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V 

SUMMARIES 

SALT- METAL CONT AC TO R DEVELOP ME IV T 

A water-mercury system was used t o  study t h e  e f f e c t  of ycometric 

v a r i a t i o n s  on m a s s  t r a n s f e r  ra tes  i n  r ec t angu la r  con tac to r s  s irriilar t o  

those  proposed f o r  t h e  MSBR f u e l  reprocess inq  scheme. Since I n a s s  t r a n s -  

f e r  ra tes  were no t  accu ra t e ly  predict(-d by the T>ewis c o r r e l a t i o n  , o t h e r  

c o r r e l a t i o n s  w e r e  i n v e s t  iya ted .  T h e  fol lowinq c o r r e l a t i o n  w a s  found t o  

f i t  t h e  experimental  r e s u l t s :  

q 2  

1 r' 1 

60 k b 

v = 0.2058 (Re (0 .6  + - 

M a s s  t r a n s f e r  ra tes  are being measured in a fluoride salt--bismuth 

con tac to r .  A 6-in.-diiim mild steel con tac to r  has been instalLed i n  t h e  

flaw-through r educ t ive  e x t r a c t i o n  f a c i l i t y  for t h i s  purpose.  Experimen- 

t a l  r e s u l t s  from t h e s e  runs  i n d i c a t e  t h a t  the m a s s  t ransfer -  rates i n  t.hr? 

sal t -bismuth system fall between t h e  L e w i s  c o r r e l a t i o n  and t h e  modified 

c o r r e l a t i o n  given above e 

DEVELOPPMNT OF THE METAL TRANSFER PRQCESS : CONTINUATION 
OF EN GI NEERI NG- SCALiE E XP E RTPIIF,N'1' S 

Four engineer ing-scale  experiments (Pll'E-l, -2 -ZA, and -3)  t o  study 

t h e  s t e p s  i n  t h e  metal  t r a n s f e r  process  were completed p r i o r  to  t.he t e r -  

inination of t h e  ?4c)lten-Salt Reactor Program e a r l y  in 1973 .  T h e  last:  

experiment,  MTE-3, used s a l t  and bismuth flow rates t h a t  were 1% o f  t h e  

es t imated  flow rates  requi red  f o r  process ing  a 1 O O O - M w  (e )  reactor .  W e  

p l an  t o  cont inue t h e s e  s t u d i e s  i n  a. new experiment,  des igna ted  a s  !?T'E:-~;B 

( i d e n t i c a l  t o  MTE-3). 

The carbon steel vessels used i n  experiment MTE-3 a r e  being rep laced  

with new v e s s e l s .  Fresh carr ier  s a l t ,  bismuth, and l i t h i u m  c h l o r i d e  will 

be used. 



v i  

Resul t s  of measurements of t he  mass t r a n s f e r  c o e f f i c i e n t s  f o r  radium, 

europium , lanthanum I and neodymium, obtained during ope ra t ion  of exper i -  

ment: MTE-3, i nd ica t ed  t h a t  many of t h e  c o e f f i c i e n t s  were lower than pre-  

d i c t e d  by l i t e r a t u r e  c o r r e l a t i o n s .  The reason for t h i s  i s  p r e s e n t l y  no t  

known; consequent ly ,  a d d i t i o n a l  s t u d i e s  are requi red  i.n o rde r  t o  o b t a i n  

d a t a  necessary €or determining t h e  s i z e  and type of  equipment requi red  

f o r  removal of t h e  r a re -ea r th  f i s s i o n  products  from mol ten-sa l t  r c a c t o r  

f u e l .  

Examination of  t h e  MTE-3 carbon s teel  v e s s e l s  indicaLed t h a t  no 

s e r i o u s  cor ros ion  had occurred on t h e  i n s i d e  su r faces  of t he  v e s s e l s  

exposed t o  s a l t  and bismuth dur ing  1 year  of ope ra t ion  at: 65OOC (a l though 

the  o x i d a t i o n - r e s i s t a n t  coa t ing  on t h e  o u t s i d e  su r face  of t h e  v e s s e l  

f a i l e d  t o  comp1.e-tely p r o t e c t  t h e  carbon steel .) .  Photomicrographs of t he  

bismuth phases j-ndicate t h a t  t h e  s u r f a c e s  i.n contac t  wi th  the sa1t.s are 

enriched. i n  thorium and i ron .  

CONTINUOUS FL,UORINATOR DEVELOPMENT 

Autoresis tance hea t ing  tes ts  have been continued i n  t h e  f l u o r i n a t o r  

mock-up us ing  I,i.F-ReF -ThF (72-16-12 mole % )  s a l t .  The equipment was 

re turned  t o  ope ra t ing  cond i t ion  I and f i v e  experiments VJWC run .  A1:t:hough 

c o r r e c t  s t eady- s t a t e  opera t ion  w a s  no t  achieved,  t h e  r e s u l t s  were 

encouraging. 

2 4 

A two-di.mensiona1 e l e c t r i c a l  analog w a s  cons t ruc ted  t o  s tudy c u r r e n t  

flow through the  e l ec t rode  sidearm and o t h e r  c r i t i c a l  a r e a s  of t h e  t e s t  

v e s s e l .  The model used cons t an t - r e s i s t ance  paper c u t  i n  t h e  shape of 

t h e  sidearm. An e l e c t r i c  f i e l d  w a s  produced between i s o p o t e n t i a l  l i n e s  

of conductive s i l v e r  p a i n t  connected e l e c t r i c a l l y  t o  a cons tan t -vol tage  

source.  The r e s u l t i n g  f l u x  l i n e s  were measured us ing  a high-impedance 

vol tmeter .  These s t u d i e s  i n d i c a t e  t h a t  no reg ions  of abnormally high 

c u r r e n t  d e n s i t y  e x i s t e d  i n  t h e  f i r s t  n ine  runs  with t h e  p re sen t  auto-  

r e s i s t a n c e  hea t ing  equipment. Localized hea t ing  had previous ly  been t h e  

suspected cause €or t h e  f a i l u r e  t o  achieve proper opera t ion  of khis 

equipment. 



1. INTRODUCTION 

A mo ten-sa t breeder  r e a c t o r  (MSBR) w i l l  be fue led  with a molten 

f l u o r i d e  mixture t h a t  w i l l  c i r c u l a t e  through t h e  b lanket  and co re  regions 

of t h e  r e a c t o r  and through t h e  primary h e a t  exchangers. 

p rocess ing  methods f o r  use  i n  a close-coupled f a c i l i t y  f o r  removing f i s -  

s ion  products ,  cor ros ion  products ,  and f i s s i l e  m a t e r i a l s  from the  molten 

f l u o r i d e  mixture.  

We a r e  developing 

I n  January 1973, t h e  Molten S a l t  Reactor (MSR) Program was i n t e r -  

rupted f o r  about a y e a r ,  The program w a s  r e i n s t a t e d  a t  01WL again i n  

January 1974 ,  and t h e  s tudy of s e v e r a l  opera t ions  a s soc ia t ed  with MSBR 

process ing  w a s  resumed. The remaining p a r t s  of t h i s  r e p o r t  d i s c u s s :  

(1) development of mechanical ly-agi ta ted sa l t -meta l  con- 
t a c t o r s  , 

( 2 )  examination of t h e  vessels i n  which m e t a l  t r a n s f e r  
experiment MTE-3 was c a r r i e d  o u t ,  and 

conducted i n  a mock-up of a frozen wal l  f l u o r i n a t o r .  

This  work w a s  c a r r i e d  ou t  i n  t h e  Chemical Technology Divisi.on during t h e  

per iod  January through June 1974.  

(3)  experiments of a u t o r e s i s t a n c e  hea t ing  of molten salts  

2 .  SALT-METAL CONTACTOR DEVELOPMENT 

J .  A .  Klein 

A cr i t ica l  s t e p  i n  t h e  proposed MSBR processing scheme i s  t h e  ex t rdc-  

t i o n  of r a r e  e a r t h s  from t h e  f l u o r i d e  f u e l  c a r r i e r  s a l t  t o  a n  interme- 

d i a t e  bismuth s t r e a m .  One p o s s i b l e  approach would be  t o  u s e  a mechanically- 

a g i t a t e d  nondispersing con tac to r  i n  which bismuth and f l u o r i d e  s a l t  phases 

a r e  a g i t a t e d  i n  o rde r  t o  f a c i l i t a t e  t h e  m a s s  t r a n s f e r  of r a r e  e a r t h s  

across  the  sal t -bismuth i n t e r f a c e .  

During t h e  per iod  covered by t h i s  r e p o r t  we have c o r r e l a t e d  m a s s  

t r a n s f e r  c o e f f i c i e n t s  which were measured i n  a water-mercury system w i t h  

those which were c o l l e c t e d  from t h e  open l i t e r a t u r e  f o r  aqueous-organic 

systems. We have completed four  experiments i n  which m a s s  t r a n s f e r  
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c o e f f i c i e n t s  j n a € luo r ide  sal t-bismuth system were measured. This work 

i s  d iscussed  i n  t h e  following s e c t i o n s .  

2 .  1 Back.groi.ind 

Lewis' i nves t iga t ed  mass t r a n s f e r  r a t e s  i n  mechanical ly-agi ta ted 

nondispersing con tac to r s  I a l l  of t h e  same size, using severa l  aqueous- 

organic  systems. He f i t t e d  h i s  results with t h e  fo11.owiny empir ica l  

equat ion:  

2 
where 

NL p 
r, 

R e  = Reynolds nunher = - , 

N = s t i r r e r  speed r p s ,  

k = m a s s  t r a n s f e r  c o e f f i c i e n t ,  cm/scc, 

3 p := dens i ty  = g/cm , 

Q = viscos i - ty  = g/cm*sec, 

2 v = kinematic v i s c o s i t y  = q / p  = c m  / s ec ,  and 

1,2 = phase being considered.  

For t h e  case  i n  which N = N arid L = L2, t h e  above eqiiati-on can be 1 2 1 
reduced t o  the  form 

F o r  Lewis' work, where t h e  densities o f  t h e  va r ious  phase:; var i ed  from 

0 . 8  t o  1 . 2  9/cm3 but t h e  s t i r rer  l eng th  w a s  kept  c o n s t a n t ,  t h i s  co r re l a -  

t i o n  effecti-vel-y u s e s  only t h e  Reynolds number of t h e  phase being con- 

s idc rcd .  
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2 r4cM;inmey cor . re la ted  h i s  own d a t a  wi th  L e w i s ' s  r e s u l t s  by t h e  f o l -  

lowiily express ion ,  which i s  similar to t h a t  u s e d  by Lewi.3 but incl-udes t h e  

Schmidt number: 

where 

Sc = Schmidt number = n / p D ,  and 

2 
D = d i f f u s i o n  cmefficientl == cm /set. 

Note t h a t  the dependence on t h e  Schmidt number i s  f a i r l y  weak. 'This equa- 

t ir jn can he r e d w e d  t.0: 

-0.37 
613 k.1, 

1 

1 
0.102 (L) ( R e l )  v 

Again, t h e  IZeynolds number of t h e  phase being considered .i.s t h e  tlnmi- 

nant  f a c t o r ,  a l though it i s  raised t o  a d i f f e r e n t  power from t h a t  used by 

Lewis ( i . e . ,  0 .9  r a t h e r  than 1 . 6 5 ) .  

Maytiirs3 develvpc:d a s l i g h t l y  more invo1vc.d correla.t:icn of tile 

fo l lowinq  form: 

This equat ion reduces to :  

1.4 -2.4 0.5 
SO klL 

1 
. (6) cIcx- - -- 0.1895 (Rel) ($) (0.6 -t :) (scl) 

V 

This  co r re l ah ion  i n d i c a t e s  t h a t  t h e  v i s c o s i t y  and d e n s i t y  CJ 1- each 

phase af Fect t h e  mass t r a n s f e r  c o e f f i c i e n t .  This c o r r e l a t i o n  i s basd 

on data covering a l i m i t e d  range of d e n s i t i c s  (0 .8  t o  1 . 2  g/cm ) . 3 
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All of t h e  above equat ions c o r r e l a t e  t h e  Large amount of aqueous- 

organic  d a t a  very we l l ;  t h e  Mayers and McManamey c o r r e l a t i o n s  provide a 

s l i g h t l y  b e t t e r  fit khan t h e  Lewis c o r r e l a t i o n .  Xowever I i n  a l l  c a s e s ,  

N ,  ql, and q 2  w e r e  t h e  only parameters va r i ed  t o  any s i g n i f i c a n t  ex ten t .  

The o t h e r  v a r i a b l e s  were e i t h e r  he ld  cons tan t  o r  were va r i ed  aver  very 

s m a l l  ranges.  

2 . 2  Experimental S tud ie s  Using Water-Mercury Systems 

Previous r e p o r t s 4 ’  have shown that. a water-mercury contac tor  using 

t h e  r e a c t i o n  

2+ 2+ 
Pb [H201 C Zn[Hgl j. zn[IfgI f Zn [1120] 

i s  s u i t a b l e  f o r  st:udy:ing m a s s  t r a n s f e r  r a t e s  i n  t h i s  system. These stud- 

ies  have ind ica t ed  t h a t ,  a l though r e s u l t s  were gene ra l ly  s i m i l a r  t o  the 

pred.ict:ions of  t h e  L e w i s  c o r r e l a t i o n  , s i g n i f i c a n t  dev ia t ions  from t h e  

cor rz la t f ion  do e x i s t .  Tn o rde r  t o  r econc i l e  t h e s e  d i sc repanc ie s ,  we 

have s tud ied  t h e  effect_ of geometric v a r i a t i o n s  on mass t r a n s f e r  r a t e s  

i n  r ec t angu la r  con tac to r s  s i m i l a r  t o  those  proposed for t h e  MSBR f u e l  

reprocess ing  scheme. 

2 . 2 . 1  Experimsntal  procedures 

Three r ec t angu la r  con tac to r s  were f ab r i ca t ed  in t h e  fol lowing s i z e s :  

5-1/4 i n .  x 7 i i l . ,  7-3/4 in. x 1.0-1/2 i n . ,  and l l -5 /8  i n .  x 1 2 - 1 / 2  i n .  

The two smal le r  vesse1.s were cons t ruc ted  of P lex ig  

was cons t ruc ted  of  s t a i n l e s s  s t e e l .  

Ayi-tator b lades  having diametxrs  of 3 ,  5 ,  and 

One s e t  of b lades  had a cons t an t  he ight  of 3/4 i.11. 

cons t an t  blade diameter /blade he ight  r a t i o  of 4.0.  

were four-vaned s t r a i g h t  paddles; .  

as , rwhile t h e  l a r g e r  

7 i n .  were f a b r i c a t e d .  

another  s e t  had a 

A l l  of t h e  blades 

Each contac tor  was used t o  make a large nwrher of experimental  runs 

i n  which the phase volume, blade s i z e ,  and a g i t a t i o n  r a t e s  were v a r i e d .  

Agi ta t ion  r a t e s  were l imi t ed  t o  va lues  below the  p o i n t  a t  which d i spe r s ion  
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of t h e  phases  became apparent .  

ident ica l .  i n  s i z e .  

The paddles  used i n  t h e  two phases  w e r e  

Details  of sampling and a n a l y s i s  of  d a t a  are included i n  a previous  
4 

r e p o r t .  

2 . 2 . 2  Resul t s  

Resul t s  ob ta ined  us ing  t h e  7-3/4- by 10-1/2-in. con tac to r  and a 5000- 

cm volume f o r  each phase a r e  compared with t h e  t h r e e  c o r r e l a t i o n s  i n  Figs .  

1-3.  S imi l a r  r e s u l t s  w e r e  ob ta ined  f o r  o t h e r  con tac to r  s i z e s .  Table 1 

yives  t h e  d a t a  €or  t h e  water-mercury s y s t e m .  Phase 1 . is mercury; phase 

2 i s  water. 

Experimental mass t r a n s f e r  c o e f f i c i e n t s  ranged from 5 t o  :30% of t h e  

va lues  p red ic t ed  by t h e  L e w i s  c o r r e l a t i o n .  The slope of t h e  d a t a  devia ted  

s i g n i f i c a n t l y  from t h a t  of t h e  L e w i s  c o r r e l a t i o n ;  it agreed very c l o s e l y  

wi th  t h e  s lope  of  t h e  McManamey c o r r e l a t i o n ,  a l though experimental  va lues  

were only  15 t o  30% of  p red ic t ed  va lues .  Thus it appears  t h a t  t h e  

McManamey c o r r e l a t i o n  i s  only s l i g h t l y  b e t t e r  than t h e  L e w i s  c o r r e l a t i o n .  

T h e  s lope  of t h e  Mayers c o r r e l a t i o n  a l s o  matches t h a t  of t h e  d a t a  very  

w e l l  b u t  unde rp red ic t s  experimental  r e s u l t s  by 4 0  t o  50%. 

The r e s u l t s  shown i n  F igs .  1 and 2 ,  as well as t h e  remainder of t h e  

data ,  i n d i c a t e  t h a t  t h e  m a s s  t r a n s f e r  c o e f f i c i e n t  is p ropor t iona l  t o  t h e  

stirrer l eng th ,  L ,  r a i s e d  t o  a power d i f f e r e n t  from t h a t  a s soc ia t ed  wi th  

t h e  Reynolds number. The exponent of  L is 1 i n  t h e  Mayers c o r r e l a t i o n  

r a t h e r  t han  approximately 2 as i n  t h e  o t h e r  c o r r e l a t i o n s .  This  change 

improves t h e  c o r r e l a t i o n ;  however, it a l s o  s e e m s  t o  overcompensate t o  

some e x t e n t .  

Using t h e  Mayers c o r r e l a t i o n  as the  b e s t  o f  t h e  e x i s t i n g  c o r r e l a t i o n s ,  

w e  added two a d d i t i o n a l  t e r m s  t o  inc lude  t h e  e f f e c t  of  t h e  d e n s i t y  r a t i o  

of t h e  two phases (p /p ) and a dimension r a t i o  (L/H) , where H i s  t h e  

h e i g h t  of  an i n d i v i d u a l  phase.  The t ank  s i z e  or phase volume w a s  shown 

t o  be unimportant except  i n  t h e  manner i n  which it a f f e c t s  13. 

1 2  
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0 3 " x  +'' B L A D E S  
A 5"x  1 %  I "  B L A D E S  F 

a 

Fig. 1. Selected experimental results as compared w i t h  the I,cwis 
correlat i -on for the water-mercury system. 
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7 i f x I Q g  3” CELL 

5000 c c  
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COR RELATI Q 
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A 
0 

0 

/’ 
EX PE R I M ETA L VA LU E S 
FROM W A T E R - O R G A N I C  
SYSTEMS 

Fiq. 2 . Selected water-mercury exper- j.nental res i i l t s  ,as compared 
w i t h  t h e  McManamey cor re la t ion  - 
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I 

5800 c c  

EX PER I MENTAL 9 A L U  ES 

Fig. 3.  Selected experimental  r e s u l t s  as compdred with t h e  Mayer 
c o r r e l a t i o n  for the water-mercury system. 
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Table 1. Exper inenta l  a;il p red ic t ed  mass t r a n s f e r  ra tes  for t h e  water-mercury system 

(L) 
Contactor  b lade  ??!lase 

Run s i z e  s i z e  volume 
No . (cn) (diarn x h e i g h t )  ( C C )  

1 13.3 x 17.8 7.62 x 1.90 
2 
3 
5 
16 
11 
12 
13 
14 
20 
21 
22 
23 
24 
35 12.70 x 3.175 
36 
37 
38 
39 
40 
41 
42 19.7 x 26.7 7.62 x 1.90 
4 3 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

1,200 
1 , 203 
1 , 200 
1,200 
1 , 830 
1 , 800 
1,800 
1 , 800 
1 , 800 
2 , 606 
2 , 630 
2 , 600 
2 , 600 
2 , 600 
1,200 
1,200 
1 , 800 
1 , 830 
2 , 600 
2 , 600 
2,600 
3,300 
3 , 000 
3 , 000 
5 , 000 
5 , 003 
5 , 030 
5 , 000 
7 , 030 
7 , 000 
7 , 000 
7,000 
9, 000 
9,000 

60 k , L  

“1 
(N) 

S t i r r e r  
speed 
( rprc 1 valuea va iae  

P r e d i  c t e d Expe I i men t a 1 R m  
&go. 

5.2 
5.2 
5.2 
5.2 
7.8 

7.8 
7.8 
7.8 
11.0 
11.0 
11.0 
11.0 
11.2 
5.3 
5.0 
7.5 
7.5 
11.0 
11.0 
11.0 
5.5 
5.5 
5.5 
9.5 
9.5 
9.5 
9.5 

13.5 
13.2 
13.5 
13.2 
17.1 
17.0 

7.8 

55 
72 
98 

136 
53 
70 
99 
150 
183 
51 
73 

126 
183 
2 05 
29 
49 
29 
53 
29 
51 
61 
51 
77 

123 
50 
83 
12 3 
i.81 
53 
78 
127 
185 
51 
82 

91 7 
1200 
1634 
2267 
736 
972 
1375 
2083 
2 5 0 0 
607 
333 
1499 
2177 
2420 
1676 
2 906 
1433 
247i 
1206 
2121 
3369 
829 
1252 
1999 
635 
131 7 
1525 
2300 
575 
855 

1378 
2028 
4 98 
832 

836 
577 
1457 
3078 
68 9 
645 
1313 
2710 
3956 
4 28 
517 
2025 
3034 
3711 
1849 
3318 
1609 
3811 
1017 
3377 
6294 
476 
1064 
1919 
756 
1024 
1548 
2507 
765 

1045 
956 

1839 
421 
843 

55 
56 
73 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
66 
103 
101 
132 
133 
104 
105 
106 
107 
108 
109 
110 
111 
130 
13i 
132 

(L! 
Contac t o r  Blade 

s i z e  s i z e  
(cm ) (diam x h e i y h t )  

19.7 x 26.7 7.62 x 1.93 

12.70 x 3.175 

17.78 x 4.44 

29.5 x 31.8 12.70 x 3.17 

60 k lL  

1 
[:? 1 v t H )  

Phase Phase  S t i r r e r  
volume depth speed Predic ted  Experimental 

(cc 1 (cm) [ r p m )  value” value 

9 , 300 
9,000 
3 , 003 
3,000 
3 , 000 
3 , 000 
5 , 000 
5 , 000 
5 , 000 
5 , 0‘30 
7 , 003 
7, 00G 
7 , 008 
7 , 000 
7 , eo0 
9,1300 
9,000 
9,000 
9,003 
3 , 000 
3 , 000 
5 , OOC; 
5 , 000 
5 , 000 
5 , 000 
7 , 000 
7 , 000 
: , 300 
9,000 
9,000 
9,000 
25,030 
25 , 030 
25 , 030 

i:. 0 
17.0 
5.5 
6.0 
6.0 
6.0 
2.5 
9.5 
9.5 
9.5 
13.5 
13.5 
13.5 
13.5 
13.5 
17.0 
l7.0 
17.2 
17.2 
5.8 
5.8 
5.8 
9.5 
9.5 
9.5 

13.5 
13.5 
13.5 
17.2 
i7.5 
17.5 
26.8 
26.9 
26.2 

125 
150 
21 
41 
59 
79 
20 
44 
61 
75 
21 
40 
60 
80 
89 
20 
41 
60 
80 
21 
41 
48 
21 
35 
50 
2G 
35 
52 
22 
39 
47 
32 
51 
80 

1223 
1467 
1193 
2240 
3223 
4316 
889 
1955 
2510 
3332 
7 97 
1517 
2276 
3035 
3376 
683 
1432 
2041 
2721 
2657 
5185 
6073 
2128 
3546 
5066 
1730 
3028 
44 9s 
1707 
3002 
3617 
2 92 
1418 
2252 

1022 
1234 
959 

1840 
2521 
3485 
884 
1681 
2769 
4329 
869 
1144 
2046 
3133 
3534 
776 
1372 
1853 
2690 
2640 
5 094 
7350 
2169 
4223 
61 04 
1440 
3392 
6091 
2118 
3314 
4566 
1167 
1435 
1881 
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ORML DWG 74-683Rl 

1200 c c  5 " ~  I ~ B L A D E S  
@ 1800 C C  b 

+ 2 5 0 0  Z C  5 " X  14' B L A D E S  

V 3000 c c  5"r I $  B L A D E S  
CJr 5000  c c  
V 7 0 0 0 c c  

d 7 0 0 0 c c  

1 I I I I I I  I I I I I l l  

I 0 3  i o4  
2.4 0.45 0.2058 [ R e i  R e e l  [ T ]  72 19 ' [ 0.6 -+ 21- [ S C , ] - ~ [ $ ]  0*23 [ %] 

Fig. 4 .  Experimental water-mercury r e s u l t s  as fit by t h e  modified 
mass-t ransfer  c o r r e l a t i o n .  
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1.3 

sa l t -b ismuth  flow-through f a c i l i t y .  T h i s  experi.rnenta1 system (Fig .  5 )  

a l lows (1) p e r i o d i c  c l ean ing  of t h e  feed s a l t  and m e t a l ,  ( 2 )  removal of 

su r face  contamination from the  salt-metal  i n t e r f a c e ,  arid ( 3 )  v a r i a t i o n  

o f  t he  d i s t r i b u t i o n  r a t i o  of t h e  material o f  i n t e r e s t  between the s a l t  

ant3 the bismuth. 

The new s t i r r e d - i n t e r f a c e  con tac to r  makes use of the e x i s t i n g  p i p i n g ,  

equipment, and ins t rumenta t ion  p resen t  i n  the mi ld-s tee l  r educ t ive  ex t rac-  

t i o n  system. The c o r i t a ~ t o r  , which is geometr ica l ly  i d e n t i c a l  t o  t h a t  used 

with the water-mercury system, c o n s i s t s  o E a G i n .  -di.am carbon-steel 

vessel conta in ing  four 1- in .  - - w i c k  v e r t i c a l  b a f f l e s .  The a q i t a t o r  con- 

sists of two 3-in. -diam stirrers with four  noncanted blades. A 3/4-in. 

overflow a t  the i n t e r f a c e  al lows for removal of i n t e r f a c i a l  f i l m s ,  a s  wel l  

as -the s a l t  and metal  outf low.  T h e  system is operated i n  esse: int j .a l ly  the 

same rnanner- as VJaS  employed. with t h e  packed columii. The salt and b i s -  

m u t h  phases were equi l i -bra ted  prior t o  ,311 experirrierit. A f t e r  the  s a l t  and 

7-l:L 

m e t a l  phases had been t r a n s f e r r e d  t o  the feed tanks, 97Zr 237u 

tracers W C ~ E  added t o  t h c  s a l t .  W i t h  this technique the rates <3k which 

zirconium and uranium tracex t r a n s f e r  from t h e  s a l t  t o  t h e  bismuth ~ o u l d  

he  measured i n  a syskeni tl-1a.t w a s  o therwise at: chemical equi.librium. 

2 . 4 . 2  ?.lathematical ana lys i s  

For a f low-through, cont:iriuously s t i r r e d  contactcjr at steady-s  t:ate 

I_- 

cond i t ions ,  a mass balance on the  salt: phase yields: 

wh e r c 
3 F = fI.ow r a t e  of salt, cm /set:, 

(7 = t r a c e r  concent ra t ion  i n  s a l t  i n f l o w ,  units/ciix , 
3 

C _  = t r a c e r  coucentrat:.inn i n  r:alt out E.Low, unit.:;/cm , 

1 

1 
3 

3 

J = ra te  of t r a n s f e r  of  t racer  across t h e  i n t e r f a c e ,  ut~i t r ; /sec.  
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n 

CONTACTOR METAL FEED AND 
COLLECTION TANK COLLECTION TANK 

SALT FEED AND SALT AND METAL 
TREATMENT VESSEL 

Fig.  5 .  Sal t -metal  contac tor  a s  i n s t a l l e d  i n  t h e  mild - s t ee l  reduc- 
t i v e  e x t r a c t i o n  f a c i l i t y .  
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Expressing the rate of transEer across the interface as the product 

of an overall mass transfer coefficient and a driving force times the 

area available for mass transfer yields: 
12 

J 

where 

l /K ,  = L/ks + l/Dkm , 

and 

K = overall mass transfer coefficient based on salt phase, cm/sec, 

k = individual mass transfer coefficient in salt phase, cm/sec, 

k = individual mass transfer coefficient phase in metal, cm/sec, m 

D = distribution coefficient = ratio of concentration in metal 

phase to concentration in salt phase at equilibrium, 

S 

S 

3 moles/ cm 

moles /cm 3 ,  

= tracer concentration in metal outflow, units/cm3, and Cm 
2 A = interfacial area, cm . 

Taking an overall mass balance gives: 

C F  + C F  = C F  + C , F 2 r  
1 1  2 2  s 1  

where 

C2 =: 

F = flow rate of metal, cm / s e c .  

If C2 = 0, Ey. 

tracer concentration in metal inflow I units/cm3 , and 
3 

2 

(12) can be rearranged to give the four following 

r e l a t i o n s :  

C F  = C F  + C m F 2 ,  
1 1  s 1  
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= c S + +) m F  

Cs = C 1 - C m (2) , and 

F 
1. c =  

m 

Combining E q s .  (9) I (10) and (16) yields: 

- 
D FICL - FICs ' KsCsA 

which can he rearranged t o  give: 

K A  

C o m b i n i n g  E q s .  ( 9 )  I (10) I and (1.5) yields: 

F 2 (F), 
F C  = E ' C  - C F  + K C A - ( K C A ) - -  

1 1 1  1 1  m 2  s 1  sin F 

which i s  rearranged t o  give: 

K A  

C o m b i n i n g  Eqs. (9), (lo), and (14) y i e l d s :  



which i s  arranged to give:  

K A  
Cm/C == S 

s 
(22) 

Rearranging E q s .  (18), (201, and ( 2 2 )  gives t h r e e  expressions €or t h e  

o v e r a l l  inass t r a n s f e r  c o e f f i c i e n t  i n  terms of the measureti q u a n t i t i e s  c 
C _ ,  Cm, F1, F 2 /  D ,  and A: 

1' 

3 

( 2 3 )  

( 2 4 )  

(25) 

The above equati.ons can then h e  used t o  c a l c u l a t e  mass t r a n s f e r  coef- 

f i c i e n t s  from experimental  r e s u l t s  

t i o n s  i n  any t w o  of the s a l t  o r  bismuth flows) . 
(i. e.  , t he  r a t i o  of t r a c e r  concentra- 

Approximately l 0 - l i t e r  volumes of s a l t  and bismut.11 were a v a i l a b l e ,  

a l lowing f l ow  r a t e s  up t o  200 cc/min. 

d i s t r i b u t i o n  c o e f f i c i e n t  for t h e  ma te r i a l  of  i n t e r e s t ,  ~ ~ \ 7 . i l . l .  vary som,>what; 

however, if D i s  rrlade l a r g e  enough, Eqs. 

Experimental values  of  D, the 

( 2 3 ) ,  ( 2 4 ) ,  sild ( 2 5 )  reduce to: 
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2 ‘m 

A ‘s - Ks - 

F 
-- ___ - 

( 2 6 )  

Uncertainties in the distribution coefficient: do not af feet the accuracy 

of the overall mass transfer coefficient. However, when D is very large, 

the overall mass transfer coefficient is essentially the individual salt- 

phase coefficient since resistance to mass transfer in the metal phase is 

negligible in comparison. This is seen by allowing D to assume largc 

values in Eq. (11). 

2.4.3 Experimental I results 

Four runs have been completed to date. All runs were performed in a 

similar manner except as discussed below. 

While the fluoride salt and hismuth are in contact in TS, the treat- 

ment vessel, a sufficient quantity of beryllium is electrolytically 

added to the salt to give any desired uranium distribution coefficient 

(Du). 

needs to be added periodically in order to mai.ntain a relatively high 

distribution coefficient. Periodic transfers of salt and bismuth through- 

out the system are also performed to maintain the system at equilibrium. 

Since it is impossible to completely exclude oxidants, berylli.um 
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P r i o r  t o  a run ,  the  s a l t  and bismuth phases w e r e  separa ted  by pres-  

s u r i z i n g  T 5  and t r a n s f e r r i n g  s a l t  t o  T3  and bismuth t o  T1. Approximately 

7 m C i  of 9 7 ~ r - 9 7 ~ b  and 50 t o  100 m C i  of 237U 0 were then allowed t o  d i s -  

so lve  i n  t h e  s a l t  phase for about: 2 h r .  I 

which w e r e  a l s o  p r e s e n t ,  were n e g l i g i b l e .  

236u 3 8  
A c t i v i t i e s  of t h e  95Zr and 

S a l t  and bismuth streams w e r e  passed through t h e  con tac to r  v e s s e l  by 

c o n t r o l l e d  p r e s s u r i z a t i o n  of both  T1 and 77.3. The con tac to r  w a s  maintained 

a t  approximately 59OoC f o r  each run. Both phases e x i t  through a common 

overflow l i n e ,  s e p a r a t e ,  and r e t u r n  t o  tanks  T2 and T4 .  Pe r iod ic  sampl.ing 

of bo th  e x i t  streams w a s  accomplished by means of flowing s t ream samplers 

i n s t a l l e d  i n  t h e  e x i t  l i n e s  from t h e  con tac to r .  

Samples taken were f i r s t  counted €or  237U and 9 7 Z r ,  then pu lve r i zed ,  

d i s so lved ,  and counted aga in  f o r  237U (a t  t h i s  p o i n t ,  " 2 ,  had decayed t o  

a very low l e v e l ) .  Countiny twice w a s  done i n  order t o  c o r r e c t  €or t h e  

se l f - abso rp t ion  i n  t h e  s o l i d  s a l t  o r  bismuth samples of t h e  207.95-kev 6- 

from . No similar c o r r e c t i o n  f o r  t h e  se l f -absorp t ion  o f  t h e  97Zr- Nb 

(743.37 k e V  and 658.18 kelr @-, r e s p e c t i v e l y )  a c t i v i t y  could be done because 

of t h e  s h o r t e r  h a l f - l i f e .  A complete w e t  a n a l y s i s  w a s  a l s o  run on each 

sample. Mass t r a n s f e r  rates could then  be c a l c u l a t e d  from t h e  r a t i o s  of 
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t r a c e r  concent ra t ions  as d iscussed  previous ly .  

Run TSMC-1 w a s  mainly a pre l iminary  experiment designed t o  t e s t  t h e  

procedure.  I n  t h i s  run ,  t he  s a l t  and bismuth flows w e r e  approximately 

200 cc/min and t h e  stirrer ra te  w a s  1 2 3  rpm. Unfor tuna te ly ,  t h e  d i s t r i -  

bu t ion  c o e f f i c i e n t  w a s  t oo  low t o  e f f e c t  any s i g n i f i c a n t  m a s s  t r a n s f e r ;  

t hus  mass t r a n s f e r  r a t e s  could riot be accu ra t e ly  determined I 

Run TSMC-2 w a s  performed wi thout  d i f f i c u l t y .  The s a l t  and bismuth 

flow r a t e s  w e r e  228 and 197  cc/min, r e s p e c t i v e l y .  The d i s t r i b u t i o n  coef- 

Eic ien t  f o r  t h i s  run w a s  determined t o  be approximately 1 .5 ,  which w a s  

Lower than  d e s i r e d  b u t  h igh  enough t o  g ive  meaningful r e su lks .  

A bismuth l i n e  f a i l u r e  occurred immediately precedinq run  TSMC-3. 
97 During t h e  r e s u l t i n g  de lay  f o r  r e p a i r s ,  t h e  Zr decayed and only t h e  

237U t racer  could be used.  

s a l t  and bismuth flow ra tes  were 166 and 1 7 3  cc/min, r e s p e c t i v e l y ;  t h e  

st irrer ra te  w a s  162 rpm. 

The remainder of t h e  run went smoothly. The 

A high Du (>  4 0 )  w a s  maintained for t h i s  run .  
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I n  run TSMC-4, flow r a t e s  of 1 7 0  and 1 4 4  cc/min were SP-L f o r  t h e  

s a l t  and bismuth flows; a st irrer ra te  of 205 rpm w a s  maintained. Both 

d i s t r i b u t i o n  c o e f f i c i e n t s  as determined from samples taken before, af t .e r  I 

and duri-ng the  run were g r e a t e r  than  200. [This va lue  i s  suEficient1.y 

l a r g e  t h a t  Eqs. (26-28) are  va1j.d. ] Large d i s t r i b u t i o n  c o e f f i c i e n t s  car-  

no t  be determined p r e c i s e l y  due t o  t h e  i n a b i l i t y  t o  determiile very s m a l l .  

amounts of uranium iri t h e  s a l t  phase.  N o  s i g n i f i c a n t  problems were 

encountered duri.ncj t h i s  run. 

Resu l t s  f o r  t hese  four  runs a r e  shown i n  Table 3 .  A s  noted p rev i -  

ous ly ,  r e s u l t s  from rim TSMC-1 a r e  no t  meaningful. The t h r e e  equat ions  

f o r  determining t h e  mass t r a n s f e r  r a t e s  [Eqs. ( 2 6 )  (27) and (28)] were 

used t o  c a l c u l a t e  values  €or t h e  mass t r a n s  f e r  c o e f f i c i e n t  . 

2 . 5  Contactor Area Required f o r  PISEX Processing Plant 

An e s t ima te  of t h e  a rea  requi red  f o r  a one-stage contac tor  f o r  

removing r a r e  e a r t h s  from t h e  f u e l  s a l t  can be made by us ing  t h e  mass 

t r a n s  f e r  c o e f f i c i e n t s  measured i n  the  salt,--bismu'ih flow-through faci.1.i. t:y. 

The flowsheet assumes a t o t a l  r e a c t o r  fuel. s a l t  volume of 4 7 , 5 0 0  

l i t e r s ,  wi th  a s a l t  flow of 55 cc /sec ;  t h i s  wou1.d yive a 10-day removal 

time f o r  t h e  salt. O f  t-he r a r e  e a r t h s ,  cerium has t h e  s h o r t e s t  removal 

time (16.6 days ) .  Therefore ,  approximately a 60% e f f i c i e n c y  i s  needed 

f o r  t he  proposed s t i r r e d  i n t e r f a c e  con tac to r .  

From Eq. ( I s ) ,  
K A  

S F + K A 1- --- (F /F ) 
1 S n 1 2  

i f  D is made l a r g e  and t h e  following re ference  values  a r e  used: 

F2 = 
780 cc/sec = bismuth flow r a t e ,  

F1 = 
55 cc/sec = s a l t  flow r a t e ,  and 

a rea  = 36.7/Ks. 

Subs-ti-Luting values of m a s s  t r a n s f e r  c o e f f i c i e n t  from Table 3 i n t o  Ey. 

( 2 9 )  g ives  t h e  fol lowing r e su l - t s :  



2
1
 



22 

i f  K 
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i f  I< 
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These 

0.0042 cm/sec = lowest experimental  va lue ,  

9 f t  ; and 

0.054 cm/sec = h ighes t  experimental  va lue ,  

0.7 f t  . 

2 

2 

values  f o r  t h e  a r e a  of t h e  proposed contiactor would s e e m  t o  be  q u i t e  

reasonable .  However, t h e  actual. a r ea  which wou1.d be requi-red for a con- 

t a c t o r  i.n a proce:;sing plant-. would be somewhat l a r g e r  because the d i s t r i -  

bu t ion  c o e f f i c i e n t  i n  t h e  con-Lactor would n o t  be as l a r g e  as  was assumed 

i n  tlne above c a l c u l a t i o n .  

2 6 Conclusions 

A new c o r r e l a t i o n  has been developed to account for t h e  e f f e c t  of 

l a r g e  dens i ty  d i f f e r e n c e s  and v a r i a t i o n s  i n  the  stirrer length/phase 

depth r a t i o .  The c o r r e l a t i o n  given i n  E q .  ( 7 )  accu ra t e ly  p r e d i c t s  t h e  

experimental  r e s u l t s  f o r  t h e  water-mercury system as w e l l  as t h e  r e s u l t s  

f o r  the aqueous-organic systeifis repor ted  i i n  t h e  l i t e r a t u r e .  A €Low- 

through, s t i r r e d - i n L e r f a c e  conkactor w a s  i n s t a l l e d  i n  t h e  mi ld - s t ee l  

reduct ive  e x t r a c t i o n  f a c i l i t y .  Ma.ss t r a n s f e r  r a t e s  f o r  a molten f l u o r i d e  

sal t - -bismuth systein were measured us ing  t h i s  eon tac to r .  These measured 

rates f e l l  between t h e  predict.i.ons made by t3ie L e w i s  and modified co r re -  

l a t i o n s ,  except  when high stirrer rates  w e r e  used; i n  the  l a t t e r  cases ,  

high m a s s  t r a n s f e r  r a t e s  w e r e  obtiained. I f  t h e s e  va lues  of mass t r a n s f e r  

c o e f f i c i c n t  p r e v a i l  , t h e  requi red  mass t r a n s f e r  area i n  an MSBR processing 

p l a n t  would n o t  be unreasonably l a r g e .  
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3 .  DEVELOPMENT OF THE METAL TRANSFER PROCESS: CONTINUATION 
OF' ENGINEERING-SCALE EXPERIMENTS 

H .  C. Savage 

The p r e s e n t  process ing  flowsheet13 uses  t h e  metal  t r a n s f e r  process  

f o r  removing rare e a r t h s  from mol ten-sa l t  breeder  r e a c t o r  f u e l  salt. I n  

t h i s  p rocess ,  f u e l  s a l t  t h a t  is  f r e e  of uranium and pro tac t in ium b u t  con- 

t a i n s  t h e  rare e a r t h s  i s  coun te rcu r ren t ly  contac ted  wi th  bismuth containiriq 

reductan t  t o  e x t r a c t  t h e  rare e a r t h s  i n t o  t h e  bismuth. The bismuth stream, 

which con ta ins  the r a r e  e a r t h s  and thorium, i s  then  coun te rcu r ren t ly  con- 

t a c t e d  with LiC1. Because of favorable  d i s t r i b u t i o n  c o e f f i c i e n t s ,  s i g n i f -  

i can t  f r a c t i o n s  of t h e  rare e a r t h s  t r a n s f e r  t o  the L i C 1  a long wi th  a 

n e g l i g i b l e  amount of thorium. The f i n a l  s t e p s  of  t h e  process c o n s i s t  i n  

e x t r a c t i n g  t h e  rare e a r t h s  from the  L i C l  by c o n t a c t  wi th  bismuth having 

l i t h i u m  concent ra t ions  of 5 and 50 a t .  %. 

Four engineer ing-sca le  experiments (MTE-I,  - 2 ,  -23 ,  -3) have been 

c a r r i e d  o u t  t o  s tudy t h e  s t e p s  i n  the  metal t r a n s f e r  process  and t o  ob ta in  

information such as m a s s  t r a n s f e r  r a t e s  of t h e  rare  e a r t h s  between t h e  

s a l t  and bismuth phases necessary f o r  determining t h e  s i z e  and type of 

equipment needed f o r  t h e  process .  The r e s u l t s  ob ta ined  i n  t h e s e  cxper i -  

ments were r epor t ed  previous ly .  14-17 

(lanthanum and 147Nd) from MSBK fuel c a r r i e r  salt  (72-16-12 mole % LiF- 

BeF -ThF ) and t r a n s f e r  t o  L i - B i  acceptor  a l l o y  were demonstrated i n  

experiments MTE-1, - 2 ,  and -2B.  14TE-3 w a s  a l a r g e r - s c a l e  experiment,  

which inc:luded f e a t u r e s  such as mechanical a g i t a t i o n  of t h e  s a l t  and 

metal phases t o  improve m a s s  t r a n s f e r  r a t e s  of t h e  rare e a r t h s  ac ross  t h e  

t h r e e  salt-metal  i n t e r f a c e s .  T'his experiment was designed t o  measure the  

m a s s  t r a n s f e r  ra tes  ac ross  t h e  t h r e e  i n t e r f a c e s  as a func t lon  of a g i t a t o r  

speed for comparison with c a l c u l a t e d  va lues  using a mass t r a n s f e r  cor re-  

l a t i o n  developed by J. B. L e w i s .  

The s e l e c t i v e  removal of ra re  e a r t h s  

2 4 

18 

Experiment MTE-3 (shown schemat ica l ly  in F i g .  6 )  cons is ted  of three 

in te rconnec ted  v e s s e l s :  a 14-in.-diam f u e l  s a l t  r e s e r v o i r ,  a 10-in.-  

d i a m  s a l t -me ta l  con tac to r ,  and a 6- in . -d im ra re -ea r th  s t r i p p e r .  The s a l t -  

meta l  con tac to r  was div ided  i n t o  two compartments t h a t  were in te rconnec ted  
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through an opening i n  t h e  bottom of t h e  d i v i d e r  by  a pool  of bismuth con- 

t a i n i n g  thorium and l i t h ium.  The s t r i p p e r  contained an L i - R i  so Lution. 

A mechanical. a g i t a t o r  w a s  used i n  each compartment of the contac t o r  and 

i n  %he L i - B i  s t r i p p e r  to  promote mass t r a n s f e r  cicross t h e  rAree s a l t -  

metal i n t e r f a c e s .  All vt:!ssels were f a b r i c a t e d  of  carbon s t e e l  arid had 

nn o x i d a t i o n - r e s i s t a n t  coa t ing  of n i c k e l  a Lurninide on the ou t s ide  sur -  

f aces .  

T h e  purpose of experiment MTE-3 w a s  t o  eva lua te  t h e  contac:tor and 

s t r i p p e r  descr ibed  above f o r  use i n  removing rare e a r t h s  from ino1t.en- 

s a l t  react:or f u e l .  F luor ide  and L i C l  flow ra tes  w e r e  about  1% of t-tlose 

requi red  f o r  removing r a r e  e a r t h s  from a 1000-mr(e) MSRR. The opera t ing  

temperature w a s  about 6 S O ' C ;  t h e  phases were 72-16-12 mole 2; LiF-BeF -ThF 

f u e l  car r ie r  s a l t ,  0.13 a t .  2; T h - B i  s o l u t i o n  conta in ing  about .LOO w t  ppm 

of l i t h ium as r educ tan t ,  and a 5 a t .  % L i - R i  s o l u t i o n  i n  t h e  str.i .pper. 

I n  t h i s  ~ U X ~ S S ,  the  rare e a r t h s  a r e  e x t r a c t e d  from t h e  c a r r i e r  salt . into 

the '7%-Bi solut . ion.  Tlne rare e a r t h s  a r c :  ex t r ac t ed  from the Th-Bi i n t o  

molten L i C 1  and are subsequent ly  str . ipped from t h e  L i C l  i n t o  B i - L i  alloy. 

2 4  

M a s : ?  t r a n s f e r  c o e f f i c i e n t s  f o u  radium, eiiropium, lanthanum, and neo- 

dymium were measured dur ing  1 3  runs f o r  comparison w i - t ' n  values pred ic t ed  

by l i t e r a t u r e  c o r r e l a t i o n .  l8 

Many of  t h e  mass t r a n s f e r  coef f.i .cients w e r e  fouiid to be substa~ii-_ia.l . ly 

lower (4  t o  15%) than  p red ic t ed .  l9 

cluded f u r t h e r  i n v e s t i g a t i o n  of t h e  mass t r a n s f e r  :~-;ites arid pos tope ra t ive  

examination of t h e  MTE-3 equipment t o  determine t;he reason f o r  t h e  lower- 

than-expected t r a n s f e r  r a t e s .  The s y s t e m  w a s  shut down and placed i n  

standby cixidi t ion,  wi t l r i  a l l  s a l t  and metal phases frozen, i n  February 

1973. 

Agi.tator speeds of 100 t o  400 rpm were used 

'I 'ennination of ti-le MSX Eroyriim pre-  

We p l a n  t o  cont inue s t u d i e s  of the 111ass t r a n s f e r  r a t e s  of rrire e a r t h s  

between fuel c a r r i e r  s a l t  I bismuth, and L.i.C.1 i n  a n e w  exper j.ment. tlesig- 

nated as XTE-3B. N e w  vest'-' .. .,t.ls, s a l t s ,  and b i s m u t i - 1  will be lised. 
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3 .1  Examination of MTE-3 Equipment and Materials 

Metal. t r a n s f e r  experiment MTE-3 w a s  maintained a t  approximately 

650OC f o r  about  1 year  (%8700 h r ) .  During the  f i n a l  run ( E U - 9 ) ,  i n  which 

an a g i t a t o r  speed of  400 rpm was employed, f l u o r i d e  s a l t  was en t r a ined  
I/ i n t o  t h e  L i C l  i n  t h e  con tac to r  (2.1.0 w t  % f l u o r i d e  i n t o  t h e  L i C l ) .  This 

r e s u l t e d  i n  t h e  t r a n s f e r  of thorium i n t o  t h e  L i C 1 ,  from which it was sub- 

sequent ly  e x t r a c t e d  i n t o  t h e  L i - B i  s o l u t i o n  i n  t h e  s t r i p p e r .  

EU-9 t h e  experiment w a s  shut  dowil, cooled t o  room temperature ,  and p laced  

i n  standby. 

nated.  ) 

After  run  

(This w a s  i n  February 1973 when t h e  MSR Program w a s  termi-  

Removal of t h e  th ree  a g i t a t o r  assemblies f o r  examination o E the 

molybdenum s h a f t s  and a g i t a t o r  b lades  and, i f  f e a s i b l e ,  r euse  i n  experi--  

ment MTE-3R requi red  t h a t  t h e  s a l t  and m e t a l  phases i n  the con tac to r  and 

s t r i p p e r  v e s s e l s  be melted.  Af te r  a l l  hea te r  c i r cu i - t s  and r e c a l i b r a t i o n  

of ins t rumenta t ion  had been checked, t h e  contac tor  and s t r i p p e r  v e s s e l s  

were heated t o  approximately 650°C and t h e  a g i t a t o r  assemblies were 

removed without  d i f f i c u l t y .  The a g i t a t o r  p o r t s  w e r e  immediately sea led  

with blank f lange  cover pl .a tes  and t h e  v e s s e l s  cooled t o  ambient tempera- 

ture. During t h e  removal of t h e  a q i t a t o r s ,  an argon atmosphere w a s  main- 

t a i n e d  i n  t i l e  v e s s e l s .  

A cursory  visual.  examination ind ica t ed  t h a t  t h e  molybdenum s h a f t  and 

blades were i n  good condi t ion .  N o  a r e a s  of  heavy cor ros ion  a t - tacks  w e r e  

noted.  However, some a r e a s  of t h e  s h a f t  and b lades  con ta in  depos i t s  of 

s a l t  and metal which must be removed For a more-detailed and meaningful 

examination. Therefore ,  whether o r  no t  t h e  molybdenum a y i t a t o r  can o r  

should be used i n  experiment MTE-38 has no t  been determined. (Note: 

The s h a f t  on t h e  a g i t a t o r  from the  L i C l  s i d e  of t h e  con tac to r  w a s  a c c i -  

den t ly  broken, a f t e r  removal, i n  an a t tempt  t o  remove the  p i n  holding t h e  

molybdenum s h a f t  t o  t h e  a g i t a t o r  d r i v e  u n i t , )  Figure 7 i s  a photograph 

of t h e  molybdenum a g i t a t o r  s h a f t s  as removed. N o t e  t h a k  the  a g i t a t o r  from 

the  L i C l  s i d e  of  t h e  con tac to r  s h a f t  i.s hollow a t  the break p o i n t .  This 

i s  no t  i n  accord with t h e  engineer ing drawing f o r  t h e  s h a f t  (M12172 CD 

027 E Rev. 5 ) ,  which i n d i c a t e s  a s o l i d  cons t ruc t ion  a t  t he  broken areas.  
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Fig. 7 .  Photograpn of agi ta tor  shafts removed from VTE-3. 
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W e  removed t h e  tihermal i n s u l a t i o n  from MTE-3 and some of  the s t a i n l e s s  

s t e e l  shim s tock  surrounding t h e  e l e c t r i c  h e a t e r s .  The o u t s i d e  su r faces  

of t h e  carbon s t e e l  ves se l s  (ASTW-AlO6 Grade 13 with a nominal compositi.on 

of Fe; C ,  0.30% max; M n ,  0.29-1.06%; P I  0.048% max; S I  0 .058% max; Si., 

0 .10% min) were found t o  be bad1.y oxidized due t o  f a i l u r e  of t h e  oxidati.on- 

r e s i s t a n t  coa t ing .  These v e s s e l s  had been maintained a t  \ 65O0C f o r  approx- 

imately 1 year  ("~8700 h r ) .  The depth of ox ida t ion  was est imated t o  be 

1/16 i n .  o r  less and thus  d i d  not  s i -qn i f i can t ly  a f f e c t  t h e  mechanical 

i n t e g r i t y  of t h e  v e s s e l s  ( i n i t i a l  wal l  th ickness  = 3/8 i n . )  a t  the  oper- 

a t i n g  condi t ions  of MTE-3. The o x i d a t i o n - r e s i s t a n t  p r o t e c t i v e  coa t ing  

cons i s t ed  of  0.015- t o  0.020-in.-t:hick n i c k e l  a lumhide*  appl ied  by flame 

spraying with w i r e  flame spray equipment. We contacted a r ep resen ta t ive  

of ITETCO, who recommended that-  a much b e t t e r  coa t ing  would be obta ined  by 

us ing  a nickel-chromium a l l o y  wi th  aluminum composite i ~ n  powder form 

(ME'i'CO N o .  P443-10) appl ied  wi th  plasma spray equipment. Tes t  s e c t i o n s  

of carbon s t ee l .  p ipe  with the  two coa t ings  descr ibed above have Seen pre- 

pared f o r  comparat.ive eva lua t ion .  

We obta ined  samples of t-he sal-ts ( f u e l  c a r r i e r  s a l t  and L i C 1 )  ant3 

bismuth from the  YTE-3 vesse1.s by removing a 2-i.n.-dLam plug ac ross  each 

salt-metal  i n t e r f a c e .  A l aye r  of ina te r ia l  o E d i f f e r e n t  s t r u c t u r e  ("-1/3 

i n .  t h i c k )  appeared t o  e x i s t  between t h e  LiC1- -TJ i -B i  phases i n  t h e  

s t r i p p e r ,  whereas no comparable F i l m  was seen at: tihe int icrfaces  between 

t h e  TAiC1--Bi-Th and t h e  fuel. c a r r i e r  salt--31-Th phases in t h e  con tac to r .  

Corrosion of t h e  i n s i d e  su r faces  of t h e  2-in.  -dj.am v e s s e l  .wall s e c t i o n s  

appeared minimal on vi-sua1 examination of t h e  2-in.  -diam pl.uys. 

A small (Ql/8- by %1/4-i .n . )  sample cf bismuth w a s  taken a t  each of 

t h e  t h r e e  me ta l - - sa l t  i n t e r f a c e s  f o r  metal lographic  examination. Each 

s e c t i o n  included t h e  bismuth su r face  i n  contact. wi th t h e  s a l t  phase. 

Photomicrographs of t hese  samples a r e  shown i n  P i g s .  8-10. A s  seen ,  

t h e r e  j.s some fore ign  ma tc r i a l  a t  each su r face  of the  bismiith which was 

i i ?  con tac t  with t h e  sa7.i: phase ( f l u i d  c a r r i e r  s a l t  and L i C l ) .  Whether 

t h i s  ma te r i a l  w a s  p re sen t  dur ing  ope ra t ion  of metal  t r a n s f e r  experiment 
____ ._ 
$; 

MEL'CO NO. M405-I 0 (ME'TCO , I Y I C .  , Westbury L. 1. , N. Y. ) - 
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B ISMUTH 
. .  

Fi-g. 8 .  Photomicrograph of B i - T h  phase F r o m  t h e  con tac to r  at t h e  
flUOri.de c a r r i e r  salt i n t e r f a c e  i n  experiment MTE-3 - 
L S O X .  

As pc3lished. 

c 
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O R N L  DWG. 74-10114 

.. . 

.. . I BISMUTH 

F i g .  9. Photomicrograph of R i - T h  phase from the contactor at the 
LiCl interface in experiment IITE-3. As polished. 150X. 
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MTE-3 o r  segregated a t  the  su r face  when t h e  phases were cooled without  

a g i t a t i o n  i s  unknown. 

Scanning e l ec t ron  microprobe ana lyses  were performed to i d n n t i f y  t h e  

material seen a t  t h e  i n t e r f a c i a l  su r f aces  of t h e  bismuth. Resul t s  a r e  

shown i n  F igs .  11-13. The bismuth i n  con tac t  with t h e  f l u o r i d e  c a r r i e r  

s a l t  contained a su r face  l a y e r  which was enriched w i t h  thorium and i r o n .  

Thorium and i r o n  , along with s o m e  mangariese arid lanthanum (lanthanum was 

one of t h e  r a r e  e a r t h s  used to measure inass t r a n s f e r  r a t e s  in MTE-3) , were 

i d e n t i f i e d  a t  t h e  su r face  of t h e  bismuth i n  con tac t  wi?h t h e  L i C l  i n  t h e  

con tac to r .  I ron  arid thorium were a l s o  identxified a t  t h e  su r face  of the 

bisnuth  i n  con tac t  with the  LiCl i n  t h e  s t r i p p e r .  The Ri-ll'h and t h e  L i -  

Bi phases ,  as w e l l  as t h e  s a l t  phases ,  contained s i g n i f i c a n t  amounts of  

i r o n  ( see  Table 4 ) ,  undoubtedly as a r e s u l t  of cor ros ion  015 t h e  carbon 

s t e e l  v e s s e l s .  A pe t rographic  examination w a s  made of a sample of t h e  

f l u o r i d e  s a l t  from the con tac to r  a t  a p o i n t  near  t h e  Bi-Th phase and -the 

tank wal l .  This examination ind ica t ed  t h a t  t h e  sample cons i s t ed  p r i n c i -  

p a l l y  of c r y s t a l s  of  3LiF-T;iF According t o  t h e  phase diagram of the 

'72-16-12 mole % LiF-BeF -ThF 3IAF-ThF would be expected t o  c r y s t a l l i z e  

from s o l u t i o n  on cool ing--especial ly  a.t: or near  t h e  t a n k  w a l l .  No oxides 

were fourid i n  t:he sample. 

4 '  

2 4' 4 

A s e c t i o n  of t h e  L i - B i - - L i C l  a c ros s  the  i n t e r f a c j - a l  a r e a  from I:he 

s t r i p p e r  (which included t h e  l a y e r  of material o f  d i f f e r e n t  s t r u c t u r e  

betmeen t h e  L i - B i  and t h e  L i C l )  is being examined by scanning e l e c t r o n  

microscopy. N o  r e s u l t s  have been obtained as y e t .  

3.2 Stzatus of Experiment MTE-3B 

We p lan  to cont inue measuring the m a s s  t ransf :? r  r a t e s  of rare  e a r t h s  

between salt and bismuth i n  a r iew experiment,  which i s  des igna ted  as 

M'TE-3B. The v e s s e l s ,  s a l t s ,  and bismuth t h a t  were used f o r  MTE-3 will 

be discarded.  N e w  carbon s t ee l  v e s s e l s  a r c  being f a b r i c a t e d ,  with mid- 

June being t h e  esti-mated completion da te .  Af t e r  t he  v e s s e l s  have been 

rece ived ,  assembly o€ t h e  equipmen-t w i l l .  begin.  Based on t h e  resul t is  o f  

MTE-3, i n i t i a l  experiments w i l l  be made at: a g i t a t o r  speeds up t o  300 rpm. 
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Y-124404 

Backscattered Electrons B i  LQ X-Rays 

5 
8 

i 
ThMa X-Rays FeKa X-Rays 

Fig. 11. Electron beam :;c,mni.ng images of e Iernexi ts  in t h e  Bi-Tl i  
phase f r o m  the contactor at the  f l u o r i d e  s a l t  interface in exper-imc~rit 
m ~ 2 - 3  



3
4

 

* K
 

2 * U
 
0
 

w
 

13 

al 

U
 

Y
 

U
 

19 

.... L
 

4
-
 

+.. :: m
 

ej 
Y

 

i 



35 

Buckscattered Electrons B i  La X-Rays 

ThMa X-Rays Fe Ku X-Rays 

Fig. 13. Electron beam scaririing images of elements in the Z,i -Bj- 
phC~se from t h e  stripper a t  the 1 , iCI  salt in te r face  in experiment P I T E - - ~ .  
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Table 4 .  Lron conten t  of samples of metal  and 5a l t  phases 
from metal transfer experiment MTE-3 

Fluoride salt from con tac to r  3 2 0 ,  88a 

Ai-Th , f l u o r i d e - s a l t  s i d e  of coizt1actor 1100 

Bi-:rh , LiCl s i d e  of contactlor 2500 

L i C l  from con tac to r  3500 

L i C l  from s t r i p p e r  650 

L i - B i  from s t r i p p e r  1400  

.I_ 

a Resul ts  f o r  two d i f f e r e n t  samples. All other r e s u l t s  are fo r  oilc sample. 

E a r l i e r  d a t a  showed t h a t  improved t r a n s f e r  r a t e s  were observed with 

increas ing  speed; however, a t  400 rpm, f l u o r i d e  salt w a s  en t ra ined  i n t o  

the L i c l  s a 1 t . l 7  A s  i n  exper i -  

ment NTE-3, t r a n s f e r  r a t e s  can r e a d i l y  be followed by count ing t h e  0 .53 -  
1 4 7  

MeV gamma emit ted by 147Nd. N d  

(11 days)  w i l l  a l l o w  experiments t o  be repeated a f t e r  a reasonable  wai t ing  

pe r iod .  

We p lan  t o  use 14'7Nd as the  r a r e  e a r t h .  

A l s o ,  t h e  r e l a t i v e l y  s h o r t  h a l f - l i f e  of 
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4 CONTINUOUS FLTJOKTNATOR DEVELOPMENT 

R .  M .  Counce J .  K. Hightower, Jr. 

4 - 1  Autores i s tance  ilea-ting Tests 

A nonradioac t ive  experiment to  demonstrate t h a t  a l a y e r  of f rozen s a l t  

w i  L1 provide p r o t e c t i o n  a g a i n s t  cor ros ion  i n  A continuous f l u o r i n a t o r  

r equ i r e s  a h e a t  source i n  t h e  m o l t m i  sa l - t  which i s  immune t o  a t t a c k  by 

t h e  gaseous fluorine. We have previous ly  shown t h a t  a u t o r e s i s t a n c e  

hea t ing  of the sa l t  i s  f e a s i b l e ,  and have designed and b u i l t  a f l u o r i n a t o r  

mock-up t o  test; a desiyn f o r  an e l e c t r o d e  sidearm to keep t h e  e l ec t rode  

o u t  o f  tile f l u o r i n e  stream. 

2 0 

2 1. 

Five experiments (Am-1 tiirough -5)  were run  i n  t h e  f l u o r i n a t o r  mock- 

up before  t h e  MSR. Program was i n t e r r u p t e d  (between January 1973 and 

January 1 9 7 4 )  . This equipment remained i d l e ,  but ir i t :act . ,  dur ing  t h i s  

pe r iod .  T h e  equipment has now been re turned  t o  operat.i.ng cond i t ion ,  and 

t e s t i n g  o f  a u t o r e s i s t a n c e  hea t ing  i n  .i.t has been resumed. 

Experiments AWY3-6.4, -613, - 7 ,  -8,  arid -9  were carri-ei'l ou t ,  ( lur ing t h i s  

r e p o r t  per:Lod. In  runs RI-IT3-6A, -6I3, -8, and -9 ,  t h e  a u t o r e s i s t a n c e  

hea t ing  w a s  begun when t h e  w a l l  temperature of  t h e  test sect:ion was cooled 

t o  350"C, t he  lowest temperature  a t  which l i q u i d  can e x i s t  .i.n t:tic? L ~ F -  

BeF -ThF system. N o  i n t e r n a l  hea t ing  was at tempted .in run AHT3-7.  
2 4 

The c i r c u i t  r e s i s t a n c e  during cooldown i.n runs  AWT3-6A and -6B 

remained a t  about 0.01 t o  0.03 SI u n t i l  t h e  wall temperature dropped t o  

approximately fsOO°C, where t h e  fuel s a l t  begins t o  f r eeze .  A s  the  w a l l  

temperature  decreased from 500'C t o  3 5 0 " C ,  t h e  r e s i s t a n c e  increased;  a t  

about 3 5 0 ° C ,  it  increased  d rama t i ca l ly .  Presumably, t h i s  occurred because 

t h e  s a l t  f i lm  becomes completely nonconducting only when the  temperature 

is s u f f i - c i e n t l y  low t o  prec lude  t h e  exi!;tence of l i q u i d .  .In t h e  LiF-BeF - 

ThF4 system, no l i q u i d  can e x i s t  below 3 5 0 ° C .  
2 

When t h e  w a l l  temperature reached 3 5 0 ° C ,  a u t o r e s i s t a n c e  heatiny w a s  

s t a r t e d .  W e  had platiried t o  inc rease  the c u r r e n t  throuqh t h e  salt u n t i l  

t h e  wall temperatures  ind ica t ed  s teady  s ta te  I However, s teady  s t a t e  w a s  
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n o t  a t t a i n e d .  In s t ead ,  t he  r e s i s t a n c e  through the  conducting pa th  

decreased suddenly from 0 .5  SZ i n  run 6 A  and 0 . 4  R i n  run 6B t o  ze ro ,  

i n d i c a t i n g  a loss  of f i lm  i n t e g r i t y  a.nd subsequent sho r t ing  of the  hea t ing  

c u r r e n t .  

Inc reases  i n  t h e  w a l l  temperatures a t  t h e  time of sho r t inq  ind ica t ed  

t h a t  t h e  s h o r t i n g  occurred near  t h e  bend i n  t h e  e l ec t rode  si.dearm n e a r e s t  

to t h e  e l ec t rode .  This w a s  thought t o  be due t o  l o c a l i z e d  high c u r r e n t  

d e n s i t i e s .  The sidearm and o the r  cri . tFca1 a r e a s  of t h e  t e s t  v e s s e l  have 

been modeled t o  determine i f  l o c a l i z e d  high c u r r e n t  d e n s i t i e s  might ex i s t . .  

The modeling procedure and results a r e  d iscussed  i n  t h e  next  sec- t ion.  

In  run AHT3-7, t h e  wall temperature of t h e  t es t  v e s s e l  w a s  lowered t o  

425OC and t h e  remaining l i q u i d  s a l t  was t r a n s f e r r e d  to t h e  feed tank.  

I n t e r n a l  hea t  genera t ion  was not  a t tempted.  The frozen s a l t  w a l l  w a s  

inspec ted  a f t e r  t h e  equipment had heen cooled t o  room temperature.  The 

s a l t  w a s  almost completely frozen ac ross  t h e  v e s s e l  just above t h e  lower 

sidearm i n l e t ,  al though a much th inne r  s a l t  l a y e r  (%3/4 i n . )  w a s  p re sen t  

j u s t  below t h e  i n l e t  and higher  i n  t h e  t e s t  s e c t i o n .  This f r eez ing  was 

caused by con tac t  of t h e  unheated argon wi th  t h e  l i q u i d  s a l t .  Heaters 

have been added on t h e  arcjon l i n e s  t o  the test v e s s e l  t o  h e l p  a l l e v i a t e  

t h i s  problem. 

Af te r  t h e  e f f e c t s  of t h e  cold argon had been reduced, t h e  maximum 

r e s i s t a n c e  during au to res i s t ance  hea t ing  increased  d rama t i ca l ly  i n  AHT3-6A 

and -6B to 0 . 5  and 0 .4  R ,  r e s p e c t i v e l y .  I n  run AHT3-8, which w a s  made 

a f t e r  h e a t e r s  had been added on t h e  argon l i n e s ,  t h e  maximum r e s i s t a n c e  

w a s  2 . 4  R during a u t o r e s i s t a n c e  hea t iny .  During t h e  per iod  of  a u t o r e s i s -  

tance hea t ing  ( 2 5  m i n ) ,  t h e  c u r r e n t  w a s  increased  from 5 A t o  24 A. The 

s a l t  temperatures  continued t o  decrease  dur ing  t h i s  t i m e  bu t  appeared t o  

be approaching a cons tan t  va lue  (above room tempera ture) .  Af te r  25 min 

of au to res i s t ance  hea t ing ,  the  r e s i s t a n c e  suddenly decreased while t h e  

temperature rose  r ap id ly  i n  t h e  hend oE the  e l e c t r c d e  sidearm near  t h e  

e l e c t r o d e ,  i n d i c a t i n g  t h a t  t h i s  was t h e  a r e a  i n  which t h e  s a l t  film had 

melted 

Experiment AHT3-9 was performed us ing  t h e  s a m e  procedure as before  , 
except  t h a t  t h e  c u r r e n t  w a s  l imi t ed  t o  a maxinium of 1 7  A.  The e l ec t rode  
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i n  t h e s e  tests cons i s t ed  of a l / 2 - in .  Inconel  tube  extending t o  t h e  i n t e r -  

s e c t i o n  of t h e  c e n t e r l i n e s  of t h e  v e r t i c a l  s e c t i o n  and t h e  s lop ing  s e c t i o n  

of t h e  e l e c t r o d e  sidearm (see r e f .  21). In  t h e  f i r s t  n ine  runs ,  t h e  s a l t  

depth i n  t h e  e l e c t r o d e  sidearm above t h e  end of t h e  tube  w a s  measured by 

bubbl ing argon through t h e  tube.  Before run AHT3-9  w a s  s t a r t e d ,  t h i s  

measurement had ind ica t ed  t h a t  t h e  s a l t  l e v e l  i n  t h e  sidearm w a s  lower 

than t h a t  measured i n  t h e  main compartment (gas - sa l t  con tac t ing  zone) o f  

t h e  t e s t  v e s s e l .  Also, abnormally high r e s i s t a n c e s  were observed dur ing  

t h i s  run. The h ighes t  r e s i s t a n c e  dur ing  a u t o r e s i s t a n c e  hea t ing  i n  AIIT3-I) 

w a s  4 .3  2 .  A t  t h e  end of t h e  experiment,  t h e  s a l t  w a s  t r a n s f e r r e d  t o  t h e  

feed  tank from t h e  tes t  vessel .  The c a p t i v e  volume of s a l t  i n  the e lec -  

t rode  sidearm could no t  be  removed. 

t o  cool ,  t h e  e l e c t r o d e  w a s  removed and examined. The lower 6 i n .  of t he  

1/2-in.  Inconel  t ube  of which t h e  e l e c t r o d e  was made was missinq.  Thus 

Ear, w e  have no explana t ion  f o r  t h i s  phenomenon. 

Af t e r  t h e  equipment had beer? allowed 

4 . 2  D i s t r i b u t i o n  of Current  Dens i t i e s  i n  t h e  
Autores i s tance  Heating Equipment 

W e  have cons t ruc ted  an e l e c t r i c a l  analog of t h e  e l e c t r o d e  sidearm i n  

o r d e r  t o  determine if t h e r e  are reg ions  of l o c a l i z e d  high c u r r e n t  dens i ty  

which might be causing t h e  frozen s a l t  f i l m  near  t h e  e l ec t rode  t o  melt. 

The analog w a s  made from e l e c t r i c a l l y  conducting photographic paper* c u t  

i n  t h e  shape of  t h e  sidearm and t h e  contained e l e c t r o d e .  With t h e  use of 

t h i s  s p e c i a l  paper ,  a two-dimensional model may be cons t ruc ted  f o r  t he  

s tudy of s t eady- s t a t e  c u r r e n t  flow i n  simple o r  complex geometry. 22 

The geometric model used i s o p o t e n t i a l  nonconducting w a l l  cond i t ions ,  
* *  

which were represented  i n  t h e  model by  lines of conduct ive p a i n t .  BY 

g iv ing  t h e  opposing w a l l s  s e p a r a t e  and d i s t i n c t  p o t e n t i a l s ,  w e  w e r e  a b l e  

t o  produce an e l e c t r i c  f i e l d  which could be mapped us ing  a high-impedance 

voltmeter wi th  an e l e c t r i c  probe. 

*Grade 506-L,  d i s t r i b u t e d  by Knowlton Bros. ,  Watertown, N .  Y, The resis- 
t ance  of t h i s  paper  w a s  s u f f i c i e n t l y  high f o r  use i n  t h i s  s tudy.  

S i l v e r  p a i n t  ob ta ined  from Dupont Electrochemicals ,  Wilmiiigton, E e l .  
** 
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The i sopotent l ia l  lines generated between t h e  walls i n  t h i s  manner 

represented  c u r r e n t  flow l i n e s .  By s h i f t i n g  t h e  e lec txodes  90° t o  t h e  

ends of t h e  model, t h e  i s o p o t e n t i a l s  would represer i t  t h e  p o t e n t i a l  gra-  

d i e n t  i n  t h e  system. 

The Bivar p o t e n t i a l  source and probe used €or measuring t h e  e l e c t r i c  

f i e l d  were made by Elect.ronic Assoc ia tes ,  Inc.  , o f  Long Beach, N e w  J e r sey .  

A n  accompanying V a r i p l o t t e r ,  a l s o  made by E lec t ron ic  Assoc ia tes ,  I n c . ,  

provided t h e  connections t o  t h e  vol tage  source and an  i n s u l a t e d  su r face  

to  hold t h e  model. A high-impedance vol tmeter  w a s  requi red  t o  measure 

t h e  f i e l d  p o t e n t i a l s .  

The l i n e s  i n  F igs .  14-1.6 r ep resen t  cu r ren t  strzarn l i n e s .  The di-s tance 

between two stream lines i n  F ig .  1 4  r e p r e s e n t s  t h e  passage of 1 2 . 5 %  of 

t he  t o t a l  c u r r e n t .  In  E'igs. 15 and 1.6, t he  d i s t a n c e  between s t r e a m  lines 

r ep resen t s  10% of t h e  t o t a l  cu r ren t .  

F igures  1 4  and 15 show t h a t  t h e r e  a r e  no reg ions  o f  abnormally high 

cu r ren t  d e n s i t i e s  i n  t h e  v i c i n i t y  of t he  two bends i n  t h e  e l e c t r o d e  s ide -  

a r m .  The p resen t  sidearm design seems adequate wi th  regard t o  1-ocalized 

h e a t  generat.i.on r a t e s .  

Figure 1 6  shows an a l t e r n a t e  e l ec t rode  design which would f u r t h e r  

reduce l o c a l i z e d  hea t ing  a t  t h e  sidearm bend near -the e lec ixode .  This 

design has  t h e  a d d i t i o n a l  advantage t h a t  it could also lie used as t h e  

device  f o r  in t roducing  t h e  feed t o  t h e  f l u o r i n a t o r  without f e a r  of  

impinging a j e t  o f  hot  s a l t  a g a i n s t  t h e  frozen wal.7. snd des t roying  the 

i n s u l a t i n g  f i lm  near t h e  e l e c t r o d e .  



41 

OHNL D W G  74-7326 

F i g .  1 4 .  Calculated c u r r e n t  d i s t r i b u t i o n  in t h e  e l e c t r o d e  sidearm 
of a u t o r e s i s t a n c e  hea t ing  test AHT-3. 
c u r r e n t  f lowing between two stream :Lines i s  equal t o  t h e  d i f f e r e n c e  
between t h e  numbers on t h e  stream l i n e s .  

The percentage of the to.ka1 
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ORNI. DWG 74-6372 

3 

Fig. 15. Calculated current distribution at the junction of the 
electrode sidearm and the fluorination section in autoresistance 
heating test AHT-3. The percentage of total current flowi.ng between 
two stream lines is equal to the difference between the numbers on 
t h e  s t r e a m  lines. 
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ORNL DWG 74-7328 

100 

Fig .  16. Calculated c u r r e n t  d i s t r i b u t i o n  i n  t h e  e l e c t r o d e  sidearm 
us ing  a new e l e c t r o d e  design. 
flowing between t w o  stream l i n e s  i s  equal t o  t h e  d i f f e r e n c e  between the 
numbers on t h e  stream l i n e s .  

The percentage  of t h e  t o t a l  c u r r e n t  

3 
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