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ABS 'PIRAC T S 

1. CHEMICAL ENGINEERING RESEARCH 

1..1. Stacked-Clone Contac tor  

The s t acked-c lone  s o l v e n t  e x t r a c t i o n  c o n t a c t o r  makes p o s s i b l e  the  

m u l t i s t a g e  c o n t a c t i n g  of a n  o rgan ic  e x t r a c t a n t  w i th  a h i g h l y  r a d i o a c t i v e  

aqueous s o l u t i o n .  A prominent advantage of t h e  c o n t a c t o r  i s  t h a t  i t  

e n s u r e s  a very  s h o r t  r e s i d e n c e  time f o r  t h e  o rgan ic  phase.  The 

o p e r a t i n g  c a p a b i l i t i e s  of an 11 -c lone  c o n t a c t o r  a r e  be ing  a s c e r t a i n e d  

by t e s t i n g  aqueous-organic systems having  a wide range  of phys i ca l  

p r o p e r t i e s .  The flow c a p a c i t i e s  f o r  an 0.08 M_ HN03 aqueous phase i n  

c o n t a c t  w i t h  f o u r  d i f E e r e n t  o r g a n i c  phases ( m i n e r a l  o i l ,  2 -e thyl -1-hexanol ,  

N-Paraf f ins -375 ,  and Amsco) were found t o  be 3.9, 2.0, 3.8, and 3.8 
l i t e r s / m i n ,  r e s p e c t i v e l y ,  a t  70°C and a f low- ra t e  r a t i o  ( aqueous :o rgan ic )  

O f  3.0. The b a t c h - e x t r a c t i o n  ra te  c o n s t a n t s  f o r  t h e  e x t r a c t i o n  of 

benzoic  a c i d  from 0.08 M_ HNQ, i n t o  m i n e r a l  o i l ,  N-Paraffins-1'75, and 

Amsco were 0.8, 25? and 3.1 min-l ,  r e s p e c t i v e l y ,  a t  a t u r b i n e  speed of 

)+00 rpm. The c o n t a c t o r  c o n t i n u e s  t o  look promising f o r  a p p l i c a t i o n  t o  

a wide range of chemical s y s t e m s .  

2. POWER-REACTOR FUEL PROCESSING 

2.1. Shear-Leach Process ing  

During t h e  head-end s t e p s  of s h e a r i n g  and l each ing ,  which a r e  a 

p a r t  of the  r e p r o c e s s i n g  scheme f o r  c e r t a i n  power- reac tor  fuel.s, 

t h e  h e a t  i n t e r n a l l y  gene ra t ed  i n  the  f u e l  by r a d i o a c t i v e  decay could  

conce ivab ly  l ead  t o  e x c e s s i v e  tempera tures  o r  make n e c e s s a r y  the  pro- 

v i s i o n  of means f o r  removing t h e  h e a t  from t h e  f u e l  wh i l e  i t  i s  i n  

p rocess  and /o r  s t o r a g e .  The s e r i o u s n e s s  of t h i s  p o t e n t i a l  problem w a s  

i n v e s t i g a t e d  by c a l c u l a t i n g  t h e  tempera ture  t h a t  would be reached i n  a 

t y p i c a l  power- reac tor  f u e l  a t  each s t e p .  The t empera tu res  thus  found 

were 75.5"F dur ing  r e c e i v i n g - c a n a l  s t o r a g e ,  191°F d u r i n g  mechanical 

d i sassembly ,  548°F i n  t h e  shea r  f eed  envelope, and 1 5 8 6 " ~  dur ing  s t o r a g e  



2 

i n  a lO-in$-CD b a s k e t ,  W E  conclude C h a r ,  i n  t h e  opeLation of a ba tch  

d i s s o l v c r ,  excess ive  p r e s s u r e  w i l l  n o t  r e s u l t  from t h e  h e a t i n g  produced 

by r ad ioac  t i  vp decay.  

2.2 Graphi te -Fuel  Process ing:  Grind-Leach 

The eng inee r ing  problems of g r ind ing ,  leaching ,  and s o l i d - 1  i q u i d  

s e p a r a t i o n  a r e  be ing  examined expe r imen ta l ly  t o  e v a l u a t e  t h e  g r ind - l cach  

p rocess  a s  an  a l t e rna t i . ve  t o  the  burn- leach  process  f o r  those  g r a p h i t e -  

maLrix Erie1 compacts t h a t  c o n t a i n  carbon-coated f u e l  microspheres  * For 

a t y p i c a l  r e a c t o r  t h e  f u e l  k e r n e l s  have a d iameter  of about  125 p, 

n e c e s s i t a t i n g  g r i n d i n g  t o  -140 mesh o r  f i n e r .  

t e s t ed ,  t h e  double r o l l  c r u s h e r  was the  more promising.  

O f  t w o  g r i n d i n g  dev ices  

Gr inding  ra tes  f o r  an 8 x 2- in .  r o l l - c r u s h e r  were of t h e  order  of 

100 g of Peach Kotton f u e l  p e r  minute .  The uranium l o s s  d u r i n g  

l each ing  of -Ilk0 mesh f u e l  v7as O.35$, and t he  thorium l o s s  was O.6'pl.. 
Permeab i l i t y  of the  ground f u e l  was 6 t o  25 g a l  hr-1ft-2 a t  a p r e s s u r e  

gradient :  05 18 p s i / f t .  Froin t h e s e  d a t a  we conclude t h a t  t h c b  p rocess  i s  

i e c h n i c a l l y  f e a s i b l e  and t h a t  t h e  p r i n c i p a l  need i s  t o  demonst ra te  t h a t  

a n  improved r o l l - e n i s h e r  can g r i n d  t o  -140 mesh wi thou t  m c e s s i t y  f o r  

r e c y c l e  ~ 

j . THE ENGLNEERLNG SEPARATION OF PIACROMOLEC1JZ4AR BIOI,OGZCAL SUBSTANCES 

Engineer ing  methods a r e  be ing  developed. f o r  s e p a r a t i n g  and p u r i f y i n g  

l a r g e  q u a n t i t i e s  of s p e c i f i c  i r a n s f e r  r i b o n u c l e i c  a c i d s  (t-RNA's). W e  

t e s t e d  a n  e x t r a c t i o n  process  i n  which t h e  c e l l  w a l l s  o f  E .  c o l i  a l e  made 

s e l e c t i v e l y  per lwable  wi th  isoamyl a lcohol  i n s t e n d  of  be ing  rup tu red  

wi th  phenol .  No t-RNA was o b l a i n e d  wit13 t h i s  p rocess .  A batch  of 

632 g of mixed C-RNA bras ob ta ined  by  t h e  phenol proccqs. 

w i l l  be t o  devise mesas f o r  s epa ra t i i i g  the mix tu re .  

O u r  next s t e p  

4.1 IJrania-Sol P r e p a r a t i o n  

We are i n v e s t i g a t i n g  t h e  p r e p a r a t i  011 by t h e  s o l - g e l  t echn iqur  o f  

u r a n i a  s o l s  f o r  a p p l i c a t i o n  a s  u r a n i a  OK mixed-oxide r e a c t o r  f u e l s .  
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The f i r s t  f o u r  e n g i n e e r i n g - s c a l e  t e s t s  of a p r e c i p i t a t i o n - d i s p e r s i o n  

p rocess  d i d  n o t  g i v e  s a t i s f a c t o r y  so ls  because  of  i nadequa te  c o n t r o l  

of t h e  i n d i v i d u a l  s t e p s .  The tes ts  are  be ing  cont inued  i n  modi f ied  

equipment .  

5. THORIUM FUEL-CYCLE STUDIES 

5.1 Microsphere-Prepara t ion  Development 

W e  con t inued  the development of equipment and procedures  f o r  

c o n v e r t i n g  s o l s  i n t o  oxide  microspheres  s u i t a b l e  f o r  f u e l  e lements .  

The key p rocess  s t e p s  are format ion  of a s o l  d rop  of t h e  c o r r e c t  s i z e  

and g e l l a t i o n  of t h e  drop  by e x t r a c t i n g  t h e  water i n t o  a n  o rgan ic  

s o l v e n t ,  Rotary,  shea r ,  and e l e c t r o s t a t i c  d i s p e r s e r s  w e r e  improved 

f o r  t h e  l a r g e - s c a l e  d i s p e r s i o n  of s o l  i n t o  uniform drops .  The 

r o t a r y  d i s p e r s e r s  gave c a l c i n e d  products  of 88 t o  575 p mean d iameter  

a t  f l o w  ra tes  of )+.8 t o  20 ml/min, b u t  t h e  u n i f o r m i t y  w a s  v a r i a b l e .  

The e l e c t r o s t a t i c  d i s p e r s e r  gave good un i fo rmi ty  and mean product  

d i a m e t e r  o f  240 t o  510 1-1 f o r  s o l  feed  rates of 11.8 and 9.6 ml/min. 

5.2 Microsphere P r e p a r a t i o n  Without  F l u i d i z a t i o n  

The f l u i d i z e d  beds p r e s e n t l y  used f o r  making microspheres  by 

e x t r a c t i n g  t h e  water r e q u i r e  c a r e f u l  c o n t r o l ;  t h e r e f o r e ,  s imp le r  

procedures  and equipment are be ing  t e s t e d  f o r  remote o p e r a t i o n .  Long 

l e n g t h s  of c o i l e d  tub ing  w e r e  t e s t e d  t o  provide  t h e  r e s i d e n c e  t i m e  

f o r  g e l l i n g  the s o l  d rops .  S a t i s f a c t o r y  o p e r a t i o n  w a s  p o s s i b l e  

f o r  s m a l l  d rops  only; low v e l o c i t i e s  a t  t h e  tube  walls caused l a r g e r  

drops  t o  c o a l e s c e  o r  s e t t l e .  The c o i l e d - t u b i n g  a p p a r a t u s  w i l l  no t  

be t e s t e d  f u r t h e r .  

5.3 C o a t e d - P a r t i c l e  Development F a c i l i t y  (CPDF) Microsphere Column 

A microsphere-column system des igned  f o r  p rocess ing  11.0 kg o f  

Tho2 p e r  2b-hr day w a s  i n s t a l l e d  and ope ra t ed  f o r  s t u d i e s  of long-term 
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o p e r a t i o n  and f o r  pi l o t - p h i t  p roduc t ion  of microspheres  e 

capac i - ty  i s  1irnf-ted by the  stcam supply t o  t h e  d t s t i l l a t i o n  a p p a r a t u s  

and i s  about  25 m l  of s o l  pe r  min (1200 g of Tho2 p e r  hour f o r  a 

3 'Tho2 sol.) ~ Both r o t a r y  and two- f lu id -nozz le  s o l  d i s p e r s e r s  were 

used; 2 two- f lu id  n o z z l e s  w i l l  be used t o  p repa re  t h e  210- t o  250- p 

product  needed f o r  py ro ly t i c -ca rbon-coa t ing  s t u d i e s .  

The 

6 .  TRANSURANIUM PRWESSING STUDIES 

6.1 Pulse-Column ~ e s t s  

The d e s i g n  and o p e r a t i o n  of p rocess  equipment f o r  t h e  Transurani-wn 

F a c i l i t y  are  be ing  t e s t e d  wi th  nonrad ioac t ive  s o l u t i o n s .  The p u l s e  

columns i n  t h e  Trainex s o l v e n t - . ~ x t r a ~ t i o ~ l  r a c k  ope ra t ed  f o r  80 h r  a t  

50% of tile design. f l ow rates; 

The f l o o d i n g  may have been caused by p a r t T a 1  plugging of t h e  p u l s e -  

l o s s  r e s t r i c t o r s  i n  t h e  aqueous o u t l e t s  of t h e  column. The e f f i c i e n c y  

of t h e  columns, measured wi th  nickel.  c h l o r i d e  3s  t h e  s o l u t e ,  was 

s a t i s E a c t o r y  f o r  e x t r a c t i - o n  and s t r i p p i n g ,  

f l o o d i n g  occur red  a t  h i g h e r  flow r a t e s .  

6 . 2  Berkelium Extract ion-Rack Tes t s  

The equipment r a c k  t o  be used i n  t h e  Transuranium F a c i l i t y  f o r  

s e p a r a t i n g  and r e c o v e r i n g  b e r k e l i i m  from c a l i f o r n i u m  a n d  o t h e r  a c t i n i d e s  

w a s  t e s t e d  f o r  h y d r a u l i c  s t a b i - l i t y  and s e p a r a t i o n  e f f i c i e n c y .  

With cerium and europiiim as s t a n d i n s  Eor berkel ium and c a l i f o r n i u m ,  

r e s p e c t i v e l y ,  ceriuzn e x t r a c t i o n  was g r e a t e r  t h a n  99.64 complete a f t e r  

t h e  t h j ~ r d  feed pass, and s t r i p p i n g  was 99.'7$ complete a f t e r  5 l i t e r s  

of s t r i p  s o l u t i o n  had been used. The europium decontaminat ion 

faclior was ljOO a f t e r  )t 1 i . t e r s  of s c r u b  s o l u t i o n  had been used. 

7. WASTE PROCESSING 

7. I. Kis i n g  -Level Glass -Making Pot C a l c i n a t i o n  

The f e a s i b i l i t y  of € i x i n g  r a d i o a c t i v e  wastes a s  g l a s s e s  by  i . ~  s i t u  

r a l c i n a t i o n  i n  s t o r d g e  c o n t a i n e r s  i s  b e i n g  demonstrated w i t h  h r e x  
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waste 1 (PW-1). 

r e a c t e d  chemica l ly  wi th  t h e  waste t o  produce a s l u r r y  t h a t  could  n o t  

be s a t i s f a c t o r i l y  handled .  A 100-hr  r u n  w a s  made i n  which 852 l i t e r s  

oE FW-1 and 294 l i t e r s  o f  a d d i t i v e  were f e d  t o  t h e  po t  s e p a r a t e l y .  

0 .525- in . - th i ck  pot  cor roded  n e a r l y  h a l f  way through nea r  t h e  bottom. 

Tn a previous  t e s t  (R-91) t h e  glass-making a d d i t i v e s  

The 

Previous  Repor ts  i n  this S e r i e s  f o r  Year 1965 

January  
February  
March 
Apr i l - June  
July-September  

O R N L - T M - ~ O ~ ~  
ORNL -~~-lO94 
ORNL-TM-1103 
ORNL -3868 
ORNL - 5316 
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1 a CHEMICAL ENGINEERING RESEARCH 

3..1 Stacked-Clone Contac tor  

W .  S .  Groenier  M. E .  Whatley 

The s tacked-c lone  c o n t a c t o r  i s  a high-speed s o l v e n t - e x t r a c t i o n  

device  developed f o r  use  wi th  h i g h l y  r a d i o a c t i v e  s o l u t i o n s .  I t  

c o n s i s t s  of a cascade  of a x i a l l y  a l i g n e d  l i q u i d  cyc lones ,  each o p e r a t i n g  

wi th  c o u n t e r c u r r e n t  f low of t h e  two l i q u i d  phases .  The c o u n t e r c u r r e n t  

f l o w  i s  produced by t h e  induced underf low.  An op t ima l  component d e s i g n  

and c o n f i g u r a t i o n  were i d e n t i z i e d  and t e s t e d  e x h a u s t i v e l y  wi th  a s i n g l e  

chemical  system. Subsequent s t u d i e s  were d i r e c t e d  toward e v a l u a t i n g  

t h i s  11.-stage s t anda rd  c o n t a c t o r  w i th  chemical  systems e x h i b i t i n g  a 

range of  l i q u i d  p h y s i c a l  p r o p e r t i e s .  Thus, such d i v e r s e  o rgan ic  

subs t ances  as I.OO$ TRP ( t r i b u t y l  phosphate)  and hexone were t e s t e d  t o  

a s s i s t  i n  de te rmining  a n  o p e r a t i n g  range f o r  t h e  cor i tac tor  and t h e  
1 

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

I n  tes ts  made du r ing  the  p a s t  q u a r t e r ,  t h e  aqueous phase w a s  

0.08 HN03 and t h e  o rgan ic  phase w a s  one of :  m i n e r a l  o i l ,  2 -e thy l -  

1-hexanol ,  N-Paraffins-l ' -( l j ,  and Amsco 1.25-82.3 F looding  da ta  f o r  

t h e  s t a n d a r d  1 1 - s t a g e  c o n t a c t o r  show t o t a l  l i q u i d  throughputs  of 

3.9, 2.07 3.8, and 3.8 l i t e r s / m i n ,  r e s p e c t i v e l y ?  f o r  t h e  above systems 

a t  a f low r a t e  r a t i o  ( A / O )  of 3 and a tempera ture  of about  30°C. 

f l o o d i n g  d a t a  f o r  t h e s e  systems are p resen ted  i n  F i g .  1.1 and Table  1.1. 

2 

F u r t h e r  

The lower Elow c a p a c i t y  f o r  2-ethyl-1-hexanol  i.s probably due t o  i t s  

lower i n t e r f a c i a l  t e n s i o n  of 1-3 dynes/cm, compared w i t h  35 t o  50 dynes/cm 

h. E .  Whntley e t  a l . ,  Unit  Opera t ions  S e c t i o n  Q u a r t e r l y  P rogres s  Report ,  
July-September 1965, ORNL-3916. 

'A p roduct  of Union Carbide Corpora t ion .  

'A product  o f  American Minera l  S p i r i t s  Company. 
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- \  

Mineral Oil, 27OC 0 - 
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F i g .  1.1 Flooding Data. 



T a b l e  1.1 F l o o d i n g  Data and P h y s i c a l  P r o p e r t i e s  o f  t h e  S o l u t i o n s  

Aqueous phase 
Organ ic  phase 
Aqueous f e e d  c o n t a i n s  0.02 C,H,COOH 
D e n s i t y  d i f f e r e n c e  between phases ,  g / c c  
Aqueous-phase d e n s i t y ,  g / c c  
Organic-phase v i s c o s i t y ,  c e n t i p o i s e  
Aqueous-phase v i s c o s i t y ,  c e n t i p o i s e  
I n t e r f a c i a l  t e n s i o n ,  dynes / c m  
Flow c a p a c i t y  a t  f l o o d i n g ,  l i t e r s l m i n :  

A / O  = L/2 
AI0 = i 

A / O  = 10 
A I 0  = 3 

Temperature ,  " c . 

0,Oi ; BNOs,  
M i n e r a l  O i l  

No Y e s  
0.12~ o , i24  
0.996 0.99i 

c.84 0.66 
116. 57. 

52.7 51.9 

0.0s axo,, 
2-e t hy l -L-hexano l  

No 
0. lFp 
0.999 
6.60 
0.84 
13.h 

1.2: 
1.43 
1.96 
2.55 
27 

0.08 KNOs ,  
N-Paraf f i n s - 1 7 5  

N O  No 
0.254 0.258 
0.999 0.994 
1 .3'1 1.10 
0.84 0.66 

2.23 2.80 

3.79 4.57 
5.63 6.10 

27 40 

35.' 35.4 

2.64 3.32 

0.08 HNO,, 
Amsco 

N O  No Yes Yes 
0.248 0.254 0.248 0.25b 
0.993 0.9$ 0.999 0.994 
1.28 ;.a7 1.25 1.0~ 
0.84 0.66 0.811 0.66 

a3 

k5.2 4; .3 34.5 35.1 

- 2.71 2.02 - 
2.3 3.~6 2.35 2 . 9  
3.78 &.22 3.15 4.01 
5.06 - 4.56 

26 40 26 L.0 
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f o r  t h e  o t h e r  systems (see Table  1.1). The d i spe r sed -phase  v i s c o s i t y  

has  l i t t l e  o r  no e f f e c t  on flow c a p a c i t y ,  as c a n  be seen  by comparing 

d a t a  f o r  m i n e r a l  o i l  (11.6 c e n t i p o i s e s )  wi th  those f o r  N-Paraffins-175 

and Amsco (1.3 c e n t i p o i s e s ) .  

S o l u t i o n  r e s i d e n c e  time pe r  p h y s i c a l  s t a g e  ranged f r o m  2 t o  4 s e c  

f o r  t h e s e  systems, depending upon t h e  flow r a t i o  chosen. 

Benzoic a c i d  w a s  e x t r a c t e d  from 0.08 HN03 u s i n g  seven s t a g e s .  

S t age  e f f i c i e n c i e s  were on ly  30 t o  40$ f o r  m i n e r a l  o i l  and Amsco b u t  

were nea r  SO$ f o r  N-Paraffins-1’75 - a mix tu re  of normal hydrocarbons 

r ang ing  from C, t o  C1,  and having  p h y s i c a l  p r o p e r t i e s  very  nea r  t o  those  

of Amsco. It i s  probable  t h a t  t h e  h igh  v i s c o s i t y  of m i n e r a l  o i l  i s  

a t  least  p a r t i a l l y  r e s p o n s i b l e  € o r  i t s  low e x t r a c t i o n  e f f i c i e n c y .  

However, b a t c h  e x t r a c t i o n - r a t e  t e s t s  i n d i c a t e d  lower rates f o r  bo th  

m i n e r a l  o i l  and Amsco t h a n  f o r  N-Paraf f ins -175 .  E x t r a c t i o n  e f f i c i e n c i e s  

w e r e  computed i n  t h e  u s u a l  manner,” u s i n g  t h e  ~ ~ - 1 6 0 ) ~  computer t o  

de te rmine  t h e  number of i d e a l  e x t r a c t i o n  s t a g e s  i n  a McCabe-Thiele type 

of c a l c u l a t i o n  and a d j u s t i n g  a c o n s t a n t  i n  the  e q u i l i b r i u m  r e l a t i o n s h i p  

t o  e q u a l i z e  e x t r a c t i o n  e F f i c i e n c i e s  i n  each mode o f  o p e r a t i o n .  Thus, 

t h e  r e p o r t e d  e f f i c i e n c i e s  (Tab le  1-2) are f o r  mass t r a n s f e r  i n t o  e i t h e r  

the  aqueous o r  t h e  o r g a n i c  phase.  The e q u i l i b r i u m  d a t a  Cor t h e s e  benzoic  

a c i d  systems were f i t t e d  t o  p a r a b o l i c  e x p r e s s i o n s .  

The b a t c h - e x t r a c t i o n  r a t e  s t u d i e s  were conducted a t  about  2 5 ° C  i n  

a b a f f l e d  6-in.-diam g l a s s  mixer w i t h  a T-in.-diam, 6-b laded  t u r b i n e .  

The t u r b i n e  w a s  l o c a t e d  i n  t h e  middle of t h e  l i q u i d ,  3 i n .  from t h e  

bottom of t h e  mixer. E x t r a c t i o n  o f  benzoic  a c i d  f rom 0.08 IiNO3 w i th  

N-Paraf f ins -175  was 33% complete i n  less t han  10 sec a t  1100 o r  700 rpm 

a t  an A/O o f  1.0, and w i t h  e i t h e r  the aqueous phase o r  t h e  o rgan ic  

phase cont inuous ;  t h i s  r a t e  cor responds  t o  a r a t e  c o n s t a n t ,  ka, of 

g r e a t e r  t h a n  25 min . E x t r a c t i o n  w i t h  Amsco a t  a n  A/O of 1.0 and t h e  

aqueous phase cont inuous  i n d i c a t e d  r a t e  c o n s t a n t s  of 2.5 and 3.1 min-l,  

-1 

‘PI. E.  Whatley e t  a l . ,  Uni t  Opera t ions  S e c t i o n  Monthly P rogres s  Report, 
May 1963, ORNL-TM-67.3. 
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respectively, at 250 and 400 rpm. Values of ka f o r  mineral oil were 

0.8 and 1.9 mi*-', respectively, for aqueous-continuous dispersions at 

400 and 700 rpm and an A/O of 1.0. These constants represent about 

34 to 40$ extraction a f t e r  10 sec f o r  ~ m s c o ,  and 12 to 2'7% for mineral 

o i l .  



1.2 

2. POWER-REACTOR FUEL PROCESSING 

2 .1  Shear-Leach P rocess ing  

B. C. Finney 

The development and e v a l u a t i o n  of a ba tch  shea r - l each  p rocess  f o r  

r ecove r ing  f i s s i l e  and f e r t i l e  materials from s p c n t  n u c l e a r  power- 

r e a c t o r  f u e l  assemblies was cont inued  by computing tempera tures  a t t a i n e d  

by s p e n t  f u e l  i n  each of t h e  v a r i o u s  s t e p s  i n  t h e  shea r - l each  process .  

The shea r - l each  p rocess  can  be b r i e f l y  desc r ibed  as  c o n s i s t i n g  of f i v e  

o p e r a t i o n s :  (I) underwat r r  s t o r a g e  p r i o r  t o  mechanical  process ing ,  

( 2 )  mechanical  disassembly t o  remove massive end a d a p t o r s  and i n e r t  

hardware,  (3)  s h e a r i n g  t o  reduce t h e  f u e l  t o  s h o r t  s e c t i o n s  i n  p r e p a r a t i o n  

f o r  leaching ,  ( 4 )  s t o r a g e  of t h e  sheared  f u e l  p i e c e s  c o l l e c t e d  i n  a 

baske t ,  and ( 5 )  ba t ch  l each ing .  A l l  opr ' ra t ions  ( e x c e p t  s t o r a g e )  are 

c a r r i e d  o u t  i n  a conc re t e - sh ie lded  ho t  c e l l ,  n e c e s s i t a t i n g  remotc 

maintenance and replacement  of a l l  p rocess ing  equipment.  

Spent  f u e l  a s s e n b l i e s  produce l a r g e  amounts of high-energy r a d i a t i o n  

through r a d i o a c t i v e  decay of f i s s i o n  p roduc t s .  T h i s  r a d i a t i o n  i n t e r a c t s  

w i th  t h e  f u e l  and i t s  c ladding ,  r e l e a s i n g  energy as thermal  decay h e a t .  

The amount of h e a t  r e l e a s e d  by a g iven  f u e l  depends p r i m a r i l y  on t h r e e  

v a r i a b l e s :  burnup, s p e c i f i c  power, and decay tirrie ( t i m e  o u t  oC t h e  

r e a c t o r ) .  

The tempera tures  t h a t  me ta l - c l ad  uranium oxide  type  f u e l s  w i l l  a t t a i n  

du r ing  shea r - l each  p rocess ing  as a r e s u l t  of t h e  r e l e a s e  of such decay 

h e a t  were c a l c u l a t e d ;  a rough d r a f t  of t h e  c a l c u l a t i o n s  has  been prepared .  

Decay h e a t  g e n e r a t i o n  ra tes  were ra l .cu la ted  over  a burnup range of 

8000 t o  50,000 Mwd/ton of uranium, s p e c i f i c  powers of 10 t o  70 w a t t s  

per  gram of uranium, and c o o l i n g  t i m e s  of 180 t o  1080 days.  

code used was a m o d i r i c a t i o n  of a code (PHgEBE),  developed by 

E .  i). Arnold of ORNL. 111 t h e  c a l c u l a t i o n s ,  a Yankep Atomic type  sub- 

assembly ( t h i r t y - s i x  

s t e e l  f u e l  r o d s  on 0.1~22 in. c e n t e r s )  w a s  s e l e c t e d  t o  r e p r e s e n t  a 

t y p i c a l  power-reactor  f u e l .  Maximum temperaturths a t t a i n e d  by t h e  f u e l  

The computer 

0.302-in.-OD x 120-in.-long U0,-fi l led s t a i n l c s s -  



during reprocessing were calculated based on steady-state heat trans- 

Lei- conditions assuming that heat loss  was by natural convection and 

radiation. 

A Yankee subassembly was considered to be (1) suspended vertically 

in water, (2) suspended horizontally in air, (3) horizontally positioned 
in the shear feed envelope, (11 )  sheared and stored in an array of 16 
baskets of 5 ,  7.75, and 10 in. inner diameter, and (5) leached in the 
sheared form in a basket in a batch dissolver. In addition to the 

temperature calculations just enumerated, the pressure rise in a batch 

dissolver (leacher) disengaging space caused by acid vaporization Erom 

quenching of a basket of hot fuel by cold acid was estimated. 

code BIG DEAL was written in FORTRAN language and used to make all 

calculations. 

A computer 

A summary of results follows: 

Maximum fuel temperatures during reprocessing will not 

cause melting of the fuel or clad. Acid may be added to the 

hot fuel in the dissolver as fast as mechanically feasible 

without fear of exceeding the maximum pressure specifications 

for the dissolver. 

The lowest and highest fuel temperatures encountered for 

each operation of the shear-leach process over the range qf 

burnups of 8000 to 50,000 Mwd/ton, specific powers of 10 to 

17 w/g, and cooling times of 180 to 1080 days, are: 

Operation Lowest Temp. ( O F )  Highest Temp. (OF) 

1. Receiving-canal storage 68.5 75.5 
2. Mechanical disassembly 123 191 
3. Shear-feed envelope 143 548 
4. Storage in baskets Center Skin Center Skin 

5-in. ID 160 140 85 2 548 
7-3/4-in. ID 196 155 1.244 773 

10-in. ID 23 2 1-71 1586 3 79 
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For t h e  t y p i c a l  c a s e  of t h e  Yankee subassembly 

i r r a d i a t e d  t o  a burnup of 20,000 Mwd/ton, a t  a s p e c i f i c  

power of 23 w/g, and cooled  180 days,  t h e  tempera tures  are 

as fo l lows:  

Opera t ion  Temp. ( O F )  

1. Receiv ing-cana l  s t o r a g e  71.5 
2. Mechanical disassembly 150 
3. Shear - feed  envelope 350 
)I. Sto rage  i n  baske t s  Center  Skin  

5- i n .  I D  J L ' ? l  3 24 
' I -  3 /4- i 11 ~ I D  720 53 

1 0 - i n .  TD 9 24 5 75 

The h i g h e s t  t empera ture  encountered (1586"~) i.s Ear 

below t h e  m e l t i n g  p o i n t  of bo th  U 0 2  (3947°F) and s t a i n l e s s  

s t e e l  (2642"F), i nd ica t i -ng  t h a t  t h e  fuel. and c l a d  w i l l  n o t  

melt du r ing  r e p r o c e s s i n g  i f  t h e  burnup, s p e c i f i c  power, and 

c o o l i n g  t i m e  are w i t h i n  the l i m i t s  s p e c i f i e d ,  The c a l c u -  

l a t i o n s  i n d i c a t e  t h a t  a 180-day decay pe r iod  should  be s u f -  

f i c i e n t .  The c a l c u l a t e d  tempera tures  are  based on h e a t  l o s s  

by r a d i a t i o n  and n a t u r a l  convect ion;  somewhat lower ternpera- 

t u r e s  could  be a t t a i n e d  durj-ng mechanical  d i sassembly ,  i n  

t h e  s h e a r  feed  envelope,  o r  d u r i n g  s t o r a g e  3y p rov id ing  means 

f o r  fo rced  convec t ive  coo l ing .  O f  cou r se  f o r  any gi-ven burnup 

and spec i f i - c  power, a lower tempera ture  could  be a t t a i n e d  by 

ex tending  t h e  decay time b u t  such a n  ex tens ion  would r e q u i r e  

c a r e f u l  c o n s i d e r a t i o n  of t h e  expense involved  i n  provid ing  

a d d i t i o n a l  s t o r a g e  space f o r  the i r r a d i a t e d  f u e l  a t  e i t h e r  

t h e  r e a c t o r  o r  r e p r o c e s s i n g  p l a n t .  

An a c i d  f low r a t e  g r e a t e r  t han  1.16 x lo5  l b / h r  would be 

r e q u i r e d  t o  develop a p r e s s u r e  i n  excess  of 1 p s i g  i.n t h e  

d i s s o l v e r  when p rocess ing  f u e l  w i th  a burnup, spec i - f i c  power, 

and c o o l i n g  t i m e  e q u a l  t o  o r  less t h a n  50,000 Mwd/ton, '70 w/g, 



and 180 days decay t ime, provided t h a t  t h e  G-in,  o f € - g a s  

l i n e  i s  f u l l y  open. Th i s  g r e a t  a n  a c i d  flow ra te  i s  in- 

p r a c t i c a l ,  and, consequent ly ,  i t  i s  concluded t h a t  a 

p r e s s u r e  bu i ldup  i n  t h e  d i s s o l v e r  w i l l  not be a problem 

under normal o p e r a t i n g  c o n d i t i o n s .  

2.2 Graph i t e -Fue l  Process ing:  Grind-Leach 

B .  A .  Nannaford 

Graph i t  e -ma tr ix f ue Is f o r  h igh  - tempera t u r c  gas -coo l c d  r e a c  t o r s  

( H T G R ~ S )  g e n e r a l l y  c o n t a i n  microspheres  of f i s s i l e  and f e r t i l e  m a t e r i a l s  

(as  ox ides  o r  c a r b i d e s )  encased i n  an imperIncable c o a t i n g .  

may c o n s i s t  of one o r  more l a y e r s  of p y r o l y t i c  carbon o r  of a l t e r n a t e  

l a y e r s  of  p y r o l y t i c  carbon and s i l i c o n  c a r b i d e .  The c o a t i n g  p r o t e c t s  

the  f u e l  microsphere  from exposure t o  a tmospher ic  moi s tu re  du r ing  f u e l  

manufacture and h e l p s  prevent  the  releasc: of f i s s i o n  p roduc t s .  HTGR 

f u e l s  c o n t a i n i n g  microspheres  coa ted  w i t h  p y r o l y t i c  carbon can  be 

r ep rocessed  by a burn- leach  process5  o r  by a g r i n d - l e a c h  process ,  bu t  

on ly  t h e  g r i n d - l e a c h  p rocess  appea r s  t o  be p o t e n t i a l l y  a p p l i c a b l e  t o  

f u e l s  t h a t  have a noncombustible c o a t i n g  f o r  t h e  microsphere .  Cur ren t  

e n g i n e e r i n g - s c a l e  work on t h e  g r i n d - l e a c h  p rocess  i s  d i r e c t e d  toward 

demonst ra t ing  (I) a r e l i a b l e  and r a p i d  method f o r  g r i n d i n g  HTGR f u e l  

t o  -140 mesh, ( 2 )  s a t i s f a c t o r y  rates f o r  s e p a r a t i o n  of l e a c h a n t  and 

wash water from the  leached  g r a p h i t e ,  and (3) low l o s s e s  o f  uranium and 

thorium t o  t h e  g r a p h i t e  r e s i d u e .  

The c o a t i n g  

2.2.1 S i z e  Reduction: Crushing and Gr ind ing  

Q u a n t i t a t i v e  recovery  of uranium arid thorium from c o a t e d - p a r t i c l e  

f u e l  r e q u i r e s  t h a t  t h e  c o a t i n g  of p r a c t i c a l l y  eve ry  p a r t i c l e  be breached, 

t o  g i v e  a c c e s s  of the  a c i d  l e a c h a n t  t o  t h e  c a r b i d e  o r  ox ide  k e r n e l .  

'E. L. Nicholson, L. M. F e r r i s ,  and J. T. Rober t s ,  Burn-Leach Processes 
€or Graphite-Base Reactor  F u e l s  Conta in ing  Carbon-Coated Carb ides  o r  
Oxide P a r t i c l e s ,  O R N L - T M - ~ O ~ ~ ,  ( A p r i l  2, 1965). 
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6 
Prev ious  work 

when IITGK f u e l s  c o n t a i n i n g  S i c  were ground t o  only  500 

Work wi th  a sma l l  d o u b l e - r o l l  c r u s h e r  showed encouraging  r e s u l t s  wi th  

Peach Bottom Fuel.. A b r i e f  seri.es of t es t s  wi th  b a l l - m i l l i n g  i n d i c a t e d  

t h a t  [:his method i s  u n d e s i r a b l e  on t h e  b a s i s  o f  low griiidi-ng ra te ,  

batchwi-se operat i -on,  and no p o s i t i v e  s i z e  c l . a s s i f i c a t i o n  of t h e  product  a 

showed t h a t  a high-speed hammer m i l l  w a s  worn e x c e s s i v e l y  

(35 mesh).  

2.2-1.1 Crushing-Roll  Grinding.  -- I n  p r i n c i p l e ,  ou t s t and ing  

advantages of a rol.1 c rushe r  a r e  sugges ted  f o r  an  a p p l i c a t i o n  of t h i s  

kind:  (1) Separa t e  equipment f o r  s i z e  c l a s s i f i c a t i o n  i s  unnecessary,  

s i n c e  t h e  minimum dimension of f u e l  d i scha rged  from the c r u s h e r  i s  

determined by t h e  r o l l  spac ing  on t h e  f i n a l  se t  of r o l l s .  

c r u s h e r  i s  a once-through, cont inuous  d e v i c e ,  ( 5 )  Since  i.t i s  a 

bas i caL ly  s imple machine, remote l app ing  o r  replacement  o f  t h e  r o l l s ,  

when necessary ,  should be possib1.e. 

( 2 )  The rol.1. 

HTGK f u e l  w a s  s a t i s f a c t o r i l y  prepared  f o r  f eed ing  t o  t h e  r o l l  m i l l  

by a rough c rush ing  i n  a conven t iona l  hammer  m i l l  hav ing  f i x e d  hammers 

on a 15-in.-diam x 8-in:-long r o t o r  and o p e r a t i n g  a t  81~5 rpm. 

d i scha rge  b a r s  set  f o r  l / a - in . -wide  s l o t s ,  t he  m i l l  produced a 75% 
y i e l d  of -6 mesh m a t e r i a l  i.n a s i n g l e  pass .  

With the  

A s m a l l ,  commercial r o l l  c r u s h e r  having  8-i.n.-diam x Z-in.-wide r o l l s  

w a s  used i n  p re l imina ry  work wi th  g r a p h i t e  and Peach Bottom f u e l  t o  

measure the  n i p  ang le  and throughput  ra tes .  The p o s i t i o n  of one r o l l  

w a s  a d j u s t a b l e  (Fi.g. 2.1) i n  o r d e r  t o  vary  t h e  r o l l  spac ing  (nominal ly  

. Both r o l l s  w e r e  
['P) 

e q u i v a l e n t  t o  t h e  maximum product  d iameter ,  

d r i v e n  a t  t h e  same speed by a va r i ab le - speed  DC compound motor.  

The n i p  ang le ,  A, as def ined"  i n  F i g .  2.1, w a s  c a l c u l a t e d  t o  

about  1?' f o r  Peach Bottom f u e l ,  based on c rush ing  experi iuents  a t  

cha in -  

be 

r o l l  

spac ings  of 0 .045-in.  and 0.003-in.  The n i p  a n g l e  f o r  o rd ina ry  rock  i s  

'M. E .  Whatley &. , Uni t  Opera t ions  S e c t i o n  Q u a r t e r l y  P rogres s  Report ,  
Apr i l - June  1965, ORNL-3868. 

r- 

' ( G .  G .  Brown e t  a l . ,  Uni t  Opera t ions ,  pp 34-36, Wiley, New York, 1950. 
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FT = Tangential Force o n  Particle 

F~ = Normal Force on Particle 

FR Resultant of F and F 
N T 

F i g ,  2 .1  Schematic Diagram of a Double-Roll Crusher. Angle of n i p ,  
~ ^ I  

nr + D 
A i s  de f ined  by c o s  A / 2  = ’ f o r  tliis c r i t i c a l  c o n d i t i o n  i n  

n’ n D + B17 r 
whi-ch F i s  h o r i z o n t a l ,  

R 
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about  32O. 
t he  low c o e f f i c i e n t  of f r i c t i o n  f o r  g r a p h i t e  i n  c o n t a c t  w i th  smooth 

s t e e l ,  The commercial r o l l  c r u s h e r  used i n  t h e  tests would n o t  ma in ta in  

a p r e s e t  r o l l  spac ing  under load,  because of excess ive  p l ay  i n  t h e  

bea r ings  of t h e  c rush ing  r o l l s  and l a c k  of r i g i d i t y  i n  t h e  machine frame. 

Therefore ,  t h e  t r u e  n i p  ang le  may be even s m a l l e r  t han  12".  

de t e rmina t ion  of t h e  c o r r e c t  va lue  i s  of importance f o r  p r e d i c t i n g  t h e  

s i z e  s e d u c t i o n  r a t i o  p e r  pas s .  

T h i s  compara t ive ly  low va lue  f o r  Peach Bottom f u e l  r e f l e c t s  

The 

P re l imina ry  g r i n d i n g  resiilts f o r  Peach Bottom f u e l  a r e  presented  i n  

F i g .  2.2. Although t h e  f i n a l  fou r  pas ses  were made a t  a nonii.na1 0.002 i n ,  

( l e s s  than  50 p) r o l l  spac ing ,  t he  fracti .0-n of product  f a l l i n g  i n  t h e  

-325 mesh range ( l e s s  than  44 p)  w a s  s m a l l  and w a s  on ly  46% a f t e r  t h e  

f i n a l  pass .  T h i s  w a s  n o t  unexpected, because of t h e  l a c k  o f  machine 

r igi .di . ty  a l r e a d y  desc r ibed .  Assuming t h a t  Peach Bottom compacts 

c o n t a i n  ThC2-UC2 microspheres  of 125 t o  200 p diameter  (random o p t i c a l  

measurements showed beads as small. as 1-75 p), tile minimum a c c e p t a b l e  

s p e c i f i c a t i o n  on t h e  c rushed  product  would be t h a t  i t  pass  140 mesh 

(105 p) .  However, - i - lbO mesh f r a c t i o n  remained c lose  t o  20% f o r  t h e  

second and t h i r d  passes, and a c t u a l l y  inc reased  w i t h  t h e  f o u r t h  

pass  ( F i g .  2.2)* The e x p l a n a t i o n  f o r  t h i s  anomaly may be t h a t ,  i n  

addi. t- ion t o  t h e  conuninutive e f f e c t  on t h e  f u e l e d  g r a p h i t e ,  t h e  r o l l  mill .  

h a s  a n  agglomera t ive  e f f e c t ;  t h a t  i s ,  i t  compresses a g r e a t  number of 

smaller p a r t i c l e s  ( p r i m a r i l y  from t h e  -140 +325 mesh r ange )  i n t o  r e l a t i v e l y  

l a r g e  f l a k e s .  These f l a k e s  were up t o  3000 p i.n d iameter  b u t  were only  

50 p t o  140 p i n  t h i ckness ,  a s  determined by o p t i c a l  measurements on 

s e v e r a l  randomly s e l e c t e d  f l a k e s .  The re fo re  t h e  e f f e c t i v e n e s s  of a 

r o l l  c r u s h e r  i n  f r a c t u r i n g  coa ted  p a r t i c l e s  may be much g r e a t e r  t han  i s  

i n d i c a t e d  by a s i e v e  a n a l y s i s  of t h e  product .  

I n  a d d i t i o n  t o  t h e  shortcomings of t h e  8- in . -diam r o l l  c r u s h e r  i n  

ma in ta in ing  t h e  p r e s e t  r o l l  spacing,  t h e  r o l l s  were found t o  be 

s l i g h t l y  e c c e n t r i c  ( a b o u t  0.005 i n .  on the d j a m e t e r ) .  'This e f f e c t  w a s  

p a r t i a l l y  o f f s e t  by matching t h e  h igh  p o i n t  on one r o l l  w i th  t h e  low 

p o i n t  on the  o t h e r .  Also,  t h e  c l c a r a n c e  between t h e  machine housing 
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-140 + 325 mesh 

-325 mesh U 

44.1% 46.6% 

Rolls set 
at 0.011'' "r Rolls set a t  0.002" b 

1 pass First pass Second pass Third pass Fourth pass 

Fig. 2*2 Size Distribution of Peach Bottom Fuel Reduced by Successive 
Passes through an 8-in.-diam Double Roll Crusher. Preceded by r o l l -  
crushing the -44 mesh fraction from hammer-mill product at settings of 
0.100 and 0.055-in. Roll speed ,  approximately 200 rpm; grinding rate 
200 to 500 gfmin. 
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and tile ends o r  t h e  r o l l s  was excess ive ;  t h i s  was p a r t i a l l y  correcl-ed 

by f i t t i n g  end p l a t e s  of 3 / 8 - i n . - t h i c k  'Teflon t o  r i d e  on t h e  c y l i n d r i c a l  

s u r f a c e  of t h e  r o l l  ends .  These end p l a t e s  conf ined  t h e  feed  m a t e r i a l  

t u  a pa th  between t h e  r o l l  f a c e s .  

Machine throughput  w a s  measured a t  s e v e r a l  va lues  of r o l l  spac ing ,  

r o l l  speed, and nominal feed  s i z e  b u t  t h e  d a t a  were inconc lus ive .  A 

t e n t a t i v e  s p e c i f i c  conc lus ion  w a s  t h a t ,  w i th  t h e  r o l l  spac ing  s e t  a t  t h e  

c r i t i c a l  gap f o r  a pa r t i cu l . a r  feed  s i z e  (un fue led  g r a p h i t e ) ,  t h e  through-  

p u t  was propor t i -ona l  t o  r o l l  speed up t o  about  200 rpm ( ' 7  f t / s e c  

p e r i p h e r a l  speed wi th  t h e  8- in . -diam r o l l s ) .  

200 rprn up t o  300 rpm r e s u l t e d  i n  only  a s l i g h t  f u r t h e r  i n c r e a s e  i n  

throughput .  Typ ica l  gr indi-ng ra tes  f o r  unfue led  g r a p h i t e  were 50 g/min 

through a nominal O.OO3-in. gap, and 200 g/min f o r  a O.Oh5-in. gap. I f  

a n  improved r o l l  c r u s h e r  could reduce g r a p h i t e  t o  100% -140 mesh i:n a 

s i n g l e  pass  a t  the  same r a t e  per  inch  of r o l l  l e n g t h ,  a n  8- in . -d iam x 

1 2 - i n e - l o n g  se t  of r o l l s  could  produce about  bo0 kg of ground f u e l  per  

day from 16-mesh Eeed. 

i n c r e a s i n g  t h e  speed from 

Despi te  t h e  d e f i c i e n c i e s  of t h i s  p a r t i c u l a r  machine, i t  demonstrated 

t h a t  t h e  a p p l i c a t i o n  of a r o l l  c r u s h e r  t o  g r i n d i n g  of  LI'CGR fuel. j s  

promising, and i t  i n d i c a t e d  c e r t a i n  a r e a s  of machine d e s i g n  t h a t  should 

r ecp ive  s p e c i a l  a t t e n t i o n .  On t h e  b a s i s  of i n fo rma t ion  ob ta ined  wi th  

t h i s  machine, t h e  General  Engineer ing  and Cons t ruc t ion  Div i s ion  of OWL 

began des ign  of a n  improved r o l l  c r u s h e r  w i th  t h e  fo l lowing  f e a t u r e s :  

1. Rol l  dimensions,  I 2  i n .  diarn x 4 i n .  l o n g .  The 

l a r g e r  d iameter  should make p o s s i b l e  r e d u c t i o n  of m a t e r i a l  

from -6 mesh t o  -12 mesh i n  one pass ,  and from -1.2 t o  -140 

mesh i n  a second pass .  Although t h e  r o l l s  could  probably 

n i p  m a t e r i a l  a s  l a r g e  a s  2.5 mesh, t h e  1-5 x 8 hammer m i l l  

w i l l  be used, a s  be fo re ,  t o  supply  feed  of -6 mesh. The 

r o l l  will .  be made from ATST-01  s t e e l  hardened t o  about  

60 Rockwell C .  

2.  The a d j u s t a b l e  rol.1 w i l l  be  mounted i n  a p i v o t i n g  

yoke f v s  s e t t i n g  t h e  gap between r o l l s .  Two heavy s p r i n g s  



between r o l l  s h a f t s  w i l l  s e r v e  t o  p re load  Ehe b e a r i n g s  

and l i n k a g e s  which a f f e c t  r o l l  spac ing .  

3 .  The r o l l s  w i l l  be  geared  f o r  a d i f f e r e n r i a l  

r o l l  speed of  about  lO$ i n  o r d e r  t o  promote a l app ing  

a c t i o n  on t h e  r o l l  s u r f a c e s  d u r i n g  normal o p e r a t i o n .  

I n - p l a c e  l app ing  w i t h  f i n e  a b r a s i v e  w i l l  a l s o  be t e s t e d .  

2.2.1.2 B a l l - M i l l  Gr inding .  - -  A b a l l  m i l l  w a s  i n v e s t i g a t e d  as a n  

a l t e r n a t i v e  dev ice  f o r  f i n e  g r i n d i n g .  Reac tor -grade  g r a p h i t e  w a s  ground 

i n  a b-in.-diam m i l l ,  u s i n g  I - in . -d iam ceramic b a l l s  o r  0 .4- in . -diam s t e e l  

b a l l s ,  and t h e  e f f e c t  o f  g r i n d i n g  t i m e  and g r a p h i t e  i nven to ry  were 

i n v e s t i g a t e d .  Even a t  a low g r a p h i t e  i n v e n t o r y  t h e  +I40 mesh f r a c t i o n  

dec reased  f r o m  906 t o  on ly  about  30$ i n  40 min. The p r i n c i p a l  conc lus ion  

was t h a t  b a l l - m i l l i n g  i s  t o o  s low t o  be of much i n t e r e s t ,  and no f u r t h e r  

work i s  planned,  

8 

2.2.2 Grind-Leach Run GL-2 

HTGK f u e l  (Genera l  Atomic type  "A" compacts f o r  Peach Bottom) was 

ground t o  -50 mesh and leached  w i t h  13 M_I-IN03--0.05 M - F i n  bench-sca le  

equipment.  The loss  t o  t h e  washed r e s i d u e  w a s  2.1% of t h e  thorium and 

0.81$ of t h e  uranium. 

carbon-coa ted  ThCz-UCz beads i n  t h e  - 5 O t l l t O  mesh f r a c t i o n .  

M u s t  of t h e  l o s s  w a s  caused by u n f r a c t u r e d  

The f u e l  w a s  f i r s t  crushed  i n  t h e  1-5 x 8 hammer m i l l ,  and t h e n  passed 

through s t a g e s  of r o l l  c rush ing ,  as o u t l i n e d  below: 

_I Pass  Machine Discharge  Aper ture  Feed S i z e  Product  S i z e  Rate 

1 Hammer m i l l ,  1/8 x 8- in .  s l o t s  I i n .  '($ -6 mesh .. 

2 R o l l  c rushe r ,  0.045 x 2 i n .  100% -6 mesh 73% -16 mesh 130 g/min 

3 R o l l  c r u s h e r ,  0.002 x 2 i n .  705 -16 mesh 99% -35 mesh 70 g/min 

It R o l l  c r u s h e r ,  0.002 x 2 i n .  7% -35 mesh 73°F -50 mesh 200 g/min 

Approx. 

1 5  x 8 - i n .  

8 x 2 - i n ,  

8 x Z-in. 

8 x 2-in.  48% -140 mesh 

%I. 0. W i t t e  and L. M .  F e r r i s ,  B a l l - M i l l i n g  of Graphite-Bed Reactor  Fue l .  
ORNL-TM-1412 (February  3, 1966). 
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Microscopic  examinat ion of samples of t h e  -504-lo0 mesh f r a c t i o n  

showed no i n t a c t  beads a f t e r  t h e  Eourth pas s .  The re fo re  t h e  e n t i r e  

-50 mesh p o r t i o n  from t h i s  f i n a l  pass was used i n  experiment  GL-2. 

equipment and expe r imen ta l  procedurc w e r e  t h e  same as reported '  f o r  

run  GTA-l ,  wit.h one minor excep t ion :  

t h e  l e a c h e r  b e f o r e  any of t h e  ground f u e l  w a s  added. Despi-te t h i s  

p recau t ion ,  t h e  fuel.  formed a s o l i d  plug t h a t  r e q u i r e d  about  a n  hour  

t o  d i s p e r s e .  Although t h e  r e c i r c u l a t i o n  ra te  of l eachan t  w a s  main ta ined  

a t  about  120 ml/min ( t h e  lowest  ra te  a t  which the  charge  of ground f u e l  

w a s  f u l l y  f l u i d i z e d ) ,  about  35% of t h e  charge was e n t r a i n e d  o u t  o €  t h e  

?-in.-diarn s e t t l i n g  s e c t i o n  of t h e  l e a c h e r  and w a s  l a t e r  recovered  

s e p a r a t e l y  from t h e  bulk of t h e  leached  r e s i d u e .  Pe rmeab i l i t y  of t h e  

leached  r e s i d u e  t o  downflow of wa te r  w a s  about  23 g a l  h r  f o r  a 

9 - i n .  bed depth  a t  a p re s su re  drop of about  I1 p s i .  

The 

1 l i t e r  of l eachan t  was pu t  i n t o  

-1 f t - 2  

Leaching c o n d i t i o n s  and r e s u l t s  are suimiarized i n  F ig .  2.3. 

Thorium and uranium a n a l y s e s  of a l l  s i z e  f r a c t i o n s  a r e  shown i n  con- 

densed  form i n  Table  2.1. The uranium l o s s  f o r  a l l  m a t e r i a l  smaller 

t h a n  100 mesh w a s  about  0.5$, and t h e  -5O-klOO mesh f r a c t i o n  con ta ined  

f u e l  beads w i t h  t h e  s t i l l - i n t a c t  carbon c o a t i n g s  amounting t o  about  3% 

of t h e  t o t a l  beads p r e s e n t  i n  t h a t  s i z e  range b e f o r e  1eachi.ng. The 

r eason  f o r  t h e  thorium l o s s  be ing  h i g h e r  t h a n  t h e  urani-um l o s s  i s  n o t  

known. 

The conc lus ions  drawn from t h i s  experiment  were: (1) Peach Bottom 

f u e l  should  be ground t o  -140 mesh (105 p) t o  ensu re  r u p t u r i n g  a l l  

p a r t i c l e  coa t ings ;  ( 2 )  a means should  be provided f o r  cont inuous ,  con- 

t r o l l e d  a d d i t i o n  of ground f u e l  t o  t h e  l eache r ;  (3) f u t u r e  1-eaching 

equipment des ign  should provide  s imple  "well-mixed" c o n t a c t  between 

ground f u e l  and l eachan t  w i th  t h e  o b j e c t i v e  of  o b t a i n i n g  t h e  maximum 

p o s s i b l e  s l u r r y  c o n c e n t r a t i o n  and s o l u t i o n  loadings;  ( 4 )  s o l i d -  l i q u i d  

s e p a r a t i o n  a f t e r  l each ing  can  probably b e s t  be done i n  a s e p a r a t e  

p i e c e  of equipment.  

9M. E. Whatley et &., Uni t  Opera t ion  S e c t i o n  Q u a r t e r l y  Progress  Report ,  
July-September 1965, 0m~-3916. 
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300 g 

15% Th-3.5%U (as ThC2-UC2) in Graphite 

Roll Crushed to -50 mesh 

13MHN030.05MF- - - - 
3.32 liters 

H2° _I, 

1.49 l i ters  

c) 
Graphite Residue 

239 g 

0.036% U (0.81% U loss) 

0.39% Th (2.1% Th loss) 

Recirculate 98-1 10°C 

6 hr 

Once-through Downflow 

-1 hr 

._I_) 12MHN03-0.0552MTh - - 
-0.0129MU - 0.021 MF- 

2.90 liters 
- - 

I_c 1.74 M H N 0 3  - 0.00685 MTh - I 

-0.00161 MU 

1.49 l i ters 

Fig. 2.3 Grind-Leach Processing of Peach Bottom F u e l  ( r u n  GL-2).  
This f u e l  contains pyrolytic-carbon-coated microspheres of ThC2-UC2. 



Table 2.1 D i s t r i b u t i o n  of Thorium and Uranium Before and A f t e r  Leaching, 
by S ieve  F r a c t i o n s  (Run GL-2) 

I n i t i a l  Ir iventory F i n a l  Inventory  Heavy Metal Loss  t o  
Mesh T o t a l  T o t a l  Th Th u U i iesidue 
S ize  wt Th U w t  conc w t  c onc w t  Th u 

U.S. Series (d ( g >  ( g >  (s)  ( l o )  (d ($) (g> (4) (%) 

-50 +loo 84 4.92 1.13 84 0.19 0.16 o.ok8 o.oh 5.2 3 06 
-100 +I40 n 20.8 ic.65 35 0.21 0.07b 0.064 0.023 0.36 0 A's 
-140 145 19.L~ 4-.71 123 0.59 0.70 0.019 0.023 3.5 0.48 

Tota l s ,  g 300 45.1 10.5 239 0.95 0.086 



2.2.3 Grind-Leach Run GL-3 

On t h e  b a s i s  of conc lus ions  reached from r u n  GL-2, eng inee r ing -  

s c a l e  equipment w a s  des igned  and assembled f o r  l e a c h i n g  up t o  5 kg of  

ground feed  per  ba t ch .  I n  t h e  f i r s t  experiment  i n  t h e  new equipment, 

run  GL-3, l o s s e s  (0.35% of  t h e  uranium and 0.6'7$ of  t h e  thorium) t o  t h e  

leached  and washed r e s i d u e  w e r e  lower.  The improved recovery  was l a r g e l y  

due t o  f i n e r  g r i n d i n g  o€ t h e  f u e l  (loo$ -140 mesh) p r e p a r a t o r y  t o  

l e a c h i n g .  

a d d i t i o n  of ground f u e l  t o  the l e a c h e r ,  (2) h i g h e r  s o l u t i o n  load ings ,  

( 3 )  s a t i s f a c t o r y  suspens ion  of a concen t r a t ed  s l u r r y  of ground f u e l  

and l e a c h a n t  du r ing  leaching ,  ( I C )  r a p i d  t r a n s f e r  of  t h e  s l u r r y  t o  a 

f i l t r a t i o n  column, and (2) r easonab le  r a t e s  f o r  s e p a r a t i o n  o f  l e a c h a t e  

and washes from t h e  g r a p h i t e .  

A l s o  demonstrated w e r e  (1) a pneumatic method f o r  c o n t r o l l e d  

The e n g i n e e r i n g - s c a l e  ba t ch  l e a c h i n g  equipment, shown scherua t ica l ly  

2.4, was s i z e d  t o  process  10 l i t e r s  o f  g r a p h i t e - a c i d  s l u r r y  con- i n  F i g .  

t a i n i n g  as much as 5 kg of  ground f u e l .  The -140 mesh r o l l - c r u s h e r  

product  (Peach Bottom f u e l )  w a s  a i r - l i f t e d  Erom t h e  f eede r  by f l u i d i z i n g  

t h e  m a t e r i a l  on ly  a t  the  base  of t h e  f e e d e r  wh i l e  i n j e c t i n g  a i r  i n t o  t h e  

v e r t i c a l  l i f t  tube .  The ground fue l  flowed o u t  of t h e  upper f e e d e r  

s e c t i o n  i n t o  t h e  leacher ;  t h e  a i r  f o r  l i f t i n g  p lus  t h e  a i r  purge t o  t h e  

upper s e c t i o n  k e p t  vapor from t h e  b o i l i n g  a c i d  from p e n e t r a t i n g  i n t o  

t h e  add:i.tion l i n e .  The r a t e  of a d d i t i o n  of ground f u e l  w a s  l i m i t e d  

t o  about  75 g / m i n  by the g e n e r a t i o n  of foam from i t s  i n i t i a l  r e a c t i o n  

wi th  t h e  b o i l i n g  13  

t h e  ground f u e l  w a s  suspended by b o i l i n g  and by i n j e c t i n g  a i r  i n t o  t h e  

d r a f t  tube .  Subsequent  t r a n s f e r  o f  t h e  s l u r r y  t o  t h e  f i l t e r  v e s s e l  was 

e f f e c t e d  i n  30 s e c  by app ly ing  a vacuum of about  29 i.n. o f  Hg t o  t h e  

f i l t e r  v e s s e l .  

HNO,--O.O5 M_ F-.  During the  7-hr l e a c h i n g  per iod ,  

The f low r a t e  of product  s o l u t i o n  and t h r e e  wa te r  washes through t h e  

6- in . -diam bed of ground f u e l  i n  t h e  f i l t r a t i o n  v e s s e l  ranged from 

32.3 ml/min t o  as l o w  as 80 mllmin, f o r  a t o t a l  time of  48 m i n .  

d a t a  a r e  summarized i n  Table  2.2. The s l i g h t  d e c l i n e  i.n pe rmeab i l i t y  

a t  a p r e s s u r e  g r a d i e n t  of 1.3 p s i / f t  i.s probably caused p r i m a r i l y  by 

Pe rmeab i l i t y  
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I-in DIA+ 
(SST. PIPE) 
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( 6 1 n  P Y R E X )  
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( 5 / 8  in. TEFLON) 

Fig. 2.4 Engineering-Scale Leaching Apparatus for F i n e l y  Ground 
HTGR Fuel.. 



Table 2.2 Permeability of Leached Graphite Residue to Leachate and 
Wash Solution 

Permeab i 1 i ty 
Pres sure E qui pme n t Bed 

Diam Area Height S o 1 ut ion Temp. Flux Gradient 
(in,) (ft2) (ft) Description ( " C )  (gal hr-'ft-*) (psi ft'l) 

a 0.67 Product solution N 80 
First wash 30 a 
Second wash 25 
Third wash N 20 

11/2 0.912 0.88 Fourth wash 90 
90 
90 

(b) 
(b) 
(b) 90 

a 

a 

6 3.2 25 
23 
6.2 
7.2 
21 
21 
19 
14 

i8 
18 Water washing 
18 
18 
13 A portion of the bed 
13 transferred to 
13 I 1/2-in.-diam equip- 
13 ment for additional 

washing with 0.1 M, 
HNo3 

a 

b 
For composition and volume seeFig. 2.5. 

Each increment of washing = 160 ml one interstitial displacement. 
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compaction of t h e  bed w i t h  t i m e ,  However, t h e  range  of f lows ob ta ined  

a t  a p r e s s u r e  g r a d i e n t  of 18 p s i / f t  may a l s o  r e f l e c t  t h e  changing com- 

p o s i t i o n  of t h e  s o l u t i o n s .  Extens ion  of t h e  p e r m e a b i l i t y  d a t a  t o  a wider  

range of p r e s s u r e  g r a d i e n t  w i l l  h e l p  d e f i n e  t h e  optimum g r a d i e n t .  

Flowsheet c o n d i t i o n s  and l each ing  r e s u l t s  are summarized i n  F i g .  2.5. 

S o l u t i o n  s a m p l c a s  t aken  du r ing  l each ing  showed t h a t  t h e  c o n c e n t r a t i o n  of 

d i s s o l v e d  carbon reached a peak va lue  of about  3.5 g / l i t e r  a t  I,> h r  and 

slowly decreased  t o  1.15 g / l i t e r  a t  7 h r .  The composite s o l u t i o n  would 

r e q u i r e  a feed-adjus tment  s k p ,  which might i nc lude  permanganate 

o x i d a t i o n  of t he  d i s s o l v e d  carbon,  i f  i t s  presence caused d i f f i c u l t i e s  

i n  s o l v e n t  e x t r a c t i o n .  
1 0  

Loss of uranium and thorium t o  t h e  r e s i d u e  under f lowshee t  c o n d i t i o n s  

was 0.35$ and 0.67$,, r e s p e c t i v e l y .  However, a d d i t i o n a l  washing of a 

p o r t i o n  of t h e  r e s i d u e  us ing  0.1. M_ HN03 (Tab le  2.2) lowered t h e  l o s s e s  

t u  about  0.2% and 0.5$, r e s p e c t i v e l y .  I n  terms of t h e  o r i g i n a l  flow- 

s h e e t  , t h e  a d d i t i o n a l  washing would have i-ncreased t h e  t o t a l  mixed 

s o l u t i o n  volume from 12.6 l i t e r  t o  22.5 l i t e r .  The re fo re  t h e  a d d i t i o n a l  

uranium and thorium r e c o v e r i e s  were achieved  a t  t h e  c o s t  of approximately 

doubl ing  t h e  volume of mixed s o l u t i o n  r e q u i r i n g  feed  ad jus tment  and of 

doubl ing  t h e  time r e q u i r e d  f o r  washing. 

''1,. M .  F e r r i s ,  pe r sona l  communication. 
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3620 g 

15% Th-3.5% U (as ThCZ-UC2) i n  Graphite 

-140 mesh 

8 l i ters Rec ircu la t i ng 1 
Leacher 

(7 hr at 112-117°C) 

i 

13 - M H N 0 3  - 
0.05MF- - 

5.6 l i ters Leachate 
0.272 MTh - 0.055 M U  - 9.6 MH4- 1.15 g/l i ter  C 

4.36 liters Wash No. 1 

4.36 liters 
I - - 

H2° 

H2° 

H2° 

1.30 l i ters 0.137MTh-0.029MU-4.9MHf I - - 
1.30 liters Wash No. 2 
0.01 12MTh - 0.0024MU- 0.42MHt 

1.30 liters Wash No. 3 
0.0088MTh- 0.0029MU- - 0.40MHf - 

12.6 I i ters Composite 
0.173MTh-0.035MU - - -6.1MH+-0.5 - g/liter C 

- - - 1.30 liters 

- 

2826 g 

0.121% Th-0.013% U-balancs C 

0.35% U Loss, 0.67% Th Loss 

F i g .  2.5 Engineer ing  Scale Grind-Leach P rocess ing  of Peach Bottom 
Fuel  Ground t o  -140 Mesh ( r u n  GL-3).  



3 .  THE ENG 1 N E E K I N G  SEPARATION OF MACROMOLECULAR 

BIOLOGICAL SUBSTANCES 

C .  W .  Hancher H .  0 .  Weeren 

The i n i t i a l  s t e p  i n  t h e  program of s e p a r a t i n g  ki logram q u a n t i t i e s  

of p u r i f i e d  inixed t r a n s f e r  r i b o n u c l e i c  a c i d s  ( t - R N A )  from E ,  c o l i  has  

been p a r t i a l l y  completed.  

processed t o  y i e l d  632 g of mixed t-KNA. 

a n a l y s i s  of t h e  product  showed t h a t  t h e  a c t i v i t y  i s  e q u i v a l e n t  t o  

commeri.ca1 mixed t -RNA and t o  s m a l l  ba t ches  of mixed t-RNA produced 

Approximatel-y $00 kg of E .  c o l i - w  c e l l s  were 

An amino a c i d  a c c e p t o r  a c t i v i t y  

l o c a l l y .  

11 

The L S - w  c e l l s  were t e a t e d  w i t h  phenol t o  r u p t u r e  t h e  walls, The 

phenol and c e l l  r e s i d u e s  were removed by c e n t r i f u g a t i o n ;  t h e  nuc1.eic 

a c i d s  werc p r e c i p i t a t e d  w i t h  e t h a n o l  and s e p a r a t e d  by c e n t r i f u g a t i o n .  

The RNA w a s  s e p a r a t e d  from t h e  b u l k  of t h e  DNA (deoxyr ibonuc le i c  a c i d )  

by f r a c t i o n a l  p r e c i p i t a t i o n  w i t h  i s o p r o p y l  a l c o h o l ,  The y i e l d  w a s  

7.9 kg of  c rude  p roduc t .  

The i n i t i a l  p rocess ing  s t e p s  were done i n  t h e  p rev ious  q u a r t e r ,  

The nex t  s t e p  of  t h e  p rocess  ( p u r i f i c a t i o n  of t h e  RNA by a d s o r p t i o n  

on and subsequent  e l u t i o n  from DEAE c e l l u l o s e )  removes whatever 

r i b o n u c l e a s e  may have su rv ived  t h e  phenol treatment: and a g r e a t  d e a l  of 

o t h e r  ma te r i a l  b e s i d e s .  T h i s  o p e r a t i o n  c a n  be most conven ien t ly  c a r r i e d  

o u t  as a series of b a t c h  treatments. The s o l i d s  p r e c i p i t a t e d  by i s o -  

propanol  were d i s s o l v e d  i n  0.05 E NaCJ.. and s l u r r i e d  ~ 7 i t h  DEAE c e l l u l o s e .  

The s o l u t i o n  was d r a i n e d  from t h e  c e l l u l o s e ,  and t h e  cake w a s  washed 

wi th  0 .2  M_ N a C l .  The RNA w a s  t hen  e l u t e d  w i t h  0.6 NaCI. and p r e c i p i -  

t a t e d  wi th  e thano l .  The r e s u l t i n g  s o l i d  w a s  f u r t h e r  p u r i f i e d  by 

d i s s o l u t i o n  i n  NaCl. s o l u t i o n ,  c e n t r i f u g i n g  t o  rc!iiiove DEAE f i n e s ,  

p r e c i - p i t a t i n g  t h e  RNA wi th  e t h a n o l ,  and c e n t r i f u g i n g  t o  c o l l e c t  t h e  

p r e c i p i t a t f .  

A t o t a l  of 632 g of d ry  s o l i d s  w a s  ob ta ined  from t h e  7.9 kg of s o l i d s  

t r e a t e d  wi th  DEAE. 

Th i s  p r e c i p i t a t e  was d r i e d  a t  40°F under vacuum and weighed. 

M. E .  Whatley et &., U n i t  Opera t ions  S e c t i o n  Q u a r t e r l y  P rogres s  Report ,  
July-September 1965, OWL-3916. 



Samples of the  p u r i f i e d  d ry  s o l i d s  were ana lyzed  f o r  o p t i c a l  

a c t i v i t y ,  c o n c e n t r a t i o n  of RNA and DNA by c o l o r i m e t r i c  a n a l y s i s ,  and 

c o n c e n t r a t i o n  of s p e c i f i c  t -RNA.  The a n a l y s e s  of t h e  e i g h t  ba t ches  were 

much t h e  same; a composite a n a l y s i s  of t h e  whole 632 g i s  g iven  i n  

Table 3.1. 
f o r  comparison. 

A s i m i l a r  a n a l y s i s  of commerical t -RNA ( s t r a i n  B )  i s  g iven  

The nex t  s t e p  i n  t h e  program i s  t h e  f u r t h e r  p r o c e s s i n g  of the  mixed 

t-RNA product  t o  s e p a r a t e  s p e c i f i c  t-RNA from t h e  mix tu re .  Phenyla lan ine  

t-RNA i s  t h e  f i r s t  RNA f o r  which a s e p a r a t i o n  p rocess  has  been developed 

and w i l l  consequen t ly  be t h e  f i r s t  t o  be s e p a r a t e d  i n  p u r i f i e d  form. The 

s e p a r a t i o n  p rocess  c o n s i s t s  of a g r a d i e n t  e l u t i o n  from a diatomaceous 

e a r t h  column s a t u r a t e d  wi th  a qua te rna ry  ammonium compound. 

h i g h l y  s u c c e s s f u l  on a s m a l l  s c a l e  b u t  m u s t  be s c a l e d  up manyfold t o  

hand le  t h e  l a r g e  quan t i cy  of f eed  m a t e r i a l  now a v a i l a b l e .  

Th i s  h a s  been 

A l i t e r a t u r e  r e f e r e n c e  d e s c r i b e s  a p rocess  € o r  t h e  e x t r a c t i o n  of 

t-RNA from E. c o l i  c e l l s  where phenol i s  n o t  used t o  r u p t u r e  t h e  c e l l  

w a l l s ;  isoamyl a l c o h o l  i s  used t o  make t h e  c e l l  w a l l s  s e l e c t i v e l y  

permeable. S i n c e  phenol. i s  r e l a t i v e l y  expens ive  and somewhat inconvenient  

t o  use  because of i t s  e f f e c t  on t h e  s k i n ,  o t h e r  p rocesses  look promising 

enough t o  war ran t  an i n t e r m e d i a t e - s c a l e  t es t .  A b a t c h  of E .  c o l i  c e l l s  

( s t r a i n  B )  w a s  grown i n  t h e  fe rmenter  a t  Y-12, h a r v e s t e d ,  bu f fe red ,  

t r e a t e d  w i t h  isoamyl a l c o h o l ,  and c e n t r i f u g e d .  The s o l i d s  were d i sca rded ,  

and t h e  s o l u t i o n  w a s  t r e a t e d  wi th  e t h a n o l  t o  p r e c i p i t a t e  t h e  RNA. A t o t a l  

of 14.5 kg of E. c o l i  c e l l s  were processed  t o  y i e l d  970 g of e t h a n o l  

p r e c i p i t a t e .  A sma l l  ba t ch  w a s  t r e a t e d  w i t h  DEAE c e l l u l o s e  and submi t ted  

f o r  a n a l y s i s  of RNA a c t i v i t y .  None w a s  found. It  i s  b e l i e v e d  t h a t  

n u c l e a s e s  t h a t  were e x t x a c t e d  from t h e  ce l l s  wi th  t h e  RNA des t royed  t h e  RNA 

b e f o r e  t h e  p r o c e s s i n g  had p rogres sed  fa r  enough t o  remove t h e s e  n u c l e a s e s .  

I n  any even t ,  t h i s  p rocess  does n o t  look promising. 



Table 5.1 Product  Ana lys i s  

C orme r c i a 1 t - RNA 
a 

Amino Acid pp m o l e s / O [ ) [ J  charged ( S t r a i n  B )  
~I 

Alanine  16.5 
A r  g i. r i  i ne 51.9 
A s p a r t i c  Acid 24.5 

Asparagine 32.J+ 
b 

Cys te ine  

Glutamic Acid 

Glutamine 

b 

b 

Glycine 

H i s  t i d  i n e  

I so leuc  irre 

Leucine 

Lys i n c  

M e  theon i.ne 

Ph e ny l a  lan i n e  

Pro  1 i n e  

S e r i n e  
b 

Thrc oninc 

Tryptophane 
b 

Tyros ine  30.9 
Va1.i nc 992.8 

15.9 
17.1 
1-3.4 

39 .0 
47.0 
62.0 

37.'-c 
4 .0 

30.9 

14 "4 
38.3 
23 .o 
33 .0 

9.1 
11.2 

10.0 

53.5 
36.8 
60.0 

35.5. 
6.3 

36.7 

28.2 

76.5 

a 
ODU - o p t i c a l  d e n s i t y  u n i t s ,  t h e  g r e a t e r  t h e  number t h e  
h ighe r  t h e  a c t i v i t y .  

Counts pe r  min t o o  l o w  t o  be meaningfu l .  

ODU/mg a t  206 - 12.0 
$ 'DNA j-c .8 

$ RNA 76.3 

b 
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IC. SOL-GEL PROCESS DEVELOPMENT 

P. A.  Haas 

The s o l - g e l  p rocess  development s t u d i e s  have inc luded  l a b o r a t o r y  

i n v e s t i g a t i o n s  of s o l  p r e p a r a t i o n  f o r  most of t h e  metal ox ides  t h a t  

might be used i n  i r r a d i a t e d  specimens o r  f u e l  e lements .  One purpose i s  

t o  o b t a i n  t h e  s a m e  advantages  fo r  t h e s e  m e t a l  ox ides  as f o r  t h o r i a  

made by s o l - g e l  p rocesses .  Another purpose i s  t o  be a b l e  t o  p repa re  

mixed oxide  products  by p r e p a r i n g  mixed s o l s  o r  by mixing pure s o l s .  

Eng inee r ing - sca l e  s t u d i e s  are  be ing  made f o r  t h e  u r a n i a ,  u ran ia-carbon,  

and u r a n i a - t h o r i a  s o l - g e l  p rocesses .  These s t u d i e s  are c l o s e l y  r e l a t e d  

t o  t h e  thorium f u e l - c y c l e  s t u d i e s  covered i n  S e c t i o n  5 of t h i s  r e p o r t .  

1 t . l  Urania  S o l  P r e p a r a t i o n  S t u d i e s  

J .  J. Perona 

The p rocess  under development c o n s i s t s  of (1) reducing  u r a n y l  n i t r a t e  

i n  aqueous s o l u t i o n  t o  uranous n i t r a t e ,  ( 2 )  p r e c i p i t a t i n g  hydrous 

uranous oxide  w i t h  3 % NH4OH--O.5 N&OH s o l u t i o n ,  ( 3 )  f i l t e r i n g  and 

washing w i t h  demine ra l i zed  water ,  and ( 4 )  h e a t i n g  t h e  washed f i l t e r  

cake  t o  speed i t s  conve r s ion  t o  a s o l .  The uranous n i t r a t e  s o l u t i o n ,  

which i s  0.5 M, i n  U4+, 2.5 8 i n  NO,, and 0.25 

i n  formic a c i d  b e f o r e  t h e  p r e c i p i t a t i o n  s t e p .  The chemica l  development: 

of t h i s  p rocess  i s  d e s c r i b e d  by McBride e t  al. 

i n  u r e a ,  i s  made 0.3 M - 

1 2  

4.1.1 Reduction of Uranyl t o  Uranous N i t r a t e  i n  Aqueous S o l u t i o n  

A d e c r e a s e  i n  a c t i v i t y  of t h e  c a t a l y s t  (0.5$ pla t inum on alumina 

c y l i n d e r s  1/8 i n .  i n  d iameter  and 1/8 i n .  long)  w a s  observed .  C o n -  

v e r s i o n s  g r e a t e r  t han  99% f o r  UO,’ 7 f  t o  @ + w e r e  p r e v i o u s l y  r e p o r t e d  13 

f o r  a con t inuous  t u b u l a r  r e a c t o r  c o n t a i n i n g  about  1 kg of c a t a l y s t  and 

12 
J. P. McBride, P r e p a r a t i o n  of UO? Microspheres by a Sol-Gel Technique, 
ORNZ-3874, (also 0RNL-TM-II.IO). 

13M. E. Whatley e t  al., Uni t  Opera t ions  S e c t i o n  Q u a r t e r l y  P rogres s  Report ,  
July-September 1965, ORNL-3916. 
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o p e r a t i n g  a t  >00 p s i g  and 70°F wi th  a f low ra te  of about  1 l i t e r / h r .  

A f t e r  about 1-5 l i t e r s  of s o l u t i o n  had been processed ,  t h e  convers ion  

dropped t o  an average of 84$ f o r  t h e  next e i g h t  l i t e r s  and t o  81.$ f o r  

t h e  nex t  s i x .  

The c a t a l y s t  w a s  r egene ra t ed  by soaking i t  i n  5 M_HN03 and then  

washing i t  wi th  water. 

a g a i n  ob ta ined .  

A f t e r  t h i s ,  convers ions  g r e a t e r  t h a n  99$ were 

4.1.2 P r e c i p i t a t i o n  and Washing 

Four experiments  were made, none o f  which r e s u l t e d  i n  a s a t i s f a c t o r y  

s o l .  

n i t r a t e ,  probably because of e x c e s s i v e  washing. The h i g h e s t  had a 

n i t r a t e - t o - u r a n i u m  mole r a t i o  of 0.059, compared wi th  t h e  d e s i r e d  va lue  

of 0.1.5 t o  0.25. These f i - l t e r  cakes  were s u f f i c i e n t l y  f l u i d  t o  be 

removed frorn t h e  f i l t e r  by s u c t i o n  through L/4- in .  tub ing ,  b u t  t hey  

d i d  n o t  d r a i n  c l e a n l y  from t h e  s i d e s  of t h e  g l a s s  c o n t a i n e r .  They 

appeared t o  form u n s t a b l e  sols, and w i t h i n  2b h r  they  had coagula ted .  

N i t r i c  a c i d  was a d d e d  t o  a d j u s t  t h e  n i t r a t e - t o - u r a n i u m  r a t i o  t o  0.2, 

b u t  t h e  s o l i d s  d i d  n o t  resuspend.  

The f i r s t  t h r e e  f i l t e r  cakes  (Tab le  4.1) con ta ined  too  l i t t l e  

The l a s t  two f i l t e r  cakes  con ta ined  too much u r a n y l  i o n  as a r e s u l t  

o f  t h e  d e a c t i v a t i o n  of t h e  c a t a l y s t  i n  t h e  r e d u c t i o n  equipment.  S o l s  

made from them coagu la t ed  wit .hin 24 h r .  

The f i l t e r  was made from 12- in . -d i an  g l a s s  p ipe  1 5  i n .  long wi th  

a porous s t a i n l e s s  s t e e l  d i s k  a t  t h e  bottom end f o r  Llie f i l t e r  e lement  

( F i g .  )+.l). 

made w i t h  t h i s  f i l t e r .  The uranium and n e u t r a l i z i n g  s o l u t i o n s  a r e  

mixed be fo rc  e n t e r i n g  the  f i l t e r  by be ing  pumped con t inuous ly  through 

t h e  i n l e t  and bottom p o r t s  of a 0.5- in . -diam hydroc lone .  The s l u r r y  

l eaves  through t h e  t o p  p o r t  and flows o n t o  the  f i l t e r  p l a t e ,  w h e r e  a 

f low of a rgon  up through t h e  p l a t e  promotes f u r t h e r  mixing and ensu res  

a n  i n e r t  atmosphere.  

Batches of s o l  c o n t a i n i n g  up t o  1.5 kg of uranium can  be 



Table 4.1 Urania Sol Preparation: Summary of Precipitation and Washing Experiments 

Uranium solution: 0.5 M - L+ , 2.5 
Neutralizing solution: 

+  NO^-, 0.25 M urea, 0.3 M_ HCOOH 
3 M - NH*OH--O.5 8 NzHsOH- 

Volume of 
Volume ratio H 2 0  per Filter Cake Composition 

Number uranium solution PH of washes (liters) MoLe ratio U4t/total U 
wash NO3 /+ Run neutralizing solution Final Number 

F-l 
F-2 
F-3 
F-4 

0.70 
0.72 
0.637 
(2.p 

N Ya 10 
N p 

i0 
7.23 8 
6.7 5 

2.5 0.030 0 .868 
3.25 0.059 c.847 

0.758 3.5 0.035 
2.25 0. 205 0.728 

w 
u1 

~ ~- ~~ 

a pH determined by use of pH indicator paper. 
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Fig. 4.1 Urania Sol. Preparation. Precipitation and washing 
equipment. 
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For a n  8 - l i t e r  b a t c h  of U(N03)4 s o l u t i o n ,  t h e  n e u t r a l i z a t i o n  was 

completed i n  about  30 min. The oxide  p r e c i p i t a t e  must s t a n d  f o r  30 t o  

40 min wh i l e  t h e  pH o f  t h e  f i l t r a t e  drops b e f o r e  t h e  f i n a l  pH ad jus tment  

t o  7 can  be made. 

a f t e r  s t a n d i n g  1j min and 4.'7 a f t e r  35 min. 

For example, t h e  pH of the  f i l t r a t e  i n  F-4 was 6.0 

A d i f f e r e n t  procedure was used i n  F-3, i n  which t h e  p r e c i p i t a t i o n  

w a s  done on t h e  f i l t e r  over a pe r iod  of 2 h r  40 min, w i th  mixing by t h e  

a rgon  spa rge .  A s m a l l e r  amount of n e u t r a l i z i n g  s o l u t i o n  w a s  used wi th  

t h i s  method, which probably shows khat t h e  mixing o r  d i f f u s i o n  t ime w a s  

n o t  s u f f i c i e n t .  

The s e t t l i n g  r a t e  of the  p r e c i p i t a t e  w a s  a s t r o n g  f u n c t i o n  of pH. 

I n  r u n  F-2, t h e  mixing w a s  stopped a t  a pH of 5, and t h e  ra te  of i n c r e a s e  

of c l e a r  s u p e r n a t a n t  l i q u o r  w a s  measured f o r  10 min. The r a t e  was 

c o n s t a n t  a t  0.13 in./min, compared wi th  a ra te  of about  1 in . /min  a t  a 

pH of 7. 

The washed f i l t e r  cakes  were warmed t o  40 t o  5 0 ° C  over  a pe r iod  of 

about  f o u r  hour s .  The r e s u l t i n g  material  had t h e  f l o w  c h a r a c t e r i s t i c s  

of a Bingham p l a s t i c ,  be ing  q u i t e  f l u i d  once some y i e l d  stress w a s  

exceeded. 



P .  A .  Haas 

We are  developing t h e  equipment aad procedures  n e c e s s a r y  t o  adap t  

t h e  t h o r i a  s o l - g e l  p rocess  t o  remote o p e r a t i o n  i n  a s h i e l d e d  f a c i l - i t y  

(TURF). 

maintenance procedures ,  man ipu la to r s ,  and s e r v i c e s .  We cont inued p rocess  

development s t u d i e s  f o r  p r e p a r a t i o n  of t h o r i a  mic rosphe res  by d i s p e r s i o n  

of a s o l  i n t o  2-ethylhexanol ,  e x t r a c t i o n  of water t o  g i v e  g e l  microspheres  

and d r y i n g  and c a l c i n i n g  t o  g i v e  h i g h - d e n s i t y  ox ide  microspheres .  

IkveLopment of h igh -capac i ty  s o l  d i s p e r s e r s  and a d d i t i o n a l  t e s t s  of 

s o l v e n t  r e c y c l e  are necessa ry  t o  demonstrate  h igh  process c a p a c i t y  

and long-term o p e r a t i o n .  A microsphere column system designed f o r  

10 kg/day of Tho2 w a s  placed i.n o p e r a t i o n .  

A TURF c e l l  mockup i s  used f o r  expe r imen ta l  t es t s  of remote 

5 . 1  Microsphere P r e p a r a t i o n  Development 

S .  D.  C l i n t o n  P.  A .  Haas 

The p rocess  development s tud icJs  f o r  forming g e l l e d  ox ide  inicro- 

sphe res  i n  2-ethylhexanol  (2Ei) were con t inued  i n  the  2- in .  minimum 

diameter ,  t ape red ,  g l a s s  column.14 

system a s s o c i a t e d  w i t h  t h i s  column i s  about  1 l i t r r / m i n  o€ 2EH, which 

l i m i t s  t h e  f low r a t e  of s o l  d r o p l e t s  t h a t  can  be g e l l e d  con t inuous ly  t o  

approximately 10 ml/min, S e v e r a l  d i f f e r e n t  r o t a r y  d i s p e r s e r s  were 

t e s t e d  a t  s o l  f l o w  ra tes  up t o  24 cc  m l / m i n  f o r  s h o r t  p e r i o d s  o f  t i m e .  

The r o t a r y  and s h e a r  dispersers' '  are both cons ide red  t o  be promising 

methods f o r  o b t a i n i n g  uniform s o l  d i s p e r s i o n  on a l a r g e  s c a l e ,  p a r t i c u l a r l y  

f o r  producing t h o r i a  microspheres  i n  t h e  s i z e  range of 300 t o  600 p. 

The c a p a c i t y  of t h e  d i s t i  l l a t i o t i  

I 4 M .  E .  Whatlcy e t  a l . ,  Unit Opera t ions  S e c t i o n  Q u a r t e r l y  P rogres s  
Repor t ,  July-September 1.965, 0~~~-3316. 

"M. E .  Whatley e t  a l . ,  Unit  Opera t ions  S e c t i o n  Monthly Propress  Report ,  
December 1964, OWL-TM-1091, pp 24-55. 
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A m u l t i p l e  nozz le  developed by D .  M. Hel ton ,”  which c o n t r o l l e d  d i s -  

p e r s i o n  of s o l  by t h e  a p p l i c a t i o n  of e l e c t r i c a l  p o t e n t i a l s ,  w a s  t e s t e d  

i n  t h e  microsphere  column, and t h e  r e s u l t i n g  t h o r i a  s i z e  d i s t r i b u t i o n s  

compared f avorab ly  wi th  those  ob ta ined  from previous  experiments w i t h  

a two- f lu id  nozz le .  

For a s o l  f low ra te  of 10 ml/min and a s t i l l  tempera ture  of l ’ j O ° C ,  

t h e  s t e a d y - s t a t e  w a t e r  c o n t e n t  of the  2EH i n  t h e  column i s  about  1 . 5  

w t  $. A t  water  c o n c e n t r a t i o n s  between 1 .5  and 2.0 w t  $ i n  2EX, the  

p r o b a b i l i t y  of p a r t i a l l y  g e l l e d  microspheres  c l u s t e r i n g  t o g e t h e r  seems 

t o  i n c r e a s e .  The 2:-in.-minimumdiameter, t ape red ,  g l a s s  column has  

been ope ra t ed  con t inuous ly  f o r  6 t o  7 h r  w i t h  no appa ren t  problems a t  

s o l  flow r a t e s  up t o  10 ml/min. For h i g h e r  s o l  f l o w  rates t h e  column 

o p e r a t i o n  has  been l i m i t e d  t o  pe r iods  of less than  1 h r .  The purpose 

of t h e s e  s h o r t  tes ts  i s  t o  de te rmine  t h e  performance of s o l  d i s p e r s i o n  

d e v i c e s .  

F i v e  r o t a r y  d i s p e r s e r s  (see Table 5.1) of p r i n c i p a l  t ypes  I and 111 1.7 

were t e s t e d  i n  the  t ape red  column. For t h e  type - I  d i s p e r s e r s ,  e i g h t  

o r i f i c e s  are e q u a l l y  spaced i n  a h o r i z o n t a l  p lane  on a c y l i n d r i c a l  

s u r f a c e ;  f o r  type 111, t h e  e i g h t  o r i f i c e s  are e q u a l l y  spaced on a c i r c l e  

i n  t h e  base  of a t h i n  d i s k .  The u n p r e d i c t a b l e  w e t t i n g  behavior  between 

t h e  aqueous s o l  and t h e  s t a i n l e s s  s t e e l  d i s p e r s e r s  has  a pronounced e f f e c t  

on t h e  s i z e  d i s t r i b u t i o n  of d r o p l e t s  produced. Both types  I and I11 

gave product  un i fo rmi ty  s i m i l a r  t o  t h a t  of t h e  two- f lu id  nozzle ,  b u t  

t h e  product  from the  r o t a r y  d i s p e r s e r s  has  no t  been c o n s i s t e n t l y  uniform. 

The t e s t  c o n d i t i o n s  and s i z e s  of t h e  c a l c i n e d  product  from t h e  d i s -  

p e r s i o n  of a 3.0 M, t h o r i a  s o l  by f i v e  r o t a r y  d i s p e r s e r s  are shown i n  

Table 5.2. The weight of each product  sample was between 300 and 500 g 

’%. M .  Hel ton ,  D i spe r s ion  of a L iqu id  Stream by an E l e c t r i c a l  P o t e n t i a l :  
A p p l i c a t i o n s  t o  t h e  P r e p a r a t i o n  of Thor ia  Microspheres,  ORNL-TM-1395, 
January  17, 1966. 

17M.  E .  Whatley e t  a l . ,  Un i t  Opera t ions  S e c t i o n  Q u a r t e r l y  P rogres s  Report ,  
Apr i l - June  1965, ORNL-3868. 
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Table 5 . 1  D e s c r i p t i o n  of Rotary  Di spe r se r s  

Each d i s p e r s e r  h a s  e i g h t  o r i f i c e s  l o c a t e d  
symmetr ica l ly  on a s p e c i f i e d  p i t c h  diameter  

Other  Codc Diameters ( i n . )  ..- 
L e t t e r  Type O r i f i c e  P i t c h  Maximum F e a t u r e s  

H 111 0.016 1.50 1.E Holes i n  b a s e  of 

I IIi 0,010 1.50 I. 75 R o l e s  i n  base  o f  

1/4-in. -high d i s k  

sha l low toile 

J I 0.010 1.50 1.50 Holes  i n  s i d e s  of 
1 - i n .  -high d i s k  

K I 0.016 1.50 1-50 Holes  i n  s i d e s  of  
l_- in .  -high d i s k  

FK I 0.01 6 1.75 1.75 !Ioles i n  s i d e s  of  
3/16-"in.  -high d i s k  
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Table 5.2 Rotary Disperser Product Size Distributions 

Sol Tangential Mean 
Feed Velocity at Di eter T .  Rotary Feeder Product Rate the  Orifice 70 

Type Code Code (ml/min) (ft/sec) (II) (%) 

I1 I H 

111 I 

I J 

I K 

I FR 

6x 9.6 
6~ 9.6 
813 9.6 
8~ 9.6 
K 9.6 
7F 9.6 
'K 4.8 
TiJ 9.6 
7 y  9.6 
7z N 20 

6u 9.6 
6W 9.6 
'7A 9-6 
'TD 9.6 
'TE 9.6 

0.8 
0.8 
1.9 
2.2 
3 *I 
3.5 
1 .5  
1 . 5  
1.5 
1.5  
0.8 
1.2 
1.7 
0.9 
1.2 

5 25 
480 
25 0 
24 0 
120 

88 

430 
290 
3 20 
300 

5 75 
450 
4 20 
535 
460 

18 

36 
34 
46 
l!. 1 
42. 
35 
1 4  
30 
25 

59 
29 
25 

7 
12 
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excep t  f o r  6~ and 'TA, which were 850 and 1.300 g, r e s p e c t i v e l y .  I n  

gene ra l ,  t h e  s i z e - d i s t r i b u t i o n  r e s u l t s  were s i m i l a r  t o  those  r e p o r t e d  

p rev ious ly  f o r  r o t a r y  d i spe r se r s , "  b u t  t h e  s i z e  un i fo rmi ty  of products  

'-0 and w a s  as good as t h e  b e s t  ob ta ined  wi th  any of t h e  so l -d i - spe r s ion  

d e v i c e s .  For  t h e  type-1  d i s p e r s e r s ,  t h e s e  r e s u l t s  i n d i c a t e  t h a t  a 

sha l low d i s k  of t h e  minimum t h i c k n e s s  p r a c t i c a l  t o  c o n t a i n  t h e  s o l  f l o w  

channels  i s  d e s i r a b l e ,  The products  '(F and 7G show t h a t  a r o t a r y  

d i s p e r s e r  can  produce c a l c i n e d  microspheres  i n  t h e  s i z e  range of 100 p 

w i t h  some l o s s  i n  un i fo rmi ty .  

Ai1 e l e c t r o s t a t i c  s o l  d i s p e r s e r  ( F i g .  5.1; dimensions shown on 

Drawing D-581.39) w a s  developed i n  Chemical Development S e c t i o n  A and 

t e s t e d  i n  t h e  Uni t  Opera t ions  microsphere  column. T h i s  dev ice  has  

f i f t e e n  No. 24 hypodermic need le s  a t  a c o n t r o l l e d  p o s i t i v e  p o t e n t i a l  

w i th  a copper r i n g  a t  ground p o t e n t i a l  around each n e e d l e .  The mode of 

d i s p e r s i o n  v a r i e s  w i t h  v o l t a g e  i n  t h r e e  d i s t i n c t  r e g i o n s .  A t  low v o l t a g e s  

( u p  t o  about  500 v) t h e  s i z e  of drops formed i s  independent  of vo l t age .  

A t  i n t e r m e d i a t e  v o l t a g e  ( f r o m  about  500 v t o  io00 o r  1-200) a s i n g l e  s t ream 

oT uniform drops  i s  produced; t h e  s i z e  of drops  dec reases  as t h e  v o l t a g e  

i s  inc reased .  A t  v o l t a g e s  g r e a t e r  t han  t h e  upper t r a n s i t i o n  vo l t age  a 

f a n - l i k e  sp ray  of nonuniform drops  i s  produced. Over t h e  range of 

i n t e r m e d i a t e  v o l t a g e s ,  t h e  s o l  drop s i z e  i s  a f u n c t i o n  of vo l t age ,  s o l  

f low r a t e ,  and s o l  c o n c e n t r a t i o n .  With t h e  e l e c t r o s t a t i c ,  m u l t i p l e -  

nozz le  d i s p e r s e r ,  t h e  c a l c i n e d  product  si.ze d i s t r i b u t i - o n s  f o r  a 3.0 M_ 

t h o r i a  sol were similar t o  t h e  b e s t  ob ta ined  wi th  a s i n g l e  two-f lu id  

nozz le  (Tab le  5.3).  The products  m, '-[I:, and 75 were formed dur ing  I - h r  

t e s t s ,  bu t  product  w a s  produced du r ing  a 6 .5-hr  cont inuous  run .  The 

o p e r a t i o n  of t h e  e l e c t r o s t a t i c  d i s p e r s e r  f o r  t h e  extended rim appeared t o  

be s a t i s f a c t o r y ;  a l though  one of t h e  15 need les  plugged about  midway oE t h e  

riiii, column o p e r a t i o n  and product  s i z e  d i s t r i b u t i o n  w e r e  no t  s i g n i f i c a n t l y  

a f f e c t e d .  

I8N. E. Whatley et &., Uni t  Opera t ions  S e c t i o n  Q u a r t e r l y  Progress  Report ,  
Apr i l - June  1965, 0 ~ ~ ~ - 3 8 6 8 .  
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F i g .  5 . 1  E l e c t r o s t a t i c  Nozzle D i s p e r s e r .  F i f t e e n  No. 24 hypodermic 
n e e d l e s  i n  p a r a l l e l  as one e l e c t r o d e ,  w i t h  a r i n g  around each n e e d l e  
as t h e  second e l e c t r o d e  ( d e t a i l s  shown on DWG D-58139). 
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Table 5.3 Product  S i z e  D i s t r i b u t i o n s  from a n  
E l e c t r o s t a t i c  S o l  D i spe r se r  

Mean 
Diame t e r , 

d 

S o l  
Product  Feed App 1 i e d  

50 Weight Rate  Pot  e n t i a  1 

Code ( g >  ( m l  /min) ( v )  ( C L )  ( % >  

TH 4 20 9.6 91-5 31-0 11 

‘0 210 4.8 915 240 10 

75 200 I?- .8 720 275 11 

-rr 2810 9.6 74 8 290 1.2 

S e v e r a l  100- t o  200-g ba tches  of u r a n i a  microspheres  were produced 

i n  t h e  column t o  t e s t  t h e  forming c h a r a c t e r i s t i c s  o f  d i f f e r e n t  u r a n i a  

s o l  p r e p a r a t i o n s .  Fu tu re  column runs  w i l l  be made t o  s tudy  t h e  ge la t j -on  

behavior  of d i f f e r e n t  u r a n i a  and t h o r i a - u r a n i a  s o l s  and t o  con t inue  t h e  

t e s t i n g  ol: s o l  d i s p e r s i o n  dev ices .  

5 . 2  Microsphere P r e p a r a t i o n  Without P’ l -uidizat ion 

P.  A .  I-Iaas S .  D.  C l i n t o n  

A l t e r n a t i v e s  t o  t h e  f l u i d i z e d  bed i n  a column are  be ing  cons ide red  

f o r  suspending s o l  drops  du r ing  the e x t r a c t i o n  o f  water  t o  cause  

g e l a t i o n .  Opera t ion  of a cont inuous  f lu id i -zed-bed  column r e q u i r e s  

uniform so l -d rop  s i z e s  and an  a c c u r a t e  matching of t h e  f l u i d i z i n g  f l o w s  

t o  t h e  drop  s i z e .  A l so  t h e  accumulatFon of  s o l  or g e l  sphe res  i n  a 

f l u i d i z e d  bed may i n c r e a s e  t h e  c l u s t e r i n g  o r  coa le scence .  The a l t e r n a t i v e s  

were cons ide red  wi th  t h e  e x p e c t a t i o n  o f  avo id ing  one o r  bo th  of t h e s e  

l i m i t a t i o n s .  

Long l e n g t h s  of  1 / 4 - i n .  - I D  po lyvi -nylch lor ide  t u b i n g  (100 E t  f o r  one 

s e t  o f  t e s t s  and 200 f t  f o r  a n o t h e r )  w e r e  used t o  provide  t h r  r e s i d e n c e  

t i m e  necessa ry  f o r  g e l a t i o n .  S o l  d rops  d i s p e r s e d  i n  2-e thylhexanol  (2EH) 
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were f e d  i n t o  t h i s  t ub ing  from a two- f lu id  nozz le .  The mixture  d i s -  

charged i n t o  a s e t t l e r  where t h e  g e l  sphe res  accumulated; t h e  wet 2Ei3 

overflowed t o  t h e  d i s t i l l a t i o n  system f o r  water removal. The v a r i a b l e s  

were: t u b i n g  l eng th ,  s o l  drop  s i z e ,  %EH f low r a t e ,  and t h e  dimensions 

and o r i e n t a t i o n  of t h e  c o i l  of  tubing.  

A comple te ly  s a t i s f a c t o r y  s e t  of c o n d i t i o n s  w a s  n o t  found. The 

p r i n c i p a l  d i f f i c u l t y  w a s  t h a t  the  drops s e t t l e d  t o  and moved very  

slow'ly a long  t h e  wall wherever the t u b i n g  w a s  no t  v e r t i c a l .  For 2HI 

and l / k - i n . - d i a m  tub ing ,  t h e  flow w a s  laminar  f o r  a l l  p r a c t i c a l  2EII 

f low r a t e s .  

i n  a l a y e r  of low average  v e l o c i t y .  A second d i f f i c u l t y  is t h a t  t h e  

t u b i n g  l e n g t h  r e q u i r e d  i n c r e a s e s  g r e a t l y  w i t h  i n c r e a s i n g  product 

d i ame te r ,  s i n c e  both  t h e  t i m e  r e q u i r e d  f o r  g e l a t i o n  and the  average  

v e l o c i t y  needed t o  p reven t  accumula t ion  of p a r t i c l e s  i n c r e a s e s  as t h e  

p a r t i c l e  d i ame te r  i n c r e a s e s .  The t u b i n g  l e n g t h  r e q u i r e d  i s  t h e  product  

of t h i s  average  v e l o c i t y  and t h e  g c l l a t i o n  t ime. For t h e s e  r easons ,  t h e  

t e s t i n g  of l onge r  l e n g t h s  of t u b i n g  and h i g h e r  v e l o c i t i e s  appeared 

d e s i r a b l e .  The s o l  f e e d  pump and thc  2EH pump l i m i t e d  t h e  maximum 

p r e s s u r e  drop  through t h e  tub ing  t o  about  40 f t  of 2EI-I. 

d rop  w a s  adequate  f o r  a l l  t h e  flow rates  of i n t e r e s t  i n  t h e  LOO-ft 

l e n g t h  of t ub ing ,  b u t  i t  l i m i t e d  t h e  flow r a t e s  t h a t  could  be t e s t e d  i n  

t h e  200- f t  l e n g t h .  

Thus a 100- t o  400-p-diam p a r t i c l e  a t  t h e  tub ing  wall w a s  

Th i s  p r e s s u r e  

The drops  s e t t l e d  t o  t h e  lower tub ing  s u r f a c e  i n  a l l n o n v e r t i c a l  

p o r t i o n s  and were suspended on ly  i n  v e r t i c a l  p o r t i o n s .  The i n i t i a l  tes t  

w a s  w i t h  t h e  t u b i n g  c o i l e d  on a n  18- in . -d iam c y l i n d e r  w i t h  t h e  c o i l  

( c y l i n d e r )  ax is  i n  the h o r i z o n t a l  plane. 

f o r  a few inches  each  s i d e  of each p o i n t  which had a v e r t i c a l  t angen t  

and were moving s lowly  a l o n g  t h e  t u b i n g  w a l l  f o r  about  80% of t h e  tub ing  

l e n g t h .  For  t h i s  arrangement,  t h e  average  s o l  o r  ge l - sphe re  r e s i d e n c e  

t ime w a s  much longe r  than  t h e  average  2EXi holdup t ime.  Dried g e l  sphe res  

of 100  t o  300 p diameter  were d i scha rged ,  b u t  coa le scence  of s o l  drops 

a t  t h e  f eed  end and beds of d r i e d  g e l  s p h e r e s  n e a r  t h e  o u t l e t  were both 

observed .  

The drops were suspended on ly  
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The remai-ning tcs t s  were i n  c o i ~ l s  w i t h  18-i.11. s t r a i g h t  s e c t i o n s  

connected by ti.tt-ns on 3 - i n .  r a d i i .  With t h e  s t r a i g h t  s e c t i o n s  v e r t i c a l  

and  t h e  c o i l  a x i s  h o r i z o n t a l ,  t h e  s e t t l i n g  was much less  than  t h a t  

encountered i n  t h e  1 8 - i n .  c y l i n d e r .  

( ave rage  %EH r e s i d e n c e  t i m e  of 2.8 min) ,  l'-('j-iL gel sphe res  (1.20-11, c a l c i n e d  

p roduc t )  were s a t i s f a c t o r i 1 . y  prepared .  

n o t  s u i t a b l n  for 210-1-1 g e l  sphe res  ( l > O - p  calci .ned p roduc t )  s i n c e  a l l  

?E€% f l o w  r a t e s  w e r e  e i t h e r  t o o  ].ow t o  keep t h e  drops  movirig o r  t oo  h igh  

t o  p e r m i t  complete g e l a t i o n  ( n o t  enough resi-dence t i m e ) .  For  the 200- f t  

l eng th ,  t h e  maxiiucirrr 2EH f low r a t e  ( a s  l i m i t e d  by t h e  pumps) was t h a t  

adequate  f o r  21-0-1-1 g e l  sphe res .  When t h e  s t r a i g h t  s e c t i o n s  were h o r i -  

zont:al. o r  s l a n t e d  very  s l ightzly downwa.rtl (coi.1 a x i s  v e r t i c a l )  w i th  the  

200-.ft l eng th ,  t h e  accumulat ion and coa lescence  o f  w e t  s o l  d r o p s  near  

t h e  e n t r a n c e  w a s  worse than when iiie c o i l  a x i s  w a s  i n  a h o r i z o n t a l  p l ane ,  

From t h e s e  r e s u l t s ,  m u l t i p l e  ver t - ical  s e c t i o n s  of en]-arged c r o s s  s e c t i o n  

(columns) connected by s h o r t  i n s f e r  connec t ions  of reduced c r o s s  

s e c t i o n  appear  t o  he more a t t r a c t i v e  than  sirriple c o i l s ,  Use of a I.ess 

v i scous  a l c o h o l  t o  permit t u r b u l e n t  f low i n  a c o i l  of t ub ing  would also 

be  d e s i r a b l e ,  

With a 2EH f low ra te  of 340 cc/min 

'I'he 1 0 0 - f t  l e n g t h  of  tub ing  was 

5.3 C o a t e d - F a r t i c l e  Development F a c i l i t y  (CPDF) Microsphere ~ o l i m i i  

C .  C .  H a w s  P. A .  Ilaas 

The microsphere column system i n  t h e  C o a t e d - P a r t i c l e  Development 

F a c i l i t y  (CPDF) was ope ra t ed  w i t h .  t h o r i a  s o l s  at r a t e s  up t o  25 ml/n in  

of t h o r i a  sol. o r  1200 g of 'rho2 per  h r .  The opera'iio.n of  t h e  colunin 

i t s e l f  h a s  been e x c e l l e n t ;  t h e  on ly  s i g n i f i c a n t  d i f f i c u l t  i.es were wi th  

a c c e s s o r i e s  such as t h e  d i s p e r s e r s  and t h e  product  d r i e r s .  T h e  c a p a c i t y  

of  t h e  system i s  l i m i t e d  by t h e  package b o i l e r  s y s t e m  t o  about  25 ml. 

of  sol. Eeed per  minute .  The c a p a c i t y  of t h e  product  d r i e r s  appea r s  t o  be 

about 10 kgJ2h h r .  

This  system w a s  ope ra t ed  wi th  j t-lioria s o l  feed  u s i n g  a s  d i spe r se r s  

a r o t a r y  d i s p e r s e r ,  a s h e a r  nozz le ,  and a p a i r  of two-fxuid nozz le s .  

With a 1 -7 /8 - in .  -di.am r o t a r y  d i s p e r s e r  having twelve O.OlO-in.-diaiu 



o r i f i c e s , 4 8 $  t o  67% of t h e  c a l c i n e d  Tho2 microspheres  w e r e  i n  t h e  s i z e  

range  350 t o  297 p a t  220 t o  270 rpm. A n  u n d e s i r a b l e  amount of f i n e  

p a r t i c l e s  w a s  produced a t  270 rpm, and smaller  o r i f i c e s  would be 

p r e f e r r e d  i n  o r d e r  t o  make smaller microsphe res .  For  t e s t  r u n s  wi th  2 

two- f lu id  nozzles a t  '1.9 m l  of s o l  pe r  minute  t o  each nozz le ,  79$ of 

t h e  c a l c i n e d  ThOz microspheres  were 210 t o  250 p i n  d iameter .  The column 

w i l l  be  ope ra t ed  wi th  t h e s e  i iozzles  t o  p repa re  210- t o  250-p product  

needed f o r  p y r o l y t i c  carbon c o a t i n g  s t u d i e s .  



6 .  TRANSlJKANIUM PROCESSING STUDIES 

4. 11, Ryon %. L.  Dal-ey 

I n  supporL of t h e  Transuranium f a c i l i L y ,  e n g i n e z r i n g  s t u d i e s  are  

be ing  made t o  form t'rLe b a s i s  for d e s i g n  and ope ra t io i l  of Lhe process  

equipment. Th i s  r e p o r t  p r e s e n t s  t h e  r e s u l t s  of c o l d  t e s t i n g  of two 

so lve i i t  e x t r a c t i o n  r achs  . 

6.1 ~ u I . s e  Column Tests 

Final. c o l d  t e s t i n g  of t h e  Tramex sol-vent exCract-i.on r a c k  was 

completed. The r a c k  c o n s i s t s  of t h r e e  p u l s e  columns, p u l s e r s ,  and 

r e c e i v e r  t anks .  Each p u l s e  column i s  1.5 i n .  i n  diameter  by 60 i n .  

high and i s  packed w i t h  s i e v e  p l a t e s  (1/_32-in. h o l e s ,  5% f ree  area) 

spaced 1/4 i n .  a p a r t .  

r a tes  (5:l:l:l l . i t e r s / h r  of s o l v e n t ,  feed ,  s c rub ,  and s t r i p ,  r e s p e c t i v e l y )  

w i th  a f eed  whose p h y s i c a l  p r o p e r t i e s  a t  room temperature  s im1. i la ted 

t h e  p h y s i c a l  p r o p e r t i e s  of T r a m e x  p rocess  soluti .ons a t  5 0 ° C .  DurFng 

about 80 h r  of o p e r a t i o n  t h e  major d i f f i c u l t y  w a s  E a i l u r e  of Z i r c a l o y - 2  

di-aphragms i n  t h e  puinps and piill-sers . Then t h e  columns were demonstrated 

t o  perform e f f e c t i v e l y  w i t h  the  s o l u t i o n s  having composi t ions ( o t h e r  

t h a n  r a d i a t i o n  errdtters) t y p i c a l  ot those i n  t h e  Tramex f lowsheet .  

Again t h e  mai.n t r o u b l e  w a s  f a i l u r e  of diaphragms. These were r ep laced  

wi th  a l l o y  diaphragms (90% 'Ta--lO$ W ) ,  and no more f a i l u r e s  occur red .  

The col.i.mns were f i r s t  ope ra t ed  a t  de.qigi1 flow 

During t h e  f i n a l  pe r iod  oE t e s t i n g ,  t h e  columns were ope ra t ed  

2h h r  a day f o r  about  130 hi-. 

cause  emulsions i f  i t  is hydrolyzed. The feed a c i d i t y  was a d j u s t e d  

by eVapoKatiOn t o  3.20°C, which l e a v e s  j u s t  enough a c i d  t o  preven t  

emulsions.  The a d j u s t e d  f eed  composi t ion w a s :  10.2 LFC1,  0.1 M A K J - 3 ,  

0.2 E HC1, 0.1 M_ SnClz, 100 ppm Z r ,  and 2 vo l  $ methanol.. The s c r u b  

solutrion w a s  11 LiCl  and 0.03 HC1.  The s o l v e n t  wa.s 0.6 Adogen 

( t e r t i a r y  amine) i n  diethylbcnzene;  bo th  we.re p u r i f  i.ed by c o n t a c t  w i t h  

s i l i c a  g e l  and a c t i v a t e d  aI.iuriina. The p h y s i c a l  p r o p e r t i e s  of t h e  t e s t  

s o l u t i o n s  are shown i n  Table  6.1. A sample b a t c h  of Z r  f eed  w a s  mixed 

w i t h  s o l v e n t  a t  an A / O  r a t i o  of 3 i n  a ba t ch  mixer a t  2 5 ° C  t o  determine 

The f eed  con ta ined  100 p p n  Z r ,  which can  
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t h e  e x t e n t  of emulsion formation.  The time r e q u i r e d  f o r  phase s e p a r a t i o n  

ranged from 95 t o  124 sec ,  and t h e  amount of emulsion remaining a f t e r  

c e n t r i f u g a t i o n  w a s  l e s s  t han  O.OO5$ of t h e  f eed .  

Table  6 .1  P h y s i c a l  P r o p e r t i e s  of T e s t  S o l u t i o n s  

Dens i ty  V i s c o s i t y  

( g / c c )  ( c e n t i p o i s e  s ) 

Tramex s o l u t i o n s  a t  5 0 ° C  

Solven t :  0.6 3 Adogen i n  DEB 0.848 2.67 
Feed: 10 M_ LiC1,  0.1 M_ A l C l , ,  0.2 M_ H C 1  1.230 3 -34 
Scrub: 11 M L i C 1 ,  0.03 3 HC1 1 .232  3.34 
S t r i p :  8 E-HCl 1 .115  1.03 

Simula ted  Tramex a t  25°C 

Solven t :  0.3 M_ Alamine 304 i n  DEB 0.872 2.70 
Feed . 1.5 M_ Al(N03)39 0.1. N i ( N 0 3 ) 2 ,  l.267 3.34 

S t r i p :  0.16 M_ HN03, 0.1 E N i ( N 0 3 ) z  I. 018 
Scrub * 1 HNO3 

0.95 

The columns were s u c c e s s f u l l y  ope ra t ed  f o r  a wh i l e  a t  d e s i g n  flow 

r a t e s  a t  50°C, u s i n g  t h e  Z r  feed,  b u t  a f t e r  22 h r  i t  w a s  necessa ry  t o  

reduce  the  f low r a t e  t o  60% of d e s i g n  t o  prevent  f lood ing  01 t h e  

e x t r a c t i o n  and s c r u b  columns. A f t e r  32  h r  of o p e r a t i o n  a t  t h i s  r a t e ,  

t h e  f low rate  had t o  be f u r t h e r  reduced t o  5O$ of des ign ,  a t  which ra te  

t h e  columns ope ra t ed  f o r  80 h r  wi thou t  f u r t h e r  d i f f i c u l t y .  N o  f l ood ing  

of s o l v e n t  o u t  of t h e  bottom of t h e  columns w a s  observed; the on ly  

s i g n  of f l o o d i n g  w a s  t h a t  t h e  aqueous phase d i d  no t  f low ou t  f a s t  enough 

even w i t h  no p r e s s u r e  a p p l i e d  t o  the  p r e s s u r e  pot  on t h e  j a c k l e g .  

I n  an a t t empt  t o  unders tand  the  l o s s  of throughput exper ienced  i n  

t h e  o p e r a t i o n  of t h e  TRU p u l s e  column, t h e  same s o l u t i o n s  were t e s t e d  

i n  t h e  3 /4 - in . - ID  x 48- in . -h igh  g l a s s  pulse-column assembly. A t o t a l  

of 23 l i t e r s  of Z r  f eed  was run through t h e  e x t r a c t i o n  and s c r u b  c y c l e s .  

Some emulsion formed a t  t h e  t o p  of t h e  e x t r a c t i o n  column and f i l l e d  t h e  
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disengaging  s e c t i o n .  About two- th i rds  of t h e  emulsion migra ted  down t h e  

e x t r a c t i o n  column and passed o u t  w i th  the r a f f i n a t e  s t ream (0.10 m l  of 

emulsion per  100 m l ) .  The remaining t h i r d  overflowcd as emulsion wi th  

t h e  organic  stream, passed through t h e  sc rub  column, and overflowed 

t o  t h e  s t r i p  c o l u i n  (0.05 rnl. o f  emulsion per  100 n i l ) .  

emulsion and s o l i d s  i n  no way i n t e r f e r e d  w i t h  column o p e r a t i o n s .  I n  

f a c t ,  t h e  throughput  ( 21: 'I: '7 m l / n i n  of o rgan ic ,  feed ,  and sc rub)  exceeded 

t h e  throughput  of prev ious  t e s t s  (12:)-1:4 ml/min) .  

was opera t ed  organic-cont inuous  f o r  8 h r  and then  r e t u r n e d  t o  aqueous- 

cont inuous  emulsion o p e r a t i o n  wi th  no appa ren t  e f f e c t .  One p o s s i b l e  

e x p l a n a t i o n  of reduced throughput  in t h e  TRU columns could be p a r t i a l  

plugging o f  the  p u l s e - l o s s  r e s t r i c t o r s  on t h e  aqueous o u t l e t s  of the  

columns I 

The format ion  of 

The e x t r a c t i o n  column 

During t h e  l a s t  10 h r  of  ope ra t ion ,  N i C 1 ,  ()+ g N i  per  l i t e r )  w a s  

added t o  the feed  t o  permit  mass t r a n s f e r  e f f i c i - ency  c a l c u l a t i o n s .  More 

than 99.9% of t h e  n i c k e l  was e x t r a c t e d ,  t hus  t h e  s t a g e  h e i g h t  i n  t h e  

e x t r a c t i o n  column was less  than  10 i.n. This  r e s u l t :  a g r e e s  wi th  prev ious  

data. ob ta ihed  i n  ~ / ~ + - i n . - d j . a m  g l a s s  columns ~ 

8 M_ H C 1  was only  96.8$ complete.  

waste s o l v e n t  was 0.2$, and t h e  aqueous phase was c o l o r l e s s ,  i nd ica t i -ng  

l o w  n i c k e l  c o n c e n t r a t i o n .  A t  shutdown, t h e  s o l v e n t  holdup i n  t h e  columns 

w a s  measured and found t o  be as expected:  

s c rub  columns and 1.0% i.n the  s t r i p  col.umn. 

S t r i p p i n g  of n i c k e l  w i th  

Entrainment  of aqueous phase i n  t h e  

20$ i n  ~ h e  e x t r a c t i o n  and 

6.2 Berkel-ium E x t r a c t i o n  Rack Tests 

The equipment r ack  t o  be used i n  t h e  Transuraniwn f a c i l i t y  €o r  the  

s e p a r a t i o n  and recovery  of berkel ium from c a l i f o r n i u m  and o t h e r  a c t i n i d e s  

was i c s t e d  f o r  h y d r a u l i c  s t a b i l i t y  and s c p a r a t i o n  e f f i c i e n c y .  The major 

components of t h e  e x t r a c t i o n  r a c k  inc lude  a ba t ch  s o l v e n t  sp ray  column 

(1.1~ i n .  i n  i n n e r  d iamcter ,  >7.5 i n .  long) c o n t a i n i n g  two sp ray  heads,  

a feed  hold  tank,  a sc rub  ho ld  iank,  a product  r e c e i v e r  tank,  and a 

feed  pump, a l l  made of Z i r ca loy -2 ,  



The product  of t h e  s e p a r a t i o n  of  americum and curium from 

berke l ium and c a l i f o r n i u m  i s  c o l l e c t e d  and t h e  aqueous s o l u t i o n  i s  

a d j u s t e d  t o  10 M, HNO,--O.l E KBr03 (volume 1 . 5  l i t e r s ,  sp .  g r .  1.30), 
i n  which t h e  berke l ium i s  ox id ized  t o  t h e  e x t r a c t a b l e  t e t r a v a l e n t  s t a t e .  

Berkelium i s  e x t r a c t e d  i n t o  0.75 l i t e r  of 0.6 M_ 2-e thylhexylphosphor ic  

a c i d  i n  N-Paraf i in-175 ( s p .  g r .  0.'79), and t h e  s o l v e n t  i s  scrubbed w i t h  

2.5 l i t e r s  of 10.0 HNO,--O.OL M_ KBrQ3 t o  remove t h e  c a l i f o r n i u m  and o t h e r  

a c t i n i d e s .  

o f  10 E HN03- -1 .0  M - H202 s t r i p  s o l u t i o n ,  which reduces  t h e  berke l ium 

back t o  t h e  t r i v a l e n t  s t a t e .  A l l  cests  w e r e  made a t  about  4 5 ° C .  

The berke l ium i s  s t r i p p e d  from t h e  s o l v e n t  w i t h  2.6 l i t e r  

The feed  and s c r u b  n o z z l e s  a t  t h e  t o p  of t h e  column were found t o  

be plugged. The s c r u b  i n l e t  w a s  unplugged by backf lush ing ,  bu t  t h e  

feed  i n l e t  remained plugged.  T e s t i n g  of  t h e  f eed  c i r c u i t  w a s  t h e r e f o r e  

done through t h e  s c r u b  i n l e t .  It w a s  p o s s i b l e  t o  m a i n t a i n  a metered 

f low as low as 25 ml of  10 8 HN03--1 .0  M_ H 2 Q 2  pe r  minute  wi thou t  gas 

b ind ing  of  t h e  feed  pump. Aqueous f low rates i n  excess of 55 ml/min 

r e s u l t e d  i n  f l o o d i n g  of t h e  column and dumping of about  25% of t h e  s o l v e n t  

t o  t h e  r a f f i n a t e  c a t c h  tank.  The aqueous-phase holdup i n  t h e  column a t  

a f low r a t e  of 50 ml/min w a s  about  50$. T h e  o p e r a t i o n  procc2dure 19 
o u t l i n e d  by t h e  TRU f a c i l i t y  group w a s  t e s t e d  and t h e  h y d r a u l i c s  of t h e  

system were v e r i f i e d  excep t  t h a t ,  b e f o r e  t h e  f l u s h i n g  o p e r a t i o n ,  t h e  

i n t e r E a c e  should  be ra ised i n  t h e  column t o  p reven t  l o s s  of s o l v e n t .  

Two r u n s  werci made t o  t e s t  t h e  chemical  f lowshee t  u s i n g  cer ium and 

europium as s t a n d i n s  f o r  berke l ium and ca l i fo rn ium,  r e s p e c t i v e l y .  I n  

t h e  f i r s t  run,  e x t r a c t i o n  of t h e  cerium w a s  92.9% complete  a f t e r  t h e  

second feed  pass  and 79.5% complete  a f t e r  t h e  f o u r t h .  

f a c t o r  (DF) from europium w a s  o n l y  120. 

i n  t h e  s o l v e n t  waste a f t e r  s t r i p p i n g  w i t h  10 M_ lINQ3--0.1 

T h e  decontaminat ion  

Near ly  10% of t h e  cerium remained 

H202. 

A second r u n  w a s  made u s i n g  about  t h r e e  t i m e s  a s  much sc rub  and 

s t r i p ,  and t h e  c o n c e n t r a t i o n  of H202 w a s  i n c r e a s e d  t o  1 i n  t h e  s t r i p  t o  

190. 0. Yarbro,  ORNL, pe r sona l  communication. 



improve t h e  s t r i p p i n g  e f f i c i e n c y .  

a f t e r  t h e  f i r s t  pass and g r e a t e r  t h a n  99.6$ complete a f t e r  t h e  t h i r d .  

The c o n c e n t r a t % o n  of europium i n  the  thi .rd l i t e r  of aqueous s c r u b  

s o l u t i o n  w a s  on ly  0.001 g / l i t e r .  The DF of ceri1.m from europium w a s  

abou t  1300 a f t e r  c o n t a c t  w i t h  4 l i t e r s  of scrub s o l u t i o n .  Cerium 

s l i r ipp ing  was 98.1$ complete afl:er c o n t a c t  w i t h  2 l i t e r s  of s t r i p  s o l u t i o n  

and g r e a t e r  than 99.7% a f t e r  5 l i t e r s  of s t r i p  so1ut:i .m. 

c o n t a i n s  the  dat:a, 

Cerium e x t r a c t i o n  w a s  96.9$ complete 

T a b l e  6.2 
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Table  6.2 Berkeli.um E x t r a c t i o n  Rack-Test Data 

Run 1 Kun 2 

Volume ( g / l i t e r )  Volume ( g / l i t e r )  
Concent ra t  i o n  Concent ra t ion  

Opera t ion  ( l i t e r s )  Cerium Europium ( l i t e r s )  Cerium Europium 

Feed 

1st  Extn.  pass  
2nd Extn.  pass  
3 r d  Extn.  pass  
4 t h  Extn.  pas s  

1s t  Scrub 
2nd Scrub 
3 r d  Scrub 
4 t h  Scrub 
5 t h  Scrub 
6 t h  Scrub 
7 t h  Scrub 
0 t h  Scrub 
9 t h  Scrub 

1s t  S t r i p  
2nd S t r i p  
3 r d  S t r i p  
Ibth S t r i p  
5 t h  S t r i p  
6 t h  S t r i p  
7 t h  S t r i p  
8 t h  S t r i p  
9 t h  S t r i p  

T o t a l  s t r i p  

Waste o rgan ic  

T o t a l  s c rub  

1 . 5  3.5 
0.14 

0.042 
0.25 

0.017 

1.25 < 0.01 
1.25 < 0.01 

2.50 

3.0 1.0 

1.3 
1.2 
1 .l+ 
1 * 3  
1.2 

0.02 
< 0.001 

0 .006 

0.004 

1.5 2.6 1.9 
0.08 1..4 
0.02 1.4 

< 0.01 1.4 

1.0 
1.0 
1.0 
1.0 
1.0 
l . .O 
1.0 
1.0 
1.0 
9.0 
1..0 
1 .o 
1.0 
1.0 
1.0 
1.0 
1.0 
1 .o 
1.0 
9.0 

0.01- 0.16 
< 0.01 0.003 
< 0.01 0.001 
< 0.01 < 0.001 
0.01 0.001 

< 0.01 < 0.001. 
< 0.01. < 0.001 
< 0.01 < 0.001 
0.01.. 0.003 

3.30 0.003 
0.35 < 0.001 
0.03 < 0.0005 
0.02 < 0.0005 

< 0.01 < 0.0005 
< 0.01 < 0.0005 
< 0.01 < 0.0005 
< 0.01 < 0.0005 
< 0.01 < 0.0005 

0.75 < 0.01 < 0.001 



7. WASTE PROCESSING 

C .  W .  Hancher J. C .  Suddath 

W a s t e - s o l i d i E i c a t i o n  t e s t  K-33 w a s  a r i s i n g - l e v e l  glass-making t e s t  

w i t h  Piirex waste 1 ( F W - 1 ) .  Test  R-92 w a s  made t o  determine t h e  e f f e c t i v e -  

nes s  of adding t h e  Li3P04 glass-making a d d i t i v e  t o  t:he po t  as  a s e p a r a t e  

s t ream i n s t e a d  of premixing i t  wi th  t h e  waste feed s o l u t i o n  as had been 

done i.n tes t  R-91. When t h e  glass addi.ti.-ves w e r e  mixed wi th  the f eed  

i n  T e s t  R-91, p a r t  of t h e  cherntcals p r e c i p i t a t e d  and t h e  r e s u l t i n g  

s l u r r y  could no t  be s a t i s f a c t o r i l y  f ed  t o  t h e  c a l c i n e r  p o t .  

'1.1. Procedure and Materj.al. Balances 

Purex waste  1 (aJ-1) i s  a s y n t h e t i c  waste (Tab le  7.1) apprvxi.mate1.y 

5 M i n  HNO,, 1 i.n Fe(N03)3. '1:t c o n t a i n s  s imula t ed  f i s s i o n  p roduc t s  

e q u i ~ v a l e n t  t o  a burnup of 20,000 Mwd/ton, T e s t  R-32, which l a s t e d  f o r  

100 h r ,  w a s  done  i a  a s t a i n l e s s - s t e e l  (3O)+LC) p o t ,  1 2  i l l .  i n  d i ame te r  

and 6 f t  h igh .  The po t  w a s  hea t ed  i n  an inducti-on f u r n a c e  having a 

l 5 - i n . - d i a m  s u s c e p t o r .  

The g l a s s - fo rming  addi.t:ives (Tab le  '7.2) were added t o  t h e  p o t  as 

a s e p a r a t e  l i q u i d  stream, 111 t h e  1.00-hr t e s t ,  t h e  t o t a l  amount of  

l i q u i d  feed w a s  852 l i t e r s  of waste and 294 l i- ters of a d d i t i v e ;  

average feed ra tes  were t h e r e f o r e  8.5 l i t e r s / h r  f o r  waste and 3 l i t e r s l h r  

f o r  a d d i t i v e .  The condensate  volume w a s  t h e  sum o f  t h e  waste feed ,  

the  a d d i t i v e  feed ,  f e e d - l i n e  washings ( t o  remove p l u g s ) ,  and condenser 

washings ( t o  remove e n t r a i n e d  s o l i d s ) .  

condensate  were ( i n  l i t e r s )  : 

t h e  

The c o n t r i b u t i o n s  t o  the 

Feed 852 
Addi t ive  294 
Washings 260 

T o t a l  1406 

The feed ra te  w a s  c o n t r o l l e d  manually, s t a r t i n g  a t  15 t o  20 l i t e r s / h r  

and then  decrensi.xig as t h e  t e s t  p rog res sed .  

t h e  po t  became f i l l e d  wi th  a mix tu re  of g l a s s  a t  t h e  bottom, s o l i d  above 

A f t e r  68 h r  o f  o p e r a t i o n  
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Table 7.1 Composition of Purex Waste 1 

Desired Actual 

H+ 

H3P04 
NO3 
Ni 
Al 
Cr 

Fe 
Na 

Chemical Constituents (PI) 

5 .0 
0.93 
0.14 
0.003 
7.8 
0.005 
0 -001 
0.012 

I+ .9 
0.93 
0.16 
0.004 
8 .o - 

Fission Products (PI) 

S r  0.015 - 
Ra 0 ,019 - 
Rare earths o .u.8 - 
Z r  0.065 - 
Moo3 0.065 - 

~ 

Table 7.2 Composition of Glass-Making Additive Mixture 

De s ired Actual 

Concentration expressed as g-moles of additive 
per liter of original feed 

H3P04 
L iOH 
NaOH 
HN03 

2"4 
1.37 
1.27 
I 

2 . 0  5 
1.1 
1.2 
0.8 
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and on t h e  wa l l s ,  and a foam-l iquid mi-xture i n  t h e  c e n t e r .  A f t e r  t h i s  

c o n d i t i o n  was reached,  t h e  feed  w a s  s topped from t ihe  t o  t ime t o  

prevent  o v e r f i l l i n g .  The top  theriuocouples were used a s  l e v e l  i nd i - ca to r s .  

I n a t t e n t i o n  of t h e  o p e r a t o r s  du r ing  t h e  )-14th and 4 5 t h  hour al lowed about  

100 l i t e r s  o f  feed  t o  over f low from t h e  pot  t o  t h e  condensing system. 

The a d d i t i v e  (Tab le  7.2) w a s  made 0.1 i n  sodium hypophosphi te  t o  

dec rease  c o r r o s i o n  and w a s  fed t o  t h e  pot  by means of a volume-ra t io  

feed  con t ro l - l e r .  For  each volume of w a s t e  fed  t o  t h e  po t ,  0.34 volume o f  

addi t ivc s o l u t i o n  was fed .  

B o t l ~  t h e  feed  l i n e  and t h e  a d d i t i v e  l i n e  plugged occas iona l ly ,  

a l though t h e s e  l i n e s  WF'CP equipped wi th  w a t e r  purges  in tended  t o  prevent  

p lugging ,  When e i t h e r  of t h e  feed  l i n e s  plugged, the  plug was removed 

wi th  h igh -p res su re  water. 

The a d d i t i v e  l i q u i d - l e v e l - p r o b e  l i n e  also plugged, r e s u l t i n g  i n  a 

f a l s e  i n d i c a t i o n  o f  a h igh  l i q u i d  l e v e l  i n  t h e  a d d i t i v e  t ank .  The 

c o n t r o l l e r  t h e n  caused t h e  o u t l e t  va lve  on t h e  a d d i t i v e  feed  tank  t o  

open f u l l y ,  and t h e  va lve  remained open un t i  1 t h e  plug was removed and  

t h e  c o r r e c t  s i g n a l  r e s t o r e d .  T h i s  malEunction occurred  about s i x  o r  

seven times dur ing  t h e  t e s t .  

The m a t e r i a l  ba lance  f o r  t h e  t es t  (Table  7.3) was good excep t  f o r  

i r o n  (l5l$,), which was h igh  from pot  co r ros ion ,  and phosphate,  which 

was unexpla inably  low (60$). 
had t h e  fo l lowing  composi t ion of major c o n s t i t u e n t s  i n  w t  $,: 

The sem:Lglossy s o l i d  produced i n  t h e  po t  

Fe Na PO4 L i  

22.1% 9.4% 18.2$ 2.4% 

The r e s i d u a l  n i t r a t e  was 45 ppm. 

The o p e r a t i n g  po t  tempera ture  w a s  900°C; t h e  maximum tempera ture  

on t h e  pot  was 925 f o r  n o t  more than  30 min. A f t e r  t h e  feed  was 

s topped,  t he  pot  w a s  c a l c i n e d  f o r  9 h r  a t  900°C. 

During t h e  l a s t  half:  o f  t h e  t e s t ,  zone 1. w a s  p u t t i n g  o u t  a d d i t i o n a l  

h e a t  t o  h e a t  t h e  o v e r f i l l e d  pot .  With zone 2 a t  i t s  c o n t r o l  temperature ,  
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t h e  l a r g e  h e a t  o u t p u t  from zone 1 caused zone 2 t o  ove rhea t .  Hence 

i t  w a s  necessa ry  t o  reduce  t h e  c o n t r o l  tempera ture  of zone 1 t o  about  

80o0 c . 

T e s t  7.3 M a t e r i a l  Balance f o r  T e s t  R-92 

. 
Gram-Moles of :  

NO3 Fe  N a  PO4 

Waste f eed  (852  l i t e r s )  6 8x6 79 2 13 6 3 

Condensate ( 11cOJ-1 l i t e r s )  8 564 25 2 1-t 11 g 744 - 454 S o l i d s  (236  kg) 938 968 
T o t a l  o u t  8 564 1,190 i J l + i ~  1,198 

Balance,  $ 1-15 1 5 1  127 60 

- A d d i t i v e  (294 l i t e r s )  646 981 ' J 9 9 O  
T o t a l  i n  '7,462 7-92 'J1'7 l-7993 

7.2 Pot Cor ros ion  

The pot w a s  1 2  i n .  i n  d iameter  by 97 i n .  long and w a s  made of 

type 504L s t a i n l e s s  s t e e l  about  500 m i l s  t h i c k .  The t h i c k n e s s  w a s  

measured a t  30 p l a c e s  pe r  h e a t i n g  zone by an u l t r a s o n i c  t h i c k n e s s  

gauge. A f t e r  t h e  t e s t  t h e  measurements i n d i c a t e d  t h a t  t h e  bottom zones 

of t h e  po t  were badly  cor roded  ( u p  t o  239 m i l s ;  Table  '7.4). 
c o r r o s i o n  appea r s  t o  be a € u n c t i o n  of t h e  t i m e  t h a t  t h e  a r e a  was covered 

wi th  g l a s s  product :  l i q u i d ,  s o l i d ,  o r  m e l t .  The c e n t e r  thermocouple 

w e l l  w a s  comple te ly  cor roded  away a t  t h e  zone 5 and 6 l e v e l s .  

The 



Table 7.4 Wall Thickness of 12-in.-diam Type 3Ol+L 
Stainless-Steel P o t  for T e s t  R - 9 2  

Average wall  thickness, in.; measured ultrasonically 

Zone 
Before 

Glass Tes t  
After 

Glass Test 

- 0.007 - 0.002 
0.525 + 0.00'9 0.524 -+ 0.012 

- 0 .00'7 - 0.082 
2 0.527 -t- 0.011 0.515 4- 0.02l 

- 0.009 - 0 .ob6 
3 0.532 + 0.008 0.452 + 0.0'71 

- 0.008 - 0.063 
4 0.550 + 0.008 0.410 + 0.063 

- 0.007 - o .039 
5 0.524 i- 0.011 0.549 + 0.1-34 

- 0.008 - 0.040 
6 0.529 + 0.03.1. 0.378 + 0.072 

M a x i m u m  penetratioi-t  - 0.239 in, i.n zone 6. 
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