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INTRODUCTIOH

The production end fabrication of plutonium metal involves many 

carefully controlled steps* As with any large scale industrial operation, 

plutonium production requires control analysis to Insure a uniform 

product which will meet purity specifications* Discard of sample residues 

from these analyses cannot be considered because plutonium is a very 

valuable substance and in addition is  extremely toxic to animal life*

The residues must either be saved in storage indefinitely or the plu­

tonium must be recovered from the residues*

Saving analytical residues for the reasons cited has posed problems* 

(These analytical residues are popularly referred to as "wastes", and in 

the tex t to follow, the term "waste(s)" will refer to material contain­

ing plutonium which results from analyses on plutonium bearing substances 

carried out in the 23h-S Building a t Hanford Works*) Over the f i r s t  18 

months of operation, the laboratory wastes whose compositions prohibited 

feedback into process streams were accumulated in  U -liter bottles and - 

held in  storage. At the end of that period 1*3 bottlefuls were on hand 

as wastes of nine different general impurity compositions. The plutonium 

content of the wastes exceeded 1100 grams*
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At this point indsfinlts storage ms considered no longer practical. 

Accidental breakage of the storage containers by personnel error* firs* 

or act of Ood would hare resulted In ertenaire high lerel contamination 

to the laboratory* which could hare unfitted the surroundings for further 

use. Hatard was also inherent in the criticality inpli ations of build* 

up of large amounts of fissionable notarial. Conside-' ing the situation 

economically, over a kilogram of plutonium was being diverted from the 

purposes of its rery costly production and, in addition, laboratory 

working space (hoods) had to be sacrificed to non-productive waste storage.

The obvious solution to the problems outlined was to recover the 

plutonium in a form suitable for process feedstock. Several objectives 

had to be met in order to solve the problem effectively.

Because many different waste compositions existed, it was likely 

that several different procedures would be required to recover the 

plutonium from all of the wastes, especially when one considers that 

new compositions arise and old ones fall as new analytical methods re­

place old methods. An equipment design which would accommodate a 

variety of recovery procedures thus became one objective.

In order to solve the storage problem, it was necessary to use 

separation processes which were efficient enough for plutonium removal 

that effluent fractions could be economically discarded. Although

SECRET
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recycle of effluents from less efficient plutonium separation processes 

is possible, the desirability of working with small volumes was con­

sidered important enough to seek to avoid processes which might require 

reworking effluent streams.

The only space available for carrying out the recovery work was in 

open laboratory hoods so that whatever recovery processes and equipment 

were developed had to be safe to use in open hoods, handling multiple 

gram batches of plutonium. Although it was desired to develop an 

equipment design capable of accommodating a variety of recovery processes, 

space limitations in the open hoods required the equipment to be simple.

Contamination of personnel with plutonium-bearing materials is 

an ever present concern in any laboratory handling plutonium and its 

compounds. To indicate thq toxicity of Pu J7 the following recommen­

dation is quoted from the International Commiselon on Radiological 

Protection (8, p. 1*36) i
"On the baeie of the relative biological effects of plutonium 
and radium, as observed in animal experiments, it is accepted 
that! 239

a) The maximum peraissible amount of Pu 7 fixed 
in the body is O.Olj ndcrocuries (equivalent to 
0.61i nicrograms).

For soluble compounds of plutonium in the atmosphere, it is 
estimated that lOJt of the inhaled material is absorbed, with 
a mean life of ICr days. The maximum permissible concentration 
in air 1b, therefore 2 x 10“1Z microcuriea per cubic centimeter. 
For insoluble compounds, it is estimated that the mean life in 
the lung le 200 days. If the irradiation of the lungs by alpha
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• i * *• *», *• .: ?. | : : t . ::



SECRET HW-271*01

8

rays were lim ited to the b io log ical equivalent of 0 .3  roentgens 
per week, the corresponding concentration of plutonium in a ir  
would be 7 .5  x 10~12 microcuries per cubic cen tiaeU r. In view 
of the p o ss ib ility  of the transference of some of the insoluble 
m aterial from the lungs to  the skeleton* i t  i s  suggested that*

b) The maximum perm issible concentration of Pir ™ 
in  a i r  is  2 x 10“^2 mlcrocurles per cubic 
centimeter fo r soluble and Insoluble compounds.

c) For Pu™  in liqu id  media, assuming th a t Omit 
of the ingested amount is  retained in  the 
skeleton with a mean l i f e  of 10* days, the , 
maximum permissible concentration i s  1.5 x 10“° 
microcuries per cubic centim eter."

Usually the quantity of plutonium being manipulated in  open hoods

will be from 1 to  100 or 200 milligram s. Occasionally, quan tities up

to 1 gram are handled i f  very simple manipulations are to  be carried

out. As our requirement here was to  handle multiple gram quantities of

plutonium, sim plic ity  of equipment was doubly desirable  so as to confine

contamination to  as few places as possible.

I t  would thus seem that the objectives for e ff ic ie n t  solution of 

the waste recovery problem could be best met by developing a simple 

apparatus which would bo safe to  use in  open hood operation and which 

would have m ultiple gram capacity fo r  a variety of plutonium separa­

tion processes.

Plutonium recovery situations have been met before, but examination 

w ill show these situations to be d iffe ren t from the Hanford Works analyt­

ica l waste recovery program.

HISTORICAL BACKGROUND

SECRET
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During th e  e a r l y  days o f th e  M anhattan P ro je c t nary  r e s e a rc h  p ro je c ts  

had plutonium  to  p u r i fy  (b , pp. 3# 1 1 -1 2 ). Only m illig ram  amounts were 

Invo lv ed , and th e  p lu ton ium  c o n c e n tra tio n s  o f the  s o lu t io n s  were lo * . The 

t o t a l  volume o f s o lu t io n  to  be p ro cessed  could be handled in  c e n tr ifu g e  

cones and s e p a ra to ry  fu n n e ls . The w orkers were in te r e s te d  In  recovering  

th e  l a s t  m icrogram o f  p roduct from  t h e i r  re s id u e s ,  and they  wanted a s  ^ 

h ig h  p u r i ty  as p o s s ib le .  Our a n a ly t i c a l  w aste recovery  s i t u a t i o n  to  be 

o u tl in e d  d i f f e r e d  from  t h i s  s i tu a t io n  In  every  re sp e c t.

Los Alamos S c ie n t i f i c  L a b o ra to r ie s  had plutonium  reco v e ry  problems 

(15 , pp. 2 -3 ) (1 8 , p .  170) bu t one group d id  a l l  th e  reco v ery  work fo r  

p ro d u c tio n  and re s e a rc h  as w ell a s  f o r  a n a ly t ic a l  su p p o rt. T his meant 

t h a t  a  la rg e  e x p e n d itu re  fo r  f a c i l i t i e s  and equipment was p o s s ib le  be­

cause o f th e  s i s e  o f  th e  job to  be done. The plutonium  reco v e re d  be­

tween A p ril and Septem ber, 19b5 amounted to  7623 grams j th e  a n a ly t ic a l  

w astes accounted f o r  only 178 grains o f  t h i s  amount (5 ,  p . 3 8 ) . U rg e  

s c a le  equipm ent, u s in g  e i th e r  s t a i n l e s s  s t e e l ,  or g la s s  l in e d  ta n k s , 

f i l t e r  p re s s e s ,  and p ip in g  to  make a c lo se d  system , was f e a s ib l e  (18, 

pp . 21b -2 l5 ). T hus, the recovery  equipm ent was much l i k e  a  p ro d u c tio n  

l i n e  i t s e l f .  The f i n a l  so lu tio n  had to  be  of very  h igh  p u r i t y  because 

th e  so lu tio n  was used  d i r e c t ly  f o r  m e ta l p roduction .

Recovery o f H anford Works a n a l y t i c a l  w astes e n ta i le d  c o n s id e ra tio n s  

which were d i f f e r e n t  from the c a se s  n o te d  above. C ap ac ity  was req u ired  *

SECRET
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to  re c o v e r  about 200 grama o f  p lu tonium  p e r  « »n th  f ro *  about 30 l i t e r s  

o f p lu ton ium  so lu tio n s  in  o rd e r  to  process th e  s o lu t io n s  as they eccumu- 

la te d .  A v id e  range o f  p lu tonluM  co n c e n tra tio n s  I n  th e  s o lu tio n s  was to  

be n e t  -  approxim ately  h a l f  th e  30  l i t e r s  c o n ta in e d  5 to  25 g rans o f 

p lu to n iu n  p e r  l i t e r  and h a l f  co n ta in ed  le s s  th a n  1 g ran  o f p lu to n lu n  

p e r  l i t e r *  The e f f lu e n ts  f r c n  recovery  p ro c e sse s  were to  co n ta in  on ly  

s n a i l  am ounts o f p lu to n iu n  so  t h a t  they  could  be d iscarded*

The a n a ly t ic a l  vast*  re c o v e ry  program a t  Hanford Works vas seen 

th e n  t o  be  a la rg e r  s c a le  p rc b le n  than e a r ly  in v e s t ig a to r s  J  p lu to n iu n  

ch em is try  faced . At th e  o th e r  extrem e 9 expensive p ro cess in g  f a c i l i t i e s  

were n o t  J u s t i f i e d .  The a n a l y t i c a l  w aste reco v ery  i s  seen to  f e l l  be­

tween p ro d u c tio n  ex p erien ce  amt re sea rch  e x p e rie n c e  reg a rd in g  equipm ent 

to  be used  and amount o f p lu ton ium  t o  raoover* S in ce  the o p e ra tio n s  

were t o  be  c a r r ie d  o u t in  la b o ra to ry  hoods, l im i t a t i o n s  were p laced  on 

th e  e l s e  and "co n tam in a tio n -p ro o f ness* of the  equipm ent.

In  d ec id in g  what s o r t s  o f recovery  methods to  d e re lo p , dry chem ical 

methods were passed over e s  b e in g  too hasardous to  th e  h e a lth  of p e rso n n e l 

f o r  u se  w ith  open hood o p o ra tlo n . This a ls o  a v o id * ) h igh  tem pera tu res 

w hich r e q u ir e  e x tra  a p p a ra tu s . I t  vas f e l t  t h a t  n o t enough d a ta  were 

a v a i la b le  to  t ry  to  s e t  up such  se p a ra tio n  methods an so lv en t e x t r a c t io n  

o r  io n  exhange as t  g e n e ra l c a se  fo r  the v a r io u s  w aste  com positions a t  

hand. Thus recovery  by  p r e c i p i t a t i o n  methods looked  most prom ising end 

i a  d isc u sse d  in  th e  n ex t s e c t io n .
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EXPERIMENTAL

1. Possibility of Recovery by Precipitation

The plutonium to be recovered in this study was associated with 

a variety of solution compositions, each of which generally resulted 

from a different analytical determination. Portions of each kind of 

plutonium solution composition were collected and stored only with other 

portions of its own kind. This avoided the risk of unduly complicating 

the recovely problem.

A tabulation of the various solution types which had accumulatedi
up to July 1$, 1952# is presented as Table I. The "theoretical plu­

tonium content" is merely the summation of the weights of metal samples 

taken for the analyses from which the plutonium solutions were collected. 

The relationship of this figure to the actual plutonium content of the 

solutions is discussed elsewhere.

The estimation of the amount of any given constituent in a par­

ticular type of solution was made assuming the or.ly source of the 

constituent to be from Lhe reagents used during the course of an analysis 

and the total amount of plutonium present. This rather rough considera­

tion is the basis of the composition data given in the table except for 

experimental determination of the composition of Type H solutions, the 

total acid of Type A and Type G solutions, and the plutonium content of 

Type D solutions.
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S o lu tio n T h s o rs tic a l S o lu tio n
Tjrp. Pu Oontsnt T oluas

( a r m ) ( L i t e r s )

*  725 70

B 5 28

0 190 36

D - 100

X 285 15

7 724 24

0 760 19

H 273 17

X 195 35

J 54 20

HP9»

t

sicag

TABU I

VIST! SOLUTIONS JLOCOXDIATXD
UP TO JULY 1

HK-27401
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Q u a l i ta t iv e  S o lu tio n  P o ap o s ltlo n

2K in  H&O41 c o n ta in s  2 1 o f  c o n c e n tra te d  BgSOl^J^QrgOY c le a n in g  
so lu tion*

1JC in  H* a s  01*, SOif n ix tu r s ;  c o n ta in s  25 g  8n and JO g  (HH^JgKoO^, 

1*31 in  H+ a s  GT*V 804“  a lx tu r s ;  c o n ta in s  85 g Os and 1 g Pi*

C ontains 400 g E & , 500 g  HOAc, 1400 g XaflULc, 70 g 5-hydroxy q u in o lin s .

2M in  HOI; c o n ta in s  250 g  Bg and 100 g Hi*

2H in  HOI; c o n ta in s  ace to n e .

2M in  BC1; c o n ta in s  ne th an o l and t r a c e s  o f  Oa.

6M in  H * a s  01“ , XO*- ,  8O4* m ix tu re ; c o n ta in s  30 g  l a ,  5 g  I s ,  1 g Ca,
1 g  La.

2M in  HOI; c o n ta in s  plutonium  c u p f s r r ld a  and i t s  d so o n p o s ltlo n  p ro d u c ts . 

1H in  HOI; c o n ta in s  10 g  hjrdroquinone.
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Solution • 
t r w

Theoretical 
Pu Oontsnt 
(Grans)

Solution 
Toluae 

( lite rs) OnalltatlTS Solution Ooonosltlon

X 1 3 4 i  nix tors of 3  1 Type B, 400 ml Type 1, and 200 n l Type 0 solutions.

L - 7 Unknown; collected fron numerous sources; expected to contain wide 
rante of inpurlty and to be low in plutonlua content.

Totals*
3227 375

• Or edit received for 2379 f  returned to process stream  up to July 15, 1952* 
482 1 of effluents from recovery processes containing 2.034 & were discarded 
during th is period.

i
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Examination of Table I shows that approximately 3 A  ot the plutonium 

to be recovered was present in solution types A, E, F, and G. The plu­

tonium in these solutions was to be separated from chromium, sodium, 

nickel, mercury, calcium, chloride, and perchlorate and isolated as a 

plutonium nitrate solution, the preferred Separations Process feedstock* 

Precipitation methods had much to offer the problem as outlined.

With a variety of solution compositions to be accommodated, precipitation 

has the possibility of being made specific for plutonium in each case by 

choice of precipitant and precipitation conditions. That the range of 

this choice is wide can be seen from Table II, where solubility data on 

a variety of plutonium compounds suitable for precipitation Is given. 

Precipitation involves solution chemistry which is preferable to dxy 

chemistry for reasons of health hazard. Precipitation is a batch process, 

and the operations can be as simple as mixing the plutonium solution and 

precipitant together, letting the plutonium compound settle out, drain­

ing off the supernatant liquid, and dissolving the recovered product cake.

Two compounds listed in Table II, sodium plutonium diaxytriacetate 

and plutonium (IV) peroxide, are specific for plutonium and are capable 

of providing one step separation of plutonium from chromium, sodium, 

nickel, mercury, calcium, chloride, and perchlorate. These two compounds 

could furnish one step separation of plutonium from Type A, B, C, E, F,

G, and H solutions but there are disadvantages to the use of either of
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• • ••• • • • • • • • • ••• • • •• • •« • • • • •• • • • • ••• ••« it* • ••••••
• •



I I* I

•  • • •

• ••• • t •

• • • •
f

•  •  •  •

8HBUB 

TiBtl IX
15

SOW COMPOUNDS SOZTiBLl JOE PLUTONIUM PRECIPITATION

OOETDOUnl* Solubility a t 2R°C (a t  PuVl)
S o lub ility
Reference

Particular Advantages and/or 
Disadvantages Offered

Pu(I03)U 2 In IK HN03 + 0.15M IO3" 

J  in JH HNO-J+ O .I5M IO3"

**. p- 3 1. Solubility  la  very low even in  JM HHOt. 
. 2. F il tra tio n  character le t ice excellen t. 

Hot very epeclflc for Pu. _
4. Dleeolutlon produces Ig or I  •

iu f j 12 in l . g t  HC1 +  0.35M Hf 19, P. 910 1. F iltra tio n  charac teristic ! a re  good.
2. So lub ility  I s  somewhat high.
3. Supernatant solution le  corrosive to

glassware.
4. Dissolution la  d iff ic u lt.

xpuf5 5  la  JM HF + O.5M HF

5 In 2H HF +  HF/Pu (mole.) 
of K7l

19. p . 775 1. So lub ility  I s  low.
2. F iltra tio n  character is  t ie s  are  good. 
3* Supernatant solution la  corrosive to

glassware.
4. Dissolution le  d iff ic u lt .
3* Introduces X into recovered so lu tion .

^ 2( 0204)3 6 la  0.22gH*+0.l4lt H2O2O4 

20 lu O.75M HNO-j +  0 . 2g j
BgOjOl* “  J

3 . p- 71 1. S o lu b ilitie s  are high, especially  a t 
higher a c id it ie s .

2. Hot very specific  for Pu.



m

SECI®

OLBLZ I I  (OOBT'D)

HW-27U01

16

S o lu b il i ty  a t  2 *5°C (mg P u /l)
S o lu b i l i t y P a r t ic u la r  A dvantages an d /o r

Compound* B efe ren ce D isadvantages O ffered

Pu( 0304)2 HHO3 +  o .o g t 14 , p .  8 1 . S o l u b i l i t i e s  a rs  h igh , e s p e c ia l ly  a t  h igher 
a c i d i t i e s .

2 . Hot v e ry  e p e c if io  fo r Pu.
15 in  2.0M HHO3 +  O.O5K 

HgCgOh

PuPOu 2 2  In  O .ljJ HOI +  O.SM H^PO^ 1^ ,  p .  6 1 . S o lu b i l i t i e s  a re  h ig h , e s p e c ia l ly  a t  h ig h e r 
a c i d i t i e s .

210 in  0.5M HC1 +  0.8M H3PO4 2 . Hot v e ry  s p e c i f ic  f o r  Pu.

Pu(HP0l| ) 2 18 In  O.UJ HgSO^ +  O.SK H jFfy 3 . p .  79 1. S o l u b i l i t i e s  are h igh , e s p e c ia l ly  a t  h igher 
a c i d i t i e s .

8i  In  O.JJJ HgSO^ +  0.8K  HjPO^ 2. Hot v e ry  s p e c i f ic  fo r  Pu.

I 4Pa(B04)4 19 . p .  725 1 . n i t r a t i o n  c h a r a c te r i s t ic s  a re  good.
2. D is so lu tio n  i s  very  e a s i ly  a c o o n p lish e d .
3 . S o lu b i l i ty  i s  somewhat h ig h .
4 . In tro d u c e s  I  in to  recovered  s o lu t io n .

h«puo2(% H j02)j  ^o^Vosi'm^bg
880 In 8 .IN NbBOt , 0.2N 
T aO gH ^ fO .& i BCgHjCg

7 , p .  23 1* Very s p e c i f i c  fo r  Pa and U
2.  n i t r a t i o n  c h a r a c te r l s t ic s  a re  good . 

S o lu b i l i t y  i s  h igh
In tro d u c e s  Ha in to  reco v e red  s o lu t io n ,  
a c q u ire s  o x id a tio n  to  Pu (T I )  b e fo re  
p r e c i p i t a t i o n .

5

B f f l



*

Oonrpouad*

Pu (IV) 
fydroxl& t

S o lu b i l i ty  a t  25° C (mg P ii/l)  

0 .0 2  a t  pH 5 .4  

1 in  UlOH BaOH o r HK^OH
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TABU I I  (OOBT'D)

S o lu b i l i ty P a r t ic u la r  A dvantages a n d /o r
R eference D isadvantages O ffe re d

9 . P- 13 1 . S o lu b il i ty  i s  v e ry  low*
2 . In troduces  no unwanted ions in to  f i n a l  

so lu tio n  -  a n io n  i s  th e  o p e ra to r1 s ch o ice .
*}• D isso lu tio n  i s  very  e a s i ly  accom plished .
4 . Hot very  s p e c i f i c  fo r  Pu -  n o te , how ever, 

th a t  Pu i s  n o t am photeric and  does n o t form 
ammono com plexes.

5* f i l t r a t i o n  c h a r a c te r i s t i c s  a re  p o o r .

P u  (iYJ SO a f t e r  24 h ou rs in  1M HHO* 3* p .  33
a t  O°0 w ith 10* n o i i i  HgOj

1 . f e r y  s p e c i f i c  f o r  P u .
P erox ide 2 . In tro d u ce ! no unwanted Iona in to  f in a l  

eo lu tio n .
50 a f t e r  1 hour in  1M HBOi a t  
^ 0 ° 0  w ith  10^ excess

3. S o lu b il i ty  l a  h igh .
4. R equires c o n tro l over r a te  o f  d ia e o lu t lo n .

Barium 10 in  O.UJ Ja (O f)2 l j ,  p . 8 1. In troduces Ba in to  recovered  e o lu tio n .
P lu to n a te 2 . Hot very s p e c i f l c  f o r  Pu.

3* R equ lre i o x id a tio n  to Pu(Vl) b e fo re  
n r e c iu l ta t io n .

Pu
T r ic h lo ra c e ta te  100 in  lit (CClj)OOOH 2 , p . 2 1 . S a lt  I t  s o lu b le  in  tone Im m iscible o rg a n ic

so lv e n ts .
2 . S o lu b il i ty  l a  h ig h  -  may be lo v e r  a t  o th e r  

conditions*

•  form ula does n o t in c lu d e  o r exclude su b s tan ces  such a s  w a te r  o f  c r y s ta l l i s a t io n *
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th e se  compounds. The most troublesom e f a c to r  i s  t h e i r  h ig h  s o lu b i l ­

i t i e s .  In  th e  case  o f sodium plu tonium  d io x y t r ia c e ta te  th e  in t ro d u c tio n  

o f  sodium and a c e ta te  i s  u n d es irab le . The p o s s i b i l i t y  o f rew orking the  

p lu to n iu m -ric h  f i l t r a t e s  e x i s t s ,  b u t  t h i s  i s  i n  tu rn  a co m p lica tin g  

f a c t o r  and i s  u n d e s ira b le .

I f  the  req u irem en t f o r  a o n e -s tep  s e p a ra t io n  i s  re lax ed  i n  th e  case 

o f Type E s o lu tio n s  and s e p a ra tio n  o f th e  t r a c e  of calcium  i s  n e g lec te d  

i n  Type 0 s o lu t io n s ,  the  recovery o f Type A, E , F , and 0 s o lu t io n s  could 

co n v en ien tly  proceed by way of a  hydrox ide  c y c le .  Chromium ( I I I )  

hydroxide i s  th e  o n ly  m a te r ia l  in  Typo A s o lu t io n s  which would p r e c ip i ­

t a t e  along w ith p lu ton ium  (IV) hydroxide i f  th e  so lu tio n s  were made 

b a s ic .  Chromium i s  am photeric and cou ld  be red io so lv ed  by u s in g  an 

ex ce ss  of s tro n g  b a se . Type E s o lu t io n s ,  a f t e r  p re lim in a ry  tre a tm e n t 

w ith  hydrogen s u l f id e  to  remove m ercury, would r e s u l t  in  p r e c ip i t a t e s  

o f plutonium  (IV) hydrox ide and n ic k e l ( I I )  hydroxide upon b e in g  made 

b a s ic .  I f  airmonium hydroxide were used and added to  e x c e ss , th e  n ic k e l 

( I I )  Ijydroxide would re d is so lv e  as an aimnonia complex. Type F and 0 

s o lu tio n s  do n o t c o n ta in  any im p u r it ie s  which a re  in so lu b le  i n  b a s ic  

s o lu tio n  except a t r a c e  o f calcium  i n  Type F.

The co n d itio n  of u s in g  a hydroxide c y c le  w ith  excess s tro n g  base  

i s  a ls o  seen to  meet th e  recovery  req u irem en t of Type B s o lu t io n  where 

a l l  im p u r itie s  e x c e p t t i n  are  so lu b le . T in  i s  am photeric and would 

re d is so lv e  under th e  c o n d itio n s .

■ i
•  •

4 • • • •
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A p p lic a tio n  of a  hydroxide c y c le  to  Type D s o lu t io n s  would e l im in a te  

a  la rg e  p a r t  o f  th e  s to ra g e  re q u ire m en t by c o n c e n tra tin g  th e  plutonium  

8 -h y d rax y q u in o la te  i n to  a  much s m a l le r  volume th an  100 l i t e r s .  Upon 

making Type D s o lu tio n s  b a s ic ,  th e  complex would p r e c i p i t a t e  and th e  cake 

could su b se q u e n tly  be  re d is so lv e d  i n  a sm all volume o f  n i t r i c  ac id .

In  sum nary, a  hydroxide c y c le  used w ith  the  v a r io u s  co n d itio n s  men­

tio n ed  i s  seen  t o  be a p p l ic a b le ,  a t  l e a s t  "on paper"  to  recovery  o f 75% 

of th e  p lu ton ium  which was accum ulated  by Ju ly  l 5 f 1952. The s to rag e  

space occupied  by th e  re c o v e ra b le  75% of th e  p lu ton ium  amounted to  70% 

of th e  t o t a l  s to ra g e  space re q u ire m e n t. As f o r  th e  p lu ton ium  rem aining 

in  th e  s o lu t io n  ty p es  n o t d is c u s s e d ,  i t  was f e l t  t h a t  th e  g en e ra l n a tu re  

o f p r e c i p i t a t io n  as a  s e p a ra tio n  means would allow  o th e r  p r e c ip i ta t io n  

a p p l ic a t io n s  t o  be worked o u t f o r  th o se  c a s e s ,  and t h a t  w hatever eq u ip ­

ment was d e v ise d  fo r  ca rry in g  o u t hydroxide cycles  would f in d  ready usage 

f o r  making th o se  o th e r  p r e c ip i t a t io n  s e p a ra tio n s .

Equipment requ irem en ts  fo r  a hydroxide recovery scheme were 

expected  to  be  sim ple . A system  was v isu a liz e d  w hich c o n s is te d  of a tube 

having a  b u lb  i n  i t  w ith  a porous g la s s  d is c  sea le d  a c ro s s  the  tube a t  

th e  bottom  o f  th e  b u lb . Using vacuum t r a n s f e r ,  s o lu t io n s  could be drawn 

in to  th e  b u lb  th rough  the f r i t t e d  d is c .  A fte r p r e c i p i t a t i o n  had occurred  

w ith in  th e  b u lb ,  re v e rs in g  the  vacuum would t r a n s f e r  th e  au p o rn a tan t 

l iq u id  back o u t th rough th e  f r i t t e d  d isc  w hile th e  p r e c ip i ta te d  plutonium
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compound would be r e ta in e d  w ith in  the  b u lb . E xperience w ith  vacuum tr a n s ­

f e r  o f plutonium  s o lu t io n s  in d ic a te d  th a t  t h i s  method of t r a n s f e r r in g  p lu ­

tonium  so lu tio n s  in to  th e  system  would be s a fe  a g a in s t co n tam in a tio n  

h a z a rd s  f o r  open hood o p e ra tio n  o f the system .

Small u n i ts  were desig n ed  around t h i s  b a s ic  id e a  and were f a b r ic a te d  

i n  th e  p ro je c t  g la s s  shop. By running sam ples o f  th e  p lu tonium  s o lu tio n s  

th ro u g h  th e  proposed c y c le s  in  th ese  sm a ll u n i t s ,  in fo rm atio n  concern ing  

th e  a p p l ic a b i l i ty  o f b o th  th e  recovery  scheme and the  equipm ent was 

o b ta in e d .

2 . C r i t ic a l  Mass C o n sid era tio n s

Any system w hich o p e ra te s  w ith  la rg e  amounts o f f i s s io n a b le  m a te r ia ls  

m ust be considered  on the  b a s is  of c r i t i c a l i t y  im p lic a tio n s . The amount 

o f  p lu tonium  which had to  be s to re d  d u ring  th e  w aste recovery  program 

exceeded the  c r i t i c a l  m ass, as determ ined by  F. E. K rusei (1 1 , pp . 1 -8 5 ), 

f o r  some s e ts  of c o n d itio n s  which could  have re s u lte d  had no th o u g h t been 

g iv en  to  n o n - c r i t i c a l  arrangem ent o f th e  s to re d  plutonium  s o lu t io n s .  

K ru se i 'a  ex ten siv e  s tu d ie s  in v e s tig a te d  how th e  c r i t i c a l  mass o f  p lu ­

tonium  in  aqueous s o lu t io n s  v a r ie s  w ith  ex tra n eo u s  m a te r ia ls  c o n te n t  of 

th e  s o lu tio n ,  p lu tonium  c o n c e n tra tio n , i s o to p ic  com position o f th e  p lu ­

tonium , tem p era tu re , w a te r  tam ping, d im ensions and geom etric shape of 

th e  co n ta in in g  v e s s e l ,  and th e  m a te r ia l and c o n s tru c tio n  o f the  v e s s e l .

As concerns geom etric  shape of a system  co n ta in in g  p lu ton ium , 

n e u tro n  lo s s e s  from a n  aqueous s o lu tio n  a r e  m inimised by h o ld in g  sm all
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su rfa c e  t o  volume r a t i o s  p ro v id ed  th e  volume i s  above a  minimum s iz e .

I f  th e  volume i s  below a  minimum s i z e ,  the system  canno t be made c r i t i c a l  

r e g a rd le s s  o f  th e  p lutonium  c o n te n t  ( i n  so lu tio n )  because  o f neu tron  

leak ag e . These values as g iven  by K rusei arex (11,  p . £8)

"A maximum sa fe  tamped c y l in d r i c a l  d iam ete r o f  6  in c h e s  i s  in d ic a ­

te d .  The maximum s a fe  th ic k n e s s  o f 2.8 in c h e s  i s  found fo r  an 

i n f i n i t e  tamped s la b . The maximum sa fe  volume o f a  moderated f u e l  

s o lu t io n  i s  5 .8  l i t e r s ,  c o n ta in a b le  in  an 8 .8  in c h  d iam eter th in  

s t e e l  s p h e re .”

"Tamping” i s  th e  term a p p l ie d  to  th e  r e s u l t  o f  su rround ing  a  n e u tro n  

source w ith  a  m a te r ia l  which w i l l  r e f l e c t  some of th e  escap ing  n eu tro n s  

back in to  th e  sou rce . I f  w a te r i s  the tam per, an e f f e c t iv e ly  i n f i n i t e  

tamper r e s u l t s  from a la y e r  12 in c h e s  th ic k  (1 1 , p . 19)•

From t h i s  th e re  was c l e a r ly  no p o s s ib i l i ty  in  b e in g  a b le  to  add 

enough p lu ton ium  in  so lu tio n  to  th e  5 l i t e r  r e a c to r  which was used fo r  

th i s  s tu d y  o r  to  any one I4 l i t e r  b o t t l e  to  make a c r i t i c a l  system . The 

s i tu a t io n  to  guard a g a in s t  was t h a t  neu tron  in t e r a c t io n  between su b - 

c r i t i c a l  b o t t l e f u l s  o f p lu ton ium  s o lu t io n  d id  no t r e s u l t  in  a c r i t i c a l l y  

assem bled system . In  o rd e r  to  guard  a g a in s t such p o s s i b i l i t i e s  a  s to ra g e  

p a t te rn  was worked o u t which would accommodate up to  2800 grams of p lu ­

tonium i n  60 f o u r - l i t e r  Pyrex b o t t l e s .  This s to ra g e  arrangem ent is* 

diagramed i n  th e  accompanying F ig u re  1.  F igu re  2 i s  a  photograph o f a  

q u a r te r  o f  the  s to ra g e  a re a . Approval of the s to ra g e  arrangem ent by th e

SECRET



SECRET HW-27401

A. AREAS BOUND O FF  BY DOTTED L IN E S  TO C O N TAIN  
A MAXIMUM OF 4 0 0  0 P u t THE DISTRIBUTION O F  
Pu W ITHIN EACH AREA NOT NECESSARILY BEING  
UNIFORM .

B. EACH BO TTLE MARKED WITH AN  V  SIGN TO 
CONTAIN 2 5  G Pu OR LE S S .

C E flC H  BO TTLE NOT INCLUDED BY  "A* OR m 0 * 7 0  
CONTAIN 5 6 Pu OR LESS*

FIGURE  I

SECRET

« * • - 
f t  I * • • • * /

I < f » t • I -
• * • • • • « <

• • t t • M l  »•r «»



r «m*mm

• •••
•  •

» 4 l «
4 •

•  •

♦ * ♦ • • •

: . \
•  • •

:
4 4  •

• t

: • :

I
1

SECRET

SOLUTIONS IN A PART OF THE STORAGE SECTION

RESTRICTED

RESTRICTED

IS)V*

H
W

 £
7

4
0

1



1

SECRET HW-27ii01

2U

c r i t i c a l  mass e x p e r ts  o f  Hanford Works (1 0 , pp . 1 -2 ) was c o n tin g e n t on 

s e v e ra l  c o n d itio n s . P o s s i b i l i ty  t h a t  th e  s to ra g e  hoods m ight be  flooded  

w ith  w ater had to  be excluded  because o f th e  m oderating and tam ping 

e f f e c t  a la y e r  o f w a te r  would have. Even ta n k s  of w ater i n  rooms d i r e c t ly  

above o r  below th e  s to ra g e  a re a  were ad v ised  against*  C a l c u la t io n s  were 

b ased  on an 8 inch  s la b  th ic k n e ss  ( th e  h e ig h t  o f th e  b o t t l e s )  so  c a re  had 

to  be  taken  n o t to  in c re a s e  s lab  th ic k n e ss  i n  th e  s to rag e  a r e a .  T his 

w ould | of co u rse , d e c re a se  th e  su rfa c e  to  volume r a t i o  and th u s  make 

c o n d itio n s  tow ards c r i t i c a l i t y  more f a v o ra b le .  As an added p re c a u t io n ,  

cadmium sh ee tin g  0 .020  in c h  th ic k  was to  b e  In s e r te d  between each  rank 

and f i l e  o f b o t t l e s  to  s e rv e  a s  therm al n e u tro n  absorbers*

The p o s itio n  of th e  r e a c to r  w ith  r e s p e c t  to  th e  s to ra g e  a re a ' was 

in  a  p lane 1 fo o t  above and p a r a l l e l  to  th e  p la n e  o f th e  s to ra g e  a re a  

and 3 l / 2  f e e t  from  th e  n e a re s t  1*00 gram lo c a t io n .  The maximum b a tch  

p ro cessed  in  th e  r e a c to r  i s  300 grams o f  p lu ton ium . A lthough th e  re a c to r  

i s  under the  maximum s a fe  volume of 5 .8  l i t e r s ,  and as such , can n o t 

w ith in  i t s e l f  be made c r i t i c a l  by a  p lu ton ium  s o lu tio n , th e  300 gram 

l i m i t  i s  imposed to  a v o id  any p o s s ib i l i ty  o f d i s a s te r  in  case  o f in a d v e r­

t e n t  double b a tch in g  o f two recovered s o lu t io n s  follow ed by n e u tro n  

in t e r a c t io n  w ith  o th e r  s to re d  s o lu tio n s  o r  w ith  i t s e l f  upon d i u l t i o n  to  

25 l i t e r s  f o r  p re p a rin g  p ro cess  feed s to c k .

f
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3. The Reactor

The reaction system for carrying out recovery work was designed to 

be the simplest possible construction which would accommodate the 

processing requirements. A minimum number of operating parts wts used 
because of the hazardous nature of plutonium. The equipment consists of 
a reaction flask, a reactor spray trap, a condenser, a distillate receiver, 

a filtrate receiver, and appropriate connections for vacuum control. A 
schematic diagram is given in Figure 3- Figure \x is a photograph of the 
equipment as set up in a hood.

The reaction flask was made/sealing a Pyrex Buchner fuitnel with a 
90 mm. coarse fritted disc to the bottom of a five liter flask. The 

neck of the flask is a standard taper, ground glass, female joint to which 

the reactor spray trap is fitted. A detailed draVing of the reaction 
flask i 5 given in Figure

Provision for heating the contents of the reactor was made by 

placing a heating mantle around the reaction flask. Since a mantle of 
appropriate design and size was not available as a stock commercial item, 

a special mantle was designed and made to order. The special Olas-Col 

heating mantle is included in Figure 5. This design employs two circuits 
in the bottom mantle so that independent adjustment of the pcwer input 

to different portions of the mantle is possible. Volumes of solution as 
low as 500 milliliters can be boiled without forming crusts of crystall­
ised salts on the reactor walls above the liquid level, fhe heating
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system can be utiliued for boiling oater to tal reflux as for digestion

of d ifficu lty  soluble solids, for d istilla tion  stops us for

twees sold, usd for w U thseislng chloride solutions to  ultruts solo*

Hons* ^osstlm s I t  Is w rtly  dost rod to sum a solution to aid an 

oxidation, Electrical hasting by wans of nsntlos was found to w ot 

those wsds Without actons Its auxiliary apparatus.

lbs reaction flash is  placod la  a guard bowl consisting of a 12 

lalloa carboy with the top ramnmad. th is prctocts the flash fro* in­

advertent breakage. I t  would also tarvo to contain tho flash contents 

should tha flash brush.

Solutions a n  added to and raaorad froa tha ruaotlon flask by 

vacuum transfar. Stirring is  accomplished by applying a vacuum to tha 

top of tha flask and a l l  owing a ir  to enter tha bo t  ton through tho f r i t .

A contaminated a l i t  is  associated with tha a i r  las ring tha reaction 

flask during stirring. Sines I t  is  desirable to kuep tha plutonium In 

tha rsectlon flask, i t  mast be removed from the a ir  stream. This is  dona 

by pasting tha a ir  through the reactor spray trap, which is fitted  to tha 

reaction flask by a standard taper sale Joint. A detailed drawing of tha 

spray trap Is given in Figure 6. I t  includes provision for dlreotlng tha 

a ir  through nottlas against ths several bulb walls, which action affectively 

removes the plutonium froa the effluent air. Drip holes a t the base of 

the nossles allow liquid to flow back into the reaction flask. Visible
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REACTOR SPRAY TRAP

A $P H £R \C A l  JO IN T  £ 6 /1 1  SOCKET

9 M A Y  B U LB

C H O U L E

0 O B IP  H O LE

t turn* ja m  1 <s/ jo
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amount* o f  l iq u id  a r t  p r e s e n t  In  th e  cpray t r a p  o n ly  whan th e  c o n te n t*  o f  

th e  f l a s k  o ra  heated .

Aejct in  s e r ie s  in  th e  r e a c t io n  sy sU *  l a  a  condenser which i s  used  

f o r  co n d en sa tio n  o f  Materials b o ile d  o u t o f  th e  r e a c to r ,  such  as a d d s ,  

to l a  t il*  organ ic  M aterials, and io d in e . These are caught in  th a  d i s ­

t i l l a t e  re c e iv e r ,  a  f l a s h  o f  th re e  l i t e r s  c a p a c i ty .

The vacuum system  i s  a t ta c h e d  to  the  r e a c t!  on s y s te a  such t h a t  a  

vacuum can  be sp p lie d  to  th e  top o f the  f l a s k  w h ile  venting  th e  bo ttom  

to  a tm o sp h ere , ae d u rin g  s t i r r i n g )  one can  a p p ly  a  vacuum to  th e  bo ttom  

o f th e  f l a s k  v en tin g  th e  to p  a s  i s  done d u r in g  f i l t r a t i o n ,  A f in e  con­

t r o l  i s  inc luded  in  th e  vacuum system to  r e g u la te  flow r a te s .  A sbestos 

f i l t e r s  i s o la te  th e  vacuum t r a i n  from th e  r e a c t io n  system .

E n try  in to  th e  r e a c t io n  system  fo r  a d d i t io n  o f p lu to n iu *  s o lu t i o n s ,  

re a g e n t s o lu tio n s ,  and w ashes i s  very sim ple  and in  such a  manner a s  n o t 

t o  con tam inate  o u ts id e  s u r fa c e s  of th e  equipm ent. I t  i s  very  i p o r t e n t  

t h a t  con tam ina tion  o f exposed s u r fa c e s ,  p a r t i c u l a r l y  on p a r t s  w hich must 

be h an d led , be c o n tro l le d  f o r  reasons o f h e a l th  h a t t r d  to  p e rso n n e l as 

in d ic a te d  p rev io u s ly .

from  f ig u re  3 i t  i s  seen  th a t  p ro p e r p o s i t io n in g  of th e  vacuum 

c o n t r o l  pan e l stopcocks w i l l  ven t the f i l t r a t e  re c e iv e r  to  th e  atJM S- 

p h ere  and draw a  vacuum on th e  upper s id e  o f  th e  g la s s  f r i t t e d  d i s c .  The 

p r e s s u r e  d i f f e r e n t i a l  w hich i s  m ain tained  betw een  th e  re a o to r  and th e  

atm osphere i s  a d ju s ta b le  by a hoseclamp o p e ra te d  ven t on the  vacuum
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w uilfo ld  a t  the c o n tro l panel* This o f coarse c o n tro ls  the ra te  o f f lo e  

of a i r  ( o r  l iq u id )  in to  th e  re a c to r .

To charge a p lu tonlun  s o lu tio n  in to  the  j y i t e a ,  one Hikes the rectum  

c o n tro l s e t  tinge Ju s t In d ic a te d , d isconnects th e  I n le t - o u t le t  l in e  fro *  

the  f i l t r a t e  rece iv e r e t  the  sp h e r ic s l  j o in t ,  tem porarily  connects a 

d isp o sab le  U p to  the i n l e t - o u t l e t  l in e ,  and U em rsee the d isposable U p  

in to  th e  p lu to n iu a  so lu tio n  to  be tra n s fe rre d . A fte r  the d esired  v e lu m  

of s o lu t io n  has been tra n s fe r re d  by racuun through the  g laaa f r i t t e d  d iac  

in to  th e  re a c to r , w ithdraw al of the t i p  fro *  th e  w aste so lu tio n  allow s 

a i r  to  sweep the I n le t - o u t le t  l in e  end the void below the g lass  f r i t t e d  

d isc  f r e e  of liq u id . A s a a l l  voius* of r in se  added to  the re a c to r  in  a  

l ik e  manner completes a  q u a n ti ta t iv e  tra n s fe r  o f  w aste so lu tio n  in to  the 

re a c to r  during which contam ination of the  exposed su rfaces of the system  

have boon confined to  the end of s  sp h erica l j o i n t .

The p re c ip ita n t i s  added to  the re a c to r  In  the  same Benner as the

p lu to n iu a  so lu tio n . A fte r ad d ition  of a  so lu tio n  of the p re c ip i ta n t  to

th e  r e a c to r ,  a i r  is  c o n tin u a lly  drawn through th e  bottom of

th e  f r i t t e d  d la c , a g i ta t in g  th e  mixture to  un ifo rm ity . The re a c to r  i s

e s s e n t ia l ly  a closed system  a t  th is  po in t w ith  re sp ec t to  a c t iv i ty  -  the
«

sp ray  trap s  prevent lo s s  in  th e  a i r  stream and th e  ac tive  so lid s  a re  r e ­

ta in e d  by th e  g la ss  f r i t t e d  d is c .  The mother l iq u o r  i s  f i l t e r e d  o f f  by 

connecting  the I n le t - o u t le t  l in e  to  the f i l t r a t e  re c e iv e r, venting the  

space above the  re a c to r c o n ten ts  to  th e  atmosphere end drawing vacuum in



SECRET

ths f i l t r a te  rece lver by manipulation o f the vacuum panel stopcocks. The 

f i l t r a t e  i f  ac tive  on ly  the s l ig h t  extent oi lb *  s o lu b il i ty  o f the 

precip ita ted plutonium compound. Washing o f the p rec ip ita ted cake U  

accomplished 11 necessary by transfe rring  uuh  liq u id  in to  the reactor, 

s t ir r in g ,  and removing the wash liq u id  in to  the f l i t  rot# r n i i w ,  a l l  

during which a c t iv i ty  Is  confinod to the reactor.

The p lu ton lua p rec ip ita te  i t  dissolved by en appropriate solvent 

which is  Added to  Uie reaction fla sk  In  the manner previously described.

The eotlve so lu tion  resu lting  fro *  d isso lu tion  of the p rec ip ita ted  plu­

tonium compound presents l i t t l e  contamination p rob lea upon removal from 

the ays tea. As soon as the in le t -o u t le t  l in e  has emptied o f excess re­

covered so lu tion , I t  should be die connected from the f i l t r a t e  receiver end 

cleaned, le s t the traces of recovered so lu tion  wotting the inside of the 

l in e  evaporate to  dryness and flake  o f f  pa rtic les  of the plutonium com­

pound in to  the a i r  a t a l i t e r  time, k small volume of fresh solvent taken 

In to  the reactor, ag ita ted, ana removed to  the main portion  o f recovered 

solution accoeplishee the cleaning.

The rather s i ^ l e  reaction equipment design le seen then to be cepabio 

o f making the necessary solution transfe rs fo r processing in  such a aannmr 

as to  avMd extenslve contamination o f exposed surfaces of the equipment* 

Provision fo r  mixing o f the reactor con t in ts  a fte r p re c ip ita tio n  and during 

washing and d isso lu tion  of product cakes and provision fo r saps ra tion  of 

product so lids from e fflu en t liqu id s  is  furnished. These are provided fo r 

without a u x ilia ry  equipment by havi?* the vacuum transfe r feature do 

double duty to provide a ir  ag ita tion  fo r  mixing and by haring the glass
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fritted  dtae be an integral part of thi precipitation vessel. No access 

ports, or mechanical parts such as stirring  rods, propellers, or magnetic 

stirring devices, ere required for Mixing* No auxiliary equipment is 

needed for separation of the product cake fran the effluent.

While a l l  of the essential functions hive been provided for in th is 

• lnple apparatus design, i t  is a compronlse on other features which could 

be tamed •convenient" for the purpose of the analytical waste recovery 

program. One**uq>l« of this lias in the fact that the contents of the 

reaotor cannot be tanpled without f i r s t  removing the contents from the 

reactor* This does not result in particular inconvenience in ordlnaxy 

eases because of the possibility of calculating the composition of the 

reactor contents* Analytical results art obtained for a l l  solutions be­

fore adding thaa to the reactor and account is kept of a ll rinses and 

reagent solutions added to the system and a ll  effluent solutions removed 

free the system. Thus, Information such as plutonium concentration or 

acidity of the reactor contents can be calculated at any time*

No provision is made for the possibility that the glass fritted  

disc may a t some time become plugged while a solution is in the reactor 

except that the system can be opened at the standard taper Joint between 

the epray traps and the 5-11 ter bulb. Opening of the system and removal 

of the active aolution would be a haaardous undertalcing but this is  un­

likely to be necessary i f  a thorough knowledge of the characteristic 

composition and reactions of each solution type Is obtained beforehand
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from analytical data and from small scale experiments in the 1/50 sine 

reaction units to be subsequently described.

No means to  rapidly remove heat from a reaction mixture is  av a il­

able in the present equipment design. Thus, any reactions which tend 

to  go out of bounds i f  not cooled should not be run in th is  system.

Small scale reaction equipment was designed and b u ilt fo r use in 

evaluating proposed recovery schemes. The design was small so th a t 

large  amounts of plutonium need not be involved in testing  out ideas* 

ye t large enough so th a t most of the proposed features of the f u l l  scale 

apparatus could be duplicated. The ra tio  between both the f r i t te d  disc 

areas and the reaction flask s of the two reactoxs is  l/$0. A drawing 

showing the construction of a 1/50 s i te  reacto r is  given as Figure 7.

The reactors are used in  a 1/50 s ite  reaction un it such as is  photo­

graphed for Figure 8. The un it is  seen to  consists ofi

A. A glass tube which is  the point of entry  in to  the system;

B. A glass f r i t te d  disc of approximately 1 square centim eter 
ax-ea;

C. A 100 m i l l i l i t e r  bulb capable of being heated by means of an 
e lec tric  heating mantle;

D. A condenser;

E and E*. Vacuum f i l t e r  flasks so connected to stopcocks by 
tubing that e ith e r  flask can be vented to atmosphere while 
evacuating the other, o r/th a t bcth can be vented to  atmos­
phere a t  once.

SECRET
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A SPHERICAL JOINT 18 /9  SOCKET 
6 PYREX GUMS BULBS, NX) 

MILLILITERS
C HEATINO MANTLE, FABRICATED 

FROM RESISTANCE WIRE AND 
ASBESTOS FIBER 

0 FRITTED Pi REX GLASS OISC 
12 MM DIAMETER

\
i i  i  i  i

SCALE

FIGURE 7
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1/50 SIZE REACTION UNIT

Figure  8
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U* Analytical Hethoda

This In v e s tig a tio n  requ ired  d e te r* !n a tio n  of plutonium a t  many 

p o in ts  to  fu rn ish  such d a ta  a t  the plutonium  co n ten t of the  s ta r t in g  

m a te r ia l!  the plutonium co n ten t of the  e f f lu e n t  waste stream s, and the 

plutonium  In  the recovered product* Two g e n e ra l methods a re  a v a ila b le  

f o r  plutonium  assay , (me depends upon th e  ra d io a c tiv e  decay r a t e  o f  

plutonium  and I s  c a l le d  a  rad ioassay . The second method depends on the 

q u a n ti ta t iv e  o x ld a tlo r  o f Pu ( I I I )  to  Pu (IV) by a  standard s o lu t io n  of 

an  o x id is in g  agen t, such as  Ce (IV ). This method i s  known as a  chem ical 

a ssay  fo r  plutonium.

The p r in c ip a l p lu tonium  iso tope  produced in  the Hanford p i l e s  i s  

Pu-239 w ith a  h a lf  l i f e  o f  2Jj,3UO y e a rs , which decays by alpha em ission 

to  U-235. The daugh ter i s  an alpha e m it te r  o f h a lf  l i f e  8 .9  x 10® y ears. 

The fa c t  th a t  the plutonium  which we wish to  determ ine has a long  h a lf  

. l i f e  which I s  s t i l l  much sh o r te r  than i t s  a lp h a  ac tiv e  daughter allow s 

measurement of the  a c t i v i t y  of plutonium  so lu tio n s  to  be a simple measure 

o f th e  plutonium co n cen tra tio n  of those s o lu t io n s . The d a ta  re q u ired  to  

mako the determ ina tion  a re  the  sp e c if ic  a c t i v i t y  (th e  number of d is in te ­

g ra tio n s  p e r minute which a re  a sso c ia ted  w ith  one gram of plutonium ) and 

th e  number of d is in te g ra t io n s  p e r minute p e r u n i t  volume which occur in  

th e  so lu tio n  being assayed . The s p e c if ic  a c t i v i t y ,  d/iq/g, of plutonium  

cannot be uniquely c a lc u la te d  from th e  h a lf  l i f e  o f Pu-239 because of
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other plutonium iso to p e s . The a p a c i f ic  activity of such Mixture a depends 

upon the r e l a t i v e  amounts of the Isotopes present which in  turn varies  

with the t o t a l  neutron  irradiation received by the uranium in the pile.

The second most abundant Iso tope  produoed i s  Pu-21*0, an alpha 

e m itte r  of 6 |0 0 0  years  h a lf  l i f e *  As to t a l  neutron i r r a d ia t io n  in ­

c re a se s , so does th e  r a t io  Pu-2l*0/Pu-239. Thus i t  can be seen th a t  th e  

longer a b a tch  o f  uranium is  i r r a d ia te d  in  a p i le ,  the h ig h er w ill  be 

the  s p e c if ic  a c t i v i t y  of the plutonium  f in a l ly  I s o la te d  from the uranium. 

I t  i s  no t f e a s ib le  to  determine the  iso to p ic  com position o f each sasqile 

of plutonium produced, so rad io  a ssa y  r e s u l ts  are  c a lc u la te d  from u n it 

volume d is in te g ra t io n  ra te s  as i f  a l l  the  plutonium  p re s e n t were Pu-239. 

An ap p ro p ria te  " iso to p ic  c o rre c t io n  fa c to r"  i s  then ap p lie d  to  the r e s u l t  

to  give th e  t r u e  plutonium c o n ce n tra tio n . The source of th e  iso to p ic  

co rre c tio n  f a c to r  v i l l  follow  d iscu ss io n  of plutonium de term ination  by 

chemical a ssay .

The chem ical assay fo r plutonium  depends on th e  q u a n ti ta t iv e  

ox idation  of Pu ( I I I )  to  Pu (IV) by Ce (IV) in  3 N so lu tio n . To

change the  plutonium  in  the  sample from i t s  eq u ilib riu m  d is t r ib u t io n  of 

Pu ( I I I ) ,  Pu (IV ) , and Pu (VI) to  Pu ( I I I ) ,  excess Ti ( I I I )  i s  added. 

Using Ce (IV) f o r  th e  oxidant and t i t r a t i n g  w ith p o te n t!  one t r i e  d e tec -
*

t io n  o f equ ivalence  p o in ts , a rap id  change of emf i s  noted  f i r s t  a t  th e  

completion o f o x ida tion  of the  excess Ti ( I I I )  to  Ti (IV ) and again  a t

SECRET

.. ... » • • »• .. . . .  . . .  . . .  • .... * . . . .  .• .  .  • • •  • . . .  . . .  «• • • .. ... . ... • . ».
.. • ... M • . * *. It. • .• . • »• • • .• ... ..



SECRET HH-27U01

Uo
the completion of oxidation of Pa (III) to Pa (IV). Substances* such as 

Iron* which react with Ce (IV) under these conditions interfere* Inde­

pendent determinations of the interferences most be Bade and the appro­

priate corrections applied. Iron is the only Interference which is 

corrected for. A radioassay is used if additional interferences ire 
present. Samples which are not sulfate solutions must be fussed with 

sulfuric sold to giro a sulfate median. Ordinarily a 1 milliliter 

Oilmont type buret is used to deliver a 0.05 N Ce (IV) solution to an 

aliquot of the sample containing 7-6 milligrams of plutonium.

It is seen that having a choice between making a radioassay or a 

chemical assay is valuable in recovery work. Solutions whose compositions 

prohibit a chemical assay are determined radiametrically. For relatively 

pare solutions, the chemical assay can give the true plutonium concen­

tration directly.

The chemical essay does not depend upon the isotopic conposition 

of the sample - ell isotopes of a given element are chemically identical. 

This fact furnishes an experimental method for relating conditions of 

pile operation to the specific activity of the plutonium which is pro­

duced. Samples of a batch of plutonium can be determined by radioassay* 

assuming all plutonium to be Pu-239 having a specific activity of 1.37 

x 1011 d/n/g. Determination of the actual plutonium concentration by 

chemical assay is also made. The ratio CA/RA is then the isotope
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correction factor for converting results of a radioassay into a true 

plutoniun concentration for that particular batch of plutoniua. • After 

accumulation of data for isotope correction factors a t various conditions 

of production in the p ile , a factor can be chosen for a particular batch 

of plutoniua on the basis of the pile conditions a t which the batch of 

plutoniua was produced.

5. Type A Solutions^ a. Sodium Hydroxide P recip itan t

Type A solutions were known to contain plutoniua a t an average con­

centration of 10 g/l along with varying anounts of sulfate, dichromate, 

chromium ( I I I ) ,  sodium, and traces of organic matter in 2M perchloric 

acid* Table I shows that 72$ g of plutonium were contained in 70 1 of 

solution* The 70 1 was stored in fractions of about li 1 each. The com­

positions of the fractions varied markedly from the average, evidenced 

by the presence of a solid in some fractions. This solid was considered 

to be PufSOj^.li^O because of i t s  typical red color and the known 

presence of sulfate in the solution.

The chemical nature of the inpurities is  such that precipitation 

with strong base is  specific for the plutonium in the solution, present 

predominantly as plutonium (IV) j chromium (III) exhibits amphoteric 

properties, and the other sa lts  present are soluble in water. A triA l

separation was made using a 1/50 size reaction unit in the following manner.
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N ineteen and fo u r - te n th s  a l .  o f  ty p e  A so lu tio n  was in tro d u c e d  In to  

a  l /5 0  s iz e  u n i t |  making the t r a n s f e r  q u a n t i ta t iv e  by w a te r  rin s in g *  

A ddition o f 6 .0  ml o f  1CM NaOH cau sed  a  f lo c c u le n t  g reen  p r e c i p i t a t e  to  

f o r a  which i s  c h a r a c te r i s t i c  o f p lu ton ium  (IV) hydroxide* A f te r  s t i r r i n g  

th e  m ix ture f o r  abou t 10 m inutes, th e  su p e rn a ta n t l iq u id  was removed by 

f i l t r a t i o n *  The p r e c ip i ta te  was th e n  washed se v e ra l tim e s  w ith  w ater to  

remove ad h erin g  s a l t s ,  d is so lv e d  in  3*0 ml o f co n ce n tra te d  HNOj, and th e  

plutonium  removed from  th e  u n i t  a s  a  so lu tio n *  This s o lu t io n  was analysed  

sp ec tro c h em ica lly  f o r  im p u r it ie s .  P ou r l /5 0  s c a le  ru n s  w ere made varying 

th e  c o n d itio n s  o f th e  separa tion*  T able I I I  co n ta in s  th e  d a ta  from two 

o f the runs*

TABLE m
RECOVERY FR& TYPE I  SOLUTIONS 

P lu ton ium  (IV ) hydroxide P r e c ip i t a t io n ,  l / i o  S c a le  Runs

Run 1 Run 2

Pu in  ru n , g t 0.1*00 0.352

Pu l o s t  in  f i l t r a t e  and w ashes, g t 1 .3  X 10"s l . l u  10*5

D isc p o r o s i ty  o f l /5 0  s c a le  u n i t : Medium Coarse

Wash c o n d i t io n s :  1 s t  wash 10 ml* H*>0' 25 ml. HoO
2nd wash 25 m l. HpO 10 ml. HpO
3rd wash 10 ml. HjO

€m

F i l t r a t i o n  r a t e s ,  m l/n in t
m other l i q u o r 0.38 0.38
1 s t  wash 0.17 0.17
2nd wash 0.1*2 0.22
3rd wash 0.33 —

P roduct p u r i t y ,  im p u rity  i n  p a r t s /m i l l io n  p a r t s  Pu:
Ca 200 l o

Cr 10,000 10,000
«g 1*00 1*00
Na 10,000 10,000
Ni 100 20
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The data given in Table III shows that the separation of the im­

purities was accomplished with vary little loss of plutonium* Increasing 

the amount of plutonium per run and the average filtration rate by a 

factor of $0 Indicates that the full scale equipment should be able to 

separate at least 20 g of plutonium as the hydroxide per batch with a 

filtration rate of from 8*5 to 21 nl/ndn. It was also noted that a 

coarse porosity disc will perform the separation as well as a medium 

porosity disc* Two water washes were found to be satisfactory*

Four hundred thirty-three grains of plutonium had been recovered 

from 'type A solutions by sodium hydroxide precipitation up to July 15, 

1952. Recovery runs numbered 20. The processing was essentially as 

described in the preceding paragraphs for the l/50 scale runs.^ Pre­

cipitation was made using enough caustic to give 1 M excess NaOH in the . 

supernatant liquid. Two water washes each of 30 ml lUO/g Pu were given 

the cake before dissolution in concentrated HEO^, which was added In an 

amount of 8 ml HNO^/g Pu. Presentation of processing data on a typical 

full scale recovery run using sodium hydroxide ae the precipitant are 

given in Table VI.

During the course of full scale recovery work with hydroxide pre­

cipitation of A solutions, it was found that with up to 28 g of plu­

tonium precipitated as plutonium (IV) hydroxide filtration rates of about 

10 ml/ndn. obtain, but with larger batches (30 to 35 g) the filtration 

rate falls off rapidly to less than 1 ml/min. Thus, the practical batch
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e ls e  f o r  hydroxide c y c le s  i n  th e  r e tc t io n  equipm ent i s  lim ite d  to  28 g 

o f plutonium *

The recovered  s o lu t io n s  c o n s is t in g  o f  th e  p lu ton ium  hydroxide d i s ­

so lv ed  in  co n cen tra ted  n i t r i c  a c id  were com posited  as recovery proceeded 

u n t i l  lliO g had been c o l le c te d .  A co n s id e ra b le  amount of s i l i c i c  a c id  

was found  to  s e t t l e  o u t o f  th e  composited s o lu t io n s  a f t e r  about 3 w eeks, 

a lth o u g h  no s i l i c o n  compounds a r e  used in  th e  a n a ly s i s  from which Typo A 

s o lu t io n s  aro  c o l le c te d .  A p o s s ib le  source o f th e  s i l i c a  may be  th e  

r e s u l t  o f  th e  r e a c tio n  o f th e  10 M c a u s tic  used  fo r  p r e c ip i ta t io n  on th e  

f r i t t e d  d is c  o f th e  r e a c to r .  T h is seems u n l ik e ly  s in c e  th e  amount o f 

s i l i c a  observed was q u i te  l a r g e  and the  tim e o f o o n ta c t of th e  f r i t  w ith  

10 N c a u s t i c  i s  b u t 2 o r  3 m inu tes fo r  each 28 g recovery  b a tc h . R eae- 

t l o n  o f c a u s tic  w ith  th e  f r i t  should cause fo rm a tio n  of sodium s i l i c a t e ,  

a  s o lu b le  m a te r ia l one would ex p ec t to  be removed w ith  th e  f i l t r a t e .

A nother e x p lan a tio n  i s  t h a t  th e  s i l i c i c  a c id  r e s u l t s  from the 

a c t io n  o f  p e rc h lo r ic  a c id  on t h e  s o f t  g la s s  i n  th e  ap p ara tu s  i n  which 

th e  c o n t ro l  d e te rm in a tio n  g iv in g  r i s e  to  Type A s o lu tio n s  i s  made. The 

s i l i c i c  a c id  p a r t i c l e s  i n  th e  accum ulated p lu ton ium  so lu tio n s  b e in g  sm a ll 

enough to  rem ain  suspended , pass  th e  f r i t t e d  d i s c  p o res when th e  s o lu t io n  

i s  charged  in to  th e  r e a c to r  l a t e r  to  be adsorbed  by the hydroxide p r e ­

c i p i t a t e  ra th e r  th an  r e a c t in g  w ith  c a u s tic  t o  g iv e  so lu b le  sodium 

s i l i c a t e .  D is so lu tio n  o f  th e  hydroxide cake w ith  a c id  would r e le a s e  th e
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p a r t ic le s  which l a  t o r  coagulate  in  th e  concen tra ted  n i t r i c  a c id  so lu tio n .

In tin e  the m a te r ia l s e tt le *  out as a J e l l y ,  and I t  i s  necessary  to  

se p a ra te  th is  m a te ria l from the recovered so lu tion*  The s e p a ra t io n  is  

accomplished by In c reas in g  the p a r t ic le  s i t s  o f the  s i l i c a  u 3 t l l  I t  can 

be f i l t e r e d  o ff . The re a c tio n  equipment l a  usad to  advantage h e re .

A fte r 150 g o r  so o f  p lu to n lu a  hare accum ulated as a combined recovered 

so lu tio n  and befo re  th e  s i l i c i c  a d d  has coagulated  ap p rec iab ly ,  the  

so lu tio n  i s  charged in to  the re a c to r  and b o ile d  fo r  about Z  hou rs .

P a r t i a l  dehydration o f th e  s i l l c lo  ac id  oocurs in  the s tro n g ly  ac id  

so lu tio n  so t h s t  w ithdraw al of the s o lu tio n  f ro a  the  re a c to r  leav es  a 

pad of s i l i c a  in  th e  re a c to r  on th e  f r i t t e d  d is c . S o lu tio n  which is  

adsorbed by the pad I s  removed to  the  main p o rtio n  by a few d i l u t e  n i t r i c  

ao ld  rin ses , a f t e r  which the pad of s i l i c a  la  e a s ily  p ep tlsed  by 6 M 

sod iua hydroxide to  be removed through th e  f r i t t e d  d isc  as a  milky 

suspension.

5, Type A s o lu t io n s i  b . Iodic Acid P re c ip ita n t

I t  has been observed th a t the  se p a ra tio n  of plutonium from  Type A 

so lu tio n s  by hydroxide p re c ip i ta t io n  I s  s a t is fa c to ry  b u t i s  lim ite d  to  

28 g batches. Thus, I t  was d esired  to  in v e s t ig a te  the u se fu ln e ss  of 

io d a te  p re c ip i ta t io n . Although plutonium  n i t r a t e  is  the p re fe ra b le  form 

f o r  so lu tio n s  to  be re tu rned  to process s tream s, t  p o in t I s  a v a ila b le  in  

th e  Separations P ro cess  a t  Hanford where s u lfa te  so lu tio n s  co n ta in ing
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chromium can be tolerated. The strict requirements on solutions returned 

xo the process strean at this point are that ions corrosive to stainless 

steel be absent and that the plutonium can be precipitated as the fluoride. 

In terms of Type A solutions this means that the perchlorate ion is the 

main objectionable feature.

Work was carried out to formulate a precipitation cycle in acid 

solution using iodate as the precipitant. It was indicated from the work 

of Fries (6, pp. Il*-l6) that this salt, in contrast to plutonium hydroxide, 

is quite filterable. Another expected advantage was complete avoidance 

of silicic acid coagulation. Of the contaminants, only chromium would 

remain with the plutonium.

Two of three l/$0 scale runs using iodate precipitation will be 

described. In the first run, 35*0 ml of Type A solution was introduced 

into a 1/50 siae reaction unit with a coarse porosity disc, making the 

transfer quantitative by water rinsing. Addition of 5.0 ml of 1.5 M 

HIO^ gave the finely divided pink precipitate of PuflO})̂ . After stirring 

the mass to uniformity, removal of the supernatant liquid was completed 

by filtration, which wa3 very rapid. Thirty-eight ml more of Type A 

solution was added to the l/$0 size unit containing the previous cake, 

rinsed in with water, and precipitated with 5*0 ml of 1*5 £
HlOy Filtration this time was also rapid, so 1*3*0 ml more of Type A

solution was added to the unit, precipitated, and filtration completed.

At this point the solid in the 100 ml bulb occupied about 1/3 of the space.

• • • •
• •• * • • • • • «• i*
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The cake was washed once with 50 ml of 0.1 M HIÔ  rather than with water 

because of lower solubility of the cake in the HIÔ .

Dissolution was accomplished by reducing the iodate to iodide with 

sulfur dioxide, plutonium (IJI) sulfate being formed in the process. To 

do this the Pu(lOj)j. was slurried in 50 ml of 1 M HNO-j and treated a t 

room temperature with 1*2 g of sulfur dioxide. I t  took 5 hours to complete 

the reaction. By then boiling the solution, the n itrie  acid present 

oxidized the iodide to iodine, which was evolved from the solution and 

trapped in caustic in the d is tilla te  receiver. Plutonium(III) sulfate 

is  converted to plutonium(IV) sulfate on boiling the solution. This 

differed from the work of Fries, who separated the plutonium from the 

iodide by precipitating plutnoium(IIl) hydroxide.

Several things were unsatisfactory about the run described. During 

the course of the filtra tio n s i t  was noted that a small amount of the 

PuflOj)^ solid passed through the pores of the coarse f r i t  into the 

f i l tr a te . Dissolution by passing sulfur dioxide through the cold dilute 

acid slurry of the cake was .slow. This was due in part to the formation 

of iodine as an intermediate produ . t  during the reduction which caused 

the reaction mixture to become a. rig id , unreactivo mass so that most of 

the gas bubbled through without reacting. When the solution was heated, 

much difficulty was experienced because of the condensation of solid 

iodine in the cooler sections of the apparatus. This in turn created an 

unsafe condition due to possible plugging of the system during the heating.
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With previous experience at hand, another run was made using a l/£0 

site reaction unit having a medium porosity frit. For dissolution the 

Pu(IÔ )|̂ -l M HNÔ  slurry was heated to boiling before sulfur dioxide was 

admitted to the system. Dissolution required a total of 20 minutes and 

8 g of gas (stoichiometric amount was h g) compared to £ hours and U2 g of 

gas when the experiment was run in the cold. The iodine was evolved as 

it was formed during the reduction so that after dissolution was complete, 

only traces of iodide and iodine remained in the solution* No hazard due 

to clogging of the system with solid iodine was possible because the* 

"cooler" parts of the system had been preheated by the condensing hot 

vapors of the boiling slurry and no deposits of iodine formed. The medium 

frit retained all solids.

Data from the two runs described axe given in Table IV*

TABLE IV
FEOOVERY FRM fflfi A SOLUTIONS 

Plutonium (!W) Iodate Precipitation, l/*>0 Scale Runs

Run 1 Run 2
Pu in run, g» 1*29 1.29
Pu lost in filtrates and washes, g: (solids leaked 

thru filter)
1.8 x 10

Disc porosity of l/$0 scale unit: 
Filtration rates, ml/min:

Coarse Medium

1st charge 0.2 (Not measured
2nd charge 0.1*3 (but not noticeably
3rd charge 0.2 (different from
1st wash 0.17 (Run 1

The amounts of plutonium end the filtration rates given in Table 

IV indicate that 6£ grams of plutonium should be easily processed in one
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batch in the larger reactor. Plutonium locoes in the filtrate are low 

enough to be acceptable if a medium porosity frit is used.

Full scale recovery of type A solutions by iodate runs have been 

carried out under the conditions described for Run 2 of the l/$0 scale 

experiments cited in Table IV. Limitation on the capacity of the reaction 

equipment for recovery by iodate precipitation is not the filtration step —  

the first full scale run was carried up to 153«2 g of plutonium in the 

cake vhere the filtration rate was still high. Filtration rate data on 

this run are given in Table V. No explanation is known for the rather 

erratic behavior exhibited by the filtration rate.

TABLE V

RATES OF FILTRATION OF PLUTONIUM( IV) IODATE

Pu in
Pu(IÔ )). Cake Average Filtration Filtrate Pu Assay of

(g) Rate (ml/nin) Collected (ml) Filtrate (g/l)

IS. 20 35.0 5000 0.003
28.68 1)1.0 1)000 0.001
50.52 29.2 3500 0.002
68.1tO 21). 2 1)000 0.001
121.66 11.1 1)000 0.001
132.1)0 51). l 7500 0.001
153.20 30.0 1)000 0.005

After the PitCXOj)̂  cake of the first full scale run was completely 

dissolved, the SÔ  addition was stopped. The solution was allowed to cool

to room temperature, air being passed through the solution during the 

cooling period. Some of the 153«2 g of plutonium crystallised as the
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s u lfa te  in  the re a c to r  because of the  s o lu b i l i ty  l im i t  o f plutonium(IV) 

s u lfa te  and th e  f a c t  th a t  the working volume of the  r e a c to r  i s  h  1 maximum. 

At p re sen t, no d i f f i c u l ty  a r is e s  due to  c ry s ta l l iz a t io n  because the  batches 

a re  kept down to  100 g in  plutonium  c o n te n t.

Phosphate was in ad v e rten tly  p re s e n t in  one p a r t ic u la r  lx 1 p o rtio n  

of type A s o lu tio n . This caused the con ten ts  of the  b o t t l e  to  form a 

sem i-so lid  g e l. Advantage was taken of the c h a ra c te r is t ic  v a r ia t io n  of 

s o lu b il i ty  of plutonium  phosphates w ith  a c id i ty  by adding concen trated  

HNÔ  to  the  p re c ip i ta te d  phosphates u n t i l  a l l  were in  s o lu tio n . This 

occurred when th e  so lu tio n  was approxim ately 8 M in  HMOy Upon reduction 

of the a c id i ty  to  3 M by d i lu t io n  w ith  w a te r , no s o lid s  p re c ip i ta te d  out. 

The f a c t  th a t  plutonium  i s  so lub le  to  only 0.003 g P u /l  in  a  so lu tio n  of 

3 M HMÔ  co n ta in in g  0.1$ M excess io d a te  provided a b a s is  f o r  recovery of 

th i s  m a te ria l. P rocessing  the so lu tio n s  in  th is  co n d itio n  u sing  an io d a te  

p re c ip ita tio n  e f fe c te d  su ccessfu l e lim in a tio n  of phosphate and p e rch lo ra te . 

Duo to  the  chem istry  of plutonium phosphates, a hydroxide recovery of 

th is  m a te ria l would have been Im possib le .

Up to  J u ly , 1 5 , 1952, type A s o lu tio n s  having a th e o re t ic a l  to ta l  

plutonium co n ten t of 581i g had been recovered and re tu rn e d  to  process 

stream s. Hydroxide cycles had been used to  recover U33 g w ith the balance 

being recovered by an ioda te  cy c le . Processing d a ta  fo r  th e  ioda te  run 

and a ty p ic a l hydroxide run a re  given in  Table VI.
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TABLE VI

RECOVERY FROM TYPE A SOLUTIONS

Plutonium ( IV) Hydroxide and Plutonium (IV) Iodate Precipitation
Compared, Full Scale Runs

NaOH
Run

HI0*
Run

Pu in run, g: 25.82 153.20

Pu lost in filtrate and washes, g: 0.001 0.062

Average filtration rate, ml/mini 11.7 32.1

Recovery rate, g Pu/hr operation! 3

Product purity, impurity in parts/million parts Pur

6

Ca h0 Not
Cr 10,000 determined
Hg liOO n
Na 20,000 w
Ni liO . n

The impurity data of the hydroxide runs are taken from a spectro- 

chemical analysis of a 1U3 g plutonium composite consisting of the run 

cited along with 6 similar runs# Thirty-one elements are read from the 

spectrogram so that the presence of gross amounts of unexpected impurities 

will be evident. Most of the elements which are present in veiy low con­

centrations and therefore are of no interest have been omitted. Impurity 

analytical results were not obtained on the product of the iodate run 

because of the presence of the large amount of chromium. The recovery 

rates given in Table VI show that the iodate procedure is more rapid than 

the hydroxide procedure.
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The product recovered from the hydroxide runs is in nitrate 

solution and is relatively free of chromium* Iodate runs yield a product 

In sulfate solution which contains ary chromium originally present in 

type A solutions* Effluent losses per unit of plutonium recovered are 

10 times as high for iodate runs as for hydroxide runs. By economic 

considerations, effluent losses do not become alaraing until concentra­

tions of about 10“  ̂g Pu/l of effluent are reached. As the iodate 

losses are well below this value, there is little preference between the 

two methods on the basis of plutonium losses, and the choice must be 

made on the basis of other factors. The situation is one of spending 

a specified time to recover plutonium at a relatively high degree of 

purity or of requiring only half the specified time to merely render 

the plutonium solution conpatible with the plant process purification 

facilities. The choice is obvious - a 5 liter glass vessel cannot 

successfully conpete with plant process equipment once the plant equip­

ment is able to take over. Thus, for the particular situation which 

exists hero, the more impure but more easily prepared product is 

most economic*
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D iffe re n c e s  between th e  d a te  o f Table I I I  and th e  NaOH run of 

Table VI a r e  minor. A lthough th e  t o t a l  p lu ton ium  l o s t  in  the f i l t r a t e  

o f  th e  f u l l  s c a le  ran  i s  d o u b le  th a t  a n t ic ip a te d  from  the l /5 0  s c a le  

ran* t h i s  i s  good agreem ent co n s id e r in g  th e  la r g e  s c a le  up fa c to r*

The f i l t r a t i o n  r a te  i s  ap p rox im ate ly  80 p e r  c e n t  th a t  p re d ic te d  by 

th e  a v e ra g e  r a t e  o f l /5 0  s c a le  ru n s . The re p o r te d  sp ec tro ch em ica l 

r e s u l t s  a r e  a c c u ra te  to  v i t h i n  a  fa c to r  o f two* so  th e  im purity  

r e s u l t s  compare fa v o ra b ly  betw een th e  l / 5 0  and f u l l  s c a le  runs when 

th e  p r e c i s io n  o f th e  re p o r te d  v a lu es  i s  kep t i n  mind.

D iffe re n c e s  betw een th e  d a ta  o f  fa b le  IV and th e  HIO^ run o f 

T able VI a r e  somevhat l a r g e  i n  th e  cases  of f i l t r a t i o n  r a te s  and p lu ­

tonium  l o s t  to  e f f lu e n ts*  However th e se  d i f f e r e n c e s  are  n o t un­

re a so n a b le  f o r  t h i s  ty p e  o f  comparison*

D is so lu tio n  o f th e  P u (lO ^)^  cake from  f u l l  s c a le  runs shows 

some p e c u l ia r  b eh av io r  o f  io d in e  n o t observed t o  o ccu r du ring  l / 5 0  s c a le  

d is s o lu t io n s *  P a r t  o f  th e  rea so n  may be  due to  c o n c e n tra tio n  e f f e c t s

•  • • • •
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e x is t in g  i n  th e  r e a c to r  sp ray  t r a p s  and d i s t i l l a t i o n  condenser. The 

d iam eter o f  th e  openings i n  th e  r e a c to r  sp ray  t r a p s  i s  n e a r ly  the  same 

a s  t h a t  f o r  th e  o u t l e t  from th e  u p p e r  bulb  o f the  l / 5 0  s iz e  r e a c to r s .

The r e s t r i c t e d  p o r tio n s  o f th e  f u l l  s iz e  condenser a re  o f approxim ately  

th e  same d ia m e te r  a s  the co n d en se r on th e  l / ? 0  s i z e  u n it*  Thus, w ith  

100 tim es  a s  much m a te r ia l  p a s s in g  one system a s  a n o th e r ,  c o n ce n tra tio n  

d if f e re n c e s  betw een the  two sy stem s w i l l  be marked.

Io d in e  e v o lu tio n  d u ring  d i s s o lu t io n  in  th e  l / ? 0  s c a le  u n its  i s  in  

th e  form  o f  th e  c h a r a c te r i s t i c  v i o l e t  vapor which condenses to  a s o l id  

in  th e  co n d en ser o r  passes as a  v ap o r in to  th e  c a u s t i c  scrubber, depending 

on te m p e ra tu re  o f th e  co n d en se r. In  any ca se  th e  HgO-HNOj vapors 

condense to  l iq u id  and ru n  down th e  condenser i n to  th e  c a u s tic  s c ru b b e r , 

washing t h e  condenser f r e e  o f  any  s o l id  iod ine  w hich fo rm s. I t  i s  n o te d  

th a t  th e  s o l id  io d in e  which may fo rm  i n  th e  co n d en ser i s  n o t very s o lu b le  

in  the  d i l u t e  HNOj which condenses .

Io d in e  e v o lu tio n  d u rin g  d is s o lu t io n  in  th e  f u l l  s c a le  ap p ara tu s  i s  

in  th e  fo rm  o f a  very dark  brow n v ap o r, which e a s i l y  condenses t o  a  d a rk  

brown l i q u id  much r e s e l l i n g  l i q u id  bromine in  a p p ea ran ce . The p ro p e r  

h e a t b a la n c e  in  the  condenser, o b ta in ed  by a d ju s tm e n t o f th e  flow  o f 

w a te r , w i l l  cause the brown l i q u id  to  run out o f th e  condenser in  a  sm a ll 

s tream  i n t o  th e  c a u s tic  s o lu t io n  where i t  r a p id ly  fa d e s  to  yellow  and 

f i n a l l y  becomes c o lo r le s s .  Removal o f too  much h e a t  from th e  condensing  

system  c a u se s  very  heavy d e p o s i t s  o f s o l id  io d in e  to  form th roughou t th e
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condenser* The dilute HNO^ continues to condense and runs from the con­

denser as a faint yellow stream but does not remove iodine as fast as it 

deposits* The only way the dissolution can continue for more than a fev 

minutes without plugging the condenser with iodine is to restrict the 

flow of condenser water so that the temperature rises and the brown liquid 

again condenses out. Under these conditions the deposits of solid iodine 

are soon removed by the brown liquid, The temperature of the condenser 

must be about U0°C or warmer in order to prevent formation of solid iodine*

Simple tests showed that the solubility of iodine in dilute HUO3 
between room temperature and 100°C is much too low for the brown liquid 

which is observed to be merely a solution of iodine in dilute HNO^* The 

fact that one prepares aqueous solutions of iodine by forming the soluble 

I3 complex with iodide furnishes a clue to explaining the behavior men­
tioned* Evidently some of the iodine is reduced to iodide by excess SO 

either in the vapor phase in the spray traps or in the liquid slurry* 

Condensation of vapors containing both iodine and iodide would result in 

the formation of the 13* complex so that all condensed substances enter 
a single liquid phase* As a drop in temperature below lO°C yields solid 

iodine, the system must be near the limit of solubility of the "soluble" 

13" complex.
It is fortunate that the iodine can be handled as a liquid because 

of the ease with which the liquid clears itself from the condenser
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compared to  th e  problem  o f  keeping the  co n d en ser c l e a r  o f s o lid  

d e p o s its*

6* Type B S o lu tio n s » a* Sodium Hydroxide P re c ip i ta n t

Type B s o lu tio n s  a r e  s e e n  from  Table I  t o  c o n ta in  plutonium  a t  an 

av e rag e  c o n c e n tra tio n  o f 0*3 g / l  i n  a s o lu t io n  3JJ i n  hydrogen ions* 

S u l f a t e ,  m olybdate, c h lo r id e ,  t i n ,  and amnonium io n  a re  a ls o  p resen t*

A t o t a l  o f 8 g o f p lu ton ium  was d isso lv ed  i n  28 1  o f  so lu tio n . As in  

th e  c a se  o f  Type A s o lu t io n s ,  p r e c ip i ta t io n  o f  p lu tonium  hydroxide 

o f f e r s  a  ready  means o f  p lu to n iu m  reco v e ry . T in  i s  am photeric , and a l l  

o th e r  contam inants rem ain s o lu b le  in  b a s ic  so lu tio n *

Due to  th e  low p lu to n iu m  c o n c e n tra tio n  in  th e  s o lu tio n s ,  i t  was 

f e l t  t h a t  p r e c ip i ta t io n  o f  th e  plutonium  a s  th e  s o lu tio n s  s tood  in  th e  

b o t t l e s  would a f fo rd  c o n v e n ie n t p re lim in a ry  o p e ra t io n . Here, i n  con­

t r a s t  to  s o lu tio n s  o f  10 g P u / l ,  th e  volume o f  p r e c ip i ta te  was a  sm a ll 

p a r t  o f  th e  volume o f th e  su p e rn a ta n t l iq u id *  L e ttin g  the p r e c i p i t a t e  

s e t t l e  by  g ra v ity  and d e c a n tin g  o f f  th e  s u p e rn a ta n t  l iq u id  i s  a  f e a s ib l e  

means o f  s e p a ra tio n  o f s o l id  from l iq u id  i n  such  c ircum stances.

A volume of 200 m ic r o l i t e r s  o f Type B s o lu t io n  was added to  a  2 ml 

c e n t r i f u g e  cone and made b a s ic  w ith  25 m lo r o l i t e r s  o f 10M NaOH. A f te r
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thorough mixing, the plutonium hydroxide was allowed to settle out by 
gravity for 16 hours. A radioassay of the supernatant liquid in the 
cnetrlfuge cone indicated 0.001 g Pu/l to be present. On the basis of 

this experiment, each bottleful of Type 6 solution vas made basic with 
excess NaOH, stirred with a motor driven glass stirring rod, and allowed 
to stand overnight. After decanting the supernatant liquids by * 

vacuum transfer, all cakes were transferred as slurries into one bottle 
where the solids were washed twice with 1 liter portions of distilled 

water. Decantation was again used to separate solids from liquid. Finally, 

the solids were dissolved in concentrated nitric acid.
On this series of operations, the plutonium in the original 

bottles totaled 7*897 g, and thAt found in the recovered solution was 

7*801* g. No spectrochemioal determination of purity was made. The re­
covered solution was merely composited with other recovered solutions, 

and a single impurity determination was finally made on the composite.

7. Type C Solutions i Iodic Acid Precipitant

Table I shows Type C solutions to contain 5 g Pu/l as an average 

approximate concentration. A total of 36 1 collected had a plutonium 
content of 190 g. The contaminants are chloride, sulfate, cerium, and 

titanium in acid solution. In this case it vas decided to remove the 

chloride by antedate cycle as described for Type A solutions and return 
the recovered solution, containing sulfate, cerium, titanium, and
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plutonium , to  process stream s a t  the p o in t re fe r re d  to  under "Type A 

S o lu tions?  Iodic Acid P r e c ip i ta n t”.

With the experience of processing  Type A so lu tio n s  by io d a te  cycles  

a t  hand, the only experim ental work undertaken p r io r  to  f u l l  scale  

p rocessing  of Type C s o lu tio n s  was to  t e s t  th e  a c t iv i ty  of the super­

n a ta n t l iq u id  over a sm all s c a le  p re c ip i ta t io n  made in  a c en tr ifu g e  

cone. This was found to  correspond to  0.0002 g P u /l  a t  0.082M excess 

io d a te . P u ll sca le  p ro cess in g  of Type C so lu tio n s  was c a rrie d  ou t by 

the id e n t ic a l  procedure d escribed  fo r  "Type A S olu tions? Iod ic  Acid 

P re c ip ita n t" . Spectrochem ical analysis  to  determ ine the p u rity  of r e ­

covered so lu tio n s  was n o t attem pted due to  the g ross amount of cerium  

known to  be p re sen t. Data on f i l t r a t i o n  ra te s  and plutonium l o s t  to  

f i l t r a t e s  and washes i s  s im ila r  to  th a t  of Table VI, HIO  ̂ Run. Type A 

s o lu tio n s  and Type C s o lu tio n s  a re  u sually  recovered to ge ther as p a r t  

o f th e  same HIO  ̂ recovery  cy c le  because of th e  s im ila r i ty  of handling. 

By Ju ly  15, 19521 a t o t a l  o f llj8 g of plutonium  had been recovered from 

Type C so lu tio n s .

8. Type D S o lu tio n s: Anmonium Hydroxide -  N itr ic  Acid -
Iodic Acid Treatm ent.

The Type D so lu tio n s  l i s t e d  in  Table I  were found by experim ental 

de term ination  tc  con tain  approxim ately 20 g of plutonium in  100 1 of 

s o lu tio n . For convenience in  accounting fo r th e  plutonium , the 20 g of

• •
• »
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plutonium  i s  in c lu d e d  in  the  t h e o r e t i c a l  plutonium  c o n te n t f ig u re s  of Table 

I  fo r  Type E and Type F s o lu t io n s .  Contam inants a re  l i s t e d  as h y d ro ch lo ric  

a c id , a c e t ic  a c id ,  sodium a c e ta te ,  and 8-hyd roxyqu ino llne . The p lutonium  

was known to  be ccmplexed w ith  8-hydroxyqui n o lin e . Such a system made 

b a s ic  y ie ld s  th e  p lutonium  complex a s  a voluminous brown s o l id ,  w hile a l l  

o th e r c o n s t i tu e n ts  remain so lu b le . T his f a c t  was u t i l i z e d  to  e f f e c t  

volume re d u c tio n  from 100 1 o f s o lu t io n  to  approx im ately  3 1 o f so lu tio n  

w hile s e p a ra t in g  a l l  contam inants ex c e p t some u n d e s ira b le  o rg an ic  m a te r ia l .  

D e ta ils  o f th e  exp erim en ta l developm ent fo llow .

A volume o f 200 m ic ro l i te r s  o f Type D so lu tio n  was added to  a 2 ml 

c e n tr ifu g e  cone and made b a s ic  w ith  co n cen tra ted  HHĵ OH to  a  pH o f more 

than  10. The c h a r a c te r i s t i c  brown p r e c ip i ta te  of p lu ton ium  8-hydroxyqui n - 

o la te  was allow ed  to  s e t t l e  o v e rn ig h t b e fo re  rad io a ssay in g  th e  su p e rn a ta n t 

l iq u id .  The c o n c e n tra tio n  of th e  p lu ton ium  rem aining in  s o lu t io n  a f t e r  

s e t t l in g  was 0 .0 0 0 h g / l .  A fte r  removing th e  su p e rn a ta n t l i q u i d ,  the  

s o l id  was d is s o lv e d  in  100 m ic r o l i te r s  o f co n ce n tra te d  HNO-j to  g iv e  a 

dark  brown s o lu t io n .  To d e s tro y  th e  o rg an ic  complex, th e  s o lu t io n  was 

heated  to  b o i l in g  in  the c e n tr ifu g e  cone and allow ed to  r e f lu x  g e n tly . 

G radually  th e  b r ig h t  green c o lo r  o f  p lu tonium  ion  in  c o n c e n tra te d  HNO3 

s o lu tio n  ap p ea red , in d ic a tin g  d e s t r u c t io n  of the  o rg an ic  complex.

On th e  b a s is  of th e se  o b se rv a tio n s  and o th e r  ex p e rim en ts , the I* 1 

f r a c t io n s  o f Type D s o lu tio n  were made b a s ic  by adding NĤ OH d i r e c t ly
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to  th e  b o t t l e s .  S o lid s  s e t t l e d  ou t and were se p a ra te d  from the  superna­

t a n t  l iq u id  as d e sc r ib e d  fo r  Type B s o lu t io n s .  The sm all cake in  each 

b o t t l e  was then  d is s o lv e d  in  100 ml o f  c o n c e n tra te d  HNÔ  and com posited . 

The o r ig in a l  b o t t l e s  were r in se d  w ith  sm a ll p o rtio n s  of HNÔ  and th e  

r in s e s  were added to  th e  com posite. Having co n cen tra ted  the- p lu ton ium  of 

Type D s o lu tio n  in to  a workable volume o f approx im ately  3 1> th e  so lu tio n  

waa th en  added to  th e  r e a c to r  and d ig e s te d  a t  b o il in g  tem pera tu re  fo r  

s e v e ra l hours u n t i l  th e  c o lo r  was b r ig h t  g re e n .

At t h i s  p o in t  a sm all sample o f th e  m a te r ia l  was ev ap o ra ted  to  

d ryness in  a p o rc e la in  d ish  on a  h o tp la te  and then  hea ted  in  a m uffle  

fu rn a c e . As th e  sam ple became dry  d u rin g  ev ap o ra tio n  the appearance b e ­

came b lack  and t a r r y .  The c h a r a c te r i s t i c  appearance would have been 

brown c ru s ts  i f  no o rg an ic  m a tte r  were p r e s e n t .  R aising  th e  tem peratu re  

o f  the sample in  th e  fu rn ace  a c tu a lly  caused some lo s s  o f sam ple due to  

v igo rous com bustion. Thus, d e s t ru c t io n  of o rgan ic  m a tte r  in  the  so lu tio n  

was found to  be inco m p le te .

F u rth e r tre a tm e n t was in  th e  form o f an io d a te  c y c le . T h is involved 

p r e c ip i ta t io n  in  a c id  s o lu tio n  where th e  o rg an ic  m a tte r  was expected  to  

rem ain so lu b le . I t  was a ls o  expected t h a t  the  f in e ly  d iv id e d  c r y s ta l l in e  

PuflO ^)^ p r e c ip i t a t e  would n o t c a r ry  th e  o rg an ic  m a tte r . A l / £ 0  3cale  

run was made to  t e s t  th e se  p o s s i b i l i t i e s .

A 2^.0  ml p o r t i o a  o f the d ig e s te d  s o lu t io n  was d i lu te d  to  50 ml 

w ith  d i s t i l l e d  HgO and then  n e u t ra l is e d  to  3̂ 5 H* using  6M NaOH. The 3M

SECRET



SECRET HW-27U01

61

acid  so lu tio n  was then  added to  a l /5 0  s iz e  re a c tio n  u n i t  and processed 

as p rev io u s ly  described fo r  io d a te  cy c le s . Some experim ental data on 

the io d a te  p r e c ip i ta t io n  a re  g iven  below.

TABLE VII

RECOVERY FROM TYPE D SOLUTIONS

Plutonium 8-fydroxyquino late  P re c ip i ta t io n  and N i t r ic  Acid D igestion 
Preceding Plutonium (IV) Io d a te  P re c ip ita tio n , l /5 0  Scale Run

Pu in  ru n , g* 0.218

Pu l o s t  in  f i l t r a t e  and w ashes, gs 1 .1  x 10"^

Disc p o ro s i ty  of l /5 0  s c a le  u n i t :  Medium

Product p u r i ty ,  im purity  in  p a r ts /m il l io n  p a r ts  Pus
Cat 2,000
Cr 100
Na 5,000
Hi UO

The f a c t  th a t  the product remaining d isso lved  in  th e  e f f lu e n t  from 

the io d a te  p re c ip i ta t io n  i s  1 x 10*"  ̂ g P u /l ( f i l t r a t e  and wash volume 

was 110 ml) shows th a t  the  HNÔ  d ig e s tio n  did re le a s e  th e  plutonium 

from the  o rgan ic  complex q u a n t i ta t iv e ly  so th a t  a l l  o f the plutonium was 

a v a ila b le  to  re a c t with io d a te . Another ig n it io n  t e s t  of the so lu tio n  

a f te r  th e  io d a te  cycle in d ic a te d  th a t  no organic m a tte r  was p re sen t.

Thus, hydroxide p re c ip i ta t io n ,  HNO3 d ig estio n , and io d a te  p re c ip i ta t io n  

are shown to  complement one an o th e r very w ell f o r  th e  recovery of Type D
1

s o lu tio n s .
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No data un iquely  ap p licab le  to  th e  f u l l  s c a le .io d a te  cy c le  following 

HNO3 d ig e stio n  ar€  a v a ila b le  because th e  d igested  so lu tio n  was combined 

w ith o th er so lu tio n s  fo r th e  io d a te  p rocessing  and th e re fo re  l o s t  i t s  

id e n t i ty .

9. Type E So lu tions? Aimoniura Hydroxide P re c ip ita n t.

■type E so lu tio n s  contained plutonium  a t  an average co n cen tra tio n  of 

19 g / l  w ith v a r ia b le  amounts of n ic k e l and mercury in  2M hydroch loric  

a c id . Much of the  mercury was p re c ip i ta te d  as mercurous c h lo r id e , but 

some was in  s o lu t io n  as a so lub le  ch lo rid e  complex. From Table I  i t  can 

be seen th a t  285 g of plutonium were to  be  processed from 15 1 of 

so lu tio n .

The plutonium  was p resen t predom inantly  as  plutonium (IV) so th a t 

no oxidation  or reduc tion  trea tm en t would be necessary to  p re c ip i ta te  

plutonium (IV) hydroxide. N ickel forms a so lub le  complex w ith  excess 

NĤ OH and so could be separated in  a hydroxide cycle p re c ip i ta t io n .  The 

mercury of T r̂pe E so lu tio n s  would u n fo rtu n a te ly  give in so lu b le  HgCNHgJCl 

on treatm ent w ith  NĤ OH.

The c h a r a c te r is t ic s  of the s u lf id e s  of the  ca tions p re se n t suggests 

a simple p re lim in ary  sep ara tio n  of mercury from the acid  so lu tio n  as 

HgS. The s u lf id e s  of n ick e l and plutonium  are  so lub le  in  a c id  so lu tio n . 

A ttra c tiv e  fe a tu re s  of th is  p re lim in ary  sep a ra tio n  a re  th a t  HgS is  a
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very  in s o lu b le  p r e c ip i ta te  w hich s e t t l e s  r a p id ly  to  a  sm all volume. Thus, 

th e  s u p e rn a ta n t  l iq u id  c o n ta in in g  the plutonium  and washes o f the re s id u e  

can be removed by d e c a n ta tio n .

One o f  two l/SO  s iz e  ru n s  was conducted as fo llo w s . Twenty-one 

and th re e  te n th s  ml of Type E s o lu t io n  was ta k en  in to  a 100 ml Erlenm eyer 

f la s k  and reduced so t h a t  a d d i t io n  o f HgS would n o t r e s u l t  in  the  form a­

t io n  o f f r e e  s u lf u r .  The re d u c tio n  was accom plished  by p assin g  SO? 

th rough  th e  c o ld  a c id  s o lu t io n  u n t i l  th e  b lu e  c o lo r  o f plutonium  ( I I I )  

io n  ap pea red .

Hydrogen s u lf id e  was p a s se d  th rough th e  s o lu t io n  u n t i l  a sample 

of th e  s u p e rn a ta n t l iq u id  gave no f u r th e r  p r e c i p i t a t e  w ith  H2S t r e a t ­

ment. Thus th e  m ercury was shown to  be  co m ple te ly  p r e c ip i ta te d .  A f te r  

a 30 m inute s e t t l i n g  p e r io d ,  th e  su p e rn a ta n t l iq u id  was t r a n s f e r r e d  in t o  

a 1 /50  s i s e  re a c tio n  u n i t  w ith  a  co arse  p o ro s ity  f r i t .  Two IN HC1 

washes o f  th e  re s id u e  were added to  th e  s o lu t io n  in  th e  l /$ 0  s l* e  u n i t .

The hydroxide cy c le  i s  b e s t  c a r r ie d  ou t w ith  p lu tonium  (IV) 

which forms a  more in s o lu b le  hydrox ide than  p lu ton ium  ( I I I ) .  O x id a tio n  

o f p lu ton ium  ( I I I )  to  p lu to n iu m  (IV) was accom plished  by g e n tly  warming 

th e  s o lu t io n  a f t e r  adding 1 .0  ml of co n ce n tra te d  HNOy H eating was 

s to p p ed  a s  soon as th e  b lu e  c o lo r  of p lu tonium  ( I I I )  gave way t o  th e  

orange-brow n o f p lutonium  ( IV ) .  S ix  ml of c o n c e n tra te d  NH|40Hwere added
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as a p rec ip itan t and the mixture thoroughly s tirre d  by a i r  agitation.

The f i l t r a t e ,  and to a le sse r  ex tent the f i r s t  wash consisting of 1M 

NĤ OH, showed the blue color of Ni(NH^)^^ • The second waph was with 

pure water. Spectrochemical analysis of the recovered so lu tion , made 

by dissolving the cake in  3*0 ml of concentrated HNÔ , completed the run. 

The d e ta ils  of the experiment appear in Table VIII.

The data in Table VIII ind ica te  essen tia lly  the same f i l t ra t io n  

rates and plutonium losses in  the f i l t r a t e  as fo r  the hydroxide cycles 

of Table I I I .  Mercury is  seen to  be very effectively  removed from the 

solution.

TABLE VIII

RECOVERY FROM TYPE E SOLUTIONS

Mercuric Sulfide P recip ita tion  Preceding Plutonium (IV) 
Hydroxide P rec ip ita tio n , l/$0 Scale Run

Pu in  run, gt 0 .328

Pu lo s t  in  f i l t r a te  and washes, gs 2.8 x 10"5

Disc porosity  of l/50  else unit* Coarse

Wash conditions* 1st wash 10 ml 1M NHj.OH
2nd wash 10 ml H20

F il tra t io n  ra te s , ml/nin*
Mother liquor 0.U4
1st wash 0.25
2nd wash 0.30

Product pu rity , irrpurity in  parts/m illion parts  Pu*
.  Ca - 100

Cr 200
Hg liOO
Na 250
Ni 2,000
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When the  f u l l  s c a le  recovery  p ro cess in g  was done on ty p e  S s o lu ­

(SO2 and H2S) d i r e c t ly  i n to  the s o lu tio n s  in  l i - l i t e r  b o t t l e s .  The p lu ­

tonium  b ea rin g  s u p e rn a ta n t l iq u id  was decan ted  from the  HgS th ro u g h  th e  

f i l t r a t i o n  Betup shown in  F ig u re  9* This i s  m erely a vacuum t r a n s f e r  

l i n o  co n ta in in g  a f i l t e r  made from a Pyrex g la s s  Buchner fu n n e l hav ing  

a 90 m illim e te r  d ia m e te r  f r i t t e d  d is c .

The e n t ire  c o l l e c t io n  o f  Type E s o lu t io n s  was recovered by J u ly

1 5 , 1952. F ive p r e c ip i t a t io n s  w ith  HgS were made in  b - l i t e r  b o t t l e s  to  

s e p a ra te  mercury. Tae m ercu ry -free  s o lu t io n s  were then p ro cessed  i n  te n  

hyd rox ide  rune to  com plete th e  recovery . A f te r  o x id a tio n  o f p lu ton ium  

( I I I )  to  plutonium (IV ) th e  co n d itio n s  o f th e  hydroxide runs w ere th e  same 

a s  o u tl in e d  f o r  f u l l  s c a le  tyd rox ide  runs w ith  Type A s o lu t io n s  ex cep t 

t h a t  NHjjOH was used a s  th e  p r e c ip i ta n t  i n  p la c e  o f NaOH, and th e  f i r s t  

wash was w ith 1 M NĤ OH r a th e r  than H2O. The p rocessing  d e t a i l s  on a  

ty p i c a l  hydroxide ru n  u s in g  NHjjOH a r e  g iv e n  i n  Table IX.

In  Table IX th e  in p u r i ty  r e s u l t s  a re  from  a com posite s o lu t io n  of 

s im i la r  hydroxide runs c o n ta in in g  150 g o f  p lu tonium  r a th e r  th a n  on only  

th e  run cited*  Comparing th e  d a ta  of T ab le  IX to  Table VI d a ta  fo r  th e  

NaOH run* we f in d  ab o u t th e  same f ig u re s  e x c e p t fo r  im p u rity  r e s u l t s .

T h is  i s  of course  p r im a r i ly  due to  th e  two types of s o lu t io n s  c o n ta in in g  

d i f f e r e n t  im p u r it ie s  i n i t i a l l y )  however, ex ce ss  NĤ OH seems t o  s e p a ra te

t i o n s ,  th e  s u lf id e  p r e c ip i t a t io n s  were c a r r i e d  o u t by p assin g  th e  gases
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n ic k e l from plutonium more e f fe c t iv e ly  than  excess NaOH separa tes  

chromium from plutonium. Another p o in t of i n t e r e s t  i s  th a t  the  p re ­

lim in a ry  sep ara tio n  of m ercury does not a f f e c t  th e  estim ated recovery  

r a te  because the p re lim in a ry  sep ara tio n  does n o t requ ire  use of th e  

r e a c to r .  The p re lim in a ry  sep a ra tio n  and th e  hydroxide cycles can p ro ­

g re ss  sim ultaneously. ■

TABLE IX

RECOVERY FROM TYPE E SOLUTIONS

Mercuric S u lfide  P re c ip i ta t io n  Preceding P lu ton ium (IIl) Hydroxide
P r e c ip i ta t io n ,  F u ll Scale Run.

Pu in  run, g* 28.03

Pu lo s t  in  f i l t r a t e  and washes, gi 0.003

Average f i l t r a t i o n  r a t e ,  ml/mint 9 .2

Recovery r a t e ,  g K i/h r  operation* 3

Product p u r i ty , inq ro rity  in  p a r ts /m il l io n  p a r ts  Pui
Ca UO
Cr 200
Hg U00
Na 500
Ni 2,000

10, Type F Solu tions*  M etathesis o f Chloride to  N itra te .

Type F so lu tio n s  had accumulated to  th e  ex ten t of 721* g of plutonium 

in  2l* 1 so th e  average co n cen tra tio n  was 30 g P u /l. (See Table I ) ,  These 

so lu tio n s  were o b je c tio n ab le  as S epara tions Process stream feed s to ck s  only 

in  th a t  they con tained  ch lo rid e  ion Which i s  corrosive  to  s ta in le s s
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steel process equipment. The presence of acetone in the solutions is not 

pertinent to the consideration. Thus, replacement of the anion with 
nitrate would effect a very simple satisfactory recovery of the solutions.

A method for this replacement is to evaporate the acid solution and 
fume just to dryness several times, each time taking up the residue with 
HNOy Conversion of chloride to nitrate in acid solution is straight 

forward because of the reaction between chloride and nitrate to give 
gaseous products. Conversion without going to dryness was considered 
desirable as this would eliminate any possibility of overheating, which 

might yield difficulty soluble solids.

Preliminary experience in converting chloride solutions to nitrate 
solutions was obtained by working with non-radioactive material. In these 

runs, concentrated HNO3 was added to a given volume of HC1 in a 

distilling flask connected to a condenser and the flask contents heated 
to boiling. During distillation the volume in the flask was never allowed 

to become smaller than the original volume of chloride solution, con­
centrated HNO-j being used to maintain the amount of liquid. As distilla­
tion progressed portions of distillate were tested qualitatively for 
chlorido with AgNOj until the test was negative. At that point the ma­
terial in the distilling flask was also tested and found chloride free. 
Over the range of concentrations from h K HC1 to 12 M HCL, it was found 

that a total of 2 volumes of concentrated HNO^ were always required to 
convert 1 volume of chloride solution, regardless of whether the HNO3
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was added 1a nany sna il increments* f m r  U rge inenwawts, or even e l l  

• t  one# before d is t i l la t io n  hod begun. Ths Moot e ffic ien t conversion of 

a (Iro n  amount of chloride solution is  do no by redeelm  the volume of the 

solution to be converted to  the sm allest prm ctlcel amount before b f i m l t *  

the conversion*

Experimental wort wee continued in « 1/50 s i te  reeetloo u n it, he r im  

a coeree porosity f r i t te d  d isc , using Type P solutions. A tOQ n l portion 

of Type F solution wee added In eeverel Increments  to the 1/50 nine u n it ,  

concentretim  as necessary by d is t i l la t io n  between incrensnts. F inally  

e l l  had been added and concentrated to a volume of 15 n l. The plutonium 

concentration a t  th is  po in t was approximately bOO g /l .  A 3$ nl portion 

of concentrated HSO3 was added to ths system and the mixture heeled 

gently  u n til  fin a lly  I t  was boiling smoothly* After volums reduction of 

the solution back to  15 n l ,  a  few drops of the l a s t  fraction of d i s t i l l a t e  

were tested  with AgMÔ  end found chloride-free* The recovered so lu tion  

was a lso  found to  be chloride-free upon tas tin g s a fte r  cooling and re­

ferring i t  from the 1/50 s ise  unit* Spectrochesdcal analytical date was 

gotten  on s portion of the solution. D etails on ths run appear in  Table 

X.

The impurity content of the recovered so lu tion  is  not excessive.

This is  to be sjqpeoted since the only reagents contacting the easg>lee 

are HCl, acetone, and HN0V
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IWtathaala of eWorld* to  k U r* u # 1/50 W *  **i

Pu in run, gt

Pu loot in  d i s t i l l a t e ,  gi 0.0015

Product p u rity , Inpurlly in  p a rta /n lU lo n  parU  Fni
Ca 50
Cr 20
Mg WOO
% 1,000
Ml 500

A fu ll i c t l i  roc or* 17 run of J00 |  of plutonlan w i  carried  out on 

the baala of the lAO M ilo experience *nd n il aspect* of the run ware u  

expected. Coer*r*ion to n i tr i te  mi and* a f te r  concm tiatiag  U* chloride 

solution* containing th# jOO g of plutoaluM to n coapoait* voluae of l )  1.

By July 15# 1951 n to ta l of 581 g of plsUxtlun had boon recovered 

fron Type F solution* and returned to procot* s tra ta* . Data on a  typical 

run arc given la  Table XI.

TABU O

ftJKOOmi FBOW TTFi F 3CUm(XS 
Katathofic of Chlorldo to  t i t r a t e ,  Fall Seal# Ana

Pu i4  m a, gt 111*50

Pu loot in  d ie t!  11 a te , gt 0.011

Rocor*-7 r a ta ,  g Fa/hr. op*ration1 10

Product p u rity , inpurl ty in p a rte /a U llo n  part* Put
C* 50
Cr WO
Mg 1*00
m m
m 500

22&SI

M  O O *  •  *
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I t  U  cbii m t  t t i l  Um Mw n m u w  of pU toatm  in  U t  4 i» U lU U

fro* t te  U f |»  i m U  r m w f  U  1oa* U m  «m  foaad in  Un 4U U 1 U U  

fw »  t t e  1/50 M i *  m  (So* tih lao  I  and X I). t te  to ta l 4U U 1 U U  

n l w  fo r  Om lAO M i o  ran wm o tea l ttO  «1 coataU Int m arly  0,01 |  

N A * Tte d U U U aU  m i w  f w i  Om f o i l  aaala  ran m* ifcw t U  U tow  

containing 0.001 I  N /l«  th i i  i f l U M  to  dao to Um foot th a t M te h *  

I m U | • • tm iM i i ^ i v  l i  noco t f f l i lw U y  I W(p l  by t te  f o i l  M i*  

trap  than by t te  a li* lo  bnlb of t te  1/50 also MM tor.

Hteawar thl* ilo p l*  eon v* rote* by w UU m U  a i l l  o f foot me or* 17 

of t  adraatagoa om to  bo fataad  by ta il*  i t  ro t te r  U m  0

pm clpltaU oa M ilted , t t e  njqpoaditaro of U m  ate  o ffo rt par t o l l  of

p lv to a lw  moovomd lo lovor than fo r p rec ip ita tion  m tteda t e oaoao of 

rodoeod handllai -  t t e  largor botch alno m m  that t te  rooeto r mod bo 

aaloadart bot ottot por )00  *, and i t  oa* bo loaded la  aa tm  tin*a a§ i t  

ta teo  to gat *aongh oaa to volam to  m preaaat XX) |  of pi a U nion -  and 

t t e  foot that t te  procaaoli* mquirna U t t l a  attanU oa batm an loading* 

o r anloadlaga. Alone with U m  iarlago c a n  U m  apoauro to t te  

teaardoaa operation of plotoniaa tend ling* *M«b 1* an I t e ^ o t  aafoty 

ooacldnraUoa.

' t t e  batch aiao fo r  dlaU U aU oa la  U aitod  only by e r tU e n tity  

raa trio tioM  dlacataod tlaoatem  p rori dnd that no ln ta rfo ronoaa am  

praaaa t  to cam# cry a t a l l !  an ti on of a a lta  from t te  sol o il on bo in* eomrortad.

r
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U  tftM ^ P im K I i f  OOC* U litlf t f l W M ,  t i n  o f  l I l W W  OpOfttO*

MO proaoot la  tfc* aoUUoo oat U* rttlwm it Um solatia* will daUndot 

tfa pi* tooloa UWh oioo.

II* trm 0 &ol*Uoot» M tU iM i of Cfclorlda U  U tn U .

typo 0 oolatlooo roprtoaat ooathar •y*Uo U ufctah tha only 

ab)ooUtathlt footers lo p f iHMi of chlorldo. (800 tbbl* l)  tho Vtmm  

of oolcloo m > bo Uloratod oat o t lh a r t  O m  act UWrforo with tb#

procooo. toblo l  ohoaa If 1 of oolmUoo M  soilootod oooWlalac 760 |
»

of platsaloa o i 00 ovotafo c m m UoU m  of Id) *A» tb* oolatlooo aoro 

proootood oo Isdlootod for typo t  oolatloao. tho m o i n f  •oiatiooo 

asalolaod $000 ppa of cololao bat otfcondoo yloldod proooooiai data 

•Udlar to U o t of foblo C . A to ta l of fcf6 |  of p lttoa lv i hod bos* ro- 

oovorod oat noWrsod to prooooo strata* by M f  15# lf$ t.

1?« Tnx H SoiuUcmcn KoUthotio of Chlorido to ll t ia to .

toblo X l lo t t  typo X ooloUoao 00 conUlolac 17) f  of platonioa 

la 17 1 of 6JI oolt politico aloe* id th  oodlm# Iron, aortas# and lastho- 

mm» As&oas i s  tho oolsUoa aoro ehlorida# altroto# oat aalfata. Ttaaaa 

oolatloaa aoro a lto  proctotod by aoUthoola of ofclsrtdo to altroto. Tho 

at U ria l aoo proeoaaod la  thrao ooporota bo to hot bocouoa tho dUtribatioo 

of plutottlaa oad tulfaU  oaoag tbo U 1 portlono is  uhlan tho oolatioot

•oss of tha oolatloao coaid not b t c ones* tro tod

•*•« * till i • *•  ■ •• • •••

* I  *

r  1.1• • * * •» ••• • •
: r# ••1 : : :  }i V  ui>*• ••
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ft* aar* Uu« U> « < T H A  withewt erraW Uiaatloa of AU

of U» f73 (  of pl»to*i«» hod boon returned to procses stream  by July

Vi V »

U l | m  I . J* l i J g J t  Solutions*

St dlecuseloa of Typs l # Jt I ,  and L eolations w ill be presented*

Sot to tins UflttotloM  M full tool* recovery work hod boon dons on 

thee* solutions by *Ojr 15, 1957.

DISCUSSION or RESULTS

The problea a* previously preotnUd wot toon to bo tbo recovery of 

Plutonian fra s  n variety of analytical residues in nultipl* (ran batches, 

with ‘ho restric tion  on the procotn tha t virtually no lent of product 

could bo tolerated* The physiological effect* and nucl* nr j ~opsrtlas of 

plutoniun lo o ted  reatrlctiono on the equipment to be used. The health 

hnanrd it platonlun headline necessitated an equipment a*tup which could 

bo easily kept fro* of plutoalun on ita  outer surfaces. A careful apeee 

azraaieeant of the stored residoss, processing equlpeont, and recovered 

product had to be Maintained ao as to  prevent critica lly  assembled 

system of plutoalun solutions*

I t  waa decided th a t preclplUtion nethods were beet suited for plu- 

toniua recovery f  roa the wide variety of analytical residues on hind.
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Kaay p la to n ism  compounds w i n  known to  be l o t o lo b i t  enough to  use f o r  

p lu ton ium  re c o v e ry , to d  equipm ent requirem ents f o r  p r e c ip i t a t io n  p ro c e s s e s  

w w  co m p a tib le  w ith  the space  ta d  h e a lth  h e ta rd  req u irem en ts  of th e  

problem, l a  p a r t i c u la r  p lu ton ium  (IT )  hydroxide and plu tonium  (IV ) io d a ta  

mere s u c c e s s f u l ly  u t i l i s e d  l a  p r e c i p i t a t io n  method# aa  compounds f o r  p l» -  

to n lu a  re c o v e ry . Both oompoands f i r e  only a l l f h t  p lu ton ium  lo se  In  th e  

meat* f i l t r a t e s *  The p lu ton ium  ( IT )  hydroxide i s  r a t h e r  d i f f i c u l t  to  

f i l t e r  com pared to  th a  io d a ta ,  b u t  i t  very e a s i ly  d isso lv ed *  The p lu ­

tonium  (XV) io d a ta  la  e a s i ly  f i l t e r a d  in  th a  r e a c t io n  equipment in  am ounts 

up to  150 g ra n s  o f  p lu tonium  b u t  d is s o lu t io n  o f t h a  Io d a ta  l i  much h a rd a r  

to  accom plish  than  f o r  th e  ^ I r o x l d e .  N e ith e r compound o f f e r s  s p e c i f ic  

reco v ery  o f  p lu to n lu a  from many o f  the c a t io n s  o f  th a  p e r io d ic  system* 

Each re c o v e ry  s i tu a t io n  h as  t o  b e  co n sidered  in d iv id u a l ly  a s  to  m hether 

an  io d a ta  p r e c ip i t a t io n  c y c le  o r  a  hydroxide p r e c i p i t a t i o n  cyc le  w i l l  

g iv e  th e  b e a t  p lu to n lu a  re c o v e ry  fo r  th a t  s i tu a t io n *

Tha re a c t io n  equipment was designed  to  n e a t  h e a tin g  requ irem ents a s  

v e i l  a s  th a  o rd in a ry  req u ire m en ts  f o r  p r e c ip i t a t io n  method! such as 

s o lu t io n  t r a n s f e r ,  s t i r r i n g ,  f i l t r a t i o n ,  and d is s o lu tio n *  C a p a b ili ty  o f  

h e a tin g  th e  re a c tio n  f la s k  a llo w ed  very  rap id  re c o v e ry  o f  p lu to n lu a  by 

n i t r i c  a c id  m e ta th esis  in  th e  s l x p l e s t  system  c o n ta in in g  ch lo rid e  a s  

th e  o n ly  o b je c tio n a b le  fe a tu re *  The advantage o f  h e a tin g  wis a l s o  i n ­

v a lu a b le  f o r  wet d ig e s t io n  o f  s y s te m  co n ta in in g  o rg an ic  m t ta r *
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Designing the ruction  flask to have a fritted  |U w  bottom and to  u tilise  

vacuum Irene.far of solutions yielded provision for solution transfer, 

s tirring , and filtra tion  without any auxiliary apparatus. Tha 5 l i t e r  

flask in which reactions take place is  below the minimum else for the 

possibility of being wade c r itic a l with plutoniws solution* as discussed 

under •C ritical Hass Consideration". The reaction equipment successfully 

nests the requirements of th is problen, shown by the fact that 237$ grans 

of plutonium wars recovered end returned to process s i  rasas by July 1$,

19$2, with uniy snail plutonium Iona to waste effluents tad no s i r  con­

tamination in  tha processing roosi to levels requiring respiratory equip- 

aent (assault masks).

1 snail l/$0 seals reaction unit proved to serve an important 

function in  setting up the recovery procedures. The In itia l experiments* 

tion which enters into defining tha recovery procedure for a specific 

type of plutonlun solution i s  carried out with small amounts of material.

To s ta r t  immediately working with large amounts of material could have 

very serious contamination consequences in cats of an accident resulting 

from ignorance. Another risk would be that any failu re in  the experimental 

processing could be economically costly due to the value of the plutonium 

in a large batch. Definition of a recovery procedure results from 

following through the three step scale up to  be described.

At the f i r s t  step a procedure selected for investigation Is run on 

a milligram scale in centrifuge cones. Micro techniques are particularly
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valuable a t thU i t i | t .  Rons eta  ba aide rabidly, especially whan plu­

tonium I t  determined by redioaasay, tad contamination i t  at ally  controlled. 

Interferences which become evident by spoiling a run involve l i t t l a  

enough plutonium that the whole run can be discarded to burial fa c ilitie s . 

Usually the information sought a t this stage Includes the reagent concen­

trations to girt the leas t plutonium loss during tha separation and assur­

ance that one hasn't overlooked an important factor which diaqualif ies 

the proeedura which waa chosen for development.

After preliminary work on the smallest scale, the information gained 

la  applied to rune using 0.1 to 1 gran of plutonium in a l/$0 s la t 

reaction unit. The proper l/$0 alts reactor i s  used, according to whether 

a fine, modi us, or coarse porosity f r it te d  disc Is under consideration 

fo r a given application. This level of aeale-up la a convenient point 

a t  which to find whether a fine, medium, or coarse porosity f r it te d  

disc best f i ts  the requirements of s precipitation procedure end to 

roughly indicate the likely  recovery rate of the fu ll scale equipment.

Another value of experimentation in the l/$0 else reaction unit 

with 0.1 to 1 gram of plutonium la the opportunity to observe any reac­

tions which tend to be vigorous, (feviously* an energetic reaction is 

likely  to be more safely and efficiently carried out in 100 gram batchas 

on the basis of observations on 1 gram batchas than on the basis of 

observation of milligram scale runs.
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A s p e c i f l c  example o f  b e n e f i t  y ie ld e d  by th e  s c a le -u p  approach to  

reco v e ry  p rocedure d e f in i t i o n  occurred  In  work on d is s o lu t io n  o f  p lu ­

tonium  ( I t )  io d a te . E xperien c in g  on e  l  gram s c a l e  th e  d i f f i c u l t i e s  

d e s c r ib e d  undoubtedly  sp a re d  th e  au th o r such  a n x ie ty ,  d iscouragem ent, 

and h a sa rd  which would h a re  accompanied a  50 o r  100 gran  re c o te ry  run  

conducted  in  th a  Banner o f  th e  f i r s t  1 gram run  d e sc r ib e d .

Hoc o re  red  so lu tio n *  f r o a  0 .1  to  1 g n u  r u m  h e re  use a s  s s s p le s  f a r  

sp e c tro c h e s d c s l a n a ly s is  f o r  im p u r i t ie s ,  th e  amount o f a a t e r l a l  from  

m illig ra m  rune being  to o  sm a ll to  conven ien tly  s e rv e  th is  purpose. W ith 

an i n p u r l t y  a n a ly s is  a v a i l a b l e ,  th e  c a p a b il i ty  o f  th a  s e p a ra tio n  con­

d i t io n s  t o  remove unwanted c a t io n s  can b e  ju d g ed .

When co n d itio n s  a r e  e s ta b l i s h e d  by which th e  proposed procedure 

i s  co n s id e re d  f e a s ib le  f o r  f u l l  coa ls  reco v e ry , f u l l  s c a le  reco v ery  

a c tu a l ly  proceeds a s  th a  f i n a l  s te p  in  th e  s c a le -u p .  A fte r any n e c e ssa ry  

m o d if ic a tio n s  a re  in c o rp o ra te d  th a  reco v e ry  p ro ced u re  can be used  

r o u t in e ly  by la b o ra to ry  p e rso n n e l.

A s t r i c t  a c c o u n ta b i l i ty  n u s t  accompany h an d lin g  o f a l l  f i s s io n a b le  

m a te r ia ls  to  meet th e  bookkeeping requ irem en ts  o f  t h e  Atomic Energy 

Commission. F o r w ests r e c o v e ry , t h i s  amounts t o  p e rfo rm it^  tha 

r e q u i s i t e  m an ipu la tions v e ry  c a r e fu l ly  so t h a t  no m a te r ia l i s  unaccoun tab ly  

d is c a rd e d .  A m a te r ia l  b a la n c e  on a l l  p ro c e ss in g  i s  m aintained by 

s e c u r in g  v a rio u s  a n a ly t i c a l  d a ta  d u ring  c o l l e c t io n  o f th e  re s id u e s  and 

th e  c o u rse  o f th e  re co v e ry .
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I n i t i a l  d t U  i n  a v a i la b le  f r a  th e  r m r M  « & # V  o f  » u i  am ple* 

tak en  fo r  d e te rm in a tio n  o f  a  p a r t i c u la r  c o n s t i tu e n t ,  m i M k

k * p t o f which l y p l t i  o re  c o lle c t# *  U  p a r t i c u l a r  « u U  b o tU e e .

SmmUoo of th e  — (plo weight# ( l m  th e  m ttm X  o f  p lu tc a lw *  w p M l i l  

t o  be co n ta in ed  l a  a  p a r t i c u la r  b o t t l e .  Such » « m U o M  h a m  boo* n -  

fo n red  to  M  " th e o r e t i c a l  p la to n im  coo t e a  to*  bw a c  they  6* n o t a l i a s  

f o r  the fo o t t i n t  m m  loco o f  m t a r U l  l a  l i k e ly  U  occur d u r in g  Wo 

co u rse  o f  M M ly tio o l d e te rm in a tio n s  end t h e t  th e  eaap le*  w olf bod ou t ore 

n o t 100< p lutonium .

Tho to U l  o f  tbo  th e o re t ic a l  p lw toalw * con tau t#  o f  e l l  e o la t io n s  

which had boon reco v e red  and re  tu rn e d  to  S e p a ra tio n ! h-oooao s t r e a m  by 

J u ly  15, 1952,  m o  2575 g ra m . C re d it re c e iv e d  f o r  ro to r*  o f  p i  s te a l s *  

t o  proeocc c tre a a o  f r o n  th e se  re c o v e rie s  « u  2579 c ran e . X* a d d i t io n ,  

1»62 l i t e r s  o f e f f l u e n t  so lu tio n s  f ro n  recovery  p rocessing  c o n ta in in g  

2. 03b g re a j o f p l a t c n i s *  ware known to  haw* bom  d iscard ed  d a r in g  tho 

p o rio d  under c o n i id e r a t io n .

The th e o r e t ic a l  p lu to n iu a  c o n te n t o f  th o  o o le tio n a  reco v e red  cboald 

a c tu a l ly  bo no re  t h a t  tho c r e d i t  re c e iv e d  f o r re tu rn  o f th e  plw tonltaa to  

p roc too  stream s, a t tu n in g  th e  two f ig u re *  to  bo tru e  v a lu e* , boeaurn  

o f  tho im purity  i n  th e  eaap lee  weighed o u t.  Any loocoa o f  p la te n !  m  

d u ring  a n a ly s is  w ould a lc o  make th o  f ig u r e  fo r  c r e d i t  r e c e iv e d  a a a l lo r  

th a n  th e  f ig u re  f o r  th e o r e t ic a l  c o n te n t .  I t  i s  obvious th a t  th o  f ig u re s
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cited fo r  theore tical content and cred it received are not "true values", 

for c red it m otived is  the larger.

The figure fo r the theore tical content could be lover than the true 

theore tical content only i f  weighings were negatively biased or I f  some 

staples which were weighed out were not recorded. The case of summation 

of thousands of saaple weights being taken by nany d iffe ren t individuals 

on a number of balances in various locations over a 3 year period is  

like ly  to be only e ligh tly  positive ly  or negatively biased. The book­

keeping eystea precludes saaple weights not being recorded.

la  sows cases there was known to be lack of agreement on the Plu­

tonian contents of p a rticu la r shipments of recovered m aterial returned 

to Separations Process streams when the estimates were based on analy tical 

resu lts from d ifferen t control laboratories. These differences were not 

always resolved because the shipment of m aterial would be nixed with
I

production streams a fte r  s a i l i n g  and could not be resampled. In view 

of th is  fa c t  and the re la tiv e ly  few shipments made, i t  seems likely  th a t 

the apparent extremely good agreement in the overall m aterial balance 

figures i s  caused from the figu re  fo r the plutonium content of some of 

the shipments beck to  process streams being positive ly  bissed from the 

true value.

The quality  of the recovered product varied prim arily with the 

kind of inpurlty  associated with the analy tical residue as collected.

Ip
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This information influenced the choice of the recovery procedure required 
to yield a solution compatible with Separations Process stainless steel 
equipment and Process separation reactions. Thus, type T solutions which 
contained only plutonium, hydrochloric add, and acetone, yielded a much 
■ore pure recovered solution thin did the lodate recovered Type A 
solutions uhlch initially contained plutoniua, perchloric acid, sulfuric 
add, and sodium dichromate. The goal in each case was the same, namely 
make the residues compatible with production streams. Nothing precludes 
choice of recovery procedures capable of giving high purity recovered 
products if this le easily accomplished while meeting the stated goal.

In other applications of this recovery scheme and reaction equip* 
ment it may be desired to produce high purity products. In such cases 
where plutonium purification is the goal, other precipitations highly 
specific for plutonium are available and vould fit the purpose* ,

SUMMARY

A scheme for making quantitative recoveries of plutonium from 
analytical residues by using precipitation and metathesis reactions has 
been worked out and is presented. Precipitation of plutonium (IV) 
hydroxide, plutonium (IV) lodate, plutonium 8-hydraxyquinolate, partial 
destruction of organic matter with nitric acid, and metathesis of chloride 
solutions to nitrate solutions are used singly and in combinations for 
the recovery procedures.
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Pyrex glass laboratory seals equipment for performing reactions with 

up to >00 grams of plutonium was designed and Is described. This equip­

ment features a fritted glass disc as an Integral pert of the reaction 

flask for use In filtration* vacuum transfer of all solutions* and air 

sparge stirring.

Using the recovery scheme presented and the equipment described* the 

losses on recovery of a total of Z}7$ grams of plutonium from 0 different 

types of analytical residues amounted o 2.03k grams or 0.0#.

Manufacturing Department
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