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INTRODUCTIQN 

Recovery of protactinium-233 from i r r ad i a t ed  t ho r i a  w a s  one segment of t he  recent 

Purex Process Test  on s i x  tons of i r r ad i a t ed  thor ia .  This t e s t  was par t  of current  

s tudies  on Hanford's c apab i l i t i e s  f o r  producing high isotopic  pur i ty  uranium-233. 

The i r rad ia ted  material  was r e l a t i ve ly  short-cooled (90-120 days) and warranted 

recovery of t he  Pa-233 f o r  subsequent decay t o  i so top ica l ly  pure U-233. The method 

proposed f o r  t he  protactinium recovery was by scavenging (coprecipi ta t ion)  with 

manganese dioxide(') on the  head-end of the  proposed Thorax flowsheet. Inves t i -  

gations were aimed toward finding optimum conditions f o r  t h i s  process and increas- 

ing t he  s t a b i l i t y  of manganese dioxide i n  a high radia t ion f i e l d .  

SUMMARY 

The most important r e su l t s  were t h a t  97% of t he  protactinium could be recovered 

by coprecipitat ion with manganese dioxide ( 3.5 g / l )  a t  a loading of 10 mg. Pa-233 

per  gram Mn02, and t h a t  a f t e r  standing f o r  20 hours with the  feed solution 

( 1  M - T ~ ( N o ~ ) ~ ,  1 M - IWO3, 0  . O 1  M - HF, 0.1 - M NH2S03H, and 3 j  m g / l  pa-233) 85% of 

the  protactiniwn was s t i l l  recovered. This Pa-233 concentration r e s u l t s  i n  

1.33 watts  per  l i t e r  of solution.  

The use of e i t h e r  sulfamic ac id  o r  urea, t o  destroy n i t r i t e s ,  gave very good 

prec ip i ta te  s t a b i l i t y  i n  t h i s  high radia t ion.  Attempts t o  scavenge protactinium 

from an 0.1 M - ac id  def ic ien t  1 M - T ~ ( N o ~ ) ~  solut ion using both coformed and pre- 

formed Mn02 and Pb02 gave low recovery of protactinium and introduced problems 

with col loid  formation. High s a l t  concentration (thorium, aluminum, and sodium 

n i t r a t e s )  and f luor ide  were found t o  i n t e r f e r e  with t he  scavenging eff ic iency.  



L i t t l e  e f f ec t  was observed by increasing the  amount of scavenging agent over 0.05 

moles of coformed Mn02 prec ip i ta ted  per l i t e r  of feed. A t  t h i s  concentration, 

p r ec ip i t a t e  volume was found t o  be about 9% of solution volume. 

PRELIMINARY EXPERIMENTS 

Early invest igat ions  were directed a t  t h e  pos s ib i l i t y  of coprecipitat ion of pro- 

tactinium with Mn02 from an acid  def ic ien t  system, since the  uranium solvent ex- 

t r a c t i on  was t o  be made under these  conditions and t he  f r e e  n i t r i c  ac id  could be 

removed best  before t he  material  l e f t  t he  dissolvers .  Results a r e  shown a s  pro- 

tactinium decontamination fac tors ,  o r  the  r a t i o  of i n i t i a l  a c t i v i t y  i n  solution 

t o  f i n a l  a c t i v i t y .  This gives a more sens i t ive  measure of protactinium separation 

when prec ip i ta t ion  i s  nearly complete. For instance, a DF of 2 means 50% re -  

covery, a DF of 10 means 90% recovery, and a DF of 100 means 99$ recovery of 

Pa-233. In t he  experiments using coformed manganese dioxide, t he  p rec ip i ta te  

was formed a s  a "reverse s t r i ke"  ( i  .e .  addit ion of permanganate t o  a manganous 

n i t r a t e  solut ion t o  avoid strong oxidizing conditions and minimize ruthenium 

vo l a t i l i z a t i on )  . The overa l l  chemical reaction i s  : 

3 ~ P ~ ( N O ~ ) ~  + 2 KMnO4 + 2 H20 ' 5 MnO2 + 2 mO3 + 4 HN03. 

Scavenging of Pa-233 from a 0.1 M a c id  def ic ien t  1.0 M T ~ ( N o ~ ) ~  feed with coformed - - 
a 0 2  was invest igated.  Pa-233 DF's were generally low, and severe problems were 

experienced with col loid  formation. When l e s s  than 0.1 moles of Mn02 per l i t e r  

of feed w a s  used no p rec ip i t a t e  would form. A t  0.2 moles per l i t e r  the  DF f o r  

Pa-233 was 29, but t he  p rec ip i ta te  volume was 35% of t he  i n i t i a l  solution volume. 

Varying t he  temperature had e s sen t i a l l y  no e f f ec t  on e i t h e r  p r ec ip i t a t e  volume 

o r  Fa-233 DF. Changing the  pH had l i t t l e  e f f ec t  on prec ip i ta te  volumes, except 

t h a t  above a pH of 2.0 no p r ec ip i t a t e  would form, and a s  t he  pH increased the  

DF decreased ( a t  a pH of 2, DF = 4 ) .  Attempts were made t o  "break" t h e  colloids,  

but without success. 
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To t r y  t o  al- leviute t h i s  k:roblem, vhryirig amount:; of  preformed Mr102 s o l i d  were 

added t o  a solut ion t he  same a s  above. Results were very poor, giving a DF of 

only 2 .1  using 0 .2  moles of p r ec ip i t a t e  per l i t e r  of feed (compared t o  a DF of 

29 f o r  coformed mate r ia l ) .  Both coformed and preformed lead  dioxide were a l s o  

t r i e d ( 2 ) .  These a l s o  resu l t ed  i n  low protactinium recovery from the  ac id  de- 

f i c i e n t  system. 

Because of these  d i f f i c u l t i e s ,  attempts t o  recover protactinium from ac id  de f i -  

c ien t  systems by coprecipitationwereabandoned. The proposed separations flow- 

sheet  was changed so t h a t  n i t r i c  a c id  was removed i n  t he  dissolvers  t o  t h e  des i red 

a c i d i t y  f o r  t he  Mn02 scavenge, and the  supernate w a s  then neutra l ized with sodiwn 

hydroxide t o  the  des i red ac id  deficiency f o r  the  solvent  ext ract ion.  

LABORATORY TRACER EXPERIMENTS 

Experiments designed t o  determine optimum process conditions a r e  summarized i n  

Tables I, 11, and 111, and in  Figures I and 11. Figure I, showing the  e f f e c t s  

of n i t r i c  ac id  and thorium concentrations on protactinium removal, show t h a t  1 M - 
KN03 i s  optimum, and a l s o  show a f a i r l y  l a rge  break i n  the  e f f ec t s  of  thorium 

between 1 .0  M and 1.5 M ( a  DF of 100 versus 50 a t  1 M n i t r i c  a c id ) ,  and f o r  t h i s  - - - 
reason t he  feed composition chosen was 1 M HN03) 1.0 M T ~ ( N o ~ ) ~ .  - - 

The experiment reported i n  Table I, showing the  e f f e c t  of f luor ide  on protactinium 

recovery, shows an 8% reduction i n  Pa-233 DF with 0.01 M HF. However, when 0 .1  M - - 
aluminum was added t o  t he  feed solution,  t o  complex t he  f luor ide ,  t he  DF f o r  pro- 

tactinium was decreased by 30% a t  0 . O 1  M HF. A t  an HF concentration of 0.04 M, - - 
the  reduction i n  Pa-233 DF i s  about 25% both with and without t h e  presence of 

aluminum. A t  higher f luor ide  concentrations, t he  solut ion containing 0 .1  M - 

aluminum gave b e t t e r  DF's f o r  protactinium. The p rec ip i t a t ions  were made from 

a 1 M - T ~ ( N O ~ ) ~ ,  1 M - HN03 solut ion,  with 30 minute contact  q d  0 .1  moles 



coformed per l i t e r .  Solution A was without. any aluminum, and solution B was with 

0.1 M aluminum. - 

TABLE I - EFFECT OF FLUORIDE ON Pa-233 DF 

Fluoride molarity 0 0 . O 1  0 .03 0 .05 0 .07 0 . lo  
pa-233 DF ( s o h .  A )  73 6 7 58 52 46 
Pa-233 DF ( so ln .  B) 51 

36 
52 5 3 56 51 4 5 

The e f fec t  of temperature, shown i n  Table 11, indicates  r e l a t i ve ly  small changes 

i n  scavenging eff ic iency with moderate temperature changes. 0 . 1  mole of Mn02 

was precipi ta ted per  l i t e r  1 M - T ~ ( N o ~ ) ~ ,  0.5 M - W03, with a 30 minute contact 

time. 

TABLE I1 - EFFECT OF !TEMPERATURE ON Pa-233 DF 

Temp. O C  10 20 3 40 50 60 
Pa-233 DF 52 6 4 48 63 68 7 5 

Moore and ~ o o d a l l ( ~ )  found t he  protactinium DF t o  be roughly l i n e a r  i n  amount 

of Mn02 prec ip i ta ted  between 0.005 and 0.075 moles per  l i t e r .  This i s  shown in  

Table I11 between 0.01 and 0.05 moles per l i t e r ,  but above t h a t  the  changes be- 

come increasingly smaller .  

TABLE I11 - EFFECT OF AMOUNT OF COFORMED 
SCAVENGING AGENT ON Pa-233 DF 

~ o l e s / l i t e r  0.01 0.05 0.10 0.50 1.00 
Pa-233 DF 13 54 69 51 81 

These p rec ip i ta tes  were coformed i n  a 1 .0  M - T ~ ( N o ~ ) ~ ,  0.5 M HN03 solution,  with - 
a 30 minute contact time. 

The e f f ec t  of sodium n i t r a t e  on protactinium DF was investigated t o  see i f  it 

would be possible t o  recover Pa-233 from plant  wastes (about 4 .5  M NaNO ) by co- - 3 
prec ip i ta t ion .  Figure I1 shows high interference,  with a Pa-233 DF of 2.6 a t  

4 M - NaN03, 1 M - RN03 I f  t h i s  solution was d i lu ted  by a f ac to r  of two 
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( 2  - 1 NaN03, 0.5 - M H N O ~ )  t he  protactinium DF was found t o  be 204, using 0.04 moles 

of coformed Mn02 per  l i t e r .  The in terferences  displayed by thorium, aluminum, 

and sodium n i t r a t e s  a r e  apparently not  a function of ionic  s t rength  alone, but 

ra ther  of both t he  nature of the  s a l t  and i t s  concentration, indicat ing spec i f ic  

chemical interference.  

RADIATION STABILITY STUDIES 

On the  bas i s  of t he  above r e su l t s ,  conditions adopted f o r  t e s t i n g  the  scavenging 

technique on i r r ad i a t ed  thorium solutions i n  t he  ho t -ce l l  were 1.0 M - T ~ ( N o ~ ) ~ ,  

1 M - HN03, 0.015 - M HF, with 0.04 moles of Mn02 prec ip i ta ted  per  l i t e r  of solut ion 

(a r e s t r i c t i o n  imposed by the  s i ze  of t he  centrifuge i n  the  p l an t ) ,  ambient c e l l  

temperature (about 30' C )  , and a t  l e a s t  30 minutes digestion time. 

Experiments conducted a t  a protactinium concentration of 10 mg. Pa-233 per  l i t e r  

( o r  a loading of 3 rag/$ h o e )  indicated t h a t  the  p r ec ip i t a t e  had redissolved 

within 30 minutes. The e f f e c t s  of reprecipi ta t ing(2,3)  and of inh ib i t ing  radia-  

t i o n  degradation by both sulfamic ac id  and urea(2) a r e  given i n  Figure 111. In 

experiments with l e s s  protactinium (1 mg/g Mno2), the  presence of t he  inh ib i to rs  

caused lower i n i t i a l  DF's than where these  were absent, but gave increased pre- 

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

These inh ib i to rs  were a l s o  used i n  a solution which w a s  35 mg. per  l i t e r  Pa-233 

(10 mg/g Mn02 o r  1.33 w a t t s  per  l i t e r ) ,  t o  see i f  t h i s  method could be used t o  

concentrate and fu r the r  pur i fy  the  mater ia l  from t h e  t e s t  a t  the  Purex Plant .  

Results a r e  shown i n  Figure I V .  A DF of 6.4 (84.4% recovery) was obtained, 

even a f t e r  nine hours, using sulfamic acid .  Time cycles expected i n  the  p lan t  

operation would run four  t o  e ight  hours. The success and s imi l a r i t y  of these  

t r ad i t i ona l  "n i t r i t e -ge t t e r s "  i n  providing enhanced p rec ip i t a t e  s t a b i l i t y  indi-  

ca tes  t h a t  n i t r i t e s  a r e  primarily responsible f o r  Mn02 dissolut ion i n  high 
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radiation f i e l d s .  Laboratory t e s t s  showed t h a t  sodium n i t r i t e  w i l l  dissolve 

lh02 . 

The conditions recommended f o r  protactinium recovery a t  Purex ( f o r  t he  s i x  ton 

t e s t )  were 0.04 moles Mn02 coformed (reverse  s t r i k e )  per l i t e r  of 1 M - T ~ ( N o ~ ) ~ ,  

1 M - HN03, 0.01 M - HF, 0 . 1  - M sulfamic acid,  and no more than 0.1 M - A ~ ( N o ~ ) ~ .  The 

h o e  would then be centrifuged, s l u r r i ed  out of t he  centrifuge in to  a tank, heated 

t o  70' C ,  and sucrose added t o  dissolve t he  p r ec ip i t a t e (4 ) .  A t  t h i s  point ,  t he  

Pa-233 would only be concentrated by a f ac to r  of three ,  and contain some thorium 

and uranium, about 10-15% of the  cerium, and most of t he  barium ( a s  a su l f a t e  

p rec ip i ta te  from t h e  sulfamic ac id  i nh ib i t o r ) .  As a concentration step,  and 

f o r  fu r ther  pur i f icat ion,  t h e  sugar t r e a t ed  solution would then be recentrifuged 

( t o  remove t he  su l f a t e  p r ec ip i t a t e s )  and t r ea t ed  with potassium permanganate t o  

reform h 0 2 .  This gives added decontamination from thorium and uranium, and a l so  

serves a s  a concentration s tep .  The prec ip i ta te  i s  centrifuged out, dissolved 

i n  0.05 M H2S04 with sucrose, and allowed t o  stand ( t o  allow decay t o  U-233). 

The uranium may then be recovered by anion exchange ( t o  be reported i n  a sub- 

sequent document) . 

This procedure w a s  performed i n  t he  p lan t  i n  January, 1965. I n i t i a l  scavenging 

removed 90% of t h e  Pa-233 from the  feed solution,  and t h e  remainder of t he  pro- 

cedure worked a s  expected, except f o r  the  l o s s  of some of the  mater ia l  due t o  

equipment malfunction. 
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