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S UPlFfAR T E S 

Twelve additional a u t o r e s i s t a n c e  h e a t i n g  r u n s  were made wi.th the !,.t3:r--?, 

equipment a A i - r - w a t e r  c o o l i n g  c o i l s  were ins td1 . ed  o n  t he  t es t  sectioris 

of: the  est vessel t o  el.i-minate i r h e  need t o  reinoire i n s ~ i l . a t i o n  d u r i n g  each 

run" Sevezl r u n s  were made usi .ng b o t h  v e r t i c a l .  and s ide-am el.ectror!a 

t e s i  s e c t i o n s ,  b u t  .t; ~eady tciiiperature and  r w i s r a n c e  coildi  fiiuns were 11ut 

maiutained f o r  any appreciab1.e time. Fivc runs u s i n g  an t . lectrode at tile 

t o p  o f  t he  v e r t i c a l  test section a i d  with tilie. side-am t:c:st: s e c t i o n  i n  n 

frozen p o s i t i o n  wei-t? more successful; tempera Lure contrc;  I WRS better ~ and 

i t  w a s  found t h a t  s t e a d y  c o i d i c i o n s  c o ~ i l d  be m a i n t a i n ~ d  at a much 1owe.r 

s a l t  r:esLstan.ce than p r e v i o u s l y  believed poss:ibl.e. Apparently, the  r(?sis-- 

t i . v i t y  of the salt b e i n g  used  was Lower t h a n  l i t e r a t u r e  values indicarerl 

by a f a c t o r  of 5 ti, 1.0, p robab ly  11ec:ause of  irnpuri . t : i .es.  

W e  have completed t h e  i n s t a l l a t i o n  of all equipii ient .for t he  me ta l  

t r a n s f e r  exper iment  MTE-3B i n  which w e  will coiitini.itt! t o  s t u d y  the steps 

i n  t h e  metal  t r a n s f e r  process  f o r  removing rare-earth f i s s i o n  pl-(xjuct.s 

f rom b r e e d e r  r e a c t o r  f u e l  salt a Necessary preoperat . ional.  ckleckout of  t h e  

system is under way be fo re  t h e  sal.ts arid b ismuth  w.i.11. be  charged .  

Dur ing  t h i s  r e p o r t  pe r iod  a d d i t i o n a l  samp1.cils of t h e  sa1 t and bi.sltiut-h 

phases (at the  t h r e e  i n t e r f a c e s )  from previous1.y 0perate.d exper-iment mE-3 

w e r e  arialyzed b y  X-ray d i f f r a c t i o n  to ident:i .fy any i n t e r f a . i : i a l  impurities a 

A h i g h  c o n c e n t r a t i o n  o f  TliO w a s  found i n  the L i C l  a t  the  Bi- I , i  i n t e r f a c e  

i n  the s t r i p p e r  vessel .  No o x i d e s  were d e t e c t e d  a t  the LiCl--Bi.-'Ch and 

f l . u o r i d e  :I;alt--.Ki-Th iiiterf aces i n  t h e  con tac to r .  

2 
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SALT---METAL CONTACTOR DEVELOPMENT: EXPERIMENTS WITH A 
MECHANICALLY AGITATED, N O N D I S P E K S I N G  CONTACTOR 

IN m E  SALT-BISMUTH FLOWTHROUGH FACTLTTY 

The s e v e n t h  t racer  r im,  TSMC-7, h a s  been  comple t rd  i n  the mi ld  s t e e l  

c o n t a c t o r  i n s t a l  l e d  i n  t h e  sal t -b i smuth  f lowthrough f a c i l i t y  i n  B u i l d i n g  

3592. P r i o r  t o  t h e  r u n ,  approx ima te ly  1 . S  g-equiv of b c r y l l i u m  

w a s  added e l e c t r o l y t i c a l l y  t o  Lhe s a l t  phase  t o  e s t a b l i s h  a uranium d i s -  

t r i b u t i o n  c o e f f i c i e n t  of  Q 100.  The y a l t  arid b i smuth  phases  were passed  

th rough  t h e  c o n t a c t o r  t o  e n s u r e  t h a t  chemi c a l  e q u i l i b r i i m  w a s  a c h i e v e d  

between t h e  s a l t  and b ismuth .  

Mass t r a n s f e r  expe r imen t  TSMC-7 w a s  performed a f t e r  1 mg o f  237U308 

and 1.1 mg of MgO were added t o  t h e  s a l t  i n  t h e  s a l t  f e e d  t a n k .  S a l t  and 

b ismuth  f l o w  ra tes  w e r e  15”. and 170 cc/mia,  r e spec t ive l .y ,  w i t h  an  a g i - t a t v r  

speed  of  68  rpm. 

R e s u l t s  from t h e  f lowing  stream samples  t a k e n  d u r i n g  t h e  r u n  i -nd ica t e  

t h a t  t h e  s a l t - p h a s e  m a s s  t r a n s f e r  c o e f f i c i e n t  was 0.0057 - + 0.0012 cm/sec. 

T h i s  co r re sponds  t o  65% of t h e  v a l u e  p r e d i c t e d  by t h e  TAewis corre1at : ion.  

SALT-METAL CONTACTOR DEVELOPMENT: EXPERIMENTS WITH A 
MECHANLCALLY AGITATED, NONDTSPERSLNG CONTACTOR 

U S I N G  WL4TER AND MEKCURY 

Data from a se r ies  o f  f i v e  expe r imen t s  performed in t h e  water-mercury 

c o n t a c t o r  have  been  r e a n a l y z e d  i n  an  atternpi- t o  d c t e r m i n e  i f  the a p p a r e n t  

change i n  mass t r a n s f e r  c o e f f i c i e n t  d u r i n g  t h e  e x e c u t i o n  of a r u n  was due  

t o  t h e  c o n t r o l l i n g  r e s i s t a n c e  t o  mass t r a n s f e r  changing  from one phase  t o  

t h e  o t h e r .  

A model was developed  which assumed t h e  r e a c t i o n  under  c o n s i d e r a t i o n ,  

2+ 
Pb2+ [ H Z O ]  + Zn[Hg] + Zn [H,O] + ?b[Hg] , 

t o  b e  i n s t a n t a n e o u s ,  i r r e v e r s i b l e ,  and o c c u r r i n g  e n t i r e l y  a i  the water- 

mercury i n t e r f a c e .  The p o s s i b i l i t y  t h a t  l..he c o n t r o l  of m a s s  t r a n s f e r  

swi t ched  from one phase  t o  t h e  o t h e r  d u r i n g  a r u n  a l s o  c o n s i d e r e d  i n  

deve lop ing  t h e  model. 



v i i  

, 

T h e  model d e s c r i b e d  above was a p p l i e d  t o  t h e  d a t a  o b t a i n e d  from f i v e  

e x p e r i m e n t s .  

r h e  e x p e r i m e n t a l  d a t a .  

r e p r e s e n t  the system, and t h a t  f u r t h e r  work i s  necessary i n  t h i s  area.  

S e v e r a l  i n c o n s i s t e n c i e s  were found between the model  and 

W e  conc luded  t h a t  this model docs  n o t  a d e q u a t e l y  

FUEL RECONSTITUTION DEVE;LOPMENT: INSTALLATION OF EQUIPMENT 
FOR A FUEL RECONSTITUTION ENGINEERING EXPER1NE:NT 

Equipment i s  descr ibed  f o r  a b s o r b i n g  UF gas i n t o  a flowing s a l t  

strcain c o n t a i n i n g  UF arid r e d u c i n g  t h e  r e s u l t a n t  UF- t o  UF by hydrogena- 

t i o n .  T n s t a l l a t i o n  of  t h e  equipment i s  under  way. 

b 

4 3 4 
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1. I N T R O D U C T I O N  

A m o l t e n - s a l t  b r e e d e r  r e a c t o r  (MSBR) will be. f u e l e d  with a m.olten 

f l u o r i d e  m i x t u r e  t h a t  will c i r c d a t e  th rough  t h e  blnn1cr:t and c o r e  regions 

of t h e  r e a c t o r  and th rough  t h e  pr imary  tieat exchangers. Ve are. tBevelopi.iig 

p r o c e s s i n g  methods f o r  u s e  in a cl.ose-cou-pied f ac l i - l i t y  f o r  removing f ts- 

s ion  p r o d u c t s ,  c o r r o s i o n  p r o d u c t s ,  arid f i s s i le  iuatrerials f rom t h e  mol t en  

f l u o r t d e  m i x t u r e .  

Sever,iL o p e r a t i o n s  a s s o c i a t e d  w i t h  MSBR proi-cssing are under  s t u d y .  

The r ema in ing  p a r t s  o f  t h i s  repor t .  d i s c u s s :  

expe r imen t s  conducted  i n  ci simul  a & e d  cori t inuous fluorina- 
t o r  f o r  s t u d y i n g  a u t o r e s i s t a n c e  hea t ing  in m o l t e n  salt 
and f o r m a t i o n  o f  f r o z e n  s a l t  f i l m s  on t h e  f l u o r i r i a r o r  
wal ls  ; 

r e s u l t s  of inspection o f  equipment used i n  metal t r a n s f e r  
experiment MTE-3 €or demonst rc i t ing  thc  metal t r a n s f e r  
p r o c e s s  f o r  removal of r a e  e a r t h s  from MSBR f u e l  c a r r i e r  
s a l t ;  

measurements of m a s s  traiisf er of * j 7 U  and 97%r f roni MSBR 
f u e l  carrier s a l t  LO mol t en  b ismuth  i n  a mechan ica l ly  
a g i t a t e d  c o n t a c t  o r  ; 

measurements d f  mass t r a n s f e r  o f  l e a d  rind z i n c  b e t w w n  
aqueous s o l u t i o n s  arid mercury amalgams us ing  a 
i ncchan ica l ly  a g i t a t e d  contac t o r ;  and 

d e s i g n  of esper  imen ta l  equipment  t o  be used  i n  e n g i n e e r i n g  
s t u d i e s  of  f u e l  r e c o n s t i t u t i o n .  

This work was performed i n  t h e  Chemical  Technology Divis ion dur  i.ng 

t h e  p e r i o d  September t h r o u g h  December 1 9 7 4 ,  

2 .  C O N T I N U O I J S  FLUORINATOR DEVELOPMENT:  
KLiTOKESISTAIgCE H E A T I N G  TEST MI?'--? 

R .  B .  L i n d a u e r  

A d r a i n  l i n e  w a s  i n s t a l l e d  from the  s i d e  a r m  t o  the v e r t i c a l  s e c t i o n  

of  t h e  tes t  vessel i n  o r d e r  t o  reniove t h e  s a l t  heel f r o m  the s i d e  a r m .  

Th i s  w a s  done t o  f a c i l i t a L e  removal  o f  t h e  e l e c t r o d e  s e c t i o n  which had 

melted o f f  d u r i n g  a u t o r e s i s t a n c e  h e a t i n g  tes t  run AHT-3-9; i t  was t h e n  

p o s s i b l e  t o  resume a u t o r e s i s t a n c e  h e a t i n g  tes t  N o .  3 (AHT-3) .  
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Air-water c o o l i n g  c o i l s  were i n s t a l S e d  on t h e  s i d e  arm and v e r t i c a l  

tes t  s e c t i o n s  o f  t h e  t es t  v e s s e l  t o  e l i m i n a t e  t h e  need t o  remove (01- 

l o o s e n )  i n s u l a t i o n  d u r i n g  each  r u n .  The c o o l i n g  c o i . 1 ~  were p l aced  on 

t h e  t e s t  sect j .on i n  a c o a x i a l  p o s i t i . o n  because  of t h e  a r rangement  of 

e x i s t i n g  h e a t e r s .  Temperature  cont ru l .  cou ld  b e  inpx-oved by u s i n g  h e a c i n g  

and c o o l i n g  zones which a r e  t r a n s v e r s e  t o  t h e  axis  o f  t h e  t es t  s e c t i o n .  

Seven r u n s  L J E I ~  a t t empted  u s i n g  ilir e n t i r e  test vesse l  (AIIT-3-10 t o  

-16 ) .  The b e s t  o p e r a t i o n  w a s  a t t a i n e d  i n  run  A!ir-3-15, buk the r e s i s t - a n c e  

d e c r c s s e d  a f t e r  abou t  an  hour  of a u t o r e s i s t a n c e  h e a t i n g .  l h e  maximiim 

power reached w a s  1130 W. The o n l y  t empera tu re  p o i n t  above 350°C aT t-his 

t i m e  was a t  t h e  j u n c t i o n  oE t h e  e l e c i r o d e  s i d e  arm and t h e  v e r t i c a l  t es t  

s e c t i o n .  

Ail e l e c t r o d e  was instal . l .ed a t  t h e  t o p  o f  t h e  v e r t i c a l  tes t  sec t i -o i l ,  

and f l v e  more r u n s  were made w i t h  t h e  si .de a r m  f r o z e n .  S a t i s f a c t o r y  

o p e r a t i o n  was achi-eved,  b u t  w i t h  an  u n u s u a l l y  low s a l t  r e s i s t a n c e  (0 .09  

t o  0 .12  Q) . This  w a s  only abou t  10% of  t:he r e s i - s t a n c e  found d u r i n g  good 

o p e r a t i o n  w i t h  T i  BeF A l l  a t t e m p t s  t o  t r a n s f e r  s a l t  f r o m  t h e  test: ves -  

s e l ,  which had f r o z e n  salt on t h e  wall, were u n s u c c e s s f u l .  A d i f f e r e n t  

a u t o r e s i s t a n c e  power supp ly  w i t h  a h i g h e r  c u r r e n t  c a p a c i t y  w a s  used  i n  

t h e  l a s t  two runs,  si-ace l a r g e  c u r r e n t s  (100 A )  were b e i n g  used a t  t h e s e  

low r e s i s t a n c e s .  i t  was found t h a t  s t e a d y  c o n d i t i o n s  cou ld  be  ma in ta ined  

w i t h  a resistance of  0.095 R u s i n g  110 A .  It i s  b e l i e v e d  tha t  b o t h  t h e  

low r e s i s t a n c e  and t h e  s a l t  t r a n s f e r  d i fE i . c i i l t y  are a s s o c i a t e d  w i t h  c rud  

and i m p u r i t i e s  i n  t h e  salt. 

'-2 4 '  

2 . 1  Exper imenta l  Equipment and P rocedure  

The equipment and f l o w s h e e t  were e s s r n t i a l l y  t h r  s a m e  as d e s c r i b e d  

p r e v i o u s l y , '  

p o i n t  of  t h e  e l e c t r o d e  s i d e  a r m  to t h e  s i d e  of  t h e  6 - in .  v e r t i c a l  s e c t i o n  

of  t h e  tes t  v e s s e l ,  9 i n .  above t h e  bot:i:o[ii. The 1.ine w a s  i n s t a l l e d  t o  

p e r m i t  d r a i n i n g  t h e  s a l t  h e e l  f rom t h e  s i d e  a r m  s o  t h a t  t h e  s e c t i o n  o f  

e l e c t r o d e  which me l t ed  oEf i n  t h e  l a s t  exper iment  c o u l d  b e  r e c o v e r e d .  

During normal  o p e r a t i o n  t h i s  l i n e  w i l l  n o t  be  h e a t e d  s o  t h a t  a salt p l u g  

w i l l  form. 

A 1/2-in.-OI) ni .cke l  d r a i n  l i n e  w a s  i n s t a l l e d  froin t h e  low 

1 
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A new e l e c t r o d e  w a s  f a b r i c a t e d  c o n s i s t i n g  of a 314-in.  sched 40 

n i c k e l  p i p e  w i t h  a 5 - in . - long  s e c t i o n  which ex tended  up t i e  c e n t e r  of 

t h e  s l a n t i n g  : ,o r t ion  o f  t h e  e l e c t r o d e  s i d e  arm. T h i s  e l e c t r o d e  is t h e r e -  

f o r e  s i m i l a r  t o  t h e  one which. w i l l  b e  used i n  t h e  n e x t  e x p p r i m e n t ,  AHT-4, 

in which t h e  c - i r c u l a t i n g  s a l t  w i l l  e n t e r  the test v e s s e l  t h r o u g h  the 

e l e c t r o d e .  

Another change made t o  t h e  equipment w a s  t h e  i n s t a l l a t i o n  of c o o l i n g  

c o i l s  on t h e  e l e c t r o d e  s i d e  a r m  and on t h e  vertri.c;il test s e c t i o n .  These 

co:i..I.s were s t r a p p e d  i3n t h e  6- in .  p i p e  between t h e  Ca l rod  hea t i .ng  e l e m e n t s .  

T h e r e  we.re f o u r  s e p a r a t e  c o o l i n g  c i r c u i t s .  Two c o i . 1 ~  ( t o p  and bot tom) 

w e r e  i n s t a l l e d  on t h e  s l a n t i n g  s e c t i o n  of t h e  s i d e  arm, c.orinected i n  

p a r a l l e l ,  and had t h e  same air-water s u p p l y .  Four c o i l s  ( n o r t h ,  east ,  

s o u t h ,  and w e s t )  were i n s t a l l e d  on t h e  v e r c i c a l .  t es t  s e c t i o n .  These w e r e  

connec ted  w i t h  t h r e e  s e p a r a t e  c o o l i n g  s u p p l i e s .  A v e r y  low (S.c:;s t h a n  50 

c m  /min) w a t e r  f l o w  w a s  me te red  i n t o  t h e  cool ing  air t o  i n c r e a s e  t h e  h e a t  

removal c a p a c i t y .  E x i t  t e m p e r a t u r e s  of each  coi.1 were mon i to red ,  and t h e  

water  f low ra te  w a s  a d j u s t e d  t o  t h e  maximum which cou ld  be v a p o r i z e d .  

T h i s  w a s  done by m a i n t a i n i n g  t h e  e x i t  c o o l i n g  t e m p e r a t u r e  s1 ight l .y  above 

100°C. T h i s  c o o l i n g  sys t em e l i m i n a t e d  t h e  need r o  remove i n s u l a t i o n  from 

t h e  tes t  s e c r i o n  i n  o r d e r  t o  form t h e  f r o z e n  salt.  f i l m .  The c o o l i n g  ra te  

was a l s o  i n c r e a s e d ,  

3 

The v e n t  l i n e  i n  t h e  c e n t e r  of t h e  t o p  f l a n g e  of t h e  g-in.-diarn 

d i s e n g a g i n g  s e c t i o n  w a s  moved t o  a l l o w  t h i s  access n o z z l e  t o  b e  used f o r  

b o t h  a n  i n s u l a t e d  thermocouple  d u r i n g  r u n s  AHT-3-10 t o  -16 ,  and f o r  t h e  

a u t o r e s i s t a n c e  e l e c t r o d e  d u r i n g  r u n s  AHT-3-17 t o  -21 .  I n  t h e  l a s t  f i v e  

r u n s ,  a 1/4- in . -diam n i c k e l  rod  w a s  used as t h e  e l e c t r o d e  w i t h  t h e  rod 

submerged 4 i n .  i n t o  t h e  s a l t .  'Dit? l e n g t h  of t h e  test s e c t i o n  was approx i -  

m a t e l y  2 4  i n . ,  compared w i t h  44 i n .  f o r  t h e  s ide-arm e l e c t r o d e .  niesc 

l e n g t h s  assume a c u r r e n t  p a t h  t o  t h e  w a l l  j u s t  below t h e  g a s  i n l e t  s i d e  

arm. 

O p e r a t i o n  of  the sys t em w a s  s i m i l a r  t o  that p r e v i o u s l y  d e s c r i b e d .  The 

e n t i r e  test v e s s e l  w a s  h e a t e d  t o  between 500" and 550°C. Heat w a s  t h e n  

t u r n e d  o f f  t h e  test s e c t i o n ,  and c o o l i n g  a i r  and w a t e r  w e r e  t u r n e d  on. men 
t h e  w a l l  t e m p e r a t u r e  of t h e  tes t  s e c t i o n  r eached  35OOC (abou t  2 h r ) ,  t h e  
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aui iores i s tance .  power was i n c r e a s e d  s t e p w i s e  unti.1. the e l c c t r i c a l  rrsis- 

tance between ?he e l e c t r o d e  and t h e  i i ivl te i i  s a l t  a t  the 13ot.com o f  t h e  tes t  

vessel. reached a. c o n s t a n t  v a l u e .  The a u t o r e s i s t a n c e  power was turned on 

a t  a v e r y  low power (Iess t i l a i  10 W> a t  t h e  s ta r t  o f  coo?.i.rig So t h a t   he 

re : ; i . s tance could  b e  c a l c u l - a t e d  c o a t i n ~ ~ o u s l y  from t h e  v o l t a g e  and cui-i:ent. 

An i.iwLrumect was i n s t a l l e d  t o  pe r fo rm tiiis d i v i s i o n  e l e c t r i c a l l y ,  and 

t h e  quotien-t .  was r e c o r d e d  colltii1uousl.y OII a 0 t o  1 0  mV r e c o r d e r .  \hen 

t h e  r e s i s t a n c e  had l c v c l e d  o f f ,  t h e  cool.i.ng w a s  ad . jus ted  by a d j u s t i i l g  

the water  and a i r  f lows .  The vol.tage t o  t h e  a u t o r e s i s t a n c e  c i r c u i t  a l s o  

r e q u i r e d  a d j u s t i n g  t o  m a i n t a i n  a constant f r o z e n  f i l m .  

2 . 2  ExperimentdL K-esults 

2 . . 2 . 1  Run AHT-'3-1.0 ~ 

'This run  was made w i t h  cool.i.ng c o i l s  on only t h e  e l .ectrode s i d e  a r m  

t e s t  s e c t i o n .  1nsulat i .on was loosened  t o  c o o l  the vertical tes t  s e c t i o n .  

The e l e c t r i c a l .  r e s i s t a n c e  through the s a l t  was c a l c u l a t e d  peri.odi.cal.1.y 

from t h e  v o l t a g e  and cur rc~ i t .  

a i r  t o  keep the exi t  a i r  t e m p e r a t u r e  n e a r  IOO'C. When t h e  t es t  sec t - ion  

temper:i.trircs r eached  350°C the  a u t o r e s j  s t a n c e  power was 1 e f t  on.  The 

r e s i s t a n c e  remained f a i r l y  coiistaai: at- a h o u t  1 . 7  R f o r  30 m i i i  as t h e  power 

w a s  i n c r e a s e d  t o  2.1- kW (60  V and 35 A ) .  A t  t h i s  p o i n t ,  t h e  c u r r e n t  K O S ~  

s h a r p l y  and t h e  resistance dropped. The tempe-cature aL the t o p  of t h e  

e l e c t r o d e  s i d e  arm .rose 2 0 ° ,  i n d i c a t i n g  an e l e c t r i c a l  s h o r t  a t  t h i s  p o i n t .  

A f t e r  t h e  ho t  s p o t  w a s  coo led  f o r  15 min, au tores i . s t<ance  h e a t i n g  was 

resumed. The r e s i s t a n c e  slow1.y d e c r e a s e d  however, and s u f  Ei.cient power 

cou ld  n o t  b e  i n t r o d u c e d  t o  keep the verti-cal tes t  s e c t i o n  from freczi .ng.  

A f t e r  r u n  AHT-3-12> i t  was d i s c o v e r e d  t h a t  one of t h e  t e m p e r a t u r e  

remr-ders was r e a d i n g  5 O o C  t o o  h i g h ,  and the run  had  been  s t a r t e d  with 

t o o  I.ow a t e m p e r a t u r e  a t  the b o t t o m  o f  t h e  t es t  vessel .  

S u f f i c i e n t  water  was added t o  t h e  cool i l lg  

2 .  2.  2 Run AHT-3---1..1. - . .. . . . . 

Cool.i.ng c o i l s  w e r e  i n s t a l l e d  on the vertiical t e s t  sec t : ion  b e f u r e  this 

run .  The s y s t e m  w a s  h e a t e d  t o  a h i g h e r  t e m p e r a t u r e  t h a n  normal. t o  check 

ou t  t he  new c o o l e r s .  The ave rage  c o o l i n g  rate w a s  i n c r e a s e d  from 4 5  to 



85"/h-r:, b u t  t h e r e  w a s  time f o r  only 20 min of  ; ~ u t o r e s i s t a o . c . c ~  h e a t i n g ,  not. 

enough t o  reach s t e a d y  conditions a The r e s i s t a n c e  dropped from 0,2 t o  

0 .  I n d u r i n g  thi.s p e r i o d .  Again,  because of the i.ncorrect t e m p e r a t u r e  

r e c o r d e r ,  t h e  bottom o f  the tes t  vessel 'six; a l l owed  t o  drop  below t h e  

k i q u i d u s  temperature ( 5 Q 5 * C )  

2 . 2 .  3 Rut1 AH%'-3-12 ll.ll.l.-___l_l__l_ 

CooI.:i.ng was started wi.th the tes t  ve.ssel. at A h i g h e r  t e m p e r a t u r e  

t h a n  nocma1.--the tes tr sect:i.ons were abou t  60Q"C.  

abou t  98"C/hr  w a s  a c h i e v e d ,  and the a u t o r e s i s t a n c e  p0we.r was s t a r t e d  

e a r l y  i n  t h e  day.  C u r r e n t  was i n c r e a s e d  s t .epwir ;e  f r o m  20 t o  30 t o  40 A.  

The r e s i s t a n c e  s t a r t e d  t o  d r o p  a t  40 A ,  a l t h o u g h  a rnaxinium power of only 

480 W was being u s e d .  T h e  r e s i s t a n c e  was 0.25 i?. Si.nct:i t:he r e s i s t i v i t y  

of the  sn1.t was b e l i e v e d  t o  be 0.75 S?-crn, t h i s  ind.icatetl ;I v e r y  t h i n  

f i l m .  The power w a s  reduced  in 311 a t t e m p t  t o  ra i se  t h e  resi~timc.t?,  b u t  

the t es t  secti.on f r o z e  o x r .  

h good c o o l i n g  ra te  o f  

2 a 2 .4  RULI AIiT-3-1 3 
I_ __..._I-_._.. .-. . .. ._ 

Before  t h i s  run. was s t a r t e d ,  it wa.s d i s c o v e r e d  t h a t  one  t e m p e r a t u r e  

recorder was rca.d-i.ng 50°C h i g h e r  than t h e  other .. When t h i s  was c o r r e c t e d  

i t  w a s  found that: the e l e c t r o d e .  side-arrn test section was 5 0 ° C  h o t t e r  

t h a n  the. vertical. tes t  s e c t i o n ,  There  was :i .nsuffici.ent t i m e  t o  b a l a n c e  

t h e  t e m p e r a t u r e s ;  by t h e  t i m e .  t:he s i d e  arm was cooled to 35O"C,  the ver'ti- 

cal. test  s e c t i o n  had  cool-ed tc:, 280°C.  A u t o r e s i s t a n c e  power w a s  t u rned  

on, a l t h o u g h  tiie r e s i s t a n c e  w a s  sti.l.1. low, and s h o r t i n g  o c c u r r e d  i n  t h e  

s i d e  a r m .  

2.2. 5 KUII AMT-3-14 
-IL--CI__- 

Cool ing  of  t h e  e l e c t r o d e  s i d e  a r m  w a s  bcgun an  h o u r  be- fore  tiie 

cooling w a s  s t a r t e d  on t h e  v e r t i c a l  test seci.iri.on i o  a!i e f f o r t  t o  form a 

Erozrxi f L l m  on t h e  side a r m  b e f o r e  t:he ve r t i ca l  s e c t i o n  became too cool ; 

however ,  the ver ti i m l  s e c t i o n  coo led  a t  a much h i g h e r  ra te .  The j u ~ i c  t i o n  

o f  t h e  v e r t i c a l  and slide-am tes t  s e c t i o n s  coo led  v e r y  shw1-y .  By t h e  
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t i m e  t h i s  p o i n t  r eached  350° ,  t h e  v e r t i c a l .  t e s t  s e c t i o n  had f r o z e n  c o m -  

p l e t e l y .  A r e c o r d i n g  r e s i s t a n c e  meter w a s  i n s t a l l e d  b e f o r e  t h i s  r u n  t o  

p r o v i d e  .xi itnmediate i n d i c a t i o n  of r e s i s t a n c e  changes I 

2 .2 .6  Run AHT-3-15 _. 

A u t o r e s i s  t.aiice lieat.i.ng w a s  st.arted when t h e  e 7 e c t r o d e  s ide-arm tes t  

s e c t i o n  reached  3 5 O o C ,  a l t h o u g h  t h e  v e r t i c a l  test s e c t i o n  was still o v e r  

40OoC. The r e s i s t a n c e  was u n u s u a l l y  h i g h ,  abou t  2 R, a l t h o u g h  t h e  

j u n c t i o n  o f  t h e  v e r t i c a l  and s ide-arm s e c t i o n s  was about 440°C.  

power was i n c r e n s e d  stepwise with o n l y  s l i g h t  changes i n  r e s i s t a n c e  

u n t i l  1.1.30 W (38 V )  was r e a c h e d ,  a t  which p o i n t  t h e  r e s i s t a n c e  sudden ly  

dropped t o  0.7 12. A u t o r e s i s t a n c e  h n a t i n g  of g r e a t e r  t h a n  100 W had been  

app1.ied f o r  abou t  70 min,  b u t  t e m p e r a t u r e s  on t h e  t e s t - s e c t i o n  wa1l.s were 

s t i l l  de r - r eas ing  r a p i d l y .  

The 

2 .2 .7  Run AHT-3-16 
_____l 

An a t t e m p t  was made t o  d u p l i c a t e  run AHT-3-15, b u t  w i t h  t h e  junc t i -on  

o f  the v e r t i c a l  and s ide-arm tes t  s e c t i - o n s  below 3 5 0 O C .  Autor -es i~s tance  

h e a t i n g  w a s  n o t  a p p l i e d  u n t i l  t h i s  t e m p e r a t u r e  w a s  r eached .  When vol . tages  

approach ing  20 V w e r e  a p p l - i e d ,  the  r e s i s t a n c e  dropped from 2 t o  ?, 1 Q. 

I t  w a s  s t i l l  b e l i e v e d  r h a t  t h e  r e s i s t i v i t y  of t h e  s a l t  w a s  abou t  0.75 Q -  

c m ;  t h e  r e s i s t a n c e  w a s  n o t  a l lowed  t o  g e t  below 0 . 8  fl, c o r r e s p o n d i n g  t o  a 

3 / 4 - i n .  f i l i n .  I f ,  a t  t h i s  t i m e ,  i t  had been  known t h a t  t h e  r e s i s t i v i - t y  

o f  t h e  sa1.t w a s  much lower, s a t i s f a c t o r y  o p e r a t i o n  might  have  been  a c h i e v e d  

wi.th t h e  e l e c t r o d e  s i d e  a r m  by a p p l y i n g  s u f f i - c i e n t  power  t o  b a l a n c e  t h e  

h e a t  l o s s  b e f o r e  tc i i ipera tures  became t o o  low and t h e  t es t  sect i o n  f r o z e  

over .  

The s i d e  a r m  was a l lowed  t o  f r e e z e  comple t e ly ,  and a u t o r e s i s f  ance  

h e a t i n g  w a s  a p p l i e d  Irom a n  i n s u l a t e d  1 /4 - in .  - d i m  n i c k e l  r o d  inserted 

t h rough  t h e  & i n .  -diam Jistwgagement s r c t i o n  above t h e  v e r t i c a l  test  sec- 

t i o n .  The rod  ex tended  4 i n .  i n t o  t h e  salL. ‘The r e s i s t a n c e  a g a i n  
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i n c r e a s e d  t o  800 W. This was similar  t o  p r e v i o u s  r u n s  w i t h  t h e  e l e c t r o d e  

s i d e  a r m .  However, d u r i n g  t h i s  run, as t h e  r e s i s t a n c e  dropped ,  h a t i n g  

was ma in ta ined  and r e l a t i v e l y  s t a b l e  o p e r a t i o n  was ach ieved  a t  a power 

l eve l  o f  about  900 W .  'The r e s i s t a n c e  d e c r e a s e d  s l o w l y ,  r e a c h i n g  0.1.1. R 

a t  t h e  end o f  t h e  o p e r a t i n g  p e r i o d .  The c u r r e n t  c a p a c i t y  o f  t h e  au to-  

r e s i s t a n c e  power supp ly  (1.00 A) was n e a r l y  reached .  T e s  t - s e c t i o n  wa1.L 

t e m p e r a t u r e s  had leve1.ed o f f  a t  an  ave rage  t e m p e r a t u r e  of  about 275°C.  

2 . 2 . 9  -- Kun ANT-3-18 

T n  t h i s  r u n ,  w e  n o t  on ly  a t t e m p t e d  t o  d u p l i c a t e  c o n d i t i o n s  o€ t h e  

p r e v i o u s  run ,  b u t  a l s o  t u  r e a c h  s t e a d y  c o n d i t i o n s  e a r l y  enough i n  the day 

t o  t r a n s f e r  t h e  m o l t e n - s a l t  c o r e  i n  t h e  t es t  s e c t i o n  t o  the Eecd t ank  i n  

o r d e r  t o  v i s u a l l y  check on t h e  s a l t - f i l m  t h i c k n e s s .  Opera t ion  was v e r y  

s imi la r  to run  AWT-3-17, w i t h  a r e s i s t a n c e  of 0 .12  12 u s i n g  850 W of 

a u t o r e s i s t a n c e  power. W ~ J  were unab le  t o  t r a n s f e r  t h c  s a l t  as pl-anned,  

a l t h o u g h  t e n  pressure-varuum c y c l e s  w e r e  a p p l i e d  t o  the fised t ank .  The 

tes t  v e s s e l  bo t tom t e m p e r a t u r e  and t r a n s f e r  1 ine t e m p e r a t u r e  i n d i c a t e d  a 

s l i g h t  s a l t  movement, and the a p p l i e d  p r e s s u r e  showed a s l i g h t  i n d l L a t i o o  

on the tes t  v e s s e l  l e v e l  i n s t r u m e n t .  The s a l t  l e v e l  d i d  n o t  fall .  below 

the a u t o r e s i s t a n c e  e l e c t r o d e .  

2.2.10 Run AHT-3-19 

The two p r e v i o u s  r u n s  were ~ ~ ~ o r e  o r  less dup l - i ca t ed  i n  t h i s  run .  The 

tes t  v e s s e l  bo t tom was h e a t e d  t o  a h i g h e r  t e m p e r a t u r e  a t   he end of  t h e  

r u n  t o  a i d  i n  t r a n s f e r ,  b u t  t h i s  was n o t  s u c c e s s f u l .  As i n  t h e  two p r e -  

v i o u s  r u n s ,  t h e  c u r r e n t  capac i . ty  o f  t h e  a u t o r e s i s t a n c e  heati . i ig s u p p l y  was 

n o t  s u f f i c i e n t ,  and wa1.l t e m p e r a t u r e s  con t inued  to d e c r e a s e  a t  t h e  end 

of t h e  r u n .  

2.2.11 Run AHT-3-20 

The  a u t o r e s i s t a n c e  p o w e r  s u p p l y  w a s  i n c r e a s e d  f r o m  100- t o  200-A max 

c u r r e n t ;  however ,  t h e  new s u p p l y  had o n l y  a 24-V max i n s t e a d  of 100 V.  

During t h i s  run, t h e  r e s i s t a n c e  w a s  a l lowed t o  i n c r e a s e  t o  0.8 R b e f o r e  

a u t o r e s i s t a n c e  h e a t i n g  w a s  a p p l i e d ,  and o n l y  600 W of power w a s  ava i lab le .  
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This  was not s u f L i c i e n t  t o  p r e v e n t  t h e  mol t  iw c o r e  from f r e e z i n g ,  as was 

ind icaLed  by t h e  t es t  s e c t i o n  I iqi l id- level  i n s t r u m e n t  goi i rg  ( , if  r h c  

s c a l e  and an  i n r r e s s e  i n  the r e s i s t a n c e  t o  > 3 R. 

2,2.12 Run A H T - 3 - 2 1  

The t e s t - s e c t i o n  wal-I. wa.5 coo led  as r a p i d l y  as possi.bJ~e and a u t o -  

r e s i s t a n c e  h e a t i n g  w a s  s t a r t e d  when the s a l t  r e s i s t a n c e  was 0.37 R. A l l  

wal l  t e m p e r a t u r e s  were below 350°C a t  t h i s  t i m e .  A maxirnum resi.stacice 

of 0 . 4 0  12 w a s  r eached  when the maximum 2 4  V w a s  a p p l i e d  t o  t h e  e l e c t r o d e .  

The. r e s i s t a n c e  t h e n  d e c r e a s e d  and t h e  p m e r  rose t o  a maximum of  2500 W .  

I h e  v o l t a g e  w a s  d e c r e a s e d ,  and s t a b l e  opc.i.at:?.on was reached  w i t h  a resis- 

t a n c e  o f  abou t  0 .09 s2 and 1470 W. The w a l l  teinperntures a l s o  l e v e l e d  o u t .  

The r e s i s t a n c e  d e c r e a s e d  v e r y  sl.owly and vel-tags and power were conse-  

quent:ly lowered  t o  1160 W. The t e m p e r a t u r e  of  the bor tom of t h e  tes t  

v e s s e l  w a s  b e i n g  r a i s e d  a t  thi .s  time t o  f a c i l i t a t e  t r a n s f e r  oE t h e  sa1.t 

from t h e  t e s t  vessel f o r  i n s p e c t i o n  o f  t h e  f r o z e n  f i . lm;  tlii-s vas p robab ly  

t h e  cause  of  t h e  d e c r e a s e  i n  r e s i s t a n c e .  A f t e r  r h e  power w a s  d e c r e a s e d ,  

t h e  r e s i s t a n c e  sl.owly i n c r e a s e d  to 0.095 R .  We were s t i l l  u n a b l e  L O  

t r a n s f e r  s a l t :  a f t e r  r e p e a t e d  attempts, so  h e a t i n g  of t h e  e n t i . r e  test: 

vessel  was begun to remove all.  of the s a l t  t o  t h e  f eed  t ank .  Dui-i.ng t h s  

h e a t u p ,  i n s p e c t i o n  o f  t h e  cel.1 revealed a s a l t  l e a k  which was l o c a t e d  a t  

t h e  j u n c t i o n  o f  the s a l t  t r a n s f e r  l i n e  and t h e  bot tom of  the t e s t  vessel .  

Approxi.inate1.y 6 kg o f  s a l t  was l o s t .  

2 . 3  D i s c u s s i o n  

S u c c e s s f u l  o p e r a t i o n  might  have been  ach ieved  i n  most oE t h e s e  rims 

i.f it had been  known t h a t  t h e  r e s i s t i v i t y  of [:he sali:. was n o t  0 .75 51-cm, 

as s t a t e d  i n  t h e  l i t e r a t u r e ,  b u t  w a s  c ,ons iderably  lower .  In many cases, 

t h e  a u t o r e s i s t a n c e  power  was reduced  when t h e  r e s i s t a n c e  was i n  t h e  r a n g e  

o f  0 . 5  t o  1 . 0  R; t h i s  w a s  done t o  prevent: m e l t i n g  t h e  f r o z e n  f i l m .  Later 

opera t : ion  wi . thout  the s i d e  a r m  showed t h a t  s t e a d y  operai.i.on cou ld  be 

mainta:i.nerl i n  t h e  0.09- t o  0.15-0 r a n g e ,  and t h a t  t h e  r e s i - s t i v i t y  of t h e  

salt was probab ly  lower  than 0 . 7 1  R-cm by a f a c t o r  of 5 t o  10. 

2 
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( ipe ra t ion  w i t h  the e l e c t r o d e  i [I t h e  s i d e  arm w a s  1insuccessfu:L f o r  

fwo r e a s o n s .  

same rate t o  avo id  f r e e z i n g  one s e c t i o n  b e f o r e  a complete. f:i.l.m w a s  formed 

on t h e  a ther  sec t j . on  w a s  q u i t e  d i f f i c u l t  w i t h  t h e  i n s t a l l e d  c o o l i n g  zones I 

:In a d d i t i o n ,  the j u n c t i o n  o f  t h e  s i d e  arm and v e r t i c a l  s e c t i o n  was t i i f f i -  

c u l t  t o  c o o l ,  and shor t l i ng  o c c u r r e d  a t  t h i s  point un t i l .  ail air jet was 

a p p l i e d .  Both  o f  these d i f f l  C U I - t i e s  shou ld  b e  l e s s e n e d  considerabLy by 

c i r c u l a t i n g  saLt th rough  t h e  test v e s s e l .  T h i s  would be expected t o  pro-  

mote  a more uni form Lernperature o v e r  t h e  e n t i r e .  s t: s e c t i o n  * Conse- 

q u e n t l y ,  w e  have  s tar t ed  d e s i g n i n g  a system which w i l l  allow salt to be 

c i r cu1a t t . d  t h r o u g h  the t.es t v e s s e l  * 

Cool ing  o f  b o t h  v e r t : i c a l  and slarit:i.tig t es t  sect i .ons a t  the 

H. C .  Savage 

Eng inee r ing  expe r imen t s  t o  s t u d y  t h e  s t e p s  j n  t h e  metal t:ransfer 

p r o c e s s  f o r  removing r a r e - e a r t h  f i s s i o n  p r o d u c t s  f rom molt.c~n-s,il.t b r e e d e r  

r e a c t o r  fuel s a l t  w i l l .  be con t inued  :i.n new process vesse1.s whi.ch d u p l i -  

cat:e t h o s e   USE:^ i n  ;I p r e v i o u s  experi-ment ~ MTE-3. TiistalJ.a.tiorr o f  the 

equipment f o r  the new exper:i.Irient d e s i g n a t e d  MIX-3R,  was contp I-eted d u r i n g  

t h i s  r e p o r t  p e r i o d .  Experiment  MTE-313 ut:i.li.zes mect~ani.cal-ly a g i t a t e d  

c o n t a c t c r s  t o  a c h i e v e  e:F Eective mass-transfer rates of t h e  r a r e - e a r t h  4 

f i s s i o n  

process  

W e  

b i smuth  

a t  t em? t 

p r o d u c t s  bet.weea the s a l t  t ind  rriet.aL phases  i n  tihe metal trans fe.r 

(as was done i.n experiment.  FIT[.:-3 j . 

3. I Examination of MTE-3 Equipiiient: and MaCeri:ils 

have previous1.y r e p o r t e d  t he  r e s u l t s  of a n a l y s e s  of  the  s a l t  arid 

phases from exper iment  NTTE-3. These analyses were made i n  an  

t o  de t e rmine  whethzr  or n o t  rlie ~.o\*rer-tlzan-expec:t~~(i mass transfer 

5 

7 
c o e f f i c i e n t s  obse rved  i n  exper iment  K C E - ~ ~  w e r e  d u e  fi43 the  prcsei:cc. O F  

films (cuniposed of s o l i d s )  a t  the sa1.t-bismuth int:erfa.cczs formed by entry 

of i m p u r i t i e s  such as o x i d e s ,  i n t o  the sys t em.  T h e s e  ,malysc?s3 W h i ~ h  

i n c l u d e d  chemical analysw , meta . l l og raph ic  examiriati on,  e l e c t r o n  b e a m  

scann ing ,  and X-ray :f Luorescencc anal.yses, i n d i c a t e d  t : k  p r e s e n c e  of 
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s i g n i f i c a n t  c o n c e n t r a t i o n s  of i r o n  (up t o  3500 ppm) and tlioriurrl A L  t h e  

i n t e r f a c e s .  

V i s u a l  examina t ion  o f  t h e  2-in:-diam p l u g s  removed from t h e  t h r e e  

i n t e r f a c e s  ( f l u o r i d e  sal t - -Ri-Th,  LiC1--Bi-Th, and I,i.CL--Bi-Li) i n d i c a t e d  

the p r e s e n c e  o f  a l a y e r  o f  ma te r i a l  Q., 1 / 3 2 - i n .  thi-ck a t  t h e  i n t e r f a c e  

between t h e  TiCI. and Bi~--T,i i n  t h e  s t r i p p e r  vesse l .  No f o r e i g n  material. 

was s e e n  a t  t h e  i n t e r f a c i a l  areas between the f l u o r i d e  salt--Bi-Th and 

LiCl--Bi-Th j.n t h e  c o n t a c t o r .  

Duri.ng t h i s  r e p o r t  p e r i o d ,  samples  o f  ma te r i a l .  w e r e  removed from t h e  

v i c i n i t y  ( w i t h i n  1 /32  i n . )  of each  of  t h e  t h r e e  salt-metal i n t e r f a c e s  i n  

t he  MTE-3 equipment  and ana lyzed  by X-ray d i f f r a c t i o n .  The resu1.t~ o f  

t h e  s i x  a n a l y s e s  are g i v e n  i n  Table  1. The on ly  o x i d e s  i n  t h e  system 

w e r e  at t:he i n t e r f a c e  between L i C l  and t h e  L i - B i  s t r i p p e r  alloy i n  the 

s t r i . p p e r  ves se l .  A h i g h  c o n c e n t r a t i o n  o f  Tho w a s  found i.n t h e  T. , iCl  a t  

th i . s  i n t e r f a c e .  Although no thor ium s h o u l d  have  beca  p r e s e n t  i n  t h e  

s t - r i p p e r  d u r i n g  most  of t h e  o p e r a t i n g  t i m e ,  thor ium cou ld  be  expec ted  t o  

combine w i t h  any o x i d e s  p r e s e n t  wheii t h e  f l u o r i d e  s a l t  ( con ta in i -ng  

thor ium)  w a s  e n t r a i n e d  i n t o  the c h l o r i d e  s a l t .  

2 

No o x i d e s  w e r e  d e t e c t e d  a t  t h e  LiC1--Ri-Th i n t e r f a c e  i n  t h e  c o n t a c t o r .  

The a n a l y s i s  o f  t h e  mass t r a n s f e r  ra tes  obse rved  duri .ng t h i s  exper iment  

s u g g e s t e d  t ha t  some h i n d r a n c e  o f  mass t r a n s f e r  w a s  o c c u r r i n g  a t  t h i s  

i n t e r f a c e ,  p o s s i b l y  caused  by o x i d e  f i l m s .  Analyses  of t l ie  mater ia l  n e a r  

th i - s  i n t e r f a c e ,  however ,  do n o t  s u p p o r t  tlhe theoi-y tAat ox ide  f i l m s  a t  

the LiCl--Hi.-’l’h i n t e r f a c e  s lowed down t h e  m a s s  t r a n s f e r  ~ 

The T a m p l e s  t a k e n  f o r  X-ray d i f f r a c t i o n  a n a l y s i s  were ex t r eme ly  small  
3 (about  2 t o  3 rrm o f  material  w a s  removed from t h e  i n t e r f a c e  f o r  each  

sample ) ,  and e f f e c t s  of s e g r e g a t i o n  d u r i n g  f r e e z i n g  w i l l  make i n t e r p r e -  

t a t i o n  of  the r c s u l t s  of  t h e s e  a n a l y s e s  v e r y  d i f f i c u l t .  F o r  i n s t a n c e ,  

i t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  no L i C l  w a s  t l e t ec t ed  i n  t l ie sample o f  L i C l  

takeii  from tlie i n t e r f a c e  i n  t h e  s t r i p p e r  v e s s e l .  

Bismuth was d e t e c t e d  i n  ench of  t h e  s a l t  samplc.: ana lyzed  by X-ray 

d i f f r a c t i o n .  If i s  l i k e l y  t h a t  d u r i n g  f r e r z i n g ,  bismutil W a c ;  f o r c e d  i n t o  

t h e  a l r e a d y  f r o z e n  s a l t  and w a s  n o t  p r e s e n t  i n  t l ic salL when b o t h  phases  

were niolteri .  



1.1 

Tab le  1. R e s u l t s  o f  X-ray d i f f r a c t i o n  analyses of material. removed 
f rom the v i c i n i t y  of sa l t -meta l  interfaces i n  expe r imen t  MTE-3 

Ph as e 
Identi f ied E s  t i m a  t ed coinp o s i t i  on 
material  (mole 

L i C l  i n  s t r i p p e r  

L i - B i  a l l o y  i n  s t r i p p e r  

Bk-Tt i  in c o n t a c t  w i t h  
L i C L  i n  c o n t a c t o r  

LiC1. i n  c o n t a c t o r  

Fluoride sa l t  i n  con- 
t a c t o r  

Bi-Th i n  c o n t a c t  w i t h  
f luo r fc l e  saltl %n con- 
t a c t o r  

B i  

Li ThF, 3 

2 ‘rl-10 

un i -den t i f  i e d  s o l i d  
s o l u t i o n  

B i  

BeF 

ui 

2 

B i  

L i C L  

Li3ThF 

R i  

7 

L i  ThF 
3 7  

L i  7Th6F 

Bi 

Th ( u n i d e n t i f i e d  

Fe  (no X-ray data 

c oinp o t i n  d ) 

a v a i l a b l e )  

25-50 

10-30 
40-80 

--- 

75-95 

2-10 

90 

30-70 

30-70 

10-30 

20-40 

40-80 

5-15 

60-90 
--- 

trace 

-~ 

a X-ray d i f f r a r t i o n  can on ly  d e t e c t  > QJ 5 mole Z. 

L t  is t o  b e  n o t e d  t h a t  i r o n  ?nd/or i r o n  o x i d e s  were n o t  found by X- 

r a y  d i i f r a c t i o n ,  s i n e ?  the amounts p r e s e n t  (based  on  chemica l  a n a l y s e s  o f  

s i m i l a r  s amples )  a r e  below t h e  l i m i t  o f  d e t e c t a b i l i t y  by X - r a y  d i f f r a c t i o n  

(’b 5 mole Z) . 
An dddi t i o n n l  chemical analysis “n~~3.s  mads of t h e  1/32-in.- t .hick layer  

o f  mater ia l  found be tween the L i C l  and the E i - L i  i n  the s t r1pp i . r  vessel. 



The very h i g h  iron con[: :enirat ion (14 wt 2 )  i s  ui iexpecisr l .  Previous a n a l -  

yses o E o t h e r  sainples o f  siiiiilar appe.?r ing material ind i . ca t ed  i r o i i  coc~c~:t-~- 

t r a t i o r i s  o f  about 0 . 2 5  w t  2 .  

Ii i s  i io t  possible a t  t h i s  t i m e  t o  draw f i - r m  conc lus io f i s  abol.tt t h e  

r e l . aL ionsh ip  of  'Lhese o b s c r v a t i o n s  t o  t h e  low ~ H S S  i i - a n s f c r  rates seen 

in experiiiieiit MTE-3. The transfer of f l u o i - j d e  sal i. i n t o  t h e  c h l o r i d e  s a l t  

just p r i o r  t o  slititdown, a r ~ d  'ilic !e rg i i i  o f  time b e i x e c n  shutdown aiid 

i n s p e c t i o n  ( f rom February 1973 'lu February 19741, i i i r r o d u c r  mwh uncer-  

tiairity i n  an accurd te  i-ziterpretatioi-i o f  t l i c  analyses. We p l a n  t i r  c l o s ~ l y  

mon-itor t h e  nnJ L and metal  phases d u r i i i g  o p e r a  ~ L o l i  o f  experiineclt M 

f o r  b u i l d u p  o f  iiipiiri.t.iEi; ( i r o n  and o x i d e s ) .  Sampling phases a t  o r  ii:?al- 

each  i n t e r f a c e  wi~ll b e  at;i'mili ed. 

3 . 2  S % ~ f i i \  o f  Metal T r a n s f e r  r x p c ~ i m e n t  MTE-3B 

Installation o f  the nPici p r o c e s s  vessels a i l :  ? q u i  p i n r u i  Tor r~c:al t rans-  

f e r  r x p e r j m p r l t  MTE-3B was comp1~t :x i  clurjng t h i s  ~ c - p o ~ t  ! i e i i o d *  F i g u r e  1 

i s  a photograph o€ t h ~  n r o c r r s  vessels afrec % > ' $ > r !  r i c  h e a t i l i g  Ple~iie~7ts alld 

thermocouples  w e ~ e  i n s t e i l l  c d .  Wc have c o ~ n p l e t c t i  t h c  process p i p i n g  

i n s t a l l a t i o n ,  t i irrmocouple and h e a t e r  hookup, a i d  t h e  cal i b r d i i o n  o f  t h e  

teinperdtut e r e r o r d e r s  and C O i l t i u l  lers, pressure Tapes, s r l  crira:? theirno- 

c o u p l e s  and 31 1 gas  and cool i r ig  vdi t ' ~  r o t a m e t e r s .  1hP r n p d r i m e ? ?  is now 

r cndy  foL p ~ r u p e ~ d i i n n a  I c h c r k a u t ,  l eak  c ~ ~ t i n g  of  t h e  vesscls , i .> tS  p i p i n g ,  

pre ' lburt; '  t e s t s  at t h e  operating temperacur? o f  65OoC, and hydiugeii t r r a t  

m m t  o f  the  i n t  i o r  o f  t h e  c a r b o n  s i c c !  p r o c e s s  v e c s i . 1 ~  L U  izmove o x i d e  

i n p i i t  i I i ~ y  bef o i e  cha rg i l i g  salts and L i ~ l i ~ u t  11. 
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Fig. 1. 
ment MTE-3B. 

Photograph of processing vessels for metal-transfer experi- 



1 4  

4 .  SALT-METAL CONTACTOR DEVELOPMENT: EWERIMENTS WITH A 
MECHANICALLY AGITATED, NONDISPERSING CONTACTOR 

I N  THE SALT-BISMUTH FLOWTHROUGH FACILITY 

C .  H .  Brown, J r .  

We have  c o n t i n u e d  o p e r a t i o n  of  a f a c i l i t y  i n  which mass t r a n s f e r  

rates between mol t en  LiF-BeF2-ThF4 (72-16-12 mole X )  and mol t en  bismuth 

can b e  measured i n  a m e c h a n i c a l l y  a g i t a t e d ,  n o n d i s p e r s i n g  c o n t a c t o r  of  

t h e  " L e w i s "  t y p e . 6  

t o  d a t e .  R e s u l t s  f rom t h e  f i r s t  s i x  r u n s  have been r e p o r t e d  p r e v i o u s l y .  

P r e p a r a t i o n  f o r  and r e s u l t s  o b t a i n e d  from t h e  s e v e n t h  r u n ,  TSMC-7, are 

d i s c u s s e d  i n  t h e  f o l l o w i n g  s e c t i o n s .  

A t o t a l  of s e v e n  e x p e r i m e n t a l  r u n s  have been completed 
7 

4 . 1  P r e p a r a t i o n  f o r  Mass T r a n s f e r  Experiment TSMC-7 

P r i o r  t o  t h e  r u n ,  i t  w a s  n e c e s s a r y  t o :  (1) add b e r y l l i u m  t o  t h e  s a l t  

t o  a d j u s t  t h e  uranium d i s t r i b u t i o n  c o e f f i c i e n t ,  and (2)  c o n t a c t  t h e  s a l t  

and b i smuth  by p a s s i n g  b o t h  phases  th rough  t h e  m i l d  steel  c o n t a c t o r  t o  

e n s u r e  t h a t  chemica l  e q u i l i b r i u m  w a s  a c h i e v e d  between t h e  s a l t  and b i s -  

muth. 

4 . 1 . 1  A d d i t i o n  of  b e r y l l i u m  t o  t h e  sys t em , 

A s  d i s c u s s e d  p r e v i o u s l y ,  i t  i s  d e s i r a b l e  t o  m a i n t a i n  t h e  uranium 

d i s t r i b u t i o n  c o e f f i c i e n t  a t  a r e l a t i v e l y  h i g h  level (> - 3 0 ) ,  so t h a t  t h e  

a c t u a l  v a l u e  o f  t h e  d i s t r i b u t i o n  c o e f f i c i e n t  w i l l  n o t  a f f e c t  t h e  c a l c u -  

l a t i o n  of  t h e  o v e r a l l  mass t r a n s f e r  c o e f f i c i e n t .  Approximately 1.37 

g-equiv of  b e r y l l i u m  w a s  added e l e c t r o l y t i c a l l y  t o  t h e  s a l t  phase  

i n  t h e  t r e a t m e n t  v e s s e l  (T5),  which r a i s e d  t h e  uranium d i s t r i b u t i o n  

r a t i o  t o  > 97.  

4 .1 .2  P r e r u n  e q u i l i b r a t i o n  of s a l t  and bismuth 

A 237U 0 tracer w a s  u t i l i z e d  t o  measure mass t r a n s f e r  rates a c r o s s  
3 8  

t h e  s a l t - b i s m u t h  i n t e r f a c e  i n  t h e  s t i r r e d  i n t e r f a c e  c o n t a c t o r  w h i l e  t h e  

sys t em w a s  o t h e r w i s e  a t  chemica l  e q u i l i b r i u m .  I n  o r d e r  t o  e n s u r e  chemical  

e q u i l i b r i u m  between t h e  s a l t  and b i s m u t h ,  b o t h  p h a s e s  w e r e  p a s s e d  th rough  
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t h e  c o n t a c t o r  p r i o r  t o  r u n  TSMC-7. Three atternpi-s at p h a s e  e q u i l i b r , i t i o n  

r u n s  were n e c e s s a r y  b e f o r e  a s a t i s f a c t o r y  ~ l O i r t h r Q u ~ 1 J  w , t s  a c h i  r v e d .  

During t h e  f i r s t  two a t t e m p t s ,  a l e a k  developed i n  tlie t r a n s f e r  l i n e  

f rom t h e  b i smuth  f e e d  t ank  ( T I )  t o  t h e  c o n t a c t o r .  This  t r a n s f e r  l i n e  was 

comple t e ly  r e p l a c e d ,  along w i t h  t h e  a s s o < - i a t e d  Calrocls and the rma l  i n s u -  

l a t i o n .  The t h i r d  a t t e m p t  phase  e q u i l i b r a t i o n  was s u c c e s s f u l  w i t h  

s;il t. ,ind b i smuth  flow rates of 152 cc/min and 170 cc/min,  r e s p e c t i v e l y .  

The . - l g i t a t o r  was o p e r a t e d  a t  q~ 100 rpm.  

4 . 2  Mass 'Crans fer Experiment TSMC-4 

A f t e r  the. p h a s e  e q u i l i b r a t i o n  d e s c r i b e d  above was accomplished , the 
s3l.t and bismuth w e r e  t r a n s f e r r e d  t o  the-i .r  r e s p e c - t i v e  feed t anks  

An 11-mg q u a n t i t y  of  t racer ,  c o n s i s t i n g  of 1 mg of 23721308 and 1 0  mg 

of MgO which had been  i r r a d i a t e d  i n  t h e  ORR f o r  72 h r ,  w a s  placed i n  a 

s t ee l  a d d i t i o n  v e s s e l .  It was t h e n  i n s e r t e d  i n  t h e  s a l t - f e e d  t a n k  where 

i t  w a s  spa rged  w i t h  Q, 0.5 scfm of  a r g o n  f o r  1 h r  t o  f a c i l i t a t e  d i s s o l u -  

t i o n  of  t h e  t r a c e r  i n  t h e  s a l t  phase .  

The v o l u m e t r i c  f l o w  rates of s a l t  and bismuth t o  t h e  c o n t a c t o r  were 

set  a t  152  cc/min ,and 1 7 0  cc/min,  r e s p e c t i v e l y ,  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  o f  t h e  f e e d  v e s s e l s  ( T 3  and T l ) .  The st irrer r a t e  was set a t  68 

rpm for t h e  r u n .  Seven sets of samples  w e r e  t a k e n  of t h e  s a l t  and b i s -  

muth e c f l u e n t  s t r e a m s  from t h e  c o n t a c t o r .  

4 . 3  Exper imen ta l  R e s u l t s  

The s a m p l e s  taken d u r i n g  t h e  run  were ana lyzed  by f i r s t  c o u n t i n g  the 

sample c a p s u l e s  f o r  t h e  a c t i v i t y  of 237U (207.95 keV 0-1. The m a t e r i a l  

i.n t h e  sample c a p s u l e s  was t h e n  d i s s o l v e d ,  and t h e  a c t i v i t y  o f  237U w a s  

counted a g a i n .  The c o u n t i n g  d a t a  o b t a i n e d  i n  t h i s  manner are shown i n  

Tab le  2 *  

'IIc~lc: o v e r a l l  s a l t - p h a s e  m a s s  t r a n s f e r  c o e f f i c i e n t  w a s  c a l c u l a t e d  u s i n g  

t h r e e  d i f f e r e n t  e q u a t i o n s  d e r i v e d  from a n  o v e r a l l  m a s s  b a l a n c e  around t h e  

c o n t a c t o r .  The a v e r a g e  measured mass t r a n s f e r  c o e f f i c i e n t ,  w i t h  t h e  7 



Ta5le  2 .  Count in?  data o b t a i n e d  Fron run TSPlC-7 

S o l i d  analysis so 1 u t i  on ana 1 y s i s Solid analysis Solktio:] analysis 
Sarrple for ‘ 3 7 ~  f o r  2 3 7 ~  S am?  I e for 237u for  2 3 7 ~  
ccdc“ ( c o m t s / g  I (coun ts/G ) code” ( co Lll l  i s / q ) [coun t s / y )  

Sanp-es  t a k e n  p r i o r  EO r u n  s u t  a f c e r  add,t ion of t r a c e r s  

3 1  9-S-3 3 .95  x 106 5.46 103 
320-S-3  3 . 9 5  x 106 5-61 x 106 

321-B-FS 1.20 1 0 5  
b.36 x 1C 5 

3 2 3 - B -PS 1.47 l o 5  
322-B-FS 

324-E-FS 1.81 x l a 5  
3 25-B-FS 1 . 6 2  x 105 
326-B-FS 1 . 7 9  x l e 5  
327-B-FS 1 . 7 8  

Samples tcie;l durirg r m  

2.59 x 106 3 . 9 1  105 329-s-FS 2 . 2 1  x 106 
2 . 8 5  x l o 5  3 . 3 2  x 106 4.33 1 0 5  33o-s-=”s 

5 . 0 3  x L O 5  332-S-r’S 2 . 8 9  x l o 6  3 . 9 7  x 106 
5 . 0 6  x L O 5  333-S-FS 2 . 8 2  x 10” 2 . 9 6  x 106 

2 . 7 5  x 1 0 ”  3 . 2 6  x 10” 331-S-FS 5 4 . 8 1  x io 

5 .05  x L O 5  334-S-FS 2 . 9 3  x L O 6  3 . 9 0  x l o 6  
5 . 1 7  x :Ob 

Samples t a k e n  a f t e r  ‘X.K 

335-B-I 5.65 x I O L :  2 . 2 2  x : L a 5  339-s-3 -- 
336-B-1 6 - 6 6  X i o 4  2 . 1 8  x l a 5  3 4 ,z - s - 3 -- 

338-3-2 1 . 3 4  105 3 . 8 6  105 342-S-4 i .64 x 106 
34 3-B-5 -..,> 7 Q Q  x 10 5.35 la5 345-S-5 - < 9 . 8  x l33 
344-3-5 :.ti4 105 5 . 5 8  1 6 5  346-S-5 

341-s -4  -- 1 . 2 4  X l o 5  
5 

3 . 7 8  x l a 5  3 3 7-3-2 

< 5.3 x 133 - 

a 
Each sar:,ple is c e s i y n a t e d  by a code c o r r e s p o n d i n g  t o  A-6-C ,  where A = sample r.il:nber; B = m a t e r i a l  i n  
sample (3 = bismuth ,  S = salt) ; and C = sarple  o r i g i n :  1 = 71, 2 = T2, 3 = T3 ~ 4 = T4, 5 = T5, :r’s = 

flowing strzarn s z x p l e .  
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c o r r e s p o n d i n g  s t a n d a r d  d e v i a t i o n ,  i s  O.OO57 - -t 0.0012 cm/sec:. 

c o r r e s p o n d s  t o  65% of t h e  v a l u e  p r e d i c t e d  by t.he Lewis c or relation.^ 
Lew.i.s  p l o t  of t h e  r e s u l t s  f o r  t h i s  r u n ,  a l o n g  wi-Cli t h e  r e s u l t s  from ruiis 

TSMC-3 th rough  - 6 ,  sre shown i n  Fig. 2.  T h e  nomenc la tu re  used i.ri F i g .  2 

is :  

This value 

A 

k = i n d i v i d u a l  phase 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, 

v k i n e m a t i c  v i s c o s i t y ,  cm / s e e ,  
2 

2 R e  = Reynolds nuinber (ND / v ) ,  d i m e n s i o n l e s s ,  

D = sti-rrer c:l%ameter, cm, 

M = stirrer ra te ,  I-/sc.c, 

s u b s c r i p t s  1, 2 = p h a s e  be ing  c o n s i d e r e d .  

l:xi F i g .  2 i t  can  b e  s e e n  t h a t  t h e  mass t r a n s f e r  groiip based on uranium 

i s  45 I + 13% of t h e  T x w i s  c o r r e l a t i o n  f o r  ruiis 3 ,  5 ,  and 7 ,  w h i l e  t h a t  sarnci 

group i s  103 + I 4% of  t h e  Le,wis co r re l a t ion  f o r  r u n s  4 and 6 .  

t r a n s f e r  r e s u l t s  b a s e d  on z i r con ium are c o n s i s t e n t l y  s l i - g h t l y  less than 

t h e  v a l u e s  based  on uranium. This d i s c r e p a n c y  i.s p r o b a b l y  related t o  the 

in .ab i . l i ty  t o  c o r r e c t  f o r  t h e  self  a b s o r p t i o n  o f  the 7 4 3 . 3 7  keQ fi f r o m  t h e  

97Z:, i n  t h e  s o l i d  bismuth samples .  

The mass 

- 

We b e l i e v e  t h a t  a t  a s t i r re r  speed  between 160 and 180 rpm, t h e  i n j -  

t i a t i o n  o f  e n t r a i n m e n t  of s a l t  i n t o  t h e  b i smuth  begins  t o  o c c u r ;  t h e  

a p p a r e n t  i n c r e a s e  i n  m a s s  t r a n s f e r  c o e f f i c i e n t  is a m a n i f e s t a t i o n  o f  an 

increase i n  t h e  s u r f a c e  area Tor inass t r a n s f e r  due t o  s u r f x e  mot ion .  

Experiments  with water-mercury arid water-methylene bromi dc systems ? u p p o r t  

t h i s  b e l i e f .  

5. SALT-METM., CONTACTOR DEVELOPMENT : EXPERTNENTS WITH A 
MECHANICALLY AGITATFJ , N O N D I S P E K S  LNG CONTACTOR 

U S I N G  WATER AND MERCURY 

C .  CI. Brown,  Jr. 

The r e f e r e n c e  f l o w s h e e t  f o r  the proposed MSBR p r o c e s s i n g  p l a n t  c a l l s  

f o r  thc: e x t r a c t i o n  o f  rare e a r t h s  f r o m  t h e  f l u o r i d e  f u e l  carrier s a l t  t o  

ai1 i n t e r m e d i a t e  b i smuth  stream. One device b e i n g  c o n s i d e r e d  f o r  p e r f o r m i n g  

t h i s  e x t  t -ac t ion  i s  a m e c h a n i c a l l y  a g i t a t e d ,  n o n d i s p e r s i n g  c o n t a c t o r  i n  
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Fig .  2 .  Comparison o f  mass t r a n s f e r  c o e f f i c i e n t s  measured i n  irhe 
salt-bismuth c o n t a c t o r  u s i n g  237U and 97%r tracers w i t h  v a l u e s  p r e d i c t e d  
by  t h e  J,ewis c o r r e l . a t i o n .  
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which b ismuth  and f3.uoride s a l t  phases  are a g i t a t e d  t o  enhance  thii! iuass 

tri3.nsfer ra te  of  rare e a r t h s  a c r o s s  t h e  s a l t - b i s m u t h  i n t e r f a c e .  P r e v i o u s  

r e p o r t s  have  shown t h a t  t h e  f o l l o w i n g  reacLio11. i.n t h e  water-mercury 

sys t cm i s  s u i t a b l e  :for s i m u l a t i n g  and s t u d y i n g  mass t r a n s f e r  rates i n  

sys tems w i t h  h i g h  d e n s i t y  d i f f e r e n c e s :  

8-10 

8 
A l a r g e  amount of d a t a  h a v e  been  r e p o r t e d  

i n  which i t  w a s  assumed t h a t  t h e  1-i.miting r e s i s t a n c e  t o  m a s s  t r a n s f e r  

existed ent i re1.y i n  t h e  mercury phase  as sugges t ed  by  I . i t e r a t u r e  c o r r e -  

l a t i o n s  

f o r  t h e  water-mercury sys tem 

11 An experiment:  w a s  p r e v i o u s l y  d e s c r i b e d  t h a t  was des igned  t o  iden-  

t i f y  t h e  phase  i n  which the c o n t r o l l i n g  r e s i s t a n c e  t o  mass t r a n s f e r  

r e s i d e d .  In t h e s e  experi i i ients ,  i t  w a s  n o t i c e d  t h a t  t h e  mass t r a n s f e r  

c o e f f i c i e n t  appeared  t o  v a r y  d u r i n g  t h e  c o u r s e  of a run  i f  the i n i t i a l  

c o n c e n t r a t i o n s  (,E %n t n  the mercury phase  and Pb2+ i n  t h e  water phase  

were n o t  e q u a l .  The mass t r a n s f e r  c o e f f i c i e n t  w0ul.d a b r u p t l y  change v a l u e s  

a f t e r  the exper:imetit had been  i n  p r o g r e s s  f o r  about  1 2  t o  15 min. During 

t h i s  r e p o r t  p e r i o d ,  the d a t a  from t h e  expe r imen t s  t h a t  lmd been performed 

i n  the  water-mercury c o n t a c t o r  w e r e  r e a n a l y z e d  i n  an a t t e m p t  t o  de t e rmine  

i f  t h e  a p p a r e n t  change i n  m a s s  t r a n s f e r  c o e f f i c i e n t  w a s  due t o  t h e  con- 

t r o l l i n g  resistimce changing  from one  phase  t o  t h e  o t h e r  d u r i n g  the coi i rse  

of a i  expe r imen t .  

5 . 1  Theory 

A s  was p r e v i o u s l y  r e p o r t e d , "  the  r e a c t i o n  b e i n g  s t u d i e d ,  E q .  (1) ~ i s  

c o n s i d e r e d  t o  b e  a f a s t ,  i r r e v e r s i b l e ,  i o n i c  r e a c t i o n  which occiirs e n t i r e l y  

a t  t h e  merrury-water  i n t e r f a c e .  

The r e t e  ( J C  t r a n s p o r t  of r e a c t a n t s  f rom t h e  b u l k  phase  t o  t h e  i n t e r -  

f ' 3 . c ~  where t h e y  react i s  given by: 
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where 

k = i n d i v i d u a l  phase  mass t r a n s f e r  c o e f f i c i e n t ,  cm/sec ,  

N = r a t e  of  rndss transport  to the interlace, g / s e c ,  
2 A = i n t e r f a c i a l  area, cm 

C = con1::eni:rai Lon, 

B = d e n o t a t i o n  o f  b u l k  phase  c o n c e n t r a t i o n ,  

i = der io t a t ion  of  i l i tc i r facial~ coi7.(:b~[ii ir~.t ioti ,  g/cm , 3 

t l g , I I  3 = r e f e r s  t o  t h e  phase  b e i n g  c o n s i d e r e d .  

S i n c e  one  mole of zn0 i s  e q u i v a l e n t  t o  one rniiIe of ~b 

(1) , t h e n  N 2+ = N Z n o .  

s i o n  y i e l -ds  t h e  f o l l o w i n g  e q u a l i t y ,  

2 
24- accorci ing to E q .  

Si.ihst.j.l~r*rr.i.ng R c s  - ( 2 )  and ( 3 )  i n t o  t h i s  expres- Pb 

7 1. A s  e a r l i ~ e r  r e p o r t e d ,  i f  t h e  c o n t r o l l i n g  r e s i s t a n c e  t o  mass t r a n s f e r  

i s  assumed t o  b e  i n  t h e  o r e  phase ,  t h e  i n t e r f a c i a l  r e a c t a n t  concentz-ati.on 

i.ti that phase  i.s very siilal. 1 w i t h  respect: t o  t.iic h u l k  r e a c t a n t  concen t r a -  

t i o r i .  

Ln t h e  t r a n s i e n t  expe r imen t  which we have performed,11 i t  may be 

p o s s i b l e  f o r  t h e  l i m i t i n g  r e s i s t a n c e  t o  mass t r a n s f e r  t o  s w i t c h  from one 

phase  t o  the o t h e r  d u r i n g  t h e  course o f  ail expe r imen t .  S i n , c e  hot:h i n t e r -  

f a c i a l  r e a c t a n t  c o n c e n t r a t i o n s  are very smal.1. wi L i i  r e s p e c t  t o  t h e i r  b u l k  

phase c o n c e n t r a t  i.ons , the fo l . l owing  equa1i.t.y e x i . s  ts a t  this t r a n s i t  i.m 

p o i n t :  

c 2-t- . (5 1 - 
kHg CZno,B -- ‘H20 Pb , K  

If t h e  c o n t r o l l i n g  r e s i s t a n c e  t o  mass traiisltJr i s  i n  t h e  aqueous 
2+ phase ,  two e q u a t i o n s ,  one f o r  t h e  c o n c e n t r a t i o n  of Pb aritl onp rut .  ~ i i e  

concen t r a tbon  o f  %n , can be  der ivprl :  2 t  
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whese 
3 V = volume o f  phase, c m  

t =- t i m e ,  s e c ,  and 

parentheses  i o d i c a t c  q u a n t i  ti t2.C; which are f u n c t i o n s  of time. 

If the merci~rjr p h a s e  conta in3  t h e  c o n t r o l l i n g  res:i.s t:aace t o  mass 
2i- tritiisfer, t w o  other equati.ons .) one f o r  the concentration o : F  an3 one 

f o r  the c o n c e n t r a t i o n  rJf %n , can be  d e r i v e d :  2+ 

Equa t ions  (6 ) - (9 )  are a l l  o f  t he  f o r m ,  

y - m t  , 

wh c a r e  

y the iiatural l o g a r i t h m  of a concentration ratio, 

m = a mass transfer coe f f i c i en t  t i m e s  the intclrEaci:il ttretl 

d i v i d e d  by t h e  p l i d s ~  volume, and 

t = t i m e .  

T1-1:i.s i n d i c a t e s  t h a t  a l o g a r i t h m i c  p l o t  of t h e  c o n c e n t r a t i o n  rai:io v s  t i m e  

s h o u l d  y i e l d  a s t r a i g h t  line, with t h e  slope baing propor i r iona l .  t o  the 

mass t ransfer  coefficient (I I f  t h e  cxmtrol. of m a s s  t r a n s f e r  s w i t c h e s  f r o m  
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one phase  t o  t h e  o t h e r  d u r i n g  t h e  e x e c u t i o n  o f  a n  expe r imen t ,  then t h e  

s l o p e  of t h e  semi log  p l o t  ment ioned above would indeed  change ,  as was 

obse rved  . 
Equa t ion  (5)  can  b e  used  w i t h  e x p e r i m e n t a l  v a l u e s  of k Hg ’ ‘H2OY and 

c o n c e n t r a t i o n s  of Zn and Pb , which are e v a l u a t e d  a t  t h e  time of 

a p p a r e n t  change of mass t r a n s f e r  c o e f f i c i e n t  and a t  t h e  beg inn ing  of t h e  

exper iment  , t o  d e t e r m i n e  t h e  phase  :in which t h e  l i m i t i n g  mass t r a n s f e r  

r e s i s t a n c e  l a y  a t  t h e  b e g i n n i n g  of t h e  r u n .  The f i r s t  s t e p  i n  t h e  d e t c r -  

mi.nation of  t h e  m a s s  t r a n s f e r  l i m i t i n g  phase  a t  t h e  beg inn ing  of a run 

i s  t o  f i n d  t h e  p a i r  o f  i - n d i v i d u a l  phase  mass t r a n s f e r  c o e f f i c i e n t s ,  one 

b e f o r e  and one  a f t e r  t h e  t r a n s i t i o n  p o i n t ,  whi.ch s a t i s f y  Eq. (5) ,  wiirh 

the b u l k  reactant c o n c e n t r a t i o n s  e v a l u a t e d  a t  the t r a n s i t i o n  p o i n t .  Two 

combina t ions  o f  m a s s  t r a n s f e r  c o e f f i c i e n t s  are p o s s i b l e ,  g i v i n g  Eq. (5) 

t h e  f o l l o w i n g  two forms: 

2+ 24- 

(1.2) 

where s u p e r s c r i p t s  1. and 2 r e f e r  t o  tile s l o p e  i n  Eq .  (1-0) b e f o r e  and a f t e r  

t h e  t r a n s i t i o n ,  r e s p e c t i v e l y ,  and t h e  s u b s c r i p t  t r  r e f e r s  t o  t h e  t r a n s i -  

t i o n  p o i n t .  Equat ion  ( 6 )  o r  ( 7 )  i s  used t o  detc:rrn:i.ne k 

and E q .  (8) o r  (9 )  i s  used t o  de t e rmine  k (”  and k 

(I’ and k ( 2 )  
( 2 )  1120 H 2 Q ’  

Hg Hg - 
Once i t  h a s  been  de te rmined  which of  t h e  two e q u a t i o n s ,  C q .  (11) o r  

( 1 2 ) ,  i s  s a t i s f i e d  E O T  a p a r t i c u l a r  run ,  t h e  mass t r a n s f e r  l i i a i t i n g  phase  

a t  t h e  b e g i n n i n g  o f  t h e  riun may b e  deiiermined by  f i i - r ther  appl . i .cat ion of  an 

inequa1.i-ty s imilar  t o  E q .  (5 ) .  The i n d i v i d u a l  p h a s e  mass t r a n s f e r  coe f -  

f i c i e n t  i n  t h e  l i m i t i n g  phase  t i m e s  the b u l k  r e a c t a n t  c o n c e n t r a t i o n  in 

t h a t  s a m e  phase  musl be less than tihe s a m e  p roduc t  i n  t h e  n o n l i m i t i n g  

p h a s e .  T h e r e f o r e ,  iF E q .  (11) i s  s a t i s f i e d ,  t hen  t h e  d i r e c t i o n  of t h e  

f o l l o w i n g  i . nequa l i ty  de t e rmines  t h e  i n i t i a l  mass t r a n s f e r  l i m i t i n g  phase  , 
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S i m i l a r l y ,  if Kq. ( 1 2 )  i s  s a t i s f i e d ,  t h e n  Che l i m i t i n g  phase i s  de te rmined  

by t h e  d i recLio i i  o f  t h e  i n e q u a l i t y :  

5 .2  Experimental  R e s u l t s  

F i v e  expe r imen t s  were run  i n  the water-mercury c o n t a c t o r  t o  d e t e r m i n e  

i f  t h e  a p p a r e n t  change i n  mass t r a n s f e r  c o e . f f i c i e n t  was clue t o  c o n t r o l . l i n g  

r e s i s t a n c e  changing from one p h a s e  t o  the o t h e r  d u r i n g  t h e  c o u r s e  of an 

expe r imen t .  The iriiti a1 mercury-phase z i n c  c o n c e n t r a t i o n  was h e l d  

c o n s t a n t  a t  0 . 1  E. 
c o n s t a n t  at: 1 . 8  l i t e rs  and ri, 150 rpm, r e s p e c t i v e l y .  

Phase volumes and a g i t a t o r  speed  were a l so  h e l d  

The e x p e r i m e n t a l  d a t a  o b t a i n e d  from t h e s e  f i v e  r u n s ,  t h e  c o n d i t i o n s  

under  which t h e  r u n s  w e r e  made, and t h e  t r a n s i e n t  r e s p o n s e  of the sys t em 

i n  terms o f  aqueous l e a d  and z i n c  c o n c e n t r a t i o n s  are shown i n  Tab le  3 .  
The d a t a  w e r e  a n a l y z e d  by u s e  o f  t h e  e q u a t i o n s  i n  t h e  p r e v i o u s  s e c t i o n .  

R e s u l t s  o f  t h i s  a n a l y s i s  f o r  d e t e r m i n a t i o n  o f  t h e  p h a s e  which con- 

t a i n e d  the l i m i t i n g  r e s i s t a n c e  t o  mass t r a n s f e r  a t  t h e  b e g i n n i n g  o f  each  

r u n  are shown i n  Table 4 ,  a l o n g  w i t h  t h e  measured v a l u e  of: t h e  mass t r a n s -  

f e r  c o e f f i c i e n t  i n  t h e  l i m i t i n g  phase .  These r e s u l t s  i n d i c a t e  t h a t  t he  

l i m i t i n g  r e s i s t a n c e  t o  m a s s  t r a n s f e r  w a s  i n i t i a l l y  i n  t l te mercury p h a s e  i n  

the r u n s  made w i t h o u t  i n i t i a l .  aqueous-phase l e a d  c o n c e n t r a t i o n  equal t o  o r  

less than t h e  i n i t i a l  mercury-phase z i n c  c o n c e n t r a t i o n .  For t h e  r u n s  made 

w i t h  a n  i n i t i a l  l e a d  i o n  c o n c e n t r a t i o n  g r e a t e r  t h a n  t h e  i n i t i a l  z i n c  

amalgam c o n c e n t r a t i o n ,  the aqueous phase  c o n t r o l s  mass t r a n s f e r .  The 

r e s u l t s  from run  148 ( i n  which t h e  i n i t i a l  r e a c t a n t  c o n c e n t r a t i o n s  are 

n e a r l y  e q u a l )  are d i f f i c u l t  t o  a n a l y z e ,  b e c a u s e  o n l y  a s l i g h t  change of  

s l o p e  in  a p l o t  of Eq .  (10) WRS d e t e c t e d ,  

I n  r u n s  145 and 1 4 9 ,  t l i e  i n i t i a l  l e a d  i o n  c o n c e n t r a t i o n  w a s  l o w  w i t h  

respect t o  t h e  z i n c  amalgam c o n c e n t r a t i o n .  This would i n d i c a t e  t h a t  the 
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Table 3. Concentration vs time data from the  water-mercury contactor 

Initial H a - Z n  analqam concentration = 0.1 M - 
Stirrer v e l o c l t y  = 150 rpm 

Phase volumes .: 1.8 liters each 
Paddle dianetel- = 7.62 cm 

Paddle height = 1.91 cn 

Run Elapsed time 
number ( r n y n )  

Lead ion 
concentration ( M )  

146 

147 

148 

149 

145 0 0.0197 
3 0.0171 
6 0.0141 
9 0.0112 
12 0.0092 
15 0.0071 
18 0.0053 
21 0.0042 
24 0.0033 
27 0.0025 
30 0.0019 

0 0.141 
3 0.131 
6 0.117 
9 0.101 
12 0.0883 
15 0.0738 
18 0.0589 
21 0.0589 
24 0.0550 
27 0.0526 
30 0.0512 

0 0.184 
3.33 0.171 
6 0.144 
9 0.132 
12 0.121 
15 0.109 
18 0.103 
21 0.101 
24 0.0999 
27 0.0975 
30 0.0956 

0 0.0960 
5 0.0749 
10 0.0568 
15 0.0419 
20 0.0331 
25 0.0249 
30 0.0176 
35 0.0148 
40.33 0.0102 
45 0.0070 
50 0.0046 
55 0.0029 
60 0.0017 

0 0.0192 
3.17 0.0156 
6.07 0.0122 
9.25 0.0970 
12 0.0741 

0.00536 15 
0.00384 18 

21.08 0.00249 

27 0.00127 
30 0.00069 

24 0.00211 

. .~ --- 
_ _ _ ~ I _ _ _  -- 

Zinc ion 
conccwtration (E) 

-----.I.__-...-.- 

0.0003 
0.0038 
0.0070 
0.0095 
0.0115 
0.0134 
0.0158 
0.0170 
0.0181 
0.0186 
0.0196 

0.00021 
0.0187 
0.0346 
0.0478 
0.0604 
0.0750 
0.0826 
0.0887 
0.0910 
0.0948 
0.0979 

0.00104 
0.0338 
0.0520 
0.0678 
0.0811 
0.0872 
0.0902 
0.0941 
0.0979 
0.0971 
0.100 

0.0007 
0.0199 
0.0375 
0.0516 
0.0631 
0.0704 
0.0784 
0.0834 
0.0899 
0.0906 
0.0922 
0.0922 
0.0948 

0.00045 
0.00512 
0.00795 
0.0106 
0.0130 
0.0148 
0.0162 
0.0177 
0.01ae 
0.0190 
0.0199 
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T a b l e  4 .  I n i t i a l  l e a d  i o n  c o n c e n t r a t i o n  and m a s s  t r a n s f e r  
c o e f f i c i e n t s  i n  t h e  p h a s e  i n i t i a l l y  c o n t a i n i n g  t h e  

l i m i t i n g  r e s i s t a n c e  t o  mass t r a n s S e r  f o r  r u n s  145 t o  1 4 9  

Mass t r a n s f e r  c o e f f i c i e n t s  i n  t h e  
I n i t i a l  l e a d  phase  c o n t r o l l i n g  mass t r a n s f e r  

Run i o n  c o n c e n t r a t i o n  I i n i t i a l l y  (cm/sec) I 

“H20 
__I 

kJ& 
-I__ 

numb e r (E> 
-- -____ 

1 4 5  0.0197 0.0012 

1 4  9 0.0192 0.0013 

148 0.0960 0.0056 

146 0.141. 0.0061 

14 7 0.184 0.0046 

aqueous p h a s e  s h o u l d  i n i t i a l l y  c o n t a i n  t h e  l i m i t i n g  r e s i s t a n c e ,  s i n c e  t h e  

i n i t i a l  l e a d  i o n  c o n c e n t r a t i o n  t i m e s  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  shou ld  

b e  less t h a n  t h e  i n i t i a l  z i n c  amalgam c o n c e n t r a t i o n  t i m e s  t h e  m a s s  t r a n s -  

f e r  c o e c f i c i e n t  in t h a t  p h a s e .  S i m i l a r l y ,  i n  r u n s  146 and 1 4 7 ,  t h e  i n i -  

t i a l  l e a d  i o n  c o n c e n t r a t i o n  w a s  l a r g e  w i t h  r e s p e c t  t o  t h e  z i n c  amalgam 

c o n c e n t r a t i o n ;  t h i s  would i n d i c a t e  t h a t  t h e  mercury phase  s h o u l d  i n i t i a l l y  

c o n t a i n  t h e  l i m i t i n g  r e s i s t a n c e  t o  mass t r a n s f e r .  

According t o  t h e  model w e  have  deve loped ,  if t h e  aqueous phase  i n i -  

t i a l l y  c o n t a i n s  t h e  l i m i t i n g  r e s i s t a n c e  t o  mass t r a n s f e r ,  t h e  f o l l o w i n g  

i n e q u a l i t y  i s  s a t i s f i e d :  

During t h e  c o u r s e  o f  a n  e x p e r i m e n t a l  r u n ,  t h e  i n e q u a l i t y  shown i n  E q .  (15) 

s h o u l d  always b e  s a t i s f i e d ,  s i n c e  t h e  l e a d  i o n  c o n c e n t r a t i o n  d e c r e a s e s  

w i t h  a n  e q u a l  d e c r e a s e  in t h e  z i n c  amalgam c o n c e n t r a t i o n .  This i n d i c a t e s  

that t h e  aqueous p h a s e  s h o u l d  c o n t r o l  m a s s  t r a n s f e r  t h roughou t  t h e  run;  

no change of s l o p e ,  c o r r e s p o n d i n g  t o  a change i n  t h e  c o n t r o l l i n g  p h a s e ,  

shou ld  b e  deno ted  i n  a p l o t  of Eq. ( 6 ) .  F i g u r e  3 shows t h e  parameters of 

Eq .  (6)  p l o t t e d  for t h e  d a t a  o b t a i n e d  in r u n  146.  A d e f i n i t e  change of 
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F i g .  3. Logarithm of the concentration ratio vs tine f o r  run  1 4 6  
i n  t h e  water-mercury con tac to r .  
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s l o p e  i s  r e c o g n i z a b l e  a t  EL v a l u e  of t h e  a b s c i s s a  ( t i m e )  between 15  and 18 

min, which would i n d i c a t e  a change i n  t h e  phase  c o n t a i n i n g  t h e  l i m i t i n g  

r e s i s t a n c e  t o  mass t r a n s f e r .  

Mass t r a n s f e r  t h e o r y  p r e d i c t s  t h a t  t h e  v a l u e  of t h e  i n d i v i d u a l  phase  

m a s 3  t r a n s f e r  c o e f f i c i e n t  i s  c o n s t a n t .  The e x p e r i m e n t a l  r e s u l t s  g i v e n  i n  

‘Cable 4 i n d i c a t e  t h a t  t h e  measured mass t r a n s f e r  c o e f f i c i e n t  f o r  t h e  

mercury phase  i n  r u n s  145, 148 ,  and 149 i n c r e a s e d  i n  d i r e c t  p r o p o r t i o n  t o  

t h e  i n i t i a l  l e a d  i o n  c o n c e n t r a t i o n .  S i m i l a r l y ,  t h e  v a l u e s  r e p o r t e d  f o r  

t h e  aqueous phase  mas:; t r a n s f e r  c o e f f i c i e n t  i n  r u n s  146  and 1 4 7  v a r y  

i n v e r s e l y  t o  t h e  i n i t i a l  l e a d  i o n  c o n c e n t r a c i o n .  It is  e v i d e n t  t h a t  f o r  

t h i s  s y s t e m  t h e  model w e  have developed i s  i n a d e q u a t e ,  and f u r t h e r  s t u d i e s  

need to Si! made t o  comple t e ly  u n d e r s t a n d  t h e  system. 

6 .  FUEL RECONSTITUTLON DEVELOPMENT : INSTALLATION OF EQUIPMENT 
FOR A FUEL KECONSTITUTION ENGINEERING FXPERIMENT 

R .  M. Counce 

The r e f e r e n c e  f l o w s h e e t  € o r  p r o c e s s i n g  t h e  f u e l  s a l t  from a molten- 

s a l t  b r e e d e r  r e a c t o r  (MSBR) i s  based upon removal o f  uranium by f l u o r i n a -  

t i o n  t o  UF 

s t e p  must s u b s e q u e n t l y  b e  r e t u r n e d  t o  t h e  f u e l  s a l t  stream b e f o r e  i t  

r e t u r n s  t o  the r e a c t o r .  The method f o r  recombining t h e  uranium w i t h  t h e  

f u e l  c a r r i e r  s a l t  ( r e c o n s t i t u t i n g  t h e  f u e l  s a l t )  i s  t o  a b s o r b  gaseous 

UF i n t o  a r e c y c l e d  f u e l  s a l t  stream c o n t a i n i n g  d i s s o l v e d  UF b y  u t i l i z i n g  

t h e  r e a c t  ion :  

as t h e  f i r s t  p r o c e s s i n g  s t e p .  l2 The uranium removed i n  t h i s  
6 

6 4 

UF 
6 k? + = 2UF5@) . UF4 (d? 

The r e s u l t a n t  UF would b e  reduced t o  UF w i t h  hydrogen i n  a s e p a r a t e  

v e s s e l  a c c o r d i n g  t o  t h e  r e a c t i o n :  
5 4 

4 ( d )  + HF ( 9 ?  
= UF 

2 (g)  UF 5 ( d )  -f- 1 / 2  Ii 
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We are b e g i n n i n g  e n g i n e e r i n g  s t u d i e s  of t h p  Cue1 r e c o n s t i t u t i o n  s t e p  

i n  o r d e r  to p r o v i d e  t h e  technology n e c e s s a r y  f o r  t h e  d e s i g n  of l a r g e r  

equipment f o r  recombining UF g e n e r a t e d  i n  f l u o r i n a t o r s  i n  t h e  p r o c e s s i n g  

p l a n t  w i t h  t h e  p rocessed  f u e l  s a l t  r e t u r n i n g  t o  t h e  r e a c t o r .  During t h i s  

r e p o r t  p e r i o d ,  equipment t h a t  w a s  d e s c r i b e d  p r ~ v i o u s l y ~ ~  was f a b r i c a t e d  

and i s  b e i n g  i n s t a l l e d .  This r e p o r t  c o n t a i n s  documento t iun  of equipment 

and adds  d e t a i l  t o  t h e  p r e v i o u s  r e p o r t .  

6 

The major  components o f  t l i c l  f u e l  r e c o n s t i t u t i o n  e n g i n e e r i n g  e x p e r i -  

ment (FREE) are  shown s c h e m a t i c a l l y  i n  F ig .  4 ,  and i n  mort. d c t a i l  i n  F i g s .  

5 and 6 .  The equipment f o r  this exper iment  c o n s i s t s  of a 3 6 - l i t e r  f eed  

t a n k ,  a UF 

s a m p l e r ,  a 3 6 - l i t e r  r e c e i v e r ,  NaP t r a p s  f o r  c o l l e c t i n g  e x c e s s  UP and 

d i s p o s i n g  of HF, g a s  s u p p l i e s  f o r  a r g o n ,  hydrogen ,  and UF and means 

f o r  a n a l y z i n g  t h e  g a s  streams f rom t h e  r e a c t i o n  v e s s e l s .  

a b s o r p t i o n  vesse l . ,  a H2 r e d u c t i o n  coluriin, a n  e f f l u e n t  stream 6 

6 

6 '  

6 . 1  Equipment Documentation 

I'he f e e d  and r e c e i v e r  t a n k s  are a lmos t  i d e n t i c a l  i n  c o n s t r u c t i o n ,  

w i t h  t h e  e x c e p t i o n  t h a t  t h e  feed  t ank  h a s  an a d d i t i o n a l  n o z z l e .  The 

s i m i l a r i t y  of  t h e s c  v e s s e l s  i s  s e e n  i n  F i g s .  7 and 8. The f e e d  t a n k  h a s  

f i v e  n o z z l e s ,  as seen i n  F i g .  9 ,  as f o l l o w s :  

a s a l t  i n l e t  n o z z l e  (1 /2 - in .  s ched  40 p i p e  w i t h  a I i t t i n g  
f o r  a s l e e v e d  3 /8 - in .  t u b e  t h a t  doc?s n o t  ex tend  i n t o  t h e  
t a n k )  ; 

a - sa l t  e x i t  n o z z l e  (1 /2 - in .  s c h e d  40 p i - p e  w i t h  a f i t t i n g  
f o r  a s l e e v e d  3 /8 - in .  t u b e  t h a t  e x t e n d s  t o  1 / 2  i n .  of 
t h e  bo t tom o f  t h e  t a n k ) ;  

a s p a r g e  n o z z l e  (3 /8 - in .  s ched  40 p i p e  w i t h  a f i t t i n g  f o r  
a s l e e v e d  1 / 4 - i n .  t u b e  e x t e n d i n g  t o  w i t h i n  112 i n .  of 
t h e  bot tom o f  t h e  t a n k ) ;  

an o f f - g a s  and p r e s s u r i z a t i o n  n o z z l e  (3 /8- in .  s ched  40 
p i p e  with a f i t t i n g  f o r  a s l e e v e d  1 /4- - in .  t u b e  t h a t  
does  n o t  e x t e n d  i n t o  t h e  t a n k ) ;  and 

a sample r  p o r t  ( 3 / 4 - i n .  p i p e  w i t h  a 3/4- in .  b a l l  v a l v e  
and c a p ) .  

The r e t u r n  t a n k  h a s  n o z z l e s  1 through 4 of  t h e  above, as s e e n  i n  F i g .  10 ;  

however,  t h e  o n l y  p r e s s u r i z a t i o n  c a p a c i t y  i s  th rough  t h e  s p a r g e  l i n e .  
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F i g .  6 .  UF6 g e n e r a t i o n  a n d  metering system f l o w  diagram f o r  FREE. 
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F i g .  7 .  Feed tank f o r  FREE. 
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F i g .  9 .  Top v i e w  o f  f e e d  tank f o r  FREE. 
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NCHES OAK RIDGE P-4TION 

I . 

A L  LABORATORY 

IWI ~ _ _  - 

--A. 10. Top view of  receiver t a n k  f o r  FREE. 
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A s i d e  v i e w  of  t h e  UF a b s o r p t i o n  v e s s e l  i s  shown i n  F i g .  11, and a 

top  view i s  shown i n  F i g .  1 2 .  The n o z z l e s  i n  F i g .  12 are i d e n t i c a l  w i t h  

n o z z l e s  1 th rough  4 of  t h e  r e t u r n  t a n k  w i t h  one e x c e p t i o n .  The o f f - g a s  

n o z z l e  i s  a 3 /8 - in .  s ched  40 p i p e  w i t h  a 3 /8 - in .  Swagelock f i t t i n g  which 

serves as t h e  o f f - g a s  l i n e  from t h a t  v e s s e l .  

6 

The H r e d u c t i o n  column i s  shown i n  F i g s .  13-15. Two n o z z l e s  are 2 
shown i n  a t o p  view of  t h e  column (Fig .  1 4 ) :  

(1) a s a l t  i n l e t  n o z z l e  ( a s  p r e v i o u s l y  d e s c r i b e d  f o r  t h e  
f e e d  t a n k ) ;  and 

(2)  an o f f - g a s  n o z z l e  ( a s  d e s c r i b e d  f o r  t h e  UF a b s o r p t i o n  6 v e s s e l ) .  

F i g u r e  15  shows t h e  3 /8 - in . -p ipe  s i d e  a r m  ( t h e  g a s  i n l e t  and d i s t r i b u t o r ) .  

The hydrogen s u p p l y  l i n e ,  a 1 / 4 - i n .  t u b e ,  i s  welded t o  t h i s  s i d e  arm. Also 

shown i s  t h e  3 /8 - in . -p ipe  s a l t  e x i t  p o r t .  The s a l t  e x i t  l i n e ,  a 3 /8 - in .  

t u b e ,  i s  welded t o  t h e  e x i t  p o r t .  

The f lowing  s t r e a m  sample r  i s  shown i n  F i g .  16.  Access t o  t h e  l i q u i d  

The sampler  i s  equipped phase  is o b t a i n e d  th rough  t h e  3 /4 - in .  b a l l  valve. 

w i t h  a 3 /8 - in .  t u b e  f i t t i n g  f o r  a n  o f f - g a s  l i n e .  A 3 / 8 - i n .  t u b e  f i t t i n g  

f o r  a "cover gas"  l i n e  i s  n o t  shown. 

The UF and HF t r a p s  are i d e n t i c a l  i n  c o n s t r u c t i o n  e x c e p t  f o r  t h e  6 
l e n g t h .  The UF t r a p  i s  55-518 i n .  l o n g ,  w h i l e  t h e  HF t r a p  i s  31-518-in. 

l o n g .  The UF t r a p  i s  shown i n  F i g s .  1 7  and 18. A s  s e e n  i n  t h e s e  f i g u r e s ,  

t h e  t r a p  has a 318-in.  f i t t i n g  on t h e  t o p  and bot tom f l a n g e s  f o r  g a s  i n l e t  

and o u t l e t ,  r e s p e c t i v e l y .  The HF t r a p  i s  n o t  shown because  of i t s  s i m i -  

l a r i t y  t o  t h e  UF t r a p .  

6 

6 

6 

6.2 UF G e n e r a t i o n  6 

The uranium h e x a f l u o r i d e  f o r  t h e  f u e l  r e c o n s t i t u t i o n  e n g i n e e r i n g  

expe r imen t  w i l l  b e  a c q u i r e d  i n  5-in.-diam by 36-in.-high c y l i n d e r s .  These 

c y l i n d e r s  c o n t a i n  up t o  55 l b  o f  UF The t r i p l e  p o i n t  of  UF o c c u r s  a t  

w i l l  be  s u p p l i e d  t o  t h i s  expe r imen t  by main- 22 p s i a  and 147.3"F. UF 

t a i n i n g  t h e  t e m p e r a t u r e  o f  t h e  UF c y l i n d e r  a t  220"F, and t h e  vapor  p r e s -  

s u r e  w i l l  b e  7 0  p s i a .  H e a t i n g  w i l l  b e  accomplished by u s e  of 17 .2 -ps i a  

steam. 

6' 6 

6 ( g )  

6 
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PHOTO 31 49-74 

Fig. 11. UF absorption vessel f o r  FREE. 
6 
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PHOTO 31 50-74 
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F i g .  1 4 .  Top view o f  H r e d u c t i o n  column f o r  FREE. 2 
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PHOTO 3147-74 

AT e C A  
b 

F i g .  18. Top o r  bo t tom view of UF6 t r a p  f o r  FREE. 
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The steam h e a t s  t h e  c y l i n d e r s  d i r e c t l y  th rough  3 /8 - in .  copper  t u b i n g  

which i s  c o i l e d  around t h e  e n t i r e  c y l i n d e r ,  as i l l u s t r a t e d  i n  F i g .  6 .  

The lower 18 i n .  o f  t h e  c y l i n d e r  and t u b i n g  i s  cove red  w i t h  a c o n d u c t i v e  

cement t o  minimize r e s p o n s e  t i m e .  The c y l i n d e r  and a s s o c i a t e d  v a l v e s  

are t h e n  e n c l o s e d  i n  a c a b i n e t  i n s u l a t e d  w i t h  2 i n .  of F i b e r g l a s  i n s u l a -  

t i o n .  

6 .3  I n s t r u m e n t a t i o n  and C o n t r o l s  

The p r i n c i p a l  o b j e c t i v e s  of t h e  i n s t r u m e n t a t i o n  and c o n t r o l  system 

are t o  p r o v i d e  c l o s e l y  r e g u l a t e d  f lows  o f  mol t en  s a l t ,  UF6, H 2 ,  and 

d i l u e n t  g a s e s  t o  t h e  p r o c e s s ,  and t o  a n a l y z e  t h e  r e s u l t a n t  o f f - g a s .  

Flow rate o f  s a l t  t o  t h e  UF a b s o r p t i o n  t a n k  i s  c o n t r o l l e d  by regu-  6 
l a t i n g  t h e  change of  l i q u i d  l e v e l  i n  t h e  f e e d  t a n k .  T h i s  l i q u i d  level is  

i n f e r r e d  from t h e  p r e s s u r e  of  a rgon  t h a t  i s  s u p p l i e d  t o  a d i p - l e g  b u b b l e r  

i n  t h e  t a n k .  

F i g u r e  1 9  i s  a s c h e m a t i c  d i ag ram of t h e  c o n t r o l  sys t em t h a t  r e g u l a t e s  

t h e  f low of s a l t  t o  t h e  UF a b s o r p t i o n  vessel. An a d j u s t a b l e  ramp genera-  

t o r  and an e l e c t r i c - t o - p n e u m a t i c  c o n v e r t e r  are used  t o  l i n e a r l y  d e c r e a s e  

t h e  set p o i n t  of a c o n t r o l l e r  t h a t  s e n s e s  l i q u i d  level  i n  t h e  f e e d  t a n k  

and c o n t r o l s  t h e  l eve l  by c o n t r o l l i n g  t h e  f l o w  ra te  of p r e s s u r i z i n g  a rgon  

t o  t h e  g a s  s p a c e  of t h e  f e e d  t a n k .  The r e s u l t  s h o u l d  b e  a un i fo rmly  

d e c r e a s i n g  s a l t  level  a n d ,  hence ,  a un i fo rm d i s c h a r g e  rate of sa l t  from 

t h e  t a n k .  T h i s  c o n t r o l  sys t em s h o u l d  b e  u n a f f e c t e d  by s m a l l  i n c r e a s e s  i n  

back  p r e s s u r e  caused by p l u g g i n g  of  t r a n s f e r  l i n e s ,  d e c r e a s i n g  f e e d  t a n k  

l e v e l ,  e t c . ,  o r  l e a k a g e  of  p r e s s u r i z i n g  a rgon  ( a  s m a l l  a rgon  b l e e d  i s  

p r o v i d e d  t o  improve p r e s s u r e  c o n t r o l ) .  

6 

The UF c o n t r o l  sys t em is  a s i m p l e  f eedback  sys t em i n v o l v i n g  a 

H a s t i n g s  Mass Flow Meter as t h e  f l o w  rate s e n s o r  ( s e e  F i g .  6 ) .  T h i s  s i g -  

n a l  from t h e  mass f l o w  m e t e r  i s  a l t e r e d  t o  a 10 t o  50 mA s i g n a l  t o  f e e d  a n  

e l e c t r o n i c  Foxboro r e c o r d e r - c o n t r o l l e r .  The r e c o r d e r - c o n t r o l l e r  a c t u a t e s  

a 1 / 4 - i n .  Research C o n t r o l  Valve. A l l  c o n t r o l  i n s t r u m e n t a t i o n  and equip-  

ment h a v i n g  c o n t a c t  w i t h  t h e  UF 

l i n e s )  are e n c l o s e d  i n  an i n s u l a t e d  c a b i n e t  ma in ta ined  a t  212°F. 

6 

stream (wi th  t h e  e x c e p t i o n  of t h e  f e e d  6 
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Fig. 19. Schematic diagram of control system f o r  metering salt 
from the feed tank f o r  FREE. 
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Tho hydrogen  and d i l u e n t  g a s  streams are metered  th rough  Matheson f low 

metcrs accompanied by d i f f e r e n t i a l  p r e s s u r e  i n d i c a t o r s .  The o f f - g a s  arial- 

ysis i s  made by Cow-Mac gas  d e n s i t y  d e t e c t o r s .  The g a s  c o n c e n t r a t i o n s  can 

b e  i - n f e r r c d  from t h e  gas d e n s i t y  a n a l y s i s .  

The l i q u i d - p h a s e  s y s  t e m  te i i ipera tures  are m a i n t a i n e d  a t  t h e  des i  r e d  

t e m p e r a t u r e s  by a u t o m a t i c  c o n t r o l . l e r s .  These c o n t r o l l e r s  r e g u l ~ a t e  appro-  

p r i a t e  v o l t a g e  t r a n s f o r m e r s  t h a t  s u p p l y  power t o  Cal rod  tubu la r  h e a t e r s ,  
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