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ANALYTICAL METHODS

FDERAFHIC SEPARATION, PURIFICATION AND

REE PREPARATION OF THORIUM, PROTACTINIUM

D URANIUM FROM GEOLOGICAL MATERIALS

g isotopes of the elements thorium, protactinium
iitm are used for dating purposes and in particular
Stocene geochronology (Roshglt, 1970, p. 173).

es the necessary nuclear data of the respective
g5 Used in this study which are all long-lived and
gmitters. In alpha spectrometry the separation of
ments from geclogical materials and from each other
perequisite in applying this technique to age

flations because 2%Th and 23 peaks overlap and

glrces are regquired.

Analytical methods and procedures for the separation
lions have received considerable attention over the
Itee decades. Numerous technigues were developed
lominantly involved anion exchange and reversed
??Mid chromatography. The most satisfactory system

Bseparation of thorium, protactinium and uranium

lind to be anion exchange in the chloride form. Each

fRants, which therefore necessitated the use of
§ent purification processes to be applied to each

Thorium was selectively absorbed onte anion

@e resin in the nitrate form. Reversed phase liquid
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y was applied in different forms to both

Um and uranium.

ICLEAR DATA FOR NATURALLY OCCURRING ISOTOPES
THORIUM, PROTACTINIUM AND URANIUM

Half-1life a-Energy

Isotope (years)* (MeV )*

230Th B x 10% 4,68

' 231pg 3,25 x @po* 5,06
g 238 4,51 x 10° 4,20

F
E 235 7,1 x 108 4,40
B 2 34 2,47 x 105 A5 TF
(1968)

@ttempt was made to recover the elements quantita=
ugh. the various stages of separation. Known amounts
Ppic spikes for the respective elements were added

)

B8P to determine the chemical yields. Analysis of the

gd fractions was done by alpha spectrometry which

Experimental Procedure for the Separation of Thorium
Protactinium and Uranium from Synthetic, and in Some
dnstances, Actual Samples

Apion exchange chromatography, using 'strong base
8in the chloride form, is efficient in separating these

b8 due to the remarkably different adsorption charac=
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their anionic chloride complexes.
ion curves for the separation of thorium,

iim and uranium are given in Fig. 16 and were

oM the experimental procedures.
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g, 16: Elutien curves for thorium, protactinium
and uranium from strong base anion exchange
resin using Bio Rad AGI-X8 in the chloride
form.

£
‘éig. 17 summarizes the adsorption of the elements
:ﬁﬁent hydrochloric acid molarities, which are given
liction of the log of the distribution coefficient

@end Nelson, 1956, p. 118).
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_The elution curve for thorium was produced in the
fing manner. Thorium is not adsorbed throughout the
ydrochloric acid concentration range. This alsa

g8 to the alkali metals, alkaline earths, rare earths
Uther elements such as uranium, protactinium,

im, zirconium, hafnium and iron (III) are strongly

8t high molarities. A 9M hydrochleric acid

#6n containing thorium, lanthanum and Buropium was
gthrough the anion exchange resin column. Ten cm®

of the eluate were collected. Five ecm?® of each
rated with 0,01M EDTA and xylenol orange indicator
3,0 to 3,5 to determine the thorium concentration
W, 1959, p. 1201). A further 2 cm® of each portion
Blaporated to dryness in quartz tubes and the residue
§8ted for three hours in the hydraulic facility of
1-1.

After four days of decay the gamma spectrum of each
N was analyzed for thorium and the rare earths.

g data for the isotopes used are given in Table 8.
Bt ion data are presented in Fig. 18, from which it
gted that thorium and the rare earths were co-eluted.
Rapid elution of protactinium was accomplished with
rochloric acid - 0,1M hydrofluoric acid mixture.
tion, uranium IV and VI can also be separated in this

Oxidation of all the uranium ta the VI state was

(Kraus et al, 1956, p. 2694). The adsorption

Bteristics of elements from hydrechloric acid-
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UCLEAR DATA FOR RADIONUCLIDES PRODUCED
(' THERMAL NEUTRONS

Thermal R
= Isotopic Neutron Px_tay
Target AhundZnCE Activa= |Product | Half- B ﬁ‘
[sotope (%) bion Isotope life? iy 43
Cross mTESU§E
Section =
(Barn)!
2327h | 100 7,4 233pg |27 d 312
1 139) 5 99,9 9,6 40 a (40,22 h| 1 595
| .
e 47,8 3 100 te2En |42 y| 1 408
| 238y 99,3 2,73 | 2%Np | 2,35 d 277
°8Fg @,33 1,2 53Fe (45 d| 1 099
B4F e 5,82 2,8 S 1303 d B35
7Shs 100 4,5 T6As 126,85 h 559
&7 17,4 0,075 ¥5Zr |65 d 724
95Np (33 d 766
180 ¢ 35,2 12,8 1814f 42,5 d 482
4 0ce 88,5 0,54 142Ce |33 d 145

Chart of the Nuclides

Lederer et al

(1968)

‘Adams and Dams (1969)

-
:

m, zirconium,

hafnium,

rge distribution coefficients for hydrochloric
53

germanium and protactinium

@arities below four in hydrochloric acid-hydrofluoric

xtures.

In this work 9M hydrochloric acid - 0,1M

lupric acid mixture was used to elute protactinium

€ the distribution coefficient of protactinium in this
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RELATIVE PEAK HEIGHT —=

0 100
VOLUME ELUATE (cm3) =——s=

Fig. 1B:Elution curves for thorium,lanthanum and
europium from strong base anion exchange
resin using Bio-Rad AGI-XB in the
chloride form.

Bm is nearly zera. The elution curve for protactinium
216) was determined using the gamma-emitting 23%%a
(Table B). ‘A sharp separation from both thorium
Uranium is shown.

:}During the course of this investigation it was found
23Pa was completely lost during the separation process

s the spike 2?%Pa was recovered with good yield. The
i1
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#g. 19: Absorption of elements by strong base
" anion exchange resin in HC1-HF mixtures and
o HCL. only. . Thick 1ines, give, the, distribu=
: tion coefficients in the absence of HF.
1 Thin lines give the distribution coeffi=
cients in the presence of HF. (Nelson,
I Rush and Kraus, 1960, p. 346).

B the anomalous behaviour of 23!Pa and 23%¥a is

?due to both species being in different chemical
'%ince 233Pa is synthetically produced, it would be
$rm of an anionic chloride complex, whereas naturally
:é 231P3 may be in the form of a complex oxide species
:%ly oxidizing environment (Ahrland et al, 1973,

B o ensure that both isotopes were in identical
1jstates, the following procedure was adopted.

ite was separated by heavy media using TBE (1, 1, 2, 2,
fmnethane, SG = 2,96) and the Franz Isodynamic Mag=
;parator to remove magnetic impurities. The

itewas initially digested and fumed with concentrated

"' - - - - -
lloric acid. Successive fumings with concentrated

CONFIDENTIAL



University of Pretoria etd Hambleton-Jones B B 1976

CONFIDENTIAL : 13

Elution of uranium was accomplished using 0,1M

= acid. Iron (II1) was co-eluted and was a
Biitaminant in the separation of uranium from

8l materials. Two cms3 portions of each five cm®
Paction were evaporated to dryness in polythene
Bvand irradiated in the pneumatic facility of

Bfor 15 minutes. After a decay of one day the
was measured (Table 8), from which the uranium

-@?&ve was plotted (Fig. 16).

erimental Procedure for the Purification of
ibrium, Protactinium and Uranium from Synthetic,
jgnd in Some Instances, Actual Samples

In aqueous solutions of nitric acid, thorium forms
Ie hexanitrate anionic complex and is adsorbed on
base aﬁion exchange resin in the nitrate form.

=

f8 being co-adsorbed (Fig. 20)(Buchanan and Faris,

B 365). Selectivity of this method is good as

I can be separated from most elements, including
f

lo test the suitability of the method the following
[“ﬁ was followed. A granite sample was dissoclved
;ﬁﬁed onto an anion exchange resin column in the

form. Two cm3 portions of the eluted ten cm3

s were evaporated in quartz ampoules and irradiated

g}hydraulic facility for two hours. After a decay of
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fig. 20: Absorption of elements by strong base
anion exchange resim in nitric acid.
(Buchanan and Faris, 1960, p. 365).

the samples were counted. From the data, elution
}
or lanthanum, cerium and thorium were drawn (Fig. 21)

low 8 sharp separation between the rare earths and

'The purification of uranium inveolved the technique

Léad phase liquid chromatography having a stationary
f tributyl phosphate (TBP) supported by Kel-F powder
is polychlorotrifluorcethylene) (Hamlin et al, 1961).

it
Mwas selectively extracted into the TBP phase from a

®
ftric acid solution. Impurities such as iron (III)
jantitatively eluted with the nitric acid. Uranium was

with distilled water. To test the efficiency of the

tion, the isotopes 5%e, 5%Mn and 7fAs were used as
r
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Fig. 21: Elution curves for the rare earths and
thorium from strong base anion exchange
resin using Bioc-Rad AGI-XB in the nitrate
form.

These were produced by the irradiation of an iron

Ebile B). 75As was a contaminant and was therefore

§imultanesusly. Ten cm?® portions of the eluate were

760 were quantitatively eluted. As uranium ( *3%)
'fgamma emitter it would not be counted directly.
Bfractions of the eluted portions were evaporated in

Bfe capsules and irradiated for 15 minutes: After a
£

Bf one day the samples were counted. Elution curves
.

B 5ystem are shown in Fig. 22. A sharp separation
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gron and uranium was achieved.

L
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Fig. 22: FElution curves for iron, manganese,

arsenic and uranium using reversed

phase liquid chromatography with

tributylphosphate as the supporting

substance and nitric acid and distilled

water as the mobile phases.

(Frotactinium was purified using a modified versian

Bireversed phase liquid chromatographic method proposed

ski (1969) to separate thorium, protactinium and uranium.
Ernary amihe, aliquat-336, was used as the stationary

Bsupported on teflon powder, and the mobile phase was

:*¢rated hydrochloric acid. Fig. 23 shows the variations

gtraction coefficient of thorium, protactinium and

m with increasing concentrations of hydrochloric

B riand et al, L5973, p. S78).
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' METAL ION EXTRACTED
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CONCENTRATION OF ACID (M)

23: Extraction coefficients of thorium,
protactinium and uranium into amines at
different concentrations of hydrochleric
acid. P = primary amine, S = secondary
amine, T = tertiary amine, 0 = gquarternary
amine. (Ahrland et al, 1973, p. 578).

Both protactinium and uranium behave in a similar
Ehroughout the whole concentration range. Experimen=

this fact was substantiated here and showed that the

f Stronski must be viewed with caution. Therefore

Contaminants of protactinium were titanium, zirconium

BBrated, the following procedure was adopted. The
857y, 95Nb (a decay product of 9%%r), 18lHf and 23%a

3

8ed as tracers (Table 8). Five cm?® portions of eluate

2
Bunted on a gamma spectrometer. In concentrated
hloric acid protactinium was extracted.into the

8t-336 and sharp separation between protactinium and

Bhtaminants was achieved. A recovery of 96 per cent
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8lWas obtained and the remaining four per cent could

llted (Fig. 24).

’_CONC

e HCl —s=feo— 2M HCl—==)

«ACTIVITY OF 233Pu
ON THE COLUMN

RELATIVE PEAK HEIGHT——=
LS

0
VOLUME ELUATE (cm3) ==

Fig. 24:; Elution curves for zirconium, niobium,
hafnium and protactinium using reversed
phase liquid chromatography with aliquat-
336 as the stationary phase, teflon as the
supporting substance and hydrochloric acid
as the mobile phase.

Source Preparation of Thorium, Protactinium and
Uranium from Synthetic Samples.

Four basic requirements are necessary in preparing

g8 suitable for a-spectrometry. The source material
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t#ure as possible,

-%zgn ammonium chloride system (Mitchell, 1960). The
rgés dissolved in hydrochloric acid, taken up in
chloride and electroplated for about two hours at

- of 0,5 amps and about 8volts de. Due to excessive
-jéinhlems of the electrolyte at a high current, the
erage and longer electroplating time were chosen.
culating around the cell helped to dissipate the

fidrawing of the cell is shown in Fig. 25.

——r
W woos )
- [ ]
T E
L‘E =} GLASS LID
— GLASS ELECTROPLATING
L —T1 CELL
S g PERSPEX COOLING JACKET
WATER OUTLET
— PLATINUM ANODE

FROM
COOLING JACKET|

{ || TITANIUM DISC
/L | | ~Perspex BasE pLaTe

WATER INLET TO COOLING
———— JACKET

Fig. 25: A drawing of the electroplating cell used
for the preparation of sources of thorium,
protactinium and uranium.
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) @a-particles pass through the source material
BUffer an energy loss, giving rise to a tailing
the low energy side of a peak. This is caused

it being too thick. Variation of a-particle

g U/cm?® can be used. Values greater than this
relationship to diverge from linearity, which is
Hon of energy loss. The ideal situation, where there

gy loss, is given by the dashed line in Fig. 26.

x-'
i
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2000 |- !
I
I
I
z I/
o i
(5] ’l/
z Ix
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w 1000 =
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o
= x
: /
1
k|
s X
~
V 1 i
0 500 1000

MNa Ul1.33cm2

‘Fig., 26: Variation of alpha-particle activity of
238 ) in relation to the thickness of the
source, expressed as weight of U per unit
surface area.

S As electroplating time was important to ensure 2 good

89 a8 plot of a-particle activity versus electroplating

showed the minimum time required for maximum deposition
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R =T ial - (Fig.727).
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Fig. 27: Variation of alpta-particle activity of
238 with electroplating time.

ctroplating uranium for 90 minutes the curve flattens

o further uranium is plated. To ensure maximum

A titanium disc was used as a backing for the souzrce
After plating, Dooley et al (1966, p. 1369) heated
isc for a few seconds in a gas flame before use. This
igue was found to be unsatisfactory as titanium reacts
Pwith oxygen and nitrogen, resulting in the formatian
ing over the deposit. Loss of a-particle energy
»mpér resolution of the a-spectrum resulted. Good

ES were obtained when the disc was heated on a hot

for two minutes (about 400 °C). Counting was done an
ctor system consisting of & surface barrier silicon
tor (Princeton Model PD-15-20-300) lncatéd in a vacuum
A Tennelec power supply, preamplifier, amplifier

8 biased amplifier were coupled to a Intertechnique 400
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il analyzer (Model SA 40B) for the spectral
* Data were recorded using an interlinked IBM
¢, and the processing was done manually by adding

the pulses. in each channel over the required MeV

'@ﬁical a-spectra for thorium, protactinium and

Nisotopes are shown in Fig. 28.

238y 234y

235,

2301

i

= - PARTICLE ENERG\‘ (MeY)

RELATIVE INTENSITY ——=

&0

Ifig. 28: Alpha spectra for thorium, protactinium
and uranium isotopes.

Chromatographic Separation Scheme

Two rock types, granite and calcrete, were analyzed
8 scheme. In the former only uranium was separated
fole-rock basis, whereas in the latter, carnotite
lectively separated by heavy media as deécribed in

N 7.1. Table 9 gives the detailed procedure for the
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igraphic separation of thorium, protactinium and
| from geoclogical materials.

Ihe preparation of purification of the spikes 229Th,
Bd 232 are given in Appendix 1. Calculations for
mination of the chemical yield for thorium,

ium and uranium are given in Appendix 2.
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TABLE 81 PROCECURE FOR THE CHROMATOGRAPHIC SEPARATION OF THORIUM
PROTACTINIUM AND LRANIUM FROM GEOLOGICAL MATERIALS

DIGESTION FROCEDURES

Granite

1 g sample, add 15 cm®

40% HF and 1 cm® conc.

HC10s, add *¥%U, digest
in pressure vessel for

Z h at 150 °C.

Evaporate to dryness,
fume residue with 5 cm?
conc. HC104 until dry.
(1)

Fume with & em® canc.
HC1.

Dissglve residus in
Z om® 8M HC1 when cool,

(1)

(2)

(1) Bio-Rad AGI-X8, 100-200

Carnotite

0,05 g, add 2 cm® 40%
HF, add 22°Th 243y and
fume. Repeat with 4 om®
HF.

Evaporate to dryness,
fume with B cm® conc.
HC104 until dry.

Fume with 6 cm® cenc.
HC1.

Dissolve residue in
2 cm® @M HC1 when cool.

mesh, 5 g.

(2) Pretrest with 30 om® 8M HC1.

[3) Loed ssmple onto column, elute with 200 cm® 9M HCl.

i,
Fe, Vi Zr, Hf (+ others)

em' 8M HC1 + 0,10 HF

BEluster Pa, Zr, Hf.

Column:

Eluate: U, Fe, V

PURIFICATION OF U

Eluater Th, RE's (+ others]

FURIFICATION OF Th 1 Evspnrata to dryness, add

U, V, Fe, Po.

Column: Po.

15 em® canc., HND3, fume,
dissolve residue in 5 cm?
BM HNOj .

S
Elute with 100 cm® D, 1M HC1 |ANION EXCHANGE (1] Bio-Rad AGI-X8, 100-200 '

mesh, 2 g.

[2) Pretreat with 20 om® 8M

HND3

(3] Loed semple onto column,
elute with 200 cm® ap
HNG;

(Discard)

HEVERSED PHASE REVERSED PHASE
LIL'IUID LIQUID
EHRDMTDGRAFHY CHROMATOGRAPHY
Eluate: Fe
(discerd)
N
ita column, Culumn

Column: Fa
e with B0 cm® 2M HC1

Eluste: Pe

ELECTROPLATE Pa

Frocedure as for Th,
except pH=3

u

Cluste with ac om® distilled water

Column

NOTES: 1% - When the term 'dry’

Eluete:

ELECTROPLATE U

Procedurs as for Th,
except pH=3,0

(4)

(5]

v
Eluste: RE's (+ others) Caolumn: Th

Eluete with 200 cm® 0,1M
HC1

Eluate: Th Column

ELECTROPLATE Th

Evaporate to dryness, add 2 em?® conc.
HC104, fume, add B cm® conc. HC1, fume.

Dissolve residue 0,5 cm® BM HC1, transfer
to electroplating cell with 5 cm® 2M
NHsC1.

Adjust pH=E,0.

Electroplate ontc titanium disc far 2
hours st 0,5 amps.

Add 0,5 cm® NHyOH to cell while s=lectro-
plating, remove disc, wash in weter, dry
on hot plate for § min,

appears in the text 1t means thet the

residue must not be baked but allowed to remsin slightly
meist. This stetemant epplies generally.

2* - Removes all traces of HF, which does not allow extraction
into Aliquat-338.

a* - Monitor sample at each stege for radiua;:tiuity as & guality

control,

CONFIDENTIAL
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