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ANALYSIS OF ORE RESIDUES FOR IONIUM AmD PROTACTINIUM 

By L. I. Katzin, Q. Van Winkle, and J. Sedlet 

With the ava i l ab i l i t y  of large amounts of pitchblende ore residues, as 
a r e su l t  of the processing of uranium fo r  atomic power developments, it has 
been possible t o  consider the recovery of long-lived members of the uranium 
and actinium radioactive decay series i n  appreciable amount. These materials 
are of use as radiat ion sources and sources of other isotopes, i n  addition t o  
t h e i r  i n t r in s i c  in te res t .  This report deals w i t h  analysis of some residue 

actions which have not previously been considered as sources f o r  prota . (Pa231) and ionium (Th230), but which may prove t o  be convenient so 
of these materials. 

The i otope.Pa231 OCCWB i n  nature approximately t o  the extent t ha t  ra- 
d i m  (Ra 22g) occurs, which i s  about 0.15 parts  per million i n  pitchblende ore 
containing about 60 per cent by weight of U308. The sum t o t a l  of t h i s  mate- 
r ia l  which has been extracted and purified, according t o  l i t e r a t u r e  reports, 
is  probably not s ignif icant ly  more than two grams, considerably less than the 
amount of radium recovered. 

Arter i n i t i a l  manipulations, pitchblende ores are  usually t rea ted  w i t h  
su l fur ic  acid and sodium ni t ra te ,  giving an acidic solution of uranyl salts 
(and other salts) with an insoluble residue in which is  found the radium. 
Some polonium, ionium, and protactinium dissolve w i t h  the uranium, A frac- 
t i o n  a t  l ea s t  of the protactinium presumably remains with the  insoluble’ 
gangue; from the fac t  that protactinium has been’obtained from SUC 
Thus, von Grossel and Graue and =ding2 used the 8uP.tiniate .reSidUeS 
following removal of the radium as their  sources of protactinium. 

The acid solution of uranyl n i t r a t e  is t rea ted  w i t h  excess sodium car- . 
bonate t o  prec ip i ta te  some of the nonuranium materials appearing i n  solutioc, 
the uranium remaining i n  solution as the carbonate complex. 
expected tha t  the  protactinium dissolved i n  the first s tep  should precipi- 
t a t e  w i t h  the other hydroxides and carbonates at  Ithis point. The behavior 
of ionium is less definite,  since thorium forins a soluble carbonate complex 
under the proper conditions. It seems l ike ly  that there might be a t  least 
a p a r t i a l  p rec ip i t a t i  

It is  t o  be 

‘a t  t h i s  point. The a n a l 6 i c a l  data bear out t h i s  
< I  8 pre sunpt ion. I 

The carbonate solution of uranium is then t rea ted  w i t h  NaOH t o  precipi-  
tate uranium,<?and the uranium is dissclved i n  ac\d and reprecipitated with 
ammonia. It is’ t o  be expected that any protactinium and ionium present i n  
the carbonate solution would follow the uranium &rough these steps. 
ammonium diuranate is  next calcined t o  ~ 3 0 8 ,  theioxide dissolved i n  n i t r i c  
acid, and the concentrated n i t r a t e  solution extrgcted with ether. The 
ether  solution of uranyl n i t r a t e  is  washed repeatedly with portions of 
water u n t i l  no f’urther UX1 ac t iv i ty  (Th234) can be detected. A r t e r  s teps 
for  recovery of additional uranium from the washes a?d or iginal  solution, 
the  residual so lu tes -are  combined and saved, together with any insoluble 

’ The 
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residue from treatment of the oxide w i t h  n i t r i c  acid. It i s  t o  be expected 
that this residue, therefore, may be a r i ch  source of ionium, i f  an appre- 
ciable portion sur es the carbonate precipitation., 

I n  the c l a s s i  isolations of p ro ta~ t in ium,~%3 the s t a r t i ng  material 
was the ultimate residue remaining a f t e r  extraction of radium, following 
preliminary remova1,of uranium. These residues were obtained from the 
Joachimsthal mine i n  ,Czechoslovakia, From the fac t  that these were resi- 
dues from extensive, chemical treatments, it might be expected tha t  the isola-  
t i on  o r  protactinium,from them might be beset by d i f f i cu l t i e s  i n  addition t o  
those inherent i n  the chemical nature of the protactinium., Therefore, it w a s  
considered highly worthwhile t o  investigate a l e s s  refractory source, The 
carbonate prec i p i  t a s from the urmium process were a log ica l  point of 
attack, since they 
might have dissolved i n  the or iginal  acid treatment, while a t  the same time 
the material had already been i n  solution and should be amenable t o  redisso- 
lu t ion  with simple ac id  treatment. 
similarly would be more available than that i n  the or iginal  ore or  the radium 
residues. Another possible source of ionium i s  the residue of the ether  ex- 
t rac t ion  procedure, as already stated.  

the carbonate f rac  on is indeed a re la t ive ly  r i c h  and readily worked source 
of both protactinium and ionium, and tha t  the ether  extraction residues con- 
t a i n  ionium essent ia l ly  f ree  of protactinium or polonium. 
content i s  something over 6 par ts  per million. The data fur ther  show that 
more than half of the protactinium and ionium may be dissolved i n  the i n i t i a l  
acid treatment of the ore, and appear i n  the carbonate fraction. 

presented the probable s i te  of any protactinium tha t  

The ionium content of t h i s  f ract ion 

The analyses these fractions,  t o  be reported i n  this paper, show that 

Their ionium 

EXPERIMENTAL 

Several analyt ical  procedures have been reported i n  the literature f o r  
determination of protactinium i n  ores, whrch make use of coprecipitation. 
One proc d u e ,  f i rs t  employed by Hahn and Meitner, and developed fur ther  by 
Wildish,' makes use of t an ta l i c  oxide as a ca r r i e r  f o r  protactinium. Anotkter 
procedure developed'by several  workers has involved coprecipitation w i t h  
titanium, especial ly 'by hydrolysis of the hydroxide from s a l t s  such as the 
sulfate .  
has suggested instead the use of zirconium phosphate ,, Through dissolution 
of this precipi ta te  i n  hydrofluoric acid, p rec ip i ta t iom of car r ie rs  fo r  
contaminating radioact ivi t ies  cari be made t o  give radiochemical i u r i f i ca t ion  
of the protactinium. 

The principal long-lived alpha a c t i v i t i e s  prese'nt i n  the fractions 
examined (excluding the uranium isotopes) a re  radium, polonium, ionium, a d  
protactinium. The polonium, short-lived i n  comparison t o  the others, is  
s t i l l  of appreciab If-life (140 days) and i s  supported by i t s  long-lived 
parent lead isotop (22 years). Radiochemical analyt ical  procedures 
m u s t  therefore be capable of distinguishing these four isotopes where they 
occur together, and never l e s s  than the l a s t  three, 

The procedures finally-adopted depend primarily on the rollowing be- 
havior character is t ics  of t race concentrations of the a c t i v i t i e s  .in question: 

Von Grossel has pointed out the inadequacy of tantalum ca r r i e r  and 

A manganese dioxide ca r r i e r  has also been used,? 

i 
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1. 

2. 

Barium su l fa te  wil l ’carry radium quantitatively but not Q 

Zirconium phosphate w i l l  carry protactinium (and thorium) w e l l  
; thorium’isotopesi a re  pe r t i a l ly  carried. 

E t h e r  Residues 1 

’ A uniform sample w a s  dried, then fused 
I 

with’carbonate. A water leach 



sol.ution. 

Analytical Resultg ,.: , 

The value from th is  analysis i s  found i n  Table 1. 
1* 

I L 

A summary of . the analyt ical  findings f o r  the residue samples investi-  
gated i s  found i n  Table 1. 
nif icant ,  and shou 
of magnitude. T h i  necessitated i n  par t  by analyt ical  uncertainties,  
and ia par t  by the 
from the l a t t e r  standpoir;t is  necessarily quite large. 
another source of var iab i l i ty .  Material balances a re  not complete, as can 
be seen; t h i s  i s  i n  p a n  due t o  analyt ical  fa i lures ,  but i n  par t  due t o  
radioact ivi t ies  o than those being reported (short-lived a c t i v i t i e s  and, 
i n  the case of sa  5, radium and i ts  I daughters ) . 
per million of prot inium, which is mainly bound with the acid-insoluble 
s i l i c ious  portion o his  fraction. The ionium, present t o  the extent of 
some 15 t o  20 par ts  r million, is found i n  the readi ly  soluble portion of 
the fraction. Info t i o n  furnished about the carbonate fraction,7 i s  that 
it is 213 par ts  by weight for  380 parts  by weight of the crude ore, ?.e., 
37 per cent. For pitchblende which is  65 per cent by weight U308, t h i s  indi-  
cates t ha t  on the order of two-thirds the or iginal  protactinium cor;tent of 
the ore was dissolved i n  the  su l fur ic -n i t r ic  acid treatment, and precipitated 
by the carbonate treatment, with more than three-fourths of the ionium content 
following.the same path. 
residues i s  i n  par t  at  l ea s t  a ref lect ion of the fac t  t ha t  much of  the soluble 
portion of the ore has been removed, giving a bulk concentration. 
removal of the uranium alone gives a concentration of about threefuld. It is 
interest ing t o  note .that the radioact ivi ty  surviving i n  the ether  residues is  
prac t ica l ly  en t i r e ly  ionium (together w i t h  a cer ta in  amount o f  uranium). It 
is  d i f f i c u l t  t o  as a concentration factor  fo r  this  material, but it must 
be rather  large due $0 the previous treatments. 

On the basis of the resu l t s  obtained, a number of milligrams of pro- 
tactinium and approximately one-half gram of ionium (with three t i m e s  as much 
Th232) have been obtained in pure s ta te ,  from a carbonate fraction,6-8 
yields obtained f o r  the protactinium corresponded t o  50 t o  60 per cent of the 
material indicated .by Preliminary analysis. 
complete recovery of 'ionium. 

The exact values of the analyses a re  not sig- 
considered only as an indication of re la t ive  orders 

mogeneity of the material itself The va r i ab i l i t y  
Decay of  polonium i s  

The carbonate 'fractions are seen t o  contain about 0.3 t o  0.35 par ts  

The apparent high leve l  of ibnium i n  the su l fa te  

For example, 

!The 

No attempt was made t o  obtain 
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which may have been composed i n  par t  of thorium fluorides, was discarded. 
Another analysis, carried out subsequently by Mr. C, C.  IBard, gave complete 

I 
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Table l--Radioactive Analyses of Uranium Process Residues 

I Total Analysis 
alpha 

(c/m/l3 Protactinium 'binium Polonium 
Sample or igin Fraction a t  5 6 )  . per cent per cent per cent 

of ac t ,  . ppm of ac t .  ppm of ac t ,  m/&- 
i- - 

1. Carbonate ppt &O3 sol .  
from 65$ pitch- c0.3: (0 e 03 . -78 16 20 . 0.08 
blende (African) Si l ic ious 3.5 104 

NO. 3-1 residue 40 0.27 .e20 . <0.3 ' 25 0.008 

- 2.2 104 . _  %' -  ' 
another ship - ' <1 , <0.04 -- 0 

i 
\ 8 -- -- ---- 

2. As above, but HNO3 sol. 

ment. No. 3-2 si li c ious 
residue 2.4 104 75 0.35 <5 (0 05 20 0.004 

Iu 

P . I+ - 3. As above, but HNO3 sol'. 4.4 x 103 - 494 '<1g 4-6 0.02 
from another- - r  - .  - -- - - 
processor Gelstinous 

4. Sulfate r e s i -  
due, 65$ Afri- ter NaOH 6.0 x 105 e . 6  e0.4 90 24 

I 7 0.38 10 -0.3 >50 . >o .03 No. 7 residue - 104 25 

0-5 0-0.03 

0-5 0-0.1 

2 2  

Sol. HC1 af- 

can pitch- Sol. HC1 af- 
5-10 5 -9 blende. No. 1 ter Nap303 2 x 106 (0.2 (06 08 

5. Residue of HN03 -HF 
ether  extrac- s oluble 1.4 x 105 C0.05 $0.01 4 0 0  6 
t i o n  of ura-, Insoluble 

-- ---- 




