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Sorption of Th, Pa, U, Np and Pu on silica gel from HNO;, HC1 and HC1 — ROH
solutions was investigated. Equilibrium studies indicated sorption behaviour to vary greatly
with the acid used. In mixtures of HCl with different alcohols, distribution coefficients were
found to depend on alcohol percentage as well as on acidity. Results were discussed and
conditions for possible separations were indicated.

Introduction

The use of silica gel in the separation of radio-elements has received increasing
interest.'™ Mutual separations between zirconium, niobium, uranium and plutonium
have been experimented with this exchanger.> The ion-exchange properties of this
material have been investigated by many authors. 124

The present work is an investigation of the sorption behaviour of thorium, pro-
tactinium, uranium, neptunium and plutonium on silica gel from HNQO;, HCl and
HCl — alcohol mixtures. The main object of the study is to investigate how alcohols
will affect the sorption of the mentioned elements.

Experimental

Chemical reagents used in the present investigation were of analytical grade.

2347, 233p,y, 233y, 239Np and 23°Pu were used for tracing thorium(IV), pro-
tactinium(V), uranium(VI), neptunium(V) and plutonium(IV) and were assayed ra-
diometrically according to their specific radiations.

Chromatographic silica gel, a product of BDH was used as sorbent and was heated
before use for 2 hours at 120 °C. Exact thermal treatment was followed for all
batches.,
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Fig 1. Effect of pH on sorption of Th, Pa and Np on silica gel: ® — Th; o — Pa; o — Np

Sorption studies were carried out under static conditions by batch equilibration
at room temperature. Distributien studies indicated equilibrium to be attained in
about three hours. Each D value (g- ml™") is an average of three separate determi-
nations.

Results and discussion
Effect of pH on sorption

The effect of pH on the sorption of Th, Pa and Np is given in Fig. 1. It is clear
that the distribution of Th and Np increases of pH. Dp, on the other hand decreases,
passing by a minimum round pH =1 and then increases. In the investigated range
of pH, silica gel was reported to behave as a cation exchanger.5 The sorption be-
haviour of Th and Np resembles very much that expected in cation exchange equi-
libria. Results obtained on protactinium sorption are in close agreement with those
found by SPITSYN et al.* These authors indicated the kinetics of Pa sorption by
silica gel to be of an internal diffusion nature and the rate of establishment of equi-
librium to depend on [H'], passing by a minimum in the region 0.5 — 1.5M.
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Fig. 2. Effect of acid concentration on sorption of Th, Pa, U, Np and Pu on silica gel: © — HNO,;
e — HCl '

Plutonium distribution coefficients at pH >0 were not entirely reprodticible prob-
ably due to the presence of polynuclear aggregates as well as possible disproportion-
ation. Distribution coefficients of uranium in the working solutions indicated

values < 1,

Effect of acid concentration on sorption

The sorption behaviour of Th, Pa, U, Np and Pu on silica gel from HCl and
HNOj; solutions is given in Fig. 2. It is clear that the distribution coefficients of
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Fig. 3. Effect of different alcohols on sorption of Pa on silica gel: 4 — Mcthanol; o — Ethanol;
® — n-Propanol; o — Isopropanol

the mentioned elements change from one medium to another and depend on acid
concentration.

Data given in Fig. 2 indicate, an increase in Dp, and a decrease in both Dpy
and Dy, with increase of [HCI]. The sorption of uranium and plutonium on the
other hand seems to be slightly affected by increase of acid concentration. The
sorption behaviour of Pa, Np and Pu from HNO; solutions acquires more or less
the same general behaviour as that from HCI solutions. On the other hand, Dy
decreases with HNO; concentration, up to IM and then increases.

Studies on the ion exchange character of silica gel indicated that at [H']> IM
it may behave as an anion exchanger.® The observed decrease in Dy, and Dnp
with increase of HCl concentration, may be explained by the absence of anionic
chlorocomplexes of these metal ions, while the increase in Dy, in HNO; solutions
may be related to the sorption of its anionic nitrato complexes. In the investigated
solutions, Pa was reported to exist in a series of cationic, neutral and anionic spe-
cies of the general form Pan(Ol"l)y/\zs‘z"""’,7'8 where x =0 to 2, y=0 to 4,
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and z=0 to 8 and x +y+z<8. SPITSYN et al.* indicated Pa sorption on silica
gel at moderate and high acidities to be mainly due to the uptake of neutral spe-
cies of the type Pa(OH),Cl,_,.

Effect of alcohols on sorption

The effect of increasing amounts of methanol, ethanol, n-propanol and isopropa-
nol on Dp, at a constant HCI concentration of 3.5M HCI is given in Fig. 3. A de-
crease in D-values with increase of alcohol percentage has been noticed. For the
same alcohol and acid concentrations D-values take the sequence: isopropanol <
n-propanol < ethanol < methanol. This sequence seems to be parallel with that of
increasing 1/D.C. of the medium, and is more pronounced at high alcohol concen-
trations than at lower ones.

It has been indicated by KORKISCH et al.,’ that the addition of alcohols to
ion exchange equilibria modify the properties of both aqueous and resineous phases.
In the present work discussions will be limited to changes taking place in the aque-
ous phase, since information about swelling and solvent uptake in the investigated
equilibria is not available.

A systematic investigation on the effect of increasing amounts of isopropanol on
Dy, at different HCI concentrations is given in Fig. 4. It can be deduced that at
acidities > 3M, Dp, decreases continuously with increase of alcohol concentration.
At lower acidities sorption first decreases passing by a certain flattened minimum and
then increases. As mentioned before protactinium exists in solution in a series of
cationic, neutral and anionic species and it is sorbed on silica gel as both cationic
and neutral species depending on acidity. The addition of alcohols leads to a pro-
gressive increase of ionic interactions favouring the formation of highly charged
anionic complexes. This explains the observed decrease in Dp, with the increase of
alcohol at acidities above 3M. The decrease in Dp, by addition of alcohol at HCl
concentrations 1 and 1.5M may be attributed to the gradual transformation of
hydroxy Pa species to less sorbed forms. The increase in sorption at higher alcohol
concentrations may be attributed once more to the formation and selective sorption
of neutral Pa species.

The effect of increasing percentages of isopropanol on sorption of NpOj; at dif-
ferent HCl concentrations of 0.2, 0.5, 0.7 and 1M is given in Fig. 5. It is clear
that Dy, increases with increase of alcohol concentration. At [H'] < 1M, silica gel
is expected to behave as a cation exchanger and the increase in Dy, may be ex-
plained by the dehydrating action of alcohols.® Decrease of D.C. of the medium is
known to affect the hydration of hydrated ions leading to more favourable sorption
conditions.
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Fig. 4. Effect of isopropanol concentration on sorption of Pa on silica gel from HCl solutions:
O — 6M;e — 4.5M; v — 3M; 4 — 1.5M; 0 — IM

The data given in Fig. 2 indicate that at moderate [HCI], Th, U and Pu have
low uptakes on silica gel. An investigation of the effect of alcohols on the sorption
of these elements indicated practically no variations in distribution coefficients
(Table 1).

From the fore-cited data, it is clear that alcohols affect differently the sorption
behaviour of actinide elements on silica gel. Sorption coefficients were found to
depend greatly on acid and alcohol concentrations.

Possible separations

Data given in Fig. 2 indicate that with the exception of Pa, the studied actinides
have all negligible sorption coefficients. In general, the addition of alcohols decreases
Dp,, the decrease is more pronounced at high HCl concentrations. These results can
be applied to the isolation of 233Pa from irradiated thorium.

Best separation of the two elements can be achieved when loading the silica col-
umn from a 10M HCI solution. Thorium percolates while Pa is retained. After
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Fig. . Effect of isopropanol concentration on sorption of Np on silica gel from HC} solutions

washing the column with several column volumes of 10M HCl, protactinium can
be eluted quantitatively with a mixture of 50% 12M HCl + 50% isopropanol.

The suggested method can be extended to the separation of 23!Pa from irra-
diated thorium provided special leaching is undertaken. The isolated ?3'Pa can be
used for production of 232U,

Table 1
Effect of isopropanol concentration on sorption of Th(IV), U(VI) and Pu(IV)
on silica gel from 1.5M HC1

Isopropanol, % DTh Dy Dpy
0 7.2 9.6 15.5
20 4.8 5.8 13.7
40 3.2 8.8 7.3
60 53 15.0 11.0
80 8.2 20.0 17.0
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