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(54) PROCESS FOR CONDITIONING CONTAMINATED
ION-EXCHANGE RESINS

(71) We, COMMISSARIAT A L‘ENERGIE ATOMIQUE, a state organisation
created in France by an ordinance of 18th October, 1945, of ¥ rue de la Federation, 75752
Paris Cedex 15, France, do hereby declare the invention for which we pray that a patent
may be granted to us, and the method by which it is to be performed, to be particularly
described in and by the following statement:

The present invention relates to a process for conditioning radioactively contaminated
ion-exchange materials, and more particularly to the conditioning of contaminated cationic
resins. The process of the invention also applies to the conditiomng of mixtures of cationic
and anionic resins.

Typical of the ion-exchange resins which it is desired to condition by the present process
are polystyrene resins cross-linked with divinylbenzene having either sulphonic SO;H
groups (cationic resins) or OH functions fixed to a quaternary ammonium group (anionic
resins). ‘

U.K. patent specification no. 1,479,150 describes a process for conditioning ion-exchange
resins which have been used for the purification of contaminated water. It is known that
ion-exchange resins used for purifying contaminated water, particularly water from
moderators, are subject to degradation phenomena after a certain time and consequently
lose their effectiveness. It is then a question of conditioning these spent ion-exchange
resins. However, during use these resins fix a certain number of radioelements which give
them a certain radioactivity. According to the process described in U.K. patent
specification no. 1,479,150 said ion-exchange resins are incorporated into a resin which is
polymerisable at ambient temperature, and the polymerisation of the latter is then brought
about to obtain a solid block.

However. the process of the aforesaid UK patent specification has a disadvantage when
the ion-exchange resins which it is desired to condition are cationic resins which are not
completely spent. In this case it has been found that the polymerisation of the resin used for
covering the ion-exchange resins does not take place in a complete manner.

The Applicants have performed research in this connection and have found that the
reason why the polymerisation of the resin used to coat the ion-exchange resins is
incomplete is due to the presence of active sites still contained in a not completely spent
cationic resin. In other words the H* protons contained in such a cationic resin consume
certain of the compounds added to the polymerisable resin, more particularly the
accelerator and thus retard polymerisation

The object of the present invention is a process permitting an effective conditioning of
contaminated ion-exchange resins no matter whether they are anionic, cationic or a mixture
of two and no matter to what degree they are spent.

The present invention is a process for conditioning radioactively contaminated
ion-exchange material, wherein the contaminated ion-exchange material is brought into
contact with a base compound in a sufficient quantity to block the active sites of the material,
the thus-treated ion-exchange material is incorporated into an ambient temperature-
thermosetting resin and the latter is cross-linked.

The base compound which serves to block the active sites of the ion-exchange resin or
resins comprises either a metallic hydroxide such as caustic soda or slaked lime, ammonium
hydroxide. or a metal salt such as aluminium chloride, sodium acetate, sodium citrate or
sodium oxalate, or an amine such as pyridine. This base compound can either be used in the
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form of an aqueous solution with a molarity of 0.1 to 10 M or in solid form.

Thus, according to the process of the invention, the first pre-treatment stage of the
ion-exchange resins by means of a base compound which blocks their active sites makes it
possible to obtain during the second stage of incorporating said resins into a thermosetting
resin and the cross-linking of said thermosetting resin, a good polymerisation and
consquently a satisfactory confinement of the contaminated ion-exchange resins.

In the case where caustic soda is used as the base compound, the active sites of the
cationic resin are blocked by a substitution reaction shown diagrammatically below;

RSO3H + NaOH-_)RS()3Na + H20

In the case where pyridine is used as the base compound, the pyridine is considered to
simply neutralise the proton of the cationic resin RSO;H and there is in fact no true
substitution reaction.

In the case where it is desired to condition a mixture of cationic and anionic ion-exchange
resins, it is necessary to choose for the pre-treatment a base compound whereof the nature
and the concentration in which it is used are suitable for both types of ion-exchange Thus,
for example, to pre-treat a mixture of £ cationic resin and § anionic resin by means of
caustic soda, it is necessary to use a caustic soda solution whose concentration is 5 to 10%,
that is to say the pH is preferably 6 to 12. <

The thermosetting resin into which is incorporated the contaminated ion-exchange resin
or resins following their pre-treatment by means of a basic compound can advantageously
be constituted by a polyester resin such as a glycol-maleophthalate-based resin mixed with
styrene. In this case the conventional compounds necessary for ensuring the copolymerisa-
tion of the styrene with the polyester and the control of the cross-linking time are used,i.e. a
catalyst such as methyl-ethyl-ketone peroxide or benzoyl peroxide (in a proportion of 1 to
2% by weight of catalyst based on the resin), an accelerator such as cobalt naphthenate or
dimethylaniline (in a proportion of 0.1 to 0.2% by weight based on the resin), reaction
controlling agents such as retarding agents (catechol-based compound marketed under the
trade name “NLC 10”) and moderators (o-methyl-styrene). Thus, the polmerisation
reaction started by the active radicals of the peroxide activated by the accelerator bring
about the grafting of the styrene molecules onto the glycol-maleophthalate chains, followed
by an arrangement in a three-dimensional network.

According to an embodiment of the process of the invention, it is also possible to use as
the thermosetting resin an epoxy resin mixed with an appropriate hardening agent (amine
or organic acid). It is also possible to use a phenoplast resin.

Preferably one part by weight of pre-treated ion-exchange resin is incorporated into one
part by weight thermosetting resin.

More specifically the process of the invention is performed in the following manner:

The first embodiment of the present process consists of passing a solution of the basic
compound over the contaminated ion-exchange resins located in a column. After passing
the solution of the basic compound into the said column, the thus pre-treated resins can
optionally be washed. They are then suction-filtered, incorporated in an equal amount by
weight of a thermosetting resin and finally said thermosetting resin is cross-linked.

This first embodiment has the advantage that during the passage of the solution of the
basic compound over the contaminated resins, there is a continuous exchange during the
displacement of the solution of the basic compound along the column and consequently a
maximurm effectiveness with regard to the blocking of the active sites of the ion-exchange
resins. However. according to this embodiment the solution of the basic compound may
extract certain of the radioelements, particularly cesium which were fixed to the
ion-exchange resins, so that this solution which has become radioactive ‘must be
conditioned.

A second embodiment of the present process comprises mixing the contaminated
ion-exchange resins with a solution of the base compound in a container, for a contact time
of about two hours. Then. following the optional washing of the thus prettreated
ion-exchange resins. they are suction-filtered and incorporated in equal proportions by
weight into a thermosetting resin. Finally. said thermosetting resin is cross-linked. This
second embodiment has the advantage of being very simple to perform. However, it should
only be used for conditioning contaminated resins which do not have a too high
radioactivity (the integrated dose remaining below 107 rads).

The pre-treatment operation by means of a basic compound can also be performed by
mixing said compound in solid form with ion-exchange resins. This is particularly the case
when using slaked lime or sodium oxalate. - :

The invention is illustrated hereinafter by a number of non-limitative examples.
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Example 1

A mixture by weight of £ cationic resin Duolite ARC 351”(‘Duolite’ is a registered trade
mark) and i anionic resin “Duolite ARA 366” (‘Duolite’ is a registered trade mark)
(marketed by the Diaprosim Company) filled with 60 Co is treated with a_compound
constituted by caustic soda (example no. 1) ammonium hydroxide (example no. 2), pyridine
(example no. 3), sodium acetate (example no. 4), sodium citrate (example no. 5),
aluminium chloride (example no. 6), slaked lime (example no. 7) or sodium oxalate
(example no. 8). This mixture of ion-exchange resins is in the form of moist grains (55%
humidity).

The table summarises the conditions of this pre-treatment according to the nature of the
basic compound used.

The mixture of the thus pre-treated ion-exchange resins is then incorporated into a
glycol-maleophthalate-based polyester resin mixed with styrene in the following propor-
tions: 50 parts by weight of pre-treated resins and 50 parts by weight of polyester resin to
which is also added 1.5% by weight of catalyst based on the polyester rein and 0.2% by
weight of accelerator based on the polyester resin.

After between 30 and 60 minutes a solid homogeneous block is obtained having the
following characteristics:

Leaching = 2.107% em.d™' — 110 days
Compression behaviour = 100 kg/cm®,

Example 11

Resins identical to those of Example I were treated with 0.1 M caustic soda, then coated
by means of an epoxy resin XW 272 of the bisphenol type and hardening agent XW 414
marketed by CIBA (50 parts by weight of exchangers and 50 parts by weight of epoxy
resin). This type of epoxy resin was chosen due to its easy use and its good radiation
behaviour. '

Thus, the process according to the invention makes it possible to condition in a simple
and effective manner contaminated ion-exchange resins and more particularly not
completely spent cationic resins.

The process according to the invention also makes it possible to condition other
ion-exchanger materials such as zeolites and diatomaceous earths.
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WHAT WE CLAIM IS:- » ]

1. A process for conditioning radioactively contaminated jon-exchange material,
wherein the contaminated ion-exchange material is brought into contact with a base
compound in a sufficient quantity to block the active sites of the material, the thus treated
ion-exchange material is incorporated into an ambient temperature-thermosetting resin and
the latter is cross-linked.

2. A process as claimed in claim 1, in which the contaminated material is a cationic
resin. '

3. A process as claimed in claim 1 or claim 2, wherein the base compound comprises a
hydroxide chosen from the group consisting of caustic soda, ammonium hydroxide and
slaked lime.

4. A process as claimed in claim 1 or claim 2, wherein the base compound comprises a
metal salt chosen from the group consisting of aluminium chloride, sodium acetate, sodium
citrate and sodium oxalate.

5. A process as claimed in claim 1 or claim 2, wherein the base compound comprises an
amine such as pyridine. ,

6. A process as claimed in claim 1 or claim 2, wherein the base compound is used in the
form of an aqueous solution.

7. A process as claimedin claim 1 or claim 2, wherein the thermosetting resin comprises
a polyester resin such as a glycol-maleophthalate-based resin mixed with styrene.

8. A process as claimed in claim 1 or claim 2, wherein one part by weight of the
pre-treated ion-exchange material is incorporated into one part by weight of thermosetting
resin. :

9. A process as claimed in claim 1 or claim 2, wherein the treatment of the ion-exchange
material by a base compound is effected by passing a solution of said basic compound over
the ion-exchange material placed in a column.

10. A process as claimed in claim 1 or claim 2, wherein the treatment of the
ion-exchange material by a base compound is effected by mixing in a container said
ion-exchange material with said basic compound.

11. A process for conditioning radioactively contaminated ion-exchange materials,
substantially as hereinbefore described.

For the Applicant,
GRAHAM WATT & CO.,
Chartered Patent Agents,
3, Gray’s Inn Square,
London, WCI1R 5AH.

Printed for Her Majesty’s Stationery Office, by Croydon Printing Company Limited, Croydon, Surrey, 1980,
Published by The Patent Office, 25 Southampton Buildings, London, WC2A 1AY,from
which copics may be obtained.
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