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P r e p a r a t i o n  f o r  c u t t i n g  samples from t h e  t u n g s t e n  f u e l  
b lock  of t h e  Ki lowat t  H e a t  Source f o r  me ta l log raph ic  
examinat ion are underway. I n s t a l l a t i o n  of test  f a c i l i -  
t ies  f o r  s t u d i e s  of hel ium release and i d e n t i f i c a t i o n  
of o t h e r  v o l a t i l e  s p e c i e s  r e l e a s e d  from ven ted  f u e l  
forms i n  a high-temperature ,  high-vacuum environment 
c o n t a i n e r  i s  50% completed.  

A l a r g e  b a t c h  of Gd203 m i c r o p a r t i c l e s  w a s  p repared  f o r  
u se  i n  making an expe r imen ta l  I r -Gd203 cermet.  Tests 
t o  de te rmine  t h e  e f f e c t  of a l p h a  damage on t h e  hel ium 
permeat ion of m e t a l s  w e r e  i n i t i a t e d .  Curium oxide  
powder w a s  p l aced  i n  c o n t a c t  w i t h  a n  aluminum f o i l  
t h i n n e r  t han  t h e  range  of a l p h a  p a r t i c l e s  i n  t h e  alumi- 
num. No d e t e c t a b l e  amount of hel ium permeat ion  w a s  
observed a f t e r  4 weeks of a l p h a  i r r a d i a t i o n .  The x-ray 
d i f f r a c t i o n  s tudy  of t h e  f u e l  sample from t h e  Curium 
Source T e s t  showed t h a t  t h e  f u e l  w a s  2 4 4 C m 2 0 3 ,  b u t  due  
t o  h i g h  r a d i a t i o n  l e v e l s  from t h e  2 4 4 C m  no conc lus ion  
as t o  i m p u r i t i e s  o r  c o n c e n t r a t i o n  could  b e  made. The 
p r e l i m i n a r y  des ign  of a p rocess  f o r  s e p a r a t i n g  curium 
from f i s s i o n  p roduc t s  has  been completed.  
c o n s i s t s  mainly of removing t h e  l a n t h a n i d e - a c t i n i d e  
f r a c t i o n  by s o l v e n t  e x t r a c t i o n  i n  a d i f f e r e n t i a l  
e x t r a c t i o n  system. 

The p r o c e s s  

The laser beam v e l o c i t y  measurement system has  been 
i n s t a l l e d  and t e s t e d  w i t h  t h e  impact gun. R e p e a t a b i l i t y  
of t h e  impact gun is  e x c e l l e n t .  The impact gun has  been 
c a l i b r a t e d  so t h a t  specimens can  be  impacted a t  any 
d e s i r e d  v e l o c i t y .  

V a r i a b l e  mechanical  p r o p e r t i e s  ob ta ined  on Pt-Rk-W s h e e t  
were t r a c e d  t o  t u n g s t e n  s e g r e g a t i o n  and/or  s u r f a c e  d e f e c t s .  
I n s p e c t i o n  and p rocess ing  changes have been i n s t i t u t e d  t o  
overcome t h e s e  problems. Anneal ing tempera tures  have been 
determined f o r  optimum f o r m a b i l i t y ,  and mechanical  proper-  
t ies are shown t o  be n o n d i r e c t i o n a l  i n  f i n i s h e d  s h e e t .  
P rope r ty  improvement i s  i n d i c a t e d  i n  material w i t h  t h e  
rhodium c o n t e n t  i n c r e a s e d  from 26 t o  30% w h i l e  t h e  
tungs t en  c o n t e n t  i s  main ta ined  a t  8%. 

The mechanical  p r o p e r t i e s  of i r i d i u m  s h e e t  w e r e  determined 
as a f u n c t i o n  of tempera ture .  No sha rp  d u c t i l e - t o - b r i t t l e  



2 

t r a n s i t i o n  tempera ture  w a s  observed.  The e f f e c t s  of a 
s imula ted  r e e n t r y  h e a t  p u l s e  on t h e  mechanical  p r o p e r t i e s  
of i r i d i u m w e r e  a l s o  determined.  

TZM w a s  found t o  be  incompat ib le  w i t h  low-pressure oxygen 
a t  1000°C. Reduced d u c t i l i t y  i s  a l s o  observed i n  TZPI 
exposed t o  CO a t  1000°C. 
wide v a r i e t y  of nonfue l  materials coup les  has  been com- 
p l e t e d  and examined i n  suppor t  of t h e  DART program. 

Compa t ib i l i t y  t e s t i n g  of  a 

CURIUM-244 FUEL DEVELOPMENT 

(Div is ion  of Space Nuclear Systems Program 04 30 05 0 3 )  

Curium-244 Oxide Fuel Development and P r o p e r t i e s  

Heat Capac i t y  o f  244Cm203 

Various t o o l s  necessa ry  t o  handle  t h e  2 4 4 C m 2 0 3  h e a t  c a p a c i t y  sample were 
made, and a t r i a l  r u n  f o r  l oad ing  t h e  sample i n t o  t h e  expe r imen ta l  appa ra tus  
w a s  s u c c e s s f u l l y  c a r r i e d  ou t .  

K i l o w a t t  Heat Source Examinat ion 

P r e p a r a t i o n  f o r  t h e  m e t a l l u r g i c a l  examinat ion of samples c u t  from t h e  
tungs t en  f u e l  b lock  w a s  begun. 
t h e  c o n t a i n e r  i n  which t h e  f u e l  b lock  w a s  s t o r e d ,  w a s  i n i t i a t e d .  The 
second s t e p  w i l l  be  t h e  removal of t h e  major q u a n t i t y  of  2 4 4 C ~ 2 0 3  from 
t h e  f u e l  channels .  The t h i r d  s t e p  w i l l  i n c l u d e  s e c t i o n i n g  of t h e  f u e l  
b lock  and me ta l log raph ic  i n s p e c t i o n  of s e l e c t e d  specimens i n  HRLEL. 

The f i r s t  s t e p ,  i nvo lv ing  t h e  opening of 

Vented Capsule Fuel  Form Study 

I n s t a l l a t i o n  of a high-temperature ,  high-vacuum fu rnace  f o r  t e s t i n g  
f u e l  forms i n  vented  capsu le s  i s  50% completed. The t e s t  i s  t o  s i m u l a t e  
and s tudy  t h e  e f fec ts  of space - l ike  c o n d i t i o n s  on t h e  f u e l  form of a 
p r o t o t y p e  vented  capsu le .  The hel ium release c h a r a c t e r i s t i c s  of t h e  
f u e l  form w i l l  be  determined,  and t h e  r e s i d u a l  atmosphere i n  t h e  fu rnace  
and t h e  p o s s i b l e  vapor s p e c i e s  from t h e  f u e l  form w i l l  be  measured. 
Following t h e  exposures  a t  tempera ture ,  t h e  specimens w i l l  be  sec t ioned  
and examined f o r  c o m p a t i b i l i t y  e f f e c t s .  The t es t  f a c i l i t y  enc losed  i n  
a sh ie lded  a l p h a  glove-manipulator c e l l  c o n s i s t s  of a Brew-type fu rnace ,  
a turbomolecular  pump, and a quadrupole  mass spec t rometer  f o r  a n a l y s e s  
of gaseous and vapor s p e c i e s .  

P r e p a r a t i o n  o f  S i zed  244Cm203 P a r t i c l e s  

A l a r g e  b a t c h  of Gd2O3 m i c r o p a r t i c l e s  w a s  p repared  f o r  u se  i n  making a n  
exper imenta l  I r G d 2 0 3  cermet. The p r e p a r a t i o n  of t h i s  material used t h e  
a v a i l a b l e  r e s i n .  Plore of t h e  same brand and type w a s  ob ta ined ;  however, 
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i t  behaves d i f f e r e n t l y  and l e a d s  t o  t h e  f r e q u e n t  f r a c t u r i n g  of  p a r t i c l e s .  
The two r e s i n s  which had been p r e v i o u s l y  used s u c c e s s f u l l y  were Rexyn 1 0 2 H  
and IRC-72. I n  a r e c e n t l y  purchased ba tch  of Rexyn 102II t h e  p a r t i c l e s  
d i f f e r e d  a p p r e c i a b l y  from t h e  o l d  r e s i n  i n  p h y s i c a l  form and i n  ion- 
exchange c a p a c i t y .  T e s t s  w i th  t h e  r e s i n  w e r e  abandoned. A new ba tch  
of IRC-72 w a s  t h e  s a m e  i n  appearance and i n  nominal c a p a c i t y ;  however, 
many of t h e  beads w e r e  observed t o  break  i n  bo th  t h e  l o a d i n g  and t h e  
c a r b o n i z a t i o n  s t e p s .  Th i s  d i f f i c u l t y  had n o t  been  encountered  i n  earlier 
tests w i t h  c e r t a i n  excep t ions .  The beads of a b a t c h  of very  h igh ly  bonded 
m a t  r i a l  had been badly  broken and beads which had been i n i t i a l l y  i n  t h e  
NH4 form tended t o  break  d u r i n g  c a r b o n i z a t i o n .  It a l s o  had been found 
t h a t  t h e  p re sence  of oxygen d u r i n g  c a r b o n i z a t i o n  caused a l l  t ypes  of  beads 
t o  break .  

0 

The b reak ing  of beads du r ing  load ing  w a s  e l i m i n a t e d  by a change i n  pro- 
cedure  t o  e l i m i n a t e  a g i t a t i o n  d u r i n g  load ing .  A l o a d i n g  appa ra tus  w a s  
developed which o p e r a t e s  on t h e  p r i n c i p l e  of t h e  c o f f e e  p e r c o l a t o r  i n  
which t h e  s o l u t i o n  p e r c o l a t e s  through a bed of t h e  r e s i n .  

Work cont inued  on t h e  a d a p t a t i o n  of t h e  r e s i n  p rocess  t o  h o t - c e l l  opera-  
t i o n  by d e f i n i n g  t h e  h e a t i n g  c y c l e  r e q u i r e d  t o  minimize p a r t i c l e  breakage 
and op t imize  s i n t e r i n g ,  
p a r t i c l e s  has  been f a b r i c a t e d .  

Equipment f o r  h o t - c e l l  p r e p a r a t i o n  of 2 4 4 C m 2 0 3  

Helium Release from Cermets 

T e s t s  t o  de te rmine  t h e  e f f e c t  of a l p h a  damage on t h e  hel ium permeat ion 
of m e t a l s  w e r e  i n i t i a t e d . '  
w i t h  an  aluminum f o i l  of t h i c k n e s s  less than  t h e  range of  a l p h a  p a r t i c l e s  
i n  t h e  aluminum. 
aluminum f o i l  wh i l e  t h e  o p p o s i t e  s i d e  of t h e  f o i l  w a s  connected t o  a 
mass spec t romete r  t o  de te rmine  hel ium permeat ion  of t h e  f o i l .  A f t e r  
fou r  weeks of a l p h a  i r r a d i a t i o n ,  no d e t e c t a b l e  amount of hel ium permea- 
t i o n  w a s  observed.  A n  annea led  p l a t inum f o i l ,  8.3 pm t h i c k ,  i s  be ing  
t e s t e d ,  b u t  no r e s u l t s  are a v a i l a b l e .  

Curium ox ide  powder w a s  p laced  i n  c o n t a c t  

A p r e s s u r e  of hel ium of 1 7  l b / i n . 2  w a s  p u t  on t h e  

Cermet Test Program 

S t r e n g t h  d e t e r i o r a t i o n  and reduced hel ium p e r m e a b i l i t y  of 244Cm203-bearing 
cermets upon ag ing  are of p a r t i c u l a r  concern t o  t h e  development of an  
i s o t o p i c  ower f u e l  form. We a r e  i n v e s t i g a t i n g  t h e s e  e f f e c t s  i n  Mo-Tho2 
compacts. 'I 
Aging of Mo-Tho2 specimens f o r  1000 h r  a t  1200 and 1500°C and t o r r  
w a s  completed.  A l l  aged specimens appeared t o  be i n  e x c e l l e n t  c o n d i t i o n .  
Specimens hot -pressed  a t  1200°C showed a s l i g h t  i n c r e a s e  i n  d e n s i t y  from 
a cor responding  r e d u c t i o n  i n  p h y s i c a l  dimensions.  The ag ing  t r e a t m e n t s  
produce l i t t l e ,  i f  any ,  s i g n i f i c a n t  change i n  specimens hot -pressed  a t  
1450 and 1700°C. Due t o  a change i n  programmatic p r i o r i t i e s  no f u r t h e r  
e v a l u a t i o n  of t h e s e  specimens i s  planned.  
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Metal 1 ography of Curi urn Source Test Fuel 

The x-ray d i f f r a c t i o n  s tudy  of t h e  f u e l  sample from t h e  Curium Source 
T e s t  w a s  t e rmina ted .  
t o  h igh  r a d i a t i o n  l e v e l s  from t h e  244Cm no conc lus ion  as t o  i m p u r i t i e s  
o r  c o n c e n t r a t i o n  could be made. 

The s tudy  showed t h a t  t h e  f u e l  w a s  244Cm203.  Due 

Recovery o f  Curi um-244 from Fuel Reprocessi ng Waste 

The p re l imina ry  des ign  of a p rocess  f o r  s e p a r a t i n g  curium from f i s s i o n  
p roduc t s  has  been completed. The process  c o n s i s t s  e s s e n t i a l l y  of t h e  
removal of a l an than ide -ac t in ide  f r a c t i o n  from t h e  mixed f i s s i o n  products  
by s o l v e n t  e x t r a c t i o n  us ing  t h e  d i f f e r e n t i a l  e x t r a c t i o n  p rocess .  This 
is  fol lowed by t h e  s e p a r a t i o n  of t h e  curium from t h e  l a n t h a n i d e s  and o t h e r  
a c t i n i d e s  by a chromatographic ion-exchange p rocess .  The p rocess  w a s  
designed t o  minimize c a p i t a l  c o s t s  and t o  avoid  any a p p r e c i a b l e  i n c r e a s e  
i n  t h e  volume of s o l i d  wastes. 

Curium Source Neutron Dose Measurement 

The w a t e r  s h i e l d i n g  t ank  t o  be used i n  t h e  curium neu t ron  dose  measure- 
ment experiment w a s  completed. 

Impact Testing o f  Heat Source Materials 

Velocity Measurement Sys tern 

The laser beam v e l o c i t y  measurement sys  t e m  w a s  i n s t a l l e d  and t e s t e d  wi th  
t h e  impact gun. 
being too  s e n s i t i v e  t o  shock waves genera ted  by t h e  impact of t h e  sabo t  
on t h e  w a l l  of t h e  c a t c h e r  box. The eye  of t h e  photosensor  w a s  so  s m a l l  
t h a t ,  i f  t h e  laser beam dev ia t ed  only a s m a l l  amount due t o  v i b r a t i o n s ,  
t h e  system would gene ra t e  enough of a p u l s e  t o  s t a r t  t h e  e l e c t r o n i c  t i m e r .  
The o r i g i n a l  photosensors  were rep laced  wi th  ones having a l a r g e r  eye  which 
would a l low t h e  laser beam t o  v i b r a t e  on t h e  eye  and t r i g g e r  t h e  t i m e r  on ly  
upon t o t a l  e c l i p s e  of t h e  beam. This  change e l imina ted  t h e  p rema tu re  t r i g -  
ge r ing  of t h e  t i m e r .  

Some minor problems were exper ienced  wi th  t h e  system 

Impact Gun Testing 

The togg le  b r a c k e t s  f o r  t h e  sabo t  h e a t e r  e l e c t r i c a l  connec t ions  w e r e  
i n s t a l l e d  i n  t h e  impact gun gas  chamber. T e s t s  of t h e  h e a t e r  system 
i n d i c a t e d  t h a t  1000°C can be a t t a i n e d .  

The impact gun sabot  g r i p p e r  was energ ized  w i t h  t h e  h e a t e r  a t  t h e  maximum 
temperature  t o  test  t h e  system a t  tempera ture .  G a s  could be heard escap- 
ing  around t h e  sabo t  dur ing  t h e  test ,  and on ly  150-psig gas  p r e s s u r e  
could be maintained on t h e  system wi th  t h e  gas  r e g u l a t o r  wide open. The 
gun w a s  disassembled,  and t h e  g r i p p e r  w a s  d imens iona l ly  in spec ted .  A 
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0.006-in. permanent d i s t o r t i o n  w a s  found i n  t h e  c e n t e r  of t h e  g r i p p e r  
i n d i c a t i n g  t h a t  t h e  g r i p p e r  and gun had expanded more than  had been 
a n t i c i p a t e d .  A new s a b o t  h e a t e r  and g r i p p e r  were des igned  t o  p rov ide  
proper  c l e a r a n c e s  f o r  impact t e s t i n g  of p e l l e t s  a t  700°C. 
w a s  ene rg ized  wi th  t h e  h e a t e r  a t  750°C and t h e  p r e s s u r e  w a s  a d j u s t e d  t o  
250 p s i g  w i t h  no a p p a r e n t  leakage  of gas .  

The g r i p p e r  

To test  t h e  r e p e a t a b i l i t y  of t h e  impact gun, f i v e  aluminum s a b o t s  w e r e  
tes t  f i r e d .  The p r o j e c t i l e  used i n  t h i s  t es t  w a s  a 1 - i n . - d i m  s teel  
b a l l .  Table  1 shows t h e  e x c e l l e n t  r e p e a t a b i l i t y  of t h e  impact gun. 

In o r d e r  t o  impact specimens a t  any d e s i r e d  v e l o c i t y  w i t h i n  t h e  r ange  of 
t h e  gun, a c a l i b r a t i o n  of t h e  gun r e l a t i n g  f i r i n g  p r e s s u r e ,  mass, and 
v e l o c i t y  i s  be ing  made. Table  2 l ists  t h e  d a t a  c o l l e c t e d  t o  d a t e  on 
t h e  f i r i n g  of t h e  impact gun us ing  unheated s a b o t s .  

F i g u r e  1 shows a p l o t  of f i r i n g  p r e s s u r e  ve r sus  k i n e t i c  energy x 32 x 
(To c a l c u l a t e  k i n e t i c  energy i n  f t - l b ,  "PI" must b e  i n  s l u g s ,  bu t  d i r e c t  
s u b s t i t u t i o n  of t h e  weight  of t h e  s a b o t  and specimen is  more convenient ;  
t h u s  t h e  t e r m  k i n e t i c  energy x 32.) By assuming t h a t  t h e  e q u a t i o n  of 
t h e  s t r a i g h t  l i n e  shown i n  F ig .  1 has  t h e  form: 

P = S(11V2/2) + b (1 1 

where 

P = f i r i n g  p r e s s u r e ,  p s i g  
M = s a b o t  and specimen weight ,  l b  
V = specimen v e l o c i t y ,  f t j s e c  
S = s l o p e  of l i n e ,  ( l b  of f o r c e  s e c 2 ) / ( l b  of m a s s  f t 2  i n . 2 )  
b = i n t e r c e p t  of l i n e ,  p s i g  

then  by t h e  c l a s s i c a l  s l o p e - i n t e r c e p t  method, t h e  equa t ion  of t h e  impact 
t e s t i n g  gun w a s  found t o  be  

Equat ion (2) h a s  been found t o  be  ve ry  r e l i a b l e  i n  s e t t i n g  t h e  f i r i n g  
p r e s s u r e  f o r  a d e s i r e d  v e l o c i t y ,  g iven  t h e  we igh t  of t h e  s a b o t  and 
specimen. A nomograph (Fig.  2) w a s  c o n s t r u c t e d  us ing  E q .  ( 2 )  w r i t t e n  
i n  t h e  form 

Log P = Log M + 2 Log V - 2.83446 . ( 3 )  

The d a t a  used t o  d e r i v e  Eq. ( 2 )  w e r e  from tests i n  which t h e  impacted 
specimen and s a b o t  w e r e  n o t  hea ted .  
mine i f  t h e  equa t ion  ho lds  t r u e  f o r  impacts  w i th  hea ted  specimens.  

A 3/4-in.-diam gadol inium sesqu iox ide  (Gd203) sphe re  was hea ted  t o  75OoC 
and impacted on a g r a n i t e  b lock .  The s a b o t  and specimen weight  w a s  
532.8 g,  and t h e  s a b o t  w a s  f i r e d  a t  1 2 5  p s i g .  A high-speed movie w a s  

F u r t h e r  tests w i l l  b e  made t o  d e t e r -  
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Table 1. R e p e a t a b i l i t y  of Impact G u n  
~ - ~ -  ~ ~ ~ 

F i r i n g  Sabot and In t erva 1 Veloc i ty  
(f  t / s e c )  P res su re  Sample Weight T imea  

( P S i d  (1b ) (set) 

140 1.498 0.00394 253.8 

140 1.498 0.00395 253.2 

250 1.498 0.00297 336.7 

250 1.498 0.00296 337.8 

2 00 1.498 0.00331 302.1 

a I n t e r v a l  t i m e  measured over  a d i s t a n c e  of 1 f t .  

T a b l e  2. Data on F i r i n g  of Impact Gun w i t h  Unheated S a b o t s  

P r e s s u r e  Weight Time V e l o c i t y  K i n e t i c  Energy V e l o c i t y  Mezsuring 
( p s i g )  O b )  (msec) ( f t / s e c )  [ (1 /2  MV2) x 32 x Sys t e m  

~~~ ~ 

100 1.542 4.83 207.0 33 .0  1 
100 1.542 4.82 207.0 33.0 1 
125 1.520 4.32 231.5 40.7 3 
12  5 1.520 4.27 234.2 41.7 3 
1 4 0  1.498 3.94 253.8 48.2 1 
1 4 0  1 .498  3.95 253.2 48 .0  1 
1 4 0  1 .571  4.04 247.5 48 .1  1 
140 1.563 4.03 248.1 48 .1  1 
180 2.000 3.99 250.6 62.8 2 
180 2.000 4.01 249.4 62.2 2 
1 8 0  2.000 4.04 247.5 61.3 2 
180 1.219 3.10 322.5 63.4 2 

291.0 64.4 4 190  1.520 - 
190 1.520 3.49 286.5 62.4 3 
2 00 1.498 3.31 302.1 68.3 1 
200 1.504 3.50 285.7 61.4 1 
250 1 .498  2.97 336.7 84.9 1 
250 1 .498  2.96 337.8 85.4 1 
250 1.672 3.13 319.5 85.3 1 

263.8 40.8 4 125b 1 .174  - 

% e l o c i t y  Measuring System Code: 

bData n o t  shown i n  Fig. 1. 

1 - O W  laser t i m i n g  system; 2 - P r o c e s s  Equipment 
Company t i m i n g  system; 3 - O W  p h o t o e l e c t r i c  t i m i n g  system; 4 - High-speed movies. 
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F i g .  1. C a l i b r a t i o n  Curve f o r  Impact Tes t ing  Gun. 
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-- 

-- 

t a k e n  of t h e  impact.  
[Eq. ( 2 ) ]  w a s  269.7 f t / s e c ,  and t h e  v e l o c i t y  ob ta ined  from ana lyz ing  t h e  
high-speed movie w a s  263 .8  f t / s e c .  Comparison of t h i s  movie wi th  o t h e r s  
taken  of unheated G d ~ 0 3  sphe res  being impacted showed no v i s i b l e  d i f f e r e n c e  
i n  t h e  breakup of t h e  spheres .  

The impact v e l o c i t y  p r e d i c t e d  from t h e  gun equa t ion  

250 

200 

-- I50 

i 100 

FIRING PRESSURE 
(PmI 

50 20  

15 
70 

1000 
900 
800 
7 0 0  

600 

500  

.9 400 

.7 

.6 

.a  

300 .:$; .s 4 0 ~  

.2 500 2 
VELOCITY 
(fl /S.C) lrnrsc) 

INTERVAL TIME 

~i 
Fig. 2. F i r i n g  C h a r a c t e r i s t i c s  of Impact Tes t ing  Gun. 
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CLADDING MATERIALS PROGRAFl 

(Div is ion  of Space Nuclear Systems Program 04 30 05 04) 

Charac ter iza t ion  o f  Pt -Rh-W A1 1 oys 

J .  H .  E m i n  and H .  Inouye 
MetaZs and Ceramics Divis ion 

Prev ious ly  w e  r e p o r t e d  t h a t  t h e  0.030 x 8-1/2 x 11- in .  s h e e -  prepared  
from a 4-lb i n g o t  (Heat P t - l D ,  nominal composi t ion Pt-26% Rh-8% W) w a s  
shown by eddy c u r r e n t  i n s p e c t i o n  t o  c o n t a i n  i s o l a t e d  areas of t ungs t en  
seg rega t ion .  Meta l lographic  examinat ion of t h e  c r o s s  s e c t i o n  of an area 
i n d i c a t i n g  maximum s e g r e g a t i o n  showed up as a 0.0005-in .-wide tungs t en  
s t r i n g e r  ex tending  t h e  l e n g t h  of t h e  specimen. To f u r t h e r  e v a l u a t e  t h e  
n o n d e s t r u c t i v e  r e s u l t s ,  t e n s i l e  specimens w e r e  blanked from t h e  s h e e t  so 
t h a t  t h e  i n d i c a t e d  areas of s e g r e g a t i o n  w e r e  i n  t h e  gage s e c t i o n .  Table  
3 shows t h a t  t h e  s t r e n g t h  and d u c t i l i t y  of specimens showing s e g r e g a t i o n  
w e r e  g e n e r a l l y  lower than  t h e  homogeneous specimens.  The l a c k  o f  a b e t t e r  
c o r r e l a t i o n  i s  a t t r i b u t e d  t o  miss ing  t h e  seg rega ted  areas which w e r e  as 
s m a l l  a s  1 / 1 6  i n .  i n  d iameter .  W e  conclude from t h e s e  r e s u l t s  t h a t  t h e  
eddy c u r r e n t  method i s  a r e l i a b l e  q u a l i t y - c o n t r o l  technique  f o r  d e t e c t i n g  
tungs t en  s e g r e g a t i o n .  

The e f f e c t  of annea l ing  temperature  and t h e  d i r e c t i o n a l  p r o p e r t i e s  of  t h e  
homogeneous p o r t i o n s  of s h e e t  Pt-1D are shown i n  Table  4 .  The specimens 
show t h e  c h a r a c t e r i s t i c  dec rease  i n  s t r e n g t h  and i n c r e a s e  i n  d u c t i l i t y  w i th  
i n c r e a s i n g  annea l ing  tempera ture .  No s i g n i f i c a n t  d i r e c t i o n a l  p r o p e r t i e s  
are e v i d e n t .  This  may be due t o  t h e  c r o s s  r o l l i n g  d u r i n g  w a r m  r e d u c t i o n  
a t  1000°C. 

Table 3. C o r r e l a t i o n  Between Xondes t r u c t i v e  T e s t i n g  I n s p e c t i o n  and 
Room-Tenperature T e n s i l e  P r o p e r t i e s a  of Pt-26% Rh--8% IJ (Ileat Pt-1D) 

Eddy Current  U l t i m a t e  T e n s i l e  Yie ld  S t r eng th  Elongat ion  
Readingb S t r eng th  ( p s i )  ( p s i )  (%> 

<I 88,800 
<1 92,200 

164 91  , 400 
2 1 4  84,400 
396 70,000 
445 90,300 

488-538 83,700 

48,700 10.0 
48,000 11.0 
48  , 000 10 .8  
49 , 100 8.7 
47,500 5.0 

48 , SO0 8 .3  
49,500 10.1 

a 

bThe s e v e r i t y  of t ungs t en  s e g r e g a t i o n  is thought  t o  i n c r e a s e  wi th  

0.030-in.- thick s h e e t ,  annea led  1 h r  a t  12OO0C, t e s t e d  a t  
0.05 in . / in . /min .  

t h e s e  numbers. Values of <1 are cons idered  t o  be homogeneous. 
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Table 4. 
Temperature Tensile Properties of 0.030-in.-thick Pt-26% R h 4 %  W (Heat 1D) Sheeta 

The Effect of Annealing Temperature and Rolling Direction on the Room- 

Ultimate Tensile Yield Strength Elongation Heat Treatment 
Strength (psi) (psi) (%I 

Parallel to Rolling Direction 

Cold Rolled 21% 182,100 154,000 2.0 
Annealed 1 hr at 1000°C 153,200 122,500 7.3 

Annealed 1 hr at 1200°C 92 , 200 48 , 000 11.0 
Annealed 1 hr at 1100°C 97,100 53 , 800 10.5 

Annealed 1 hr at 1300°C 83,700 43,800 10.4 

Transverse to Rolling Direction 

Cold Rolled 21% 186,500 
Annealed 1 hr at 1000°C 157,700 

Annealed 1 hr at 1200°C 92 , 500 
Annealed 1 hr at 1300°C 81 , 200 
Annealed 1 hr at 1100°C 100,000 

149,000 
123,800 
55,300 
48 , 700 
45 , 200 

2.9 
11.4 
11.5 
11.4 
9.4 

Strain rate is 0.05 in./in./min. a 

Using hydrogen-annealed powder i n s t e a d  of arc-melted and crushed tungs t en  
and a modif ied me l t ing  procedure , '  an  a d d i t i o n a l  4-lb ingo t  of Pt-26% Rh- 
8% W (Heat Pt-1ER) w a s  c a s t  and s u c c e s s f u l l y  r o l l e d  t o  0.030-in.-thick 
s h e e t  u s ing  t h e  same f a b r i c a t i o n  procedures  p rev ious ly  used. Eddy c u r r e n t  
i n s p e c t i o n  of t h i s  s h e e t  showed no i n d i c a t i o n  of t ungs t en  seg rega t ion .  To 
d a t e  the f o r m a b i l i t y  of t h i s  s h e e t ,  as determined by a modif ied Olsen cup 
tes t ,  i s  shown i n  Table  5. The r e s u l t s  are compared wi th  b lanks  taken  from 
t h e  homogeneous areas of H e a t  Pt-1D. The cup h e i g h t  as a func t ion  of t h e  
h e a t  t r ea tmen t  shows no a p p r e c i a b l e  d i f f e r e n c e  between t h e  two h e a t s  and 
a peak i n  t h e  f o r m a b i l i t y  of specimens annealed between 990 and 1000°C. 
According t o  our prev ious  s t u d i e s ,  a 1-hr annea l  a t  t h i s  tempera ture  is 
j u s t  a t  o r  below t h e  r e c r y s t a l l i z a t i o n  tempera ture .  

Table  5.  R e s u l t s  of Annealing 1 H r  a t  Various Temperatures 
on t h e  Cup Height Obtained on 0.030-in.-thick Pt-26% Rh- 

8% W Alloy Sheet  i n  a l l od i f i ed  Olsen Cup Tes t  

H e a t  Treatment Cup Height ( i n . )  
Temperature ("C) Pt-lDa Pt-lERD 

900 
950 
990 

1000 
1050 
1100 
1200 
1300 

0.305 0.287 
0.307 0.309 

Not t e s t e d  0.467 
0.464 0.427 
0.278 0.257 
0.270 0.387 
0.241 0.257 
0.264 0.261 

a 

bSheet showed no seg rega t ion .  

Sheet  conta ined  seg rega ted  areas o f  tungs ten ,  bu t  n o t  i n  
a r e a s  of sample b lanks .  
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Bend test  r e s u l t s  of s i m i l a r l y  h e a t - t r e a t e d  samples from t h e  two s h e e t s  
are summarized i n  Table  6. The bend test  is  t h e  s t a n d a r d  2T tes t  d e s c r i b e d  
i n  EvaZuation Tes t  Methods for Refractory Metal Sheet Specimens, MAB-176M 
(1961). I n  t h i s  r e s p e c t ,  t h e s e  d a t a  v e r i f y  t h e  1000 t o  1100°C tempera ture  
r ange  i n d i c a t e d  by t h e  t e n s i l e  and cup tests as optimum h e a t  t r ea tmen t  f o r  
t h e  21% co ld - ro l l ed  a l l o y .  The c a l c u l a t e d  e l o n g a t i o n  and bend s t r e n g t h  are 
25 t o  50% h i g h e r  than  t h e  v a l u e s  o b t a i n e d  from t e n s i l e  tes ts .  This  i s  per-  
haps due t o  d i f f e r e n c e s  i n  sample geometry and c a l c u l a t i o n  methods. Du- 
p l i c a t e  samplesfor a g iven  heat t r ea tmen t  showed o c c a s i o n a l  wide d i f f e r e n c e s  
i n  t h e  bend a n g l e  t o  f a i l u r e .  Examination of t h e  f r a c t u r e s  reveal g r a i n  
boundary s e p a r a t i o n  i n  t h e  less d u c t i l e  samples.  We a s s o c i a t e d  t h e  g r a i n  
boundary f r a c t u r e  w i t h  tungs t en  s e g r e g a t i o n  from p rev ious  expe r i ence  w i t h  
t h e  Pt -1D s h e e t ;  however, examinat ion o f  samples by meta l lography has  n o t  
r evea led  any d i f f e r e n c e s  i n  g r a i n  boundar ies  of t h e  samples .  

The t e n s i l e  p r o p e r t i e s  of Pt-26% R h 4 %  W (hea t  Pt-1ER) specimens t aken  
from a n  0.030 x 12 x 12-in. s h e e t  are shown i n  Table  7 .  These d a t a  show 
c o n s i s t e n t  and n o n d i r e c t i o n a l  p r o p e r t i e s  f o r  a g i v e n  h e a t  t r ea tmen t .  The 
d u c t i l i t y  i n c r e a s e s  uni formly  w i t h  tempera ture  from approximate ly  11% a t  
room tempera ture  t o  approximate ly  50% a t  1316°C. On t h e  o t h e r  hand, t h e  
r e d u c t i o n  i n  area i s  s e e n  t o  i n c r e a s e  a b r u p t l y  from approximately 6% a t  
room tempera ture  t o  100% a t  and above 760°C. 
c u l a t e d  impact c a p a b i l i t i e s  a t  1316'C of  t h e  a l l o y  [de f ined  as  0.5(UTS + 
U S )  x f r a c t u r e  s t r a i n ]  i n c r e a s e  somewhat w i t h  t h e  s t r a i n  ra te  by v i r t u e  

Tab le  8 shows t h a t  t h e  cal- 

Table 6. Bend Testa Results of 0.030-in.-thick PlatinunrRhodium-Tungsten Alloy Sheet 

Heat Treatmentb Maximum Bend Angle (deg) Elongation (X) Bend Strength (ksi) 
( " C )  Pt-lDC Pt-lERd Pt-4Ae Pt-lDC Pt-lERd Pt-4Ae Pt-lDC Pt-lERd Pt-4Ae 

Transverse Samples Bent Parallel to Cold-Rolling Direction 

900 
950 
990 
1000 
1050 
1100 
1200 
1300 

9 00 
950 
990 
1000 
1050 
1100 
1200 
1300 

61 
86 

65 
80 
81 
37 
35 

X 

53 
55 
99 

60 
50 

42 

X 

X 

55 

108 
X 

X 
X 

108 

87 
X 

12.3 
17.2 

13.4 
16.4 
16.5 
8.2 
8.1 

X 

11.6 
12.0 
19.0 

12.8 
10.7 

9.5 

X 

X 

11.7 309 
X 286 

> 20 196 
X 258 
X 166 

> 20 153 
X 131 
18.0 118 

332 
304 
209 

170 
145 

115 

X 

X 

Longitudinal Samples Bent Transverse to the Cold-Rolling Direction 

70 46 
86 64 
X 64 
88 X 

70 52 
89 50 
45 45 
40 46 

13.9 
19.1 

17.2 
14.6 
17.4 
9.7 
8.7 

X 

10.0 
13.3 
13.3 

11.2 
10.6 
9.7 
9.8 

X 

2 92 313 
2 69 300 
X 193 

234 X 
153 167 
141 14 3 
125 129 
112 118 

329 

214 
X 

X 

X 
152 

136 
X 

a2T bend test was made at a rate of 0.2 in./min. 
bOne-hour vacuum. 
cPi-26% Rh--8% W sheet showing segregation of tungsten. 
dPt-26% M% W sheet with no segregation indicated. 
ePt-30% Rh-8% W sheet. 

x = no sample. 
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Table 7. Tensile Properties of 0.030 x 12 x 12-In. Sheet 
of Pt-26% R W %  W (Heat Pt-1ER)' 

Reduction 
in Area 1-Hr Heat Test Ultimate YieldD Elongation Treatment Temperature Tensile Strength 

(%) (%I ("C)  ("0 Strength (psi) (Psi) 

Longitudinal to Rolling Direction 

1000 Room 152,000 103,000 11.5 11.9 
1100 Room 104,800 53,100 13.5 6.1 
1200 Room 92,100 47,300 11.5 7.5 
1300 Room 80,700 40,400 11.1 5.7 
1200 7 60 74,400 28,700 27.8 %loo 
12 00 1093 38,400 18,900 30.8 %loo 
12 00 1316 17,000 14,900 52.0 %loo 

Transverse to Rolling Direction 

1000 Room 150,300 109,700 13.8 15.3 

1200 Room 91,600 49,400 11.3 7.2 
1300 Room 74,800 42,000 9.3 6.0 

1100 Room 101,000 55,000 13.3 5.3 

Cold rolled 21% before annealing (strain rate 0.05 in./in./min.). a 

b0,2% offset yield strength. 

Table 8. The Effect of Strain Rate on the Tensile Properties 
of Pt-26% Rh-%% W Sheet at 1316°C 

Strain Rate Ultimate Tensile Yieldb Elongation Impact Values' 
(in./in./min) Strength (psi) Strength (%I (in.-lb/in. 3,  

0.05 17,000 14,900 52.0 16,600 

(psi) 

0.10 20,100 17,600 56.5 21,200 

0.20 20,700 16,900 47.0 17,700 

a 

b0,2% offset yield strength. 
C0.5(UTS + YS) x fracture strain. 

0.030-in.-thick sheet of Pt-1ER annealed 1 hr at 1200°C. 

of corresponding i n c r e a s e s  i n  t h e  u l t i m a t e  t e n s i l e  and y i e l d  s t r e n g t h .  
The impact va lues  f o r  T-111 and i r i d i u m  are 11,000 and 7,400 i n . - l b / i n . 3 ,  
r e s p e c t i v e l y .  The s u p e r i o r  impact va lues  of t h e  p la t inum a l l o y  ar ise  f r o n  
t h e  f a c t  t h a t  t h e  y i e l d  s t r e n g t h  i s  about  86% of t h e  u l t i m a t e  s t r e n g t h  
and t h a t  t h e  f r a c t u r e  d u c t i l i t i e s  are a l s o  h ighe r  than  T-111 o r  i r i d ium.  

To de termine  t h e  e f f e c t  of t h e  rhodium con ten t  i n  P t - R N  a l l o y s ,  w e  
i nc reased  t h e  rhodium c o n t e n t  from t h e  previous  26% t o  30% a t  t h e  8% W 
l e v e l .  One s m a l l  i ngo t  (hea t  Pt-4A) w a s  f a b r i c a t e d  i n t o  s h e e t  i n  a manner 
s i m i l a r  t o  prev ious  procedure wi th  e x c e l l e n t  r e s u l t s .  An Olsen cup test 
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on a b lank  h e a t  t r e a t e d  f o r  1 h r  a t  990°C i n  vacuum produced a f u l l  
7/8-in.-diam hemisphere w i t h  only  two s m a l l  s u r f a c e  cracks. This  i s  
i n  c o n t r a s t  w i t h  f a i l u r e  of t h e  Pt-26% Rh-8% FJ a l l o y  (Pt-1ER) b lank  a t  
a cup h e i g h t  of o n l y  0.467 i n .  R e s u l t s  of t h e  bend tests on t h i s  a l l o y  
are a l s o  g iven  i n  Table  6. Samples h e a t  t r e a t e d  a t  bo th  990 and 1100°C 
wi ths tood  a 90" 2T bend tes t .  

The t e n s i l e  p r o p e r t i e s  of h e a t  Pt-4A are shown i n  Table  9. A t  room t e m -  
p e r a t u r e  t h i s  a l l o y  i s  s t r o n g e r  and more d u c t i l e  t han  Pt-26% Rh-8% W;  
however, a t  1093 and 1316°C a s i g n i f i c a n t  amount of scatter w a s  observed.  
Because t h e  spec inens  showing poor t e n s i l e  p r o p e r t i e s  w e r e  Eaken from 
t h e  same s i d e  of t h e  r o l l e d  s h e e t ,  i t  i s  suspec ted  t h a t  contaminat ion  o r  
s e g r e g a t i o n  h a s  occurred .  

Table  9. T e n s i l e  P r o p e r t i e s  of 0.030-in.-thick 
Pt-30% R M %  W (Heat Pt-4A)a 

U l t i m a t e  T e n s i l e  0.2X O f f s e t  Reduction 
T e s t  E longat ion  S t r e n g t h  Yie ld  S t r e n g t h  i n  A r e a  

(2) (7:) Temperature 
( "C)  ( p s i )  ( p s i )  

Long i tud ina l  t o  -- R o l l a D i r e c t i o n  - - ~ -  

Room 115,000 53,200 17.8 9.1 

1316 19,800 16,500 46.8 57 
1093b 38 000 20,500 16.8 13 .4  

Transverse  t o  R o l l i n g  D i r e c t i o n  
.-_---- 

Room 108,20C 50,800 18.8 9 .1  
760 75,100 30,200 30.2 35 .1  

1093b 35 700 19,500 18 .3  35.4 
1316b 15,500 15,000 28.0 11.9 

Specimens annea led  1 h r  a t  1200°C, t e s t e d  a t  0.05 in . / i n . /min .  a 

bSpecimens showed numerous c r a c k s  i n  gage l e n g t h  a f t e r  t e s t i n g .  

To assess t h e  e f f e c t  of observed subsu r face  v o i d s  on e r r a t i c  mechanical  
p r o p e r t i e s ,  t h e  s u r f a c e s  of s i x  a d j a c e n t  bend test specimens from a 
0.030-in.-thick Pt-30% Rh--8% W a l l o y  s h e e t  (Pt-4B) w e r e  ground, h e a t  
t r e a t e d ,  and g iven  a 2T bend. The r e s u l t s  are g iven  i n  Table  10 .  N o  
a p p r e c i a b l e  d i f f e r e n c e  appears  between t h e  a s - r o l l e d  samples and t h o s e  
p o l i s h e d  t o  remove about  0,0005 i n .  from t h e  s u r f a c e .  Ziowever, bo th  
samples t h a t  w e r e  ground t o  remove 0.003 i n .  fo l lowed by p o l i s h i n g  t h e  
s u r f a c e  wi ths tood  t h e  2T bend tes t  wi thou t  f a i l u r e .  To f u r t h e r  v e r i f y  
t h e  e f f e c t  of t h e  v o i d s ,  t h r e e  sets of  t h r e e  samples each w e r e  t aken  
from a Pt-26% Rh-8% W a l l o y  s h e e t  (Pt-1ER) t h a t  had p rev ious ly  shown 
i n c o n s i s t e n t  bend test  r e s u l t s .  The samples w e r e  f i l e d  and po l i shed  t o  
remove about  0,0045 i n .  from t h e  s u r f a c e  followed by h e a t  t r ea tmen t  i n  
a i r  a t  1000°C and i n  vacuum a t  1000 and 1 1 0 0 ° C .  Data from t h e s e  samples 
(Table 11) show no d i f f e r e n c e  i n  t h e  d u c t i l i t y  of t h e  vacuum h e a t - t r e a t e d  
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samples.  However, samples ox id i zed  4 h r  i n  a i r  a t  1000°C (approximates 
t h e  f i n a l  h o t - r o l l i n g  temperature  and h e a t i n g  t ime)  f a i l e d  a t  a 50" 
bend a n g l e  and an  e longa t ion  of 10.5%. 

An examinat ion i n d i c a t e s  t h a t  t h e  depth  of t h e  vo ids  r eaches  a maximum 
a f t e r  a s h o r t  exposure a t  a given temperature  and t h a t  t h e i r  s i z e  and 
perhaps number a l s o  i n c r e a s e  w i t h  t i m e .  
Pt-26% Rh-8% W (Pt-1ER) a l l o y  samples ox id i zed  4 and 8 h r  c o n t a i n  vo ids  
wi th  a maximum dep th  of about  1 m i l  and an  average  depth  of 1 / 4  t o  
1 / 2  m i l .  Pt-30% R H %  W (Pt-4B) samples oxid ized  19  h r  a t  1200°C c o n t a i n  
vo ids  wi th  a maximum dep th  of about  3 m i l s  and a n  average  depth  of 1 m i l .  

Pt-30% Rh-8% W (Pt-4B) and 

To assess t h e  w e l d a b i l i t y  of 0.030-in.-thick s h e e t ,  test  specimens con- 
t a i n i n g  t r a n s v e r s e  electron-beam welds w e r e  f i l e d  t o  reduce t h e  weld 
bead t o  t h e  th i ckness  of t h e  o r i g i n a l  s h e e t  and were g iven  a 2T bend tes t .  
Data shown i n  Table  1 2  i n d i c a t e  bend ang le  a t  f a i l u r e ,  e longa t ion ,  and 
bend s t r e n g t h  about  75% of t h a t  expected f o r  s i m i l a r  unwelded samples .  
F a i l u r e  u s u a l l y  occurred  i n  t h e  welds. 

Table  10. R e s u l t s  of 2T Bend Testa Showing E f f e c t  of 
Sur face  Treatment of 0.03O-in.-thick Pt-30% R H %  W 

Alloy Shee t  Heat Trea ted  1 H r  a t  990°C i n  Vacuum 

Maximum Bend 
Bend Angle S t r eng th  Sample Elongat ion  

( k s i )  Number (degrees)  (%I 

A s  Rol led  

Pt-4B-2 75 15 .0  255 
Pt-4B-5 50 10.6 282 

Pol i shed  

Pt-4B-1 70 
Pt-4B-4 74 

14 .3  266 
15.0 279 

0.003 in .  Removed and Pol i shed  

Pt-4B-3 110 >20 275 * 

Pt-4B-6 110 >20 272 

a 2T bend test  w a s  made a t  0.2 in . /min.  
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Table  11. E f f e c t  of H e a t  Treatment  on Benda Behavior of 
Pt-26% R H %  W Alloy Samples A f t e r  Removal of  0.0045 i n .  

from t h e  Tension S ide  of Sample 

Maximum Bend 

(degrees)  
S t r e n g t h  Elongat ion  

(a ( k s i )  
Sample Bend Angle 
Number 

Pt-1ER-17 
P t-1ER-18 
P t-1ER-2 2 

P t- 1ER-19 
Pt-1ER-20 
P t - 1ER-2 1 

Pt-1ER-23 
Pt-1ER-24 
P t -lER-25 

4 H r ,  1000°C, A i r  

50 10.6 
50 10.5 
50 10.6 

1 H r ,  1000°C, Vacuum 

>20 115b b 
115 >20 
115b >20 

1 H r ,  1 1 O O " C ,  Vacuum 

115b >20 
115b >20 
115b > 20 

202 
228 
212 

170 
203 
18 7 

150 
1 5 1  
149 

a 

b F u l l  bend. 
2T bend tes t  w a s  made a t  0.2 in . /min.  

Table  12 .  R e s u l t s  of 2T Bend T e s t a  Showing E f f e c t  
of Heat Treatment  of Electron-Beam Welds i n  0.030- 
in . - th i ck  Pt-26% R H %  W Al loy  Shee t  (Heat Pt-1ER) 

Maximum Bend 
Elongat ion  S t r e n g t h  

(a (ks i )  
Bend Angle 
(degrees)  

Sample 
Number 

1 H r  a t  990°C Vacuum 
w-1 30 7 . 3  139 
w-2 35 8 . 2  164 

1 H r  a t  1200°C Vacuum 
w-3 55 12.2 1 3 7  
W-4b 102 >20 1 4 1  

2T bend test  w a s  made a t  a rate of 0.2 in./min. a 

bBend i n  heat-af f e c t e d  zone, 
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Characterization o f  Iridium 

C. T. Liu 
Metals and Ceramics Division 

Recent thermal  a n a l y s i s  a t  General E l e c t r i c  i n d i c a t e s  t h a t  t h e  minimum 
impact tempera ture  f o r  t h e  MHW hea t  source  i s  about  593°C.' 
temperature  is  c l o s e  t o  t h e  d u c t i l e - t o - b r i t t l e  t r a n s i t i o n  tempera ture  
(DBTT) of i r i d i u m  which w a s  r e p o r t e d  t o  be ~ 5 0 0 " C , ~  i t  is impor tan t  t o  
de te rmine  t h e  DBTT of i r i d i u m  and how i t  varies wi th  thermal  t r ea tmen t s  
such as  might be experienced du r ing  f a b r i c a t i o n ,  o p e r a t i o n ,  o r  r e e n t r y .  

S ince  t h i s  

For t h i s  purpose,  i r i d i u m  s h e e t  specimens r e c r y s t a l l i z e d  1 h r  a t  150OOC 
were t e s t e d  a t  v a r i o u s  temperatures .  The tensile d a t a  are l i s t e d  i n  
Table  1 3  and show: 

1. The room-temperature y i e l d  s t r e n g t h  of r e c r y s t a l l i z e d  i r i d i u m  is 
on ly  25,000 p s i .  
i r i d i u m  hardware wi th  a th i ckness  of <30 m i l .  

This  low v a l u e  may create d i f f i c u l t y  i n  handl ing  

2. The e longa t ion  of i r i d i u m  i n c r e a s e s  a lmost  l i n e a r l y  wi th  tempera- 
t u r e  up t o  1093°C. 
e longa t ion ,  t h e r e  is no wel l -def ined DBTT f o r  i r i d ium.  The 
e longa t ion  remains a t  a c o n s t a n t  v a l u e  of ~ 4 0 %  above 1093°C. 

This  r e s u l t  sugges t s  t h a t ,  i n  terms of t e n s i l e  

3. I n  c o n t r a s t ,  t h e  r educ t ion  i n  area, which has  a l o w  va lue  a t  low 
tempera tures ,  i n c r e a s e s  s i g n i f i c a n t l y  a t  tempera tures  above 500°C. 
T h i s  r e s u l t  is q u i t e  c o n s i s t e n t  w i th  t h a t  r e p o r t e d  by Douglass e t  
aZ. 

4 .  The f r a c t u r e  s u r f a c e  shows a t r a n s i t i o n  of f r a c t u r e  mode i n  
i r id ium.  I r id ium f r a c t u r e d  i n  a b r i t t l e  manner (probably g r a i n  
boundary s e p a r a t i o n )  a t  and below 500°C and i n  a d u c t i l e  manner 
a t  and above 760°C. Thus, t h e r e  is a c o r r e l a t i o n  between reduc- 
t i o n  i n  area and t h e  f r a c t u r e  mode. 

Table 13 .  T e n s i l e  P r o p e r t i e s  of Commercial I r id ium 
R e c r y s t a l l i z e d  1 H r  a t  1500"Ca 

Tes t ing  T e n s i l e  Yield Reduction F r a c t u r e  Elongat ion 
Mode Temperature S t r eng th  S t r e n g t h  i n  Area 

(%I ( X I  ("C) ( p s i )  ( p s i )  

Room 56,000 25,000 5.7 6.5 B r i t t l e  
4 00 77,000 17,000 1 5  10  B r i t t l e  
500 72,700 22,000 1 4 . 7  11 B r i t t l e  
7 60 56,000 21,000 23.5 2 4  D u c t i l e  

1093 35,000 16,000 39.6 >60 D u c t i l e  
1316 26,000 13,000 38 >60 D u c t i l e  

a 0.020-in. s h e e t ,  s t r a i n  rate 0.05 in . / in . /min .  
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I n  o r d e r  t o  produce p o l y c r y s t a l l i n e  i r i d i u m  from zone-ref ined s t o c k ,  a 
bar  specimen w a s  s t r a i n e d  20% a t  8OO0C, fol lowed by annea l ing  a t  1600°C. 
P re l imina ry  r e s u l t s  show t h a t  f ine-gra ined  i r i d i u m  cannot  be produced by 
r e p e t i t i o n  of t h i s  s t r a in -annea l ing  p rocess .  

To show t h e  e f f e c t  of a h e a t  p u l s e  as du r ing  r e -en t ry  of t h e  MHW h e a t  
sou rce  on t h e  t e n s i l e  p r o p e r t i e s  of i r i d i u m ,  s h e e t  specimens w e r e  hea ted  
5 min i n  vacuum a f t e r  r e c r y s t a l l i z a t i o n  f o r  1 h r  a t  1500°C. The t e n s i l e  
r e s u l t s  ob ta ined  t o  d a t e  a t  v a r i o u s  tempera tures  are p resen ted  i n  Table  
14.  Except f o r  t h e  one t e s t  which g ives  a low e longa t ion  of 6.4% a t  
1093"C, t h e  d a t a  i n  t h e  t a b l e  i n d i c a t e  t h a t  bo th  t e n s i l e  s t r e n g t h  and 
d u c t i l i t y  are i n s e n s i t i v e  t o  t h e  hea t -pulse  t r ea tmen t  , a l though  t h e  
y i e l d  s t r e n g t h  i s  cons ide rab ly  lower than  t h e  a s - r e c r y s t a l l i z e d  d a t a  
shown i n  Table  13 .  A p l o t  of e l o n g a t i o n  as a f u n c t i o n  of tempera ture  
shows no wel l -def ined  d u c t i l e - t o - b r i t t l e  t r a n s i t i o n  tempera ture  i n  
i r i d ium.  

a b Table  1 4 .  T e n s i l e  P r o p e r t i e s  of Commercial I r i d i u m  Annealed 
5 Min a t  20OO0C a f t e r  R e c r y s t a l l i z a t i o n  f o r  1 H r  a t  1500°C 

(Di 

Tes t ing  Yield Tens i l e  

(23 
Temperature S t r e n g t h  S t r e n g t h  

("C) ( P s i )  ( p s i )  

Room 11 , 500 46,100 8.5 
500 1 7  , 800 61,200 17.8 
7 60 11 , 500 5 7  , 000 24.3 

1093 8,500 32,000 36.2 
1093 9 , 000 13,500 6.4 
1316 10,500 23,000 33.7 

Elongat ion  

a 

b0.020-in.-thick s h e e t ,  s t . r a i n  ra te  0.05 i n . / i n . /min ,  
Tested i n  vacuum. 

gage l eng th .  

PHYSICAL METALLURGY OF REFRACTORY ALLOYS 

l - i n .  

rision of Reactor Development and Technology Program 0 40 0 2  05 1) 

C. T. Liu 
Metals and Ceranrics Division 

E f f e c t  of Oxygen Contaminat ion on t h e  Mechanical 
P r o p e r t i e s  o f  Molybdenum-Base A1 1 oys 

Previous  work i n d i c a t e s  t h a t  TZM i s  compatible  w i t h  low-pressure oxygen 
and CO a t  825OC (Pioneer  o p e r a t i o n  tempera ture) .  
e v a l u a t e  TZM f o r  space i s o t o p i c  h e a t  sou rces  a t  h i g h e r  tempera tures ,  a 
series of s h e e t  specimens w a s  doped wi th  oxygen a t  1 x 
p r e s s u r e  and a t  1000°C f o r  d i f f e r e n t  p e r i o d s  of t i m e .  
t h e  t e n s i l e  r e s u l t s  ob ta ined  a t  room and e l e v a t e d  tempera tures .  

I n  o r d e r  t o  f u r t h e r  

t o r r  oxygen 
Table  15 summarizes 

TZM shows 
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Table  15. T e n s i l e  P r o p e r t i e s  of 20-mil-thick TZM Shee t  
Specimens Doped w i t h  Oxygen a t  1 x Tor r  a t  1000°C 

and Tes t ed  a t  Various Temperatures 

Yie ld  T e n s i l e  
S t r e n g t h  S t r eng th  

a 

T i m e  Content  
Doping Oxygen Elongat  i o n  

( h r )  ( P P d  ( p s i >  ( p s i >  (%> 

25 
50 
96 

207 

Ob 
25 
50 
96 

207 

Ob 
25 
50 
96 

207 

0 
25 
50 

207 

Room Temperature - 
1 9  37 .O 61,000 
22 33.5 62,000 

160 1 7 . 8  66,700 
220 5.7 72,800 

480 0.5 
3 10 0.5; - 

- 

825OC 

24.8 20,000 

12.0 35,000 
15.4 30,000 

6 . 7  43,000 
2.5 71,500 

1093°C 

23 .O 28,000 
12.8 29,000 

6.5 34,000 
3.2 39,000 
0.7 48,100 

1316OC 

30.0d - 

0.5' - 

8.0 26,000 
6.3 25,700 

79,000 
79,600 
83,000 
83,500 
86,200 
57,000 

45,000 

54,000 

46,300 
48,800 

63,000 

38,000 
38,000 
38,500 
40,200 
48,100 

22 ,00Od 
28,700 
28,000 
31,300 

a Oxygen con ten t  ob ta ined  from vacuum f u s i o n  a n a l y s i s .  
No appa ren t  change of carbon,  n i t r o g e n ,  and hydrogen 
con t e n t  . 

b R e c r y s t a l l i z e d  1 h r  a t  1500°C. 

F rac tu red  w i t h i n  e las t ic  l i m i t .  

dData c o l l e c t e d  from General  E lec t r ic ,  MuZti-Hundred 
Watt, Radioisotope Thermoelectric Generator Program, 
GESP-7034 (March 1970) .  

C 
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a sha rp  i n c r e a s e  of y i e l d  s t r e n g t h  w i t h  doping t i m e .  
a t  825°C i n c r e a s e s  by a f a c t o r  of 3 a f t e r  207 h r  of exposure.  Compara- 
t i v e l y ,  t h e  tensi le  s t r e n g t h  is less s e n s i t i v e  t o  t h e  oxygen contaminat ion .  
The d u c t i l i t y  d e c r e a s e s  s h a r p l y  wi th  doping t i m e ,  and TZM is completely 
b r i t t l e  a t  a l l  tempera tures  w i t h i n  a 200-hr exposure.  L ike  oxygen- 
contaminated T-111,  an i n c r e a s e  i n  t h e  t e s t i n g  tempera ture  does n o t  
s i g n i f i c a n t l y  improve t h e  d u c t i l i t y .  Note t h a t  TZM, l i k e  T-111, is  a l s o  
less s e n s i t i v e  t o  t h e  oxygen contaminat ion  when t e s t e d  a t  825°C. Based 
on t h e  d a t a  i n  t h e  t a b l e ,  we conclude t h a t  TZM is n o t  compat ible  wi th  
low-pressure oxygen a t  1000°C. 

The y i e l d  s t r e n g t h  

E f f e c t  o f  Carbon Monoxide Contaminat ion on t h e  
Mechanical  P r o p e r t i e s  o f  Molybdenum-Base Alloys 

TZM specimens were exposed t o  1 x 
p e r i o d s  of t i m e  t o  de te rmine  i n  s imula t ion  i ts  c o m p a t i b i l i t y  wi th  gases  
outgassed  from g r a p h i t e  and Min-K 1301. The r e s u l t s  of t e n s i l e  tests 
are p resen ted  i n  Table  16.  The t e n s i l e  s t r e n g t h  shows a g e n e r a l  i n c r e a s e  

t o r r  CO a t  1000°C f o r  d i f f e r e n t  

Table  16. T e n s i l e  P r o p e r t i e s  of 20-mil-thick TZM Shee t  
Specimens Contaminated wi th  CO a t  1 x l ow5  Torr  

and 1000°C and Tested a t  Various Temperatures 

Doping T i m e  Elongat ion T e n s i l e  S t r eng th  
(hr  1 (% ( p s i )  

0 
240 
500 
1000 

0 
1000 

0 
1000 

Room Temperature 

37 
37.3 

3.9 
1.1 

825°C 

24.8 
15.3  

1093°C 

24a 
3.2 

1316°C 

0 
24 0 
500 

3 Oa 
29 
29.7 

79,000 
80,500 
80,000 
83 , 800 

45,000 
50 , 700 

33,000a 
40,800 

22 , 000 
28 , 000 
27,000 

Data c o l l e c t e d  from General  Electric, MtlZti-Hundred 
Watt, Radioisotope Themoe Zectric Generator Program, 
GESP-7034 (March 1970) .  

a 
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wi th  doping t i m e .  The d u c t i l i t y  a t  room tempera ture  d rops  sha rp ly  
between 240- and 500-hr exposures  a t  1000°C bu t  remains c o n s t a n t  a t  
a v a l u e  of approximately 30% a t  1316°C. A s  shown i n  Table  1 6 ,  t h e  
d u c t i l i t y  a f t e r  1000 h r  of exposure is a maximum a t  825°C. 
w i t h  CO behaves q u i t e  d i f f e r e n t l y  from t h a t  doped i n  oxygen. Complete 
c h a r a c t e r i z a t i o n  r e q u i r e s  more d a t a .  

TZM doped 

MATERIALS COMPATIBILITY TESTING FOR THE LASL-DART PROJECT 

J .  El. DiStefano and A.  C. Schaffhauser 
MetaZs and Ceramics Division 

Compa t ib i l i t y  couples  involv ing  s e v e r a l  non-fuel materials be ing  con- 
s i d e r e d  i n  c o n s t r u c t i n g  t h e  DART were examined a f t e r  500 h r  a t  1300, 
1400, and 15OO0C, and t h e  d a t a  are summarized i n  Tables  17-19. Only 
the  couples  t e s t e d  a t  1400°C were examined i n  d e t a i l ,  

From the d a t a  i t  would appear  t h a t  g r a p h i t e  i s  ve ry  compat ib le  wi th  
BeO, W ,  R e ,  and Pt-Rh-W up t o  1500°C. I n  cases where tungs t en  and 
rhenium cracked ,  i t  d i d  n o t  appear  t o  be  t h e  r e s u l t  of i n t e r a c t i o n  
wi th  t h e  g r a p h i t e  and probably occurred  du r ing  c u t t i n g  and/or  mounting. 

All t h r e e  ox ides ,  Z r 0 2 ,  Hf02, and BeO, showed good c o m p a t i b i l i t y  w i t h  
t h e  metals they  w e r e  t e s t e d  a g a i n s t .  V i sua l  obse rva t ion  i n d i c a t e d  
some d i s c o l o r a t i o n  of both Z r 0 2  and Hf02, and r e l a t i v e l y  l a r g e  weight 
l o s s e s  were noted  i n  both those  oxides .  Beryl l ium oxide  showed l i t t l e  
tendency t o  i n t e r a c t  even i n  t h e  1500°C tests t h a t  w e r e  examined. How- 
eve r ,  a r a t h e r  s e r i o u s  mass t r a n s f e r  e f f e c t  w a s  found i n  t h e  c losed  
tungs t en  capsu le  t h a t  conta ined  BeO. The tungs t en  showed r a t h e r  l a r g e  
weight l o s s e s  and had an e tched  appearance i n d i c a t i v e  of d i s s o l u t i o n .  
S ince  t h i s  w a s  n o t  observed i n  t h e  couple  t h a t  w a s  t e s t e d  i n  dynamic 
vacuum, i t  seems l i k e l y  t h a t  oxygen w a s  involved i n  t h e  p rocess .  One 
p o s s i b l e  type  of r e a c t i o n  i s  

w + x/2  = WOx(g) . 
The source  of oxygen is t h e  BeO, and f o r  vapor t r a n s p o r t  t o  occur ,  t h e  
r e v e r s e  r e a c t i o n  must t a k e  p l a c e  somewhere i n  t h e  system. The d r i v i n g  
f o r c e  f o r  t h e  r e v e r s e  r e a c t i o n  is d i f f i c u l t  t o  p o s t u l a t e .  An a c t i v i t y  
g r a d i e n t  could occur  from a temperature  g r a d i e n t ,  p r e s s u r e  change, o r  
energy change as a r e s u l t  of geomet r i ca l  c o n s i d e r a t i o n s .  For a c l o s e d  
system of t h e  type  we have, i t  is  hard t o  i d e n t i f y  t h e  r eason  f o r  such 
an energy g r a d i e n t  t o  occur .  However, w e  p rev ious ly  found t h e  same type  
of t h i n g  when we exposed tungs t en  t o  Cm203 .4 
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Table 17. Sunmrary of 14OO0C Compatibil i ty Test Data f o r  LASL-DART Project  

Chemical Analysis 

NO. Observation Observations Carbon Oxygen Hardness V i s u a l  Metallographic ( w t  %) 

i n  M e t a l  i n  M e t a l  

1 B  

2B 
3B 

4B 
5B 

6B 

7B 

Mo-2 

w- 2 
Ta-2 
Mo-5 

w-5 

Ta-5 

Mo-8 
Mo-11 

W-8 
w-11 

Re-1 

(Mo-50 
Re)-1 

Mo-14 

W-14 

W-17 

(Mo-50 
Re)-3 

C-Ta 

c-w 
C-Mo 

C-Bd) 

C-Re 

C-(Mo-50% 
Re)  
c- (P t- 
Rh-) 

Mo-Zr02 

H r 0 2  

Ta-Zr02 

Mo-Hf02 

M f 0 2  
Ta-Hf02 

Mo-Beo 

*Be0 

Wd) 

W-BeO 

Re-BeO 

( b 5 O X  
Re) - B e 0  

Mo-Re 

M e  

W-(Mo-50% 
Re)  
(-50% 
R e ) - I r  

Two l aye r s  on Ta surface 0.024 
t o  depth of 3 m i l s  

Matrix = 112 DPH 
Layer = 1512 DPH 

No in t e rac t ion  0.0017 Matrix = 375 DPH 
Reaction zone i n  Mo t o  0.050 
27 m i l s  deep 
No i n t e rac t ion  0.020 
R e  cracked; no surface re- 0.012 
a c t i o n  zone, but R e  e i t h e r  
heavily twinned o r  contains  
needle-like p r e c i p i t a t e s  
throughout 
Reaction zone i n  Mo-50% Re 
t o  56 m i l s  
Specimen joined t o  graphi te ,  0.02-1.03a 
but  no r eac t ion  zone; surface 
of Pt-Rh-W s l i g h t l y  roughened 
No in t e rac t ion  0.0059 
No i n t e rac t ion  0.0008 
No i n t e rac t ion  0.0280 

No i n t e r a c t i o n  0.0130 
No i n t e rac t ion  
Very s l i g h t  (<0.1 mil)  
surface r eac t ion  
No i n t e rac t ion  
No in t e rac t ion  

0.0014 
0.0300 

0.0074 
0.0062 

S l igh t  surface roughness 0.0012 
S l igh t  surface roughness 0.0006 

0.0040 

R e  surface i r r egu la r  s t ruc tu re  <o. 0001 
e i t h e r  shows a Widmanstatten 
second phase p r e c i p i t a t e  o r  is 
very highly twinned 
Chain-like grain-boundary 
p r e c i p i t a t e  throughout &50% R e  

Three d i s t i n c t  l aye r s  i n  d i f fus ion  
zone; some voids in Mo-rich layer  
Samples parted when cu t ;  R e  surface 
rough; l aye r  on W surface; some 
voids i n  W 

Chain-like grain-boundary phase 
throughout Mo-5OX R e  

Chain-like grain-boundary phase 
throughout Mo-50% R e  

Matrix = 151 DPH 
Layer = 1100 DPH 

Matrix = 381 DPH 

Matrix = 343 DPH 
Layer = 1390 DPH 
Matrix = 235 DPH 

%ungsten has etched appearance. aSome graphi te  s tuck to  surface of specimen. 
R - v i s i b l e  r eac t ion  S = couple s tuck together SR = s l i g h t  react ion 
C = ceramic discolored D = surface of specimen discolored NR = no v i s i b l e  react ion 
F = ceramic f laked,  chipped, or cracked 
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Table 18. 

Sample No. Couple 

Sunanary of 1500°C Compatibility T e s t  Data fo r  LASL-DART Projec t  
Chemical Analysisa 

(u t  %) Metallographic Observations Vieual 
Observation 

1c 
2c 

3C 

4c 

5c 

6C 
7C 

Mo-3 

w-3 

Ta-3 

Mo-6 
W-6 

Ta-6 
Mo-9 

Mo-12 

w-9 
w-12 

Re-2 

C-Ta 
c-w 

C-MO 

C-BeO 

C-Re 

C-(Mo-50% Re) 
c- (P t-1 

MO-Zr02 
W-Zr02 
Ta-ZrO, 

Mo-Hf02 
W-Hf 02 

Ta-HfOz 
Mo-BeO 

Mo-Be0 
W-Be0 
W-Be0 

Re-Be0 

-50 Re)-2 -50% Re)-Be0 
Mo-15 Mo-Re 

W-15 W-Re 

(Mo-50 Re)-4 (Mo--50% Re)-Ir 

W cracked (probably during cu t t ing)  ; 
s l i g h t  sur face  roughening 

NO 

Re 
M 

react ion 
badly cracked, but there  was  
evidence of react ion  

Reaction to  depth of Ql m i l  

No reac t ion  

No reac t ion  
S l ight  sur face  
of twinning o r  
microstruc tu re  
S l igh t  sur face  

roughening; high degree 
deformation l i n e s  i n  

roughening 

0.044 
0.380 

0.056 

'Carbon i n  metal. bTungsten has etched appearance. 
R - v i s i b l e  reac t ion  
C ceramic discolored D = sur face  of specimen discolored NR = no v i s i b l e  reac t ion  
F = ceramic flaked, chipped, o r  cracked 

S - couple stuck together SR = s l i g h t  reac t ion  
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Table 19. Summary of Weight Change Data on Compat ib i l i ty  Couples 

1. 

2. 

3. 

4 .  

Weight Change (me) 
130OoC 140OOC 150OoC Couple 

C-Ta 
c-w 
C-MO 
C-Be0 
C-Re 

C-(Mo-50% Re) 
c- (P t - R H )  

Mo-ZrOg 

Ta-Zr02 
W-Zr02 

Mo-Hf02 
W-H€ 0 2 

Ta -H€O 2 

Mo-Be0 
Mo-BeOC 

W-BeO 
W-BeOC 

Re-Be0 
(Mo-50% Re)-Be0 

Mo '-Re 
W1-Re2 

wl- (-50% Re) 
(Mo-SOX R e ) l - I r 2  

C 

a 
-0.7 
-7.7 
+0.6 
a 
a 

-1.2 

Oxide - 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 

M e t a l  1 

b 
b 
b 
b 

Metal 

a 
0 

+13.5 
-2.3 
a 
a 
+2.0 

Metal 

b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 

Metal 2 

b 
b 
b 
b 

- 

- 

C - 
a 

a 

a 
-19 
a 

-0.7 

- 

Oxide - 
-10.6 
-70.5 
-41.8 

-11.9 
-60.0 

-5.5 
-2.6 
-4.6 

0 
-4.1 
-4.1 

-116 

Metal 1 

0 
-1.5 

0 
+4.8 

Metal 

a 
0 
a 

-3.6 
a 

+38.7 
a 

Metal 

0 
+3.0 
+1.4 
+8.3 
+5.0 
+2.5 

0 
0 

+7.0 
-2.5 
+1.5 
+1.0 

Metal 2 

d 
d 

+1.2 
-6.8 

- C 

-4.1 
-2.2 
-1.2 
-5.6 

a 
a 
a 

- 

Oxide 

b 
b 
b 
b 
b 
b 

b 
b 

-1.9 
-4.0 
-5.7 

-6.0 

Metal 1 

b 
b 
b 

+3.4 

Metal 

+15.4 
+9.4 

-58.6 
-75.7 

a 
a 
a 

Metal 

b 
b 
b 
b 
b 
b 
-0.2 
b 
b 

-610 
0 

4-4.2 

Metal 2 

b 
b 
b 

-5.1 

Graphi te  s t u c k  t o  metal a 

bSample not  weighed. 
CClo8ed capsule .  
dSample s t u c k  t o  sample holder .  
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