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CONCEPTUAL DESIGN OF A CONTINUOUS FLUORINATOR 
EXPERIMENTAL FACILITY (CFEF) 

R .  B .  Lindauer 
J .  R. Hightower, Jr. 

ABSTRACT 

A conceptua l  d e s i g n  h a s  been made of a c i r c u l a t i n g  s a l t  
system, c o n s i s t i n g  p r i n c i p a l l y  of a f l u o r i n a t o r  and reduc- 
t i o n  column, t o  demonstrate  uranium removal from t h e  s a l t  by 
f l u o r i n a t i o n .  The f l u o r i n a t o r  vessel w a l l  w i l l  b e  p r o t e c t e d  
from f l u o r i n e  c o r r o s i o n  by a f r o z e n  sa l t  f i l m .  The c i r c u -  
l a t i n g  sa l t  i n  t h e  f l u o r i n a t o r  w i l l  b e  k e p t  molten by elec- 
t r i c a l  h e a t i n g  t h a t  s i m u l a t e s  f i s s i o n  product  h e a t i n g  i n  a n  
a c t u a l  MSBR system. 

1. INTRODUCTION 

The p r e s e n t  f lowshee t  f o r  p r o c e s s i n g  a s i n g l e - f l u i d  MSBR i n c l u d e s  a 

f l u o r i n a t i o n  s t e p  f o r  cont inuous ly  removing 99% of t h e  uranium from a s a l t  

stream coming from t h e  r e a c t o r  a t  t h e  ra te  of 3.3 l i t e r s / m i n .  

stream p a s s e s  through a r e d u c t i v e - e x t r a c t i o n  s t e p  f o r  p r o t a c t i n i u m  removal,  

and a m e t a l - t r a n s f e r  s t e p  f o r  r a r e - e a r t h  removal b e f o r e  b e i n g  r e t u r n e d  t o  

t h e  r e a c t o r .  Two smaller f l u o r i n a t i o n  o p e r a t i o n s  are a l s o  r e q u i r e d  f o r  

removing uranium from t h e  secondary s a l t  stream t h a t  f lows t o  t h e  p r o t -  

a c t i n i u m  decay t a n k ,  and f o r  t h e  p e r i o d i c  recovery  of uranium from t h e  

p r o t a c t i n i u m  decay tank .  

The s a l t  

O p e r a b i l i t y  of a f r o z e n  w a l l  f l u o r i n a t o r  u s i n g  a u t o r e s i s t a n c e  power 

t o  s i m u l a t e  f i s s i o n  product  h e a t i n g  h a s  been t e s t e d  i n  t h r e e  exper iments :  

AHT-2, AHT-3, and AHT-4. 

mole W )  was used i n  a s i m p l e ,  ver t ica l  test  v e s s e l  w i t h  s a t i s f a c t o r y  

results.:! 

s a l t  w i t h  t h e  e l e c t r o d e  i n  t h e  ve r t i ca l  test ~ e c t i o n . ~  

I n  experiment  AHT-2, LiF-BeF2 s a l t  (67-33 

I n  AHT-3, s u c c e s s f u l  runs  were made u s i n g  MSBR f u e l  ca r r ie r  

I n  AHT-4, MSBR 
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f u e l  carr ier  sa l t  w a s  c i r c u l a t e d  through t h e  tes t  vessel ,  which w a s  similar 

t o  a proposed f l u o r i n a t o r . 6  

w a s  connected t o  t h e  v e s s e l  n e a r  t h e  t o p  of t h e  v e r t i c a l  f l u o r i n a t i o n  

s e c t i o n .  No f l u o r i n e  w a s  used i n  any of t h e s e  exper iments .  

The e l e c t r o d e  w a s  p l a c e d  i n  a s i d e  arm t h a t  

The o b j e c t i v e  of t h e  cont inuous  f l u o r i n a t o r  e x p e r i m e n t a l  f a c i l i t y  

(CFEF) is  t o  demonstrate  t h e  a c t u a l  f l u o r i n a t i o n  of uranium i n  a c i r c u -  

l a t i n g  s a l t  system t h a t  i s  s i m i l a r  t o  AHT-4. The uranium t h a t  i s  n o t  

v o l a t i l i z e d ,  b u t  which i s  p a r t i a l l y  o x i d i z e d  t o  UF w i l l  b e  reduced back 

t o  UF i n  a hydrogen r e d u c t i o n  column. This  demonst ra t ion  is  expec ted  t o  

provide  i n f o r m a t i o n  about c o r r o s i o n  p r o t e c t i o n  by t h e  f r o z e n  s a l t  f i l m ,  

and o p e r a t i n g  exper ience  and p r o c e s s  d a t a ,  i n c l u d i n g  f l u o r i n e  u t i l i z a t i o n ,  

r e a c t i o n  ra te ,  and flow rate  e f f e c t s .  

5 '  

4 

2 .  SUMMARY 

The cont inuous f l u o r i n a t o r  exper imenta l  f a c i l i t y  w i l l  be  i n s t a l l e d  

i n  a c e l l  i n  B u i l d i n g  7503 t o  p r o v i d e  b e r y l l i u m  containment .  The system 

w i l l  c o n t a i n  8 t o  9 f t 3  (0 .23 t o  0.25 m ) of MSBR f u e l - c a r r i e r  s a l t  (72- 

16-12 mole % LiF-BeF -ThF ) c o n t a i n i n g  an i n i t i a l  q u a n t i t y  of 0.35 mole 

% of uranium. The sa l t  w i l l  b e  c i r c u l a t e d  a t  up t o  100% of  MSBR f low 

rate ( 3 . 3  l i t e r s / m i n ) .  Because of t h e  s h o r t  f l u o r i n a t i o n  h e i g h t  and 

depending on o p e r a t i n g  c o n d i t i o n s ,  t h e  uranium t h a t  i s  v o l a t i l i z e d  w i l l  

range between 80% and 95%. The v a r i a b l e s  of  s a l t  f low ra te ,  f l u o r i n e  

flow ra te ,  and f l u o r i n e  c o n c e n t r a t i o n  w i l l  b e  s t u d i e d  by measuring t h e  

UF c o n c e n t r a t i o n  i n  t h e  f l u o r i n a t o r  of f -gas  stream, and by sampling t h e  

s a l t  stream a f t e r  r e d u c t i o n  of UF t o  UF Mass f lowmeters  i n  t h e  f l u o r i -  5 4 '  
n a t o r  of f -gas  stream b e f o r e  and a f t e r  t h e  NaF t r a p s  w i l l  p r o v i d e  a con- 

t inuous  i n d i c a t i o n  of t h e  uranium v o l a t i l i z a t i o n  ra te .  

3 

2 4  

6 

F l u o r i n e  u t i l i z a t i o n  can b e  c a l c u l a t e d  from t h e  f i n a l  m a s s  f lowmeter 

r e a d i n g  and t h e  f l u o r i n e  feed  rate.  The amount of  UF i n  t h e  stream 

going t o  t h e  r e d u c t i o n  column can b e  determined from t h e  f l u o r i n e  u t i l i -  

z a t i o n  and UF v o l a t i l i z a t i o n  rates.  Another m a s s  f lowmeter i n  t h e  gas  

stream coming from t h e  r e d u c t i o n  column w i l l  i n d i c a t e  t h e  u n r e a c t e d  

5 

6 



3 

hydrogen p l u s  t h e  HF which i s  formed. The r e d u c t i o n  e f f i c i e n c y  can b e  

c a l c u l a t e d  from t h i s  reading .  The f l u o r i n a t o r  w i l l  have two f l u o r i n e  

i n l e t s  t o  provide  d a t a  f o r  de te rmining  t h e  column end e f f e c t s .  Reduction 

of UF w i l l  b e  c a r r i e d  o u t  i n  a gas  l i f t  i n  which hydrogen w i l l  be  used 

as t h e  d r i v i n g  gas and a l s o  as t h e  r e d u c t a n t .  I f  a d d i t i o n a l  r e d u c t i o n  

is  r e q u i r e d ,  i t  can b e  done i n  t h e  s a l t  s u r g e  tank .  The s u r g e  tank  i s  

des igned  t o  p r o v i d e  s u f f i c i e n t  salt i n v e n t o r y  f o r  about  4 h r  of f l u o r i n a -  

t i o n  under o p e r a t i n g  c o n d i t i o n s  which r e s u l t  i n  80% uranium v o l a t i l i z a t i o n  

p e r  p a s s ,  and 11 h r  of f l u o r i n a t i o n  under c o n d i t i o n s  which r e s u l t  i n  95% 

uranium v o l a t i l i z a t i o n  p e r  p a s s .  About 99% of  t h e  uranium should  have 

been removed from t h e  s a l t  b a t c h  a f t e r  t h e s e  p e r i o d s  of t i m e .  

5 

3. DESIGN DESCRIPTION 

The f lowshee t  i s  shown i n  F ig .  1. S a l t  w i l l  e n t e r  t h e  f l u o r i n a t o r  

through t h e  e l e c t r o d e  i n  a s i d e  arm. The e l e c t r o d e  f l a n g e  w i l l  b e  insu-  

l a t e d  e l e c t r i c a l l y  from t h e  rest of t h e  f l u o r i n a t o r ,  and t h e  a u t o r e s i s t a n c e  

power w i l l  b e  connected t o  a l u g  on t h e  f l a n g e .  The s a l t  w i l l  l e a v e  a t  

t h e  bot tom of t h e  f l u o r i n a t o r  below t h e  f l u o r i n e  i n l e t  s i d e  arm. The 

f l u o r i n a t o r  p i p e  w a l l  w i l l  b e  cooled by external air-water c o i l s  t o  form 

t h e  f r o z e n  sa l t  f i l m ,  which serves t h e  d u a l  purpose of  p r e v e n t i n g  n i c k e l  

c o r r o s i o n  and a u t o r e s i s t a n c e  c u r r e n t  s h o r t i n g .  Below t h e  f l u o r i n e  i n l e t ,  

t h e  f l u o r i n a t o r  w a l l  w i l l  n o t  b e  cooled and t h e  molten sa l t  w i l l  complete 

t h e  e lectr ical  c i r c u i t  t o  t h e  vessel w a l l .  S i n c e  a l l  of t h e  uranium w i l l  

n o t  b e  v o l a t i l i z e d ,  some p a r t i a l l y  o x i d i z e d  uranium w i l l  b e  found as UF 

a t  t h e  bot tom of t h e  f l u o r i n a t o r .  The f l u o r i n a t o r  bottom, e x i t  l i n e ,  and 

r e d u c t i o n  column w i l l  b e  p r o t e c t e d  from t h e  h i g h l y  c o r r o s i v e  UF by gold 

l i n i n g  ( o r  p l a t i n g ) .  The molten s a l t  c o n t a i n i n g  UF w i l l  e n t e r  a t  t h e  

bottom of  t h e  column where i t  w i l l  b e  c o n t a c t e d  w i t h  hydrogen. The hydro- 

gen w i l l  b e  i n t r o d u c e d  i n t o  t h e  column through a pa l lad ium t u b e ;  t h i s  w i l l  

r e s u l t  i n  t h e  format ion  of  a tomic  hydrogen, which g r e a t l y  i n c r e a s e s  t h e  

r e d u c t i o n  rate of  UF t o  UF The hydrogen r e d u c t i o n  column w i l l  a l s o  

act  as a gas  l i f t  t o  raise t h e  s a l t  t o  a g a s - l i q u i d  s e p a r a t o r .  

w i l l  t h e n  flow by g r a v i t y  t o  t h e  f l u o r i n a t o r  through a s a l t  sampler ,  

5 

5 

5 

5 4' 
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s u r g e  t a n k ,  h e a t  f lowmeter,  and e l ec t r i ca l  c i r c u i t - b r e a k i n g  p o t .  The s u r g e  

tank  w i l l  have a working volume of  5 f t 3  (0.14 m ), and a d i p  tube  through 

which hydrogen can b e  i n t r o d u c e d  i f  f u r t h e r  uranium r e d u c t i o n  i s  r e q u i r e d .  

Reduct ion of f -gas  from t h e  s e p a r a t o r  and s u r g e  tank t h a t  c o n t a i n s  HF and 

e x c e s s  hydrogen w i l l  p a s s  through a NaF bed f o r  removal of t h e  HF. The 

e x c e s s  hydrogen w i l l  b e  d i l u t e d  below t h e  e x p l o s i v e  l i m i t  b e f o r e  be ing  

d i s c h a r g e d  t o  t h e  c e l l  of f -gas .  

3 

Off-gas from t h e  f l u o r i n a t o r  w i l l  c o n t a i n  UF and excess  f l u o r i n e ;  

argon w i l l  a l s o  b e  i n  t h e  of f -gas  i f  i t  is  used t o  d i l u t e  t h e  f l u o r i n e .  

The gas w i l l  p a s s  through two sodium f l u o r i d e  beds f o r  uranium removal. 

Has t ings  mass flowmeters w i l l  be  i n s t a l l e d  upstream and downstream from 

t h e  beds .  The d i f f e r e n c e  between t h e  two r e a d i n g s  is  a measure of t h e  

UF f low rate .  This p r o v i d e s  an  i n s t a n t a n e o u s  and reasonably  a c c u r a t e  

means f o r  de te rmining  t h e  f l u o r i n e  u t i l i z a t i o n  and r e a c t i o n  rate. A n  

e n g i n e e r i n g  l a y o u t  o f  t h e  equipment t o  b e  i n s t a l l e d  i n  t h e  s p a r e  equip- 

ment c e l l  i n  Bui ld ing  7503 i s  shown i n  r e f .  7 .  A d e s c r i p t i o n  of  t h e  

i n d i v i d u a l  equipment items fo l lows .  

6 

6 

F l u o r i n a t o r .  This vessel (Fig.  2 )  i s  similar t o  t h e  test vessel 

used  i n  experiments  AHT-3 and AHT-4; however, several changes have been 

made based  on o p e r a t i n g  exper ience .  The diameter  of t h e  e n t i r e  vessel 

w a s  i n c r e a s e d  from 6 t o  8 i n .  (0.15 t o  0.20 m) t o  s i m p l i f y  f rozen-f i lm 

format ion  and t o  p r o v i d e  s p a c e  f o r  a t h i c k e r  f i l m ,  t h u s  minimizing t h e  

effect  of nonuniform f i l m  t h i c k n e s s .  The h e a t e d  jacket over  the  e l ec t rode  

was lengthened t o  reduce t h e  danger  of t h e  s a l t  f r e e z i n g  i n  t h e  unheated 

end. F l u o r i n a t i o n  zones of  3 and 6 f t  (0.9 and 1.8 m) are provided by 

having  two f l u o r i n e  i n l e t s .  S i n c e  complete f l u o r i n a t i o n  i s  n o t  expec ted ,  

and UF5 (which is  v e r y  c o r r o s i v e )  w i l l  b e  p r e s e n t  i n  t h e  s a l t  below t h e  

f l u o r i n e  i n l e t ,  i t  w i l l  b e  n e c e s s a r y  t o  c o o l  a l l  f i v e  j a c k e t s  r e g a r d l e s s  

of whether  t h e  3 - f t  o r  6 - f t  (0.9 o r  1.8 m) f l u o r i n a t o r  i s  b e i n g  used.  

The bot tom of t h e  f l u o r i n a t o r  and t h e  l i n e  t o  t h e  r e d u c t i o n  column w i l l  

b e  p r o t e c t e d  from c o r r o s i o n  by a gold  l i n i n g .  

sa l t  and t h i s  l i n i n g  w i l l  complete t h e  e l ec t r i ca l  c i r c u i t  f o r  a u t o r e s i s -  

t a n c e  h e a t i n g .  

Contact  between t h e  molten 

A l t e r n a t i v e  f l u o r i n a t o r  d e s i g n s  ( t o  t h e  a u t o r e s i s t a n c e  h e a t e d  u n i t  

shown) are b e i n g  cons idered  f o r  t h e  CFEF. The s a l t  c o r e  could b e  k e p t  
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molten by t h e  u s e  of a j a c k e t e d  a x i a l  h e a t e r  i n  t h e  c e n t e r  of t h e  f l u o r i -  

n a t o r .  Although c o r r o s i o n  would b e  s e v e r e  (probably ‘L 0.03 mm/hr), a t  

least 100 h r  of f l u o r i n a t i o n  should  b e  p o s s i b l e  b e f o r e  t h e  j a c k e t  f a i l s  

and/or  t h e  s a l t  i s  s a t u r a t e d  w i t h  NiF2 (% 0.9 w t  %). 

p o s s i b l e  t o  supply  s u f f i c i e n t  h e a t  i n  t h e  e n t e r i n g  s a l t  s o  t h a t  t h e  s a l t  

l e a v i n g  t h e  bot tom of  t h e  f l u o r i n a t o r  w i l l  n o t  b e  cooled below t h e  l i q u i d u s  

tempera ture ,  F i g u r e  3 shows, f o r  example, t h a t  t h e  h e a t  l o s s  through a 

1- in . -  (25-mm) t h i c k  s a l t  f i l m  could b e  compensated by a s a l t  tempera ture  

drop o f  40°C ( i n l e t - e x i t )  a t  one-half  t h e  MSBR s a l t  f low ra te  i f  a 40OoC- 

p i p e  w a l l  t empera ture  i s  d e s i r e d .  

It would a l s o  be 

There are d isadvantages  t o  t h e s e  two a l t e r n a t i v e  d e s i g n s .  Corrosion 

o f  t h e  a x i a l  h e a t e r  j a c k e t  would consume f l u o r i n e  and p r e v e n t  t h e  a c c u r a t e  

c a l c u l a t i o n  o f  f l u o r i n e  u t i l i z a t i o n  i n  t h e  uranium-fluorine r e a c t i o n .  

Without knowing t h e  f l u o r i n e  consumption i n  t h e  o x i d a t i o n  of uranium i t  

would n o t  b e  p o s s i b l e  t o  c a l c u l a t e  t h e  amount of UF5 formed. I f  no i n t e r -  

n a l  s a l t  h e a t i n g  i s  used,  t h e  h i g h  i n l e t  sa l t  tempera ture  t h a t  i s  r e q u i r e d  

could  cause  d i f f i c u l t y  i n  forming and m a i n t a i n i n g  a s a l t  f i l m  n e a r  t h e  

e l e c t r o d e .  I n  any case, t h e  s a l t  f i l m  would probably b e  less uniform 

t h a n  w i t h  i n t e r n a l  h e a t i n g ,  because t h e  f i l m  would b e  t h i n n e r  n e a r  t h e  

sa l t  i n l e t  and t h i c k e r  near t h e  s a l t  o u t l e t .  

Reduct ion column. S ince  t h e  r e d u c t i o n  column a l s o  f u n c t i o n s  as a 

g a s - l i f t  t o  p r o v i d e  sa l t  c i r c u l a t i o n ,  t h e  d i a m e t e r ,  h e i g h t ,  and e l e v a t i o n  

w i l l  b e  determined p r i m a r i l y  by t h e  g a s - l i f t  d e s i g n .  The s a l t  head i n  

t h e  f l u o r i n a t o r  w i l l  determine t h e  g a s - l i f t  submergence (about 50%), 

and t h e  s a l t  c i r c u l a t i o n  rate (1 t o  3 l i t e r s / m i n )  w i l l  de te rmine  t h e  

column d iameter .  

t o  accomplish complete r e d u c t i o n  of  UF 

hydrogen i n l e t  should  provide  adequate  r e d u c t i o n  w i t h  a small c o n t a c t  

h e i g h t .  

sive a t t a c k  by t h e  UF5. I f  a d d i t i o n a l  r e d u c t i o n  i s  r e q u i r e d ,  hydrogen 

could  b e  s u p p l i e d  e a s i l y  through a d i p  t u b e  i n  t h e  s u r g e  t a n k  t o  com- 

p l e t e  t h e  r e a c t i o n  t h e r e ;  however, c o r r o s i o n  from UF could b e  a problem 

s i n c e  t h e r e  are no p l a n s  t o  gold l i n e  t h i s  tank .  

The en t i r e  column h e i g h t  w i l l  p robably  n o t  b e  r e q u i r e d  

The pa l lad ium c a t a l y s t  a t  t h e  5’ 

The column w i l l  b e  l i n e d  o r  p l a t e d  w i t h  gold t o  p r e v e n t  cor ro-  

5 
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Fig .  3 .  Heat l o s s  from a f l u o r i n a t o r  through several t h i c k n e s s e s  
of f r o z e n  s a l t  f i l m  as a f u n c t i o n  of  f l u o r i n a t o r  w a l l  t empera ture .  
H o r i z o n t a l  l i n e s  show h e a t  removal from s a l t  f lowing  through t h e  
f l u o r i n a t o r  a t  1 . 7  l i t e rs  p e r  minute  [1 /2  t h e  p r o c e s s i n g  ra te  f o r  a 
1000-MW(e) MSBR] f o r  t h e  i n d i c a t e d  sa l t  tempera ture  change. 
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Surge and d r a i n  t a n k s .  Before b e i n g  r e t u r n e d  t o  t h e  f l u o r i n a t o r ,  t h e  

sa l t  w i l l  p a s s  through a 5 - f t 3  (0.14-m ) s u r g e  tank  t o  p r o v i d e  sa l t  inven- 

t o r y .  This  tank  w i l l  have a b a f f l e  t o  p r e v e n t  s h o r t  c i r c u i t i n g  of s a l t  

flow from i n l e t  t o  o u t l e t .  S a l t  overf lows from a s i d e  o u t l e t ,  t h e  l eve l  

of which de termines  t h e  tank  c a p a c i t y .  

3 

The d r a i n  tank  is  similar t o  t h e  s u r g e  tank  i n  s i z e  and d e s i g n  and 

h a s  s u f f i c i e n t  c a p a c i t y  t o  c o n t a i n  t h e  s a l t  volume of  t h e  t es t  vessel and 

r e d u c t i o n  column. It  w i l l  b e  n e c e s s a r y  t o  d r a i n  t h e s e  vessels p e r i o d i -  

c a l l y  f o r  i n s p e c t i o n  and p o s s i b l e  maintenance. 

s u b j e c t e d  t o  t h e  g r e a t e s t  p r e s s u r e  i n  t h e  e n t i r e  system when s a l t  i s  

t r a n s f e r r e d  back t o  t h e  c i r c u l a t i n g  system. Design of  t h i s  vessel must 

t h e r e f o r e  b e  approved by t h e  ORNL P r e s s u r e  Vessel R e v i e w  Committee. 

The d r a i n  tank  w i l l  b e  

HF t r a p .  The off-gas  from t h e  g a s - l i q u i d  s e p a r a t o r  and t h e  s u r g e  

t a n k  w i l l  c o n t a i n  HF and e x c e s s  hydrogen from t h e  UF 

This  gas  is passed through a NaF bed. 

and h a s  a c a l c u l a t e d  p r e s s u r e  drop of 0.15 p s i  (1034 kPa) w i t h  a g a s  f low 

rate o f  1 cfm (4.7 x 

t h e  HF evolved from 1 .3- fue l  s a l t  b a t c h e s  c o n t a i n i n g  0.35 mole % uranium, 

assuming no UF and i s  reduced by 

hydrogen t o  UF4). S ince  a b s o r p t i o n  i s  poor a t  h i g h  tempera tures ,  t h e  gas  

from t h e  r e d u c t i o n  s t e p  i s  cooled t o  100°C b e f o r e  i t  e n t e r s  t h e  t r a p .  

Cool ing t h e  gas  t o  below 100°C a t  t h e  i n l e t  would r e s u l t  i n  a h i g h  p a r t i a l  

p r e s s u r e  of  HF (probably ?r 20%), which would form t h e  h i g h e r  HF complexes 

(NaF*2HF, NaF*3HF, e t c . )  and c a u s e  p lugging .  A c o o l e r  i s  provided  on t h e  

bed e x i t  t o  improve a b s o r p t i o n  a t  t h a t  p o i n t  and p r e v e n t  HF release. 

r e d u c t i o n  s t e p .  5 
The bed depth  i s  3.3 f t  (1.0 m), 

m3/sec) .  The bed h a s  t h e  c a p a c i t y  t o  absorb  

e v o l u t i o n  ( a l l  UF4 i s  conver ted  t o  UF 6 5’ 

EFc t r a p s .  The a b s o r b e r s  f o r  c o l l e c t i n g  t h e  UF on NaF p e l l e t s  a r e  6 
made o f  carbon s teel  t h a t  i s  s u f f i c i e n t l y  resistant t o  f l u o r i n e  c o r r o s i o n  

a t  low tempera tures .  Surp lus  a b s o r b e r s  from t h e  MSRE f u e l  p r o c e s s i n g  w i l l  

b e  used.8 One of  t h e s e  a b s o r b e r s ,  having  a bed d e p t h  of 1 0  i n .  (0 .25 m), 

c o n t a i n s  24 kg o f  NaF and h a s  a c a p a c i t y  of about  15 kg of uranium. L e s s  

t h a n  10 k g  of  uranium i s  conta ined  i n  8 f t 3  (0 .23 m ) of  f u e l  s a l t .  

a b s o r b e r s  are designed w i t h  an  open 2-in. (51-mm) c e n t e r  p i p e  f o r  a i r  

3 The 
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c o o l i n g ,  a l though t h i s  w a s  n o t  found t o  b e  n e c e s s a r y  i n  MSRE o p e r a t i o n .  

The UF6 flow rate is  expected t o  b e  much lower i n  t h e  CFEF. 

Sampler. The s a l t  w i l l  b e  sampled a f t e r  i t  leaves t h e  r e d u c t i o n  

column and t h e  g a s - l i q u i d  s e p a r a t o r , a n d  b e f o r e  i t  e n t e r s  t h e  s u r g e  tank .  

The sample w i l l  b e  analyzed f o r  t o t a l  uranium and t h e  o x i d a t i o n  s t a t e  

w i l l  n o t  a f f e c t  t h e  r e s u l t s .  The sampler  is  of t h e  same d e s i g n  t h a t  has  

been used s u c c e s s f u l l y  f o r  many y e a r s .  It i s  t h e  only  p i e c e  of equipment 

ex tending  through t h e  containment cover over  t h e  ce l l .  Local  v e n t i l a t i o n  

w i l l  b e  r e q u i r e d  t o  p r e v e n t  s p r e a d  o f  b e r y l l i u m  contaminat ion .  

C i r c u i t - b r e a k i n g  p o t .  I n  o r d e r  t o  minimize t h e  equipment o p e r a t i n g  

a t  t h e  a u t o r e s i s t a n c e  p o t e n t i a l  (up t o  200 V ) ,  a p o t  w i l l  b e  i n s e r t e d  

between t h e  h e a t  f lowmeter and t h e  e l e c t r o d e - s a l t  i n l e t  p i p e  i n  t h e  

f l u o r i n a t o r .  I n  t h i s  p o t ,  t h e  s a l t  stream w i l l  impinge on a h o r i z o n t a l  

d i s k  c a u s i n g  a s a l t  s p r a y  t h a t  b r e a k s  t h e  e l ec t r i ca l  c i r c u i t .  A s  shown 

on t h e  f lowshee t  ( F i g .  l), t h e  p o t  and f l u o r i n a t o r  b o t h  have i n s u l a t e d  

f l a n g e s  s o  t h a t  on ly  t h e  p o t  and f l u o r i n a t o r  t o p  f l a n g e  w i l l  b e  a t  h i g h  

p o t e n t i a l .  

Heat flowmeter.  The s a l t  l e a v i n g  t h e  s u r g e  tank  w i l l  p a s s  through a 

28-in. (0.71-m) s e c t i o n  o f  2-in.  n i c k e l  p i p e  c o n t a i n i n g  a c a r t r i d g e  

h e a t e r .  Heat l o s s  from t h e  flowmeter w i l l  b e  ba lanced  by external 

h e a t e r s .  The s a l t  f low rate can b e  c a l c u l a t e d  from t h e  tempera ture  rise 

of  t h e  s a l t  as i t  p a s s e s  through t h e  flowmeter and t h e  known power i n p u t  

of t h e  c a r t r i d g e  h e a t e r .  

3 .1  F l u o r i n e  Supply System 

The f l u o r i n e  supply  system t h a t  w a s  used i n  p r o c e s s i n g  t h e  MSRE f u e l  

The sys tem (Fig .  4 )  h a s  s a l t  w i l l  b e  r e a c t i v a t e d  f o r  u s e  w i t h  t h e  CFEF.’ 

p r o v i s i o n s  f o r  t h e  connec t ion  of two 18-std-m3 f l u o r i n e  t ra i lers  w i t h  

s a f e t y  c o n t r o l s  t o  l i m i t  t h e  maximum flow rate  and t o  remote ly  s t o p  t h e  

flow i n  case o f  a l e a k .  A NaF t r a p  i s  a v a i l a b l e  t o  remove HF from t h e  

f l u o r i n e .  The HF could cause  plugging of t h e  UF a b s o r b e r s  by format ion  

o f  complexes of NaF w i t h  two o r  more molecules  of HF. The bed i n l e t  i s  

h e a t e d  t o  prevent  t h e  formation of  t h e s e  complexes i n  t h e  t r a p .  F l u o r i n e  

f low i s  c o n t r o l l e d  by means of a c o n t r o l  valve and an o r i f i c e  flowmeter.  

6 
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Fig. 4 .  F l u o r i n e  supply  system. 
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3.2 F l u o r i n e  Disposa l  System 

The CFEF w i l l  b e  t h e  f irst  tes t  of t h e  frozen-wall  f l u o r i n a t o r  u s i n g  

f l u o r i n e .  

t h e  d i s p o s a l  of t h e  excess  f l u o r i n e .  A f low diagram of t h e  sys tem i s  

shown i n  F i g .  5 .  The s c r u b b e r  i s  a 6- in . ,  8-f t -  (2.4-rn) h i g h  Monel p i p e  

w i t h  t h r e e  s p r a y  n o z z l e s  i n  t h e  upper h a l f  o f  t h e  vessel. 

c o n t a i n s  200 g a l  (0.76 m ) of  an aqueous s o l u t i o n  c o n t a i n i n g  1 5  w t  % KOH 

and 5 w t  % K I .  

t r a i l e r  of f l u o r i n e  (18 s t d  m ) a t  a f low rate of 30 s l m .  The KOH s o l u -  

t i o n  w i l l  b e  c i r c u l a t e d  through t h e  s p r a y  n o z z l e s  at  a maximum t o t a l  f low 

rate of 15 gpm (9.5 x 

f low c o c u r r e n t  t o  t h i s  stream. 

a photometr ic  a n a l y z e r  f o r  moni tor ing  t h e  e f f i c i e n c y  of t h e  s c r u b b e r .  

A ve r t i ca l  s c r u b b e r  i s  b e i n g  i n s t a l l e d  i n  B u i l d i n g  7503 f o r  

The s u r g e  tank  
3 

This  equipment i s  designed t o  b e  a b l e  t o  d i s p o s e  of one 
3 

m3/sec).  The f l u o r i n a t o r  of f -gas  stream w i l l .  

The s c r u b b e r  ex i t  stream w i l l  p a s s  through 

4 .  OPERATING PROCEDURE 

A f t e r  t h e  system h a s  been l e a k  t e s t e d ,  a l l  s a l t - c o n t a i n i n g  equipment 

and p i p i n g  w i l l  be  purged w i t h  argon and h e a t e d  t o  600°C. A l l  h e a t e r s  

and thermocouples w i l l  b e  checked a f t e r  t h e  system h a s  been h e l d  a t  t h i s  

tempera ture  f o r  several h o u r s .  MSBR f u e l  s a l t  w i l l  t h e n  b e  charged t o  

t h e  s u r g e  tank .  Approximately 65 l i t e rs  w i l l  over f low through t h e  flow- 

meter and c i r c u i t - b r e a k i n g  p o t  t o  t h e  f l u o r i n a t o r .  A f t e r  t h e  l e v e l  i s  

e q u a l i z e d  in t h e  r e d u c t i o n  column, t h e  s a l t  w i l l  f i l l  t h e  f l u o r i n a t o r  t o  

several i n c h e s  above normal o p e r a t i n g  level .  The l i q u i d - l e v e l  r e c o r d e r s  

i n  t h e  f l u o r i n a t o r  and s u r g e  t a n k  can b e  checked f o r  o p e r a b i l i t y  d u r i n g  

t h i s  o p e r a t i o n .  

Argon w i l l  b e  i n t r o d u c e d  t o  t h e  bottom of t h e  r e d u c t i o n  column a t  

a low ra te ;  t h e  ra te  w i l l  b e  i n c r e a s e d  u n t i l  t h e  s a l t  b e g i n s  t o  c i r c u -  

l a t e  as i n d i c a t e d  by a drop i n  t h e  f l u o r i n a t o r  l i q u i d  level,  an  i n c r e a s e  

i n  t h e  g a s - l i q u i d  s e p a r a t o r  l i q u i d  l eve l ,  and a tempera ture  d i f f e r e n c e  

a c r o s s  t h e  h e a t  f lowmeter.  The argon flow w i l l  b e  i n c r e a s e d  s t e p w i s e  t o  

o b t a i n  d a t a  of  s a l t  flow rate  v s  argon flow ra te .  The l i q u i d  level  i n  

t h e  f l u o r i n a t o r  and s e p a r a t o r  w i l l  b e  observed d u r i n g  t h i s  t e s t .  I f  t h e  
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f l u o r i n a t o r  l i q u i d  l e v e l  i s  t o o  h i g h  a t  t h e  normal s a l t  f low ra te ,  some 

s a l t  w i l l  b e  removed t o  t h e  d r a i n  tank .  This  can b e  done by thawing t h e  

f r e e z e  valve below t h e  s u r g e  t a n k ,  c l o s i n g  t h e  system v e n t  valve, and 

opening t h e  dra in- tank  v e n t  valve t o  t h e  c e l l .  The system w i l l  be  p r e s -  

s u r i z e d  by t h e  purge r o t a m e t e r s  t o  t r a n s f e r  t h e  r e q u i r e d  amount of sa l t  

from t h e  s u r g e  tank  t o  t h e  d r a i n  tank .  

A f t e r  a d j u s t i n g  t h e  s a l t  i n v e n t o r y ,  sa l t  c i r c u l a t i o n  w i l l  b e  s t a r t e d  

a g a i n ,  and tempera tures  i n  t h e  f l u o r i n a t o r  w i l l  be  a d j u s t e d  t o  530OC. 

Lines  and o t h e r  equipment can b e  maintained between 530°C and 600OC. 

Heat t o  t h e  test s e c t i o n  of  t h e  f l u o r i n a t o r  w i l l  b e  t u r n e d  o f f  and c o o l i n g  

a i r  and water t u r n e d  on. The a u t o r e s i s t a n c e  power w i l l  b e  turned  on a t  

very  low v o l t a g e  ( l e s s  t h a n  1 V) and t h e  r e s i s t a n c e  can b e  c a l c u l a t e d  

p e r i o d i c a l l y  from t h e  c u r r e n t  measurement as t h e  c o o l i n g  proceeds .  Coolant 

rates t o  t h e  d i f f e r e n t  zones w i l l  b e  a d j u s t e d  t o  keep p i p e  w a l l  tempera- 

t u r e s  as uniform as p o s s i b l e .  When a l l  p i p e  w a l l  t empera tures  are less 

than  350°C, t h e  r e s i s t a n c e  o f  t h e  s a l t  from t h e  e l e c t r o d e  t o  t h e  bot tom 

of t h e  f l u o r i n a t o r  w i l l  have i n c r e a s e d  c o n s i d e r a b l y .  The a u t o r e s i s t a n c e  

power w i l l  b e  i n c r e a s e d  u n t i l  t h e  r e s i s t a n c e  of t h e  s a l t  and t h e  w a l l  

t empera tures  become s t e a d y .  

Fol lowing t h i s  s t e p ,  t h e  a u t o r e s i s t a n c e  power w i l l  b e  changed, and 

e q u i l i b r i u m  r e s i s t a n c e  and tempera ture  w i l l  be  determined f o r  a range  of 

powers t o  de te rmine  t h e  o p e r a t i n g  range  of t h e  system. The argon f low 

rate t o  t h e  f l u o r i n a t o r  gas i n l e t  (normally t h e  f l u o r i n e  f low) w i l l  be  

v a r i e d  t o  de te rmine  t h e  e f f e c t  on o p e r a b i l i t y  and f i l m  t h i c k n e s s ,  as 

i n d i c a t e d  by w a l l  t empera ture  and sa l t  r e s i s t a n c e .  I n  a d d i t i o n ,  t h e  s a l t  

flow rate  w i l l  b e  v a r i e d  t o  de te rmine  t h e  o p e r a b l e  range ,  and t h e  sampler  

w i l l  b e  i n s p e c t e d  b e f o r e  f l u o r i n e  is  used.  

A f t e r  t h e  system h a s  o p e r a t e d  r e l i a b l y  a t  v a r i o u s  sa l t  and argon f low 

r a t e s  and t h e  o p e r a b l e  a u t o r e s i s t a n c e  power range h a s  been a s c e r t a i n e d ,  

t h e  argon t o  t h e  column w i l l  b e  r e p l a c e d  w i t h  hydrogen t o  de te rmine  what 

e f f e c t ,  i f  any ,  t h e  gas  d e n s i t y  h a s  on t h e  o p e r a b i l i t y  of t h e  g a s  l i f t .  

Argon t o  t h e  f l u o r i n a t o r  w i l l  then  be r e p l a c e d  by f l u o r i n e .  Mass flow- 

meter r e a d i n g s  taken upstream and downstream from t h e  NaF t r a p s  w i l l  
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i n d i c a t e  t h e  e v o l u t i o n  of UF s a l t  samples w i l l  b e  taken  p e r i o d i c a l l y  f o r  

a d d i t i o n a l  d a t a  on t h e  f l u o r i n a t i o n  r e a c t i o n  ra te .  Runs w i l l  b e  made a t  

v a r i o u s  f l u o r i n e  flow rates, f l u o r i n e  c o n c e n t r a t i o n s ,  and s a l t  f low rates.  

A f t e r  good o p e r a t i o n  h a s  been demonstrated under d i f f e r e n t  c o n d i t i o n s ,  

t h e  s a l t  f i l m  t h i c k n e s s  w i l l  be  checked by radiography.  The f r e e z e  valve 

below t h e  f l u o r i n a t o r  w i l l  b e  thawed and s a l t  c i r c u l a t i o n  and a u t o r e s i s -  

t a n c e  power s topped  as soon as flow t o  t h e  d r a i n  tank  b e g i n s .  Heat w i l l  

b e  turned  o f f  t h e  f l u o r i n a t o r  and rad iographs  w i l l  be  taken  of t h e  cooled 

zones.  

6 ;  

5. MAINTENANCE 

5.1 Maintenance Phi losophy 

Most components of t h e  sys tem such as t h e  sa l t  s t o r a g e  and d r a i n  

t a n k s ,  s e p a r a t o r ,  sampler ,  and t r a p s  w i l l  b e  des igned  and c o n s t r u c t e d  

f o r  a l o n g ,  maintenance-free service l i f e .  

column may b e  rep laced  w i t h  equipment of a l t e r n a t e  d e s i g n  depending on 

o p e r a t i n g  performance. 

f o r  p o s s i b l e  r e p a i r  o r  replacement .  

The f l u o r i n a t o r  and r e d u c t i o n  

All components of  t h e  system w i l l  b e  a c c e s s i b l e  

5 .2  P r e v e n t i v e  Maintenance 

The o p e r a t i n g  tempera ture  of  t h e  system w i l l  b e  c l o s e l y  c o n t r o l l e d  

t o  p r e v e n t  h o t  s p o t s  t h a t  could cause  h e a t e r  burnout .  R e s i s t a n c e  heaters 

are t o  b e  o p e r a t e d  a t  one-half t h e  d e s i g n  v o l t a g e  t o  pro long  t h e i r  usage.  

Chemical a n a l y s e s  w i l l  b e  made of t h e  s a l t  ( e s p e c i a l l y  f o r  NiF2) t o  d e t e c t  

unusua l  c o r r o s i o n .  The f a c i l i t y  w i l l  b e  checked r e g u l a r l y  t o  d e t e c t  

i n c i p i e n t  f a i l u r e  of p a r t s  o f  t h e  system, and a p p r o p r i a t e  maintenance 

measures w i l l  b e  taken .  

6 .  STANDARDS AND QUALITY ASSURANCE 

6 . 1  Codes and Standards  

The v e s s e l s  and p i p i n g  w i l l  b e  f a b r i c a t e d  i n  accordance w i t h  t h e  

requi rements  s p e c i f i e d  i n  S e c t .  V I 1 1  of t h e  ASME B o i l e r  and P r e s s u r e  Vessel 



16 

Code and P r e s s u r e  P i p i n g  Code. 

Weld Procedure S p e c i f i c a t i o n s  w i l l  b e  used f o r  c o n s t r u c t i o n  of  t h e  vessels 

and p i p i n g .  

b e  s u b j e c t e d  t o  t h e  h i g h e s t  p r e s s u r e s  i n  t h e  system; t h e r e f o r e ,  t h e  d e s i g n  

must b e  reviewed by t h e  ORNL P r e s s u r e  Vessel R e v i e w  Committee. Details 

of t h i s  vessel are shown i n  r e f .  10.  

ORNL MET material  s p e c i f i c a t i o n s  and ORNL 

Because of i t s  l o c a t i o n  a t  t h e  bot tom o f  t h e  c e l l ,  i t  w i l l  

6 .2  Q u a l i t y  Assurance 

Q u a l i t y  level  111 and I V  (QL-3) q u a l i t y  a s s u r a n c e  s t a n d a r d s  as out -  

l i n e d  i n  "Qual i ty  Assurance Program Planning  f o r  S m a l l  Research and 

Development P r o j e c t s , "  QA-CT-1-109, w i l l  b e  a p p l i e d  i n  c o n s t r u c t i n g  t h e  

f a c i l i t y  . 
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