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INTRODUCTION 

Development and t e s t i ng  of continuous dissolvers f o r  processing s lag 

and crucible residues obtained i n  the  production of plutonium metal have 

been described i n  previous reports1 s2*3, During the  l a t t e r  par t  of 1964, 

performance t e s t i ng  of a prototype dissolver fo r  the  Plutonium Reclamation 

Fac i l i t y  was completed, Because of the immediate needs fo r  t h i s  un i t  i n  

t h e  plant ,  there  was not time t o  invest igate  some design improvements con- 

ceived during the  prototype t e s t .  Subsequently, addi t ional  s tudies  were 

performed using a glass  mock-up of an improved design. This report  describes 

the  recent design modifications and the  r e s u l t s  of t e s t s  made t o  determine 

t he  resu l t ing  performance charac te r i s t i cs  , 

SUMMARY - 
A glass  mock-up of t he  l i qu id  portion of a continuous dissolver has been 

sa t i s f ac to r i l y  operated under s t r ingent  process conditions, Dissolution of 

simulated s lag  and crucible  residues was accomplished a t  r a t e s  two t o  three  

times greater than present plant production ra tes ,  The a b i l i t y  of t h e  system 

t o  maintain or res tore  c i rculat ion,  while containing so l ids  equivalent t o  the  

insoluble material  resu l t ing  from about s i x  months1 normal production, has 

been demonstrated, The addit ion of metered steam through sparge-distr ibutors 

t o  obtain required d i lu t ion  of the  production provides agi ta t ion,  reduces 

feed storage requirements and s impli f ies  feed make-up, 



DESCRIPTION OF PROCESS EQUIPMENT 

During t h e  reduction and p u r i f i c a t i o n  of plutonium, some of the  metal 

i s  ca r r i ed  i n t o  s l a g  and i s  deposited on o r  i n  t h e  crucibles  used i n  t h e  

column reduction process. In  order t o  recover t h i s  metal t h e  res idues  a r e  

ground and blended i n  powder form. The powder is sealed i n  i ron  cans which 

a r e  capable of b e i n g -t o t a l l y  dissolved by a wet chemical process f o r  rec la-  

mation of t h e  metal, The d i s so lu t ion  of t h e  bas ic  res idues  i s  accomplished 

rap id ly  by a hot mixture of n i t r i c  ac id -and aluminum n i t r a t e  which i n  t h e  

presence of soluble  f luor ides  leaves only minor amounts of insoluble  s a l t s  

such as  magnesium s i l i c a t e .  Development of a d i s so lve r  which c i r c u l a t e s  

t h e  heated a c i d i c  mixture with t h e  s o l i d s  i n  a turbulent  flow i s  described 

i n  e a r l i e r  reports1 *2 ' 3 ,  

The dissolver  i l l u s t r a t e d  i n  Figure 1 operates on the  same pr inc ip le  

a s  t h a t  described i n  t h e  references; it d i f f e r s  i n  t h a t  provisions a r e  made 

f o r  access from adjacent hoods, Other minor improvements have been included 

t o  reduce s o l i d s  hold-up and t o  provide cleaner product streams and t o  

insure  more complete d issolut ion.  The design incorporates a closed loop fo r  

containing ac id ic  solvent .  The solvent  i s  c i rcu la ted  i n  the  Loop by means 

of a thermal siphon supplemented with an i n e r t  gas a i r - l i f t ,  The i n e r t  gas 

serves a mult iple function - generat ing t h e  l i f t i n g  e f f e c t ,  providing a 

blanket  i n  t h e  equipment t o  reduce o r  el iminate explosive mixtures of t h e  

evolved hydrogen, and serving t o  a g i t a t e  and suspend s o l i d s  i n  t h e  acid.  

The p a r a l l e l  add i t ion  of l i v e  steam through t h e  sparge l i n e s  provides agi ta-  

t i o n  of t h e  s o l i d s ,  d i l u t e s  t h e  solut ion and provides supplementary heat  t o  

t h e  processo 



The r i s i n g  l i q u i d  c i r c u l a t e s  around and through the  canned res idues  a s  

they a r e  deposited i n  t h e  vertical.  sec t ion  of t h e  d issolver ,  continues hori-  

zonta l ly  t o  promote both d issolut ion and disengagement of t h e  i n e r t  gas and 

re tu rns  t o  t h e  lower sec t ion of t h e  equipment f o r  r e d i s t r i b u t i o n ,  The down- 

comer is  sloped t o  provide g r a v i t y " a s s i s t a n c e  t o  t h e  c i r c u l a t i o n  of t h e  so l ids ,  

A t  t h e  bottom of t h e  sloped sect ion,  where connection i s  made t o  t h e  v e r t i c a l  

por t ion ,  a  hor izonta l  run of pipe has been provided t o  extend through t h e  

canyon w a l l  i n t o  a  closed hood i n  an adjacent  roomc The dissolver  can be 

mechanically scraped through t h i s  pipe t o  remove s o l i d s  without physical ly 

enter ing t h e  canyon. Fresh solvent  addi t ion  and in t roduct ion of purge gas 

and sparge steam a r e  a l s o  made through t h i s  same hor izonta l  pipe during normal 

operat ion,  These addi t ions  serve t o  stir any deposited s o l i d s  and t o  speed 

up d i s so lu t ion ,  

A hor izonta l  pipe located  near t h e  top  of t h e  d issolver  connects t h e  two 

v e r t i c a l  por t ions  and serves t o  carry  o f f  gas and vaporso It a l s o  a c t s  a s  a  

surge chamber and prevents t h e  mechanical sweep of l i q u i d  and s o l i d s  i n t o  the  

condenser, The product so lu t ion  take-off, a  constant  overflow arrangement, 

has been re located  t o  the  top  s i d e  of  t h e  sloped downcomer i n  a  region of 

r e l a t i v e l y  low turbulence, Screens i n  t h e  l i q u i d  and vapor cross-over l i n e s  

and i n  t h e  v e r t i c a l  heated sec t ion  prevent the  l o s s  of displacement of l a r g e  

pieces of undissolved mater ia l  and r e t a i n  them i n  t h e  ac t ive ly  bo i l ing  sec t ion  

while d i s in tegra t ion  takes  place, 

Since t h i s  s e r i e s  of t e s t s  was concerned with process va r ian t s  and minor 

untested items of t h e  bas ic  design, no attempt was made t o  prototype t h e  

e n t i r e  d i s so lve r ,  The model was fabr ica ted  from ava i l ab le  Pyrex g lass  pipe 

where poss ib le  t o  allow v i s u a l  observation of t h e  act ion.  Figure 2 i s  a  

diagram of t h e  t e s t  d issolver .  
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TEST OPERATION 

Several  charges of simulated feed, without calcium metal,  plutonium o r  

the  i r o n  from t h e  s t e e l  can were dissolved i n  t h e  equipment t o  v e r i f y  c i r-  

cu la t ion  and d i s so lu t ion  and t o  provide da ta  f o r  sparge d i s t r i b u t o r  design. 

These runs were of shor t  dura t ion  because o f  t h e  extens ive  modificat ions 

t h a t  would have been required t o  s a f e l y  perform t h e  t a s k  on a continuing 

bas i s ,  The d i s so lve r  was f i l l e d  t o  t h e  overflow point  with a mixture of 

10; n i t r i c  ac id  and 0.25; aluminum n i t r a t e  (ANN ) , The i n e r t  gas sparge was 

s t a r t e d  using a i r  as a stand- in f o r  n i t rogen and steam was applied t o  t h e  

heat  exchangerc When t h e  so lu t ion  temperature was ra i sed  t o  about 85 C 

approximately 1500 grams of a simulated feed of magnesium oxide, calcium 

f l u o r i d e  and calcium o r  a l t e r n a t i v e l y  potassium iodide  were charged a s  a dry 

powdero The ac id  flow was continuous and a t  a r a t e  of 17 l i t e r s  per  "can" of 

s o l i d  feed, This represents  a l a r g e  excess of ac id  over t h e  s to ichiometr ic  

7 l i t e r s  required,  bu t  provides a more p o s i t i v e  d r iv ing  force  f o r  t h e  disso-  

l u t i o n ,  During the  d issolv ing cycle  t h e  temperature of t h e  so lu t ion  r i s e s  

r ap id ly  and a t t a i n s  approximately 95 C, Circula t ion  was maintained by t h e  

i n e r t  gas and thermal syphon, A f r e s h  "can" of res idues  was added a t  30 

minute i n t e r v a l s  u n t i l  e igh t  charges had been made, The s o l i d s  s e t t l i n g  on 

t h e  bottom of the  down comer were a g i t a t e d  and put back i n t o  t h e  c i r c u l a t i n g  

stream by operat ion of the  steam sparge, 

I n  a second t e s t  t h e  concentrat ions were changed t o  provide 1 2 , 5 g n i t r i c  

ac id  and 0,3; ANNo During t h e  d i s so lu t ion  of e i g h t  cans of res idues  the  steam 

sparge was operated continuously f o r  10  minutes per  can; steam was metered 

through an o r i f i c e  t o  provide a measured d i l u t i o n  of t h e  more concentrated 

ac id  mixtureo Approximately f i v e  minutes a f t e r  t h e  addi t ion  of t h e  e ighth  



can t h e  r eac t ion  r a t e  suddenly accelera ted  and ac id  was splashed from the  

t o p  of t h e  model, The u n i t  w a s  shut  down and an es t imate  of  t h e  undissolved 

s o l i d s  was made, Less than one l i t e r  of s o l i d s  was detec ted ,  Operation was 

resumed with t h e  o r i g i n a l  ac id  concentrat ion ( 1 0 ~ )  b u t  with s l i g h t l y  higher 

ANN (0,3bf) t o  evaluate t h e  e f f e c t  on s o l u b i l i t y  of t h e  granular  f l u o r i d e  

res idue ,  The next 4 cans were charged a t  a doubled r a t e  - one every 15  

minutes, Following an overnight shutdown t h e  s o l i d s  volume was apparently 

unchanged and charging of t h e  s o l i d  mater ia l  was resumed, After  t h e  second 

add i t iona l  can had been charged ( t o t a l  of 6 )  t h e  r e a c t i o n  r a t e  again spon- 

t a m u s l y a c c e l e r a t e d  a f t e r  about f i v e  minutes and ac id  again spewed from t h e  

t o p  o f  t h e  d issolver .  This increased secondary reac t ion  pressure,  which i s  

e a s i l y  contained i n  f u l l  s c a l e  p lan t  equipment, has been repeatedly observed 

during production runs. 

I n  t h e  t e s t s  t o  determine a b i l i t y  of t h e  d i s so lve r  t o  maintain o r  

r e s t o r e  c i r c u l a t i o n  of t h e  s o l i d s  a f t e r  periods of shutdown, wind-blown 

d e s e r t  sand was charged t o  t h e  d i s so lve r  i n  increments of 1 l i t e r ,  Water was 

s u b s t i t u t e d  f o r  t h e  a c i d i c ~ s o l v e n t ,  When t h e  sand had been evenly d i s t r i b u t e d  

throughout the  system t h e  hea tand . spa rges -were  turned o f f  and t h e  u n i t  was 

allowed t o  stand overnighto The resumption of  heat ing  and sparging genera l ly  

r e s to red  c i r c u l a t i o n  almost immediately u n t i l  20 l i ters  of sand had been 

addedo From t h i s  point  t h e  c i r c u l a t i o n  was more and more slowly peatored, 

The twenty-eighth can requi red  almost 10 minutes of operat ion before complete 

c i r c u l a t i o n  w a s  noted, After  t h e  29th l i t e r  of sand had been added and t h e  

system allowed t o  s e t t l e  f o r  24 hours, it was impossible t o  r e s t o r e  c i rcula-  

t i o n ,  However, it was observed t h a t  t h e  sparge d i s t r i b u t o r  had physica l ly  



pul led  away from t h e  end of  t h e  a i r  l i n e  and t h e  sparge a i r  was no longer 

emerging i n  t h e  des i red  loca t ion ,  A t  t h i s  time it was estimated t h a t  the  

t o p  o r  vapor cross-over l i n e  contained about two l i t e r s  of deposi ted sand; 

t h e  l i q u i d  cross-over held about s i x  l i t e r s  and t h e  remainder w a s  i n  t h e  

bottom hor izonta l  sec t ion  and i n  t h e  v e r t i c a l  p a r t  of the  d i s so lve r ,  

RESULTS - 
The a b i l i t y  of  t h e  system t o  accommodate 29 l i t e r s  of s o l i d s  (equivalent  

t o  t h e  insoluble  res idue  from 2900 cans of s l a g  and c ruc ib le  r e s idues )  i s  

f e l t  t o  be considerably i n  excess of any foreseeable requirements, Addi- 

t i o n a l  improvement i n  t h e  operat ion of the  d i s so lve r  i s  foreseen i n  proposed 

changes by personnel of Plutonium Processing Engineeringo The suggested 

addi t ion  of 12,5g n i t r i c  ac id ,  0,3g ANN a t  the  top  of t h e  d i s so lve r  and 

addi t ion  of 1 M  n i t r i c  ac id ,  2,5gANN through the  clean-out and sparge pipe - 
w i l l  reduce or  even e l iminate  the  need f o r  performing manual cleaning and 

s o l i d s  removal by preventing t h e  formation of insoluble  ma te r i a l s ,  The 

requi red  f i n a l  product composition can be obtained by adjustment of these  

two flows and by t h e  use  of t h e  d i l u t i o n  of t h e  sparge steam, These po in t s  

remain t o  be demonstrated, bu t  because of t h e  time and expense of completely 

prototyping t h e  "0-8" d i s so lve r  i n  g l a s s  t h a t  is s a f e  t o  operate i n  a cold- 

semiworks t e s t  s tand it has been decided t h a t  they be proven during pre- 

liminary shake-down runs of t h e  production d i s so lve r ,  

Future development work w i l l  be  pr imar i ly  concerned with t h e  sec t ion  

of b e t t e r  mater ia ls  of construct ion and s impl i f i ca t ion  of the  components, 
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