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1.0 ABSTRACT 

. 

The Amex process was developed f o r  recovering americium from 

the  accumulated Hanford s l a g  and crucible waste. 
has been recovered by a 30$ t r i b u t y l  phosphate (TBP) extraction, t he  

excess ac id  (5 M) i n  t he  aqueous waste i s  neutralized with calcium 
oxide o r  gaseous ammonia, and the americium is extracted with 30% 

TBP. The organic e x t r a c t  is scrubbed with ammonium n i t r a t e ,  the 
americium is s t r ipped with water, sorbed on Dowex 5OW cat ion exchange 

resin,  and eluted with ammonium acetate-acetic acid. Process losses  

are about 1$. 

After the plutonium 

- 

An a l t e r n a t e  process of simultaneous extract ion of plutonium 

and americium with p a r t i t i o n  of americium showed promise but w i l l  
not be used i n  t h i s  recovery f o r  reasons stated. 

. 
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2 0 INTRODUCTION 

The purpose of t he  work reported here was t o  develop a process 

f o r  recovery of t he  approximately 20 g of americium present i n  the  

30,000 l b  of accumulated Hanford s l a g  and crucible  waste. This waste 
w i l l  y ie ld ,  on dissolut ion,  about 88,OOQ gal of solut ion.  The process 

w i l l  use as feed the  aqueous e f f luent  from an extract ion column from 

which plutonium has been extracted w i t h  3 6  t r i b u t y l  phosphate (TBP) .,* 
The americium is formed from plutonium by the react ion 

Most of the  americium t h a t  has been recovered up t o  t h e  present has 

been i so la ted  from the plutonium peroxide prec ip i ta t ion  f i l t r a t e .  

Americium recovery methods reported i n  the literature from t h i s  and 

other  solut ions include: 

Coprecipitation w i t h  LaF (WASH-59, m-22267) 

Extraction with chelat ing agents such a8 thenoyltrif luoroacetone 
3 

(om-1088, OREJL-1423 , CC-3874, BC-1) 

Extraction w i t h  t r i b u t y l  phosphate (ANL-4490, ANL-4545, ML-4593 
ANL-4667, AECD-3327) 

Sorption on and e lu t ion  from ion exchange resins  (UCRL-923, UCRL-1054, 

UCRL -1 796) 

The high salt content and the large volume of the  Hanford waste so lu t ion  

would make prec ip i ta t ion ,  chelation, o r  ion exchange methods d i f f i c u l t  and 

economically impractical ,  Process development e f f o r t  was therefore  directed 

toward the  ex t rac t ion  with 30$ TBP t o  make t h e  americium recovery similar 
t o  the  plutonium recovery cycle ,  

The process described i n  ORNL-1442 except t h a t  there  w i l l  be no valence 
adjustment o r  feed f i l t r a t i o n  unless these are later shown t o  be necessary. 

* 
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3 .O PROCESS DETTELOPMENT 

The f i n a l  Amex process flowsheet is  shown i n  Fig. 1, The process 

development work was done with a synthet ic  so lu t ion  of the  same ionic  
5 241 composition as a solut ion of Hanford waste, spiked with 2 x 10 Am 

a: c/m/ml (see Table 1) , the average americium concentration of the 

solut ion of t he  Hanford material. The f i n a l  demonstration of the 

process was made w i t h  a solut ion of a Hanford crucible  and associated 

s l ag  '(see Appendix 1). This solut ion was t r ea t ed  by the plutonium 
ext rac t ion  cycle before being fed t o  the  Amex process extract ion 

column (see Table 2)  

3 1 Feed Preparation 

The plutonium cycle aqueous e f f luent  i s  neutral ized with gaseous 

ammonia Although t h e  americium DC Q/A (d i s t r ibu t ion  coefficient,  

organic/aqueous) w i t h  ammonia is less than w i t h  some of the other  

neutral iz ing agents studied (see Sect .  3 , 2 ) ,  there are fewer engi- 

neering problems associated with the  continuous addi t ion of a gaseous 

reagent on a plant  s ca l e ,  

The Unit Operations Section i s  designing a pH meter control  

f o r  continuous neut ra l iza t ion  of" the feed. Unti l  t h i s  unit has been 

developed, however, the neut ra l iza t ion  w i l l  be controlled by the use 

of  bromophenol blue indicator ,  which has a sharp color change coincid- 

ing w i t h  the neut ra l  point of the  feed, 

3.2 I so l a t ion  of Americium by Extraction 

The plant  extraction-scrub column w i l l  be 6 5/8 i n .  i n  diameter 

and w i l l  have a 24-ft extract ion sec t ion  and a 1 6 4  scrub sect ion.  
The s t r i p  column w i l l  be 6 518 in, in diameter and 15 ft longo 



. 

Goseous Ammonia 
Neutralize to 
bromphenol blue 
end point 

1 
Aqueous Wostt from 
Plutonium Extroction 

p u a  , 5XI03 c/m/ml 
Ama , 2XI05 c/m/ml 
s102, 0.009 g/liter 
UNO3 , 4.9 M 
AI'*+, 0.20 M 
Cot+, 0.16 M 
Mg", 1.00 M 
NOS, 0.0M 
F+, 0.14 M 
Fe, Ni, Cr" 

Vol., *IO 

Extractant 
30% TBP in Amsco 
VOl..* 5 

e Volumt ratios 

* i Dependent upon corrosion mte 

Strip 

VOl.,*  ! 
- Distilled H20 

Orgonic Woste 
3oo/e TBP in Amsco 

Am a , 103c/m/ml 

Aqueous Product 
Vol., * 1 
Ama , 2 x 1 0 ~  c/m/ml 
PU a , 4 ~ 1 0 ~ c / m / m I  
CO, 0.05 g/l i ter 
Mg, ~0.02 g/l i ter 
Fe, <0.002 g/liter 
Ut.  0.01 M 

L 

Cdunr 
Ama 
- 

L\qucous Woste 

pu a , 103c/m/ml 
ma ,103c/m/ml 

VOl.,* I! 

Plutonium Elutront 
0.25 M H2SO4 
Vol., 20 columns 

Americium ElutrOnt 
_ _ _ _ _  f_-- 3M ommonium oCetOtt 

1.5M acetic ocid, pH 5.1 
Vol., 3 columns 

Dowex 5OW, 5Oto100mesh, 
12 % cross linked 

plutonium Product 

0 . 2 5 ~  90% of n2s04 Pu on column 

vol, 20 columns 

Americium Product 

~ - - -- - _ _  - - -- Am, 99 7. of total on colWnn 
PU , 9 9 x  of total on column 
Vol., 3 columns 

00 c/m/m I 
100 dm/ml  

- Fig.1. Flowsheet for Amex Recovery of Americium from Hanford Slog and Crucible Waste 
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Volume 

Table 1 

Composition of Aqueous Waste from 3O$ TBP Extraction of 

Plutonium from Hanfosd Slag and Crucible Solution 

(taken from Om-1442, p. 84) 

Basis: One 350-g plutonium reduction batch 
-- 

Pu 

Am 

Si02 

HN03 

A1+++ 

Ca++ 

Mg++ 

24.5 l i ters  

< 5 x lo3 a c/m/nit 

'v 2 x 105 a c/m/d 

8.0 PI - 
o . O O ~  @;/li ter EJ03 - 
4.9 M - 
0.28 M - 
0.16 M 

1.00 M - 

F- 0.14 - PI 
- - 

0.009 M s04 - 
Fe, N i ,  C r  Dependent on 

corrosion r a t e  
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Table 2 

Typical Countercurrent Batch Extraction of Plutonium 

from Solution of Hanford Crucible and Slag; 

Feed: 

Extractant: 3O$ TBP i n  Amsco 

Scrub: 0.5 - N HN03 

Str ip:  

Stages: 

3.00 x lo7 a/m/ml; 5.5 - N H+ 

0.05 - M hydroxylamine su l fa te  

feed, 6; extract ion,  2; scrub, 1; s t r i p ,  1 

Stage 

E -4 
E -3 
E -2 

E -1 

s c  -1 

s c  -2 

sc-3 

St -1 

St -2 
St -3 
S t  -4 

AW Composite 

BP Composite 

BW Composite 

Aqueous Phas e 
(a c/m/ml-) 

2.38 105 

3.1 x i o  5 
5 3.05 x i o  

6 2.5 x i o  

8 
6 
4 

1.96 x i o  

5.18 x i o  
3.38 x 10 

4.24 103 

5 
8 

3.06 x i o  
1-68 x i o  

5 1.7 x io 
6 1,1 x 10 

8.27 x i o  
7.34 x 10 

6 
7 

7 8.74 x 10 

8.11 107 
8.13 107 

6 
4 

1.34 x 10 

2,03 x 10 

3-13 103 

4 1.25 x i o  

DC EF 

0.2 

1.2 

8.9 
9.8 

14  .O 
6-4 
3 08 

73 
84 
8-3  
1.3 
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The americium is extracted with 30$ t r i b u t y l  phosphate (TBP) i n  
* Amsco. The used solvent w i l l  be t rea ted  with caust ic  (Om-1442, 

p. 54) and recycled continuously. The use of the same solvent f o r  

both americium and plutonium extractions permits s implif icat ion of 

equipment and a saving i n  solvent treatment. 

a ,  Distribution of Americium i n  Extraction Step. The loss  of 

americium i n  the  extract ion s t e p  is less than 14. The d is t r ibu t ion  of 

americium between the  two phases is a function of the  concentration of 

the ac id  (see Fig.  2 )  and of the n i t r a t e  ion and t o  a l e s s e r  extent of 

the  type of cat ion present (see Fig. 3 )  e 
i n  t h e  plutonium cycle because the  americium DC (O/A) is only 0.02 i n  

the highly ac id ic  s l a g  and crucible  solut ion.  

increased t o  about 60 a t  t h e  Amex feed p l a t e  if the  feed is  neutralized 

w i t h  calcium oxide and t o  about 25 if it i s  neutralized w i t h  gaseous 

ammonia. The advantages of using ammonia over calcium oxide include 

not only the  greater  ease of addition of a gaseous reagent (Sect. 3.1) 
but a l s o  the  lowered calcium content of the extract ion column product 

(see Fig. 4 ) .  I n  addition, the ammonium ion is  less objectionable than 

calcium as a contaminant i n  the inf luent  t o  the  ion exchange r e s i n  column 

used f o r  f i n a l  americium i so la t ion ,  

The americium is  not extracted 

This DC, however, i s  

The e f f e c t  of increasing the  n i t r a t e  ion concentration i n  t h e  

absence of free acid is  t o  increase the  americium DC (O/A) 

s a l t i n g  agent i n  common use is aluminum n i t r a t e ,  but calcium, magnesium, 

and ammonium n i t r a t e  (see Fig. 3) a l l  proved t o  have more than s u f f i c i e n t  

s a l t i n g  s t rength t o  provide adequate extract ion of americium. 

The best 

*In previous P i l o t  Plant s tudies  Amsco-123-15 and Amsco-125-90W were t r i e d ,  
The type of Amsco with no observable differences i n  operation o r  r e s u l t s ,  

t o  be used is therefore not specif ied,  
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UNCLASSI Fl ED 
ORNL-LFi-Dwg 367 

- 
- 

I I I 
- 

I 
- 

0.5 0 
H+ in Aqueous Feed ( N  ) 

F i g . 2 .  Distribution of Americium between Aqueous Solution and 30°/~ 
TBPas a Function af the Free Acid Concentration in the Aqueous Feed. 
Constant Total Nitrate Concentration; Lime Neutralized 
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UNCLASSIFIED 
ORN L- LR - D wg 374 

I 
0 2 4 6 t 

Nitrate in Aqueous Phose ( N )  

I 
10 

- Fig .3  Distribution of Americium between Aqueous Solution and 30% 
TBP as a function of Concentration o f  Ammonium, Calcium, and Maq- 
nesium Nitrates in the Aqueous Phase, 
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ORNL-LR-Dwq 372 

- Fig.4. Distribution of Calcium between Aqueous Solut/on and 
30%TBP as a Function of the Calcium Nitrate Concentration in 
the Aqueous Phase. 

I 

Ca(N03)2 in Aqueous Phase ( M )  



b. Scrubbing Step. The organic ex t rac t  i s  scrubbed with 3 M - 
ammonium n i t r a t e .  

with 3 6  TBP. 

f o r  these ions a re  qui te  small (about 0.068 f o r  calcium and 0.0045 f o r  

magnesium), t h i s  is su f f i c i en t  ex t r ac t ab i l i t y  t o  give a calcium plus 

magnesium concentration of LO g l l i t e r  i n  the  unscrubbed product, while 

the americium coneentration is only 5 x lf4 g / l i t e r ,  The scrubbing 

s t ep  reduced the  calcium and magnesium content of t he  f i n a l  product t o  

less than 0.01 g / l i t e r ,  the  lower l i m i t  of the ana ly t ica l  method used. 

The DC (O/A) of ammonium from the  3 M ammonium n i t r a t e  scrub solut ion 

i s  0 .OO3, thereby giving about 1.2 g / l i ter  ammonium n i t r a t e  i n  the  product. 

Both calcium and magnesium are s l i g h t l y  extractable  

Although the  d is t r ibu t ion  coef f ic ien ts  a t  the  feed p l a t e  

- 

c ,  Str ipping Step. The americium is s t r ipped from the organic 

The s t r i p  De (O/A) i n  the  first stage solvent w i t h  d i s t i l l e d  water. 

is about 10 3 

d o  Flow Ratios. The concentration of americium i n  the product 

is determined by the r a t i o  of feed t o  product flow rate i n  the solvent 

extract ion system. The d is t r ibu t ion  coeff ic ients  of the  americium f o r  

both the extract ion (about 25) and s t r i p  (about 10 1 are high enough 

t h a t  the  extract ion and s t r ipp ing  f l o w  r a t i o s  are l imited only by 

operational charac te r i s t ics  of the pulse columns. 

t i on  of the  plant  engineers, the  feed-to-extractant flow r a t i o  was set  

a t  2 and the extract ion-to-s t r fp  a t  5 ,  thus giving an overal l  concen- 
t r a t i o n  f ac to r  of PO f o r  the solvent extract ion system" 

3 

On the recommenda- 

The maximum r a t i o  of extractant  t o  scrub was set  by the plant  

engineers a t  5. 
is required, the concentration of the scrub solut ion was set  a t  3 - M 
ammonium nitrate,  A s  can be seen from Fig,  3, the d is t r ibu t ion  coef f i -  

c ien t  (OIA) of americium i n  3 M - ammonium ni t ra te  is about 0.35. 
with a flow r a t i o  of extractant  t o  scrub of 5 ,  the extract ion f ac to r  i n  

the  scrub sect ion is 1.7. 

Sinee an extract ion f ac to r  of at  least 1 i n  the  scrub 

Thus 
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. 
e ,  Theoretical Stages Required. The numbers of theore t ica l  stages 

t h a t  would be required in  the three sections of the pulse columns were 

determined by laboratory countercurrent extract ion experiments t o  be 

f ive  extraction, th ree  scrub, and three s t r i p  stages.  

stages gives americium losses  of l e s s  than 10 a e/m/ml in  both aqueous 

and organic waste streams. The countercurrent batch extract ion experi-  

ment c losely approximates the operation of a continuous countercurrent 

column and allows an evaluation of the number of theore t ica l  stages 

tha t  would be needed at  steady-state conditions i n  the column, To 
supplement these runs , faster and simples exhaustive extractions were 

used f o r  preliminary evaluation of the operation f o r  some par t s  of the 

system. In  t h i s  way (Table 3)  three stages of O , l  vol. of 3 - M ammonium 

n i t r a t e  was shown t o  give sa t i s fac tory  calcium removal from pregnant 

organic. To allow f o r  differences between laboratory and plant condi- 

This number of 
3 

t ions ,  Q 0 2  vol. of 3 - M ammonium n i t r a t e  w i l l  be used. 

f .  Pulse Column Operation, I n  several  runs made under flowsheet 

conditions i n  0 e 5-in, -d im.  pulse columns there  were no mechanical 

d i f f i c u l t i e s .  The extract ion column operated a t  11 ml/m/cm t o t a l  flow 

(about TOO gal /hr / f t  1 without flooding, and there  were no s tab le  emulsions 

formed. 

not be determined from the small-column tests, but the batch countercurrent 

data reported i n  Sect ,  3.2 e ,  indicate tha t  the columns t ha t  a r e  t o  be 
used f o r  the separation (see Sect ,  3v2) have a su f f i c i en t  number of 

stages.  
t o  adjust  the length of the scrub section i f  t h i s  is shown t o  be necessary. 

2 

2 

The height of 8 theore t ica l  stage f o r  plant-size columns could 

Multiple feed i n l e t s  a re  t o  be b u f l t  in to  the extract ion column 

g. Simultaneous Extraction of Plutonium and Americium. One run was 

made i n  which the americium and plutonium were extracted simultaneously, 

Such a process was not considered dlesirabbe, however, f o r  the recovery 

of the americium i n  the present program (see Appendix $ ) o  
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Stage 

Table 3 

AqueoK Phase Organic Phase am C a  

(c/m/d) ea (gJ l i t e s )  (c/m/d) ea (gJ’r8iter) DC EF Dc EF 
a Activi ty  a! Activi ty  

, 

1st 

2nd 

Exhaustive Extractions of Pregnant Organic t o  Determine Ammonium 

Nitrate Concentration and Number of Stages Needed i n  Scrub Section 

5 

5 
3.98 x i o  
2.11 x 10 

Organic/aqueous vola r a t i o :  

Extractant: 
BO in each stage 

31.5$ TBP-Amsco which had been equi l ibrated with 
calcium oxide-neutralized feed 

1st 

2nd 

3rd 

2.72 x la5 52.9 5.55 X 10 5 2.02 20.2 0.02 0.2 

1 ~ 8  x PO 10.3 5.34 x PO 5 0 .ocg 0.50 5.0 0.007 0 ~ 0 7  

9.96 x 10 0 .6 ,  6,64 x PO? < 0.02 0,67 6.7 --- - 0 -  

1st 

2nd 

3rd 

6 3rd I 1.8 x PO 

2,Q x lo5 
8-75 x 10 5 

5 a,4a 10 

2 M - Amonium Nitrate  

3 - Pll Ammonium Nitrate  
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, 

. 

3.3 Countercurrent Demonstration of Amex Process 

a. Normal Plutonium Concentration in  the Amex Feed. Under normal 

conditions more than 9 9 . 9  of the  plutonium w i l l  be extracted from the 

s l ag  and crucible solut ion before the Amex process, 

plutonium l e f t  i n  the Amex feed w i l l  be discharged i n  the Amex aqueous 

waste. 

from which 99.9$ of the  plutonfum had been extracted and i n  which the  

ac id  had been neutralized with ammonia, o i l y  2% of the plutonium which 

was i n  the Amex feed w a s  extracted with the  americium while the remainder 

was i n  the Amex waste Radiochemical analyses showed t h a t  

americium w a s  i n  the  aqueous waste. 

waste i n  t h i s  run was -30 e/m/ml. 

Most of the 

In  a run (Table 4) using Hanford s l ag  and crucible solut ion 

400 c/m/ml of 
The alpha a c t i v i t y  of the organic 

b o  High Plutonium Concentration i n  the Amex Feed, In  case of 

operational d i f f i c u l t y  i n  the plutonium extract ion cycle, the plutonium 

content of the Amex feed would be increased, I n  a run i n  which PU 14 
of the t o t a l  plutonium remained i n  the  Amex feed (Table 5), about 28$ 
of the plutonium w a s  extracted with the americium while the remainder 

was i n  the Amex aqueous waste. 
the aqueous waste of t h i s  run can be accounted f o r  as ana ly t ica l  back- 

ground, since an analysis of a pure plutonfum sample f o r  americium w i l l  

show as much as 1$ of the plutonium alpha t o  be americium. 

ana ly t ica l  methods used in  t h i s  program see CF-53-1-235.) 

balance without t h i s  analysis  indieatee complete americium extract ion.  
For fur ther  study on the extract ion of plutonium from Amex feed, see 

Appendix 2 

An apparently high americium loss i n  

(FOP 
The americium 

c.  Synthetic Feed Neutralized with Calcium Oxide. A typ ica l  .- 
run using a lime-neutralized synthetic feed containing no plutonium 

(Table 6) produced waste streams containing l e s s  than lo3 Am a c/m/ml 

(less than 1% of the t o t a l  americium)., The feed p l a t e  DC (O/A) was 50, 
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Table 4 

Countercurrent Batch Extraction of Americium from Amonia-Neutralized 

Aqueous Waste from Countercurrent Batch Extraction of Plutonium 

from Solution of Hanford l t s t e  

- 5 Feed: gross a, 1.7 x 10 ; Q.QO5 N basic  

Extractant:  3O$ TBP i n  Amsco 

Scrub: 3 NH4H03 

S t r ip :  d i s t f l l e d  water 

Flow r a t io :  feed, 10; extract ion,  5; scrub, 1; s t r i p ,  1 

Stage 

E -4 
E -3 
E -2 

E -1 

s c  -1 

s c  -2 

s c  -3 

St -1 

S t  -2 

st-3 

a Actfvft 
Aqueoua Phase 

4 
4 

~ 6 5  x i o  
2.80 x 10 

4 2.1 x 10 
4 5.2 x 10 

6 

2.46 x 10 
1.44 x 10 

2.6 x i o  
6 
6 

6 2.13 x 10 
4 1 .5  x i o  

8 , O  103 

’ (c/ml’ml) 
Organic Phase 

2.98 x lo3 
4 1-62 x PO 

1.08 105 
5 9.26 x 10 

5 7.38 x i o  
6.70 105 

5 3.83 x 10 

920 
1950 
300 

Dc 

0.18 
0,58 

5,14 
17.8 

0.28 

0.27 
0.26 

2320 
--- 
--- 

EF 

0 .og 
0.29 
2 957 

0 8 . 9  

1.40 
1.35 
1.30 

464 
--- 
--- 

4 4 AW composite: gross a, 5.1 x 10 c/m/rti~; PU ap 1.38 x 10 c/m/ml; 

BP compostte: 

Am a, 412 e/m/ml 
gross a, 1 a39 x 1Q6 c/rn/d; Pu a, 3 3 8  x 10 c/m/d; 
Am a, 1.45 x lo6 c/m/ml; I&, 40,02 g / l i t e s ;  Fe, .(00002 
g/ l f te r ;  Ca, S,05 g / l f t e r  

4 



. 
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Table 5 

Countercurrent Batch Extraction of Americium from Ammonia-Neutralized 
Aqueous Waste from Pulse Column Extraction of Plutonium from 

Solution of Banford Waste 

6 6 Feed: gross a, 2.34 x PQ c/m/ml; Pu a, 2.16 x 10 c/m/ml; Am a, 

Extractant: 30$ TBP i n  Amsco 

Scrub: 3 NH4N03 

Str ip:  d i s t i l l ed  water 

Flow ra t io :  feed, 10; extraction, 5; scrub, 1; s t r ip ,  1 

~ 8 2  x lo5 c/m/ml; 0.17 - N basic 

Stage 

E -4 
E -3 
E -2 

E -1 

sc -1 

sc -2 

sc  -3 

S t  -1 

S t  -2 

st-3 

a Activit ;  
Aqueous Phase 

6 
6 
6 
6 

6 
6 
6 

1.78 x io 
1-71 x io 
1.87 x PO 

1.83 x i o  

3*98 x 10 
3.16 x 10 

1-80 x 10 

6 
4 
4 

3.42 x 10 
8,34 x 10 

2.92 x 10 

( c / m / a  1 
Organic Phase 

1.50 x i o  5 
2.17 x PO 5 

4.23 105 
6 

6 

1.39 x 10 

n.og x 110 
9,16 x 

3 4.95 x 10 
3 8,0 x 10 

Dc 

o .08 
0.13 

0.76 

0.27 
Q .29 
0.30 

0.23 

259 
16-8 
3.65 

EF 

0 .Ob 
0 *06 
0.12 

0.38 

1.35 
1.45 
1.50 

52 
3 04 
0073 

AW composite: 

BP composite: 

BW composite: 

gross a# 1.65 x 1Q6 c/rn/ml; Pu a, 1.60 x lo6 c/m/ml; 
~m a? 1.19 x 104 c/m/d 

gross a, 2,44 x lQ6 c/m/ml; Pu a, 6.15 x 105 c/m/ml; 
Am a, 2.Q7 x lo6 c/m/ml 
gram a, 5.54 x 106 e/m/d 



Table 6 

Aqueous Phase Stage 

E -4 
E -3 
E -2 

E -1 

s c  -1 

s c  -2 

s c  -3 

St  -1 

St-2 

st-3 

Organic Phase 

Countercurrent Batch Extraction of Americium from a 
Lime-Neutralized Synthetic Feed 

- 5 Feed: Am a, 1.3 x 10 c/m/ml; 0.04 M basic 

Extractant: 30.6% TBP i n  Amsco 

Scrub: 3 lH4N03 

Str ip:  d i s t i l l e d  water 

Flow rat io:  feed, 10; extraction, 5 ;  scrub, 1; s t r i p ,  1 

4SO 

300 
800 

8.1 x 1Q3 

5 

6 

6.42 x 10 
6 1.9 x 10 

1.05 x i o  

6 1.31 x 10 
3 3.03 x 10 

1.34 x lo3 

160 

1.43 103 

4.27 105 

4 2012 x 10 

185 
0 

10 

AW composite: 

BP compoaite: 

BW composite: 

Am a, 200 c/m/ml 

Am a, 1 ,2  x 10 c/m/ml; Ca, 0,034 & i t e r  

Am a, 0 c/m/ml 

6 

EF 

--- 
-e- 

--- 
26.3 

4.45 
1.20 

1.40 

1600 
--- 
--- 

. 



‘and the  composited product contained 0.034 g of calcium and/or 

magnesium per  l i t e r ,  

d ,  Synthetic Feed Neutralized with Gaseous Ammonia, The above 

run may be compared with a run (Table 7) i n  which a similar feed w a s  

neutral ized with gaseous ammonia ., The aqueous waste stream contained 
8 x 10 3 Am a c/m/ml, the DC (Q/A) at the  feed p la t e  was 22, and t h e  

product contained o m 6  g of calcium and/or magnesium and 0,4 g of 

NH4 ion per  l i t e r .  

3.4 Concentration of Americium by Ion Exchange 

Two ion exchange columns, each 4 in .  i n  diameter and with a resin 

The columns bed 12 i n ,  high, have been prepared fo r  use i n  the p l an t ,  

were f i l l e d  with Dowex 50W res in ,  12% cross l inked, 50 t o  100 mesh, 

which had been treated according t o  the  r e s i n  preparation procedure 

described i n  ORNL-1449, p. 55. 
of the r e s i n  w i t h  americium, as was determined from small sca le  tests, 

and 100$ excess res in ,  one such column w i l l  hold 22 g of americium, 

about t he  amount expected t o  be recovered, The second column is  a 

stand-by, 

Based on 6% t heo re t i ca l  sa tura t ion  

The concentrations of t h e  americium, plutonium, and i n e r t  ions 

such as calcium, magnesium, and i ron w i l l  depend on operating conditions 
i n  the  p l an t .  

the solvent ex t rac t ion  cycle had the  following eompoaition: 

Under laboratory conditions the americium product from 

Am 1.5 x PO6 a c/m/d IQ 4 0 ~ 0 2  g / l i t e r  
~u 4 x 1.04 a e/rn/d Fe 40.002 g / l i t e r  
Ca O , O ~  &iter H+ 

This product was successful ly  sorbed on a r e s in  column 2 mm i n  diameter 

and 50 mm long at  a flow rate of about 18 ml/m/cm2. 

had an a c t i v i t y  of  500 a c/m/ml, 

OoO1 N - 

The ef f luent  stream 
Since the feed t o  t h e  ion exchange 



Table 7 

Stage 

E -4 
E -3 
E -2 

E -1 

s c  -1 

sc -2 

s c  -3 

S t  -1 

St-2 
S t  -3 

Countercurrent Batch Extraction of Americium from 

Ammonia-Neutralized Synthetic Feed 

Feed: 

Extractant: 3 0 ~ 6 s  TBP i n  Amseo 

Scrub: 

Str ip:  d i s t i l l e d  water 
Flow mtio: feed, 10; extraction, 5; scrub, 1; s t r i p ,  1 

Am a, 5.25 x 10 5 c/m/ml; neutral  

3 .O pi NR NO - 4 3  

a Actfvit 
Aaueous Phase 

3 7.5 x 10 
3 7.5 x 10 

4 1.68 x i o  
5 1.15 x io 

6 
6 
6 

8.07 x i o  
7.31 x 10 

3.86 x 10 

6 
3 

4.99 x PO 
5.22 x io 

560 

. (cJm/h.) 
Oraanic Phase 

3 3eo  x PO 
3.15 x 10 

5 3.0 x 10 

2.54 x 10 

4 

6 

6 2JIEc x 10 
6 1-76 x 10 
5 9.49 x 10 

3 5 x 10 

665 
3 70 

0.4 

4 $2 

17.6 
22 -1 

0.30 

0.25 

0.24 

998 
5 09 
--- 

EF 

0 02 

2.1 

8.8 
11.1 

1.50 

1.20 

1.25 

199 
1.2 
--- 

AW composite: 

BP composite: 

BW composite: 

Am aj 8.8 x lo3 c / m / i L  
6 Am a,  3.02 x PO 

pTB4, O h  g/1fter 

Am a,  238 c/m/m% 

e/m/ml;  ea and/or Mg, 0.006 &iter,  
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column i n  the  p lan t  may be somewhat d i f f e ren t  from t h a t  used i n  the  

laboratory s tudies ,  a so lu t ion  of lower americium concentration and 

higher plutonium and i n e r t  ion concentrations, namely, 

Am, 1.1 x lo5 a c/m/ml Ca + M@;, 0.1 g / l i t e r  4 Pu, 9.5 x 10 a c/m/ml 

was sorbed on a similar column, Under these conditions the  americium 

band represented about 64 of the  theo re t i ca l  capacity of t he  res in ,  and 

the  e f f luent  had an alpha a c t i v i t y  of about 10 It should be 

emphasized t h a t  these t e s t  columns were very much shor te r  than the plant-  

s i z e  column, and t h e  e f f luent  would be expected t o  contain much more 

americium than t h e  p lan t  e f f luen t ,  

3 01 c/m/ml. 

The e lu t ion  scheme of t h e  americium from the r e s in  has not been 

de f in i t e ly  set and w i l l  depend on the anion desired i n  the f i n a l  product 

and the  impurit ies cosorbed on the  r e s in .  Acetate, n i t r a t e ,  and chloride 

were used successful ly  t o  remove americium from small r e s in  columns. The 

most promising scheme uses 0-25 - M H2S04 f o r  the se lec t ive  e lu t ion  of 

Pu(1V) , followed by e lu t ion  of t h e  americium w i t h  ammonium acetate-acetic 

acid solut ion 
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Appendix l 

PROCEDURE USED BY HANFORD I N  DISSOLVING SLAG AND CRUCIBLE FOR ORNL* 

The dissolut ion flowsheet in ORNL-1442, p. 80, was used, A s l a g  
and crucible  from reduction run Y-9-8-2, August, 1949 (225 Mwd/ton), 

was obtained. 

To conform with flowsheet requirements, 800 g of crucible  fragments 

was removed, leaving the  s lag ,  sand, and about 1000 g of magnesium 
oxide crucible ,  The material was charged t o  the dissolver ,  and the 

It contained a pressed crucible  weighing about 1800 g. 

following reagents were added: 

l 2 , 5  l i t e r s  of 60$ (13 M) - HN03 
4.0 l i t e rs  of water 

005  l i t e r  of 5G$ (1.7 M) - aluminum n i t r a t e  nonahydrate 

The solut ion was heated without re f lux  u n t i l  a l l  iodine was removed. 

During th i s  period 3 l i t e r s  of solut ion d i s t i l l e d  o f f .  

d issolut ion time WW 2 h r .  

The t o t a l  

The following reagents were then added: 

3.5 l i ters  of 5O$ aluminum n i t r a t e  nonahydrate and 1.0 l i t e r  of water 

and the  so lu t ion  was refluxed f o r  6 h r ,  
thzs t i m e  showed: 

Plutonium (radfoassay), 0,brTO g/lite;P 

The volume was 18 l i t e r s ,  To conform t o  requested f i n a l  volume and 

ac id i ty ,  n i t r i c  ac id  and water were added t o  br ing the f i n a l  volume 

t o  20 l i t e r s  and the hydrogen ion concentration t o  5.7 M. - 

Analysis of samples taken a t  

Hydrogen ion, 5 005 M. 

* This sec t ion  is taken from EW-30036. 



17.5 l i ters  of t h i s  solut ion was t ransfer red  t o  the polythene 

b o t t l e s  furnished, The solut ion was agi ta ted  during t r ans fe r  t o  

achieve uniform d i s t r ibu t ion  of so l ids  t o  a l l  f ive b o t t l e s .  The 
balance of the  solut ion remained as a heel  which could not be 

t ransfer red  becauee of equipment d i f f i c u l t i e s  

of the solut ion showed: 
The f i n a l  analysis" 

Plutonium (radioassay) 0.420 &iter 

Plutonium concentration 0.37 g / l i t e r  
Volume 17.5 l i t e rs  

Assumed isotope correct ion f ac to r  0.88 

Plutonium content 605 g 

Hydrogen ion 5.7 

* 
Analysis of t h i s  material at  ORHL showed: 

Gross a, 3.00 x LO7 c/m/ml 

Pu a, 3.27 x lo7 c/m/ml 

ea, 11.29 g / l i t e r  

&, 22.8 g / l i t e r  

Fe, 0.63 g l l i t e r  

N i ,  0.05 g / l i t e r  

Al, 8.75 g / l i t e r  

F-, 4.67 g / l i t e r  

a+, 5-50 rJ 

~m a, 2.71 x 105 
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Appendix 2 

SIMULTANEOUS EXTRACTION OF PLzTTONIuE4 AND AMERICIUM 

In  a meeting he ld  on September 16, 1953 consideration was given 

t o  8. process* f o r  the eimultaneous extract ion of plutonium and ameri- 

cium. 

(OREn-1442), and the plans for conversion of ORNL f a c i l i t i e s  f o r  t h i s  

use had been made p r i o r  t o  receipt  of the  authorization f o r  t he  

americium recovery. Therefore, it was  decided t h a t  t he  recovery of 
t he  americium should be made on the  aqueous waste solut ion Prom the  

plutonium cycle so as not t o  in t e r f e re  w i t h  the  plutonium recovery 

schedule 

The plutonium recovery cycle had had extensive development 

The f e a s i b i l i t y  of extract ing plutonium and americium simultaneously 

from a p a r t i a l l y  neutral ized solut ion of Hanford s l a g  and crucible waste 
was demonstrated i n  a s ingle  countercurrent batch extract ion experiment. 

When the s l a g  and crucible solut ion was  neutral ized t o  006  - M acid, the  

gross alpha Dc (O/A) with 3 6  TBP was 442; a t  0,19 - N acid,  the  DC (O/A) 

was  170; but at  0.07 N - ac id  the  DC (O/A) had dropped t o  0.64. 

americium product from a run made using feed a t  0.19 - M acid (Table 8) 
contained e s sen t i a l ly  a l l  the americium and 94s of the plutonium. The 

plutonium product contained the  remainder of t he  plutonium. 

The 

A considerably better par t i t ion ing  agent would be a properly adjusted 

concentration of ammonium n i t r a t e  since the 3 - N acid used in te r fe res  w i t h  

the  plutonium s t r i p .  

A process using the simultaneous extract ion of  americium and plutonium 
and separation of t he  americium with 10 M HHO3 was reported i n  the Los 
Alamos Sc ien t i f i c  Laboratory Progress Report of A u g .  20, 1953 (WASH-137) , 
but t h i s  information was not received at  t h i s  laboratory u n t i l  after 
Sept e 30, 1953 (CF-53-9-187) 

* 
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Table 8 

Countercurrent Batch Extraction Demonstrating a Three-Column Type 

Flowsheet f o r  Simultaneous Extraction of Plutonium and Americium 

Feed: 

Extractant: 30% TBP i n  Amsco 

Scrub: 3 NH4N03 
Par t i t ion :  3 HN03 

St r ip :  0.1 N hydroxylamine sulfate 
Flow ra t io :  

gross a, 3 x lo7 c/m/ml; Am a, 2.71 x lo5 c/m/ml; acid,  0.19 mJ 

- 
feed, 10; extraction, 5; scrub, 1; par t i t i on ,  1; s t r i p ,  2 

Stage 

EX-4 
EX-3 
EX -2 

Ex -1 

s c  -1 

s c  -2 

sc  -3 

P -1 

P -2 

FJ -3 
P -4 

St-1 

st-2 
St -3 
St -4 

a Activit 
Aqueous Phase 

4 2.85 x 10 
2.38 105 

5 
6 

1,69 x loa 
6 

9.92 x 10 

1.87 x i o  

8.81 x io 
6 

5.97 x 10 

1.42 107 
7 
6 

1,lO x 10 

8.92 x 10 
6 4.3 x PO 

’ 1.71 x PO 
2.72 x io 
1,06 x i o  

8 
8 
8 

6 2,8 x io 

( c /m/ml) 
Organic Phase 

4.80 x 10 5 
6 1.74 x 10 

3.10 x 10 6 

6.07 x PO7 

5.08 x lQa 
7 5.00 x i o  

5.54 x 10 a 

4.21 105 
3 5-50 x PO 

Dc 

20.4 

7.3 
3 0 1  

32.5 

3 00 
5 07 
9 03 

0.27 

0 ~5 
0 .og 

3 *6 
5 09 

0.20 

250 

510 

EF 

10.2 

3 07 
1.6 

16.3 

15 .O 
28.5 
46-5 

0.14 
0 .lo 
0 .OB 
0 .Ob 

1.44 
2.36 

100 

204 

BP (americium product) : 4,17 x I O 5  Am a c/m/ml; 1 .a7 x 10 Pu a e/m/ml 

CP (plutonium product): 6 6 4  x 10 Am a c/m/ml; ~ 6 2  x PO Pu a c/m/ml 
4 8 



- 27 - 

Appendix 3 
EXTRACTION OF PLUTONIUM I N  THE AMEX PROCESS 

A s  has been pointed out (see Sect 3.3) plutonium that remains 

i n  the Amex feed after the  plutonium extract ion cycle is also l a rge ly  

unextracted i n  the  americium extract ion cycle. 

of t h i s  f a c t  is t h a t  under the  neutral  o r  s l i g h t l y  a lka l ine  conditions 

A suggested explanation 

i n  the  Amex feed, t he  Pu(1V) is p a r t i a l l y  i n  a hydrolyzed and perhaps 

polymerized state. 
with the americium while t h e  other  two thirds remained i n  the aqueous 

waste. Since the  americium w i l l  eventually have t o  be separated from 

the plutonium and s ince the  amount of plutonium l o s t  is a negl igible  

percentage of the t o t a l ,  t h i s  is not only allowable but a l so  desirable. 
However, if an appreciable amount of  plutonium w e r e  not extracted i n  the  

plutonium cycle, a method of recovering t h i s  plutonium i n  the  Amex process 

would be advantageous. 

Approximately one t h i r d  of the plutonium w a s  recovered 
* 

A series of exhaustive batch extract ions showed t h a t  the  addition 

of 0.1 M N a  C r  0 t o  the  Amex feed solut ion before neutral izat ion 

increased the e x t r a c t a b i l i t y  of the  plutonium (Bee Table 9 )  e 
of t h i s  feed a t  boi l ing  with t o t a l  ref lux f o r  3 h r  fu r the r  increased the 
e x t r a c t a b i l i t y  of the  plutonium. 

present was extracted w i t h  the americium i n  three s tages ,  

- 2 2 7  
Digestion 

I n  one run over 9% of the plutonium 



t 
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Table 9 

Distribution Coefficient (O/A) f o r  Amex Feeds Having Various Treatments 

Feed: Pu a, 4 x 10 c/m/ml; Am a, 2 x lQ5 c/m/ml 6 

Run 1: neutralized feed without dichromate 

2: feed t o  which 8.1 M H a  Cs 0 was added before neutral izat ion 

3: 
- 2 2 7  

- 2 2 7  
feed t o  which 0.1 M H a  C r  0 

after neutral izat ion,  digested by boi l ing  a t  t o t a l  reflux f o r  

3 h r  

was added, before neutral izat ion;  


