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P r a t t  & Whitney A irc ra f t ,  CAKSLi i s  c trrren tly  ^ g a g e d  in  th e  develoismeat o f 
a  h i ^  p e rfo rm n ce ,. lith im eiK Jo led  r i ^ t o r  e x j^ r te e a t  m S er c o n tra c t w ith  th e  
At<nilc Soerigy CosEsissKMa. iSie s a te r i a l s  coE^patibiiity  requiiresents fo r  the 
priasary co o lan t sy stan  a re  e s s e n t ia l ly  th e  same as  tijose fo r  th e  te m in a te d  
A irc ra f t  Nuclear R rapalsioa program w ith  th e  added requirem ent fo r  long l i f e ­
tim e. T herefore , th e  s e le c tio n  o f  t l ^  c<mtairBBent m a te r ia l has b e ^  made on 
tdie b a s is  o f  co rro sio n  e v a lta tlo n s  and o th e r  p ro p e rtie s  te s t in g  performed under 
th e  iprevioi;mi program. 'So v a lid a te  th e  s e l ^ t i o a  o f  m a te ria ls  and e x t ^ d  our 
^KJWledge concerning th e  l im its  o f  c< xapatlb ility , programs a re  in  p reg ress  in ­
v o lv ing  ( l )  long l ife tim e  fo rced-convectioa  co rro sio n  loop te s t in g ,  (2 ) coreosion 
mechanism s tu d ie s  and (3) c h aa tc a l analyses o f  a lk a l i  m eta ls. 9 ^  s ta tu s  o f 
th e se  programs i s  si)®Bsarized in  t h i s  r e p o r t .

Corrosion S tudies

!

For s e v e re l y ea rs , th e  co rro sio n  behavior o f  colaBbium and i t s  a H ^  in  
lith iv m  has been under in v e s tig a tio n  by RjNA-CAN£3j using  fo rc ^ -c o n v e c tio n  
loops to  d e te n a ire  tdie eflPect o f  im portan t engineering param eters. A t o t a l  o f 
**6,918 hours o f  fo rced -ccnvectioa  loop te s t in g  w itii more than 16,263 hours a t  
2000F and above has shown th a t  Gb-1 Zr a l lo y  i s  an exceH eat contaiHment ma­
t e r i a l  f o r  h igh  ta a p e ra tu re  lith iu m . enviroimiental cond itions during
fa b r ic a t io n  and te s t in g  were c o n tro lle d  to  minimize oxygen contam ination o f  th e  
a l lo y , evidence o f  so lutxon o r  In te rg ra n tila r  corrosion  e f fe c ts  were observed 
over th e  fo llow ing ranges o f  co n d itio n s:

I

• ’* ? -4  i

—  ------------------------------- N O T i C E -
I b i s  r e p o r t  was p r e p a re d  a s  a r . aLX<mn( o t a 
sp o n so re d  b y  the  t 'n i t e d  S u i c s  O -v e in m e n t .  Wei 
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o r  u se fu ln es 's  o f  a n y  in f o r n ia t  
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Haximm tm pera tta re  
TiiermJL g rad ien t 
Id th iw i v e lo c ity  
Cooler to  t e a te r  a rea  r a t io  
Beat f lu x  in  co o le r 
T est d u ra tio n

i? .«

l8 d ? rto  2200>
200F and ifOOF 
9 to  21 fps  
3 /1  and 6 /1
5 .5  to  52.5 X 10^ Btu/hr-ft*= 
250 to  2000 hours

IiiiBited co rro sio n  t e s t s  have been performed as  p a r t  o f  a  program to  determine 
th e  maxlBnan tem perature fo r  accep tab le  c<m ipatlbllity  between Cb-1 Zr a l lo y  and 
lith iu m , l e s u l t s  suggested th a t  th e  th re sh o ld  fo r  so lu tio n  co rro s io n  occurs a t  
approxim ately 2U00F altixjugh no evidence o f  mass t r a n s f e r  d ep o s its  was observed 
in  t e s t  tim es \xp to  5OO hours.

A program has been in i t i a t e d  to  v e r i ty  th e  ecxapatib ility  o f  Gb*l Zr a llo y  
w ith  l l th i \m  fo r  long l i fe t im e  a p p lic a tio n s . A forced-convection  loop has 
accum ulated more than  iiOOO h o u ^  in  a  con tinu ing  t e s t  qp^ra ting  a t  2000F and 
a  h ^ t  f lu x  o f  0 .2  to  0 .3  X 10® B tu /h r - f t^ ,  ifo evidence o f  a  time*depaeident 
co rro s io n  process i s  apparen t from th e  loop perforsBnce to  d a te .

The cOTi^jatibility o f  a  lith ium -C b»l 2̂  ̂ a l lo y  prim ary co o lan t c i r c u i t  com* 
bined  w ith  a  NsK-type 316 s ta in le s s  s t e e l  secondary coo lan t c i r c u i t  i s  being 
ev alua ted  in  a  t e s t  u n i t  which s im u la tes  th e  b i i ^ t a l l i c  system and shrouding 
design  o f  th e  proposed re a c to r  experimfflrt. The t e s t  u n i t  has been run a  sh o rt 
tim e p re lim in ary  to  a  scheduled operaticm  in  a i r  a t  2000-l600F in  th e  lith ium  
sjratea and I 6OO to  l^XJF in  th e  IfaK system .

Much va luab le  co rro sio n  d a ta  a re  a ls o  to  be c o lle c te d  from cosiponent de» 
velopment t e s t s  during  th e  nex t y ea r . These t e s t s  w i l l  in c lM e  f u l l  s iz e  hea t 
e x c h a n ^ rs  and c e n tr ifu g a l pumps which a re  in  advanced s tag es  o f  fa b ric a tio n  
from Cb-1 Zr a l le y .

In  si^ipoartlng capsu le  corrosicxi t e s t s ,  th e  c o r re la tio n  between oxygen 
iJ ip u rity  con ten t in  Gb«l Zr a l lo y  and lith iu m  corrosion  was determ ined th sn -  
t i t a t i v e l y .  R esu lts  in d ica te d  th a t  th e  to le ra n ce  o f  Cb«l Zr a l lo y  ftar oxy^n  
im purity  has been g re a t ly  in creased  a s  regards co rrosion  r e s is ta n c e  when com.* 
pared to  th a t  o f  unalloyed coltsabium. F u rth er to le ra n ce  fo r  oxygen i s  ^ n e d  
by h ea t tr^ ta n e n t  o f  welded m a te r ia l o r  by in creasin g  th e  concen tra tio n  o f  
zirconium  o r  o th e r  re a c tiv e  m etal a llo y in g  additions*  The to le ra n c e  o f Cb»5 T1 
a l lo y  f o r  oxygen im purity  i s  to  be determ ined in  fu tu re  work.

M echanical re la x a tio n  BBasurements performed on Cb-1 Zr a l l e y  to iB loa w ire 
specimens provided in fo rm tio n  on th e  ro le  o f  z ircon lun  in  is^ ro v in g  th e  lith ium  
corroBion re s is ta n c e  o f  oolumbius. R esu lts  in d ica ted  th a t  th e  p o s itio n  and 
movement o f  oxygen atoms weare p r im a rily  lim ite d  to  th e  v ic in i ty  o f  zirconium 
atoms when th e  ojygen co n cen tra tio n  d id  n o t exceed O.JW p e r o ^ t .  At g rea te r  
oxygen co n cen tra tio n s, th e  a d d it io n a l  ojygen atosas were lo c a te d  predoednantly
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In  th e  v ic in i ty  o f  co lm b iim  atosas and esdiihited an apparent d i f f u s iv i ty  e ia tila r  
to  th a t  in  unalloyed colum bim . Thus^ th e  e x c e llen t co rrosion  re s is ta n c e  o f 
Cb-1 Zr a l lo y  a t  low oxygen le v e ls  has been a t t r ib u te d  to  th e  iraoob ility  o f  
oxygen atoms as a  r e s u l t  o f  th e  com paratively high binding  energy asso c ia ted  w ith  
ojqrgen-zirccHiium atom in te ra c t io n s .  Whai th e  ln te i* s t i t ia l  oxygen co n ce itra tio n  
in  th e  a l lo y  exceeds th e  q u a n tity  which can be a sso c ia ted  w ith  zirconium atoms, 
co rrosion  ty p ic a l  o f  unalloyed  columbium i s  to  be expected. Future work i s  to  
be concerned Mfith oxygen larpurity  behavior in  th e  columbiiBn-titeniiKa syst^aa.

(Siemical A nalysis Stxidies

The p r o b l^  o f  determ ining th e  p u r ity  o f  an a lk a l i  m etal has been under study 
from th e  fo llow ing a sp e c ts : ( l )  development o f  methods fo r  determ ination  o f
iB ^iu rities, (2) sasopling p roc^u ires  fo r  a lk a l i  m etals to  assiure th a t  a n a ly tic a l  
r e s u l ts  a re  re p re se n ta tiv e  o f  th e  con ten ts o f  th e  system and (3) c o rre la tio n  o f  
r e s u l ts  o f  chemicsLL a i» ly se s  w ith  those  fr<xa m onitoring devices in te g ra l  w ith  
engineering lo o p s. Methods fo r  th e  d e te m in e tio n  o f  th e  p r in c ip le  im p aritie s  
o th e r than oxygen in  lith iu m  have been described  p rev io u sly . Becent a c t iv i t i e s  
have been aimed a t  th e  development o f  a  method fo r  th e  detezm ination o f  oxygen in  
l i t h i m  which woxxld be s i s p le r  than  our m odifica tion  o f th e  Sax and Steinmetz 
method. The f e a s i b i l i t y  o f  u sing  l iq u id  anhydrous aisaonia as  a  s o l v i t  to  sep ara te  
a lk a l i  m etals from t h e i r  oxides has been e s ta b lish e d  in  experiments p r in c ip a lly  
w ith  l i t h i m .  Work i s  to  be continued w ith  th e  o b je c t o f  ccxnpleting a  s t a t i s t i c a l  
v a lid a tio n  o f  th e  crathod.

Sampling methods end plugging p la te  c o r re la t io n  w ith  chem istry a re  to  be 
s tu d ied  in  a  SalC -stainless s te e l  forced  ccmvection lo c ^ . Oxygen ccncen tra tions 
w i l l  be v a ried  by s u ita b le  a d d itio n s  o f  i s p u r i t ie s  and by change in  co ld  tra p  
tem peratures to  perm it evaluatlcm s o f  th e  perfoxmance o f  sev e ra l types o f  plugging 
p la te ,  th e  r e l i a b i l i t y  o f  sampling devices and th e  agreanent between plugging 
p la te  and chem ical r e s u l t s .
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