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CHROMATOGRAPHIC SEPARATION OF PROTACTINTIUM FROM THORIUM:
A PROTACTINIUM=234m AND PROTACTINIUM=-234 GENERATOR

Alcidio Abrao

ABSTRACT

The short lived natural radioisotopes protactinium-234m (1,18 min,) and prots
actinium=234 (6.67 hours), descendants from the thorium-234 (UX1, 24 days) are valuable
© for radiochemical experiments, as for instance, half-life, and dead-time determination ,
desintegration and genetic related radioisotopes studies, and as tracer (protactinium-234)
as well,

The method here outlined allows a convenient and fast separation of both préto—
actinium=-234m and protactinium-234 radioisotopes, The method is extremely simple, re-
quires no special reagents and permit milking of these radioisotopes at any desired
moment,

The method is based on the sorption of thorium-234 from a solution containing 0.3M

" HF on an alumina column, from which the radioprotactinium can be eluted when desired.Thorium~
234 is strongly held on the aluming and protactinium-234m and protactinium-234 can be milked
many times successively, by simple elution with 0.2 - 0.3M HF. Thorium-234 is directly sepa
rated from uranyl nitrate solution (100 g/1 U308) having 0.3M HF, by percolation on an
alumina column (2 ml Al,04). After the sorptidn of thorium-234 the small generator is ready
to furnish protactinium=234m that can be milked each 1-5 minutes (for the protactinium-234m
ingrowth) with 1-3 ml of 0.2-0,3M HF,

The protactinium-234m and protactinium-234 milked from the alumina generator are
radiochemically pure as was checked by their half-lives determination, No contamination
due to thorium-234 or any other descendant from the natural wranium series was observed.

The protactinium generator can supply carrier-free protactinium~234m in high

activity to be used for the dead-time determination and is a convenient short radionuclide
reservoir for training courses and preparation of tracers,

INTRODUCT ION

The unique protactinium isotopes occuring in nature are
protactinium=231 (32500 years), an uranium=~-235 descendant, and
protactinium=-234m (1.2 min.) and protactinium=-234 (697.hours) ,

- both descendants from uranium=238. An artificial important radio
isotope it is protactinium~233 (27 days) produced by neutron ac-
tivation of natural thorium by the nuclear reaction Thorium-232
{n,gama)=thorium=233 and built up by Thorium=233 beta decay.Proto
actinium=233 is used as tracer and has enormous importance as the

uranium=-233 precursor, an artificially prepared fissil nuclide.



The short-lived natural radioisotopes protactinium-234m
(1.2 min.) and protactinium-234 (6.67 hours), descendants from the
24;1 days thorium-234 (UX1) are valuablé for radiochemical experi-
ments,?as for instance short-half-life and dead-time measurement,
desiﬁtégration and genetic related radioisétopes studies, as radi
oactive growth and transient equilibrium, and as tracer (proto -

actinium~234) as well.

Only a few papers have been published concerning the sepa
ration of protactinium-234m, since it requires a very fast pro-
cedure. No convenient fast technique has been published for the

preparation of protactinium-234m,

The method here outlined describes a convenient and fast
separation of both protactinium—234m and protactinium-234 from
thorium-234. The method is extremely simple, requires no special
reagents and permit'thgée short}radioisotopes to be milked re-
ipeatedly whenever desired.'This'milking is accomplished via a

small generator where the radiothorium—234 is stored.

PROTACTINIUM-234m AND PROTACTINIUM-234

Both radioisotopes are genetically related to thorium-234

(UX1, 24.1 days):

E5251-* 234mPa§1.18 min,)

95,67
238, alpha 23401 wx1)- 1.1, N 24y — 230
o 0.15% (2,4.10%y) (8x10%)
(4.5x10°y)  (24.1 ) » ////////’" .
beta 2347, ... , g
W Pa(6 .v7 h)

Protactinium-234m (1.18 min.) as a short radioisotope has
great interest for radiochemistry experiments (1-6) and for dead-

~time determination (6,7). Since it is a reasonable short 1lived
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isotope the methods for its separation and preparation must be

simple and fast.

The existing methods described in the literature for the
separation of protactinium from thorium use paper chromatography
and ion exchange, coprecipitation with zirconium phosphate, cup-

(6) (8)
2 ]

ferron and benzoylphenylhydroxylamine' ’, adsorption on MnO
and solvent extraction techniques0 All suggested methods allow
only an unique separation from thorium=234, that is, for a second
separation it is mandatory to recompose the solution containing

the thorium.

A NEW METHOD FOR THE SEPARATION OF PROTACTINIUM FROM THORIUM

The method here proposed offer a contribution to the
protactinium chemistry, permiting to prepare a convenient proto
actinium=234m and protactinium=234 generator, The separation of
protactinium from thorium is extremely simple, does not requife
specific organic reagents and serve as a protactinium source
from which radioprotactinium can be milked repeatedly at any

desired moment,

No rapid method for repeatedly separaﬁion of short=~

~lived-protactinium has been reported in the literature,

A RADTPROTACTINIUM GENERATOR

Once the thorium=234 was firmly retained on an alumina

(9)

column (6 mm i.d. having 2 ml A1203), as yet described *"“and as

it is well known.that protactinium forms a very stable anionic
complex with F'=ion (PaF7"), i+ was réasonablyvunderstandable

that such a behavior could permit the elution of radioprotactinium
(234m and 234) from the alumina column by dilute bydrofluoric acid,
The author's experiments led to the conclusion that the radioproto

actinium accumulated by the thorium=234 decay it is easely washed




o b

out from the column with dilute HF., It was demonstrated that this
small generator can be used as a radioprotactinium source from
which these short radioisotopes can be eluted many times repeated
ly. A great number of successive protactinium=234m and proto-
actinium=234 elutions were performed with 0.2M IF without contami

nation of thorium=~234 parent,

4 Once the thorium=234 is firmly held by the A1203 column
and observing a period of several hours for the longest lived
iprotactinium-234 isotope to be accumulated in, the first volume
of.elutriént (0.2M HF) remove a protactinium-234 and proto-
actinium=234 mixXture. So, for the preparation of protactinium-234
-a periodkof several hours should be oBserved for its accumulation
into the column, being then eluted along with protactinium=-234m
with the first 5-10 ml of 0.2M HF. This can be seen on Fig. 1. A
6 mm i.d. column having 2 ml of A1203 was used, each curve obtain
ed using a 3 ml 0.2M HF as elutrient. Curve A shows the decay of
protactinium=234m plus protactinium-234 compositive curve (tail).
Following the decay of this tail (Fig. 1, curve C), it led to the
conclusion of existence of a 6,7 hours (protactinium=-234) radio-
isotope. In these experiments the samples were gamma counted
using 3ml of eluate into a plasticqvial; Continuing to elute the
same coiumn that has been observing a several hours build-up
period for the ingrowth of radioprotactinium and accumulated some
protactinium-234, after a 10 to 15 ml of 0.2M elution, the accumu
lated longest protactinium=~234 was washed out. From this moment
on the column can be repeatedly elutéd after each one to five
minutes, the decay curves being a stfaight line over=8=10 half-
~lives, since only protactinium=-234m it is predominantly present,
no sufficient time was observed for the ingrowth of protactinium-
=234, 1f desired, tﬁe samples can be beta counted using a G.M.
tube., In this case a 80 to 100 mg/cm2 aluminum absorber can be
used between the samples ané fhe G.M. tube, only the beta parti-

cles of protactinium=-234m being counted.
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The radioisotopes protactinium=234m and protactinium=234
obtained by the described method are radioactively,pure,b with=
out contamination of thorium-234 parent, as can be seen by the
decay curves (Fig. 1, curve B). Half~lives varying from £,18 to
1,20 minutes for protaétinium-234m and of 6.7 hours for proto~

actinium=234 were found using only the graphic plot method.

 CONCLUSION

The protactinium genérator here described allows a clean -
radiochemical separation of protactinium from thorium,\frbm yhich«
the short-lived radioisotopes protactinium=234m and protactiﬁiumn
=234 could:-be easely freparedo This generator allows to obtain a
'shortflived carrier-free radioisotope (protactinium=234m) at suf-
ficiently high activity to be used for dead-time counting determi
nation, Protactinium is eluted from the small generator 31mp1y by

washlng the column with 0.2M HF at room temperature.

This generator has been used for classroom demonstration
~on radiochemistry and nucleonics training, each student elutlng
'and determlnlng the protactlnlum halfwllfe in a safe and very
convenlent manner, This protactlnlum source is belng ‘used for
half-llve, and growth determination of genetically related radio
-isotopes, ‘with the advantage of belng the parent of a reasonable

longwlived:isotbpg (thorium=234, 24.1 days).

RESUMO

0s radlolsotoprs naturais de meias vidas curtas, protactlnno— )34m (1 18 min;) e pro

tactinio-2 34 (6,67 h), descendentes do toério-234 (UX,, 24 dias), sao valloqo para experien—

-eiag radigqu {m1eas, como por ‘exemplo; determinagao de meia vida e tegpo morke, estudos de de
sintegragao em radlonotopos gﬂnetncamente llgaqu, bem como iragador (protact1n10s234)

0 wdtodo aqu1 descrito permite uma separagao conveni iente’ e rapida de ambos, protac-
tinio-234m e protact1n10=234 0 método elextremamente simples, nao requer reagentes espe01als
e permite sua obtengdo em qualqjer momento desegado°

0 método & bassado na sorpgao de tor10~234 d~ uma £0lugzo contendo 0,34 EF sobre
upa pequeng coluna de alumina, da qual o rad:oprotactinlo ode ser. elufdo quando desejado .
Tério-234 & firmemente retido na alumina enquanto, protactinio-234m e prOtaLtJnlOmQSA podem
ser elvidos muitas vézes sucessivamente, por simples elni¢ao com HF 0,2-0,3M, Torio-234 é
parado diretamente de soluggo de nitrato de uranilo (100 g/l em U308), contendo 0 ,3M HF, por
percolacao na coluna de alumlna (2 wl de A1203) Apos a sorpcao do torio-234 o pequeno gera~
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dor estd pronto para fornecer protactinio-234m que pode ser eluido cada 1-5 minutos (para o
crescimento do protactlnlo 234m) com 1 a 3 ml de HF 0, 2—0 »3M.

9 protaet1n10~234m e protactinio-234 eluidos do gerador (alumlna) sao radioativa -
mente puros, como foi verificado pela determinagao das meias vidas, ¥ao foram observadas con
taminagoes devidas a t0rio-234 ou qualquer outro descendente da série natural do uranio.

0 gerador de protactinio pode formecer protact1n10—234m livre de carregador em
atividade suficientemente alta para ser usado na determinacio de tempo morto e & reservati-
rio conveniente de radioisdtopos de meias vidas curtas para cursos de treinamento e prepara
¢ao de tragadores.

RESUME

Les radioisotopes naturels qui ont une demi-vie courte, tels que le protactinium -
~234m (1,18 minutes) et le protactinium-234 (6,67 heures) descendant du thorium-234 (UXy,24
jours), sont utils pour les experlments radlochlmlques, par ex: pour la determlnatlon de la
demi-vie et de temps mort, pour les études de désintegration de radioisotopes génétigquement
liés, et comme traceur (protactlnlum 234),

Ltauteur decrlt une séparation convenable et rapide du protactinium-234m et du pro
tactinium-234, La néthode est simple, n'utilise par des réactifs spécials et permet 1'obten
tion des radioéléments au moment désiré.

Aprés fixation du thorium en solution 0,3M HF, sur une colonne d'alumina, le pro -
tactinium-234m et le protactinium-234 sont elués sucessivement avec HF 0,2 - 0,3M,

. Le thorium-234 est séparé directement d'une solution de nitrate d'uranyle ( 100 g/1
emn U308) contenant 0,3M HF, par pasgage dans une colone d'alumina (2 ml de A1203). Aprés fi
xatitn du thor1um~234 le petit générateur est pret pour eluer le protactinium,”a chaque 1~
-5 minutes, (pour la croissance du Pam234m) avec 1 a 3 ml de HF O .2 - 0,34,

, la pureté radicactive a &té verlfle par determination des demi-vie et on n'a pas
trouvé contamination par le thorium ou par d'autres descendents de la série naturelle de 1!
uranium,

Le protactinium-234msans entraineur a une activité suffisante pour la determination

de temps mort; le générateur est ,aussi un reservoir convenable de radioisotopes a demi-vie
courte pour 1’ense1gnement et préparation de traceurs.
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