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1. 

Abstract 
A method is described for isolating thorium from rolutions 

in a state sufficiently pure for alpha spectroscopy. It 
parallels the method described by Moore and Them (Radiochemical 
Radioanaljtical Letters 19(a). 117-125, 197ft), but uses 
tribonzylaniine instead of Adogen 3»JK The method involves 
extracting thorium from a solution in 8?i nitric acid, into a 
6% w/v solution of tribenzylamine in toluene. The thorium is 
concentrated in a third, interfacial layer which forms. This 
layer is isolated, diluted with chloroform, and back extracted 
with lOM HCl. Overall yields range between 83 and 90$ for one 
extraction. The acidic solution is taken down to near dryness, 
diluted until the pH is 2 and extracted into 1.2 ml of 
thenoyltrifluoroacetone in toluene. This solution is 
evaporated onto a stainless steel disk, flamed, and the disk 
may be used for alpha spectroscopy of thorium isotopes. 

» 

Introduction 
In report INS-LN-ftO, a preliminary method is described 

for isolating uranium and thot1urn from calcareous matrices. 
This involved the separation of uranium and thorium from each 
other, and from iron, using a cation exchange column. Thorium 
sticks very tenaciously to the column and must bo eluted with 
saturated oxalate solution. Even then the elution is extremely 
prolonged even if miniature columns are used. The resulting 
large volume oxalate solution must be treated with perchloric 
acid/nitric acid to destroy the oxalate. 

It seemed that some alternative method of removing thorium 
would be preferable so that the ion-exchange step could be 
avoided for this element. 

According to Moore and Thern (Radiochem, Radioanal. Lett. 
19(2)i 117-J25« W » ) it is possible to remove thorium 
selectively from a solution with a tertiary alkylamine called 
Adogen 3&h, This reagent was not available in Now Zealand, 
but the concept seomed elegant and an attempt was made to 
produce a system which behaved in a similar manner. 
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2. 

Experimental 
The only tertiary amine available in the Wellington/Hutt 

Valley area was a small amount of tribcnzylamine* This was 
not an akylamine and how far its behaviour vould parallel that 
reported for Adogen %Gh vas not clear. Experiments were 
therefore carried out. 

t 
Tribenssylamine was found to be very soluble in toluene. 
Tracers were made for this work, as follows* 

Preparation of thorium spike - A solution of 0,5g uranyl 
nitrate in 8M HC1 is passed through a column of AG 1X8 resin, 
and the uranium is retained. Thorium-23ft passes out and is 
collected. It is taken to dryness and then taken up in 8M 
lINO~. The column is regenerated by stripping off the uranium 
with M HC1. 

Preparation of uranium spike - A solution of uraniuro-235 
in 8M nitric acid is shaken with a solution of 60O mg of 
tribenzylamine (henceforwarda 'TBA') in 10 ml of toluene to 
remove the 2'fh half-life Th-231 which is inevitably present. 
The acid layer is removed and used directly. 

Preparation of protactinium spike - An attempt was made 
to follow the procedure of Sill (Aura. Chcm. 38(ll), 1458-63, 
1966), but some of the reagents were not available in New 
Zeaaland. As a result, the first step, which involves 
possible plutonium contaminant from the stock solution was 
omitted. This means that there may be contaminant alpha 
emission in the spike, but this does not motier for these 
experiments, since the emission being monitored vas gamma 
rays, and the plutonium has little gamma emission. 

The second main part of the procedure to extract 
protactinium involves the use of dl-iso-butyl carbinol, vhich 
is not available here either. However, octan-2-ol proved to 
be an adequate substitute. 50 ml of 111 octan-2-olixylene was 
equilibrated with 6M IIC1 and then shaken with a solution of 
noptunium-5?37 tracer in »M HC1. A 10 ml aliquot of the organic 
layer (which contains the protactinium and not the neptunium) 
WHS taken to dryness nnd the charred remnants oxidised with 
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3. 

perchloric/nitric acids. The resultant solution was taken to 
dryness, and the remnant taken vip in 8M nitric acid, when it 
was ready for use in the experiments. 

m 

Extraction experiments 
Preliminary work showed that thorium would extract into 

TBA/tolucne, and that three layers formed. It was also shown 
that the intermediate layer contained the bulk of the activity 
and the activity could be back exti-a-ted with lOM HC1. A 
peculiarity of the back extraction proved to be that the 
intermediate layer precipitated as a white waxy solid. In 
spite of this, the percentage thorium going into the 11C1 was 
near lOOjL 

The mechanism of extraction relies on the fact that 
thorium forms a tribenzylamin^nitrate complex but not a TBA/ 
chloride complex. Thus it is extracted into the intermediate 
layer, which appears to largely consist of the TBA/nitrate in 
liquid form, but the HC1 destroys the TBA/nitrate and forms 
the chloride, so the thorium then extracts into the aqueous 
phase. 

The optimum conditions for the extraction were investigated. 
When 3% w/v TBA in toluene was shaken with various strengths of 
nitric acid it was observed that at 0,5i 2 and 6 M the liquid 
intermediate layer did not form, but a precipitate of the 
TBA/nitrato instead. 8M proved necessary for the extraction. 

The back extraction with the formation of the white TBA/ 
chloride salt could not be altered by changing the molarity of 
the HC1, but this did not seem to matter; the percentage 
recovered in the HC1 was always 99$ or greater. It was 
possible to filter off the TBA salt on a Buchner funnel, but 
more tended to crystalise out of The HC1 when it had gone 
through. It was not possible to remove all organic matter from 
the solution with any ease. Vorse, it tended to char when 
evaporated on a hotplate. 

The white TBA/chlorlde proved to be insoluble in acids, 
alkalis, acetone, toluene, but dissolved in chloroform. It was 
also obsorvufi that TBA itself was soluble in chloroform so an 



* *8$$St$R^»^^ *s^fJ*3W-?**fr •W»^.B*«**''S5^H^?,^ ̂  

*. 

attempted extraction vas made from 8M HXO_ into TBA/chlorofonn. 
However, it was observed that the bulk ©f the activity 
stayed in the acid layer, so the normal procedure was adhered 
to; i.e., extracting into TBA/toluene, and the interfacial 
layer vas diluted with chloroform and used for the back 
extraction. The addition of chloroform to the TBA/nitrate 
layer produced a cloudiness which disappeared when as much as 

» 10 ml of chloroform vas added. Back extraction produced two 
easily separable liquid layers, the aqueous one containing 
no cloudy impurities. However, the percentage back extracted 
decreased to about 965J, 

Imv stigation of the optimum amount of TBA to use for the 
initial extraction showed that (see fig. l) at concentrations 
(w/v) of 1.7?* and 2h$ the interfacial layer did not form, but 
a precipitate, or a mixed precipitate-liquid, layer formed 
instead. This presumably was due to incorrect proportions of 
nitric acid and TBA. Due to shortage of TBA the figure finally 
settled on as optimum vas 0%, 

The effect of shaking time was investigated and it was 
found that for the first extraction no increases in extraction 
were found at times greater than half-a-minute. Two to three 
minutes was adopted as adequate. 

The behaviour of uranium and protactinium was investigated in 
detail with tracers, once the optimum conditions had been 
established for thorium. The results are tabulated in Table 1. 

Table 1 
Tracer # in 8M UNO. % in toluene $> in chloroform $> in 10M HC1 

Th-23*» 
Pa-233 
U-235 

10 

96 

2 
8 

less than | 

5 
15 
1 

S3 
7 
2 

| p * « * * 

This shows that most of the thorium is extracted, o small 
amount of the protactinium and very little of the uranium. 

It was found that yields were erratic and low if separating 
funnels wen? used, partly owing to the viscosity of some layer."*, 
Bo stoppered centrifuge tubes were used. 
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5. 

The behaviour of thorium tracer in a real-life situation 
was investigated. A thorium spike vas added to a solution of 
tuatua shell in nitric acid. Following the procedure described 
in the previously cited report, ferric hydroxide precipitations 
were- carried out to remove the bulk of the calcium. However, 
it was found that washing a precipitate from a nitric acid 
medium was not as satisfactory as the washing of a precipitate 
from a hydrochloric acid medium because the tendency existed 
for the precipitate to form a solution. This may be related 
to the fact that many ions tend to form chlorocomplexes, which 
would soak up the excess charge and tend to prevent sol. 
formation. This was ov.i-come by not washing the precipitate 
at all. 

As a result of this, the sample went through various 
vicissitudes before finally reaching the stage where it could 
be extracted with TBA/toluene, and various amounts of activity 
were lost on the way. Consequently, when the final back 
extraction was done only 66$ of the initial activity was 
present, instead of the 86j£ expected. This means therefore 
that improvements may be possible. 

The HC1 solution resulting was evaporated to dryness and 
it was found that there was a white inorganic substance 
remaining (possibly calcium salts). An abortive attempt was 
made to extract the activity out into thenoyltrifluoracetone 
(TTAJ in toluene after the pH had been adjusted to 2, but this 
was not successful - perhaps because not all the organic matter 
had been completely removed. However, the TTA layer was 
evaporated to dryness on a stainless steel disk, and flamed. 
There was no residue, showing the procedure vas adequate for 
preparation of a good quality alpha sourc * tho inorganic 
material did not apparently extract. 

At this p<>i?it tho investigations were suspended because 
it was clear that the method of Moore and Them was superior. 

i?ig CUBS Ion 
The overall recommended extraction procedure is given in 

nummary form in fig.* 1, and is as follows! 
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62TBA 
in 

Toluene 

* 3 mi CHC& 

8M 
HNO, 

HNO3/HGIO4 

0-2 M TTA/toluan« 

Alpha source 

Fig. 1 - Alpha source preparation, using tribensylamin*. 

. <M 



f—J1 S » 3 j $ ^ » £ p ^ ^ 

6. 

Make up a solution of 6oo rag of TBA in 10 ml toluene. 
Shake this for 2-3 minutes with the sample which is in 10 ml 
of 8M nitric acid, in a stoppered centrifuge tube. Centrifuge 
for 2-3 minutes at lOOO r.p.m. Three phases separate. Remove 
firstly the bottom, acidic layer, with a spitzer, then the 
small interfacial layer containing the thorium and transfer it 
to another stoppered tube, and add 3 ml of chloroform. Shake 
the resultant cloudy layer with 10 ml 10M HC1 for 2-3 minutes. 

» 
Centrifuge 2-3 minutes at 100O r.p.m. and suck off the bottom 
chloroform layer using- a spitzer. The remnant acid layer 
which contains the activity, remains in the tube. Evaporate 
the solution to dryness with perchloric/nitric acids to remove 
any residual organic mattex*f and take up in hydrochloric acid. 
Adjust the pH to 2 and shake five minutes with 1.2 ml 0.2M TTA 
in toluene. Evaporate the TTA layer onto a stainless steel 
disk, and flame, to remove surplus organic material. 
Possible improvements 
1. The yield in the back extraction step decreased when 
chloroform wis used. There are a number of ways around this: 
(a) go hack to the initial precipitation conditions and merely 
remoye the surplus organic matter by taking to dryness with 
perchloric/nitric acids; (b) or, shake the cloudy acid layer 
with a small amount of chloroform to remove the debris; (c) 
add only a very small amount of chloroform to the interfacial 
layer; (d) experiment with different extraction conditions to 
improve the back extraction from the chloroform. 

2. The yield in the first stop could be improved by the use 
of - (a) more TBA. Wo did not do this because we were short 
of the material; (b) more than one extraction would improve 
the bvorall yield, 
3. The percentage of protactinium and uranium getting right 
through the system could probably bo reduced by some scrubbing 
of the various organic layers. 

Comparison with published ...method 
Because the amine used is different, the overall conditions 

are different. Wo m.ed (>'/> amino concentration} Moore and Them 
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used 30'/. We used 8M HNO„; they used 2M. The percentage of 
thorium extracted through our system is worse, and the 
percentage of contaminants greater: 

Table 2 
Tracer t 

t 

* in final lOM HC1 
(our system) 

% in 1IC1 (system 
of Moore and Tliern) 

Thorium 83 - *>0 98.5 
Uranium 2 o.«i 
Protactinium 7 less 0.2 

than 

However, given another extraction through a TTA system, 
our method vould give an adequate alpha sovirce. 

J 


