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SUMMARY 
The adsorption of tetravalent plutonium on glass and platinum in a sul
furic acid solution was studied in the concentration range of the order 
of 10_5M. The adsorption is reversible, decreases with an increase in 
acidity and, in all the cases examined, quite weak (less than 0.01%). 
It follows the Freundlich isotherm on glass and the Langmuir isotherm 
on platinum. 
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INTRODUCTION 
The phenomena of adsorption of radioisotopes on various surfaces has 
preoccupied radiochemists for a long time. On one hand, adsorption of 
radioisotopes on precipitates is one of the methods of separating radio
active products, while on the other hand, there is often an appreciable 
loss of active material when working with unweighable amounts, which has 
been attributed to adsorption on the walls. The problem is becoming 
more acute with the development of nuclear reactors and accelerators and 
with the need to carry out numerous chemical operations on fission pro
ducts and spallation products. Such products involve complex mixtures 
of elements which have various valences. Finally, the fact that we have 
many kinds of carrier-free radioisotopes at our disposal offers some 
interesting aspects for investigating the laws of adsorption in solution, 
which have not been studied as thoroughly as gases. 
It is for these reasons that we have decided to systematically investi
gate the adsorption of many fission products and plutonium on various 
metallic and other kinds of surfaces. 
In this paper we will explain some of the preliminary results that we 
obtained on the adsorption of tetravalent plutonium. We are aware of 
only one work in this area, that of King1 who principally studied the 
adsorption of 238Pu (t^ = 86.4 yr) on pyrex glass in nitric acid solution. 
While using concentrations of the order of 10"9M, the aciditv was varied 
between 0.0006 and 0.018 N (in the presence of 10"3M La+3) and an in
crease in adsorption was observed with a decrease of acidity. King 
attributed this result to the hydrolysis of the plutonium salts and their 
tendency to form a colloidal state. 

EXPERIMENTAL 
We worked with 239Pu (tj, = 24,360 yr.) which was given to us by the Plu
tonium Branch of the CEA (Commissariat a l'Energie Atomique). This study 
has been limited at the present to sulfuric acid solutions and "Thuringe" 
glass and platinum surfaces, both of which were previously cleaned in a 
suitable way. In each test we used small disks having a surface area of 
2 cm2 and a solution volume of 10 cm3. The solutions were mechanically 
stirred at the rate of 60 rpm. At the end of each experiment the small 
disk was removed from the solution, drained, and the last drop removed 
by washing with doubly distilled water. 
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Measurement of the amount adsorbed and the analysis of the solution was 
made with a calibrated alpha counter such that 60,000 cpm corresponded to 
10~s g of 339Pu. The instrument background, which we naturally took into 
account, varied between 3 to 5 cpm. All the experiments were made at 
room temperature (18 to 20°C). Examination of the effect of temperature 
will be taken up later. 

RESULTS 
The most remarkable result obtained was the rapidity with which the 
equilibrium of adsorption was attained. For example, when the foil was 
immersed in the solution and immediately withdrawn, or when it was left 
in the solution for six hours or sometime inbetween, the amount adsorbed 
was practically the same in each case. However, this depended on the 
acidity of the solution (as shown in Table 1) for a mixture of 0.5N sul
furic acid solution and 2.2 x 10~5M in Pu(IV) (5.3 x lO"5 g/cc). 

Table 1 
EFFECT OF ACIDITY ON THE ADSORPTION OF 2.2 x 10"5M Pu(IV) 

Quantity deposited per cc on 
H2S04 

3.3 
1.7 
1.3 
0.9 
0.7 
0.4 
0.3 
0.2 
0.1 
0.05 

Gla 

3.2 
8.0 
9.6 
11 
15 
17 
20 
25 
37 
41(1. 

ss(x 

1x10" 

io-

5M 

88) 

Pu+4) 

Plat inum(x 10-8g) 

1.6 
3.2 
3.5 
4.8 
5.6 
6.7 
8.0 
8.8 
16 

These values show that (1) adsorption is greater on glass than platinum, 
(2) it increases with a decrease in acidity (Figure 1), and (3) it is 
quite small in each case. Adsorption is less than 0.01% on glass in 
0.1N H3S04 solution, the most favorable conditions. In the experiments 
of King1, who worked with solutions 10,000 times more dilute in plutonium, 
adsorption reached 10% in 0.004N HN03. 

DISCUSSION 
The decrease of adsorption with an increase in acidity is probably due 
to displacement by the H+ ions, which are in a large excess compared to 
the Pu(IV) ions, even though the valence of the latter is higher. It is 
also possible, as King supposed, that the hydrolyzed form of tetravalent 
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FIGURE 1 - Adsorption of Pu(IV) on (a) glass and (b) platinum. 

plutonium is more adsorbable than the complex ions which are formed with 
an excess of anions. 

The adsorption of Pu(IV) in solution on platinum and glass is reversible. 
In fact, a glass disk, which initially had 260 cpm, was reduced to 110 
cpm after it was placed for 10 min in a 0.5N H3S04 solution containing 
2.2 x 10~8M in Pu(IV); and after 30 min, the count rate was 95 cpm (a 
value which was obtained with an initially inactive disk placed in the 
same solution). Similar results were obtained with platinum and glass 
under slightly different conditions. However, it is evident that the 
speed of desorption is slower than the speed of fixation, which is a 
result that already has been observed with other radioisotopes, namely 
polonium.2 

Having established the reversibility of the phenomena, we were curious 
to see what kind of isotherm the adsorption would obey or in other words, 
to observe the law of distribution of plutonium at equilibrium between 
the solution and the solid phase as a function of the concentration. 
Unfortunately, the specific activity of 239Pu was too low to permit 
detection of adsorption in solutions having a Pu(IV) concentration equal 
to or less than 1.1 x 10~6M. For safety reasons, the upper limit on the 
concentration of our samples was 1.1 x 10~4M (Figure 2). 
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FIGURE 2 - Amounts of Pu(IV) adsorbed on glass (a) and platinum (b) 

In Figure 3, the logarithm of the amount adsorbed (ad) on glass was plotted 
(curve I) as a function of the quantity remaining in a 0.5N HsS04 solu
tion at equilibrium (a5). A straight line is obtained which means that 
the adsorption of Pu(IV) on glass from a H2S04 solution obeys the Freund
lich isotherm: 

ad = ka l/n 

where l/n = 0.87, 
Under the conditions described, this isotherm is not valid for adsorption 
on platinum, but if the ratio as/ad is plotted as a function of as, a 
straight line is obtained (Figure 3, Curve II). A Langmuir isotherm is 
then obtained in the concentration range examined and is expressed as 
follows: 

b a, 
a, = 1 + b a, 

which can also be written as 

a, a„ b a. 
In these equations b and am are constants, where am corresponds to filling 
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FIGURE 3 - Logarithm of the amount of adsorption of Pu(IV) on glass 
(Curve I) and platinum (Curve II) plotted as a function of the quantity 
remaining in solution at equilibrium (a6). 

in a monomolecular or monoatomic layer. According to the slope in Figure 
3, Curve II, am was calculated to be 3.5 x 1012 atoms/cm2, a value quite 
near that which corresponds to the place in the curve (Figure 2) expres
sing the variation of aa with as (3.15 x 1012). However, this is quite 
different from the value calculated from the surface area for the filling-
in of plutonium. Assuming an ionic radius r = 0.9 A for Pu+4, a value of 
1.1 x 1016 ions/cm2 is obtained. The discrepancy in these experiments is 
not particularily astonishing since we have a mixed adsorption of both 
H+ ions and Pu(IV) ions, the former being in a large excess at a given 
pH, practically covering the entire surface. The Langmuir isotherm should 
then be used for adsorption of a binary mixture: 

1 + b' aJ + b"a' 
where b' and aa' 
component, H+. 

refer to the component Pu(IV) and b'' as' ' to the second 
This assumes that the H+ adsorption also obeys the Lang

muir isotherm and that the constants b'' and as'' are known for these ions, 
Since this is not the case, we can consider examination of the Langmuir 
isotherm for plutonium adsorption, at least for the present state of our 
work, as only a pure empirical result. 
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