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A simple procedure for consecutive separation of Pa, Th, Ac, Ra, Fr, and Pb from each other
was studied by using both anion and cation exchange resin column. By the proposed method, these
elements were obtained in highly pure and carrier-free state easily after the coprecipitation with
Fe(OH);. That is, by using oxalate form of Dowex 1 x8 anion exchange resin and the following
conversion of its form to chloride form, AcX (222Ra)+ Ac (27Ac)+ AcB (21'Pb), RdAc (22'Th), and
Pa(%'Pa) were separated from each other and also from Fe carrier. Then, AcK (2%Fr), AcB, AcX
and Ac which were not well separated from each other by the preceding procedure, were separated
consecutively on Dowex 50 x8 cation exchange resin. Both «/r spectra and decay curves of the

separated nuclides were reported as nuclear properties.

1. Introduction

The elements which belong to natural radioactive series can ke separated from
each other by various methods including ion-exchange®®, solvent extraction and
coprecipitation etc.V.

On the ion-exchange separation of daughter nuclides from Pa-231, the following
studies have already keen made. By the cation exchange method, Kirby*® separated
27Ac, 27Th and ?2Ra in the system of 0.05N HF and IN HNO; solution and Andrews
et al.® separated one milligram of 227Ac from one gram of neutron irradiated 2?Ra
after the study of determining the distribution coefficients of Ra and Ac isotopes on
Dowex50 as a function of HC1 and HNO; concentration®. Cabell®® modified this
method and Ra, Ac, and Th were stepwisely eluted from Dowex 50 column. As for
the eluting agent, Radhakrishna‘® used 5% citric acid (pH=3) for Ac at 81°C, and
then 7% oxalic acid or 0.5M ammonium acetate (pH=4) for Th. A mixture of 8.5M
HC10, + 0.5M HC1 + 0.1M HF was used as eluant by Nelson‘® for the separation
of both Ac and Th from other elements. Duyckaerts et al.*® studied the elution of Ac
from a NH, form Dowex 50 column with 0.01M EDTA (pH=9). Actinium elution
was also effected by 0.5M glycolic or «-hydroxyisobutyric acid (pH=4)“®, The
separation of 22*Fr from other members of the 227Ac decay chain was accomplished
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with 0.5M HC10,? or by the other method“®.

As mentioned above, many methods using
cation exchange resin have been reported for the iPg
specific separation of a few member of actinium ( Pa)
series. However, in most cases, they do not give 231Th 2 227Th
a simple and stepwise separation of all these (2:;'4,3 “?:fj)
members from the parent Pa-2381. So, it is desired “AA:"'L
to develop a method to separate and determine the ( 2/;\:,)
daughter nuclides stepwisely from its parent. N BRq

In our earlier studies‘'®¢;»’ on the ion-exchange 1. ;;,2;2
separation of long-lived o-emitting nuclides ; (2::;")
radium, thorium, protactinium and uranium were 21m
separated stepwisely from Fe carrier by using the 16, (Zfr;
oxalate form Dowex 1 x8 anion exchange resin AT 3.92s AT
and its conversion to chloride form. By the
modification of this method, a simple and %:9m 75Fg ~10% PO
stepwise ion-exchange isolation of tracer amounts 97°% (AcA_3 [AcC’)
of Pa, Th, Ac, Ra, Fr, and Pb from Fe carrier 215B; e 7B, o5%
was effectively carried out by using the nuclides 0% (AcC)
which belong to the actino-uranium series (Fig. 1) - 211Pp N Pb
and the results are reported here. The brief ‘ (.f:sn) 3 (:;B)
description of this separation method was publis- 2077
hed as short communication in Radiochim. Acta (‘A(;::’:)

A
in advance. . . .
’ Fig. 1 The actino-uranium series

2. Experimental
2.1 Reagents and Materials

Ton-exchange resin used was Dowex 1 x8 anion exchange resin of 200-400 mesh
size and Dowex 50 x8 cation exchange resin of 100-200 mesh size. Reagents for prepar-
ing the tracer solution and the eluting solution were of G.R. grade. The original
Pa-231 solution, supplied by RCC, U. K. AEA, was 8M sulfuric acid solution. About
1 «#Ci of this solution was used for each column experiment. The «-spectrum (Fig. 2.
a) and the 7-spectrum (Fig. 2. b) of this original solution show the existence of the
daughter nuclides and the «-activity ratio of RdAc/Pa was observed to ke about 0.15.
The column filled with ion-exchange resin was of a 20 cm length and 8 mm or 6 mm
I. D. glass tube. The bottom of the column was made slender and a wad of glass wool
was used to keep the resin in the column.

2.2 Counting Equipments

The nuclides eluted from column were identified by their half lives and the spectra
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Fig. 2 a. Alpha spectrum of original Pa-231
b. Gamma spectrum of original Pa-231

cf a- ¢r r-ray. Tke grcss a-aclivity was ccunted with a ZnS(Ag) scintillaticn ccunter
and the a-ray spectrum was taken by 100 channel pulse height analyzer (Model AN-
100, Kobe Kogyo Co., Ltd.) coupled with double grided ionization chamber (Model
No. 4, Osaka Dempa Co., Ltd.). The S-activity was counted with an end-window G.
M. counter. The r-activity was counted with a scintillation counter having an well
type Nal(T1) crystal (1%/’){2”), and the r-spectrum was taken by 100 channel pulse
height analyzer ccupled with this detectcr. The counting scurce was gprerared by
electro-deposition or evapcraticn cf sample soluticn cn gold-ccated ccprer plate fcr a-

or f-assay whereas the r-counting was carried cut for each eluted solution directly.

3. Experimental Procedures and Results
3.1 Preparation of Column

Dowex 1 x8 anion exchange resin (Cl-form) was washed with 8M HCI1 solution,
followed by the washing with distilled water to remove some impurities. Then, the
resin was converted from chloride form to oxalate form with 0.5M oxalic acid solution.
The Dowex 1 x8 resin thus treated was filled in a separation column of 8mm I. D..
The resin bed was made to be 5 cm high. The flow rate of the eluting solution from
this column was about 0.4 ml/cm?/min.

Dowex 50 x8 cation exchange resin (H-type) was washed with diluted HCI
solution. Then it was introduced into a column of 6 mm I D.. The resin bed was
8 cm high and the flow rate was about 0.7 ml/cm?/min. The resin bed was usually
pre-treated by washing with several column volumes of the solution having the same
composition as that used subsequently for elution.

3.2 Anion-Exchange Separation

About 1 xCi of the original Pa-231 in 3M sulfuric acid was taken in a polyethy-
lene test tule and about 5 ml of distilled water and 10 mg of Fe carrier was added to
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this solution. After heating in a water bath, ferric hydroxide was precipitated from
this solution by ammonia gas. This precipitate was separated by centrifugation and
washed with hot water containing ammonia. Then, this precipitate was dissolved in
0.5M oxalic acid solution. This oxalic acid solution was, then, introduced into an
anion exchange resin column which had been previously treated with oxalic acid
solution. The washing of anion exchange column with 0.5M oxalic acid solution was
carried out subsequently. In this procedure,
every 2-8 ml of the eluate was fractionally
16 -'—'}) o collected in a polyethylene test tube, followed
y‘/:_u“ by the assay for «-, -, and r-activity. In

o 1 this procedure, it was confirmed from the
S decay and growth curve of the r-radioactivity

Zamh | in these 0.5M oxalic acid eluate (Fig. 3)
1‘/ 1 that AcX (®Ra: Ty,=11.69 d), AcB (*'Pb:

A
-]

LA e o

7 : i Tip=386.1 m), and Ac (¥"Ac: T,,=21.8 y)
o passed through the column in this order.
K Because, the initial r-activity of fraction (1)
] and (2) of oxalic acid solution vshows the
] decay of AcX and that of fraction (3) shows
) the decay of AcB. With the lapse of time,
all the fraction (1)-(4) show a growth of

Y ILITE%;‘D%OY]' O the r-radicactivity. The dotted line (5) on
Fig. 3 Radioactive decay and growth curves Fig. 3 is the theoretical growth curve of
of 0.5M oxalic acid fraction from ~ daughter «-activities (RdAc, AcX, An, AcA,
Dowex 1 x8 anion exchange column and AcC) from initially pure Ac. The

growth part of the curves (1)-(4) obtained
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in the experiment can be explained by this theoretical growth curve. In reference to
these facts, if the 0.5M oxalic acid eluants are collected little by little fractionally, it
may be possible that AcX AcB, and Ac are separated from each other with little
cross-contamination.

On the other hand, Pa (®'Pa: T,,;=38.43x10* y), RdAc (®#'Th: T,,=18.4 d) and
Fe were caught on the oxalate form anion exchange column. The elution of RdAc
caught on Dowex 1 x8 was realized with the eluant of 8M hydrochloric acid solution.
The radiochemical purity of RdAc in this fraction was examined by «- (Fig. 4.a-A)
and r-spectrum (Fig. 4.b), and this was also confirmed by measuring both the growth
and decay of «-radioactivity (Fig. 4.c) and the change of «-spectrum with time
(Fig. 4.a). After the elution of RdAc, protactinium was eluted with 8M HCI + 0.1M
HF mixed solution, and the radiochemical purity of Pa was well confirmed by its «-
(Fig. B.a) and r- spectrum (Fig. 5.b) and the complete removal of its daughter
nuclides is evident in comparison of these spectra with that of original solution. The
radiochemical yield of Pa-231 and Th-227 in this ion-exchange procedure was almost
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100 %. Finally, iron can be
eluted completely with 1M HCI
solution. Thus, by the simple

—— 0.5M-H,C,0, 8M-HCL B8 M-HCl +0.IM-HF ——>—— 1M-HCl —]

:c)é{!ll; RdAc (V) Pa(V) Fe(l
C .
Ac () method using the oxalate form

i~}

anion exchange column, it was

@

accomplished to isolate RdAc
and Pa respectively in high
radiochemical purity and carrier-

Radicactivity , arbitrary unit

Y

free state. As a summary, in

Fig. 6, the elution curves of the

5 30
—— Effluent (ml)

respective nuclides separated

Fig. 6 Elution diagram of AcX, AcB, Ac, RdAc, Pa, and with the above mentioned method

Fe fr Do 3 i .
om wex 1 x8 anion exchange column was schematically shown.

3.3 Cation-Exchange Separation

After the anion exchange separation procedure, it is favorable to apply the cation
exchange separation method mentioned below to the eluate of 0.5M oxalic acid, in
order to obtain the more radiochemically pure AcX, AcB and Ac. Because the
fractional collection of the 0.5M oxalic acid effluent to separate AcX, AcB, and Ac is
troublesome and not so effective.

The 0.5M oxalic acid effluent from anion exchange resin was introduced directly
into a Dowex 50 x8 cation exchange column of H-form, which was previously conditioned
with oxalic acid solution. After feeding of the mixture of AcX, AcB, and Ac, small
amount of AcB activity was detected in the washing solution of 0.5M oxalic acid
solution. Then the column was subjected to the stepwise elutions with the eluants of
different concentration of hydrochloric acid. At first, in the effluent eluted with
0.1—0.5M HCI solution, nuclide having short half life of about several minutes was
found. It might be AcC (2Bi: T,;;=2.16 m)
or AcC’” (2'Tl: T,,=4.78 m). Then, by using i
1—2M HCI solution as a eluant, AcK (**Fr: \ 8
T.3=21.8 m) and AcB with its daughters 0F
were eluted. Furthermore, with 4—8M HCI,

AcX was eluted, though the eluant of ten E’? \\\-\
times as much as column volume was required %101» [ —
to elute AcX completely. After most part of £

AcX was eluted, Ac began to break through %

from the column resin bed. When the elution B . T2 =2m

was stopped at this stage, only Ac was
remained on resin. This circumstance was
confirmed by the fact that the milking of
AcK which attained to the radioactive I I NV RS TR T

—— Time (min)
equilibrium with the parent Ac in about two Fig. 7 Decay curve of AcK fraction
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hours was realized on Dowex 50 x8 column with the eluant of 1M HCIl. The beta
decay curve of this effluent is shown in Fig. 7 and the measured half life agrees with
that of AcK in the initial part of this curve. With 6M HNO;, Ac remaining on the
column could be easily eluted. It was also found that the elution of AcK was possible
with 0.56M HCIO,. With this eluant, only AcK was eluted, though AcX or AcB
remained on resin.

Furthermore, for the above-mentioned procedure, some improvements were
developed as follows

The elution of AcB could be made with 1—2M HCI (Fig. 8. A), but this elution
was facilitated by the addition of methanol to HCI eluant (Fig. 8. B). In the eluate

(A) ]
B 1 1 1 1
12l T5MHCE> -
+15%CH30H
I f)Ace i
8 |
(B) H ]
z 1
=]
>
g 0 I 1 1 1 1 L
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z 8r i
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o 4
G 1 1 1 1
12f——— 4MHCl « 0.5M HClOy ————>¢—— 6M HNO3 —>
| AcX A’ ]
] |
(D) - .
L ]
0 - .
12fe—————— 9M HCI0, ——————>—6M HNO3 —
AcX
L Ac 4
8t J
(E) - .
Lk -
o -
1 l -y 1 ®
% 5 0 % 30

15 20

— Effluent (ml)

Fig. 8 Elution of AcB, AcX and Ac from Dowex 50 x8 cation
exchange column
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with 1.5M HCI + 15% CH,OH, AcB was identified through its r-spectrum (Fig. 9.a)
and its decay curve (Fig. 9.b).

If the elution with 4M HCI continued too long as shown in Fig. 8.C, the contam-
ination with small amout of Ac was found in AcX fraction. In this case, the addition
of small amount of HCIO, to 4M HCI eluant makes some retardation of the elution of
Ac (Fig. 8.D). If the elution of AcX was carried out with 9M HCIO,, it was easier
to elute this nuclide than the elution with 4M HCI as shown in Fig. 8.E. Though
very small amount of Ac began to break through after most part of AcX was eluted,
it was accomplished to obtain radiochemically pure AcX with high recovery by
discarding the final part of AcX fraction. Both the «¢- and 7r-spectrum of AcX are
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decay products
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c. Decay curve of AcX fraction

shown in Fig. 10.a and k. The decay curve of f- and r-activity are consistent with
its half life (11.7 d) as shown in Fig. 10.c.
From above menticned results, it kecame possible to separate AcK, AcB, AcX, and

Ac from each other by stepwise
elution with 5-20 ml of the eluants
such as 0.5M HC10,, 1.5M HCI -+
156% CH;OH, 9M HCIO,, and 6M
HNO;, respectively on Dowex 50 x8
column. The elution curves of these
procedures are shown schematically
in Fig. 11. The radioactivities for
AcK, AcB, and AcX are measured
immediately after the elution, but
those for Ac are shown indirectly
by the gross activity of daughter

nuclides grown up after about 100

Radioactivity , arbitrary unit
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Fig. 11 Elution diagram of AcK, AcB, AcX and Ac
from Dowex 5) x8 cation exchange column

days, because the radioactivity of Ac itself is too weak to measure.

After all, the daughter nuclides of Pa-231 were isolated in carrier-free state and in

high purity by this simple procedure.

Furthermore, it must ke pointed out that the

treatment of the eluted solution is easy after this separation method, kecause the
eluant is the solution containing the acid which can be removed by -evaporation

without any residue.
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