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CONSOLIDATED FUEL RECYCLE PROGRAM 

ABSTRACT 

The c a p a c i t y  of c r i t i c a l l y  s a f e  c y l i n d r i c a l  p u l s e  columns 
l i m i t s  t h e  s i z e  of n u c l e a r  f u e l  s o l v e n t  e x t r a c t i o n  p l a n t s  because  
of t h e  l i m i t e d  c r o s s - s e c t i o n a l  area of plutonium, U-235, o r  U-233 
p r o c e s s i n g  columns. Thus, t h e r e  i s  a need t o  i n c r e a s e  t h e  c ross -  
s e c t i o n a l  area of  t h e s e  columns. 
t h e  use  of a column having an a n n u l a r  c r o s s  s e c t i o n .  The prel im- 
i n a r y  t e s t i n g  of  a p i l o t - p l a n t - s c a l e  a n n u l a r  column has  been 
completed and i s  r e p o r t e d  h e r e i n .  

This can b e  accomplished through 

The column i s  made from 152.4-mm (6-in.) g l a s s  p i p e  s e c t i o n s  
w i t h  an 89-mm (3.5-in.) 0.d. i n t e r n a l  t u b e ,  g i v i n g  an annular  
wid th  of 32-mm (1.25-in.). 
column c o n t e n t s  t o  prevent  channel ing  of t h e  phases .  

Louver p l a t e s  are used t o  s w i r l  t h e  

The d a t a  from t h i s  t e s t i n g  i n d i c a t e  t h a t  t h i s  approach can 
s u c c e s s f u l l y  provide  l a r g e r - c r o s s - s e c t i o n  c r i t i c a l l y  s a f e  p u l s e  
columns. 
column of similar c r o s s  s e c t i o n ,  t h e  e f f i c i e n c y  i s  almost  i d e n t i c a l  
t o  t h a t  of a c y l i n d r i c a l  column. 
uniform p u l s i n g  a c t i o n  from one s i d e  of t h e  column t o  t h e  o t h e r .  

While t h e  c a p a c i t y  i s  only  70% of t h a t  of a c y l i n d r i c a l  

No evidence  w a s  seen  of any non- 
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1. INTRODUCTION 

BENEDICT 

C y l i n d r i c a l  p u l s e  columns must b e  l i m i t e d  t o  a s p e c i f i c  diam- 

e t e r  a s  a c r i t i c a l i t y  c o n t r o l  measure when used t o  p r o c e s s  f i s s i l e  

m a t e r i a l s .  This  r e s t r i c t i o n  on diameter  l i m i t s  t h e  a v a i l a b l e  

c r o s s  s e c t i o n  f o r  t h e s e  columns and w i l l  l i m i t  p l a n t  s i z e  u n l e s s  

m u l t i p l e  p r o c e s s i n g  l i n e s  are i n s t a l l e d  on  f i n a l  f i s s i l e  stream 

columns. Thus ,  t h e r e  i s  a need t o  i n c r e a s e  t h e  c r o s s - s e c t i o n a l  

a r e a  of columns f o r  p r o c e s s i n g  f i s s i l e  materials. This  can be  

accomplished through t h e  u s e  of  a column having an a n n u l a r  c r o s s  

s e c t i o n .  The p r e l i m i n a r y  t e s t i n g  of  a p i l o t - p l a n t - s c a l e  annular  

p u l s e  column h a s  been completed and i s  r e p o r t e d  h e r e i n .  

Pre l iminary  t e s t i n g  of t h e  152.4-mm (6-in.)  i . d .  annular  c o l -  

umn f o r  t h e  General  Atomic s o l v e n t  e x t r a c t i o n  p i l o t  p l a n t  was 

completed i n  t h e  22 e x t r a c t i o n  runs  r e p o r t e d  h e r e i n .  The column 

i n t e r n a l s  c o n s i s t e d  of  s t a n d a r d  23% f r e e  a r e a  n o z z l e  p l a t e s  i n  

combination w i t h  e i t h e r  14% o r  23% f r e e  area louver  p l a t e s ,  which 

were used t o  provide  s w i r l i n g  a c t i o n  around t h e  annulus ,  t h u s  

prevent ing  channel ing  of  t h e  two phases .  

The main o b s e r v a t i o n s  from t h e  tests w i t h  t h e  a n n u l a r  p u l s e  

column i n  t h e  e x t r a c t i o n  mode are: 

o With t h e  i n t e r n a l  p l a t e  c o n f i g u r a t i o n s  t e s t e d ,  t h e  annular  

column had a f l o o d i n g  frequency about  70% t o  80% as h igh  

as that  of  a 50.8-m (2-in.) c y l i n d r i c a l  column w i t h  

s t a n d a r d  nozz le  p l a t e  i n t e r n a l s .  However, a t  80% of 

f l o o d i n g ,  t h e  a n n u l a r  column e f f i c i e n c i e s  as noted from 

h e i g h t  of t h e o r e t i c a l  s t a g e  (HETS) c a l c u l a t i o n s  were al- 

most i d e n t i c a l  t o  t h o s e  of a c y l i n d r i c a l  column. 

o S i g n i f i c a n t  changes i n  p l a t e  spac ing  d i d  n o t  produce s i g -  

n i f i c a n t  changes i n  a n n u l a r  column c a p a c i t y  o r  e f f i c i e n c y  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ANNULAR PULSE COLUMN DEVELOPMENT 947 

o The louver plates of 14% or 23% free area did a more than 

adequate job of swirling the dispersed phase completely 

around the annulus from a single feed addition point. 

o Column flooding always originated in the 23% free area 

nozzle plates rather than in the louver plates. 

o No evidence was seen of any nonuniform pulsing action from 

one side of the column to the other. 

o The top three plates in the annular column scrub section 

must be nozzle plates rather than louver plates to minimize 

entrainment in the solvent overflow (1AP) stream. 

3. EQUIPMENT DESCRIPTION 

The solvent extraction pilot plant facility at General Atomic 

Company is comprised of the following major equipment items: 

1. Five glass cylindrical pulse columns of 50.8- and 76.2-mm 
(2- and 3-in.) diameter with overall heights up to 8.5-m 

(28 ft.). 

2. One glass annular pulse column of 152.4-m (6-in.) diam- 

eter with a stainless steel center post of 89-mm (3.5-in.) 

diameter having an annulus of 31.75-mm (1.25 in.). The 

overall active height of the annular column is 2.75-m 

(9 ft.). 

3 .  One eight-stage Robatel centrifugal contactor. 

4 .  Thirty-three stainless steel tanks ranging in capacity 

from 10 to 900 liters. 

5. Feed and transfer pumps, intercolumn airlifts, flow- 

meters, and metering pumps. 

6 .  Interface sensing and control instrumentation. 

7 .  Pulse generators. 
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9 4 8  BENEDICT 

8. A thetmosyphon e v a p o r a t o r  f a b r i c a t e d  from s t a i n l e s s  s t e e l  

w i t h  a b o i l - o f f  c a p a c i t y  of  a b o u t  1 l i t e r  p e r  minu te .  

9.  Heat exchange r s .  

The s o l v e n t  e x t r a c t i o n  columns are assembled i rom s e c t i o n s  o f  

co rune rc i a l ly  a v a i l a b l e  ;lass p i p e .  T h e  columns and a s s o c i a t e d  

equipinent a r e  shown i n  P i g .  1. The a n n u l a r  column p i c t u r e  i s  

F i g u r e  1 .  O v e r a l l  V i e w  o f  t h e  S o l v e n t  E x t r a c t i o n  P i l o t  P l a n t  
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ANNULAR PULSE COLUMN DEVELOPMENT 949 

shown i n  Fig.  2. Typica l  a n n u l a r  column p l a t e  m a t e r i a l s  a r e  

shown i n  Fig.  3 .  

A l l  of t h e  tanks  are s t a i n l e s s  s t e e l  c o n s t r u c t i o n .  Each tank ,  

as w e l l  as t h e  evapora tor ,  i s  equipped w i t h  ni t rogen-purged d i p  

tubes  t o  provide  manometer o r  r e c o r d e r  l i q u i d  level readouts .  

S e l e c t e d  tanks  and t h e  e v a p o r a t o r  are a l s o  equipped t o  provide  

s p e c i f i c  g r a v i t y  readouts .  A network of s t a i n l e s s  s tee l  tub ing  

i s  used f o r  i n t e r t a n k  t r a n s f e r s  and s t ream f lows t o  t h e  columns. 

S o l u t i o n  t r a n s f e r s  between tanks  and from t h e  tanks  t o  t h e  

columns are made w i t h  c e n t r i f u g a l  o r  p o s i t i v e  displacement  pumps. 

Flows t o  t h e  columns are c o n t r o l l e d  a t  t h e  d e s i r e d  rates w i t h  

v i s u a l  r o t a m e t e r s  and manual c o n t r o l  v a l v e s .  S h e l l  and tube  h e a t  

exchangers ,  which were commercially obta ined ,  a r e  used t o  c o n t r o l  

t h e  tempera tures  of t h e  streams t o  t h e  columns. 

Flows between columns are maintained by pumps o r  a i r l i f t  

systems when overf low h y d r a u l i c s  do n o t  a l low cascade f low t o  

succeeding columns. 

The p u l s e  g e n e r a t o r s  c o n s i s t  of  f luorocarbon bel lows a c t i v a t e d  

by v a r i a b l e  throw cranks  d r i v e n  by v a r i a b l e  speed motors. P i p e  

and f l e x i b l e  hose connect  t h e  be l lows  t o  t h e  column bottoms. 

The product  c o n c e n t r a t o r  i s  a thermosyphon u n i t  c o n s t r u c t e d  

of  a l l - s t a i n l e s s - s t e e l  material. The s i n g l e  t u b e  bundle  u t i l i z e s  

low-pressure steam. A packed s e c t i o n  i n  t h e  ver t ica l  vapor  space  

between t h e  feed  p o i n t  and t h e  thermosyphon loop i s  used f o r  

s t r i p p i n g  o r g a n i c  materials from t h e  f e e d  by the r i s i n g  vapor .  

The s o l v e n t  used i n  t h e  p i l o t  p l a n t  i s  t e c h n i c a l  grade  t r i b u t y l  

phosphate  (TBP) i n  normal p a r a f f i n  hydrocarbon (NPH) d i l u e n t .  The 

TBP is  o r d i n a r i l y  30% by volume i n  t h e  organic  phase.  The NPH i s  

a s t r a i g h t - c h a i n e d  hydrocarbon purchased t o  Atlant ic  R i c h f i e l d  

Hanford Company and A l l i e d  Chemical-ICP s p e c i f i c a t i o n s .  NPH i s  

98% normal-CLOH22 t o  normal-CL3H28 w i t h  less  than  0.2% aromat ics  

by weight .  The d e n s i t y  i s  approximately 0.75 g/ml. 
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F i g u r e  2. Sect ion o f  Annular  Pu lse  C o l u m n  Assembled 
W i t h  23% Free Area Louver P a r t s  

BENEDICT 
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ANNULAR PULSE COLUMN DEVELOPMENT 951  

Figure 3 .  Annular  Pulse Column P l a t e  

23% Free Area Nozzle P l a t e  14% Free Area Louver P l a t e  

4. RESULTS AND DISCUSSION 

The nominal f lowsheet  used i n  t h e  annular  column tests i s  

shown i n  Fig. 4 The uranium s t r i p  column and s o l v e n t  wash column 

f lowshee ts  are ncluded. The column c a p a c i t y  and e f f i c i e n c y  d a t a  

and t h e  column i n t e r n a l  c o n f i g u r a t i o n s  a r e  given i n  Tables  1 and 

2. A comparison of s e l e c t e d  d a t a  f o r  t h e  annular  column w i t h  d a t a  

f o r  a c y l i n d r i c a l  column is  shown i n  Table  3. This  comparison in-  

d i c a t e s  t h a t  t h e  annular  column capac i ty  w i t h  147: f r e e  area louver  

p l a t e s  and 23% f r e e  area nozz le  p l a t e s  i s  only  about  70% of t h e  

c a p a c i t y  i n  a c y l i n d r i c a l  column u s i n g  t h e  same nozzle  p l a t e s .  

The e f f i c i e n c i e s  of t h e  two columns are almost t h e  same a t  about  

80% of f looding .  

T e s t s  on 23% f r e e  area louver  p l a t e s  i n  t h e  same c o n f i g u r a t i o n  

wi th  t h e  23% f r e e  area nozz le  p l a t e s  showed t h a t  t h e  f looding  

p o i n t s  changed only s l i g h t l y  from t h o s e  w i t h  14% f r e e  area louver  

p l a t e s  when us ing  a 25.4-rn (1-in.) amplitude. Using a 50.8-rn 

(2-in.) ampli tude increased  t h e  f looding  p o i n t s  about 15% w i t h  t h e  

23% f r e e  area louver  p l a t e s .  
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‘I’he column e f f i c i e n c y  w a s  r educed  o n l y  s l i g h t l y  ( abou t  72)  w i t h  

the 23% f r e e  area l o u v e r  p l a t e s  compared w i t h  t h e  14% f r e e  area 

1oLIver p l a t e s .  

O n l y  \ m a l l  changes  i n  e f f i c i e n c y  and c a p a c i t y  have  been  n o t e d  

wlicn p l a t e  \ p a c i n g  w a s  changed i n  t h e  a n n u l a r  column. 

‘These r e s u l t s  s u g g e s t  t h a t  t h e  c a p a c i t y  o f  t h e  a n n u l a r  column 

15 t)c.ing l i m i t e d  by s i d e - w a l l  e f f e c t s  i n  t h e  31.75-mm (1.25-in.)  

a r i n u l u ~ .  I t  i s  known t h a t  c y l i n d r i c a l  columns of  31.75-mm 

(1 .25 - in . )  d i a m e t e r  have  a lower  c a p a c i t y  p e r  u n i t  o f  c r o s s  

s r c t j o n  t h a n  50.8-nun (2 - in . )  c y l i n d r i c a l  columns. 

‘I’he 141 and L3X f r e e  area l o u v e r  p l a t e s  b o t h  d i d  a more t h a n  

,iclcquate jot)  of s w i r l i n g  t h e  d i s p e r s e d  phase  c o m p l e t e l y  around 

t l i c  column a n n u l u s  from a s i n g l e  f e e d  a d d i t i o n  p o i n t .  

No e v i d e n c e  w a s  s e e n  of  any nonuniform p u l s i n g  a c t i o n  from one  

\ ide  of  t h e  column t o  t h e  o t h e r .  

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

w,is n o t e d  when t h e  t o p  p l a t e  w a s  a l o u v e r  p l a t e .  It  i s  recommended 

t h a t  a t  l e a s t  t h r e e  n o z z l e  p l a t e s  b e  used  a t  t h e  t o p  o f  t h e  s c r u b  

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

~ c ~ u e o u s  d r o p l e t s .  

5 .  FUTURE WORK 

F u t u r e  a n n u l a r  p u l s e  column s t u d i e s  s h o u l d  i n c l u d e :  

1. E x t r a c t i o n  t e s t i n g  w i t h  more d i l u t e  f e e d s  t o  v e r i f y  

s a t i s f a c t o r y  o p e r a t i o n  w i t h  a v a r i e t y  of aqueous- to-  

o r g a n i c  f l o w  r a t i o s .  

2 .  S t r i p p i n g  t es t s  t o  v e r i f y  s a t i s f a c t o r y  r e s u l t s  w i t h  

aqueous  c o n t i n u o u s  s t r i p p i n g  o p e r a t i o n .  

3. Design o f  a f u l l - s c a l e  u n i t  b a s e d  on the above and 

c u r r e n t  s t u d i e s  comple t e  w i t h  c r i t i c a l i t y  a n a l y s i s  t o  

d e t e r m i n e  optimum a n n u l u s  w i d t h .  
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4 .  F a b r i c a t i o n ,  i n s t a l l a t i o n ,  and t e s t i n g  o f  t h e  f u l l -  

scale e x t r a c t i o n ,  s c r u b ,  and s t r i p p i n g  a n n u l a r  columns 

t o  p r o v i d e  a v e r i f i e d  d e s i g n  f o r  u s e  i n  s o l v e n t  e x t r a c -  

t i o n  p u r i f i c a t i o n  o f  f i s s i l e  m a t e r i a l s  i n  l a r g e - c r o s s -  

s e c t i o n  c r i t i c a l l y  s a f e  equipment .  
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