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(R
eceived 10 January 1989: in final form

 23 M
arch

 1989) 

The need for a radium
 tracer of reasonable half-life, low

 cost and ready availability, led us to the 
preparation of carrier-free radium

-228 from
 thorium

 nitrate know
n not to have been separated from

 its 
daughter products for at least 12 years. Solvent extraction and cation exchange techniques w

ere used. 
The preparation is rapid and the characterisation of the end product by 

radiom
etric m

ethods is 
straightforw

ard. 

K
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adium
, radiotracer, cation exchange, thorium
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U
ranium

-238 and its decay daughter radium
-226 occur together in uranium

 ores. 
U

nlike 
the 

sulphate 
com

pounds 
of 

uranium
, 

radium
 

sulphate 
is 

essentially 
insoluble.' 

C
onsequently, the uranium

 is leached effectively during the m
illing 

process, but the radium
 deposits over the finely ground gangue solids (e.g. quartz 

or m
ica fragm

ents) and the entire radium
 content of the uranium

 ore ends up in 
the solid m

ill w
astes (the m

ill tailings).2 R
adium

 contained in the tailings is likely 
to be slow

ly leached from
 these solids and to enter the biosphere. B

ecause of the 
long half-life of radium

-226 (
z
 1620 a), the m

ill tailings need to be m
anaged even 

after the closure of a m
ill. The presence of radium

 in these m
aterials and the 

am
ount of m

aterial produced m
akes alternative m

ethods of disposal (e.g., m
ine 

backfilling or deep burial in geologically stable vaults) im
practical. 

Snodgrass et a1.j have hypothesised that the follow
ing steps are involved in the 

leaching tank processes. Proton attack on the uranium
 and thorium

 m
inerals 

liberates the parent and daughter radionuclides into solution. Proton attack also 
liberates stable lead from

 the 238U
 m

ineral along w
ith barium

, strontium
 and 

calcium
 from

 other m
inerals containing them

 in trace am
ounts. If conditions are 
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appropriate, the m
etal ions and/or sulfate ion w

ill adsorb onto a surface such as 
silica. If the local geom

etry (of the order of a few
 square A

ngstrom
s) is suitable, 

crystal grow
th w

ill be initiated. Previous w
ork reported by 

u
s4.5 dem

onstrated 
that such grow

th of hetero-epitaxial deposits of lead, barium
 and (barium

/lead) 
sulfates on m

ica and quartz does occur. The continuation of our investigations 
requires the use of 

a radium
 tracer to follow

 radium
 exchange and adsorption 

kinetics at the surface of these deposits and for this purpose w
e prepared radium

- 
228. The procedure we follow

ed m
ay be of use to other researchers. 

EX
PER

IM
EN

TA
L 

D
uring the entire procedure 

the 
1977 R

ecom
m

endations 
of 

the International 
C

om
m

ission on R
adiological Protection w

ere follow
ed w

ith respect to w
orking 

conditions and radiation exposure. All reagents and w
ater used w

ere of analytical 
quality. 

A m
ass of lO

O
g of thorium

 nitrate w
as taken from

 a sam
ple know

n not to have 
been separated from

 its daughter products for at least 12 years. This period, in 
excess of 2 half-life intervals for radium

-228, ensured that the quantity of radium
- 

228 approached the m
axim

um
 possible. The m

ass of thorium
 nitrate w

as dissolved 
in 200m

L of 8 M
 nitric acid and the resulting solution w

as extracted six tim
es over 

a period of 20m
in w

ith 
100m

L aliquots of a 40%
 (v/v) solution of 

tri-butyl 
phosphate (TB

P) in benzene. A
fter the sixth extraction, the aqueous phase w

as 
w

ashed tw
ice w

ith 200 m
L portions of dry benzene (taking the usual precautions 

w
hen using this carcinogenic solvent) in order to rem

ove residual T
B

P and it w
as 

then evaporated to dryness in a round-bottom
 flask. The procedure that w

e used 
up to this point w

as based on w
ork described in reference 6. The description of the 

preparation of radium
-228 found in this reference, w

hile useful as a starting point 
does not lend itself to the routine preparation of this radio-isotope. W

e then used 
the follow

ing procedure. The residue w
as treated w

ith a sm
all volum

e of equal 
am

ounts of 71 %
 perchloric acid and concentrated nitric acid, in order to destroy 

any rem
aining organic m

aterial, and this w
as evaporated to dryness. The dry 

residue w
as dissolved in 70 m

L of 0.5 M
 am

m
onium

 lactate. This solution w
as then 

passed through a 50-100 
m

esh cation exchange colum
n (2cm

 in diam
eter and 

20 cm
 in length) of D

ow
ex 50W

-X
8. This w

as carried out at reduced pressure using 
the apparatus show

n in Figure 1. The colum
n w

as then w
ashed w

ith 50m
L

 of 
0.7 M

 am
m

onium
 lactate, using a flow

 rate of 
lO

m
Lm

in-', 
to rem

ove any rare 
earth cations originally present in the thorium

. The colum
n w

as then w
ashed w

ith 
750 m

L (approxim
ately 

50 
colum

n 
volum

es) of 
distilled, dem

ineralized 
w

ater. 
Tow

ard the end of this w
ashing procedure sm

all volum
es of the eluate w

ere 
evaporated to dryness on a hot plate in order to test for the presence of lactate. 
The radium

-228 w
as w

ashed from
 the colum

n w
ith 200 m

L of 3 M 
nitric acid, 

using a flow
 rate of 10m

L
m

in-'. The solution w
as then evaporated to dryness in 

a sm
all Pyrex beaker. A

 sm
all am

ount of w
hite residue w

as destroyed by boiling 
w

ith freshly-prepared aqua regia. U
pon evaporating no obvious m

aterial rem
ained 

in the beaker, but intense radioactivity w
as found to be present w

hen a survey 
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Figure 1 
A

pparatus used to pass solution through colum
ns at reduced pressure. 

radiation detector w
as placed at the m

outh of the beaker. The trace of m
aterial in 

the beaker w
as taken up in 1.0 m

L of 0.5 M
 H

C
I (tw

o 0.5 m
L

 portions) and stored 
in snap-top polyethylene vials. B

ased on data in M
cK

ay' and a value of 272.7 C
i/g 

for the specific activity of 
radium

-228' 
w

e 
w

ould expect a m
axim

um
 

yield of 
radium

-228 of 5 pCi/IO
O

 g of crystalline thorium
 nitrate. 

A 3-cm
 colum

n of D
ow

ex5O
W

-X
12 w

as then used to separate out 212B
i and 

212P
b (peaks A and B

 in Figure 2) follow
ed by 228A

~
 (peak C

), daughters of 
232T

h. A
m

m
onium

 lactate (0.7 M
) w

as the eluant. Sam
ples of equal volum

e (10 
drops) w

ere deposited onto alum
inium

 planchets at intervals of 30 sec, evaporated 
to dryness and counted in order to obtain the data for Figure 2. All counting w

as 
perform

ed using a M
ullard M

X
168 thin end w

indow
 G

.M
. tube operating at a 

plateau voltage of 420V
, and a G

ritlin Tim
er/Scaler unit. T

he colum
n w

as then 
w

ashed w
ith 

150 m
L (approxim

ately 50 colum
n volum

es) of distilled, dem
inera- 

lized w
ater to rem

ove lactate from
 the colum

n. The '"Ra 
w

as then stripped from
 

the colum
n using 3 M

 nitric acid and the solution evaporated to dryness in a sm
all 

Teflon beaker. A
ny trace of lactate residue w

hich appeared w
as destroyed using 
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Figure 2 
Plot of activity of eluate from

 final colum
n, as a function of 

sam
ple num

ber. Sam
ples 

collected at 30 sec intervals. 

freshly prepared aqua regia and then the trace of radium
-228 w

as taken up in 
1 m

L of 0.5 M H
CI and stored in a snap-top plastic vial. 

D
ISC

U
SSIO

N
 

D
uring the preparation of the radium

-228 it becam
e clear that the brief procedure 

given in reference 6 required considerable m
odification in order to be used as a 

routine m
ethod for the preparation. The quantities of am

m
onium

 lactate required 
in order to separate the radium

-228 on a preparative scale m
ust be rem

oved by 
extensive w

ashing of the colum
ns before rem

oval of the radium
-228. Even the 

m
ost careful w

ashing, verified by the evaporation of test portions of the w
ash 

liquid, m
ay leave sm

all quantities of organic m
aterial that requires rem

oval w
ith 

freshly prepared aqua regia or perchloric acid and concentrated nitric acid. The 
application of reduced pressure using the apparatus show

n in Figure 1 greatly 
reduces the tim

e required for the separation. 
G

am
m

a-ray spectroscopic analysis of 
a sam

ple prepared using our procedure 
w

as 
carried 

out 
using an 

intrinsic germ
anium

 detector 
and 

a 
m

ulti-channel 
analyser (C

anberra System
 90). The resulting data are show

n in Table 1. The 
perform

ance of the final separation using the 3cm colum
n w

as verified by the 
radiom

etric identification of the separated com
ponents labelled A, B and C in 
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Table 1 
Selected peaks from

 the gam
m

a ray 
spectrum

 
of 

the 
eluent 

(C
anberra Series 90 

system
 w

ith intrinsic G
e detector) 

PeaklF W
 H M

 
Identity 

(keV
) 

238.4 
'"Pb 

277.3 
'"TI 

327.9 
'"Ac 

860.6 
208T

l 

911.2 
"'Ac 

1.14 

1.31 

1.22 

1.55 

1.55 
'"Ra 

gam
m

a pests arc <31 kcV
 and conxqucnlly w

ere not 
observable. 

Table 2 
daughter products of radium

-228 
R

egression equations for the 
radioactive decay 

constants of 
the 

Isotope 
Rearession esuation 

C
orrelation coefficient 

"'Ac 
In net counts=7.1236-0.0018 

tim
e 

1 .oo 
'"Pb 

In net counts=7.0186-0.001 
tim

e 
0.99 

212f)i 
In net counts=6.5959-0.0108 

tim
e 

1 .oo 

Table 3 
C

om
parison of experim

ental and literature half-life for the 
daughter products of radium

-228 

Isotope 
Experim

ental ha//-life 
Literature value 

%
 Error 

'''Ac 
6.42 h 

'"Pb 
9.89h 

212Bi 
1.07 h 

6.13 h 
4.7 

10.6 h 
6.7 

1.01 h 
6.0 

Figure 2, using their half-life. In the case of radium
-228, an extrem

ely soft /3- 
em

itter, the m
ethod used to verify the identity of the nuclide once it w

as rem
oved 

from
 the colum

n w
as the observation of the rate of ingrow

th of the actinium
-228 

daughter. T
he results of these investigations are presented in the form

 of 
the 

accom
panying regression equations in Table 2. T

he coefficients of the regression 
equations represent the radioactive decay constants A for the appropriate isotope 
and enable the half-life of the isotope to be calculated using equation (1): 

=In 211 =0.693 l/coeficient of the regression equation. 
(1) 

A com
parison of the experim

ental and literature values for the half-life of each of 

E.A
.C

. 
B 
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the resolved com
ponents of the decay series is presented in Table 3 and confirm

s 
the success of the separation. 

As 
16 hours had elapsed betw

een the initial preparation and the gam
m

a-ray 
spectroscopic exam

ination 
of 

the 
radium

-228, 
w

e 
expected 

to find 
extensive 

ingrow
th of actinium

-228 (T
I,, =

 6.13 h) and traces of other thorium
-232 progeny. 

From
 a perusal of the decay schem

e of thorium
-232,' 

the accom
panying listing of 

gam
m

a-ray energies obtained from
 the spectroscopic exam

ination (Table l), and 
tabulated gam

m
a energies of the nuclides," 

w
e w

ere able to assign all the peaks. 
The results of this assignm

ent are sum
m

arized in colum
n 2 of Table 1 and confirm

 
the identity of the prepared radium

-228. 
O

ur experience w
ith this preparation suggests that it m

ay be of use to other 
researchers w

ho have need of a radium
 tracer. 
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