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(71) We, SOCIETE EUROPENNE 
POUR LE TRAITEMENT CHIMIQUE 
DES COMBUSTIBLES IRRADIES 
(EUROCHEMIC), a society organised under 

5 Belgian laws, of Boererang, 200, B-2400 
Mol, do hereby declare die 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 

10 by the following statement: — 
This invention relates to the conditioning 

of high-level radioactive waste (HLW) pro-
ducts, such as actinide waste products, re-
sulting from the treatment of irradiated 

15 nuclear fuel, or from other processes of the 
nuclear fuel cycle, for their storage or final 
disposal. 

The technique for the treatment of 
irradiated nuclear fuel is well-known. It in-
volves usually the following basic treatments: 

1. Removal of the canning material by 
mechanical or chemical means. 

2. Dissolution of the core material by nitric 
acid. 

3. Separation of uranium, plutonium and 
fission prodcts by liquid-liquid extraction 
using a selective extractant such as tri-
butyl phosphate (e.g. Purex Process). 

For the treatment of highly enriched 
30 uranium fuel,—which is generally alloyed and 

clad with aluminum—the entire core and 
cladding material is dissolved in nitric acid 
using mercury nitrate as catalyst. The solution 
so obtained undergoes the separation step 

35 as indicated under (3). 
The aqueous solution which is left after 

the extraction process contains the main frac-
tion of all fission products and is concentrated 
prior to storage in containers as High Level 

40 Waste (HLW). 
Other components present in the solution 

are: — 
alloy components used in the fabrication 

of the nuclear fuel, 
actinide elements such as neptnuium, 

americium, curium and residual uranium 
and plutonium, 

20 

25 

45 

activation products of fuel constituents i.e. 
radionuclides formed from materials 
such as Fe and Mo, 50 

corrosion products from equipment 
material such as the dissolver, and 

chemicals added to the process. 

The next table gives an example of the 
average composition of such a solution of 55 
High Level Waste: 

TABLE 1 
Average Composition of High Level Waste 

Produced in a Purex Type Reprocessing 
Process. 60 

Fission products, as oxides 40 g/1 
Actinides, as oxides 12 g/1 
Corrosion products, as oxides 10 g/1 
Chemicals as oxides 40 g/1 
HNOs 5—7 M 65 
Activity fi+y total 107 Ci/m3 

Volume of solution per ton of fuel 500 1/ton 

The specific activity of such solutions de-
pends on the reactor history of the fuel 
treated such as burn-up, irradiation time in 70 
the reactor, cooling time after removal from 
the reactor until reprocessing. 

Generally, the high level waste solutions 
are solidified and the solid products thus 
obtained are packed in suitable containers and 75 
stored. 

Different processes have been developed to 
solidify these waste solutions of which, the 
most important are:— 

processes based on calcination, and 80 
processes based on vitrification. 

Such processes are among other critically 
reviewed in the publication of the Division 
of Technical Information of the U.S.A. 
Atomic Energy Commission by K. J. 85 
Schneider, Reactor Technology, Volume 
13—4, page 387—415 (1970) "Solidification 
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and Disposal of High Level Radioactive 
Waste in the United States". 

According to the first-named kind of pro-
cesses, salts containing highly radioactive 

5 waste solutions are calcined to solid oxide 
granules in a fluid bed process. The 
calcines, however, suffer from their high 
teachability in environmental media such as 
water and must therefore be stored in con-

10 tainers of high corrosion resistance. The com-
bination of these types of granules and con-
tainers excludes ultimate storage in this form 
and might only be acceptable for limited 
periods of time under permanent control. 

15 According to the vitrification processes, 
highly radioactive waste solutions are con-
verted to a glass product by fusing them to-
gether with glass forming additives at a tem-
perature of about 1200°C. The additives 

20 generally used consist of Si02, B203, ALO-, 
CaO and Na20. 

The vitreous products become pro-
gressively unstable under the high tem-
perature involved and the high radiation doses 

25 received as a result of the high heat and 
radiation generated by the contained radio-
nuclides and the low "thermal conductivity of 
the vitreous material. Studies of the behaviour 
of radioactive waste glasses revealed that 

30 under these high temperatures, which can 
reach the softening temperature of the glass, 
devitrification occurs resulting in local 
crystallization and phase separation, and thus 
an enhanced leach-rate of radionuclides. 

35 Both oxide granules and vitreous products 
are thus not entirely satisfactory for ultimate 
storage or disposal either because the pro-
ducts contained in protective containers are 
not sufficiently resistant to environmental 

40 attacks, such as the leaching of radioactive 
constituents by water and other environ-
mental media if their containment happens 
to deteriorate, or because their physical 
stability for a long period of time is not 

45 guaranteed. 
The purpose of this invention is to cope 

with the above difficulties as well as the 
difficulties encountered with the safe storage 
or disposal of other hazardous radionuclides, 

50 such as actinides, by forming a product with 
improved physical and chemical stability, 
resistance to leaching, thermal conductivity 
and retrievability. 

According to the present invention, there 
55 is provided a method for the conditioning of 

granular high-level radioactive waste pro-
ducts, for their safe storage or final disposal, 
said granular radioactive products resulting 
from the treatment of irradiated nuclear fuel 

60 and from other processes of the fuel cycle, 
which method comprises embedding the high 
level waste granules in a matrix selected from 
pure metals and metal alloys. 

According to another aspect, there is pro-
65 vided according to the invention a product 

comprising high level radioactive (HLW) 
materials in the form of granules of low leach-
ability embedded in a matrix selected from 
pure metals and metal alloys. Examples of 
matrix materials are lead or aluminium or 70 
lead alloyed with Sb and/or Sn and/or Bi 
and/or Zn, or aluminum alloyed with silicon 
and/or magnesium and/or copper. Preferably, 
the metallic matrix which contains the 
granules, is in its turn clad with non-cor- 75 
rosive material such as stainless steel, 
titanium, lead and its alloys or aluminum and 
its alloys or a combination of these materials. 

Preferably, the granules are made of a 
vitreous material containing the high level 80 
waste, for example, a lead borosilicate con-
taining up to 35 wt% waste oxides. This 
lead borosilicate product is made by heating 
a mixture of PbO, Si02 and B203—further 
referred to as glass-forming additives—with 85 
solid waste oxides to the vitrification tem-
perature. 

The vitreous melt is then converted into 
glass beads by allowing the melt to drip 
through holes cf an appropriate diometer. 90 

The vitreous droplets fall on a rotating 
metal disc where they are allowed to solidify. 
The course of the solidification process, de-
termining the stability of the glass, is con-
trolled by the free falling height of the drop- 95 
lets, their residence time on the disc (rotat-
ing speed) and the temperature of the disc. 

The use of PbO, SiOL, B,0, as glass-
forming additives has the advantage that 
relatively low vitrification temperatures 100 
(^-700°C) and low drip temperatures 
(~'800°C) are involved which reduce the 
volatilization of fission products during pro-
cessing and allows the application of simpler 
heating equipment. ~" 105 

The invention is not restricted to lead 
borosilicate products but can also be applied 
to other vitreous products such as non-
lead e.g. aluminium, borosilicates, phosphate 
glasses and non-vitrified products such as 110 
ceramics, porcelain, phosphates, sulphates, 
fluorides, silicates and oxides, which do not 
decompose at the applied incorporation tem-
perature. 

The other HLW-products such as the 115 
oxide granules may be obtained from a fluid-
bed type process as described by L. T. Lakey 
in "The Proceedings of the Symposium on 
Management of Radioactive Waste" held in 
Paris on 27th November—1st December 120 
1972, published in March 1973, by the 
O.E.C.D. in Paris. 

The ceramic and porcelain type granules 
may be obtained by a special high tem-
perature treatment of granular material in a 125 
fluidized bed process. 

The phosphate granules may be obtained 
either as disposed in Belgian Patent No. 
701,223, or by a fluid bed technique similar 
to that for oxide production. " 130 
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The sulfate, fluoride and silicate granules 
may be obtained by techniques analogous to 
the production of phosphate granules. 

The HLW products of this invention com-
5 posed of glass and metal have the advantage 

of a low leachability and high physical 
integrity without showing the disadvantage of 
the existing HLW glass or vitreous products 
namely crystallization, devitrification and con-

10 sequently increased leachability of the result-
ing products. The elimination of this disad-
vantage is due to the increase of heat con-
ductivity by the introduction of a metal or 
metal alloy in the void space between the 

15 glass beads. The increase in heat conductivity 
by a factor 10—50 ensures that the center 
temperature of the product remains below the 
temperature at which crystallization or 
devitrification of the glass occurs. 

20 The other HLW products composed of 
non-vitreous materials and the metal matrix 
have the advantage that the above indicated 
metal cladding protects the granules from 
leaching and thus improves their safe storage. 

25 Even if the cladding is penetrated by cor-
rosion, only a small surface of the granules is 
exposed and the leachability is orders of 
magnitude less than for the non-coated 
granular material itself. 

30 Further advantages of any product accord-
ing to this invention are the reduced 
volatilisation of radionuclides during storage 
due to the low temperatures maintained in the 
product. Furthermore, the improved im-

55 mobilisation of the dispersed HLW granules 
is particularly of interest for products con-
taining friable and dusty material, such as 
calcined granules, which makes transport of 
solidified high level wastes safer and easier. 

40 A further advantage of any product accord-
ing to this invention is that the improvement 
in heat conductivity allows the use of 
cylinders or larger diameters with equal maxi-
mum allowable temperatures in the centre of 

45 the product. 
The lead alloy composition has the addi-

tional advantage of having maximum shield-
ing properties due to the high fraction of lead 
in the matrix material which has a high 

50 specific absorption coefficient for fi- and y-
rays. The alloy/solid waste product is there-
fore highly self-shielding. This simplifies the 
transport and handling of the product as it 
requires lower external shielding. 

55 It is contemplated to apply cartridges of 
the product in heat generators of various di-
mensions in a very simple way, e.g. to effect 
distillation of sea water. 

The product has the further advantage that 
60 if not used as heat source, it keeps its favour-

able characteristics for long-term storage in 
repositories, without necessitating any addi-
tional treatment. 

The solid waste-metal alloy product pro-
65 vides for a simple retrieval of the radioactive 

granules at any time, if so desired, by heat-
ing the product above the melting point of 
the metal matrix. 

According to one embodiment of this in-
vention granules of waste products are packed 70 
in metal containers and the void spaces left 
between the granules are filled with molten 
metal, or their alloys. 

The metallic fraction of the product is low 
and approaches in most cases the value of 75 
the void space between hexagonal tightest 
packed spheres. This causes no volume in-
crease of the radioactive waste granules with-
in their container. 

The low melting temperature of lead alloys 80 
means that the method can be carried out 
temperatures below 350°C which is far below 
the process temperatures used in existing 
techniques for solidifying and conditioning 
HLW as for example calcination and 85 
vitrification processes or metal incorporation 
processes. The method is therefore also 
attractive for incorporation of "phosphate"— 
wastes which production method involves 
temperatures below 350°C. In addition to 90 
this, the low process temperature simplifies 
the construction of the process equipment and 
avoids decomposition of the radioactive waste 
granules and the volatilization of radio-
nuclides such as ruthenium1, caesium and 95 
strontium isotopes. 

The invention is now further described re-
ferring to the accompanying drawings in 
which:— 

Fig. 1 shows an apparatus used according 100 
to the invention, in cross-section and 
schematically; 

Fig. 2 is a transverse cross-section of the 
product thus obtained; 

Fig. 3 shows in cross-section a variation of 105 
the apparatus used for the same purpose; 

Fig. 4 shows in cross-section another varia-
tion of said apparatus, and 

Fig. 5 illustrates schematically an appara-
tus for making vitrified HLW granules. 110 

In the exemplary embodiment of Fig. 1, the 
apparatus comprises a cylindrical container 
generally designated 1 having a wall 2 of 
stainless steel defining a chamber 3, a bottom 
opening 5 and a top opening 6. The bottom 115 
opening 5 is connected to a U-shaped inlet 
tube 7 smaller in diameter but longer than 
the container. The top opening 6 is con-
nected to a tubular extension 8. 

The chamber 3 is completely filled with 120 
granules 4 of inorganic HLW material to be 
embedded, molten alloy 9 is then fed via the 
inlet tube 7, penetrates through the bottom 
opening 5, fills gradually the void spaces left 
between the granules in the chamber 3 and 125 
the feeding of the alloy is stopped as soon 
as its level reaches the top opening 6. At that 
moment, the system is allowed to cool off, 
the connecting tubes 7 and 8 are removed 
and the remaining holes may be filled with 130 
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further alloy and allowed to cool off. There-
after, said holes are preferably closed by 
means of a stainless steel plate welded on each 
hole. 

5 In order to improve the filling of the voids 
left between the granules and to effect degass-
ing of the granules, the connecting tube 8 
may be connected to a vacuum system not 
shown. 

10 The exemplary embodiment of Fig. 3 com-
prises a similar container 1 with similar parts 
which are designated with the same reference 
numerals. 

However, the inlet tube 7 extends within 
15 the central axis of the chamber 3 and ends 

at a short distance from the bottom of the 
container. The lower portion of the container 
is prefixed with lead alloy 9 through the inlet 
tube 7 and then with granules 4 of inorganic 

20 material to be embedded which are charged 
through the top openings 6. The apparatus is 
then placed into a heating furnace, molten 
alloy is fed via the feeding tube 7 and fills 
the spaces between the granules exactly as in 

25 the apparatus of Fig. 1. 
The container described hereabove may, in 

its turn, be placed in a larger container when 
it is desired to coat it by pouring molten 
alloy into the space left between the two con-

30 tainers. In that instance, the filling of the void 
spaces betwen the granules within the cham-
ber 3 may take place simultaneously. 

The above described incorporation tech-
niques bear a potential risk of overheating the 

35 granular material during the time period that 
it is contained in container 1 while awaiting 
feeding the container with the molten metal 
alloy. 

Figure 4 shows an apparatus, similar to 
40 Figure 3, that allows feeding die granular 

material into a premolten metallic matrix, 
thereby eliminating this risk. The upper part 
of chamber 3 is provided with a grid 8 and 
the top openings 6 are connected with a 

45 vacuum pump. 
Container 1 is prefilled with, the metallic 

matrix material to about 40 volume per cent 
and heated to above the melting; temperature 
of the matrix material. 

50 The liquidus metal level in the center tube 
7 is lowered by reducing pressure in the 
upper part of chamber 3. The center tube is 
then fed with granules, which are "pressed" 
through the metal surface by their gravity 

55 forces to below the outlet level of the center 
tube. The granules rise up in the metallic 
liquidus, and accumulate at the metallic sur-
face. 

The metallic surface rises upon continuous 
60 feeding of new granules until the metallic sur-

face level passes the grid level, the granules 
being retained by the grid. 

At that moment further feeding of granules 
is ceased and the center tube 7 closed by 

means of a stainless steel stopper 10 provided 65 
with a grid at its bottom part. 

When the vacuum is released from chamber 
3, the container is allowed to cool off. 

A variant of the exemplary embodiment 
described with reference to Figure 4 uses a 70 
similar container 1 with similar parts. The 
feeding of granules is based on the same 
principle, but the liquidus level in center 
tube 7 is lowered by pressurizing the center 
tube with an inert gas, instead of reducing 75 
pressure in chamber 3 via the top openings 
6. 

An apparatus for the continuous production 
of vitreous beads is illustrated in Figure 5. 

A vitreous melt 11 is formed in vitrifica- 80 
tion pot 12 by simple heating of a continuous 
feed of a mixture of glass forming additives 
13 (60—80 wt% PbO, 10—27 wt% SiO, 
and 5—10 wt% B203) and waste oxides 14 
to the appropriate vitrification temperature 85 
(--'700oC), the mixture being prepared in 
mixer 15. 

Towards the bottom of the vitrification 
pot—which is provided with outlets 16 of 
1—5 mm in diameter—the temperature is 90 
raised to the proper drip temperature of the 
melt (—-800CC), i.e. such a temperature that 
the vitreous melt drips out of the vitrifica-
tion pot through the bottom oudets 16 in the 
form of droplets. 95 

The vitreous droplets are allowed to cool 
off in air during their free fall and are 
collected on a rotating disk 17 from which 
they are removed by scraper 18 and finally in-
corporated into a metal matrix according to 100 
the above described methods (A). 

The invention is now described with re-
ference to the following Examples 1 to 6. 
Example 7 describes the formation of vitreous 
granules containing HLW. 105 

EXAMPLE 1 
A stainless steel container of 0.5 liter as 

shown in Fig. 1 is completely filled with 
vitreous granules containing HLW. 

The entire system is heated to above the 110 
melting temperature of the metal alloy used 
to embed die granules. 

Said alloy consists of 84 wt% Pb, 12 wt%i 
Sb and 4 wt% Sn. Said alloy, in the molten 
state, is fed to the container as disclosed 115 
above without applying vacuum, in sufficient 
amount i.e. about 30 volume % based on 
the volume of the container, to fill completely 
the void spaces left within the container. 

As soon as the filling is completed, the 120 
container is allowed to cool off and the inlet 
and outlet tubes are removed. The obtained 
product consists of a cylindrical rod as shown 
in Fig. 2 having an outer stainless steel layer 
2 corresponding to the wall of the container 125 
and an inner solid body comprising vitreous 
granules 4 completely embedded in lead alloy 
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9, with no space left between the inner body 
and the outer stainless steel layer. 

EXAMPLE 2 
The same procedure is applied as in 

5 Example 1 except that the system is now con-
nected to a vacuum device which results in 
a still better product wherein the penetration 
of the alloy into the voids is improved by 
degassing of the granules. 

10 EXAMPLE 3 
The same procedure as in Example 1 or 2 

is applied except that the granular material 
used consists in metal phosphate obtained by 
solidifying Purex type High Level Waste by 

15 applying the chemical conditions as disclosed 
in Belgian Patent No. 701,223, or produced 
in a fluid bed type reactor as described before. 

EXAMPLE 4 
The same procedure is applied as in 

20 Example 1 or 2. However, after cooling the 
container is placed into a larger container and 
the space left between the two containers is 
filled with molten alloy to coat the first con-
tainer with a layer of alloy. For that purpose, 

25 the entire assembly is heated to about 350°C 
and molten alloy of 84% Pb, 12%, Sb anl 
4%, Sn is poured between the two containers. 
The filling operation is completed when the 
alloy level is slightly above the cover plate 

30 of die inner container. 

EXAMPLE 5 
A container similar to that used in Ex-

ample 1 or 2 is filled with granules but not 
with alloy. The holes in the top and bottom 

35 of the container are however closed by means 
of alloy. Thereafter, said container is placed 
into a larger container and the space left 
between the two containers is filled with 
molten alloy as in Example 4. In this case, 

40 however, the inner container is simultaneously 
filled with the alloy. 

EXAMPLE 6 
A stainless steel container of 0.5 liter as 

shown in Fig. 4 is filled for 35%' of its 
45 volume with a lead alloy. Said alloy consists 

of 84 wt% Pb, 12 wt% Sb and 4 wt% Sn. 
The container with alloy is heated to above 
the melting point of the alloy. The metallic 
surface level in the inner tube is lowered by 

50 reducing pressure in the upper part of cham-
ber 3 (Fig. 4). The center tube is then fed 
with vitreous beads consisting of a mixture 
of 30 wt%, Fe203, Zr02 and Mo03 as radio-
active waste oxides, and 

55 55 wt% PbO 
11 wt% Si02 and 

4 wt% B203, as glass-forming additives. 

The beads and the metallic surface rise up 

in chamber 3 when the inner tube is con-
tinuously fed with new vitreous beads. At 60 
the moment the metallic surface passes the 
grid level, further feeding of beads is ceased. 

The center tube is closed with a stainless 
steel stopper and the reduced pressure re-
leased. The container is allowed to cool off 65 
and the metal matrix to solidify. 

The product obtained has the same charac-
teristics as that described in Example 1. 

EXAMPLE 7 
A mixture of 70 wt% of glass forming 70 

additives—consisting of 78 wt% PbO, 16.3 
wt% Si02 wt%' and 5.7 wt% B2D3—and 
30 wt%0 of radioactive metallic waste 
oxides—consisting of 30 wt%' Zr203, 30 wt%i 
MO03, 30 wt% Fe203 and 10 wt% Na20— 75 
is continuously fed to a ceramic cylinder 
heated at 700°C. 

The bottom part of the cylinder is provided 
with ten outlets, 3 mm in diameter. 

This latter part is heated to 800°C. 80 
The vitreous droplets leaving the ceramic 

cylinder are collected on a rotating disk, 
located 50 cm below the foot of the cylinder. 

The residence time of the droplets on the 
rotating disk is 30 seconds while the disk is 85 
cooled to 100°C. 

A scraper continuously removes the 
solidified vitreous beads from the rotating 
disk. 

The beads are collected in a container and 90 
are ready to be incorporated into a metallic 
matrix. 

WHAT WE CLAIM IS:— 
1. A method for the conditioning of 

granular high-level radioactive waste products, 95 
for their safe storage or final disposal, said 
granular radioactive products resulting from 
the treatment of irradiated nuclear fuel and 
from other processes of the fuel cycle, which 
method comprises embedding the high level 100 
waste granules in a matrix selected from pure 
metals and metal alloys. 

2. A method according to Claim 1, where-
in the matrix material is selected from lead, 
lead-antimony alloys, lead-tin alloys, lead- 105 
bismuth alloys, lead-zinc alloys and their 
mixtures, aluminium, aluminium-silicon 
alloys, aluminium-magnesium alloys, 
aluminium-copper alloys and their mixtures. 

3. A method according to Claim 1, wherein 110 
the metallic matrix containing the high level 
waste is in its turn clad with non-corrosive 
mtaerial selected from stainless steel, 
titanium, lead, lead alloys, aluminium^ 
aluminium alloys and mixtures of said metals 115 
and alloys. 

4. A method according to Claim 3, which 
comprises filling a non-corrosive container 
with high level waste granules^ heating to 
above the melting temperature of the metallic 120 
matrix material used to embed the granules, 
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and filling said container with said metallic 
matrix material, and cooling said container. 

5. A method according to Claim 4, wherein 
the content of the container is degassed by 

5 applying a vacuum. 
6. A method according to Claim 4 or 5, 

wherein the container is in its turn clad with, 
a layer of alloy. 

7. A method according to Claim 3 which 
10 comprises partiy filling a non-corrosive con-

tainer with metallic matrix material, heating 
to above the mdting temperature of said 
matrix material, raising the liquidus metal 
level in the container by feeding granules of 

15 high level waste material, retaining the 
granules at a pre-determined level in the con-
tainer and allowing the molten matrix 
material to rise above the level of waste 
material granules, and cooling. 

20 8. A method according to Claim 7 wherein 
the container is pre-filled to about 40 volume 
% by the metallic matrix. 

9. A method according to any one of 
Claims 1 to 8, wherein the metallic matrix 

25 material is an alloy of 84 wt.% of lead, 12 
wt.% of antimony and 4 wt.% of tin. 

10. A method according to any one of 
Claims 1 to 9, wherein the granules are made 
of a vitreous material containing the high 

30 level waste. 
11. A method according to Claim. 10, 

wherein the vitreous material is a lead boro-
silicate. 

12. A method according to Claim 11, 
35 wherein the lead borosilicate contains up to 

35 % by weight of waste oxides. 
13. A method according to Claim, 10, 

wherein the vitreous material of the granules 
is selected from non-lead borosilicates and 

40 phosphate glasses. 
14. A method according to any one of 

Claims 10 to 13, wherein die vitreous waste 
material granular are formed by heating a 
mixture of glass-forming additives and waste 

45 oxides to vitrification temperature in a 
vitrification pot having a perforated bottom 
and allowing the vitreous melt thus formed 
to drip by gravity out from the perforated 
bottom of the vitrification pot. 

15. A method according to Claim 14, 50 
wherein the mixture subjected to vitrification 
comprises 60—80 wt.% of lead oxide, 10— 
27 wt.% of silica, 5—10 wt.%, of boron 
oxide (B20;i), which are glass-forming 
additives and up to 35 wt.% of waste oxide 55 
based on the weight of the granules. 

16. A method according to Claim 15, 
wherein the mixture subjected to vitrification 
comprises 70% by weight of said glass-form-
ing additives and 30% by weight of waste 60 
metallic oxides consisting of 30 wt.% of 
Zr20„ 30 wt.% of Mo03, 30 wt.% of Fe,Os 
and 10 wt.% of Na20. 

17. A method according to any one of 
Claims 14 to 16, wherein the vitreous drop- 65 
lets are collected on a temperature controlling 
rotating disk from which they are removed by 
scraping. 

18. A method according to any one of 
Claims 1 to 9, wherein the granules are 70 
made of a non-vitreous material selected from 
ceramic, porcelain, phosphates, sulphates, 
fluorides, silicates and oxides. 

19. A method for the conditioning of 
granular high level radioactive waste pro- 75 
ducts as claimed in Claim 1 substantially as 
described herein with reference to Figs. 1 
and 2, Fig. 3 or Fig. 4, of the accompanying 
drawings or any one of Examples 1 to 6. 

20. A high level waste conditioned product 80 
obtained by a method according to any of 
the preceding Claims. 

21. A product comprising high level radio-
active waste materials in the form of granules 
of low leachability embedded in a matrix 85 
selected from pure metals and metal alloys. 

22. A product according to Claim. 21 sub-
stantially as described herein with reference 
to Figs. 1 and 2, Fig. 3 or Fig. 4 of the 
accompanying drawings, or any one of the 90 
Examples. 
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