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 Previous studies showed that successful separa-
tion of plutonium1) or neptunium2,3) from fis-
sion products was carried out using anion 
exchange techniques in nitric acid solution. In 
these cases, plutonium or neptunium(IV) was 
strongly adsorbed on anion exchange resin from 
7.5 M nitric acid while the bulk of fission 
products were eluted. The anion exchange of 
thorium4) lead and bismuth5) in nitric acid 
solution has been studied by other researchers. 
Authors previously reported the anion exchange 
behaviors of neptunium3), thorium, uranium, 
protactinium6) and rare earth elements7) in 
nitric acid. 

 In the present paper, the distribution of 
some metallic elements between anion exchange 
resin and nitric acid is studied and results are 
shown in a periodic table as is shown in Kraus 
and Nelson's work8).

Experimental

Resin.-A strongly basic anion exchange resin

Dowex 1, X8 100～200 mesh, was used as an ex-

changer. The resin was treated with 10%sodium

hydroxide solution, washed with water and then

converted into nitrate form with nitric acid. The

used resin was dried in a desiccator with silica gel

at room temperature.

 Half a gram of dried resin was used for each 

experiment. 
Radioactive Tracers.-For the measurement of 

distribution coefficient, the radioactive isotopes were 
used as nitric acid solution of desirable concentra-
tion. Some of these isotopes were imported from 
U. S. A. or the United Kingdom. The others were 

prepared by neutron irradiation of each element in 
J. R. R.-1 Reactor. The radiochemical purity of
these isotopes was determined by γ-ray spectrum,

γ-ray decay or absorption curve of β-ray with

aluminum plates. The used nuclides and the

method of their preparation are shown in Table I.

Nitric Acid.-Reagent grade nitric acid was diluted

with distilled water to a desirable concentration

varying from 0.1 to 14.5M.

 Determination of Distribution Coefficient (Kd). 
-Half a gram of the dried resin was immersed in 

5ml. of the nitric acid solution of the given element 
for 24 hr. at room temperature. The solution was 
filtered and the radioactivity of 1ml. of the filtrate 
was compared with that of the reference solution 

which contains no resin. Kd was calculated by the 
following equation,

where C1 means the adsorbed radioactivity on 1 g. 
of resin and C2 means the radioactivity of 1ml. of 
the filtrate. 

Experimental Error.-Polyethylene beakers were 

used for equilibrium experiments in order to avoid 
the adsorption of radioactive element on a glass 
wall. In all cases, a slight increase in the con-

centration of radioactive element in the supernatant 
solution occurred. This would be due to the absorp-
tion of swelling water by dried resin. But this 

effect was so small that the Kd value was not cor-
rected. 
 After the resin was treated with concentrated 

nitric acid for 24 hr., the color of resin changed 

from light yellow to dark yellow, but it was found 
from the results of titration that the decrease of 

exchange capacity was very small.

Results and Disscusion 

Results are shown in Fig. 1. Kd values were 

plotted against the concentration of nitric acid 
both in logarithmic scale. The oxidation state 

of each element is considered to be the most 

stable one in nitric acid and is noted in the 

figure. Based on the periodic table, the feature 

of Kd curves for each group is described as 

follows. 

 Alkali Metals.-The adsorption of alkali 

metals did not occur practically from any con-

centration of nitric acid. 

 Because of the absence of available radioiso-

topes, lithium and francium were not examined, 

but it was suggested that the resin did not 

adsorb these elements from nitric acid. Kd 

value increased slowly with increasing con-

centration of nitric acid for sodium, potassium, 

rubidium and cesium and decreased again at a

concentration above 8～10M nitric acid. This

trend is one of the typical features of Kd curve.

Beryllium, Magnesium and Alkaline Earths.

-Beryllium and magnesium were not examined
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TABLE I. THE PREPARATION AND COUNTING METHOD OF USED RADIOISOTOPES
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Fig. 1. Distribution coefficients between anion exchange resin and nitric acid.

for the same reason as lithium. Alkaline 
earths were not adsorbed practically at lower 
concentration of nitric acid, but they were 
slightly adsorbed at a concentration above 4 M 
nitric acid. 

Scandium, Yttrium and Lanthanide Elements. 
-In every case , there was a maximum Kd value 
at 8 M nitric acid. Scandium and yttrium were 
scarcely adsorbed at all. As was shown in the 
previous paper7), there is an interesting trend 
in the Kd values of lanthanide elements. The 
Kd values of lanthanide elements at 8 M nitric 
acid decrease with increasing atomic number. 
 Actinide Elements.-Of the actinide elements 
thorium(IV), protactinium(V), uranium(VI), 
neptunium(IV) and neptunium(VI) were ex-
amined. The data on plutonium(IV), which 
was reported by Umezawa9), is also shown. As 
in the case of neptunium, the high adsorbability 
in tetravalence state was already reported, and 
was applied to the separation of neptunium 
from fission products and uranium. Thorium 
and protactinium were strongly adsorbed on 
the resin from 8 M nitric acid solution. Ura-
nium was slightly adsorbed under the same 
condition. From these facts this method may 
be applied to the separation of uranium-233 
from irradiated thorium. 
 Zirconium and Niobium.-The data of zir-

conium were cited from the report10) of Bunney 
et al., who used Dowex 2 as an anion ex-

changer. Both zirconium and niobium were 
slightly adsorbed on the resin and therefore, a 
long column will be needed for the separation. 
 Molybdenum, Technetium and Rhenium.-
These elements showed similar Kd curves. From 
a very dilute nitric acid, these elements were 
adsorbed strongly on the resin and the adsorb-
ability decreased with increasing concentration 
of nitric acid. This is probably due to the 
decrease of the dissociation of these oxy acids. 
For instance, rhenium is present in water as 
ReO4- and is adsorbed on the resin as an 
anion, but when the acidity of nitric acid 
increases the dissociation of HReO4 becomes 
small, resulting in desorption from anion ex-
changer. 
 Chromium(III), Manganese, Iron(III), Cobalt 

and Nickel.-Only nickel was slightly adsorbed 
and the others were not practically adsorbed. 
If a more detailed discussion is permitted, Kd 
values of manganese and iron(III) increase 
with a slope of 1 and this means the formation 
of anionic species which has one negative 
charge. 
 Ruthenium, Paradium, Osmium, Iridium, 

Platinum and Gold.-These elements were 
strongly adsorbed from nitiric acid of lower 
concentration and desorbed from nitric acid of 
higher concentration. The metals of these 
elements were dissolved in aqua regia, evapo-
rated to dryness and redissolved in nitric acid. 
Therefore it is likely that these elements exist 
as chloro metallic acid in nitric acid, and that 
the anionic chloro complexes are adsorbed on
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the resin from nitric acid of low concentration. 
 Silver, Copper, Zinc, Cadmium and Mercury. 
- Copper and cadmium were not adsorbed. 

Zinc and silver were slightly adsorbed at 
higher concentration of nitric acid. Mercury 
was strongly adsorbed from dilute nitric acid 
and Kd value decreases at concentrated nitric 
acid. 
 Gallium, Indium, Germanium and Tin(IV).-

Gallium and indium were not adsorbed from 
nitric acid of any concentration. Germanium 
and tin(IV) were strongly adsorbed in dilute 
nitric acid and the Kd value showed a negative 
slope with increasing concentration of nitric 
acid. 
 Thallium, Lead, Bismuth and Polonium.-

These elements exist as daughter products of 
natural radioactive decay series. The data on 
bismuth is cited from Kraus-Nelson's report5).

Lead and polonium were slightly adsorbed on 

the resin from 8 M nitric acid. Thallium was 

strongly adsorbed at a concentration above 

10 M nitric acid, but it was scarcely adsorbed 

at lower concentration of nitric acid. 

Summary 

 Distribution coefficient of some metallic 

elements between nitric acid and anion exchange 

resin were measured. From the results de-

scribed above, the fundamental data on the 

separation of each element in nitric acid were 

obtained. 
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