
3 4 4 5 6  O L 4 5 b 5 B  4 

/T 



~ __x___II 

This report was prepared as an account of :mrk sponsored by an agency of the 
United States Government Neither the?! nited StatesGoverR-ner!? 1-lor any x y n c y  
thereof, nor any of their empioyees makes any warranty, express or implied, or 
assumes any Ieg"1 liability or responsibility for the accuracy, compietencss, or 
usefulness of any inforrnalion. apparatus. product, or process d i s c l o s x ,  or 
repiesents ihat i ts usei.wuld not infringe privately o w x d  righis. "cference herein 
to any SpeCifk CoinrXeicial product process. cr Service by trade naiiie. trademark, 
manufacturer, or oikerwiv? does not ncccs-zrily constitute or imply its 
endorsement, recoriliileridation. or favoring by the United Staies Governrlle! ri or 
any agency thereof Tne vie-is and opinions of authors expressed h o c n  do  not 
necessarily state or ref!rct those c f  t t i  nited StatesGovernl.nent or any agency 
thereof. 

. 



O W /  TM- 102 26 

c 

, 

Chemical Technology Division 

AMERICIUM PRODUCT SOLIDIFICATION AND DISPOSAL” 

J. C, Mailen 
D. 0. Campbell 
J. T. B e l l  
E. D. Collins 

Date of Issue - January 1987 

Research sponsored by Rockwell Hanford Operations, 
Rockwell International Corporation 

* 

Prepared by the 
OAK RIDGE NATIONAL LABORATOKY 
Oak Ridge, Tennessee 37831 

operated by 
MARTIN MARIETTA ENERGY SYSTEMS, XNC. 

for the 
U.S. DEPARTMENT OF ENERGY 

under 

3 4 4 5 6  0 2 4 5 b 5 8  Y 
I 





CONTENTS 

Page . 
EXECUTIVE SUMMARY .................................................. 
ABSTRACT ........................................................... 
1 . INTRODUCTION ................................................... 
2 . CATION SORPTION AND CONCENTRATION .............................. 

2.1 ORGANIC EXCHANGE RESINS ................................... 
2.1.1 P a s t  S t u d i e s  ....................................... 
2.1.2 Discuss ion  ......................................... 
2.1.3 Disposa l  ........................................... 
2.1.4 Waste Streams Crea ted  .............................. 

3 . INORGANIC EXCHANGERS ........................................... 
3.1 PRIOR STUDIES ............................................. 
3.2 DISCUSSION ................................................ 

3.2.1 Waste Streams ...................................... 
4 . THERMAL DENITRATION ............................................ 

4.1 DENITRATION BY DOUBLE-SALT DECOMPOSITION .................. 
4.1.1 P r i o r  S t u d i e s  ...................................... 
4.1.2 S a f e t y  C o n s i d e r a t i o n s  .............................. 
4.1.3 Discuss ion  ......................................... 
4.1.4 Waste Streams ...................................... 

4.2 DIRECT THERMAL DENITRATION WITHOUT NITRATE ADDITION ....... 
4.2.1 P r i o r  S t u d i e s  ...................................... 
4.2.2 Discuss ion  ......................................... 
4 . 2 . 3  Waste Streams ...................................... 

4.3 MICROWAVE EVAPORATION AND DENITRATION ..................... 
4.3.1 P r i o r  S t u d i e s  ...................................... 
4.3.2 Discuss ion  ......................................... 

50 PRECIPITATION .................................................. 
5.1 OXALATE ................................................... 

5.1.1 P r i o r  Studies ...................................... 
5.1.2 Discuss ion  ......................................... 
5.1.3 Waste Streams ...................................... 

5.2 PEROXIDE .................................................. 
5.2.1 P r i o r  S t u d i e s  ...................................... 

5.3 HYDROXIDE ................................................. 
5.3.1 P r i o r  S t u d l e s  ...................................... 
5.3.2 Discuss ion  ......................................... 
5.3.3 Waste Streams ...................................... 

5.4 FLUORIDE .................................................. 
5.4.1 Prior S t u d i e s  ...................................... 

6 . DISCUSSION ..................................................... 
7 . RECOMMENDATIONS ................................................ 
8 . REQUIRED DEVELOPMENT ........................................... 
9 . REFERENCES ..................................................... 

V 
1 
1 
3 
3 
3 
6 
8 
8 
9 
9 

11 
12 
12 
12 
12  
14 
16 
16 
17 
17 
17 
18 
18 
18 
18 
19 
19 
19 
19 
22 
22 
22 
22 
22 
23 
23 
25 
2 5  
25 
30 
3 1  
31 





EXECUTLVE SUMMARY 

# 

The americium product  from t h e  Transuranium E x t r a c t i o n  (TRUEX) 
P rocess ing  P l a n t  needs t o  be conver ted  i n t o  a form s u i t a b l e  f o r  u l t i m a t e  
d i s p o s a l .  A n  e v a l u a t i o n  of t h e  d i s p o s a l  based on (1)  s a f e t y ,  ( 2 )  number 
of p rocess  s t e p s ,  ( 3 )  demonstrated o p e r a b i l i t y  of t h e  p r o c e s s e s ,  ( 4 )  pro- 
d u c t i o n  of low-level a l p h a  w a s t e  streams, and ( 5 )  s i m p l i c i t y  of main- 
tenance  w i t h  low r a d i a t i o n  exposures  t o  personnel  du r ing  maintenance has  
been made. U n f o r t u n a t e l y ,  none of the  p o s s i b l e  p r o c e s s e s  i s  i d e a l  f o r  t h e  
americium product  d i s p o s a l .  The fo l lowing  l i s t i n g  g i v e s  the  e v a l u a t i o n  of 
p o s s i b l e  p rocess  e s u s i n g  t h e s e  
t h e  lowes t  numerical  v a l u e s  : 

Process 

1. Ion exchange 

2. Denitration 
( NH qNO 31 

3. Denitration 
( no NH4N03) 

4. Oxalate 
precl p i tat ion 

5. Hydroxide 
preclpltatlon 

6. Hydroxide 
precipitation 
( cross-f I ow 
f i I trat ion) 

Safety 

1 

2 

1 

1 

1 

1 

It  i s  d i f f i c u l t  t o  

Steps 

1 

1 

1 

2 

1 

1 

c r i t e r i a ,  w i t h  t h e  b e s t  p rocesses  having 

Operabillty 

1 

1 

2 

3 

3 

3 

Waste 
acceptability 

1 

2 

2 

2 

2 

2 

Malntenance 

1 

2 

3 

4 

4 

? 

p lace  weights  on t h e  c r i t e r l a ;  but c l e a r l y ,  

Aqueous 
waste 

1 

2 

2 

4 

1 

1 

( 1 )  s a f e t y ,  ( 2 )  o p e r a b i l i t y ,  and ( 3 )  maintenance c r i t e r i a  are t h e  most 
impor t an t  (much r e q u i r e d  maintenance w i l l  r e s u l t  i n  s i g n i f i c a n t  personnel  
r a d i a t i o n  exposure) .  The s u b j e c t i v e  conc lus ion  of t h e  a u t h o r s  is t h a t  
c a t i o n  exchange is t h e  best of the  c u r r e n t l y  a v a i l a b l e  o p t i o n s .  C l e a r l y ,  
c a t i o n  exchange u s i n g  i n o r g a n i c  i o n  exchange m a t e r i a l s  would be most 
d e s i r a b l e  i n  o r d e r  t o  e l i m i n a t e  s a f e t y  q u e s t i o n s  i n  t h e  use  of t h e  o r g a n i c  
c a t i o n  exchange r e s i n s ;  b u t  i n o r g a n i c  exchangers  w i t h  t h e  a b i l c t y  t o  
o p e r a t e  i n  a c i d i c  media are not  commercially a v a i l a b l e .  The p o t e n t i a l  
haza rds  of u s i n g  o r g a n i c  c a t i o n  exchange r e s i n s  are avo idab le  by 
( 1 )  c a l c i n a t i o n  o r  o x i d a t i o n  of t h e  r e s i n s  immediately a f t e r  l oad ing  and 
( 2 )  avoid ing  e l u t i o n  us ing  s t r o n g  n i t r i c  ac id .  The o t h e r  o p t i o n s  a l l  have 
s i g n i f i c a n t  q u e s t i o n s  of o p e r a b i l i t y  i n  a g love  box system l a r g e l y  due t o  
t h e  h ighly  r a d i o a c t i v e  product  and the  p o s s i b i l i t y  t han  hands-on main- 
tenance  could be necessary .  The i o n  exchange and hydroxide p r e c i p i t a t i o n  
o p t i o n s  appea r  most l i k e l y  t o  g i v e  a non-TRU w a s t e  - a primary o b j e c t i v e  
of t h e  process .  

V 
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AMERICIUM PRODUCT SOLIDIFICATION AND DISPOSAL 

J. C. Mailen,  D. 0. Campbell, J. T. B e l l ,  and E. D. C o l l i n s  

ABS TRACT 

The americium product  from t h e  TRUEX p r o c e s s i n g  p l a n t  needs 
t o  be conver ted  i n t o  a form s u i t a b l e  f o r  u l t i m a t e  d i s p o s a l .  An 
e v a l u a t i o n  of t h e  d i s p o s a l  based on s a f e t y ,  number of p rocess  
s t e p s ,  demonstrated o p e r a b i l i t y  of t h e  p r o c e s s e s ,  p roduc t ion  of 
low-level  a l p h a  waste streams, and s i m p l i c i t y  of maintenance w i t h  
low r a d i a t i o n  exposures  t o  pe r sonne l  du r ing  maintenance,  has been 
made. The b e s t  p rocess  i s  t o  load t h e  americium on a c a t i o n  
exchange r e s i n  
a f t e r  loading .  

fol lowed by c a l c i n a t i o n  or o x i d a t i o n  of the r e s i n  

1. INTRODUCTION 

The Transuranium E x t r a c t i o n  (TRUEX) f lowshee t  contemplated f o r  addi-  

t i o n  t o  the  Ylutonium F i n i s h i n g  P l a n t  (PFP) w i l l  produce a n  americium 

product  stream w i t h  t h e  fo l lowing  approximate composi t ion:  

Component 

Pu 
Am 
Hf 
Zn 
Fe 

0.017 7.0 x 10-8 
3.5 1.4 x 1.0-5 

50" 9.0 x 10-4 

0.14 
0.006 9.2 x 10-8 

I r a n  c o n t e n t  depends on how TRUEX o p e r a t e s ;  c u r r e n t  p l a n s  are t o  i n c r e a s e  
t h e  number of s c r u b  s t a g e s  from two t o  f o u r  (HORWITZ 1986). This  w i l l  
g r e a t l y  d e c r e a s e  the i r o n  c o n t e n t  of the  americium product  stream. 

* 

/' 
The flow r a t e  of t h e  stream i s  150 L/h, and the  q u a n t i t y  of americium t o  

be processed i s  -12 g/d. The americium product  s t ream is  q u i t e  d i l u t e  

which w i l l  d e c r e a s e  the e f f i c i e n c y  of many of t h e  p o s s i b l e  methods f o r  

convers ion  of t h e  product  t o  a s o l i d .  
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The g o a l s  of t he  PFP are (1) to  c o n c e n t r a t e  t he  americium i n  a small 

volume s u i t a b l e  f o r  d i s p o s a l  and ( 2 )  t o  produce an aqueous e f f l u e n t  whicli 

i s  not  a Transuranium (TKU) waste. 

Options f o r  incrcaasiiig the  americium c o n c e n t r a t i o n  of t h e  product  

( p r i o r  t o  t he  f i n a l  proccsss which will give the  s o l i d  p roduc t )  are 

( 1 )  evapora t ion  ( w i t h  d i s c a r d  of the  condensate  i f  i t  i s  a low-level 

was te )  , ( 2 )  l oad ing  on a c a t l o n  exchange r e s l n  fol lowed by e l u t i o n ,  

( 3 )  p r e c i p i t a t i o n  followed by r e d i s s o l u t i o n ,  and ( 4 )  a r e c y c l e  f lowshee t  

(BOND 1986). Evaporat ion o r  c a t i o n  exchange and e l u t f o n  o r  p r e c l p i t a t i o n  

and r e d i s s o l u t i o n  could i n c r e a s e  the  c o n c e n t r a t i o n  t o  perhaps s e v e r a l  

grams of americium p ~ h r  l i t e r  and the  r e c y c l e  f lawshee t  would r e s u l t  i n  a 

c o n c e n t r a t i o n  f a c t o r  of about  six.  Cf evapora t ion  or  c a t i o n  exchange and 

e l u t i o n  ( u s i n g  a s t rong-ac id  e l u e n t )  were used as a c o n c e n t r a t i o n  s t e p ,  

t h e  n i t r i c  ac id  c o n t e n t  of t h e  stream would be inc reased  t o  f a i r l y  h igh  

l p v e l s  (7- t o  -6 - M ) ;  the  r e c y c l e  f lowshee t  would r e s u l t  i n  a stream w i t h  

t h e  same n i t r i c  a c i d  c o n c e n t r a t i o n  of 0.15 - M. 

The americium i n  t h e  product  stream should be p re sen t  as Am3+ i o n .  

Although the  form of the  plutonium i s  unknown, i t  could be p resen t  a s  t he  

P u ( I V )  i o n  or as a hydrolyzed s p e c i e s  w i t h  an unknown p o r t i o n  as polymer. 

The s o l i d i f i c a t i o n  process  For t he  auiericiuin product  needs t o  be 

s imple ,  compact, r e q u i r e  low maintenance and bc low i n  capi.ta1 requirements .  

Also ,  the  system should f i t  i n s i d e  a glove box. Any process  t o  be pro- 

posed should be e i t h e r  a demonstrated process  OK should be untlerqtood well 

enough t o  gua ran tee  p r a c e i c a l i t y .  The product  should be e a s i l y  handled 

e i t h e r  due t o  t he  transfer c h a r a c t e r i s t i c s  of the product  i t s e l f  o r  by 

d i r e c t  d i s p o s a l  o f  the  product  accumulat ion v e s s e l .  The product  should 

a l s o  lx compatible  w i t h  t h e  u l t i m a t e  waste disposal .  requi rements  of the  

Waste I s o l a t i o n  P i l o t  P l a n t  (WXPP). For t h i s  r e p o r t ,  it i s  assumed t h a t  

t h e  product  w i l l  be placed i n  a 55 g a l  drum i n  conc re t e  and t h a t  the  t o t a l  

q u a n t i t y  of americiuni i n  t h e  drum w i l l  be -100 g. Products  which are 

powders exceeding 1 w t .  X <10 pm or 15 wt. % <200 pm w i l l  nerd t o  be 

immobilized (WIPP s p e c i f i c a t i o n s )  , poss ib ly  by b lending  i n t o  grout .  

Candidate  s o l i d i f i c a t i o n  p rocesses  t o  be examined i n  t h i s  r e p o r t  

i n c l u d e  (1)  c a t i o n  s o r p t i o n  and c o n c e n t r a t i o n ;  ( 2 )  thermal  d e n i t r a t i o n  
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[ d i r e c t  thermal  d e n i t r a t i o n ] ,  (3 )  a d d i t i o n  of ammonium n i t r a t e  followed by 

thermal  decomposi t ion of t h e  double salts ,  ( 4 )  d i r e c t  d e n i t r a t i o n  as used 

i n  t h e  Consol idated Edison Uranium S o l i d i f i c a t i o n  P r o j e c t  (CEUSP), 

( 5 )  microwave e v a p o r a t i o n  and d e n i t r a t i o n ;  and ( 6 )  p r e c i p i t a t i o n  ( o x a l a t e ,  

peroxide ,  hydroxide ,  f l u o r i d e ,  and scavenging p r e c i p i t a t i o n ) .  

Another o p t i o n  which should be cons idered  i s  t h e  t r a n s f e r  of t h e  

americium waste stream t o  one of t h e  e x i s t i n g  waste t a n k s ;  t h e  low l e v e l s  

of americium and chemical  c o n s t i t u e n t s  would not  s i g n i f i c a n t l y  change t h e  

n a t u r e  of t h e  e x i s t i n g  a l p h a  waste. However, i t  might be necessary  t o  

c o n c e n t r a t e  t h e  waste t o  reduce t h e  volume t o  be t r a n s p o r t e d .  

2. CATION SORPTION AND CONCENTRATION 

2 .1  ORGANIC EXCHANGE RESINS 

2.1.1 P a s t  S t u d i e s  

The d i s t r i b u t i o n  c o e f f i c i e n t s  of t r i v a l e n t  a c t i n i d e  and l a n t h a n i d e  

e lements  between n i t r i c  a c i d  ( ( 4  M) and c a t i o n  exchange r e s i n s  are n e a r l y  

t h e  same (RYAN 1974). The expected d i s t r i b u t i o n  c o e f f i c i e n t  f o r  Am(III), 

u s i n g  t h e  d a t a  (Fig.  1) for gadol inium, y t te rb ium,  and erbium (STRELOW 

19651, is  -6 x lo3 f o r  Dowex SOW-X8 r e s i n  w i t h  a s o l u t i o n  c o n t a i n i n g  

0.15 - M &. 

- 

Americium l o a d s  on 30 t o  50 ym, s i z e - c l a s s i f i e d  c a t i o n  exchange r e s i n  

v e r y  r a p i d l y  g i v i n g  a very s h a r p  l o a d i n g  band (KNAUER 1986). This  f a c t  

i n d i c a t e s  t h a t  a r e s i n  bed w i l l  be loaded t o  n e a r l y  t h e  e q u i l i b r i u m  d i s t r i -  

b u t i o n  v a l u e  b e f o r e  major breakthrough occurs .  A l s o ,  i t  i s  expected t h a t  

l o a d i n g  on l a r g e r  d i a m e t e r  m a c r o r e t i c u l a r  c a t i o n  exchange resins would be 

r a p i d .  If t h e  l a t t e r  i s  t r u e ,  i t  would be p o s s i b l e  t o  load  an  ion  

exchange bed t o  n e a r l y  t h e  e x t e n t  g iven  by t h e  e q u i l i b r i u m  d i s t r i b u t i o n  

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

The c a p a c i t y  of an i o n  exchange r e s i n  a t  e q u i l i b r i u m  i s  g iven  by: , 



0 \ 
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where W i s  t h e  weight of americium adsorbed,  (mg); Kd i s  t h e  d i s t r i b u t i o n  

c o e f f i c i e n t ,  [(mg Am/g r e s i n ) / ( m g  Am/mL s o l u t i o n ) ] ;  V i s  t h e  volume of t h e  

r e s i n ,  (mL); C i s  t h e  c o n c e n t r a t i o n  of americium i n  t h e  aqueous f e e d ,  

(mg/mL); and d i s  t h e  bulk d e n s i t y  of t h e  r e s i n ,  (g/mL). A more r e a d i l y  

used e q u a t i o n  can be obta ined  by s u b s t i t u t i n g  t h e  approximate d e n s i t y  of 

t h e  ion exchange r e s i n  ( 4 5 0  g/L) and convers ion  t o  more common u n i t s  as 

f o l l o w s  : 

where W' is t h e  weight  of americium adsorbed,  ( g ) ;  V'  i s  the volume of t h e  

r e s i n ,  ( L ) ;  and C' is t h e  c o n c e n t r a t i o n  of americium i n  t h e  aqueous feed,  

(mg/L) 

A t  Hanford c a t i o n  exchange and e l u t i o n  has  been used t o  c o n c e n t r a t e  

americium and plutonium from a d i l u t e  product  stream (SCHULZ 1976). The 

feed  t o  t h e  process  t y p i c a l l y  conta ined  0.1 t o  1 mg/L each of Am and PU, 

and t h e  feed w a s  d i l u t e d  t o  0.25 M HN03. The d i l u t i o n  f a c t o r  w a s  not  

g i v e n  so it  is assumed t h a t  i t  d i d  not  a p p r e c i a b l y  change t h e  americium 

c o n c e n t r a t i o n .  The d i s t r i b u t i o n  c o e f f i c i e n t  f o r  americium under t h i s  con- 

d i t i o n  i s  about  2.5 x l o 3  ( F i g .  1). The exchange column contained 14 L of 

Dowex 50-X8 r e s i n  i n  t h e  & form i n  a column 15 cm i n  d iameter  and 80 c m  

t a l l .  The column loaded 12 t o  24 g of Am and Pu before  being e l u t e d .  

Using 2.5 x l o 3  (mg Am/g r e s i a ) / ( m g  Am/mL s o l u t i o n )  as t h e  d i s t r i b u t t o n  

c o e f f i - c i e n t  and a d e n s i t y  of the  r e s i n  of 450 g/L, t h e  e q u i l i b r i u m  capa- 

c i t y  of t h e  r e s i n  is given  by: 

- 

Thus, f o r  s o l u t i o n s  w i t h  americium c o n c e n t r a t i o n s  of 0.1 t o  1 mg/L, t h e  

c a p a c i t i e s  should range from 1.6 t o  15.75 g of americium. The column 

loadings r e p o r t e d  were as h i g h  as t h a t  p r e d i c t e d  from t h e s e  numbers; i t  

i s  concluded t h a t  t h e  columns were loaded t o  n e a r l y  s a t u r a t i o n .  

(WHEELWRIGHT 1980) d i s c u s s e d  t h e  p u r i f i c a t i o n  and recovery o f  

americium; as p a r t  of t h e  system, t h e  americium w a s  loaded on Dowex 50-X8 

c a t i o n  exchange r e s i n .  It was loaded from 0.75 t o  1.0 M HN03 onto  94 L of - 
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r e s i n  i n  a column 21 cm I D  and 270 c m  long. The maximum load ing  r epor t ed  

w a s  13.8 g Am/L of r e s i n ,  but t he  c o n c e n t r a t i o n  of americium i n  t h e  feed 

was no t  s p e c i f i e d .  

2.1.2 E s c u s s i o i z  

The maximum c a p a c i t y  of t h e  kwex 5Q-X8 resin i s  s t a t e d  t o  be 

0.57 m o l / L  o r  -137 g h / L .  

of 6 x lo3 would be: 

The e q u i l i b r i u m  con ten t  u s i n g  t h e  v a l u e  of Kd 

For a c o n c e n t r a t i o n  C' = 3.5 mg h / L ,  t h i s  e q u a t i o n  g i v e s  a capac i ty  of 

9.5 g /L of r e s i n ;  f o r  a c o n c e n t r a t i o n  of 21 mg h / Z  (by t h e  r e c y c l e  

f l o w s h e e t ) ,  the  capac i ty  of t h e  r e s i n  would 'be 57 g/L. I f  t he  lower 

concent ra tLon of  americium I s  used (no r e c y c l e ) ,  1 L o f  r e s i n  would be 

r equ i r ed  p e r  day s i n c e  t h e  q u a n t i t y  t o  be processed i s  -12 g/d. I f  the 

h ighe r  c o n c e n t r a t i o n  w a s  used ,  a l i t e r  of r e s i n  would l a s t  about  a week 

( t h e  h ighe r  c o n c e n t r a t i o n  would have t o  'be examined t o  de te rmine  whether 

t h e  hea t  or r a d i a t i o n  would be excess ive ) .  The i n c e n t i v e  f o r  r e c y c l i n g  

t o  i n c r e a s e  the  c o n c e n t r a i l o n  of t h e  americium product  stream does no t  

a p p e a r  to be. l a r g e  for  this d i s p o s a l  method. Note t h a t  t h c  i ron  i n  t h e  

feed  would a l s o  load on the  r e s i n ,  u n l e s s  p r e s e n t  as F e ( I I ) ,  which eould 

u s e  up a s i g n i f i c a n t  f r a c t i o n  of t h e  r e s i n  capac i ty  and thereby r e q u i r e  

more r e s i n .  

The a p p l i c a t i o n s  f o r  the use  of o rgan ic  exchange r e s i n s  are shown 

schematically i n  Fig. 2. I n  t h e  d i r e c t  a p p l i c a t i o n ,  the r e s i n  Ls e i t h e r  

burned o r  ca l c ined .  Ion  exchange r e s i n s  can a l s o  be e l u t e d  t o  gene ra t e  

c o n c e n t r a k d  feed streams f o r  p rocesscs  such as thermal  d e n i t r a t i o n  o r  

p r e c i p i t a t i o n .  

I n  these  appl icat . lor ts ,  t h e  americium would be loaded onto  ca t ion -  

exchange r e s i n  from a d i l u t e  n i t r i c  ac id  s o l u t i o n .  NQ e l u t i o n  is 

necessary  i f  the  americiiim 3 s  not  removed from t h e  r e s i n ;  t h u s  no c o n t a c t  

of the  r e s i n  w i t h  s t r o n g  n i t r i c  ac id  i s  necessary  and any hazards  of 
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decomposi t ion of t he  r e s i n  are avoided,  There has never  been a r e p o r t  of 

a s a f e t y  hazard i n  qstems r e s t r i c t e d  t o  cation-exchange r e s i n s  (Dowex 50 

type )  and d i l u t e  n i t r i c  ac id .  

Scheines u s i n g  i o n  exchange r e s i n s  t o  c o n c e n t r a t e  the  product  streams 

f o r  use  i n  other  s o l i d i f i c a t i o n  t r ea tmen t s  would r e q u i r e  the  use  of 

s t r o n g  n i t r i c  a c i d  or o rgan ic  cornplexing agen t s  f o r  ehe e l u t i o n .  S t rong  

n i t r i c  a c i d ,  as the  e l u e n t ,  could Lint roduce some degree  of s a f e t y  hazard.  

i t  might lw necessary  i o  des t roy  the  o r g a n i c  romplcxing agent  b e l o r e  sub- 

sequent  t r ea tmen t  of the  concen t r a t ed  americium stream. 

Another o p t i o n  w o u l d  be t o  load the  c a t i o n  exchange r e s i n ,  e l u t e  the  

americium w i t h  an organlc  complexant, and evapora t e  and c a l c i n e  the  e l u a t e  

i n  a pot ca lc i -ner .  The o r g a n i c  con ten t  could be oxid ized  y i e l d i n g  CO2 an3 

H20 as the. only products ;  no scrubber  system would be requi red .  T h i s  

o p t i o n  i s  inc luded  i n  Fig. 2. 

2.1.3 Disposal. 

The r e s i n  can be t r e a t e d  by burning t o  y i e l d  a g r a n u l a r  s o l i d  

( o x y s u l f a t e )  c o n t a i n i n g  the  americium. This method is  used a t  the  

Transuranium Process ing  P l a n t  (TPP) f o r  p repa r ing  americium and curium 

t a r g e t s  f o r  t he  High F lux  I so tope  Reactor  (HFTR).  It can a l s o  be t r e a t e d  

by c a l c i n a t i o n  i n  an i n e r t  gas t o  y i e l d  f ree- f lowing  carbon sphe res  incor -  

poratiing the  americium. Th-ls method i s  sa id  (BIGELOW 1986) t o  lse prone 

t o  l eav ing  a s t i c k y  o rgan ic  r e s i d u e  which could decompose f u r t h e r  by 

r a d i o l y s i s .  The ion-exchange  r e s i n  could probably be lxlrned i n  the  bed 

c o n t a i n e r  and the  c o n t a i n e r  d i sca rded  as waste .. 
2.1.4 Waste S t r e a m s - ~ ~ ~ ~ a t e d  --.- 

The of f -gas  froin the  c a l c i n a t i o n  o r  burning s t e p  would have t o  be 

t r e a t e d  f u r t h e r  due t o  the  presence  of o rgan ic  compounds and SO2. A 

secondary combustor p l u s  a scriibber i s  one p o s s i b i l i t y ,  but t he  q u a n t t t i e s  

involved  would be s m a l l .  
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3. INORGANIC EXCHANGERS 

3.1 PRIOR STUDIES 

I n o r g a n i c  c a t i o n  exchangers  which have p o s s i b l e  a p p l i c a t i o n  inc lude  

Zeolon 900 N a  has  Kds f o r  Eu and Tb of s y n t h e t i c  z e o l i t e s  (KANNO 1985). 

-lo5 a t  pH v a l u e s  of 4 and 4 . 8 ,  r e s p e c t i v e l y .  

r a p i d l y  as pH d e c r e a s e s  w i t h  t h e  Kd f o r  Eu f a l l i n g  t o  -3 x l o3  a t  a pH of 

3. The Kd d e c r e a s e s  somewhat more s l o w l y  as t h e  pH i n c r e a s e s  wi th  t h e  Kd 

f o r  Eu f a l l i n g  t o  -lo4 a t  a pH of 5 (F ig .  3 ) .  C a l c i n i n g  t h e  z e o l i t e s  at  

1100 t o  1200°C c o l l a p s e s  t h e  s t r u c t u r e  and r e s u l t s  i n  a s o l i d  of low 

l e a c h a b i l i t y  (KANNO 1985). 

The Kd d e c r e a s e s  f a i r l y  

(SCHULZ 1980) g i v e s  d a t a  on t h e  s o r p t i o n  of americium on s e v e r a l  

The t i t ana te  i s  s t a b l e  i n  <0.01 - M H N 0 3 ,  t h e  z i r c o n a t e  s o l i d  s o r b e n t s .  

i n  (0.5 - M HN03 and t h e  n i o b a t e  i n  0.5 - M HN03. 

f i c i e n t s  of americium t o  t h e  i n o r g a n i c  adso rben t s  i n c r e a s e  r a p i d l y  w i t h  

i n c r e a s i n g  pH. 

3.1, 5 ,  and 2.7 f o r  t h e  t i t a n a t e ,  z i r c o n a t e ,  and n i o b a t e  r e s p e c t i v e l y .  

Americium w a s  shown t o  have a Kd t o  sodium t i t a n a t e  from 0.6 I M N a N 0 3  of 

1.1 x l o 4  ( Y I N G  1984). M a t e r i a l  d e s c r i b e d  as " ' loose g r a n u l e s "  had a 

c a p a c i t y  of -0.7 m o l / $ ;  material desc r ibed  as "hard g r a n u l e s "  had a 

c a p a c i t y  lower by a f a c t o r  o f  5 t o  6 .  Tests w i t h  a column 1 cm i n  

d i a m e t e r ,  11 c m  i n  l e n g t h ,  and a water f low rate of 6 t o  7 bed volumes 

p e r  hour f o r  440 h showed no problems w i t h  p lugging  (YTNG 1984). However, 

most materials of t h i s  type  have low s t r u c t u r a l  s t r e n g t h .  

The d i s t r i b u t i o n  coef-  

To o b t a i n  a Kd of 6 x l o 3  would r e q u i r e  pH va lues  of 

Zirconium phosphate  has  been t e s t e d  f o r  t h e  s o r p t i o n  of americium 

a t  75°C and pH 2 (HORWITZ 1966);  t he  americium d i s t r i b u t i o n  c o e f f i c i e n t  

was found t o  be -8 x lo3 .  

0.12 mmol/g €or  Y O , + / Z r  r a t i o s  of 1.34 and 1 .13 ,  r e s p e c t i v e l y ;  however, 

t h e  exchange p r o p e r t i e s  of z i rconium phosphate  f o r  t r i v a l e n t  t ons  a r e  

s a i d  t o  be d i f f i c u l t  t o  reproduce from ba tch  t o  ba t ch  (MOISEEV 1981). 

The capacities f o r  neodymium were 0.2 and 

G r a n u l a r ,  porous,  h igh  s i l i c a  g l a s s e s  which have been a c t i v a t e d  t o  

produce i o n  exchange c a p a b i l i t y  are being developed by t h e  Vi t r eous  S t a t e  

Labora tory  of t h e  C a t h o l i c  U n i v e r s i t y  of America under  t h e  sponsor sh ip  of 
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Fig .  3.  Cation exchange p r o p e r t i e s  of Zeolon 900 Na. 
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. 

t h e  Na t iona l  P a t e n t  Development Gorp*; t h i s  technology i s  being marketed 

by Duratek Corp. Durasi1 10 i s  s a i d  t o  be e f f e c t i v e  i n  t h e  removal of a 

number of m u l t i v a l e n t  c a t i o n s  i n c l u d i n g  Nd(II1)  and U ( 1 V ) ;  no f u r t h e r  

d e t a i l s  are g iven  (MACEDO 1980). 

New i n o r g a n i c  exchangers  which show promise i n c l u d e  s t a n n i c  se leno-  

phosphate  (NAB1 1981) and ce r ium (LV) p h o s p h o s i l i c a t e  (VARSHNEY 1981). 

These materials appear  t o  be easy t o  m a k e  by methods similar t o  the  prepa-  

r a t i o n  of s i l i ca  gel. The capacit ies for  mono- and d i - v a l e n t  c a t i o n s  are 

-1 and -0.7 mmol/g f o r  t h e  s t a n n i c  se lenophosphate  and the  ceric phospho- 

s i l i c a t e ,  r e s p e c t i v e l y .  Both materials are s t a b l e  i n  1 t o  2 M HNO3, but  

d i s t r i b u t i o n  c o e f f i c i e n t s  from 0.1 - M NN03 a r e  only -100. 

a c i d ,  t h e  d i s t r i b u t i o n  c o e f f i c i e n t s  i n c r e a s e  t o  -1000 i n  0.01 M and t o  

very h i g h  v a l u e s  from water. Cerium (IV) p h o s p h o s i l i c a t e  prepared a t  ORNL 

(PRIJETT 1986) con ta ined  a mixture  of p a r t i c l e  s i z e s  from f a i r l y  f i n e  par- 

t i c l e s  up t o  particles of about  2 mm and the p h y s i c a l  s t r e n g t h  of t h i s  

p r e p a r a t i o n  is q u i t e  high. The c a p a c i t i e s  of t h e  m a t e r i a l s  w i t h  v a r i o u s  

p a r t i c l e  s i z e s  have not  y e t  been determined.  

- 
With more d i l u t e  

- 

3.2 D I S C U S S I O N  

The e f f i c i e n t  u se  of any of t h e s e  i n o r g a n i c  i o n  exchangers  would 

r e q u i r e  ad jus tment  of t h e  pH of t h e  americium product  stream p r i o r  t o  

l o a d i n g  on t h e  exchanger .  

-1000 which would give a s a t u r a t i o n  load ing  of -3.5 g americium per kg 

of so rben t .  

A minimum a c c e p t a b l e  Kd would probably be 

The thermal  and r a d i a t i o n  s t a b i l i t y  of i n o r g a n f c  exchangers  a l lows  

e a s y  p r e p a r a t i o n  of t he  bed f o r  s t o r a g e ;  the bed could be simply d r i e d  

and then  capped. They can be v i t r i f i e d  simply by h e a t i n g ,  a l though  the 

t empera tu res  r e q u i r e d  may be high. S y n t h e t i c  z e o l i t e s  would need a 

tempera ture  of -1500°C for complete mel t ing .  One o p t i o n  would be t o  

i n t r o d u c e  a d d i t i v e s  t o  the bed a f t e r  l oad ing ,  which would lower the  glass- 

forming tempera ture .  A commercial t echnique  has been demonstrated which 

produces a glass  05 material from z e o l i t e s  by h e a t i n g  to  1 0 5 0 ° C .  This  

g l a s s  i s  s a i d  t o  be t h r e e  orders of magnitude less l e a c h a b l e  than  the best 



1 2  

cements and i t  i s  e q u i v a l e n t  t o  the  l e a c h a b i l i t y  of b o r o s i l i c a t e  g l a s s  

which i s  used f o r  v i t r i f i c a t i  on o f  h igh- l eve l  waste (SUTTKR 1983). 

The only commercially a v a i l a b l e  lno rgan ic  ion  exchange materi-als 

which could be used f o r  americium removal are t h e  synthe tLc  z e o l i t e s  and 

perhaps Birasil 10 o r  a similar s y n t h e t i c  g l a s s .  Adjustment of the pN t o  

v a l u e s  d e s i r a b l e  For the  z e o l i t e  adso rben t s  (-3 t o  5)  would cause  d i f f i -  

c u l t i e s  due t o  p r e c i p i t a t i o n  of the i r o n  component of the americium prod- 

u c t  stream and i n t e r f e r e  with i t s  e f f i c i e n t  c o l l e c t i o o  by t h e  z e o l i t e .  

The p r e c i p i t a t e d  i r o n  would ca r ry  most of the  americium ( s e e  Sect. 5.3.1). 

While some of t he  exper imenta l  i no rgan ic  c a t i o n  exchangers  can o p e r a t e  a t  

pH v a l u e s  as low as 2, those  materials are not  commercially a v a i l a b l e  and 

cannot  be recommended w i t h o u t  cons ide rab le  development, 

3 .2 .1  Waste Streains ~ - - - . ~  

No s i g n i f i c a n t  waste streams would be c r e a t e d  by t h e  use of the 

in0rgani.c i o n  exchange materials. 

4 TItERPlAL DENITKA'FTON 

Thermal d e n i t r a t i o n  i n c l u d e s  a v a r l e t y  of p rocesses  which conve r t  

t h e  d i l u t e  americium ss lc t t ion  i n t o  an oxide s o l i d .  T ~ Q s ~  t o  be d i scussed  

here are ( 1 )  d e n i t r a t i o n  by doub le - sa l t  decomposi t ion,  ( 2 )  d i r e c t  thermal 

d e n i t r a t i o n ,  and ( 3 )  mie.rowavc evapora t ion  and d e n i t r a t i o n .  The f i r s t  two 

methods a r e  i l  l u s t r a t e d  schemat i ca l ly  i n  Fig. 4. 

4 1 DENITRATTON BY DOUBLE-SALT UECOMPOSITION 

4.1.1 P r i o r  Studi.es 

Direct therinal d e n i t r a t i o n  has  been used f o r  many y e a r s  t o  produce 

ox ides  of uranium ai13 plutonium. A mastic s t a g e  i s  produced which makes 

cont inuous  o p e r a t i o n  d i f f i c u l t .  The a d d i t l o n  of ammonium n i t r a t e  t o  the 

s o l u t i o n  t o  be d e n i t r a t e d  forms double  sa l t s  w i t h  the  metal  n i t r a t e s  

(HAAS 1982). The thermal  decomposi t ion o f  t h e  doub1.e sa l t s  proceeds 

smoothly wi thout  a mastic s t a g e  and r e s u l t s  i n  f i n e l y  powdered oxides. 
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The normal o p e r a t i o n  of the  d e n i t r a t o r  (airmsnium n i t r a t e  p r e s e n t )  i s  t o  

f eed  the  so l -u t ion  t o  a r o t a r y  c a l c i n e r  where tlne aqueous phase i .a fl.ashed 

o f f  and t h e  ammonium ni t : rnte  complexes wi.t:h t h e  m e t a l  saJ.ts are the rma l ly  

decomposed. The ammonium n i . t r a t e  decomposes i n t o  (1)  n i t r o g e n  o x i d e s ,  

( 2 )  ammonia, and ( 3 )  w a t e r  which are carried i n t o  a p a r t i a l  condenser by a 

c o u n t e r c u r r e n t  f low of a i r .  The par t ia l  condenser  a c t s  as a scrubber  t o  

remove entrai-ned d u s t  and r e t u r n s  i t  t o  t h e  r o t a r y  c a l c i n e r .  It i s  a l s o  

p o s s i b l e  t o  perform t h e  d e n i t r a t i o n ,  as a ba tch  o r  cont inuous  o p e r a t i o n ,  

i n  a po t - ca l c ine r .  

Thermal d e n i t r a t i o n  of cerium n i t r a t  c us ing  ammonium n i t r a t e  has  been 

s u c c e s s f u l l y  t e s t e d  i n  a pot calciner  ( lads 1982);  americium i s  expected 

t o  behave s i m i l a r l y  t o  Ce(SIL). S ince  t h e  americium product  stream w i l l  

c o n t a i n  more i ron  than  americium, t h e  d e n i t r a t i o n  behavior  o f  i r o n  n i t r a t e  

would probably con t ro l  the r e a c t i o n s ;  thermal  decolnposit ion of the  double 

s a l t  con ta in ing  i r o n  n i t r a t e  has not  been examined. 

Thermal d e n i t r a t i o n  of a upanium-plutonium s o l u t i o n  w a s  t es ted  i n  a 

small r o t a r y  c a l c i n e r  (Fig.  5)  i n  a glove box (MAILEN 1982). That system 

produced about  15 g of product  pe r  hour. The powder produced w a s  rela- 

t i v s ? y  d i f f i c u l t  t o  t r a n s f e r  due t o  poor f l o w a b i l i t y .  

4.1.2 S a f e t v  Cons ide ra t ions  

The decomposi t ion of ammonium n i t c n t ~  w i t h i n  t h e  c a l c i n e r  cannot  

r e s u l t  i n  an exp los ion  i f  tlie gas  phase is  con t inuous ly  s w e p t  from t h e  

decomposi t ion v e s s e l .  S t u d i e s  of the exp los ive  decornpnsit ion of ammonium 

n i t r a t e  show that the  exp los ion  i s  i n i t i a t e d  by a d e t o n a t i o n  of t h e  gas  

phase c o n s i s t i n g  of a r p a c t i o n  of NH3 w i t h  NO2. 

f i n e d  and a p r e s s u r e  of 0.6 PJPa ( 6  atm) o r  g r e a t e r  is gene ra t ed  by t h i s  

gas  phase exp los ion ,  t h e  s o l i d  ammonium n i t r a t e  can  explode. This  i n f o r -  

mation i s  siiiirriiarized i n  (MELLOR 1964). Although t h e  bulk of t h e  ammonium 

n i t r a t e  i s  decomposed t o  y i e l d  N20, an innocuous g a s ,  a s m a l l  amount of 

ammonia i s  formed, This  s i t u a t i o n  could l e a d  t o  compl ica t ions  due t o  an 

accumulat ion of ammonium initrate i n  of f  gas l i n e s  or  i n  aqueous waste  

s t reams. 

I f  t he  system i s  con- 
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4.1.3 Di scuss ion  .- 

The americium product  stream i s  probably iil;irh too d i h t e  f o r  any of 

t h e  thermal  d e n i t r a t i o n  processes t o  be used d i r e c ~ 1 . y .  A preevapora t ion  

would grent1.y d e c r e a s e  the  s i z e  of t he  equipment r e q u i r e d  w i t h i n  the  

g love  box. An a l t e r n a t i v e  c o n c e n t r a t i o n  method would use  c a t i o n  exchange 

and e l u t i o n  t o  produce the feed to  the  d e n i t r a t o r ;  t h i s  method would 

r e q u i r e  e l u t i o n  of the  americium from the  r e s i n  w i t h  moderate1.y concen- 

t r a t e d  n i . t r i c  ac id  o r  an o r g a n i c  counplexing agent .  [ I f  an organic.  

complexing agent  i s  used for  e l -u t ion ,  the  so l i l t i on  t o  be decomposed would 

no longe r  c o n t a i n  s i g n i f i c a n t  n i - i r a t e  and the  so l . ids  could he ox id ized  o r  

added d i r e c t l y  t o  g r o u t  ( i f  t h e  0rgani.c. complexant i s  a c c e p t a b l e  i n  t h e  

waste) ] Most s t u d i e s  of d e n i t r a t i o n  have used  nea r - sa tu ra t ed  s o l u t i o n s  

t o  miniiiiize the  amount of h e a t  r equ i r ed  f o r  evapora t ion  and the q u a n t i t y  

of  of f -gas  t o  be ha l id led  i n  the  d e n i t r a t o r .  Large q u a n t i t i e s  of of f -gas  

would he expected t o  i n c r e a s e  the  problems of povder en t r a inmen t  and would 

r e q u i r e  a l a r g e  and c a r e f u l l y  ope ra t ed  p a r r i a l  condenser  t o  r ecove r  t h e  

e n t r a i n e d  powder. A c o n c e n t r a t i o n  f a c t o r  of l o4  wou1.d he r equ i r ed  t o  

a t t a i n  the  arnerici-urn p3.us i r o n  c o n c e n t r a t i o n s  e q u i v a l e n t  t o  c o n c e n t r a t i o n s  

commonly used i.n thermal  d e n l t r a t i o n .  'The equipment f o r  thermal  denitra- 

t i o n  could be q u i t e  s imple except  f o r  Che problems of hand l ing  the  evapo- 

r a t e d  water. A pot  c a l c i n e r  in which the  powder product  would be 

accumulated,  followed by d i s c a r d  of t he  e n t i r e  pot  c a l c i n e r  would appear  

t o  be the  b e s t  approach s i n c e  this wou1.d e l i m i n a t e  hand l ing  the  powder 

product  e 

4.1.4 Waste Streams 
I-- 

Preevapora t ion  of 1 l i ~  americium product  stream would g e n e r a t e  a 

condensa te  waste stream; w i  til c a r e ,  t h i s  condensa te  can be a low-alpha 

waste. The of f -gases  froiu t h e  e a l c i n e r  would incl l lde n i t r o g e n  o x i d e s ,  

ammonia, and water. ThaL stream could be condensed and should a l so  be n 

low-alpha waste- Recycle  p o s s i b i l i t i e s  should c o n s i d e r  t h e  d i s p o s a l  o r  

decomposi t ion of t he  ammonium n i t r a t e .  



4.2 DIRECT THERMAL DENZTKATION WITHOUT ANMONIUM NITRATE ADDITION 

, 

4.2.1 P r i o r  S t u d i e s  

The Consol ida ted  Eklison Uranium S o l i d i f i c a t i o n  P r o j e c t  (CEUSP) 

(WYMER 1985) has  s u c c e s s f u l l y  converted -1000 kg of uranium ( c o n t a i n i n g  

233U) t o  a s o l i d  product  u s i n g  thermal  d e n i t r a t i o n  methods. 

s o l u t i o n s  conta ined  cadmium and gadol inium a s  neut ron  poisons.  I n  t h a t  

p r o c e s s ,  t h e  s o l u t i o n  w a s  evapora ted  u s i n g  formaldehyde f o r  excess HN03 

d e s t r u c t i o n  and then i t  w a s  d e n i t r a t e d  t o  produce a f i n a l  s o l u t i o n  which 

had a uranium c o n c e n t r a t i o n  of 340 g/L and a free acid c o n c e n t r a t i o n  of 

-0.1 M HN03. This  c o n c e n t r a t e d  s o l u t i o n  w a s  t h e n  dr ipped  onto  a heated 

s u r f a c e  i n  t h e  s t o r a g e  can, thereby  e v a p o r a t i n g  t h e  l i q u i d ,  decomposing 

t h e  n i t r a t e ,  d r i v i n g  o f f  t h e  vapors  and g a s e s ,  and l e a v i n g  t h e  r e s i d u a l  

ox ide  s o l i d .  A t empera ture  p r o f i l e  from 300 t o  800°C w a s  used which 

a s s u r e d  t h a t  t h e  can w a s  f i l l e d  w i t h o u t  major vo ids .  The s o l i d i f i c a t i o n  

c a n s  were used a s  t h e  f i n a l  s t o r a g e  v e s s e l s .  Formic a c i d  o r  s u g a r ,  r a t h e r  

t h a n  formaldehyde, are c u r r e n t l y  recommended f o r  t h e  d e n i t r a t i o n  s t e p  

(McGINNIS 1986). 

The s t a r t i n g  

- 

4.2.2 Discuss ion  

The "pot  c a l c i n a t i o n "  approach appears  t o  be more s t r a i g h t f o r w a r d  

than  t h e  thermal  d e n i t r a t i o n  p r o c e s s  u s i n g  ammonium n i t r a t e .  It e l i m i -  

n a t e s  t h e  p o t e n t i a l  hazards  of t h e  u s e  of ammonium n i t r a t e  and h a s  been 

w e l l  demonstrated.  The a c i d  d e s t r u c t i o n  s t e p  i n  CEUSP w a s  necessary t o  

prevent  p r e c i p i t a t i o n  of m e t a l  sa l t s  which would be caused by t h e  h i g h  

n i t r a t e  l e v e l s .  Acid d e s t r u c t i o n  i s  a r e l a t i v e l y  d i f f i c u l t  o p e r a t i o n  and 

would not be recommended f o r  t rea tment  of t h e  americium product  stream. 

I t  i s  l i k e l y  t h a t  i r o n  n i t r a t e  would not  p r e c i p i t a t e  d u r i n g  t h e  concentra-  

t i o n  s t e p .  F e r r i c  n i t r a t e  nonahydrate  has  a m e l t i n g  p o i n t  of 47.2"C and a 

d e n s i t y  of 1.684. These f a c t s  i n d i c a t e  a s o l u b i l i t y  of f e r r i c  n i t r a t e  

(expressed  as t h e  unhydrated n i t r a t e  s a l t )  of -1000 g /L ,  which i s  probably 

h i g h  enough t o  prevent  p r e c i p i t a t i o n  a t  t h e  c o n c e n t r a t i o n s  r e q u i r e d  f o r  

e f f i c i e n t  d e n i t r a t i o n .  The cadmium c o n t e n t  of t h e  CEUSP feed w a s  found t o  

be b e n e f i c i a l  i n  t h e  s o l i d i f i c a t i o n  s t e p  because i t  c r e a t e d  a foam l a y e r  
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which a l l e v i a t e d  s p a t t e r i n g  of t h e  u rany l  n i - t r a t e  durl.ng thermal  decom- 

p o s i t i o n .  The CEUSP type  of o p e r a t i o n  c o n t a i n s  s i g n i f i c a n t  o p e r a t i o n a l  

q u e s t i o n s  and would need demonst ra t ion  f o r  use wi th  the  americium stream. 

Personnel  are c u r r e n t l y  a v a i l a b l e  i n  t h e  BRNL Chemical Technology PiI.ot 

P l a n t  Sec t ion  who are know1edgeabl.e i n  t h t r .  des ign  of t h i s  type  of equip- 

ment (McGINNIS 1986). A preevapora t ion  s t e p  o r  o t h e r  c o n c e n t r a t i o n  s t e p s  

should  be performed t o  dec rease  t h e  s i z e  of t h e  g love  box equipment. A 

c o n c e n t r a t i o n  f a c t o r  o€ -lo4 would be r e q u i r e d  t o  a t t a i n  t h e  americium 

p l u s  i r o n  c o n c e n t r a t i o n s  e q u i v a l e n t  t o  c o n c e n t r a t i o n s  commonly used i.n 

thermal  deni t ra t : ion .  A s  d i scussed  ea r l i e r ,  t h e  major component 117 the 

americium product  s t ream i s  l i k e l y  t o  be the  i ron .  

4.2.3 Waste Streams - 

The f eed  c o n c e n t r a t i o n  p o r t i o n  of t h i s  system would g e n e r a t e  a l i q u i d  

condensa te  stream (or  t h e  e f f l u e n t  from an jon-exchange c o n c e n t r a t i o n  

sys t em) ,  which probably could be d i sca rded  o r  r ecyc led  t o  t h e  process  i E  

necessa ry .  The stream would probably be a low-level a lpha  waste. Off-gas 

streams would c o n t a i n  NG,, H 2 0 ,  and C02.  

6.3 MICROWAVE EVAPORATION ANI:, DENITRATION 

4.3.1 P r i o r  S t u d i e s  

The Japanese (JAPAN 1979,  1982a,  1982b) have developed a method us ing  

microwaves t o  d e n i t r a t e  tiraniurn and plutonium n i t r a t e s .  Kilograms of prod- 

u c t  have been produced, and the  r e su l t an t  powders are s a i d  t o  be s u i t a b l e  

f o r  p e l l e t  f a b r i c a t i o n .  The syseem uses s o l u t i o n s  c o n t a i n i n g  -250 g /L  of 

heavy metals i n  4 - M FINO3. The microwave powers used are 5, 1 2 ,  and 16 kW 

P u r  a ba t ch  of 7 L of s o l u t i o n .  

4 - 3 . 2  Discuss ion  

T h i s  p rocess  cannot c u r r e n t l y  be recommended f o r  convers ion  of t h e  

americium process  slream. This  method i s  r e l a t i v e l y  unknown and much more 

development would be r equ i r ed  a long  with more glove-box space  than s impler  

thermal  methods. If thermal  d e n i t r a t i o n  inethods are t o  be pursued,  it 



could be u s e f u l  t o  o b t a i n  f u r t h e r  i n fo rma t ion  about  microwave methods. It 

a p p e a r s  t h a t  o t h e r  c o u n t r i e s  ( b e s i d e s  Japan)  are s e r i o u s l y  examining the  , 

p r o c e s s  . 
5 .  PRECIPITATION 

5.1 OXALATE 

5.1.1 P r i o r  S t u d i e s  

The s o l u b i l i t y  of americium o x a l a t e  i n  n i t r i c  a c i d  has been measured 

(BURNEY 1967) and a p o r t i o n  of t h e s e  d a t a  are reproduced i n  Fig. 6. The 

minimum s o l u b i l i t y  i n  low a c i d  occur s  a t  about 0.08 - M f r e e  o x a l i c  acid and 

t h i s  minimum fo r  0.15 - M n i t r i c  a c i d  i s  -1 mg Am/L. 

5.1.2 Di scuss ion  

P r e c i p i t a t i o n  of americium o x a l a t e  from the americium product  stream 

c o n t a i n i n g  3 mg Am/L, w i thou t  adding  a c a r r i e r ,  i s  u n a t t r a c t i v e .  About 

one- th i rd  of t h e  amer i c ium would be s o l u b l e  and the p r e c i p i t a t e  would 

likely be so f i n e  that  en t r a inmen t  would be a s i g n i f i c a n t  problem. The 

r e c y c l e  system would g r e a t l y  i n c r e a s e  the  f r a c t i o n  of t h e  americium i n  

t h e  p r e c € p i t a t e .  Even then ,  p r e c i p i t a t i o n  would r e q u i r e  handl-ing a very 

f i n e  p r e c i p i t a t e ;  [Pu( 111) g i v e s  a f i n e  oxalate p r e c i p i t a t e  (LERCH 1984)l .  

I f  a major c o n c e n t r a t i o n  of t he  americium product  stream w a s  made, d i r e c t  

o x a l a t e  p r e c i p i t a t i o n  would be much more a t t r a c t i v e .  Another o p t i o n  would 

be t o  c o l l e c t  t he  u n p r e c i p i t a t e d  americium i n  the e f f l u e n t  from t h e  pre- 

c i p i t a t i o n  on a small ion-exchange column f o r  p e r i o d i c  r e c y c l e  t o  the  

p r e c i p i t a t o r .  I r o n  ( p r e s e n t  as o x a l a t e  complexes) would n o t  load on the  

ion-exchange r e s i n  and would go t o  low l e v e l  waste. The above o p t i o n s  a r e  

i l l u s t r a t e d  i n  F-ig. 7. 

Another approach t o  t h e  p r e c i p i t a t i o n  of americium o x a l a t e  would be 

t o  add ano the r  c a t i o n  such as cerium o r  ca lc ium,  then  c o p r e c i p i t a t e  t h e  

mix tu re .  It has been shown that micro c o n c e n t r a t i o n s  of Am(II1) coprec ip i -  

t a t e  q u a n t i t a t i v e l y  w i t h  lanthanum and calcium (SCHULZ 1976). P r e c i p i t a -  

t i o n  wi th  a carrier would require demonst ra t ion  t o  de te rmine  completeness  
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Fig .  6 .  S o l u b i l i t y  of Am(I1I) oxalate. 
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of americium removal ai7d characterisl I C S  of the  p rec . ip i t a t e -  Thts option 

i s  a l s o  i l l u s t r a t e d  io Fig .  7. 

5.1.3 W,SLC Streams 

P h i l  E o r w i t z  has  s t a t e d  that the supernatt. from an o x a l a t e  p r c c i p i t a -  

t i o n  can be r e a d i l y  r ecyc led  t o  the  TKlJEX ~ ~ O C E S S ,  but  whethcar the r e c y c l e  

of t h i s  large a volume of s o l u t i o n  i s  p r a c t i r a l  o r  d e s i r a b l e  should be 

examined - Any remaining o x a l a t e  would be benef i c t a l  t o  t h e  proc.ess 

(HORWLTZ 1986). 

5.2 PEROXLOE 

5.2.1 Yr ior  S t u d i e s  

Americium p r e c i p i t a t f o n  as t h c -  peroxide is not p r a c t i c a l  due t o  the 

l a r g e  S o l i i b i l i t y  of arneriishm i n  peroxide  so1iitPo-n. en f a c t ,  p lutonium is  

o f t e n  separalretl from americjurn by p r e c i p i t a t i o n  of plutonium T)i:r13xtde 

A d d i t i o n a l l y ,  t h e  Fe ( p r e s e n t  i n  Llw Am product  s;tream) is a catalyst fo r  

t he  decomposi t ion O F  percx ide ,  and could l ead  t o  explosive decomposi t ion 

of argr peroxides .  

5.3 HYDROXTDE 

5.3.1 P r i o r  S t u d i e s  
~~ -_I 

h e r i c i u m  hydroxide p r t b r i p i t a t i o n  has been used t o  recover americium 

a t  t h e  Ko13cy Flats Plan t .  HOWCVBT, t he  p r e c i p i t a t e  formed when KOW i s  

added t o  a s o l u t i m  i s  r a t h e r  d i f f i c u l t  t o  f i l t e r .  A b e t t e r ,  more s r y s t a l -  

l ine  p r e c i p i t a t e  can be obta ined  by a method based ~2 slow decomposi t ion 

of  u r e a  which releases hydroxyl i o a s  s l o w l y  (SCHULZ 1976b). 

A promising more recent development (GUTNAN 1986) produces an 

u l t r a f i i i c  p r e r i p i t a L e  which adsorbs  the I m p u r i t i e s  from the s o l u t i c n .  The 

p r e c i p i t a t e  i s  t h e n  concen t r a t ed  i n  a s l u r r y  by an u l t r a f i l t r a t i o n  membrane 

and cross-flow filtration. L i r  this technique ,  the s o l u t i o n  and p rec ip i -  

t a t e  arc passed ,  i n  tiirbuleclt f l o w ,  through an anray o f  hollow t u b u l a r  

memb-rs ine  elements. Tie c l a r i f t e d  s o l u t i o n  passes  throrigln thr membrane, 

and Lthe s o l i d s  are k e p t  i n  suspens ion  and do not  c l o g  t h e  membrane because 
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of the t u r b u l e n t  flow. Membrane tubes  are a v a i l a b l e  In  v a r i o u s  ceramics ,  

carbon,  and s t a i n l e s s  s t e e l .  Of p a r t i c u l a r  i n t e r e s t  is  t h e  r e p o r t e d  use  

of f e r r i c  hydroxide as t h e  scavenging p r e c i p i t a t e ;  t h e  americium stream 

could be i d e a l l y  s u i t e d  f o r  such a technique .  The a d d i t i o n  of t i t a n i u m  

salts  t o  the s o l u t i o n  p r i o r  t o  p r e c i p i t a t i o n  i s  r e p o r t e d  t o  improve t h e  

removal of a c t i n i d e s  and presumably of americium (CAMPBELL 1986) .  The 

s o l i d s  could then  be s e p a r a t e d  from t h e  concen t r a t ed  s l u r r y  by any stan- 

dard  method such as s e t t l i n g ,  c e n t r i f u g a t i o n ,  o r  f i l t r a t i o n  ( i f  d e s i r e d ) ,  

o r  mixed d i r e c t l y  w i t h  g rou t .  These o p t i o n s  are i l l u s t r a t e d  i n  Fig. 8. 

5.3.2 Di scuss ion  

The s o l u b i l i t y  of t r i v a l e n t  a c t i n i d e  hydroxides  has been e s t ima ted  

(ALLARD 1982) as a f u n c t i o n  of pH. The minimum s o l u b i l i t y  occur s  a t  a pH 

of -10 and i s  -0.02 @. Since  the i n i t i a l  c o n c e n t r a t i o n  of americium i s  

-14 pM, - t h i s  i n d i c a t e s  t h a t  >99.8% of t h e  americium can be p r e c i p i t a t e d  as 

t h e  hydroxide.  Add i t ion  of a c a r r i e r ,  such as cer ium, t o  y i e l d  more 

material would be p o s s i b l e ,  but probably not  necessary .  C o p r e c t p i t a t i o n  

of t h e  i r o n  c o n t e n t  of t h e  americium product  stream would probably be 

e q u a l l y  e f f e c t i v e .  Recovery of t h e  p r e c i p i t a t e  f o r  s t o r a g e  would need 

c o n s i d e r a t i o n .  One a l t e r n a t i v e ,  cross-flow f i l t r a t i o n ,  has  been demon- 

s t r a t e d  f o r  c o n c e n t r a t i n g  r a d i o a c t i v e  s l u r r i e s  a t  a p i l o t  scale (Ryan 

1986). 

- 

The scavenging p r e c i p i t a t i o n  w i t h  c ross - f low f i l t r a t i o n  desc r ibed  

above appears  t o  have t h e  advantage of y i e l d i n g  a concen t r a t ed  s l u r r y  

which should be easier t o  handle  than  the  d i l u t e  s l u r r y  which would be 

gene ra t ed  by s i m p l e  hydroxide p r e c i p i t a t i o n .  This s l u r r y  would be 

s u i t a b l e  f o r  d i r e c t  mixing w i t h  g r o u t  i n g r e d i e n t s  and c a s t i n g  i n t o  

s u i t a b l e  d i s p o s a l  c o n t a i n e r s .  A l t e r n a t i v e l y ,  t h e  s l u r r y  could a l s o  be 

evapora ted  t o  g i v e  a dry product .  

5.3.3 Waste Streams 

A d i sadvan tage  of t h i s  t r ea tmen t  i s  t h e  generatj ion of a d d i t i o n a l  

sa l t  waste. The scavenging p r e c i p i t a t i o n  w i t h  cross-f low f i l t r a t i o n  
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method would need t e s t i n g  t o  de te rmine  whether  t h e  q u a n t i t y  of americium 

i n  t h e  f i l t r a t e  would be h igh  enough t o  c l a s s i f y  t h e  stream as an a l p h a  

waste. An a d d i t i o n a l  f i l t r a t i o n  t r ea tmen t  could be used t o  f u r t h e r  

reduce  the  a lpha  c o n t e n t  of t h e  waste stream. 

5.4 FLUORIDE 

5.4.1 P r i o r  S t u d i e s  

P r e c i p i t a t i o n  of americium f l u o r i d e  has been used t o  recover  ameri- 

cium from ac id  s o l u t i o n s  (SCHULZ 1 9 7 6 ~ ) .  The problems of i n t r o d u c t i o n  of 

f l u o r i d e  i n t o  t h e  p rocess  p l a n t  should e l i m i n a t e  t h i s  method from con- 

s i d e r a t  ion. 

6.  DISCUSSION 

The americium product  from t h e  TKUEX p r o c e s s i n g  p l a n t  needs t o  be 

conver ted  i n t o  a form s u i t a b l e  f o r  u l t i m a t e  d i s p o s a l .  An e v a l u a t i o n  of 

t h e  disposal .  based on (1) s a f e t y ,  ( 2 )  number of p rocess  s t e p s ,  (3 )  demon- 

s t r a t e d  o p e r a b i l i t y  of t he  p r o c e s s e s ,  ( 4 )  produc t ion  of low-level  waste 

streams, and (5)  s i m p l i c i t y  of maintenance w i t h  low r a d i a t i o n  exposures  t o  

pe r sonne l  du r ing  maintenance has been made. Unfo r tuna te ly ,  none of the 

p o s s i b l e  p r o c e s s e s  is i d e a l  f o r  t h e  americium product  d i s p o s a l .  The 

fo l lowing  listing g i v e s  an e v a l u a t i o n  of t h e  possible p r o c e s s e s ,  u s i n g  

t h e s e  c r i te r ia ,  w i t h  t h e  b e s t  p rocesses  having the lowes t  numer ica l  

v a l u e s  : 



Process 

ton exchange 

Den i t r a t  i on 
(no FJH,+N03) 

Oxa I a te  
p r e c i p i t a t i o n  

Hydroxide 
prec I p i t a t  i on 

Ilydt-ox i de 
p r e c i p l  t a t i on  
(cross-f low 
f i I t r a t  ion) 

Safety 

1 

2 

1 

1 

1 

1 

Staps 

1 

1 

1 

2 

1 

1 
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Operabi I i t y  

1 

1 

-- 

2 

3 

3 

3 

The pertinenr. aspects  of each p rocess  i n  

as fo l lows:  

1 

Ma i n teriance ..__.--._I_- 

1 

2 

3 

4 

4 

? 

Aqueous 
waste 

1 

2 

2 

4 

1 

1 

l i s t e d  cr i ter i -a  are 

Ion &xcP.ange : 

1. A c c e p t a b i l i t y  ..._ ..... ___ - Organic c a t i o n  exchange r e s i n  should be acceptab le  

f o r  l oad ing  americium from d i l u t e  n i t r - i c  a c i d .  The r e s i n  should be 

burned 01- c a l c i n e d  immediately a f t e r  loading.  

2. P r e c a u t i o n s  - Thc me-ticium should noi. he allowed t o  remain on t h c  -- 
r e s i n  f o r  an extended pe r iod  of time and should not  be e l u t e d  u s i n g  

s t r o n g  ipi t r ic  ac id .  

3. Advantagpz - The americium can be e 1 f e c t i u e l y  loaded from t h e  d i l i r t e  

americium product  s t r e m  w i t h o t ?  i p r i o r  concenEra t inn  or  a d j u s t m e n t  of 

t h e  a c i d i t y  of t h e  stceam, The equipnien t  i s  very  compact and s i m p l e  

t o  operate. Both t h e  load ing  and c a l c i n a t i o n  o r  o x i d a t i o n  of c a t i o n  

ercchangt-. r e s i n  loaded w i t h  t r i v a l e n t  a c t i n i d e s  has been demonstrated 

a t  t h e  Transuranium P r w e s s i n g  P lan f ,  a t  Oak Ridge. I f  c a l c i n e d ,  the 

waste would be pa r t i cu la lg .  and large enough i n  p a r t i c l e  s i z e  Por 

d i r w t  shipmeni- t o  tile Waste lsoJ a r i o n  Process ing  Plant (WZPP). If 
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o x i d i z e d ,  t h e  waste would be g r a n u l a r  and might need t o  be immobi- 

l i z e d  by a d d i t i o n  of g r o u t ,  etc. No p o t e n t i a l  f o r  ion  exchange bed 

p lugging  should  exis t .  Both t h e  c a l c i n e d  and ox id ized  p roduc t s  are 

g r a n u l a r  and should  no t  create any d u s t  problems. No o t h e r  r equ i r e -  

ments f o r  nonrou t ine  maintenance are appa ren t .  The aqueous waste 

from t h e  p rocess  should  be non-TRU. 

4 .  Disadvantages  - Product  must be c a l c i n e d  or burned b e f o r e  i t  can be 

s e n t  t o  WIPP; burned r e s i n  may r e q u i r e  immobi l i za t ion  depending on 

t h e  s i z e  d i s t r i b u t i o n  of t h e  g r a n u l a r  product .  

Denitration with NHhN03: 

1. A c c e p t a b i l i t y  - D e n i t r a t i o n  a ided  by the  fo rma t ion  of ammonium 

n i t r a t e  complexes i s  a c c e p t a b l e  i f  i t  can be guaranteed  t h a t  t h e  

decomposi t ion  of f -gas  w i l l  n o t  he conf ined  since t h a t  can l e a d  t o  

e x p l o s i v e  r e a c t i o n s .  Possible accumulat ion of small amounts of 

ammonium n i t r a t e  from t h e  p rocess  should be examined. 

2. P r e c a u t i o n s  - The decomposi t ion gas  should be swept out of t h e  

decomposi t ion  v e s s e l  con t inuous ly .  

3 .  Advantages - D i r e c t  convers ion  of n i t r a t e  s o l u t i o n  t o  a powdered 

oxide  product .  

4 .  Disadvantages  - There are problems i n  hand l ing  ammonium n i t r a t e  and 

i t s  decomposi t ion gases .  Also ,  small amounts of ammonium n i t r a t e  

w i l l  be formed i n  t h e  of f -gas  steam. Concen t r a t ion  of t h e  americium 

product  stream would be r e q u i r e d .  A powder i s  gene ra t ed  which must 

be immobilized b e f o r e  shipment t o  WIPP. The method has no t  been 

t e s t e d  wi th  an iron-americium feed. S ince  t h e  product  i s  a f i n e  

powder, i t  is  p o s s i b l e  t h a t  nonrou t ine  maintenance could  i n c l u d e  

p e r i o d i c  c l eanup  of d u s t ;  t h i s  procedure  could r e s u l t  i n  e x c e s s i v e  

pe r sonne l  exposure  t o  r a d i a t i o n .  Complete removal of t h e  e n t r a i n e d  

powder from t h e  o f f  gas may be d i f f i c u l t  which could r e s u l t  i n  a TRU 

aqueous w a s t e .  
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1. A c c e p t a b i l i t y  - Direct d e n i t r a t i o n  i s  a c c e p t a b l e ,  bit i t  has  not  been 

demonstrated w i t h  iron-americium feed and could be d i f f i c u l t  t o  

ope ra t e .  

2. P recau t ions  .- None. 

3 .  Advantages - Tht . r e  iis dirrt . . t  convers ion  of n i t r a t e  s o l u t i o n  t o  a s in-  

t e r e d  p roduc t ,  and t h e  s i n t e r e d  product  may be s u i t a b l e  f o r  d i r e c t  

shipment t o  WIPP. No p a r t i c u l a r  hazards can be seen. 

4 .  Disadvantages - Thl” s method r e q u i r e s  p reconcen t r a t ion  of the  ameri- 

cium product  stream which m y  have s p a t t e r i n g  problems. The p o s s i b l e  

spaLte r ing  problems could result i n  requi rements  f o r  nonrou t ine  

c leanup of s p a t t e r e d  material which could r e s u l t  i n  personnel  exptr- 

sum.  Complete removal o f  e n t r a i n e d  powder from the  of f  gas  may be 

d i f f i c u l t  poss ib ly  r e s u l c l n g  i n  a TRU aqueous waste. 

1. _____.-I. A c c e p t a b i l x  - ‘This method may not  be a c c e p t a b l e  due t o  incompl.ete 

removal. of me-r ic ium (americium o x a l a t e  i s  r e l a t i v e l y  s o l u b l e ) ,  and 

adequate  removal by scavenging p r e c i p i t a t i o n  must be demonstrated 

2. Precaut ions .  - None. 

3 .  .Y Advantages - This  is  well-developed technology which may not  r e q u i r e  

p r e c o n c e n t r a t i o n  of the auiericiurn product  stream. 

4 .  D i s a d v a n t a g ~ s  . . ...._ _. - The scavenging p r e c i p i t a t i o n  i s  not  t e s t e d ,  and pro- 

d u c t i o n  of a non--slpha aqueous waste i s  not  guaranteed.  There w i l l  

l i k e l y  be a requ-irement f o r  a secondary e f f l u e n t  t r ea tmen t  ( p o l i s h i n g  

step) fo r  reinoval of t h e  l as t  traces of americium. Thc powdered 

product  w i l l  r e q u i r e  immobilization, and f i l t r a t i o n  w € l l  be r equ i r ed .  

A l s o ,  s i g n i f i c a n t  development w i l l  be r equ i r ed .  The powdered product  

could r e su lL  i n  a need f o r  nonrout ine  powdsr c leanup and hence p e r -  

sonnrl  exposure*. The f i l t r a t i o n  s t e p  could r e s u l t  i n  non-routine 

iliain t enance and personne 1 expo s u r e  
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Hydroxide p r e c i p i t a t i o n :  

1. 

2 .  

3. 

4 .  

A c c e p t a b i l i t y  - The method may be a c c e p t a b l e  2f t he  p r e c i p i t a t e  can 

be handled ,  bu t  many hydroxide p r e c i p i t a t e s  are gelatinous and d i f -  

f i c u l t  t o  f i l t e r .  

P r e c a u t i o n s  - None. 

Advantages - The i r o n  hydroxide w i l l  act as a carrier fo r  the  

americium hydroxide and should r e s u l t  i n  complete removal of t he  

ainericiuin; the  waste should be non-alpha i f  a l l  p r e c i p i t a t e  can be 

removed. The s o l u b i l i t y  of americium hydroxide i s  very low; a 

non-TKO aqueous waste should be p o s s i b l e .  

Disadvantages - The handl ing  p r o p e r t i e s  of a hydroxide p r e c i p i t a t e  

are not e s t a b l i s h e d .  F i l t r a t i o n ,  perhaps  of: a g e l a t i n o u s  p r e c i p i -  

t a t e ,  w i l l  be r e q u i r e d ,  and the  c a l c i n e d  p r e c i p i t a t e  may r e q u i r e  

immobi l iza t ion .  The re fo re ,  s i g n i f i c a n t  development w i l l  be r equ i r ed .  

The f i l t r a t i o n  s t e p  could  r e s u l t  in nonrou t ine  maintenance and con- 

sequent  l y  pe r s onne 1 expo su re. 

Eydroxide p r e c i p i t a t i o n  with cross-flow f i l t r a t i o n :  

1. 

2. 

3 .  

4 .  

A c c e p t a b i l i t y  - This  method probably r e q u i r e s  too much development 

and is  t o o  complex f o r  t h i s  use.  

P r e c a u t i o n s  - None 

Advantages - This  procedure reduces  t h e  d i f f i c u l t i e s  of handl ing  

f i n e  p r e c i p i t a t e s ;  i t  a l s o  r e s u l t s  i n  b e t t e r  removal of americium by 

a d s o r p t i o n  on f i n e  i r o n  hydroxide ( i r o n  a l r e a d y  p r e s e n t  i n  t h e  

americium product  s t r eam) .  

Disadvantages  - Development i s  r e q u i r e d ,  and i t  is probably t o o  

complex f o r  t h i s  use.  It r e q u i r e s  a r e c i r c u l a t l n g  system ( t o  the 

cross-flow f i l t e r )  w i t h  h igh  flow ra tes  and some p r e s s u r i z a t i o n .  

T h i s  complex system is prone t o  requi rements  f o r  nonrout ine  main- 

tenance  and personnel  exposure.  



7. RECOMMENDATIONS 

The above c h a r a c t e r i s t i c s  of t he  v a r i o u s  promising systems i n d i c a t e  

t h a t  no one system i s  wi thou t  drawbacks. The only system which i r ,  known 

t o  be r e a d i l y  ope rab le  i n  a g love  box is  the  one u s i n g  c a t i o n  exchange 

r e s i n .  This  system wo1~1d not be prone  t o  s i g n i f i c a n t  problems d u r i n g  

normal ope ra t ions .  R e s t r i c t i o n  of the cation-exchange r e s i n  t o  (1) load- 

i n g  from d i l u t e  n i t r i c  a c i d  fol lowed by ( 2 )  c a l c i n a t i o n  o r  oxidation w i l l  

e l i m l n a t e  expl o s i o n  hazards .  Most other systems could conceivably r e s u l t  

i n  plugging of f i l t e r s  o r  o t h e r  d i f f i c u l t i e s  which would r e q u i r e  s i g n i f i -  

c a n t  maintenance which would.  be d i f f  i e u l t  t o  accomplish wlthoia:: gaiirma 

r a d i a t i o n  personnel  exposures  due t o  the l a r g e  q u a n t i t i e s  of aoieric-ium 

involved.  The  s i m p l i c i t y  of t he  c a t i o n  exchange system and i t s  advanced 

s ta te  of development make i t  the  most d e s i r a b l e  system we have cons idered .  

The best  op t ion  us ing  c a t i o n  exchange r e s i n  would s t a b i l i z e  the  product  

by c a l c i n a t i o n  o r  o x i d a t i o n  of the  r e s i n .  

Choosing a second choice  from among the  o t h e r  o p t i o n s  i s  d i f f i c u l t  

due to  the  s i g n i f i c a n t  pot P n t i a l  problems. Other f e a s i b l e  o p t i o n s  which 

require twcl or  more process  s t e p s  and sets of equipment ( a  d i sadvantage)  

are (1) thermal- d e n i t r a t i o n  which r e q u i r e s  a c o n c e n t r a t i o n  s t e p ,  

( 2 )  hydroxide p r e c i p i t a t i o n  which r e q u i r e s  p r e c i p i t a t i o n  and f i l t r a t i o n  

s t e p s ,  and ( 3 )  c a t i o n  exchange followed by e l u t i o n  of t h e  amerlciuni u s i n g  

an o rgan ic  complexant. I n  t he  l a s t  case, the  americi-urn could be s o l i d i -  

f i e d  by c a l c i n a t i o n  or o x i d a t i o n  of the e l u a t e  o r  poss ib ly  by l oad ing  on 

an  i n o r g a n i c  exchanger.  

P r e c i p i t a t i o n  of the  o x a l a t e  i s  given a lower d e s i r a b i l i t y  s i n c e  t h e  

f i l t r a t e  w i l l  l i k e l y  not  be a Low-alpha waste due t o  t h e  large.  s o l u b i l i t y  

oE americiiiui o x a l a t e .  The hydroxide has a much lower s o l u b i l i t y  and,  

p a r t i c u l a r l y  w i t h  i r o n  hydroxide a c t i n g  as a car r ie r ,  should a l l o w  pro- 

d u c t i o n  of a low-alpha f i l t r a t e .  

The scavenging p r e c i p i t a t i o n  of americium and iron fol lowed by 

c ross f low f i l t r a t i o n ,  while  i n t e r e s t i n g ,  i s  l i k e l y  ~ o o  complex f o r  such  a 

s m a l l  q n a n t i t y  of material. It woiild also r e q u i r e  pumpjng large f l o w s  of 

s o l u t i o n ,  under  p r e s s u r e ,  f o r  an extended pe r iod  of t i m e .  
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It i s  r e a l i z e d  t h a t  r e g u l a t o r y  requi rements ,  i n c l u d i n g  those  of 

WIPP, may d i c t a t e  t h e  choice  of methods t o  handle  americium r a t h e r  than  

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

8. KEQUTlXD DEVELOPMENT 

One man-year of R&D should be s u f f i c i e n t  t o  e s t a b l i s h  t h e  f e a s i b i l i t y  

of t he  thermal ,  p r e c i p i t a t i o n  methods, and the  o p t i o n  which uses  an  o r g a n i c  

complexant t o  e l u t e  t h e  americium from cation-exchange r e s i n  fol lowed by 

c a l c i n a t i o n  o r  o x i d a t t o n .  A d d i t i o n a l  t i m e  could be r e q u i r e d  t o  completely 

develop some of t h e  methods ( p r i m a r i l y  t h e  hydroxide p r e c i p i t a t i o n  w i t h  

cross-f low f i l t r a t i o n  and thermal  d e n i t r a t i o n  methods). 
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