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ABSTRACT

T he p e r fo r m a n c e  o f tw o ty p e s  o f  c o ld  tra p  in  th e 5 0 ,0 0 0 - lb r a d io a c t iv e  

so d iu m  s y s t e m  at th e  SR E h a s  b e e n  d e te r m in e d :

T ype
O xygen  

T rap p in g  R ate  
( lb /h r )

N a 2 0
C ap ac ity

(lb)

B o ilin g  -  C oolan t 0 .0 0 9 2 .6

F o r c e d -C o n v e c t io n -  
C o o led 0 .0 2 10 .8

T h e se  r a te s  w e r e  d e te r m in e d  w hen  tra p  in le t  o x y g en  c o n c e n tr a t io n s  w e r e  in  th e  

ra n g e  8 -1 0  p a r ts  p e r  m il l io n .  O xygen  c o n c e n tr a tio n  ca n  be r e a d ily  c o n tr o lle d  

dow n to  8 ppm  u s in g  a c o ld  tra p .

E x tr a c t io n  o f o x y g en  fr o m  so d iu m  by z ir c o n iu m  at 1200 °F  (hot trap p in g)  

r e d u c e s  th e  c o n c e n tr a tio n  b e lo w  th e  l im it  o f  d e te c t io n , i .  e .  , o x id e  so lu b ility  

sa tu r a tio n  te m p e r a tu r e  b e lo w  225 *F; th e th e o r e t ic a l  l im it  fo r  the e q u ilib r iu m  

o x y g en  c o n c e n tr a t io n  h a s  b e e n  c a lc u la te d  to  be l e s s  than  7 x  lO '^  p p m . The  

o b s e r v e d  e x tr a c t io n  r a te  o f  0 .0 0 9  lb  o x y g e n /h r ,  w a s o n e -h a lf  o f  the r a te  p r e ­

d ic te d  fr o m  m a te r ia l  b eh a v io r  s tu d ie s .



:a i

I. INTRODUCTION

T he o b je c t iv e  o f th is  w o rk  w a s  th e d e te r m in a tio n  o f  o p era tin g  c h a r a c te r ­

i s t i c s  o f  c o ld  tr a p s  and a hot tr a p , co m p o n en ts  u s e d  to  c o n tr o l o x y g en  c o n c e n tr a ­

t io n  in  so d iu m  s y s t e m s .  T rap p in g  r a t e s ,  tr a p  c a p a c ity , and a tta in a b le  s y s te m  

o x y g en  c o n c e n tr a t io n  w e r e  d e te r m in e d  in  a  la r g e  (5 0 ,0 0 0 -lb )  so d iiim  s y s te m .

T he r e la t io n  b e tw e e n  th e  p r e d ic te d  h o t tra p p in g  r a te  and the a c tu a l r a te  w as  

e s ta b lis h e d . T he c o n tr o l o f  o x y g e n  c o n c e n tr a t io n  in  so d iu m  p e r m its  tak in g  

a d van tage  o f  th e  n a tu ra l in a c t iv ity  b e tw e e n  p u re  so d iu m  and s tr u c tu r a l m a te r ia ls  

in  th e r e a c to r  s y s t e m . A ls o , o x id e  p lu g g in g  o f  s m a ll  p ip in g  i s  p r e v e n te d , r a d io ­

a c t iv e  m a s s  tr a n s fe r  i s  m in im iz e d , and an  in c r e a s e  in  th e fa tig u e  l i f e  o f  z i r ­

co n iu m  is  r e a l iz e d  w hen  o x y g en  c o n c e n tr a t io n  i s  c o n tr o lle d . T h is  in v e s t ig a t io n  

w a s  a p a r t o f  th e  in it ia l  o p e r a tio n  o f  th e  Sodixim  R e a c to r  E x p e r im e n t, w h ich  i s  

b e in g  co n d u cted  fo r  th e  U n ited  S ta te s  A to m ic  E n e r g y  C o m m is s io n  by A to m ic s  

In te rn a tio n a l, a  d iv is io n  o f  N orth  A m e r ic a n  A v ia tio n , Inc.

In th e  e x p e r im e n ta l p r o g r a m  a  p lu g g in g  m e te r  w as u s e d  to  d e te r m in e  so d iu m  

sa tu r a tio n  te m p e r a tu r e . O xygen  c o n c e n tr a t io n  w a s th en  o b ta in ed  fr o m  a t e m ­

p e r a tu r e - s o lu b il i t y  c u r v e T r a p p i n g  r a te s  h a v e  b een  c a lc u la te d  fr o m  th e ch an ge  

in  th e am ou n t o f  d is s o lv e d  o x y g e n  in  th e  s y s t e m . The c a p a c ity  o f th e  co ld  trap  

h a s  b e e n  c a lc u la te d  fr o m  th e  o b s e r v e d  v o lu m e  and d e n s ity  o f  th e  so d iu m  o x id e  

c o l le c t e d .  U ltim a te  h ot tra p  c a p a c ity  w a s co m p u ted  fr o m  th e  c h e m ic a l r e a c t io n  

eq u a tio n . E x tr a c t io n  d u rin g  th e p e d ic ta b le  r a te  p e r io d  w a s  c a lc u la te d  fr o m  th e
2

e x p e r im e n ta lly  d e te r m in e d  b eh a v io r  o f  z ir c o n iu m  in  th e so d iu m -o x y g e n  s y s te m .  

E s t im a t io n  o f th e  o x y g e n  c o n c e n tr a t io n  a tta in a b le  in  a  h ot tra p p ed  so d iu m  s y s te m  

w a s b a se d  on  th erm o d y n a m ic  c o n s id e r a t io n s .
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II. COLD TRAP

A . D E SC R IPT IO N  O F E Q U IPM E N T

At th e SR E a  p lu g g in g  m e te r  i s  u s e d  to  d e te r m in e  sa tu r a tio n  te m p e r a tu r e .

In th e  p lu g g in g  m e te r  a  p o r t io n  o f  the m a in  so d iu m  s tr e a m  i s  c o o le d  and p a s s e d  

th ro u g h  o r i f i c e s .  W hen th e  sa tu r a tio n  te m p e r a tu r e  o f  th is  s o d iu m -so d iu m  o x id e  

so lu t io n  i s  r e a c h e d , a  flo w  d e c r e a s e  c a u s e d  b y  s o lid  so d iu m  o x id e  p a r t ic le s  

p lu g g in g  th e o r i f i c e s  i s  o b s e r v e d . T he sa tu r a tio n  te m p e r a tu r e  i s  o ften  c a l le d  

th e p lu g g in g  te m p e r a tu r e . O xide c o n c e n tr a t io n  i s  th en  e s t im a te d  fr o m  G r a y 's  

te m p e r a tu r e - s o lu b il i ty  c u r v e

T he p lu g g in g  m e te r  c o n s is t s  o f  a  s o d iu m -so d iu m  e c o n o m iz e r , a so d iu m -  

te t r a l in  h ea t e x c h a n g e r  in  w h ich  th e  so d iu m  i s  c o o le d , a p lu g g in g  v a lv e  c o n ta in ­

in g  an  o r i f ic e  p la te  and a  th e r m o c o u p le , and a  p erm a n en t m a g n et f lo w m e te r . The 

a r r a n g e m e n t o f  th e s e  co m p o n en ts  i s  sh ow n  in  F ig u r e  1. T e tr a lin  (te tr a h y d r o -  

n ap th a len e) i s  u s e d  a s  th e  s e r v ic e  c o o la n t  a t th e  SR E . T he p lu gg in g  o r i f ic e  i s  

m ou n ted  in  a 1 - in . " Y " -p a tte rn  v a lv e  bod y . T he stan d ard  v a lv e  d isk  i s  r e p la c e d  

b y a  T ype 304 s t a in le s s  s t e e l  d isk  sh ow n  on  F ig u r e  2 . T he fa c e  o f  th is  d isk  i s  

p e r fo r a te d  w ith  a  n u m b er o f  s iz e  60 h o le s ,  th e nvim ber d ep en d en t on  the p r e s s u r e  

drop  a v a ila b le  a c r o s s  th e p lu g g in g  m e t e r .  T he s id e s  o f  the d isk  d o w n str e a m  

fr o m  th e  s e a t  a r e  a ls o  d r il le d , p e r m itt in g  a s m a ll  f lo w  th rou gh  th e o r i f i c e s  w hen  

th e v a lv e  i s  in  th e  c lo s e d  p o s it io n . T he a d van tage  o f  th is  d isk  a r r a n g e m e n t i s  

th e e a s e  o f  c le a n in g  c o m p a r e d  w ith  a f ix e d  o r i f ic e  p la te .  A fter  a p lu gg in g  d e t e r ­

m in a tio n , th e  v a lv e  i s  p a r t ia l ly  o p en ed  and the d isk  i s  h e ld  in  the flo w in g  sodioim  

s tr e a m  fo r  ra p id  c le a n in g . A  g r o o v e d  d isk , sh ow n  on  F ig u r e  3, h a s  b e e n  su b ­

s titu te d  fo r  the d r i l le d  p lug; both  a r e  s a t is fa c to r y .

T he p lu g g in g  m e te r  u s e d  a t th e  SR E  i s  a s im p le ,  y e t  r e l ia b le  in s tr u m e n t.  

O p eratin g  e x p e r ie n c e  h a s  d e m o n str a te d  that it  g iv e s  r e s u lt s  w h ich  a r e  r e p r o ­

d u c ib le  w ith in  5 * F . T h is  c o r r e s p o n d s  to  a c o n c e n tr a tio n  ra n g e  o f 1 - 1 /2  p p m  at 

370 ®F, or  to  5 p p m  a t 450 ®F. T he p lo t  o f a ty p ic a l d e te r m in a tio n  o f  sa tu r a tio n  

te m p e r a tu r e  i s  sh ow n  in  F ig u r e  4 . T he o r ig in a l r e c o r d  w a s m a d e  w ith  a  tw o -  

p en  r e c o r d e r .  T he c o o lin g  r a te  d u rin g  th is  d e te r m in a tio n  w a s 6 - l / 3 * F / m i n .

T he sta n d a rd  r a te  i s  5 ® F /m in , but a d e v ia t io n  o f th is  m a gn itu d e d o e s  not a ffe c t  

th e  r e s u lt .  T he fo r m a tio n  o f  s o lid  sodivim  o x id e  p a r t ic le s  i s  in d ic a te d  by the
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d e c r e a s e  in  sodivim  flo w  r a te ,  th e  p o in t m a rk ed  w ith  an  a r r o w . The te m p e r a ­

tu r e , at th e  t im e  the flo w  s ta r t s  to  d e c r e a s e ,  i s  u se d  a s  th e sa tu r a tio n  t e m ­

p e r a tu r e .

In a c o ld  tra p , so d iu m  te m p e r a tu r e  i s  lo w e r e d  b e lo w  th e sa tu r a tio n  t e m ­

p e r a tu r e  c a u s in g  p r e c ip ita t io n  o f  so d iu m  o x id e . The p r o c e s s  ca n  o c c u r  in  a  

c o o l stub , o ff  th e m a in  so d iu m  p ip in g . T h is  p ip e  stub  a r r a n g e m e n t, c a l le d  a 

d iffu s io n  c o ld  tra p , h a s  b e e n  u s e d  e x te n s iv e ly  in  s m a ll  e x p e r im e n ta l so d iu m  

lo o p s  ( l e s s  than  500 lb ). In la r g e  sodivim  s y s t e m s  o x y g en  c o n c e n tr a tio n  i s  c o n ­

tr o l le d  by c ir c u la t in g  c o ld  tr a p s . In th e s e  t r a p s , the sodivim  i s  pum ped  throu gh  

th e v e s s e l  in  w h ich  it  i s  c o o le d , and th e p r e c ip ita te d  o x id e  i s  c o l le c te d  on  the 

c o i l s  o f  w ir e  m e s h . The w ir e  m e s h  s e r v e s  a s  a  su r fa c e  on  w h ich  th e ox id e  

c r y s t a ls  ca n  gro w , and a s  a f i l t e r  fo r  th e  c o l le c t io n  o f  su sp en d ed  o x id e  p a r t ic le s .  

T w o ty p e s  o f  c ircv ila tin g  c o ld  tr a p s  h a v e  b een  u se d  at the SRE: a  b o ilin g -c o o la n t  

tr a p  and a  fo r c e d -c o n v e c t io n  tr a p .

B o il in g -c o o la n t  tr a p s  w e r e  in s ta l le d  w hen  th e r e a c to r  w a s c o n s tr u c te d . In 

th is  typ e  o f  tra p , a  u n ifo r m  ja c k e t  te m p e r a tu r e  i s  m a in ta in ed  a t 2 3 3 ° F  by b o i l ­

in g  to lu e n e  a t a tm o s p h e r ic  p r e s s u r e .  F ig u r e  5 i s  a d ia g r a m  o f th e c o m p le te
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tra p  a s s e m b ly  sh o w in g  th e  to lu e n e  c y c le  and in c lu d in g  th e so d iu m  e c o n o m iz e r .

The fe e d  so d iu m  s tr e a m  i s  c o o le d  in  th e e c o n o m iz e r ;  it  th en  e n te r s  and f lo w s  in to  

the tr a p . H e re  th e  in c o m in g  so d iu m  l o s e s  h e a t p r im a r i ly  to  the to lu en e; so m e  

h ea t t r a n s f e r s  to  th e  so d iu m  c ir c u la t in g  dow n th e  c e n tr a l  tu b e . T he to lu en e  b o i ls  

in  th e o u ter  ja c k e t;  i t s  vap or  i s  c o n d e n se d  b y  th e  s e r v ic e  c o o la n t , te tr a lin ;  and  

th e  c o n d e n sa te  r e tu r n s  to  th e r e s e r v o ir .  L iq u id  to lu e n e  r e tu r n s  to  th e ja c k e t  by  

g r a v ity . T he sodim n. v e s s e l  i s  1 2 - in . s c h e d u le -4 0  p ip e; th e o u ter  d ia m e te r  o f



th e  in n e r  tu b e  is  8 in .  , an d  th e  m e s h  s e c t io n  is  3 f t  in  le n g th . A l l  s o d iu m  p ip in g  

and  e q u ip m e n t is  f a b r ic a te d  f r o m  T y p e  304  s ta in le s s  s te e l.

T h e  fo r c e d -c o n v e c t io n -c o o le d  c o ld  t r a p  show n  in  F ig u r e  6 u s e s  t e t r a l in ,  th e  

r e a c t o r  s e r v ic e  c o o la n t w h ic h  p a s s e s  d o w n  th e  c o o la n t ja c k e t .  S o d iu m  f lo w  is  

as show n in  F ig u r e  5 , i .  e . , up  th e  annxilus a n d  do w n  th e  6 - in .  -O D  tu b e . T h e  

m e s h  in  th e  c e n t r a l  tu b e  h as  b e e n  s e p a ra te d  an d  b y p a s s  tu b e s  in s ta l le d  to  p ro v id e  

a d d it io n a l f i l t e r in g  a r e a .  T h e  u p p e r  c o i l  o f m e s h  is  o f s l ig h t ly  s m a l le r  d ia m e te r  

th a n  th e  v e s s e l ,  to  p e r m i t  th e  o x id e  s lu r r y  to  p a s s  o v e r  the to p  o f th e  c o i l  to  th e  

b y p a s s  tu b e s  an d  to  e n te r  th e  s id e  o f  th e  u p p e r  c o i l .  K n it te d  w ir e  m e s h  is  u s e d . 

I t  is  m a d e  o f  0 .0 1 1 - i n .  - d ia m e t e r .  T y p e  304  s ta in le s s  s te e l w ir e ;  th e  a p p a re n t  

d e n s ity  o f  th e  m e s h  is  24  l b / f t  . D u r in g  f a b r ic a t io n  th e  c e n t r a l  tu b e  is  w e ld e d  to  

th e  b o tto m  c a p , an d  th e n  th e  m e s h  is  in s ta l le d .  F ig u r e  7 show s th is  in s e r t  r e a d y  

fo r  a s s e m b ly  in  th e  1 2 - in .  p ip e  v e s s e l .  T h e  m e s h  is  r e ta in e d  on th e  tu b e  w ith  

s ta in le s s  s te e l w i r e .  T h e  le a d s  o f  th r e e  s h e a th e d  th e rm o c o u p le s  p ro tr u d e  ou t 

o f th e  m e s h  and  th ro u g h  a  f ix t u r e  in  th e  to p  c a p . T h e  a s s e m b le d  c o m p o n e n t is  

show n in  F ig u r e  8 . R in g - jo in t  f la n g e s  a r e  u s e d  in  th e  s o d iu m  and v e n t l in e s .  

T h e s e  l in e s  a r e  p re h e a te d  w ith  tu b u la r  h e a te r s  (a p p r o x im a te ly  15 w a t t s / in .  o f

KNITTE D ME SH HELD  
IN P LACE  BY S T A IN -  
L E SS  WIR E

BYPASS^
TUBE

S H E A T H E D  
T HE RM O C O U PLE S

F ig u r e  7 . C o ld  T r a p  In s e r t



p ip e ) .  T h e  v e s s e l is  p re h e a te d  w ith  2 3 0 - v o l t ,  7 5 0 -w a t t  s t r ip  h e a t e r s .  T w e lv e  

h e a te r s  a r e  in s ta l le d ,  o f w h ic h  fo u r  a r e  s p a re s .
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[r i n g  j o i n t  
f l a n g e s

F ig u r e  8 . A s s e m b le d  C o ld  T r a p



B . P R O C E D U R E

T rap p in g  r a te s  a r e  b a se d  on  th e  ch an ge in  d is s o lv e d  o x y g e n  in  th e s y s te m .  

S od ium  sa tu r a tio n  te m p e r a tu r e  i s  m o n ito r e d  d u rin g  r e a c to r  o p e r a tio n  by u s e  o f  

th e p lu g g in g  m e te r .  T he sa tu r a tio n  te m p e r a tu r e  and th e s y s t e m  te m p e r a tu r e  a r e  

p lo tted  a g a in s t  t im e  a s  show n  in  F ig u r e  9. A  p o r tio n  o f  th is  graph  h a s  b een  

exp an d ed  and r e p r o d u c e d  a s  th e u p p er  c u r v e  in  F ig u r e  10. T he s lo p e  o f  any  

ch o rd  o f th is  c u r v e  ca n  b e  c o n v e r te d  to  a tra p p in g  r a te  a s  c a lc u la te d  in  A ppend ix  A.

The c a lc u la t io n  o f  the q u an tity  o f  so d iu m  o x id e  c o l le c t e d  in  a co ld  tra p  i s  

b a se d  on  th e  a p p a ren t d e n s ity  o f o x id e  in  th e w ir e  m e s h  and th e  e f fe c t iv e  t r a p ­

p ing v o lu m e . In on e e x p e r im e n t  a s o d iu m -so d iu m  o x id e  s lu r r y  w a s p a s s e d  

th rou gh  a w ir e  m e s h  f i l t e r  u n der e s s e n t ia l ly  is o th e r m a l c o n d itio n s  u n til the  

f i l t e r  w as p lu g g e d . P lu g g in g  w a s in d ic a te d  b y  a flo w  s to p p a g e . A ll o f  th e  o x id e  

c o l le c te d  w a s  found in  the f i r s t  2 in . o f  th e  f i l t e r ;  th e  r e m a in d e r  o f the c a r tr id g e  

had d ra in ed  c le a n . In th is  e x p e r im e n t  th e f i r s t  2 in . o f  th e  f i l t e r ,  show n in  

F ig u r e  11, f i l le d  to  i t s  m a x im u m  c a p a c ity  w ith  so d iu m  o x id e . F r o m  a d e t e r ­

m in a tio n  o f  the to ta l am ou n t o f  so d iu m  and so d iu m  o x id e  r e ta in e d  in  th e m e s h ,  

and th e c o n c e n tr a t io n  o f  o x id e  in  th is  m ix tu r e  o f so d iu m  and so d iu m  o x id e , the  

ap p aren t d e n s ity  o f so d iu m  o x id e  in  th e  m e s h  h a s  b e e n  c a lc u la te d  to  be 0 .0 2 0 8  lb /
3

in . (A ppendix B ).

T he e f f e c t iv e  trap p in g  v o lu m e  w a s  d e te r m in e d  by in sp e c t io n , w h ere  p o s s ib le ,  

a s  th e v o lu m e  o f m e s h  co n ta in in g  so d iu m  o x id e  w ith  a d e n s ity  o f  d e p o s it io n  eq u a l 

to  th at o b s e r v e d  on  th e  m e s h  in  th e s lu r r y  f i l t e r in g  e x p e r im e n t . M esh  c o n ta in ­

ing  s lig h t  o x id e  d e p o s it io n  w a s  not in c lu d ed . W here the depth  o f d e p o s it io n  cou ld  

not be v is u a l ly  o b s e r v e d , a 2 - in .  d e p o s it  w a s  a s s u m e d . T h is  a ssx im p tion  w a s  

b a se d  on  r e s u l t s  o f  th e  s lu r r y  f i l t e r in g  e x p e r im e n t . T rap  c a p a c ity  w a s c a lc iila te d  

(A ppendix B) a s  the p ro d u ct o f a p p a ren t d e n s ity  and e f fe c t iv e  v o lu m e .

C old  tr a p  p a r a m e te r s  (te m p e r a tu r e  and so d iu m  flo w ) w e r e  o b se r v e d  d uring  

trap  o p era tio n ; ty p ic a l  s te a d y  s ta te  v a lu e s  h a v e  b een  r e p o r te d  in  S e c tio n  II-C .

H eat t r a n s fe r  r a te s  w e r e  ca lcv ila ted  on  the so d iu m  s id e  o f  th e  tr a p s . O rgan ic  

co o la n t flo w  r a te s  w e r e  c a lc u la te d  fr o m  the h ea t tr a n s fe r  r a te  and en th a lp y  

c h a n g e s , s in c e  th e r e  w e r e  no f lo w  r a te  o b s e r v a t io n s . O v e r a ll h ea t tr a n s fe r
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c o e f f ic ie n ts  w e r e  b a s e d  on  th e  in s id e  s u r fa c e  a r e a  o f th e  1 2 - in .  p ip e  an d  th e  lo g  

m e a n  te m p e r a tu r e  d i f fe r e n c e .

m

F ig u r e  11 . F i l t e r  M e s h  F i l l e d  W ith  O x id e

C . R E S U L T S

C o ld  t r a p  p e r fo r m a n c e  is  s u m m a r iz e d  in  T a b le  I .

A n  o x y g e n  c o n c e n tra t io n  o f  8 p p m  in  th e  5 0 ,0 0 0 - lb  p r im a r y  s y s te m  c a n  be  

e x p e d it io u s ly  o b ta in e d  b y  u se  o f  a  c o ld  t r a p .

11



A l
T A B L E  I

COLD T R A P PER FO RM A NCE

T rapping R a tes

O xygen
Trap T rapping R ate

(lb /h r )

B o ilin g  - coo lan t 0 .0 0 9
F o r c e d -c o n v e c t io n -c o o le d 0.02

T rap C apacity

Trap O xygen
(lb)

Sodium  O xide 
(lb)

B o ilin g -c o o la n t  
tra p  at SRE 0.67 2.6

P ro to ty p e  trap 1.35 5.25

F o r c e d -c o n v e c t io n -  
c o o le d  trap 2.8 10.8

C old T rap  O p eratin g  P a r a m e te r s

P a r a m e te r Sodium O rganic

B o ilin g -C o o la n t Trap

F lo w  r a te  (gpm )

T em p era tu re s  (°F )

In let 484

O utlet 400

M inim um  358
H eat T r a n sfe r  R ate (B tu /h r )
O v era ll H eat T r a n sfe r  ,  

C o effic ien t (B tu /h r - f t  -®F)
F o r c e d -C o n v e c t io n -C o o le d  T rap

F lo w  ra te  (gpm ) 32

T em p era tu re  (°F )

In let 345

O utlet 305

M inim um  257
H eat T r a n sfe r  R ate (B tu /h r )

O v era ll H eat T r a n s fe r   ̂
C o effic ien t (B tu /h r - f t  - ° F )

T olu en e
0,8

193

234

62,000

35
T e tr a lin

24

100

141

190,000

94

12



Z.v:
( :

D . DISCUSSION

The n o r m a l in e r tn e s s  o f  p u re  so d iu m  w ith  r e s p e c t  to  r e a c to r  s tr u c tu r a l  

m a te r ia ls  m a y  be d im in ish e d  by s o d iu m -tr a n s p o r te d  o x y g en . S ta in le s s  s t e e l ,  

at te m p e r a tu r e s  l e s s  th an  1 2 0 0 °F , i s  u n a ffe c ted  w hen  th e o x y g en  con ten t o f  

so d iu m  i s  l e s s  than  50 p p m  (0 .005  w t %). In th e  SRE it  h a s  b e e n  d e m o n str a te d  

th at c o ld  tr a p s  can  r e a d i ly  m a in ta in  an  o x y g en  c o n c e n tr a tio n  o f 10 ppm . C on ­

se q u e n tly , th e r e  i s  no r e a c t io n  b e tw e e n  the so d iu m  c o o la n t and th e s ta in le s s  

s t e e l  c o m p o n e n ts .

It h a s  b e e n  m en tio n ed  th at o x y g e n  w il l  p r e c ip ita te  in  a c o o l stub o ff the  

m a in  so d iu m  p ip in g . In a la r g e  s y s t e m , b ra n ch  l in e s  co n ta in in g  stagnan t so d iu m  

w ill  a c t  a s  d iffu s io n  c o ld  t r a p s ,  i f  th e  l in e s '  m in im u m  te m p e r a tu r e  is  l e s s  than  

th e sa tu r a tio n  te m p e r a tu r e  o f  th e so d iu m  in  th e s y s te m . If su ff ic ie n t  o x id e  i s  

c o l le c te d ,  th e  b ran ch  lin e  ca n  b e c o m e  c o m p le te ly  p lu g g ed . W hen o x y g en  c o n ­

c e n tr a tio n  i s  h e ld  a t 10 p pm , th e o x id e  p lu g g in g  o f s m a ll  b ra n ch  p ip in g  h a s  b e e n  

n o n -e x is te n t .

C old  tr a p  o p era tin g  e x p e r ie n c e  h as b een  o b ta in ed  in  the 1 5 ,0 0 0 -lb  m a in  

s e c o n d a r y  s y s t e m  a s  w e l l  a s  th e  5 0 ,0 0 0  lb  p r im a r y  s y s t e m . T he b o ilin g -c o o la n t  
tra p  in  th e  SR E m a in  s e c o n d a r y  (n o n -r a d io a c t iv e )  s y s te m  g a v e  1 8 -m o n th s' s a t i s ­

fa c to r y  s e r v ic e .  Tw o o f th e  c o ld  tra p  u n its  w ith  e c o n o m iz e r s ,  d e s c r ib e d  in  

S e c tio n  I I -B , w e r e  lo c a te d  in  th e p r im a r y  h ea t t r a n s fe r  s y s te m . A  th ird  b o ilin g -  

co o la n t tra p  th at did not h ave  an  e c o n o m iz e r  w a s  in s ta lle d  in  th e p r im a r y  s e r v ic e  

v a u lt. T he p e r fo r m a n c e  o f  th e s e  u n its  in  r e m o v in g  o x id e  fr o m  th e  5 0 ,0 0 0 - lb  

p r im a r y  s y s t e m  i s  sh ow n  in  F ig u r e  9. B oth  th e  s y s te m  and sa tu r a tio n  t e m ­

p e r a tu r e s  h a v e  b e e n  p lo tte d  d u rin g  the p e r io d  o f  in it ia l  so d iu m  p u r if ic a t io n .

F o r  c o m p le te  k n o w led g e  o f  the o x y g e n  co n ten t o f  a so d iu m  s y s te m , one m u st  

c o n s id e r  both  sa tu r a tio n  and s y s t e m  te m p e r a tu r e , s in c e  th e sa tu r a tio n  te m p e r a ­

tu r e  a lo n e  in d ic a te s  o n ly  th e  am ou n t o f  o x y g e n  d is s o lv e d  in  the s y s te m . If the  

sa tu r a tio n  te m p e r a tu r e  e q u a ls  th e s y s t e m  te m p e r a tu r e , th e  so d iu m  is  sa tu r a ted  

w ith  o x y g en , and th e r e  m a y  be a  se c o n d  p h a se  o f  s o lid  o x id e  in  th e  p ip in g  s y s te m .  

If th e  o b s e r v e d  p lu gg in g  te m p e r a tu r e  i s  w ith in  50 ®F o f  the s y s te m  te m p e r a tu r e ,  

th e s y s t e m  i s  c o n s id e r e d  to  be sa tu r a te d  fo r  th e  p u r p o se  o f  p lan n in g  co ld  tra p  

o p e r a t io n s .
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In th e  SR E p r im a r y  s y s t e m , one o f  th e  c o ld  tr a p s  w ith  an  e c o n o m iz e r , w a s  

s ta r te d  on  June 27, 1957, and th e  se c o n d  on  June 2 8 . T h e ir  o p e r a tio n  w a s  in t e r ­

m itte n t , u n dou b ted ly  due to  flo w  r e s t r ic t io n s  in  th e e c o n o m iz e r .  Su bseq u en t  

o p e r a tin g  e x p e r ie n c e  w ith  c o ld  tr a p s  w ith  a n  e c o n o m iz e r , w h en  th e o x y g en  c o n ­

c e n tr a t io n  w a s  so m ew h a t h ig h e r  than  it  w a s  d u rin g  June 2 7 -3 0 , d e m o n str a te d  

that c o ld  tr a p s  w ith  th is  ty p e  o f  e c o n o m iz e r  a r e  not su ita b le  fo r  u s e  w hen  th e  

sa tu r a tio n  te m p e r a tu r e  a p p r o a c h e s  th e bu lk  so d iu m  te m p e r a tu r e  (the co n d itio n  

th at o fte n  e x i s t s  d u rin g  p r e p o w e r  c lea n u p ). The d if f ic u lty  o f  a v o id in g  p r e c ip ita ­

t io n  o f  o x id e  in  th e  e c o n o m iz e r  tu b e w ith  c o n se q u e n t l o s s  o f  so d iu m  flow  m a k e s  

th e m  u n su ita b le . W hen th e so d iu m  e n te r in g  th e e c o n o m iz e r  tube i s  sa tu r a ted , 

an y  d e c r e a s e  in  te m p e r a tu r e  w i l l  c a u s e  s u p e r sa tu r a t io n . N u c le a tio n  ta k e s  p la c e ,  

p ro b a b ly  due to  w a ll and w e ld  r o u g h n e s s .  N ow th e so d iu m  in  the c o ld  tra p  m u st  

be c o o le d  b e lo w  th e sa tu r a tio n  te m p e r a tu r e  to  r e m o v e  o x id e . The so d iu m  le a v in g  

th e c o ld  tra p  i s  so m ew h a t b e lo w  sa tu r a tio n  te m p e r a tu r e ;  th is  c o o l so d iu m  e n te r s  

th e e c o n o m iz e r  s h e l l .  R e s iilta n t  h ea t t r a n s fe r  a c r o s s  th e e c o n o m iz e r  tube w a ll  

c o o ls  th e  fe e d  s tr e a m , and  c r y s t a l l iz a t io n  o f sodixim  o x id e  s ta r t s .  T he c r y s t a l  

fo r m a tio n  g r o w s  and b lo c k s  so d iu m  flo w . T he tw o c o ld  tr a p s  w ith  e c o n o m iz e r s  

w e r e  la t e r  r e m o v e d  fr o m  th e  g a l l e r ie s  b e c a u s e  th e y  w e r e  in e f fe c tu a l in  th e  

la r g e  so d iu m  s y s te m .

O p era tio n  o f th e  tra p  w ith ou t an  e c o n o m iz e r  w a s  s ta r te d  e a r ly  Ju ly  2, and  

th e sa tu r a tio n  te m p e r a tu r e  d e c r e a s e d  r a p id ly  a s  show n in  F ig u r e  9 . The data  

ta k en  J u ly  2 and 3 a r e  a ls o  p r e s e n te d  in  th e  u p per c u r v e  o f  F ig u r e  10. W hen  

th e s e  data  w e r e  o b ta in ed , th e b\alk te m p e r a tu r e  w a s  a t l e a s t  1 0 0 °F  ab ove  the  

p lu g g in g  te m p e r a tu r e ;  th e  p lu g g in g  te m p e r a tu r e  d id  not s ig n if ic a n t ly  in c r e a s e  

a fte r  th e  tra p  w a s  ta k en  ou t o f  s e r v ic e  Jvily 4 . T h e se  fa c t s  m e a n  th at th is  c u r v e  

r e p r e s e n t s  th e  to ta l am ou n t o f  o x y g e n  in  th e s y s te m , and th a t c a lc u la t io n s  b a se d  

on  th is  c u r v e  w i l l  g iv e  a  tr u e  tra p p in g  r a te .  The ch o rd  o f  th e  u pper c u rv e  on  

F ig u r e  10 b e tw e e n  8 and 10 p p m  h a s  a  s lo p e  w h ich  ca n  b e c o n v e r te d  to  a r a te  o f  

0 .0 0 9  lb  o x y g e n /h r  (A ppendix A ).

S in ce  th e so d iu m -o x y g e n  s o lu b ili ty  te m p e r a tu r e  c u r v e  i s  ex p o n e n tia l, r a te  

c a lc u la t io n s  b a se d  on a n y  g iv e n  s lo p e  on  a  sa tu r a tio n  te m p e r a tu r e - t im e  c u r v e  

w ill  be d ep en d en t on  th e  sa tu r a tio n  te m p e r a tu r e  (or o x id e  c o n c e n tr a tio n )  o f  th e  

fe e d  s tr e a m . A ny one tr a p  o p e r a tin g  w ith  a c o n sta n t te m p e r a tu r e  g r a d ie n t and  

so d iu m  flo w  w il l  h a v e  a  h ig h e r  tra p p in g  r a te  w h en  th e  fe e d  s t r e a m  i s  r ic h  in
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o x y g en . It i s  fo r  th is  r e a s o n  th a t th e c o n c e n tr a t io n  ra n g e  m u st  be s p e c if ie d  fo r  

a tra p p in g  r a te .

A s a  m a tte r  o f  g e n e r a l in t e r e s t ,  th e  s y s t e m  te m p e r a tu r e  p eak  in  F ig u r e  9 

sh o w s th e  te m p e r a tu r e s  d u rin g  th e is o th e r m a l p rep o w er  so d iu m  s y s te m  c ir c ix la -  

t io n  t e s t s .  T h is  w a s  im m e d ia te ly  fo llo w e d  by th e f ir s t  g e n e r a tio n  o f  e l e c t r ic a l  

e n e r g y  fr o m  th e n u c le a r  r e a c to r  on  Jvily 12; th e  grap h  sh o w s e s ta b lish m e n t  o f  the  

r e a c to r  te m p e r a tu r e  g r a d ie n t .

A fter  in it ia l  p o w er  o p e r a t io n s , a 4 0 - in .  -d ia m e te r  p lug  w a s w ith d raw n  fr o m
3

th e  r e a c to r  lo a d in g  s h ie ld  to  p e r m it  r e m o v a l o f  a d a m aged  fu e l c lu s t e r .  A lthough  

a r g o n  w a s  u se d  a s  a c o v e r  g a s  d u rin g  th is  o p e r a tio n , an  a p p r e c ia b le  am ount o f  

o x y g e n  e n te r e d  th e  r e a c to r .  S h o r tly  a f te r  th is  c o r e  e le m e n t  r e m o v a l, sodivim  

flo w  th rou gh  the c o ld  tra p  sto p p ed , in d ic a tin g  th at th e tra p  had p lu g g ed . W hen  

th e tra p  w a s  r e m o v e d  fr o m  th e  s y s t e m  and d is a s s e m b le d , ex a m in a tio n  sh ow ed  

th at m o s t  o f th e o x id e  had  c o l le c t e d  in  th e  f i r s t  2 in . o f  th e  m e s h . T h is  d e m o n ­

s tr a te d  th e g e n e r a l te n d e n c y  o f  a b o ilin g -c o o la n t  tra p  to  p r e c ip ita te  o x id e  a t th e

tra p  e n tra n ce  due to  th e sh a rp  te m p e r a tu r e  g r a d ie n t e x is t in g  a t the in le t .  S im ila r
4fin d in g s  o f  th e  p ro to ty p e  t e s t in g  p r o g r a m  w e r e  c o n fir m e d . E x a m in a tio n  o f m e s h  

r e m o v e d  fr o m  th e  p ro to ty p e  tr a p . F ig u r e  12, sh ow ed  that p r a c t ic a l ly  a l l  the o x id e  

w a s c o l le c t e d  in  th e  lo w e r  1 2 - in .  c o i l  w ith  th e h ea v y  p r e c ip ita t io n  o c c u r r in g  in  

the f i r s t  4 in . a t tra p  in le t .  T h is  lo c a l iz e d  o x id e  d e p o s it io n  l im it s  th e  e f fe c t iv e  

tra p p in g  volvim e and tr a p  c a p a c ity .

A n ew  d e s ig n  w a s p r e p a r e d  to  im p r o v e  tr a p  c a p a c ity  and h ea t tr a n s fe r  c a p a ­

b ili ty .  O v e r a ll tr a p  s i z e  w a s  f ix e d  b y  e x is t in g  sp a ce  in  the so d iu m  s e r v ic e  v a u lt. 

T he fo r c e d -c o n v e c t io n -c o o le d  tra p  d e s c r ib e d  in  S ec tio n  I I-B  w a s d ev e lo p e d  u s in g  

th e m eth o d  o f  B ruggem an .^  In th is  tra p , a te m p e r a tu r e  g r a d ie n t  i s  e s ta b lis h e d  

a lo n g  th e  1 2 - in . p ip e  w a ll  w h ich  p r e v e n ts  lo c a l iz e d  p r e c ip ita t io n  o f the o x id e .

The lo w e r  c u r v e  o f  F igv ire  10 sh o w s p e r fo r m a n c e  o f th e  fo r c e d -c ir c u la t io n  

tra p  (on A p r il 19, 1958) s ta r t in g  fr o m  a  sa tu r a te d  co n d itio n  a t 350 ®F. At 

a p p r o x im a te ly  25 h r th e tra p  w a s  sh ut down; th e  sa tu r a tio n  te m p e r a tu r e  th en  

in c r e a s e d . T he in te r p r e ta t io n  o f  th e s e  fa c ts  i s  that th e r e  w a s  s o lid  o x id e  in  the  

s y s t e m  w h ich  w a s  go in g  in to  so lu t io n  d u rin g  th e  trap p in g  o p e r a tio n . T he r a te  

c a lc u la te d  fr o m  th e  ch o rd  o f  th is  c u r v e  b e tw e e n  8 and 10 p p m  i s  0 .02  lb /h r ;  the
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a c tu a l r a te  is  s o m e w h a t g r e a te r  

s in c e  o x y g e n  w a s  go in g  in to  s o lu ­

t io n  d u r in g  th e  p e r io d  o f o b s e r v a ­

t io n .

A n  e x p e n d e d  in s e r t  f r o m  a 

fo r c e d -c o n v e c t io n -c o o le d  t r a p  is  

show n in  F ig u r e s  13 and  14. T h e r e  

w a s  p r a c t ic a l ly  no o x id e  in  th e  

lo w e r  m e s h  show n  a t  th e  r ig h t -h a n d  

s id e  o f F ig u r e  13 . T h e  w h ite  m a t e ­

r i a l  c lin g in g  to  th e  c o i l  w a s  th e  

s m a l l  q u a n t ity  o f s o d iu m  th a t  d id  

n o t d r a in  o u t o f th e  t r a p .  O x id e  

c o lle c t io n  s ta r te d  a t  th e  g r e y  a r e a  

to  th e  le f t  o f  c e n te r  o f  F ig u r e  13. 

T h e  to p  p o r t io n  o f  th e  in s e r t  w as  

f i l l e d  w ith  o x id e  (F ig u r e  1 4 ).

S in ce  m o s t S R E  tra p p in g  w as  

done f r o m  s a tu ra te d  s o lu tio n s , i t  

w a s  no t p o s s ib le  to  c a lc u la te  th e  

to ta l  o x id e  c o lle c te d  in  th e s e  t r a p s  

f r o m  th e  ch an g e  in  th e  a m o u n t o f  

d is s o lv e d  o x y g e n  in  th e  s y s te m  

s o d iu m . I t  m u s t  be r e m e m b e r e d  

th a t  w h e n  th e  t r a p s  w e r e  o p e ra t in g ,  

th e  r e a c to r  w a s  b e in g  p r e p a r e d  f o r  

p o w e r  g e n e ra t io n  ru n s , and  i t  w as  

n o t fe a s ib le  to  a d ju s t  s o d iu m  s y s te m  te m p e r a tu r e s  to  g e t a l l  th e  d e s ir a b le  c o ld  

t r a p  p e r fo r m a n c e  d a ta . I t  w a s  t h e r e f o r e  n e c e s s a r y  to  c a lc u la te  th e  a m o u n t o f  

o x id e  c o l le c te d  u s in g  th e  m e th o d  d e s c r ib e d  in  S e c tio n  I I - B  an d  i l lu s t r a t e d  in  

A p p e n d ix  B . T h e  c h ie f  l im i t a t io n  o f th is  m e th o d  w as  th e  a s s u m p tio n  o f 2 - in .  -  

d eep  o x id e  d e p o s it io n  in  th e  c e n t r a l  tu b e  m e s h  o f th e  fo r c e d -c o n v e c t io n -c o o le d  

t r a p .  T h is  a s s u m p tio n  w a s  m a d e  s in c e  th e  d e p th  c o u ld  n o t be m e a s u re d  (A p p e n ­

d ix  B ) .  A ls o ,  v is u a l  e s t im a t io n  o f e f fe c t iv e  t ra p p in g  v o lu m e  (as a v o lu m e  o f

UPPER COILi

M ID D L E  CO IL

L O W ER  COIl I ,

O X ID E
D E P O S IT IO N

F ig u r e  12 . M e s h  F r o m  P ro to ty p e  C o ld  
T r a p  A n n u lu s
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R E S ID U A L  SODIUMv

'O X ID E  DEPO SIT IO N

F ig u r e  13 . S id e  V ie w  o f  E x p e n d e d  C o ld  T r a p  In s e r t

S O D IU M  O X ID E

P L U G G E D  B Y P A S S  T U B E S

F ig u r e  14 , E n d  V ie w  o f E x p e n d e d  
C o ld  T r a p  In s e r t
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m e s h  co n ta in in g  so d iu m  o x id e  w ith  a d e n s ity  o f  d e p o s it io n  eq u a l to  th at o b s e r v e d  

on th e  m e s h  in  th e  s lu r r y  f i l t e r in g  e x p e r im e n t)  can n ot be c o n s id e r e d  a q u a n tita ­

t iv e  d e te r m in a t io n . H en ce , th e c a lc u la te d  o x id e  c o l le c t io n  v a lu e s  sh ou ld  be 

c o n s id e r e d  " b est a v a ila b le  e s t im a t e s ."

T he fo llo w in g  s ig n if ic a n t  m a in te n a n c e  fa c to r  sh ou ld  be c o n s id e r e d  w hen  

c o m p a r in g  th e  tw o ty p e s  o f c o ld  t r a p s . In the b o il in g -c o o la n t  tra p , a t l e a s t  one  

to lu e n e  v a lv e  m u st  be lo c a te d  in  th e  s h ie ld e d  v a u lt and o p e r a te d  r e m o te ly .  It 

i s  a v a ila b le  fo r  m a in te n a n c e  o n ly  a fte r  a  r e a c to r  shutdow n. W ith th e fo r c e d -  

c o n v e c t io n -c o o le d  u n it a l l  s e r v ic e  c o o la n t v a lv e s  a r e  lo c a te d  o u ts id e  th e  v a u lts  

in  an  a c c e s s ib l e  a r e a .

E . CONCLUSIONS

T he typ e  o f  e c o n o m iz e r  d e s c r ib e d  h e r e in  i s  not su ita b le  fo r  u se  w ith  a c o ld  

tra p  in  a r e a c to r  s y s te m , due to o x id e  p lu g g in g  w hen  th e so d iu m  i s  sa tu r a te d .  

R e a c to r  so d iu m  i s  s o m e t im e s  sa tu r a te d , a fte r  m a in te n a n c e  o r  m o d if ic a tio n  

p r o g r a m s , w hen  lo w  s y s t e m  te m p e r a tu r e s  ( 3 0 0 -4 0 0 °F ) a r e  b e in g  m a in ta in ed  w ith  

e le c t r ic  h e a te r s .  It i s  a t th is  t im e , p r io r  to  h ig h  te m p e r a tu r e  p ow er o p era tio n , 

that th e  co ld  tra p  i s  n eed ed  to  p u r ify  the so d iu m . If th e r e a c to r  i s  o p e r a te d  w ith  

e x c e s s iv e  o x y g e n  c o n c e n tr a tio n , o x id e  w i l l  p r e c ip ita te  in  b ran ch  l in e s  co n ta in in g  

stagn an t so d iu m . It i s  not e c o n o m ic a l d e s ig n  to  p ro v id e  th e p ip in g  w ith  enough  

h e a te r s  to  k e e p  th e ir  te m p e r a tu r e  ab ove so d iu m  sa tu r a tio n  te m p e r a tu r e  under  

su ch  a b n o rm a l c o n d it io n s .

T h e ad v a n ta g e  o f  th e  b o ilin g -c o o la n t  co ld  tra p  i s  c o n sta n t co o la n t t e m p e r a ­

tu re  so m ew h a t ab o v e  the f r e e z in g  p o in t o f  so d iu m . A s a r e s u lt  o f th is  fe a tu r e ,  

m in im u m  so d iu m  te m p e r a tu r e  i s  h e ld  c o n sta n t fo r  n o r m a l v a r ia t io n s  in  so d iu m  

flo w  r a te .  A ll o th e r  c o m p a r is o n s  fa v o r  th e  fo r c e d -c o n v e c t io n -c o o le d  tr a p . Its  

tra p p in g  r a te  i s  a t l e a s t  tw ic e  th a t o f th e  b o il in g -c o o la n t  tra p  and i t s  c a p a c ity  i s  

fou r t im e s  th a t o f  th e  to lu e n e  tr a p  t e s t e d  a t th e SR E , u n der c o m p a r a b le  c o n d i­

t io n s . C o n s id e r in g  tr a p s  o f  th e  sa m e  s i z e ,  th e  h ea t tr a n s fe r  r a te  o f  th e  f o r c e d -  

c o n v e c t io n -c o o le d  tra p  e x c e e d s  th a t o f  th e  b o ilin g -c o o la n t  tra p  by a  fa c to r  o f  

th r e e  and th e  o v e r a l l  h ea t t r a n s fe r  c o e f f ic ie n t  by a fa c to r  o f tw o and o n e -h a lf .  

F in a lly ,  th e  s e r v ic e  c o o la n t v a lv e s  o f th e  fo r c e d -c o n v e c t io n -c o o le d  tr a p  a r e  

lo c a te d  in  a n o n r a d io a c tiv e  a r e a , w h e r e  th e y  a r e  a lw a y s  a c c e s s ib le  fo r  m a in ­

te n a n c e .
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T he s ig n if ic a n c e  o f  the 0 .0 2 - lb - o x y g e n /h r  trap p in g  r a te , in  t e r m s  o f  th e  

^ im e  r e q u ir e d  to  c le a n  a  5 0 ,0 0 0 - lb  so d iu m  s y s t e m , i s  show n g r a p h ic a lly  in  

F ig u r e  10 — the sa tu r a tio n  te m p e r a tu r e  ca n  b e red u ced  fr o m  350 to  2 5 0 ®F in  l e s s  

th an  on e d ay .
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III. HOT TRAP

4

A. D E SC R IP T IO N  O F HOT T R A P

T he e x tr a c t io n  o p e r a tio n  u s in g  z irco n iu n a  to  g e t te r  o x y g e n  fr o m  so d iu m  i s  

con d u cted  in  a  h ot tr a p . F ig u r e  15 i s  a d ia g r a m  o f th e SR E h ot tr a p . The z i r ­

co n iu m  in s e r t s  a r e  m ou n ted  in  a r e m o v a b le  c a r tr id g e .  S od iu m  e n te r s  a t 1 1 6 5 °F ,  

h av in g  b een  p r e h e a te d  in  an  e c o n o m iz e r , and th en  p a s s e s  th rou gh  th e z ir c o n iu m  

c o i l s  and out th e  d is c h a r g e  l in e .  A  d is c h a r g e  te m p e r a tu r e  o f  1 2 0 0 “F  i s  m a in ­

ta in ed  by the 30 kw fu r n a c e . The so d iu m  flo w  r a te  i s  6 g p m . The c a r tr id g e  i s  

su p p o rted  on a  b a s e  r in g  w h ich  p r e v e n ts  so d iu m  fr o m  b y p a ss in g  th e  z ir c o n iu m .

A t e tr a l in  c o o lin g  ja c k e t  f r e e z e s  th e so d iu m  in  th e  an n u lu s b e tw e e n  th e in svd ation  

plug and th e l 6 - in .  p ip e  w a ll .  T he top s e a l  i s  a r in g  jo in t  f la n g e . T he in s e r t  

c a r tr id g e  is  lin k e d  to  th e b lin d  f la n g e  in su la t io n  p lu g  a s s e m b ly  to  fa c il ita te  

r e m o v a l.

The z ir c o n iu m  fo r  th e  tra p  w a s  r o l le d  to  0 .0 0 4 - in .  th ick , 6 - in .  w id e  s t r ip s .  

H alf o f  th e s tr ip  w a s  c o r r u g a te d  to  0 .1 9 - in .  p itc h  and 0 .0 4 5 - in . d ep th . A lte r n a te

^  r \  .

FROZEN S E A L  -  
COOLING JA C K ET IN ER T GAS LIN E

SODIUM  O U TLET

ZIRC O N IU M
IN S E R T S

COILS OF 
CORRUGATED 
ZIRCONIUM 
SH E ET

DETAIL O F

ZIRCONIU M  IN SER TS

FURNACE

SODIUM IN L E T

F ig u r e  15. H ot T rap
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F ig u r e  16 . Z ir c o n iu m  C o il

c o r r u g a te d  an d  f l a t  s h e e ts  w e r e  th e n  r o l le d  to g e th e r  to  f o r m  1 4 - in .  d ia m e te r  

c o ils ,  one o f  w h ic h  is  show n on  F ig u r e  16 . T h e r e  a r e  e ig h t o f th e s e  c o ils  in  th e  

t r a p ;  to ta l  a r e a  is  4 3 0 0  f t^ .

B . P R O C E D U R E

T h e  t r a p p in g  r a t e  w a s  d e te r m in e d  as  d e s c r ib e d  in  S e c tio n  I I .  T h e  c a lc u la ­

t io n  o f  th e  u l t im a te  c a p a c ity  o f  th e  h o t t r a p ,  b a s e d  on th e  r e a c t io n  e q u a tio n , is  

show n in  A p p e n d ix  C . E x t r a c t io n  d u r in g  th e  p e r io d  o f  p r e d ic ta b le  r a t e  h as  b e e n  

c a lc u la te d  in  A p p e n d ix  D  u s in g  th e  e q u a tio n  w  = k t^ ^ ^ , r e la t in g  o x id a t iv e  w e ig h t

g a in  to  t im e ,  w h ic h  is  b a s e d  o n  d a ta  o b ta in e d  f r o m  s o d iu m -z ir c o n iu m  la b o r a t o r y  
2

te s t  f a c i l i t i e s .  T h e  t h e o r e t ic a l  o x y g e n  c o n c e n tra t io n  in  a  h o t t ra p p e d  s o d iu m  

s y s te m  h as  b e e n  c a lc u la te d  in  A p p e n d ix  E  u s in g  m e th o d s  o f  c h e m ic a l  t h e r m o ­

d y n a m ic s  an d  h as  b e e n  b a s e d  on  p u b lis h e d  d a ta  f o r  s o d iu m , z ir c o n iu m , and  

o x y g e n  s y s te m s .

T h e r e  is  no d i r e c t  m e th o d  f o r  d e te r m in in g  o x y g e n  c o n c e n tra t io n  o f s o d iu m  

w h e n  th e  le v e l  is  b e lo w  th e  l i m i t  o f  a  p lu g g in g  m e t e r .  A n  in d i r e c t  m e th o d  h as
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b een  u s e d  to  e v a lu a te  th e e f f e c t iv e n e s s  o f  th e  hot tra p  in  m a in ta in in g  s y s te m  

o x y g en  l e v e l s  a t a v e r y  low  c o n c e n tr a tio n . T he o x id a tio n  o f  z ir c o n iu m  sp e c im e n s  

e x p o se d  in  th e m a te r ia ls  e v a lu a tio n  fa c i l i t y  in  th e p r im a r y  so d iu m  s y s t e m  o f the  

r e a c to r  h a s  b e e n  c o m p a r e d  w ith  s a m p le s  e x p o se d  in  both  c o ld -tr a p p e d  and h o t-  

tra p p ed  e x p e r im e n ta l s y s t e m s  o u ts id e  o f th e  r e a c to r ,

C . R E SU L T S

H ot tra p  data  a r e  sh ow n  in  T ab le  II

T A B L E  II

HOT T R A P  D A T A

©2 T rap p in g  R ate  ( lb /h r ) 0 .0 0 9

©2 C a p a c ity , U ltim a te  (lb) 9 6 .4

O p era tin g  P a r a m e te r s

Soditim  flo w  r a te  (gpm ) 6

In le t te m p e r a tu r e  (°F ) 1165

O utlet te m p e r a tu r e  (°F ) 1200

T he h ot tra p  c o n tr o ls  sa tu r a tio n  te m p e r a tu r e  lo w e r  th an  th e l im it  o f  d e t e c ­

t io n  o f  a  p lu g g in g  m e te r  (225 ®F). T he th e o r e t ic a l  eq u ilib r ix im  c o n c e n tr a tio n  in  

a h o t-tr a p p e d  so d iu m  s y s t e m  h a s  b e e n  ca lcv ila ted  to  be l e s s  th an  7 x  10  ̂ ppm .

P o l is h e d  z ir c o n iu m  co u p o n s h a v e  b een  e x p o se d  to  SR E p r im a r y  so d iu m  in  

th e  m a te r ia ls  e v a lu a tio n  f a c i l i t y .  T he w e ig h t g a in  o f  s a m p le s  r e c e n t ly  r e m o v e d  

fr o m  th e  fa c i l i t y  w a s  l e s s  than  o n e -h a lf  th at e s t im a te d  on  th e  b a s is  o f  th e ir  t im e  

at te m p e r a tu r e  h is to r y , a ssv u n in g  th e so d iu m  to be c o ld  tra p p ed  to  10 p pm . 

A n a ly s is  o f  th e  data  sh o w s th e  o x id a tio n  to  be c o n s is te n t  w ith  e x p o s u r e  to  so d iiim  

o f lo w e r  o x y g e n  c o n c e n tr a t io n  th an  i s  a tta in a b le  by c o ld  tra p p in g . V isu a l  

e x a m in a tio n  o f  th e  cou p on s sh o w ed  o n ly  a s lig h t  ta r n is h . T h e s e  data  in d ic a te  

th at th e  h ot tra p  i s  e f f e c t iv e  in  m in im iz in g  fo r m a tio n  o f  z ir c o n iu m  o x id e  f i lm  on  

th e m o d e r a to r  sheath ing .^

22



4 /

D . DISCUSSION

W hile th e  r e a c to r  w a s  b e in g  d e s ig n e d , th e  r e s u lt s  o f  d e v e lo p m e n t p r o g r a m s  

in d ic a te d  a n eed  to  p r e v e n t  th e  g row th  o f  a f a t ig u e - s e n s i t iv e  z ircon ix im  ox id e  

f i lm  on  th e  m o d e r a to r  c a n s . S tu d ies  o f  th e  e f f e c t  o f so d iu m  on  th e m e c h a n ic a l  

p r o p e r t ie s  o f  z ir c o n iu m  sh ow ed  th a t th e  fa t ig u e  l i f e  o f  z ircon iiom  e x p o se d  in  

sod itim  o f v e r y  lo w  o x y g e n  c o n c e n tr a t io n s  w a s  tw ic e  th at o f  s a m p le s  e x p o se d  to  

so d iu m  co n ta in in g  10 p p m  o x y g en , w h en  th e s p e c im e n s  w e r e  c y c le d  th rou gh  th e  

y ie ld  p o in t. A n a log  co m p u ter  s tu d ie s  o f  p o s t - s c r a m  c o r e  te m p e r a tu r e  tr a n s ie n ts
g

and p ro to ty p e  m o d e r a to r  ca n  t e s t s  in d ic a te d  th a t th e  m o d e r a to r  ca n s  w il l  u n d e r ­

go so m e  p la s t ic  y ie ld in g  a f te r  e m e r g e n c y  r e a c to r  shutdow ns i f  c o n v e c t iv e  flo w  

i s  not c o n tr o lle d . A  c o n c u r r e n t  p r o g r a m  had d e m o n str a te d  the e f f e c t iv e n e s s  o f  

a  z ir c o n iu m  g e t te r in g  d e v ic e  fo r  sc a v e n g in g  o x y g e n  fr o m  so d iu m  to su ch  low  c o n -
9

c e n tr a t io n s  th a t o x id e  f i lm  w otdd  not fo r m  on  th e m o d e r a to r  sh ea th in g  e v e n  a t  

1 0 0 0 *F. S in ce  i t  w a s  e s ta b lis h e d  th a t th e  m a in ten a n ce  o f  v e r y  low  o x y g e n  c o n ­

c e n tr a t io n s  by u s e  o f  th e  g e t te r in g  d e v ic e  w ou ld  r e s u lt  in  a doubling  o f  th e  fa tig u e  

l i f e  o f  s o d iu m -e x p o se d  z ir c o n i\im  s t r e s s e d  b eyon d  th e y ie ld  p o in t, th e  hot tr a p s  

w e r e  in c lu d ed  in  th e  r e a c to r  d e s ig n .

It h a s  b e e n  r e p o r te d  th a t in it ia l  r e a c to r  tr a n s ie n t  t e s t s  sh ow ed  th a t th e r e
3

w a s an  ad eq iia te  fa c to r  o f  s a fe ty  in  th e  m o d e r a to r  ca n  d e s ig n . T he in s ta lla t io n  

o f p o s t  s c r a m  c o n v e c t iv e  flo w  c o n tr o l eq u ip m en t h a s  r e d u c e d  th e  m agn itu d e o f  

te m p e r a tu r e  c y c l e s ,  and h e n c e  th e  s t r e s s e s  th a t a r e  im p o s e d  on  th e m o d e r a to r  

c a n s . S in ce  a c tu a l r e a c to r  o p e r a tin g  c o n d it io n s  d iffe r  fr o m  th e a n a lo g  p r e d ic ­

t io n s ,  it  i s  p o s s ib le  th a t th e  r e q u ir e m e n t  fo r  a  h ot tr a p  g e tte r in g  d e v ic e  m a y  not 

be v a lid . T he e f fe c t  o f  o x id e  f i lm  fo r m a tio n  on  the fa tig u e  l i f e  o f  z ir c o n iu m  w ith  

s t r e s s  b e lo w  th e y ie ld  p o in t i s  c u r r e n t ly  u n der in v e s t ig a t io n . T h is  w o rk  w ill  

in d ic a te  th e d e g r e e  o f  im p r o v e m e n t  th at ca n  b e e x p e c te d  in  z ir c o n iu m  p e r fo r ­

m a n ce  due to  v e r y  lo w  o x y g e n  c o n c e n tr a t io n s  vinder e x is t in g  o p e r a tin g  co n d itio n s  

in  the s y s t e m . H ot tr a p s  a r e  b e in g  o p e r a te d  p en d in g  th e  o u tco m e  o f th is  in v e s t i ­

g a tio n .

The o x id a tiv e  w e ig h t  g a in  o f  z ir c o n iu m  e x p o se d  in  so d iu m  can  be d e s c r ib e d

by th e eq u a tio n  w  = kt^^^, w h e r e  w  i s  th e  w e ig h t g a in  p e r  vinit s u r fa c e  a r e a  in

t im e  t ,  and k  i s  a  c o n sta n t  d ep en d en t on  te m p e r a tu r e . F r o m  th e  v a lu e s  o f  th is
2 1 / 2

c o n sta n t, 0 .0 2 5  m g /c m  -h r  a t 1 0 0 0 ®F and 0 .0 7 8  a t 1 2 0 0 °F  (b a sed  on  10 ppm
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o x y g en  in  sodiixm ), i t  i s  a p p a ren t th a t th is  c h e m ic a l o x id a tio n  r e a c t io n  i s
2

s tr o n g ly  te m p e r a tu r e  d ep en d en t. T he v a lu e s  o f  k  g iv e n  ab ove a r e  fo r  v a p o r -  

b la s te d  z ir c o n iu m , w h ich  h a s  a r e la t iv e ly  rou gh  s u r fa c e . T h e se  v a lu e s  a r e  

170% o f the k d e te r m in e d  fo r  c h e m ic a lly  p o lis h e d  s tr ip , th e  v a lu e  u s e d  in  

A pp en d ix  D . T he d if fe r e n c e  is  a ttr ib u te d  to  th e  g r e a te r  a c tu a l s u r fa c e  

a r e a  o f  th e  v a p o r -b la s te d  m a te r ia l .  The a p p aren t s u r fa c e  a r e a  b a se d  on  len g th , 

w idth , and th ic k n e s s  m e a s u r e m e n ts  w a s  u se d  in  th e e x p e r im e n ta l d e te r m in a tio n s  

o f th e r a te  c o e f f ic ie n t ,  k .

H ot tr a p s  w e r e  s iz e d  so  th a t o x y g e n  wovdd be a b so r b e d  p r e fe r e n t ia l ly  on  th e

hot tr a p  z ir c o n iu m  r a th e r  th an  on  th e m o d e r a to r  ca n s  in  th e r a tio  o f  te n  to  one.^^

The z ir c o n iu m  o x id e  fo r m e d  i s  v e r y  sta b le ;  th e  e q u ilib r iu m  p a r t ia l  p r e s s u r e  o f
-5 2o x y g en  o v e r  z ir c o n iu m  o x id e  a t 1 2 0 0 °F  h a s  b e e n  e s t im a te d  to  be 10 a tm o s -

-3 3p h e r e s ,  c o m p a r e d  to  a p r e s s u r e  o f  10 a tm o s p h e r e s  o v e r  so d iu m  o x id e  

(A ppendix E ).

F ig u r e  17 sh o w s th e e f f e c t  o f  in it ia l  hot tra p  o p e r a tio n  o n  so d iu m  sa tu r a tio n  

te m p e r a tu r e . P r io r  to  t im e  z e r o ,  th e  co ld  tra p  w a s  v a lv e d  out o f  th e  s y s te m  

a fte r  th e  p lu g g in g  te m p e r a tu r e  had  b e e n  r e d u c e d  b e lo w  2 5 0 °F . T hen  the hot 

tra p  w a s  s ta r te d , and a t th e  sa m e  t im e  s y s t e m  sod itim  te m p e r a tu r e s  w e r e  

in c r e a s e d  a s  a r e s u lt  o f  r e a c to r  s ta r tu p . T h is  c a u se d  a n  in c r e a s e  in  s a tu r a ­

t io n  te m p e r a tu r e  a s  r e s id u a l o x id e  w a s  d is s o lv e d  out o f  d if fu s io n  c o ld  tr a p s  in  

the p ip in g  s y s t e m . At 141 h r , o x id e  so lu tio n  w a s e s s e n t ia l ly  c o m p le te , and th e  

sa tu r a tio n  te m p e r a tu r e  d e c r e a s e d  a s  sh ow n . T he ch o rd  o f  th is  c u r v e  b e tw een  

8 and 10 ppm  h a s  a s lo p e  w h ich  c o r r e s p o n d s  to  an  o x y g en  r e m o v a l r a te

0 .0 0 9  lb /h r  (A ppendix A ). A fter  su c h  a  s ta rtu p  p e r io d , the h ot tra p  m a in ta in s  

sa tu r a tio n  te m p e r a tu r e  b e lo w  th e l im it  o f  d e te c t io n .

D u rin g  th e  o p e r a tio n  o f  an  SR E p lu g g in g  m e te r ,  2 2 5 ®F i s  th e  lo w e s t  p r a c t i ­

c a l te m p e r a tu r e  b e fo r e  fr e e z in g  o f  so d iu m  in  th e  p ip in g  b e c o m e s  im m in e n t, and  

h e n c e  i s  th e lo w e r  l im it  o f  d e te c t io n . If th e r e  h a s  b e e n  no ch a n g e  in  th e flow  

r a te  o f  th e so d iu m  s tr e a m  w hen  a  te m p e r a tu r e  o f  2 2 5 ®F i s  r e a c h e d , th e  t e s t  i s  

te r m in a te d .

T he te m p e r a tu r e -o x y g e n  s o lu b il i ty  c u r v e   ̂ h a s  b e e n  e x tr a p o la te d  to  275 ®F 

at 8 p p m  o x y g en , to  p e r m it  th e  c a lc u la t io n  o f tra p p in g  r a t e s .  E x tr a p o la tio n
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b elo w  th is  p o in t h a s  not b e e n  m a d e  fo r  an y  o f  th e  c a lc u la t io n s  in  th is  p a p er . 

H o w ev er , C a sh m a n  and Salm on^  ̂ h a v e  ex tr a p o la te d  th e c u r v e  to th e  fr e e z in g  

p o in t. T h is  e x tr a p o la tio n  shoxxld be v a lid , s in c e  a con tin u o u s s tr a ig h t  lin e  w ith  

n e g a tiv e  s lo p e  i s  e x p e c te d  on  a p lo t  o f  lo g  s o lu b ility  a g a in s t  th e  r e c ip r o c a l  o f  

a b so lu te  te m p e r a tu r e  fr o m  th e r m o d y n a m ic  c o n s id e r a t io n s .
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F ig u r e  17. H ot T rap  P e r fo r m a n c e

It sh o iild  be n o ted  th at r e f e r e n c e  h a s  b e e n  m ad e to  th e  so lu b ility  cu r v e  o n ly  

fo r  th e p u r p o se  o f  c a lc u la t in g  tra p p in g  r a t e s .  At A to m ic s  In tern a tio n a l during  

four y e a r s  o f sa m p le  e x p o s u r e s  in  d yn a m ic  so d iu m  t e s t  f a c i l i t i e s ,  th e  b eh a v io r  

o f m a te r ia ls  in  so d iu m  at v a r io u s  te m p e r a tu r e s  up to  1 2 0 0 ®F h a s  b e e n  c o r ­

r e la te d  d ir e c t ly  w ith  sa tu r a tio n  te m p e r a tu r e .

The c a p a c ity  r e p o r te d  fo r  th e  h ot tra p , 9 6 .5 - lb  o x y g en , i s  th e xxltimate 

c a p a c ity  b a se d  on  th e  a s su m p tio n  o f c o m p le te  c o n v e r s io n  o f z ir c o n iu m  to it s  

o x id e . T he r a te  eq u a tio n  w  = kt^^^ w a s e x p e r im e n ta lly  d e te r m in e d  fo r  r e l a ­

t iv e ly  sh o r t  e x p o s u r e s ,  c o m p a r e d  to  th e e x p o su r e  n e c e s s a r y  to  r e a c t  a l l  the
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AJ
z ir c o n iu m  fo i l  in  the tr a p . The v a lid ity  o f th is  eq u a tio n  h a s  b e e n  d e m o n str a te d  

fo r  e x p o s u r e s  to  4 ,0 0 0  hr fo r  z ir c o n iu m  b a se d  a l lo y s .  T he eq u a tio n  shovdd be  

v a lid  a s  lo n g  a s  th e  o x id e  f i lm  r e m a in s  in ta c t , s in c e  o x y g e n  d iffu s io n  th rou gh  

th is  f i lm  c o n tr o ls  the r a te  o f  r e a c t io n  w h ich  i s  d e s c r ib e d  b y  w = kt^^^. T h ere  

h a s  b e e n  no in d ic a t io n  o f c r a c k in g  o r  sp a llin g  o f th is  f i lm  on  any o f  th e  e x p o se d  

sa m p le s  e x a m in e d . It h a s  b e e n  ca lcx ila ted  th a t the z ir c o n iu m  in  th e hot tra p  

w ill  r e a c t  w ith  2 5 - lb  o x y g e n  in  4 ,0 0 0  h r (A ppendix D); th is  i s  o n ly  26% o f the  

u lt im a te  c a p a c ity . T h e r e fo r e , in  th e a b se n c e  o f  lo n g  te r m  r a te  data , a c c u r a te  

p r e d ic t io n s  o f  th e t im e  to  r e a c h  e v e n  30% o f  th e th e o r e t ic a l  c a p a c ity  can n ot be  

m a d e.

W hile th e  e x tr a c t io n  o f  o x y g e n  d u rin g  th e f i r s t  4 ,0 0 0  h r o f  tr a p  o p e r a tio n  

h as b e e n  c a lc u la te d  to  be 25 lb  (A ppendix D ), th e  r a te  c o n sta n t u s e d  in  th is  

c a lc u la t io n  w a s d e te r m in e d  w hen  an  o x y g e n  c o n c e n tr a t io n  o f  10 p p m  w a s m a in ­

ta in ed  in  th e so d iu m . In a r e a c to r  a p p lic a tio n  su ch  a s  the SR E , o x y g e n  co n ten t  

w ill  be but a fr a c t io n  o f  10 p p m  d u rin g  m o s t  o f  th e  hot tra p  o p e r a tio n , so  th e  

a p p lic a b le  r a te  c o n sta n t  w il l  b e  l e s s  th an  0 .0 4 5 4 . T h u s, th e  c a p a c ity  o f  the  

tra p  fo r  th e p e r io d  o f p r e d ic ta b le  r a te  i s  r e a l ly  so m ew h a t l e s s  than  th e 25 lb  

c a lc u la te d .

T he tra p p in g  r a te  in  an  SRE hot tra p  h a s  b e e n  c a lc u la te d  on  th e b a s is  o f  

e x p e r im e n ta lly  d e te r m in e d  b e h a v io r  o f th e g e t te r in g  m a te r ia l  in  A ppend ix  D . 

The d e r iv a t iv e  o f  the eq u a tio n , w = kt^^^, ev a lu a te d  a t 150 h r , i s  0 .0 1 6  lb  

o x y g e n /h r . T h is  p r e d ic te d  r a te  i s  about tw ic e  th e r a te  d e te r m in e d  e x p e r i ­

m e n ta lly  a t th e  SR E a fte r  th e f i r s t  150 hr o f o p e r a tio n , 0 .0 0 9  lb  o x y g e n /h r .

The fo llo w in g  fa c to r s  m a k e  th e  a c tu a l r a te  o n e -h a lf  the r a te  p r e d ic te d  on  th e  

b a s is  o f  m a te r ia l  s tu d ie s :

1) T he o r ig in a l e x p e r im e n ta l w o rk  w a s  done on  c h e m ic a lly  p o lish e d  

z ir c o n iu m . The s tr ip  u s e d  in  th e SR E tr a p  had a  th in  o x id e  f i lm  

r e s u lt in g  fr o m  th e  m a n u fa c tu r in g  p r o c e s s .  D ue to  th is  in it ia l  o x id e  

f i lm , th e c o n d itio n  o f th e g e tte r in g  s tr ip  w a s  r e p r e s e n te d  by a  p o in t  

so m ew h a t out on the p a r a b o lic  c u r v e , r a th e r  th an  a t th e  o r ig in  a s  th e  

c a lc u la t io n  in  A ppend ix  D a s s u m e s .  T h e r e fo r e , a l l  th e  a c tu a l tr a p p ­

in g  r a te s  w ou ld  be l e s s  than  th o s e  c a lc u la te d .
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2) A fter  150 h r o f  o p e r a tio n , th e  o x y g e n  co n ten t o f  th e  so d iu m  flo w in g  

th rou gh  the tr a p  w a s b e in g  d e p le te d . The in le t  c o n c e n tr a tio n  w as  

9 .3  p p m  (fro m  F ig u r e  17 and R e fe r e n c e  1), but the o u tle t  c o n c e n tr a ­

tio n  w a s  o n ly  5 .4  ppm  (A ppend ix  F ) . T h e r e fo r e , th e  a c tu a l r a te
2 1 / 2c o n sta n t, k , w a s  l e s s  th an  0 .0 4 5 4  m g /c m  -h r  , w h ich  had b een  

d e te r m in e d  in  so d iu m  co n ta in in g  10 ppm  o x y g en . T he r a te  c o n sta n t,  

and h e n c e  th e  tra p p in g  r a te , w e r e  d e c r e a s in g  th rou gh out th e len g th  

o f th e  v e s s e l .

E . CONCLUSIONS

The hot tra p  p e r fo r m a n c e  grap h . F ig u r e  17, sh o w s that the h ot trap  

d e c r e a s e d  th e sa tu r a tio n  te m p e r a tu r e  o f  the 5 0 ,0 0 0 - lb  so d iu m  s y s te m  fr o m  290  

to  225 ®F, the lo w e r  l im it  o f d e te c t io n  fo r  a p lu g g in g  m e te r ,  in  75 h r . The hot 

tra p  m a in ta in s  th e  so d iu m  sa tu r a tio n  te m p e r a tu r e  b elo w  th e l im it  o f  d e te c t io n .  

A lth ou gh  th e o x y g e n  c o n c e n tr a t io n  i s  to o  low  to  m e a s u r e , the c a lc u la t io n  sh o w ­

in g  th at th e  e q u ilib r iu m  c o n c e n tr a t io n  in  a hot tra p p ed  s y s t e m  i s  l e s s  than  

7 X 10  ̂ ppm  d e m o n s tr a te s  a s  q u a n tita t iv e ly  a s  p o s s ib le  the e x c e p tio n a l p e r ­

fo r m a n c e  o f  a  z ir c o n iu m  g e t te r in g  d e v ic e .

E v id e n c e  fr o m  th e m a te r ia ls  e v a lu a tio n  f a c i l i t y ,  a lth ou gh  in d ir e c t , in d i­

c a te s  th at o n ly  a s lig h t  am ou n t o f o x id a tio n  i s  o c c u r r in g  on  th e  m o d e r a to r  c a n s .

T he a c tu a l o x y g e n  e x tr a c t io n  r a te  w a s  found to  be a p p r o x im a te ly  o n e -h a lf  

th e r a te  p r e d ic te d  fr o m  s tu d ie s  o f  c h e m ic a lly  p o lis h e d  sp e c im e n s  e x p o se d  in  

so d iu m  co n ta in in g  0 .001  w t % o x y g e n . T h e se  r a te s  w il l  d e c lin e  w ith  t im e  s in c e  

th e  r a te  fxm ction i s  p a r a b o lic .
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APPENDIX A 

TRAPPING RATE CALCULATION

The sa m p le  ca lcv ila tio n  i s  fo r  th e b o ilin g -c o o la n t  co ld  tra p .

The c o n c e n tr a t io n  r a n g e  8 to  10,5  ppm  h a s  b een  s e le c t e d  a s  th e b a s is  fo r  

c a lc u la t io n . F r o m  th e u p p er  c u r v e  o f  F ig u r e  10:

P o in t

S a tu ra tio n  te m p e r a tu r e  (°F )  

C o n c en tra tio n  (ppm)

T im e  (hr)

1

295

10.5

24

2

275

8
38

The s y s t e m  co n ta in s  5 0 ,0 0 0  lb  o f so d iu m .

kW,

T rap p in g  R ate  =

D ata a r e  g iv e n  in  T a b le  III.

lb O
(1 0 .5  - 8 ) - , ^

lO*' lb Na_
5 X 10^ lb Na

(2 4  - 38) hr

lb  O
- 0 . 0 0 8 9 - ,hr

T A B L E  III

T R A P P IN G  R A T E  D A T A

B o ilin g  -  C oolan t  
C old  T rap

F o r c e d -C o n v e c t io n -  
C ooled  C old  T rap

H ot
T rap

R e fe r e n c e  C urve F ig u r e  10, upper F ig u r e  10, lo w e r F ig u r e  17

P o in t 1
S a tu ra tio n  te m p e r a tu r e  ( “F) 295 295 293
C o n c en tra tio n  (ppm) 10.5 10.5 10.3
T im e  (hr) 24 8 143

P o in t 2
S a tu ra tio n  te m p e r a tu r e  (®F) 275 275 275
C o n c en tra tio n  (ppm) 8 8 8
T im e  (hr) 38 14 156

R ate  (lb o x y g e n /h r ) 0 .0 0 9 0 .02 0 .0 0 9
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APPENDIX B 

COLD TRAP CAPACITY CALCULATION

1. Apparent D en sity  of Sodium  Oxide in  F ilte r  M esh

C ylinder o f m esh  containing sodium  and sodium  ox id e w as cored . A naly­
s is  o f co re  m a ter ia l u sin g  the butyl brom ide method:

Sodium  m eta l (wt %) 
Sodium  oxide (wt %)

22

78

The rem aining toru s w as w eighed  b efore and after rem ova l of sodium  
and oxide from  the s te e l m esh . W eight of sodiiam and sodium  oxide = 343 gm  
(by d ifferen ce)

2 2T orus volum e = h tt (r - r .)o 1

1,7 tt
5.5\^ /3 '^

= 28.3 in.

A pparent d en sity  =

n j i : 1,7'

jQ lb  oxide 343 gm  (Na 4 oxide)
100 lb (Na 4 oxide). 28.3 in

453.6  ^

= 0 .0208
lb  Na^O 

in . m esh

0.0208
lb  Na^O 

^in, m esh

lb

JJs-moie'y
124 lb  Na^O 
2 Jli mi'jlu

lb O.
= 0 .00536

• 3in . m esh

sin ce  4 N a 4 O. 2 Na^O.
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2. E ffe c t iv e  T rap p in g  V o lu m e

In th e  b o il in g -c o o la n t  tr a p , a l l  o x id e  w a s c o l le c t e d  in  th e so d iu m  an n u lu s.

A nnu lar a r e a  = tt
\ z
2 = 63 in .

V o lu m e = hA

SRE tra p  

P ro to ty p e  tra p

H eigh t o f  O xide  
( in .)

2

4

V o lu m e
(in.3)

126

252

In th e f o r c e d -c o n v e c t io n -c o o le d  tra p , th e  u p per 3 in . o f  th e so d iu m  

annulus w a s o b s e r v e d  to  c o n ta in  o x id e .

V an n u lu s = 3 12\^  / 6'^ = 2 5 4 .5  in.^

The cro w n  a ls o  c o n ta in ed  o x id e , but th e depth  o f  d e p o s it io n  co u ld  not be  

d e te r m in e d  b e c a u s e  th e  so d iu m  in  th e cro w n  and c e n tr a l tube b urned  d u rin g  

d is a s s e m b ly .  D e p o s it io n  2 - in .  d eep  w a s  a s su m e d , b a se d  on  th e s lu r r y  f i l t e r ­

ing  e x p e r im e n t .

V c r o w n  = 2 tt 3 + 6 t?" = 2 0 7 .6  in .

The u p p er  2 in . o f  m e s h  in  the m id d le  s e c t io n  o f th e c e n tr a l tube w a s  

a s s u m e d  to  c o n ta in  o x id e , th e  lo w e r  s e c t io n  o f m e s h  w a s a s s u m e d  to  be c le a n .

2 3V m id d le  s e c t io n  = 2 tt 3 = 5 6 .6  in .

B - 2
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F o r  th e  fo r c e d -c o n v e c t io n -c o o le d  tra p

Z  V = 5 1 8 .7  in.^

3. C old  T rap  C a p a c ity

T rap  c a p a c ity  = (ap p aren t d e n s ity )  (e f fe c t iv e  v o lu m e)

lb  Na^O  .
= 0 .0 2 0 8 1 -----2----------- 1(5 18.7 in . m e sh )

.in . m e s h /

= 10.8 lb  so d iu m  o x id e

fo r  th e f o r c e d -c o n v e c t io n -c o o le d  tr a p .
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APPENDIX C 

ULTIMATE HOT TRAP CAPACITY

A ll of th e  275 lb of Zr in  a hot tra p  th e o r e t ic a l ly  i s  a v a ila b le  fo r  g e tte r in g  

ox y g en  in  a c c o r d a n c e  w ith  th e eq u ation

Z r + ©2-------   Z r O^.

H e n c e , th e  u lt im a te  c a p a c ity  o f th e  tra p  is

275 lb  Zr ^2

91 . 22
I h Z r -  lb  m oiV  = 96 .5  lb  o x y g en

lb  m o le

C-1
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APPENDIX D 

GETTERING MATERIAL BEHAVIOR

F o r  a g iv e n  te m p e r a tu r e  it  h a s  b een  d e te r m in e d  (R e fe r e n c e  2) that  

w  = k t^ /^

w h e r e

_ o x id a tiv e  w e ig h t g a in  
u n it a r e a

and

t = t im e .

H ot tr a p  d e s ig n  w a s  b a s e d  on th e b e h a v io r  o f sm o o th , c h e m ic a lly  p o lish e d  

Z r . F o r  e x p o s u r e s  in  Na co n ta in in g  10 ppm  at 1200® F, it  h as b een  d e t e r ­

m in ed  that

k = 0 .0 4 5 4  — 2 ^ .
c m  h r '

P r e d ic t io n  o f o x y g en  e x tr a c te d  in  4000  hr: 

W = w A  = k t^ /^  A

f 0 .0 4 5 4   (4000 hr)^^^ (4300 ft^) [929
\ _______ c m  h r / __________________________ \

cm ^

4 .5 3 6  X 10® ^  lb

= 25.2 lbs .

D- 1



T rap p in g  r a te  p r e d ic tio n :  

w = k t ‘ /"

dw
dt 2t 1 / 2

dw
dt

0 .0 4 5 4
t t t )  ^

t=150 (2 ) (150 hr)^^^ (4 .5 3 6  x  10^

2 , c m  hr

= 0 .0 1 6 3 I k
hr

t
(hr)

t l / 2
(hr)

dw
dt

( lb /h r )

1 1 0.2

150 1 2 .25 0 .0 1 6

4000 6 3 .2 5 0 .0 0 3 2
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APPENDIX E 

EQUILIBRIUM OXYGEN CONCENTRATION IN A HOT TRAPPED SYSTEM

A ssu m p tio n s:  N o o x y g e n  le a k a g e  in to  so d iu m  s y s te m . S y s te m  te m p e r a tu r e  

i s  1200*F .

R ef (13) | z r ( s )  + | 0 2 ( g ) ^ = i | z r 0 2 (s )  A F °  = - 110 k c a l . . ( 1)

R ef (14) K
<^Zr0 2 >

1 /2

1 / 2  . ,1/ 2  
Z r' ' O,

S tandard  s ta te  fo r  o x y g en  is  tak en  a s  id e a l g a s  a t 1 a tm o s

K

A F  = - R T  in  K

R  = 1 .987  , 2 .3  R  = 4 .5 7 c a l
“K

100,000  ^  = 4 .5 7 c a l
“K 925 "K lo g -

(P o  )
1 / 2

p _  = 10 a tm o s .  
^ 2

T h is  i s  th e  p a r t ia l  p r e s s u r e  o f  o x y g e n  o v e r  ZrO^ at 1 2 0 0 ®F.
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1 /

R e f (13) 2N a(f) + |0 2 ( g ) : N a 2 0 (s )  A F  = - 6 9  k c a l . ( 2 )

K =
Na^O

( 1 ) 1
72r, T̂Tz 77̂ 1 rrJTz TTTT

<®Na> *^0 > ' P o y ' ’ <Po >

A F °  = - R T in  K

- 6 9 ,0 0 0  c a l  = 4 .5 7 c a l
'K 925 *K log-

(P o  )
1 / 2

(P o  ) ' = 10

Pp. = 10 ^  10 a tm o s .
^ 2

T h is  p r e s s u r e  i s  d e s ig n a te d  p

N a O ( s ) : ^  2N a(i) + \ o ^ ( g )  A  F °  = - R T  fn

( 1) (P .. )
1 / 2

. . .  (3)

Now th is

P q  = ^  f r o m  E q u ation  (2).

C o n s id e r in g  liq u id  N a 2 0  d is s o lv e d  in  N a (note: N a 2 0  i s  a s o lid  a t th e  h ot tra p  

o p e r a tin g  te m p e r a tu r e )

N a , 0 ( l ) : ^ 2 N a ( i )  + 7  O (g) A F °  = -  R T fn-
( 1) (Pr^ )

1 / 2

.2 ~x~, , 2 ''2'® ' " 4  ® -N a,0
. . ( 4 )

E q u ation  (3) - (4) = (5)
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N

N a 2 0 (s); iNa^OCi) A F °  - A F °  3 4 = - R T  in
.1 /2

P o .
. . ( 5 )

H o w ev er

A  F ?  - A F ^  = A F °  fo r  fu s io n  3 4

A F  , . = A H , . - T A S ,  . .fu s io n  fu s io n  fu s io n . . . ( 6)

A ssu m e  th a t A H , and A S  a r e  in d ep en d en t o f  te m p e r a tu r e ,

k c a l
fu s io n  m o le  ’

c a lR e f  (15)

and

= 10 -  7 .7 6  = 2 .2 4  k c a l .

S u b stitu tin g  in  E q u ation  (5)

2 .2 4  = - 4 .5 7 925
* \ l / 2

lo g
PO- Na^O

lo g
* \ l / 2

^Na^O 0 .5 3

P \  a . , .  „ =  10
2 ' ^iP o ,y

-0 .53 1

100 .5 3  -  3 .3 8 = 0.296 ^  0.3
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p *  o v e r  s o lid  N a , 0  h a s  b e e n  d e te r m in e d . p _  o v e r  N a _ 0  in  so lu t io n  i s  f ix e d  by
2

P - .  in  th e  h ot tr a p .

N a ^ O - O - ^ U J  = 3 . 1 6 ' “

= 0 .0 9 5 x  10"^° ^  10"^^

The a c t iv i ty  c o e f f ic ie n t ,  y  , i s  th e  a c t iv i ty  d iv id ed  by m o le  fr a c t io n

r  = - ̂ N

In g e n e r a l , t h e  d e v ia t io n  fr o m  id e a l ity  o f  m o lte n  m e ta l — s a lt  s o lu t io n s  i s

su ch  th a t y  > 1|

th en

^ > 1 ,  N  < a , and N  < lO '^^

m o le s  N a , 0 \  (  g O7 \ /  a'
m o le s  N a j  m o le  N a ^ o j \^ °  

^ concentration  <  7-------------\------------------------ /—-.s.

<7 X 10  ̂ p p m .
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APPENDIX F 
HOT TRA P OXYGEN CONCENTRATION

T he o x y g en  c o n c e n tr a t io n  o f  th e  h ot tr a p  o u tle t  s tr e a m  at 150 h r s  is :

(^0 T ? )

O , fe e d  = fz 4 1 0  (9 .3  'j e 0 .0 2 2 ^
 ̂ V ’' ' A  lO** lb  N a i

M a te r ia l b a la n ce  fo r  (b a s is  i s  1 hr o p era tio n ):

F e e d  0 .0 2 2  lb

E x tr a c te d  0 .0 0 9

O u tle t 0 .0 1 3

H en ce  c o n c e n tr a t io n  o f o u t le t  s t r e a m  w ill  be

0 .0 1 3  lb  O^iUO^

2410  lb  N a
^  = 5 .4  p pm .
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