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SPECIFICATION 

Encapsulation of radioactive waste 

5 This invention relates to the encapsulation of 
radioactive waste, e.g. spent ion-exchange resins 
which have been used in extraction processes 
involving radioactive elements, and which retain a 
low level of radioactivity. Encapsulation serves, inter 

10 alia to prevent leaching out of the waste by sur-
rounding water and may also increase the overall 
density so that dumping on the sea bed is facilitated. 
Generally, granular, powder or particulate waste is 
mixed into a fluid encapsulating material which is 

15 then set to form a block. 
Prior proposals for the encapsulation of radioac-

tive waste have used either cement or bitumen as 
the encapsulating material. Whilst bitumen has 
advantages over cement, it does have disadvantages 

20 when it comes to encapsulating radioactive ion-
exchange resins. In particular, the resins generally 
have to be dried before encapsulation. This adds one 
or more handling operations in the process of dis-
posing of such waste materials, with the attendant 

25 hazards which such handling operations entail, and 
often involves vacuum drying at elevated tempera-
tures, which adds to plant and process costs. Such 
wastes commonly contain 50% by weight water. 

In accordance with one aspect of the invention, we 
30 have discovered that radioactive wastes, particu-

larly, but not exclusively, water wet radioactive ion 
exchange wastes, can be encapsulated by suspend-
ing the waste in a viscous liquid encapsulating mat-
erial which comprises one or more monomers or 

35 prepolymers and setting the encapsulating material 
by addition or condensation polymerisation to form 
a solid material in which the waste is dispersed. 
According to another aspect the invention provides a 
block of synthetic resin material in which there are 

40 encapsulated dispersed particles or pieces of 
radioactive waste. 

If the waste contains water, the liquid encapsulating 
material should wet its surface and should therefore 
have surface-active or wetting properties. Fre-

45 quently, however, a surface-active agent is already 
present in the encapsulating material, for example if 
one of the monomer or prepolymers is in aqueous 
emulsion form. In such a case a further wetting 
agent would not be necessary. 

50 In practice the encapsulating material will contain 
a filler e.g. in the range 20-80% by weight of the 
liquid material, and it has been found that the most 
suitable fillers are those which are capable of taking 
up water e.g. Portland cement or a Portland 

55 cement-aggregate mixture. This is particularly the 
case where the synthetic resin is a polyurethane as 
the cement will take up the carbon dioxide produced 
by reaction of the isocyanate with water and thus 
reduce porosity in the set product. 

60 The set resin is desirably non-thermoplastic so a 
three-dimensional or cross-linked resin is preferably 
used; one could specifically include a cross-linking 
agent but it is often convenient to use a polyfunc-
tional monomer or prepolymer. Addition polymer-

65 isation reactions may be induced by including a free 

radical initiator in a manner well known in the 
polymer art. 

The liquid encapsulating material may for exam-
ple comprise styrene or a styrene-unsaturated 

70 polyester mixture, together with a conventional 
initiator such as a peroxy compound. However it 
should be borne in mind that the liquid encapsulat-
ing material should be sufficiently viscous to permit 
suspension of the waste and yet not so viscous as to 

75 inhibit mixing. A system should therefore be used 
which retains the required viscosity for a convenient 
time. Also, styrene produces a flammable vapour 
which makes handling somewhat hazardous. 

The preferred system is a polyurethane system, 
80 particularly a polyurethane system using a 

diisocyanate and an aqueous polyol emulsion, par-
ticularly a polyester-polyol emulsion. Such a system 
which we have found to be particularly suitable is 
Ucrete marketed by Honeywill-Atlas Limited. This 

85 material is sold in three packs, two containing liquid 
resin components and the third containing selected 
fillers. For present purposes a cement or cement 
aggregate filler is used together with Ucrete Packs 1 
and 2 which contain a polyester-polyol emulsion 

90 (15-40% by weight water) and MDI (hexamethylene 
diisocyanate). 
Example 

A viscous liquid encapsulating material of'golden 
syrup' consistency was made up at warm room 

95 temperature as follows using Ucrete components:-

Poss. 
% Variation 

Polyester-Polyol aqueous emulsion 25 10-40 
100 (15-40%) 

MDI 25 10-40 
Filler (cement-crushed rock 50 20-80 

aggregate mixture) 

105 The emulsion was mixed with the MDI and mixing 
was continued for 1 minute; the filler was then 
mixed in and mixing was continued allowed to stand 
for 4 minutes after which there was mixed in 25% 
(possible variation 10-30%) dry weight of ion 

110 exchange resin radioactive waste containing about 
50% water. The mixture was then allowed to set into 
blocks which had a compressive strength of about 20 
MN/ma after a curing time of 1-4 hours. Curing was 
exothermic but a 300 litre sample remained consid-

115 erably below 100°C.The blocks had a specific gravity 
over 1.2 and were non-flammable (without addition 
of flame retardants). They contained little or no free 
water, were substantially homogeneous and had a 
very low void content. 

120 Ucrete is sold as a specialist flooring and wall 
rendering material and it will be appreciated that 
such applications require many of the properties 
which are desirable for the present invention e.g. 
strength, viscosity in liquid form, curing time, non-

125 flammability, chemical resistance etc. 
Other materials which are known forthese appli-

cations are also particularly suitable forthe purposes 
of the present invention e.g. the materials disclosed 
in U.K. Patent Specification 1 065 053. 

130 While the invention is primarily intended for 
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encapsulating granular material, it could also be 
used for encapsulating broken-up pieces of equip-
ment such as ladles. 
CLAIMS 

5 1. A block of cross-linked synthetic resin material 
in which there are encapsulated dispersed particles 
or pieces of radioactive waste. 

2. A block according to Claim 1 wherein the resin 
is a polyurethane. 

10 3. A block according to Claim 1 or 2, which con-
tains cement as a filler. 

4. A block according to Claim 1 substantially as 
described in the Example. 

5. A method for encapsulating a particulate 
15 radioactive waste which comprises suspending the 

waste in a viscous liquid encapsulating material 
which comprises one or more synthetic resin 
monomers or prepolymers and setting the encap-
sulating material by addition or condensation 

20 polymerisation to form a solid material in which the 
waste is dispersed. 

6. A method according to Claim 5 wherein the 
encapsulating material contains cement or cement 
aggregate. 

25 7. A method according to Claim 5 or 6 wherein 
the set resin is cross-linked. 

8. A method according to any of Claims 5 to 7, 
wherein the set resin is a polyurethane. 

9. A method according to Claim 8, wherein the 
30 liquid encapsulating material comprises an aqueous 

polyester-polyol emulsion and a diisocyanate. 
10. A method according to any of Claims 5 to 9, 

which is carried out without the application of heat. 
11. A method according to Claim 5 substantially 

35 as described in the Example. 
12. Encapsulated waste produced by a method 

according to any of Claims 5 to 11. 
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