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ANALYSIS OF ORE RESIDUES FOR IONIUM AND PROTACTINIUM
By L. I. Katzin, Q. Van Wlnkle, and J.. Sedlet
With the availabillty of large amounts of pltchblende -ore re31dues, as

a result of the processing of uranium for atomic power developments, 1t-has
been possible to consider the recovery of long-lived members of the uranium

-, and actinium radloactlve decay gseries in appreciable amount. These materials
‘are of use as radiation sources and sources of other isotopes, in addition to

their intrinsic interest. This report deals with analysis of some residue
fractions which have not prev1ously been considered as sources for protec
. (Pa=31) and ionium (Th ) but which may prove’ ‘to be convenlent sources

' of_these materials.

- The 1gotope a3l occurs in nature approximately to the extent that ra-
dium.(Ra ) occurs, which is about -0.15 parts per million-in pitchblende ore
containing about'60.per'cent by weight of U308o The sum total of this mate-
rial which has been extracted and purified, according to literature reports,
is probably not 91gnificant1y more than two grams, con31derably 1ess than the
amount of radium recovered. ‘

Aftter initial manlpulatlons, pitchblende ores are ‘usually treated with
gulfuric acid and sodium nitrate, giving an a01dlc solution of uranyl salts :

_v(and other salts) with an insoluble residue in Wthh is found the radium.
'_jSome polonlunb ionium,; and protactinium dissolve with the uranium. A frac-

tion at least of the protactinium presumably remsins with the insoluble
gangue; trom the. fact that protactlnlum has been iobtained from such materlal
Thus, von Grossel and'Graue and Kﬁding used the -ultimate:residues:
following removal of the radium as their. sources :of protactinium.

The acid solution of uranyl nitrate is treated with excess sodium car-
bonate to pre01p1tate some of the nonuranium materials appearing in solution,

‘the uranium remaining in solution as the carbonate complex. It is to be
_ expected that the protactlnlum dissolved in the’ first step should precipi-
- tate with the other hydroxides and carbonates atJthls point. The behavior
 of ionium is less definlte, since thorium forms. a soluble carbonate complex"
~ under the proper condltlons° It seems likely that there ‘might be at least

a partial pre01p1tat10n at. thls point. The analytlcal data bear out thls

‘presumption.

The  carbonate solution of uranium is then treated with NaOH to pre01p1-

tate uranium,*and the uranium is dissclved in acid and reprec1pitated with

“ammonia. It is to be expected that any protactinlum and ionium present in
' the carbonate solution would follow the uranium through these steps. The "

ammonium diuranate is. next calcined to U30g, the ioxide dissclved in nitric

- acid, and the concentrated ‘nitrate sclution extracted vith ether. The

ether solution of uranyl nitrate is vashed repeatedly with portions of’

‘water until no further UX1 activity (Th23 ) can be detected. After stepsA

Por recovery of additienal uranium from the washes and original solution,

l'the re51dual solutes -are combined and saved, together with any 1nsoluble
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residue from treatment of the oxide with nitric acid. It is to be expected
that this residue, therefore, may be a rich source of ionium, if an appre-
ciable portion survives the carbonate precipitation, ‘

In the classical isolations of pro*act1n1um,1$3 the gtarting material
was the ultimate residue remaining after extraction of radium, following
preliminary removal of uranium. . These residues were obtained from the
Joachimsthal mine in,Czechoslovaklao From the fact that these were resi-
dues from extensive chemical treatments, it might be expected that the isola-
tion of protactlnlum from them might be beset by difficulties in addition to
those inherent in. the chemical nature of the protactinium. Therefore, it was
~considered hlghly worthwhile to investigate a less refractory source. The
carbonate pre01p1tates from the uranium process were a logical point of
attack, since they represented the prcbable site of any protactinium that
might have dissolved in the original acid treatment, while at the same time
the material had already been in solution and should be amenable to redisso-
lution with simple acid treatment. The ionium content of this fraction-
similarly would be more available than that in the original ore or the radium
residues. Another possible source of ionium is the residue of the ether ex-
traction procedure, as already stated.

The analyses of these fractions, to be reported in this paper, show that
the carbonate fractlon is .indeed a relatively rich and readily worked source
of both protactlnlum and ionium, and that the ether extraction residues con-
tain ionium essentially free of protactinium or polonium., Their ionium
content is somethlng over 6 parts per million. The data further show that

acid treatment of the ore, and appear in the carbonate fraction.

EXPERIMENTAL

Several analytlcal procedures have been reported in the literature for
determination  of protactinium in ores, which make use of coprecipitation.
One procgdure, first employed by Hahn and Meitner, and developed further by _
Wildish,” makes use of tantalic oxide as a carrier for protactinium. Another
procedure developed by several workers has involved coprecipitation with
titanium, especially by hydrolysis of the hydroxide from salts such as the
sulfate. Von Grosse— has pointed out the inadequacy of tantalum carrier and
has suggested instead the use of zirconium phosphate. Through dissolution

. of this pre01p1tate’in hydrofluoric acid, pr601p1tat10ns'of carriers for
contaminating radloactlv1t1es can be made to give radiochemical purlflcatlon
of the protactinium. . A manganese dioxide carrier has also been used. >

Tne,pr1n01pa1 long ~lived alpha activities present in the fractioms
examined (excluding the uranium isotopes) are radium, polonium, ionium, and
protactinium. The polonium, short-lived in comparlson to the others, is
still of appre01able half-l1ife (140 days) and is supported by its long-lived -
parent lead isotope RaD (22 years) Radiochemical analytical procedures
must therefore be capable of" dlstingulshlng these four 1sotopes where they -
occur together, and never less than the last three.

The procedures: flnally adopted depend primarily on the follow1ng be-
havior characteristics of trace concentrations of the activities din question:

more than half of the protactinium and ionium may be dissolved in the initial
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1, Barium sulfate will® carry radium quantltatlvely but not protactin-

fiypi thorium isotopes are pertially carried..

2.. Zirconium phospbate will carry protactinium (and thorium) well

. under the proper conditioms, and will not carry radium,

G ~Manganese dioxide - formed in situ from manganous ion and permanga—
nate will carry polonium quantitatlvely both in the presence and absence

~of fluoride. -

' Manganese dioxide will carry protantinium except in the presence
of fluoride.‘ K 530
5. When Th 3 is. added to a detectable concentration, manganese d1-

‘oxide carries no significant amount of ionium activity.

6. When thorium is precipitated with hydrofluoric acid (thereby pre- -
cipitating the 1sotoplc ionlum) neither protactinlum nor polonlum is car-~'

© . ried appreciably.

7. A silver wire will collect polonium from a halogen ac1d solution°

Three types of residues have been analyzed so far, These consist of
the carbonate fraction.discussed earlier (three samples), the ultimate sul-
fate residue mentloned (one sample) and the res1due of ether extraction ’

(one sample).
Carbonate Residues

The carbonate fraction consisted of two samples from one process, and
a thirdwsample from a process operated by a différent producer. 'Treatment
with concentrated nitric acid yielded a gelatinous residuum composed mainly -

" of silica; the readlly soluble portion and the residue were analyzed sep~
aratgly

Following separation by centrifugation, “the. gel was treated with HF

~and perchloric ‘acid, the perchloric acid eventually fumed off,-and the re-

maining sclid matter fused with alkali carbonate. The carbonate melt was - '
leached with hot KOH solution (0.05M) to remove any tantalum present, and .
the leaches discarded.: The remaining solid was dissolved by fUSing it w1th
KH804 and dissolving in hormal HC1l. After the addition of some Pac3

act as tracer tor the protactiniung radlochemical analy51s was carried out

1

The solid materialwwas fused with NaOH and the melt leached with di— |
lute hydrochloric acid,: dissolving about 18 per cent of the solids. This

" solution was analyzed separately° The remainingisolids were fused with

carbonate and the melt: leached with water which. éas discarded. The solid- '

‘carbonates then dlssolved completely in dilute’ hydrochloric acid. Follow-~

1ng addition of Pa233 tracer, the two solutions were: analyzed gseparately., - -

Eﬂerau&ms !%k_f

‘A’ uniform sample was dried, then fused with¢carbonate. A water‘leach
of the melt was discarded The residue was treated w1th HF and HNO3 several?
times, and was evaporated each time to dryness, Following a final evapora-

‘tion, the material was dissolved in nitric acid, leaving a white granular
- residue insoluble in nitric acid or HF (probably ‘alkaline earth fluoride). ,
'The acid solution was analyzed further Unfortunately the fluoride- residue,
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which may have been composed in part of thorlum fluorides, was discarded.
Another analysis, carried out subsequently by Mr. C. C. iBard, gave complete
solution. The value.from this analysis is found in Table 1..

. " f):

 Analytical Results s - . S Lo

A summary of the analytlcal flndlngs for the residue samples 1nvest1-
gated is found in Téble 1. The exact values of the analyses are not sig-
nificant, and should”be considered only as an indication of relative orders
of magnltude. This'is necessitated in part by analytical uncertainties,
and in part by the inhomogeneity of the meterial itself. The variability
from the latter standp01nt is necessarily quite large. Decay of polonium is
another source of variability, Material balances are not complete, as can.
be seen; this is in part due to analytical failures, but in part due to .
radioactivities other than-those being reported (short-lived actlvltles and,
in the case of sample‘5, radium and its-daughters).

The carbonate- fractions :are seen to contain about 0.3 to O 35 parts
per million of protactlnlum, which is mainly bound with the acid-insoluble
silicious portion of this fraction. The ionium, present to the extent of:
some 15 to 20 parts per million, is found in the readily soluble portion of.
the fraction. Information furnished about the carbonate fraCtion,7 is that
it is 215 parts by weight for 580 parts by weight of the crude ore, i.e.,

37 per.cent. For pitchblende: which is 65 per cent. by weight U308, this indi-
cates that on the order of two-thirds the original protactinium content of

the ore was dlssolved in the sulfuric-nitric acid treatment, and precipitated
- by the carbonate treatment with more than three-fourths of the ionium content
following:the same path The apparent high level of ionium in the sulfate
residues is in part at least a reflection of the fact that much of the soluble
portion of the ore has been removed, giving a bulk concentration. For example,
removal of the uranium alone gives a concentration of about threefcld. It is
interesting to note that the radioactivity surviving in the ether residues is
practically entirely ionium (together with a certain amount of uranlum) It
~is difficult to a881gn a concentratlon factor for this. materlal, ‘but it must
be rather large due to the previous treatments.

On the basis of the results. obtained, a number of mllllgrams ‘of pro-
tactlnium and approx1mately one-half gram of ionium (w1th three tlmes as much
The32 ) have been obtained in pure state, from a carbonate fraction. “The-
yields obtained for the protactinium corresponded to 50 to 60 per cent of the
material indicated by prellmlnary analysis., No attempt was made to obtain
complete recovery of ionium, ‘ :
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' .Table 1--Radioactive Analyses of Uranium Process

Residﬁes,

. &Eh :‘?\;bF‘ ’

of . te

- Sample oriéin

Fraction

Total
alpha

(c/m/g

‘at 50%)

- Protactinium

per cent
of act,

.. ppm

'..Analyéis

ﬁéﬁium
per cent

of act. - ppm

Polonium .

. per cent
;pf“act,

1. Carbonate ppt

from 65% pitch-

blende (African)
.No. 3-1-~

i’HN03 sol; i '

Silicious
residue

B ,“‘esx .1.05

3.5 = 10t |

<0.3:

ko . 0.7

<0.03

420"

78 16  "

. <0.3°

20 . 0.08 °

.25 1 0.008

24 As'abbyey.but

another ship-
No. 3-2

3?'As»ébové, but

No 7

b Sulfate resi-

due, 65% Afri-

_-n'can pitch-
v~b;eﬁde. No.-l -

"5 3631due of - )

ether extrac-
tion of ura—~

‘nium. No. 8

- from another —- - - -
' processor o

| ENOg gol..

residue.

mOS BOl ° }

‘Sol. HC1 af-

ter NaCH

Sol. HC1 af-"

ter NapCO3

. HNO4-HF

solub1g<
Insoluble

flioride

‘ Gelatinous
'"reeidue

2.2 7 10

. .Silicious 1., ¥~,;

2.4 x.104

b x 305

6.0'x 107

T2 X 166

1,# x 105

<1

'f’<:o;2_;

1 <0.0k

5 035

25 wo;38 :

'<0. 05

Zo.k
| <:d:08’ 5-10

\\p 01

ng;ob 6

- 20 - 0.00k

-6
350

o
05

0,02
>0.03.
0-0.03

0-0.1
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