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CERIUM-144 

T h e  cc lmpat ib i l i t i es  of' cesium eomp,oimds wi th  var ious  c o n t a i - n e ~  
material:; have been summarized i n  the fol.Lowirig -table * 

J~Pi?,rnd: NR - negligible or no reac t ion  (compatible) 
DX - destructive r e w t i o n  (i.rcompatib1e) 

Sfi  - s l i g k l - t ,  rcc tc t ion  
YL? - major r e a c t i o n  

Cerium metal was incompatible with a l l  t h e  supera l loys .  
wi.th the r e f r ac to ry  metals, it was found t h a t  cwi im metal apparent ly  
diffused i n t o  molybdenum, while it sIciowed only a very t h i n  di.ff'usiori 
zone alrjrig t h e  surface of t h e  tantalixn capsule. 

Ceric oxide (Ce02) and c e r i c  oxide w i t t i  5$ n e o d p i m  showed oriljr sl-ight 
react  ion -with the container materials. Cerous oxide (ce20, j showed 
major reactions w i . t h  niobiurn, tantalum, and tungsten;  it showed s l i g h t  
react:i.on with molybdenim a f t e r  168 hr  a t  1850°C. 

In t h e  s tud ies  

Only s l i g h t  react ions took  place betwern ceriim hexa'uoritle and container 
materials a t  1 0 O ( J " G .  At 1850°C, however, CcAB was Jixlrlgeil incorrpatibIc 
w i t h  rrlolybdciium arid timgsten due to extreme pene t r a t ion  of t,he capsule, 
ar:d riiobiim and tantalum showed major  r e a c t i o n s .  The cornpoLmil apparerat1.y 
dis;;ociated, and boron  reacted t o  form very  brittle borides w i t h  t h e  
con ta ine r  materials. 
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REFFRRIYCE 

COLUMN ---... ~ ....._..- 
Cerium f l u o r i d e  (CeP3) and cerous s u l f i d e  (Ce2S3)  were compatible 
with d.1- capsule ma te r i a l s  t e s t e d .  These compounds showed only 
s l i g h t  r e a c t i o n s  i n  some cases .  

CES I TJM- 13 7 

A C s C l  source which was encapsulated 3.n s t a i n l z s s  s t e e l  and con- 
t a i n e d  1540 C i  of 137Cs showed no s igns  of r e a c t i o n  a f t e r  being 
opened 9 yea r s  l a t e r .  The source operated at, s l i g h t l y  above 
axdo i e n t  room t ernper a t u r  e . 
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CURIUM 

- .~  Curium-244 Sesqiiioxide ( Cm203) 

A mo1.ybdenum a l l o y  conta in ing  0.5% t i t a n i u m  and O . l $  zirconium (TZM) 
was contacted wi th  an oxide mixture conta in ing  29 w.t $ 24"Cm203, 

for periods of 250 and 1000 h r  and a t  2000°C f o r  25 h r  showed no 
r e a c t i o n  with molybdenum, even though t h e  oxide f u e l  was molten a t  
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57 wt of io 241 M O ~ ,  and. 1.1:- w t  $ 2 3 9 ~ ~ c 2 .  S t a t i c  capsu1.e t e s t s  a t  1 1 0 0 " ~  

2000 " c . 
The r e s u l t s  of 1000-iir t e s t s  a t  1650 and 1 8 5 0 " ~  on T a ,  Ta-lO$ W, 
T-lllJ Mo, TLM, W ,  and w-%$ Re with 24"Cm,03 have ind ica t ed  t h a t  
none of  these  refra .c tory metals and aLloys need be e l imina ted  from 
consi.rlerat ion as p o t e n t i a l  conta iner  ma te r i a l s .  Some i n t e r a c t i o n  
was noted i n  a . l l  of t h e  systems. A very  shallow r e a c t i o n  zone 
(<I m i l )  occiirred i n  W ,  Mo, and TZM a t  1650°c, but  i n  tantalum and 
tantalum a l l o y s  more seri.ous i n t e r a c t i o n s  were noted. A p l a t e l - e t  
type  of p r e c i p i t a t e  was found throughout t h e  c ros s  s e c t i o n  of 
unalloyed tantalum, and a. gray r e a c t i o n  product was found t o  a 
depth o f  7 mils i n  T-111. Resul t s  a t  1-850"~ were s i m i l a r  t o  those 
a t  1650°C for Mo, TZM, If, and W-26$ Re. However, i n  t h e  t e s t s  
with tantalum and tantal-urn a l l o y s  a small  amount of tantalum 
apparent ly  d.issolved i n  Crr12O3 wi th  r e s u l t i n g  mel t ing  of t h e  
f u e l  form which spread i n t o  capsule  c rev ices ,  bu t  t h e  r e a c t i o n  
produc-Ls observed a t  1650°C were not seen. 

244 

Cilrium-242 Oxide Cermet 

Tes t s  a t  1100°C for 1000 hr and a'c 2000°C f o r  24 h r  with an oxide 
mixture conta in ing  29 wt $ cm203, 57 w t  4 b 0 2 ,  and 14 w t  $ P U O ~  
showed that, t;his oxide mixture was compatible w i t h  TZM. 
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With t h e  use of i r id ium i.n a metal-metal  oxide cermet, a l l o y i n g  of 
iridium w i t h  molybdenum was observed a t  2000°C. Al so  t h e  molten 
oxide mi.x appeared t o  r e a c t  with iridium t o  form a lower mel t ing  
a l l o y .  A t  IO00"C t h e  r e a c t i o n  between irridiun and molybdenum was 
t o o  slow t o  be observed, a t  l e a s t  over a per iod  of time of 1000 h r .  
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The c c m p a t i b i l i t i e s  of va r ious  i n a c t i v e  s t r o n t i l m  compounds with 1 
a number of con ta ine r  m a t e r i a l s  were det,ermined an& have been 
swruuarized. i n  t h e  fo l lowing  t a b l e .  

S oiirce mat e r  ial Coi-.taj.tier m a t e r i a l s  
Superalloy s Eefrsctory inetals -- azd 

ex-pomre i-iastel.loy X Haynes 25 Pli-o-riel Y-175 Mo JTu Ta W T B l  

s l? >!R B 3  ?a< lIli SE NR NE 
pip, SEA 313 I??? 

I.OC0" c , 10,0110 hr. M :vm IvR NK srt SR 

SI< SR SE >rR TU? i;x SK 
sx XR SI? SR 

?!E la? SR N'I( YK Mii 

SR Si? 9 I? ,SR NH SR SJ1 

9 t T ont .i.xlni d i s  il i 3 ide ( 131- ST;. ) 
1009 "i: , 1.68 hr Dit  i13 972 DK DK DX Ut? DK 

p-3 
:m T;R CR YE? 

wi L;K 91% :: R Sii ;; R 

-__ 
,SR - sljgh:;?t rea!:tio!l 
;,V. - m j o r  1-eactjon 

e )  

A. nm.ber. o f  r e a c t i o n s  were dependelit on t ime and ten'iperatisre, for 
example, Haynes 25 wi th  s t ront ium metal showed no a t t a c k  a t  1000°C 
up t o  1000 hr, bu t  fell i n t o  t h e  major r e a c t i o n  c l a s s i f i c a t i o n  
a f t e r  5000 hr a t  1000°C and a l s o  a f t e r  10,000 h r  a t  100CJ"C. 
i . i idicates that. llnyries 25 should probab1;y not be considered f o r  use 
with strmtium meta l  a t  temperatures  >1000"C and tlimes >>r)00 hr .  

T h i s  

For  per iods  up t o  1000 hr a t  10'3O0C, s t ront ium meta l  showed l j t t l e  
0-r no r e a c t i o n  wi th  any meta l  except N-155, i n  which a r e a s  of 
severe  subsurface void fnrmat ion  were found up t o  22 mi1.s .  

Ai; l900"C SrO showed o n l y  s l i g h t  su r f ace  oxida t ion  reacti-on with 
most o f  t h e  metals .  

St,roritium f l u o r i d e  ( SrF2) showed very  l i t t l e  a t t a c k  wi th  t h e  
metal  %I t e s t e d  . 
At 1.S00"C SrSi2 showed. extens ive  r e a c t i o n  wi th  Has tc l loy  X, Haynes 25, 
Ni-o-nel,  and ni-155. Mol-ybdenwn, tantalixn, and TZM were r e s i s t a n t  t o  
pene t r a t ion  by s i l . icon meta l  which formed from t h e  d i s s o c i a t i o n  of' 
S rS i ,  a t  1000°C. 

Stront ium t i t a n a t e  was compatible w i t h  a l l  t'ne conta iner  m a t e r i a l s  
to which it was exposed except TZM a t  1850°C €or 1000 hr. 
S l i g h t  r e a c t i o n s  occurred wi th  a l l  of t h e  supe ra l loys  at 1000°C arid 
rdobiwn 2nd tan ta lum a t  1Li!50"Cy but  i n  no case was a t t a c k  severe  
eriough t o  tlisqinalify thest :  couples for futmc.: t e s t s .  



More ex tens ive  compat ib i l i ty  t e s t s  of Ilaynes 25 , 1lastel.l.oy C y  and 
.type 31.6 s t a i n l e s s  s t e e l  w i t h  i n a c t i v e  Sr?'i03 and Sr2Ti04 have not 
fndica ted  any se r ious  i n t e r a c t i o n s  aftel- 1.000 and. 5000 hr a t  1100°C. 
However, t h e s e  i i la tes<als  were a t t a c k e d  t o  a maximum depth of 0.007 
in. when exposed t o  SrO under t h e  same conditions. It ris be l ieved  
t h a t  t hese  l a t t e r  results aye due t o  r e a c t i o n  of t i le  conLainer mate- 
ria1.s with water vapor or excess ox)-geil d i s so lved  i n  t h e  SrO. 
Mechariical p r o p e r t i e s  t e s t s  of speciiiiens exposed to all t h r e e  
st,.ronti.ixn compounds d i d  no t  r e v e a l  any d e t e r i o r a t i o n  when compa:r.ed. 
w i t h  c o n t r o l  specimens hea t  t r e a t e d  i n  argoii under sim.I.ar condi- 
t i o n s  of t ime and temperature.  

Af t e r  exposu-re f o r  2036 hi- a t  925°C t o  inacti .ve l iquid s t ront ium 
metal,  it was fo-und t h a t  molybdemm and s t a i n l e s s  s tee l .  323- showed 
good. cornpati-bil i ty wi th  l i q u i d  s t ront ium metal.; t h a t  wroughk i r o n  
and Haynes 25 were worthy of f u r t h e r  st,udy; and t h a t  Has te l loy  C,  
Has te l loy  N, I Iastel loy X, and t i t an ium had dissol-ved- and were 
i n  c ompat j. b l e  w it h s t  r ont iwi niet 91. 

No a t t a c k  on molybdenum was observed a f t e r  5000-hr con-tact with 
i n a c t i v e  l i q u i d  s t r o a t i m  metal  a t  1000°C. 

Mefxillograpiiic exarmi.nat ion of i n a c t i v e  SrF2 tes -k  specimens exposed 
for 1.9 months a t  92'5°C gave t h e  fol lowing r e s i i l t s .  

Encapsulat ing 
material. ____-___- 

PeIletrat i  on, in .  
Maximum Average ___I..̂  

Simulated SrP'? f u e l a  

Haynes 25 0.0006 ni.1 
Ta  liner i n  Hayner, 2j Complete p rne tmt ikm 

of Ta  1.tner 
Has te l loy  C 0.001 0. ooolc 
Has te l loy  N 0.002 0.001 
Haste1l.oy X 0.0075 0.0011?- 

b Sirnillated aged f eed  mater?'.al ..- .I..-I _. 

0.0008 Haynes 25 0.0015 

I Ias te l loy  C O.0OO7( 0.0003 
Has te l loy  N 0.0038 0.0011 
Has te l lny  X 0.0955 0.0011 

Ta l i n e r  i n  Haynes 25 C omple -t; e pe ne It z'a t, i-on 
of Ta I.i.ner 
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al wt $ Ca, O.> wt $ Fe. 
bSrF2 plus 2-112 w t  $ L r  as ZrO,. 
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