e r i c o g n t e r e d  s a l y  du r i a g  t he  p r e s s i n g  o f  u r a n i U m ' p o w d e r o  p h i s  
was p a r t f % % l y  a t t r j b u t e d  t s  t h e  l a r g e  p a r t i c l e  s i z e  (-12 mesh)  
a$' t h e  u r a n i u m .  U a d e r  p r e s s u r e ,  t h e  s o f t  mold m a t e r i a l  ex- 
t r u d e d  betveen these  p a r t i c l e s  a n d  t h u s  f o r m e d  a  mechanSical  
'b~nd i -  Adhefetace was  m o s t  p r o a o u n c e d  tvben s o f t  m o l d  m a t e r i a l s  
BuCh as l a t e x  O F  ~ u p X a m o l d  were u s e d .  The use o f  t h e  p l a q t i -  
$01 tnalds w h i c h  w e r e  h a r d e r ,  and  t h e  u s e  0.f s m a l l e r  p a r t i c l e  
s i z e s  (-lt9d a e s h b ,  m j g i m i z e d  the  p r o b l e m .  It i s  b e l i e v e d  
&ha$ $Re Use b f  c o a t i R g s  g~ tbe  i n n e r  s u r f a c e  of t h e  m o l d s  
would a l s o  be b e q e f i e i a l ,  a n d  a i d  i n  r e m o v a l  of  t h e  c o m p a c t o  

C ~ l d  h y d r o s t a t i c  p r e s s i n $  h a s  d e f i h i t e l y  been p r o v e d  a n  a l t e r -  
a a t e  Csmpact3ng o p e r a t i o h  w h i c h  c o u l d  c a a ~ e i v a b l y  b e  a d a p t e d  
t o  many uses. %R a n  e x p e f i m e n t  t o  c o m p a r e  t h e  p r o p e r t i e s  OF 
h y d r o $ t % & Y c a b l y  g r e s s d d  c o m p a c t s  w i t h  t h o s e  p r e s s e d  i n  a c o 4 d  
s t e e l  d i e ,  f d e t l t i c a l l y  s i z e d  s a m p l e s  were p r e s s e d  b y  b o t h  
m e t h o d s  u s i n g  severa l ,  metal pauuders .  T r a n s v e r s e  g r e e n  s t r e n g t h  
a n d  d e n s i t y  were measured, and t h e  r e ~ u l t s  a r e  shown ifi T a b l e  E o  
P h i s  % a b l e  shows t h a t  hydrostatic p r e s s i n g  r e s u l t s  i n  g e b e r a l  
are b e t t e r  t h a n  t h o s e  o f  samples c o m p a c t e d  i n  s t e e l  d i e s ,  due  
prabaBPg t o  t h e  f a c t  eRae w h i l e  t h e  same u n i t  p r e s s u r e  was 
b s e d  %d b o t h  o a s e s ,  f r i c t i o q  l o s s e s  Mere l o w e r  i n  h y d r o s t a t i c  
p r e s s i n g o  Aftbsugh M O  d a t a  i s  avaf  l a b l e  c a n c e r s i n g  u r a n i u m  POW- 
be2 c o l d  pressed i n  s s t e e l  :die ,a t  21 g s 9 ,  i t  was fouud t h a t  a 
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d e n s i t y  o f  1 2  .g/cc was o b t a i n e d  when c o m p a c t e d  i n  a  s t e e l  d i e  
a t  50 t s i  a s  c o m p a r e d  t o  1 2 . 5  g / c c  when c o m p a c t e d  a t  2 1  t s i  
h y d r o s t a t  i c a l l y o  O b s e r v a t i o n  o f  t h e s e  c o m p a c t s  showed  t h a t ,  
when c o m p a c t i n g  s m a l l  p a r t i c l e  s i z e  m e t a l  p o w d e r ,  t h e  i n t e r n a l  a 
s u r f a c e  f i n i s h  a n d  c o n t o u r  o f  t h e  mold  was r e p r o d u c e d  e x a c t l y  
i n  t h e  s a m p l e ,  F o r  e x a m p l e ,  i n  t h e  e v e n t  t h a t  t h e r e  was a n  
o p e n  b u b b l e  on t h e  i n t e r n a l  s u r f a c e  w h i c h  was f o r m e d  d u r i n g  
t h e  c u r i n g  o f  t h e  p l a s t i c  o r  l a t e x  m o l d ,  a  p r o t u b e r a n c e  o f  
t h e  same s h a p e  was o b l a i r i e d  o n  t h e  s a m p l o ,  T h i s  w o u l d  i n d i -  
c a t e  t h a t  m o l d s  o f  a n y  i n t e r n a l  s h a p e  c o u l d  b e  u t i l i z e d  t o  
p r o d u c e .  c o m p a c t s  o f  a  c o m p l e x  s h a p e  a n d  n o n - u n i f o r m  c r o s s  
s e c t i o n .  A 

H y d r o s t a t i c  p r e s s i n g  c o u l d  c o n c e i v a b l y  b e  v a l u a b l e  i n  t h e  eom- 
p a c t i n g  o f  i n t r i c a t e l y  s h a p e d  o b j e c t s ,  e s p e c i a l l y  i n  t h e  f i e l d  
o f  h i g h  t e m p e r a t u r e  r e f r a c t o r y  m a t e r i a l s  w h i c h  m u s t  b e  f e b r f -  
c a t e d  by  p o w d e r  m e t a l l u r g y  m e t h o d s .  A t  p r e s e n t ,  t h e s e  p a r t s  
a r e  f a b r i c a t e d  by: 

a 1  p ~ c o ' c i n g .  a l a r g e  b l o c k  . . 

b) p r e s i n t e r i n g  f o r  m a c h i n i n g  s t r e n g t h  
C )  r o u g h  m a c h i n i n g  t o  a p p r o x i m a t e  s h a p e  
d )  f i n a l  s i n t e r i n g  . . 

e )  f i n a l  m a c h i n i n g  O P  g r i n d i n g . .  

Hydsos  t a t i c  p r e s s i n g  w o u l d  b e  d e s i r a b l e  f r o m  a n  e c o n o m i c  v i e w -  
p o i n t  s i n c e  a  c o m p a c t  c o u l d  b e  p r e p a r e d  c l o s e  t o  t h e  d e s i r e d  
f i n i s h  s i z e  s o  t h a t  o n l y  f i n a l  s i n t e r i n g  and  g r i n d i n g  wou ld  • 
b e  n e c e s s a r y o  

B, Hot H y d r o s t a t i c  P r e s s i n q  

I n  c o n v e n t i o n a l  s t e e l  d i e  p r e s s i n g  t h e  p r e s s u r e  a p p l i e d  t o  t h e  
c o m p a c t  s e r v e s  t o  mo ld  t h e  powder  p a r t i c l e s  i n t o  a  c o R e r e n t  
s h a p e  by c r e a t i n g  s t r o n g  c o n t a c t  p a r t i c l e  b o n d s ,  'For  m o s t  
a p p l i c a t i o n s  h o w e v e r ,  t h e  c o l d  p r e s s e d  c o m p a c t  h a s  i n s u f f i c i e n t  
s t r e n g t h  a n d  d e n s i t y  a ~ d  a  s i n t e r i n g  o p e r a t i o n  i s  r e q u i r e d  t o  
p r o d u c e  t h e  p r o p e r t i e s  d e s i r e d ,  If t h e  h e a t  i s  a p p l i e d  b e f o r e  
a n d  d u r i n g  t h e  p r e s s i n g  o p e r a t i o n ,  t h e  p r o c e s s  i s  known a s  
h o t  p r e s s i n g ,  a n d  p a r t s  p r e p a r e d  i n  t h i s  manne r  may h a v e  p r o p -  
e r t i e s  s u p e r i o r  t o  t h o s e  p r e p a r e d  by c o l d  p r e s s i n g  a n d  s i n t e r -  
i n g ,  

I t  i s  a  r e a s o n a b l e  a s s u m p t i o n  . t h a t  t h e  a b o v e  p r i n c i p l e s  of  h o t  
p r e s s i n g  a s  c o m p a r e d  t o  c o l d  p r e s s i n g  s h o u l d  h o l d  t r u e .  o f  
h y d r o s t a t i c  c o m p a c t i n g  a s  w e l l  a s ,  c o n v e n t i o n a l  s t e e l  d i e  p r e s -  
s i n g o  I n  a d d i t i o n  t o  t h e  p r e s s - i n g .  of  m e ' t a l  p o w d e r s ,  hob  
,hydras t a t i o  p t e s s i . n g  e q u i p m e n t  s h o u l d  b e  s u i t a b l e  f o r  t h e  
c l a d d i n g  o f  b a r e  f i i e l . e l e m e n t s o  ' The  u s e  o f  h y d r o s t a t i c  p r e s - '  * . . 

s u r e  w o u l d  p r o v i d e  u n i f  ohm p r e s s u r e  on  a l l  s u r f a c e s  r e g a r d l e s s  
- i d -  



o f  t h e  s h a p e  o f  t h e  p i e c e .  Mold m a t e r i a l s  n . e c e s s a r y . t o  con -  
t a i n  t h e  m e t a l  p o w d e r s  wou ld  ) e .  d e p e n d e n t  upon  t h e  t e m p e r a t u r e  
o f  o p e r a t i o n  r e q u i r e d ,  M a t e r i a l s  e v a l u a t e d  f o r  c o l d  h y d r o -  
s t a t i c  p r e s s i n g  may b e  s u i t a b . l e  , f o r  s l i g h t l y  e 1 e v a t e . d  t e m p e r a -  
t u r e s ,  up  t o  2000Co  F o r  h i g h e d  o p e r a : t i n g  t e m p e r a t u r e s ,  i t  w i l l  
p r o b a b l y  be  n e c e s s a r y  t o  use m e t a l  m o l d s  w h i c h  w i l l  d e f o r m  
p r o p e r l y  u n d e r  p r e s s u r e .  T h i s  s u g g e s t s "  t h a t  h o t  h y d r o s t a t i c  
p r e s s i n g  u s i n g  m e t a l  m o l d s  c o u l d  b e  a  m e t h o d  t o  p r o d u c e  c l a d  
' c o m p o n e n t s ,  i n  which c a s e  t h e  d e s i r e d  c l a d d i n g  m a t e r i a l  wou ld  
b e  u s e d  a s  t h e  m o l d .  ' T h i s  m e t h o d  o f  c l a d d i n g  c o u l d  p o s s i b l y  
b e  u t i l i z e d f o r  s i m u l t a n e o u s  p r e s s i n g  a n d  c l a d d i n g  o f '  m e t a l  
p o w d e r s ,  o r  f o r  C l a d d i n g  o f  p a r t s  p r o d u c e d  by o t h e , ~  m e t h o d s ,  
s u c h  a s  by r o l l i n g  o r  c a s t i n g .  B e c a u s e  h y d r o s t a t i c  p r e s s i n g  
p r o v i d e s  u n i f o r m  p r e s s u r e  on  a l l  s u r f a c e s , .  t h i s  cou1.d b e  an  
i d e ~ l  m e t h o d ' f o r  c l a d d i n g  t u b e s  o r  p i e c e s  h a v i n g  c o m p l e x  s h a p e s ,  * 

A b r i e f  a n a l y t i c a l  e v a l u a t i o n  o f  t h e  f e a s i b i l i t y  o f  c o n s t r u c -  
t i n g  a n d  o p e r a t i n g  s u c h  a u n i t  h a s  b e e n  madeb.  T h e  e s s e n t i a l  
u n i t s  o f .  a  h o t ,  h y d r o s t a t i c  p r e s s i n g  b e n c h  - s c a l e  p i . l o t  p l a n t  
a . r e  t h e  v e s s e l ,  pumping  s y s t e m ,  c o n t r o l  'and i n d i c a t i n g  i n s t r u -  
meults, v a l v i n g  a n d  h e a t i n g  u n i t s ,  The m a ~ o r  c o m p o n e n t s  o f  
t h e s e  elements will be d i s c u s s e d .  

, A t y p i c a l  p r o c e s s  f l o w  d i a g r a m .  o f  t h e  u n i t  w o u l d  .be s i m i l a r  t o  
a t h a t  shown i n  F i g ,  6 .  The f l u i d  medium i s  pumped i n t o  t h e  

. . v e s s e l ;  h e a t i n g  i s  a c c o m p l i s h e d  w i t h  a  f u r n a c e .  T e m p e r a t u r e  
I in t h e  v e s s e l  i s  k e p t  c o n s t a n t  -by means  .of a c o n t r o l l e r  re -  

0 . . g u l a t i n g  c u r r e n t  f l o w  t o  t h e * f u r n a c e  h e a t e r  e l e m e n t s .  

The p r e s s u r e  v e s s e l  must w i t h s t a n d  ' a  d e s i g n  p r e s s u r e  ' o f  2 1 , 0 0 0  
p s i  a t  a  d e s i g n  ' t e m p e r a t u r e  o f  1150?P0  I n v e s t i g a t i o n  shows  
t h a t  A l l e g h e n y - ~ u d l u m '  A-286 h i g h  s t r e n g t h  a u s t e n i t i c  s t e e l  i s  
m o s t  s u i t a b l e ,  A l l o w a b l e  s t r e s s  i s  b a s e d  on a v a l u e  o f  2 / 3  

. . 
t h e  s t r e s s  r u p t u r e .  f o r .  1000 h o u r s , .  g i v i n g  a  s a f e t y  - f a c t o p  o f  
1.3. The h o t  w a l l - t y p e  v e s s e l  i s  c o n s i d e r e d  more  f a v o r a b l e  
t h a n  o t h e r  . de s igns . ' .  S i n c e  a t  h i g h  t e m p e r a t u r e  a p l a s t i c  s t a t e  , . 

o f  s t r e s s  e x i s t s  i n  t h e  c y l i n d e r  w a l l ,  t h e  ~ a i l e y - ~ a d a i s )  
t h e o r y  i s  p r e f e r r e d  in c a l c u l a t i n g  w a l l  t h i c k n e s s .  . 

Where , $ = 0 . 4  ( e x p o n e n t  i n  a n a l y t i c a l  e x p a n s i o n  fo r '  s h e a r  
s t r e s s - s t r a i n  r e J a t i o n s h f p )  

O .D .  o u t s i d e  . d i a m e t e r  r . a l l o w a b l e  working s t r e s s  w i t h .  
C' s a f e t y  f a c t o r  (39,800 p s i  AL-286) 

. ' 3  

I.D. . i n s i d e  d i a m e t e r  P i n t e r n a l  working p i e s s u r e ( 2 1 , 0 0 0 p s i )  

-11-. 
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F o r  an  X.0, o f  4;00 i n c h e s ,  ( t h e  1.D. o f  t h e  p r e s e n t , . c y l i n d e r )  
t h e  t h i c k n e s s  r e q u i r e d  i s  1 , 6 1 5  g i v i n g ,  an  O,D, o f  T . 2 3  i n c h e s ,  

The s e a l '  d e s i g n  i n  h i g h  t e m p e r a t u , r e - h i g h  p r e s s u r e  e q u i . p m e n t  \.. 8 

i s  e x t r e m e l y  i m p o r t a n t .  T h e  d e s ' g n  c o n s i d e r e d  s a t i s f a c t o r y  
i s  a  m o d i f i e d  B r i d g m a n  c l o s u r e , ,  4f u s e d  i n  a  t h r e a d e d  n u t  o r  
b r e e c h  B l o c k .  ( F i g .  7 ) .  I t  i s  s e l f - s e a l i n g  d u e  t o  i n t ' e r n a l  .' 

p r e s s u r e ,  i n t e n s i f y i n g  t h e  u n i t  l o a d  an'd f o r c ' i n q  t h e  f l o a t i n g  . . . 
h e a d  a g a i n s t  t e e  n i t ,  t h u s  s q u e e z i n g .  a  t r i a n g u i a r  g a s k e t  b e - - . ,  I . . 

t w e e n  t h e  , head  a n d  ' c y l i n d e r  w a l l .  Monel  s e a l  r i n g s  s h o u l d  b e '  
e m p l o y e d ,  s i n c e  t h e y  c a n  be  u s e d . m a n X  t i m e s  w i t h o u t  m a c h i n e  C 

d r e s s i n g  'and h a v e  g r e a t e r .  s t r e n g e h  a n d  e l a s e f  e i ' e y  t h  aa c o . p g e r .  

The h y d r o s t a t i c  f l u i d  t o  b e  u s e d  i n  h o t  p r e s s i n g  c o u l d  b e  
e i t h e r .  w a t e r  o r  g a s .  O t h e r  f l u i d s  c o n s i d e r e d  f o r  h o t  p r e s s i n g  
i n c l u d e d  m o l t e n  m e t a l s ;  o r g a i a i c  compounds  a n d  h e a t  t r e a t i q g  
s a l t s .  I n '  a d d i t i o n .  t o . ' h a v i n g  t h e  p r o p e r t i e s  n e e d e d  f o r  t h i s  
a p p l i c a ' i i o n ,  pumping  and p r d s s u r e  i n t e n s i f i c a t i o n  p r o b l e m s  
a r e  s i m g 2 b f f e d  w i t h  w a t e r  o r  g a s  , '  W a t e r  c a n  be e a s f  l y '  corn- 
p r e s s e d  c o l d ,  a n d  h e a t s  i = e 5 d i l y ,  t h u s  s i m p l i f y - i n g  p r e s s u x e  
f m . t e n s i f i c a t f o n  a n d  h e a t i n g ,  p r . o b l e m s .  I t  i s ,  h o w e v e r ,  v e r y  
c o r r o s i v e  a t  h i g h  t e m p e r a t u r e , s  a n d  p r e s s u r e s .  On t h e  o t h e r  
h a n d ,  a  g a s  s u c h  a s  h e l i u m ,  n i t r o g e n ,  o r  a r g o n  c a n  be  c o n s i d e r e g l  
n o n - c o r r o s i v e .  a n d  r e l a t i v e l y  e a s y  t o  h ? n d l e ,  b u t  p r e s e n t s  a 
n e e d  o f  more  ' e l a b o r a t e  e ' q u i p m e n t  f o r  0 b t a i n i n . g  t h e ,  p r e s ' s u k e  
d e s i r e d .  " .  

P r e s s u r e  i n t e n s i f i c a t i o n  w o u l d  b e  p r o v i d e d  by t h e  u s e  o f  a  
h y d r a u l i c  i n t e n s i f i e r  i n  c o n j u n c t i o n  w i t h  a  l o w  p r e s s u r e  pump, 
The i n t e d s i f i e r  c o n s i d e r e d  h e r e  i s  a  d o u b l e  a c t i n g  Harwood 
m o d e l  DA-IOG w h i c b  is c a p a b l e  o f  d e v e l o p i n g  30,000 p s i , . d e -  
l i v e r i n g  f l u i d  a t  a r a t e  of  O M  g a l l o n  p e r  m i n u t e ,  I f  w a t e r  
were u s e d  a s  a f l u i d ,  t h e  i n t e n s i f i e r  w o u l d  d e l i v e r  d i r e c t 1  
t o  t h e  v e s s e l  w h i l e  t h e  u s e  o f  g a s  w o u l d  i n v o l v e  pumping  o i  1 
t o  a s e p a r a t e  closrl.*d chamher a n n t a f n i n g  o i l  and g a s .  Patmpiag 
more  o i l  i r ~ l o  the c h a m b e r  wou ld  i n t ~ n s i f y  t h e  p r e s s u r e  o f  
t h e  g a s  w h i c h  do t u r n  w o u l d  be  d e l i v e r e d  t o  t h e  p r e s s u r e  V@SS& 

H e a t i n g  t h e  a s s e m b l y  i n  e i t h e r  c a s e  w o u l d '  be.  done  s i m p l y  by  
u s i n g  a n  i n d u c t i o n  he a t e r  a r o u n d  t h e  v e s s e l .  ~ n d u c t i o n  h e a t i n g  
h a s  b e e n  c o n s i d e r e d  m o s t  f e a s i b l e  s i n c e  t h e  f u r n a c e  u t i l i z e s  
t h e  s t e e l  b e i n g  h e a t e d  a s  t h e  s e c o n d a r y  o f  a  t r a n s f o r m e r :  t h e  
p r i m a r y  s o u r c e  c o n n e c t e d  t o  t h e  s u p p l y . ,  U n i f o r m  h e a t  , d i s t r i -  
b u t i o n  i s  t h e  ma in  a d v a s ' t a g e  o f  t h i s  s y s t e m  s i n c e  v e r y  s m a l l  
t h e r m a l  S t r e s s e s  w o u l d  r esu l t  when o n l y  a  s l i g h t  t e m p e g a t u r e  
g r a d i e n t  i s  p r e s e n t  i n .  t h e  s h e l l ' .  A ' r e c o p d i n g  c o n t r o l l e r  

. w o u l d  b e  s u f f i c i e n t  f o r  t e m p e r a t u k e  c o n t r o l ,  



V a l v e s ,  t u b i n g  a n d  f i t t i n g s  m u s t  w i t h s t a n d  t h e  d e s i g n  t e m p e r a -  
t u r e  o f  t h ' f s  s y s t e m .  Due t o  t h e  e x c e s s i v e  t e , m p e r a t u r e ,  h i g h  
s . t r e n g t h  t u b i n g  m u s t  b e  e m p l o y e d .  Va.l 'ves and f i t t i n g s  a r e  
c o m m e r c i a l l y  a v a i l a b l e  a n d  s h o u l d  p o s e  no  p r o b l e m s  i n  p r o - .  
c u r e m e n t  . 

I V .  SUMMARY A N D  RECOMMENDATIONS 

E q u i p m e n t  f o r  h y d r o s t a t i c a l l y  c o m p a c t i n g  m e t a l  ' powders  i s  d e s c r i b e d ,  
Some d i f f i c u l t y  was e n c o u n t e r e d  i n  c o m p a c t i n g  y r a n i u m  p o w d e r s ,  a n d  

4 m e t h o d s  o f  m i n i m i z i n g  t h e  d i f f i c u l t i e s  w e r e  i n d i c a t e d .  A d d i t i o n a l  
d e v e l o p m e n t  w o r k  on mo ld  m a t e r i a l s  f o r  c o l d  h y d r o s t a t i c  p r e s s i n g  

. i s  r e q u i r e d  i n  o r d e r  f o r  t h i s  p r o c e s s  t o  b e  s u i t a b l e  f o r  c o l d  com- 
p a c t i n g  u r a n i u m  p o w d e . ~ .  I n  g e n e r a l ,  t h e  p r e s s e d  d e n s i t y  a n d  g r e e n  
s t r e n g t h  o f  h y d r o s t a t i c a l l y  c o m p a c t e d  m e t a l  powder ,  was h i g h e r  t h a n  
f o i  s i m i l a r  s a m p l e s  c o m p a c t e d  i n  s t e e l .  d i e s .  

An a n a l y t i c a l  s t u d y  o f  t h e  f e a s i b i l i t y  o f  c o n s t r u c t ' i n g  e q u i p m e n t  
f a r  h o t  h y d r o s t a . t i c  p r e s s i n g  was made.  I t  i s  recommended  t h a t  a  
. u n i t  f o x  t h i s  work  be  c o n s t r u c t e d  i n  o r d e r  t o  e v a l u a t e  h o t  h y d r o -  
s t a t i c  p r e s s i n g  a s  a  m e t h o d  f o r  c l a d d i n g  f u e l  e l e m e n t s  and  f o r  

. . c o m p a c t i n g  metal p o w d e r s  t o  f u l l  ' d e n s i t y o  

TABLE I 

COMPARISON OF PROPE RTIES .OF HYDROSTATICALLY PRESSED 
VERSUS COLD STEEL DIE-PRESSED SAMPLES AT 2 1  TSI  

1 M e t a l  P r e s s i n u  Me thod  
....-...A - ........ --. . . . . . . .  . . . . .  .-.-. ...... ..-- / ~ y d r o i t a t i c  

C o l d  P r e s s e d  

Modu lus  Qf D e n s i t y  1 
~ u p t u r e  ( p s  i )  , 

< .: 
' CONFIDENTIAL 

..... ... . ... . . .  .. . - .  - - - ....:..... t ------- i-.> - --- - ..-.- .p . - c  " - --.A;. ..=; ..! .--- .-.--.: 
i H y d r o s t a t i c  2 8 1 5  i . 2 , 5 7  I 

1 Qlutnilaum 
' c o l d  P r e s s e d  1 3 4 0 0  1 2 . 3 6  

... . ... :. . .... .. ...... . . ----.---,..>.c .% .--;,- .-<--* ..--. -, >..'?.. 2 ---. 1- ....--... ..-... -.....".-. I .*..̂ ..* --II-. rll - 
i I j H y d r s s t a t i c  1 7 2 5  

A i c k e l - S i l v e r  / I *  
I 

; C o l d  P ' r e s s e d  1375 

b o f 6  ? 

[ 
' 6 .14  j 

I . i . ,.,--* -.---.-... ."'--.. ""-.""""" "".-.--. ".. '-"'"""--"- .;-.- ' " - v - ' . ' - c  I.? s--)l, "..Pnl--.a 9. :<.!, / H y d r o s t a t i c  I -- ' 1 2 . 5  i i i 

! C o l d  P r e s s e d  i -- I .  ' 
1 ! 

1 2 . 0 ( 1 )  I I ' .. 
. i -,,,,,9*,.,,,,,., ,," ..,,,.,.,,.,.,, -.--,.,,,,-,,. ,.....,, ",. , ... .-.,.-.-,---I-. ---~--.----~----r 

( 1 )  P r e s s e d  a t  5 0  t6i 
m.13- 
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Fig, 3 - Spacer and holder for O-ring gasket for cold hydrostatic pressing unit. 



Fig. 4 - Hydrostatic pressing assembly, 
300-ton press shown in back- 
ground. 
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Fi g . 5 - Hydrostatically a~ mpaated t u b  and plastia mold 
wed in pressing. Approx. half sire 
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@ combined inlet and bleeder valve j pressure vessel 

@ check volve 
0 
@ furnace for vessel 

@ p m s u n  gouge and regulator @ safety head 

@ pressure regulator sensing line @ throtrling valve 

'@ jacketed coolar 

@ preheoter 

@ thermocouple and cohtmller 

@ temperature controller sensing line 

@ pumping unit 

(;;) dump volve 

Fig. 6 SCHEMATIC FLOW DIAGRAM 



( b )  Breech Type Enclosure 

( a )  Threaded Nut Enclosure 

'Fig. 7 
S u g g e s t e d  c l o s u r e s  f o r  h o t  h y d r o s t a t i c  p r e s s i n g  c h a m b e r .  
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