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(54) Improvements in or relating to 
microwave heating 

(57) The invention is concerned with 
microwave heating and more 
particularly with microwave heating to 
effect melting. 

Material is contained in a container 
(1) and microwave energy is applied 
to melt material (6) while a portion of 
the material (7) adjacent to the 
internal surfaces of the container is 
maintained at a temperature at which 

it is not molten. This may be by 
cooling water (5) in vessel (4). 

The invention therefore provides for 
"skull" melting in which a layer of 
non-molten material protects the 
container from molten material. 
Examples of materials which may be 
treated in accordance with the present 
invention are glasses and glass-like 
materials and precursors therefor (e.g. 
glasses and glass-like materials or. 
precursors therefor containing 
radioactive wastes). 
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SPECIFICATION 
Improvements in or relating to heating 

The present invention relates to heating and 
more particularly to heating to effect melting. 

5 According to one aspect of the present 
invention there is provided apparatus for use in 
the melting of material which comprises a 
container for containing material, means for 
applying microwave energy to material when 

10 contained in the container so as to melt material 
and produce molten material and means for 
maintaining material adjacent to internal surfaces 
of the container at a temperature at which the 
material is not molten. 

15 The material may be, for example, a glass or 
glass-like material or a precursor therefor (e.g. a 
glass or glass-like material or a precursor therefor 
containing radioactive waste). 

In the melting of materials such as glasses, 
20 glass-like materials or precursors therefor, 

corrosion problems can be encountered as a 
result of reaction between the molten material 
and the container (which may be, for example, a 
ceramic or a metal container). 

25 The present invention enables such problems 
to be substantially avoided or overcome. Thus, the 
present invention provides for "skull" melting by 
microwave energy in which a layer ("skull") of 
non-molten material is provided on the internal 

30 surfaces of the container to protect the container 
from molten material therein. 

For example, a central region of glass may be 
heated to high temperatures by application of 
microwave energy and thereby rendered molten, 

35 whilst the internal surfaces of the container are 
protected by a layer (i.e. a skull) of cold glass. 

The means for maintaining material adjacent to 
internal surfaces of the container at a temperature 
at which the material is not molten may include 

40 means for cooling the container. For example, 
means may be provided for supplying a cooling 
fluid to external surfaces of the container. The 
means for cooling the container may be, for 
example, in the form of water cooled coils or a 

45 recirculating water bath. By way of further 
example the container may be cooled by means of 
a gas stream in which case the container may 
optionally be provided with cooling fins. 

The container may be, for example, pretreated 
50 to produce a layer of material on its internal 

surface and subsequently charged with material 
to be melted, the layer of material being 
maintained at a temperature at which the 
material is non-molten. 

55 According to one embodiment of the present 
invention there is provided apparatus for use in 
the melting of material which comprises a 
container for containing material, a microwave 
energy waveguide for introducing microwave 

60 energy to the container to melt material when 
contained in the container and produce molten 
material and a vessel for containing cooling water 
to cool external surfaces ofthe container to 
maintain material adjacent to internal surfaces of 

65 'the container at a temperature at which the 
material is not molten. 

According to another embodiment of the 
present invention there is provided apparatus for 
use in the melting of material which comprises a 

70 microwave cavity, a container within the cavity 
for containing material, a microwave energy 
waveguide for introducing microwave energy into 
the cavity to melt material when contained in the 
container and produce molten material and a 

75 cooling jacket for cooling external surfaces ofthe 
container to maintain material adjacent to internal 
surfaces ofthe container at a temperature at 
which the material is not molten. 

According to a further embodiment ofthe 
80 present invention there is provided apparatus for 

use in the melting of material which comprises a 
container for containing material, a microwave 
energy waveguide for introducing microwave 
energy to the container to melt material when 

85 contained in the container and produce molten 
material, a material inlet for introducing material 
to be melted to the container and an outlet for the 
removal of molten material from the container 
and means for cooling external surfaces ofthe 

90 container to maintain material adjacent to internal 
surfaces of the container at a temperature at 
which the material is not molten. 

Apparatus in accordance with the immediately 
preceding embodiment of the invention may be 

95 provided, for example, with an outlet duct in 
communication with the outlet of the container 
and a waveguide for introducing microwave 
energy into the outlet duct and to the outlet to 
effect tapping of the container to remove molten 

100 material therefrom by means of the outlet. 

According to another aspect the present 
invention provides a process for use in the melting 
of material which comprises containing material 
in a container, applying microwave energy to the 

105 material to melt material and produce molten 
material while material adjacent to internal 
surfaces of the container is at a temperature at 
which the material is not molten thereby to 
provide a layer of non-molten material to protect 

110 internal surfaces of the container from molten 
material. 

In accordance with one embodiment of the 
immediately preceding aspect of the present 
invention there is provided a process for use in the 

115 melting of material which comprises containing 
material in a container, applying microwave 
energy to the material to melt material and 
produce molten material and maintaining material 
adjacent to internal surfaces of the container at a 

120 temperature at which the material is not molten 
thereby to provide a layer of non-molten material 
to protect internal surfaces of the container from 
molten material. 

The material to be melted in accordance with 
125 the present invention may be, for example, a 

mixture of a fusible dried product (produced by 
drying a solution or slurry) and a glass former or 
glass formers so that on melting and cooling a 
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glass or glass-like material incorporating the dried 
product may be formed. 

For example, the fusible dried product may 
include radioactive waste materials so that after 

5 fusing and cooling a glass or glass-like material 
incorporating the radioactive waste is formed 
(which can thereafter be stored or subjected to 
disposal as required). 

British Patent Specification No. 1,589,466 
10 (UKAEA) discloses, inter alia, the production of a 

glass-like solid material by heating a fusible dried 
product and glass formers and reference may be 
made to Specification No. 1,589,466 in this 
context. 

15 By way of example, slugs of glass fibre 
"loaded" with dried product as disclosed in the 
Specification of British Patent No. 1,589,466 may 
be melted in accordance with the present 
invention. 

20 Thus, the present invention may provide, for 
example, a "melter" for use in radioactive waste 
vitrification. (It will be appreciated that the 
invention is not limited to use in vitrification 
processes. The invention may find application in 

25 any process in which melting is required (e.g. in 
the glass industry). 

The present invention may be used for example 
in a batch-wise, or continuous manner as 
required. 

30 In continuous operation means may be 
provided for the removal of molten material from 
the container and the addition to the container of 
material to be melted. By way of example, in both 
batch-wise and continuous operation, molten 

35 material may be removed from the bottom of the 
container (i.e. the container may be "tapped") via 
an outlet aperture therein. The outlet aperture can 
be part of an outlet system which includes a 
waveguide for the application of microwave 

40 energy. Microwave energy may be supplied via 
the waveguide to melt material in the outlet 
aperture to permit molten material to flow from 
the container. The flow may be controlled (and 
stopped) if desired by controlling the amount of 

45 microwave energy supplied. E.g. flow may be 
stopped by not supplying microwave energy to 
melt material in the outlet aperture. 

It will be appreciated that the "microwave 
lossiness" of glass (i.e. the absorption of 

50 microwave energy) increases with increasing 
temperature. It is to be understood that in 
apparatus in accordance with the present 
invention the microwave energy waveguides and 
the container and any other portion constituting 

55 part of a microwave "cavity" may be designed in 
accordance with microwave technology so as to 
maximise absorption of microwaves and avoid 
undesirable effects such as reflection of 
microwave energy from the material which is 

60 being, or has been, melted. Microwave "cavities" 
in accordance with the present invention may also 
be "tuned" in accordance with microwave 
technology. 

The present invention will now be further 

65 described, by way of example only, with reference 
to the accompanying drawings in which:— 

Figure 1 is a diagrammatic representation of an 
apparatus for use in the melting of material in 
accordance with the invention; 

7Q Figure 2 is a diagrammatic representation of 
another apparatus for use in the melting of 
material in accordance with the invention; and 

Figure 3 is a diagrammatic representation of a 
further apparatus for use in the melting of 

75 material in accordance with the invention, and 
with reference to the Example. 

Referring now to Figure 1 of the drawings there 
is shown a container 1 in communication with a 
microwave energy waveguide 2 for introducing 

80 microwave energy to the container 1 (as indicated 
by the arrow) from a magnetron (not shown). To 
enable the interior of the container 1 to be 
observed a choke and quartz window 3 are 
provided. 

85 A vessel 4 is provided for containing cooling 
water 5. 

In operation material to be melted is 
introduced into the container 1 and microwave 
energy is introduced by means of waveguide 2. 

go Under the influence of the microwave energy the 
temperature of the material is raised to a point 
where the material becomes molten. This is 
indicated as region 6 in Figure 1. 

Cooling water 5 in vessel 4 is recirculated so as 
95 to cool external surfaces of the container 1 and to 

thereby maintain a portion of the material 
adjacent to internal surfaces of the container 1 as 
cooler, solid material. This is indicated as 7 in the 
Figure. Thus, the container 1 is protected from the 

100 molten material of region 6 by the cooler, solid 
material 7 which lines the internal surfaces of 
container 1. 

It will be appreciated that any "off-gases" 
produced during operation may be removed by a 

105 suitable off-gas outlet (not shown) 
communicating (either directly or indirectly) with 
the said container 1. 

When melting has proceeded sufficiently, 
microwave energy introduction is stopped and the 

110 container 1 may be disconnected from the 
waveguide 2, and further treated as required. 
Thus in the case of waste disposal the container 1 
may be sealed and stored, or disposed of, as 
required. 

115 Referring now to Figure 2 of the drawings there 
is shown a microwave cavity 10 provided with 
microwave energy waveguides 11 (for 
introducing microwave energy into the cavity 10 
(as indicated by the arrows 11a) from a 

120 magnetron (not shown)), one or more mode 
stirrers one of which is shown as 12, and ceramic 
microwave transparent windows 13. 

Within the cavity 10 there is provided a 
container 14 (e.g. made of metal or ceramic 

125 material) having associated cooling jacket 15. The 
container 14 is sealed to the microwave window 
13 by means of seals 16. 

In operation material to be melted is 
introduced into the container 14 and microwave 
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energy is introduced by means of the waveguides 
11. 

Under the influence of the microwave energy 
passing into the container 14 through the 

5 microwave transparent windows 13 the 
temperature ofthe material is raised to a point 
where the material becomes molten. This is 
indicated as region 17 in Figure 2. 

Cooling water is circulated through the jacket 
10 15 so as to cool external surfaces of the container 

14 and thereby maintain a portion of the material 
adjacent to internal surfaces ofthe container 14 
as cooler, solid material (indicated as 18 in Figure 
2) . 

15 Thus, the container 14 is protected from the 
molten material of region 17 by the cooler, solid 
material 18 which lines the internal surfaces of 
container 14. 

It will be appreciated that any "off gases" 
20 produced during operation may be removed by a 

suitable off-gas outlet (not shown) 
communicating (either directly or indirectly) with 
the said container 14. 

When melting has proceeded sufficiently, 
25 microwave energy introduction is stopped and the 

container 14 may be unsealed from the seals 16, 
removed from the cavity 10 and treated as 
required. For example, in the case of waste 
disposal container 14 may be sealed and stored, 

30 or disposed of as required, 
Alternatively, molten material may be removed 

from the container 14 by "tapping" it (e.g. via an 
outlet aperture in its base). 

Referring now to Figure 3 of the drawings there 
35 is shown a container 20 provided with microwave 

energy waveguides 21 for introducing microwave 
energy into the container 20 (as indicated by the 
arrows 21a) from a magnetron (not shown) 
through microwave transparent windows 22. 

40 The container 20 is also provided with a 
material inlet 23, for introducing material to be 
melted, and an outlet aperture 24 for the removal 
of molten material. The outlet aperture 24 is in 
communication with an outlet duct 25 which is 

45 provided with a waveguide 26 for introducing 
microwave energy (as indicated by the arrow 26a) 
into the outlet duct 25 and the region of the outlet 
aperture 24. 

In operation material to be melted is 
50 introduced into the container 20 by means of the 

inlet 23 and microwave energy is introduced into 
the container 20 through microwave transparent 
windows 22 by means of microwave energy 
waveguides 21. 

55 Under the influence of the microwave energy 
passing into the container 20 through the 
microwave transparent windows 22 the 
temperature ofthe material is raised to a point 
where the material becomes molten. This is 

60 indicated as region 27 in Figure 3. 
External surfaces of the lower portion of the 

container 20 (indicated as 20a) are cooled (e.g. by 
a stream of cooling gas such as air or nitrogen or 
by use of a cooling liquid in a cooling jacket or 

6 5 cooling coils (not shown)) and thereby a portion of 

the material adjacent to lower internal surface of 
the container 20 is maintained as cooler, solid 
material indicated as 28 in Figure 3. Thus the 
container 20 is protected from the molten 

70 material of region 27 by the cooler, solid material 
of region 28 which lines the lower internal 
surfaces ofthe container 20. 

At this time the region 28 extends across the 
outlet aperture 24 thereby to seal off access of 

75 molten material to the outlet aperture 24 and 
outlet duct 25. When it is desired to "tap" the 
container 20 to remove molten material 
therefrom (which may be periodically for batch-
wise operation, or continuously for continuous 

80 operation) microwave energy is introduced into 
the outlet duct 25 and the region of the outlet 
aperture 24 by means of microwave energy 
waveguide 26. 

Under the influence of microwave energy 
85 introduced by waveguide 26 solid material 

extending across the outlet aperture 24 is heated 
and becomes molten thereby allowing molten 
material to flow through the outlet aperture 24 
and to pass from region 27 into outlet duct 25 as 

90 indicated at 27a in Figure 3. 
The- rate of flow of molten material from the 

container 20 may be controlled by controlling the 
microwave energy introduced by means of 
microwave energy waveguide 26. Thus, reducing 

95 the input of energy reduces the flow (this, of 
course, can be used to stop the flow by sufficient 
reduction or stopping ofthe energy input) and 
increasing the input of energy will increase the 
flow up to the maximum possible for the design of 

100 apparatus. 
Molten material removed through outlet duct 

25 can be collected and further treated as 
required. 

For example in the case of waste disposal (e.g. 
105 disposal of radioactive wastes in glass or glass-

like material) the molten material may be 
collected in a suitable vessel, solidified and the 
vessel sealed for storage or disposal as required. 

Any "off-gases" produced during operation 
110 may be removed by a suitable off-gas outlet. For 

example, any off-gases may be removed through 
the material inlet 23. 

In one embodiment slugs of glass-fibre 
"loaded" with dried fusible product (as 

115 hereinbefore disclosed) may be introduced into 
container 23 by passing down inlet 24. The slugs 
may therefore be used to filter off-gases (e.g. to 
remove dust (and/or ruthenium compounds in the 
case of using the apparatus as a melter in the 

120 vitrification of radioactive waste materials)). 

Example 
Using an apparatus as described with reference 

to Figure 1 glass was melted by microwave 
energy. 

125 Thus a steel container was charged with glass 
to be melted and sealed to a microwave energy 
waveguide. 

External surfaces ofthe container were cooled 
by means of recirculating cooling water 
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maintained about the container by a suitable 
vessel. Microwave energy was introduced into the 
container by means of the microwave energy 
waveguide at ~2.5 kW for 3 hours after which it 

5 was observed, through a quartz window and 
choke observation point, that molten glass has 
been formed. By optical pyrometer the 
temperature of the molten glass was measured to 
be ~900°C. 

1 o The temperature of the recirculating cooling 
water was allowed to rise to ~80°C. 

The container had internal surfaces coated 
with a "skull" of cooler, solid glass containing a 
core of molten glass. 

15 Claims 
1. Apparatus for use in the melting of material 

which comprises a container for containing 
material, means for applying microwave energy to 
material when contained in the container so as to 

20 melt material and produce molten material and 
means for maintaining material adjacent to 
internal surfaces of the container at a temperature 
at which the material is not molten. 

2. Apparatus as claimed in Claim 1 wherein the 
25 means for maintaining material adjacent to 

internal surfaces of the container at a temperature 
at which the material is not molten includes 
means for cooling the container. 

3. Apparatus as claimed in Claim 2 wherein the 
30 means for cooling the container comprises means 

for supplying a cooling fluid to external surfaces of 
the container. 

4. Apparatus as claimed in Claim 3 wherein the 
means for supplying a cooling fluid to external 

35 surfaces of the container comprises water cooled 
coils or a recirculating water bath. 

5. Apparatus as claimed in Claim 2 wherein the 
means for cooling the container comprises a gas 
stream. 

40 6. Apparatus as claimed in Claim 5 wherein the 
container is provided with cooling fins. 

7. Apparatus as claimed in Claim 1 wherein the 
container has a layer of material, produced by 
pretreatment, on its internal surface. 

45 8. Apparatus as claimed in Claim 1 for use in 
the melting of material comprising a container for 
containing material, a microwave energy 
waveguide for introducing microwave energy to 
the container to melt material when contained in 

50 the container and produce molten material and a 
vessel for containing cooling water to cool 
external surfaces of the container to maintain 
material adjacent to internal surfaces of the 
container at a temperature at which the material 

55 is not molten. 
9. Apparatus as claimed in Claim 1 for use in 

the melting of material comprising a microwave 

cavity, a container within the cavity for containing 
material, a microwave energy waveguide for 

60 introducing microwave energy into the cavity to 
melt material when contained in the container 
and produce molten material and a cooling jacket 
for cooling external surfaces of the container to 
maintain material adjacent to internal surfaces of 

65 the container at a temperature at which the 
material is not molten. 

10. Apparatus as claimed in Claim 1 for use in 
the melting of material comprising a container for 
containing material, a microwave energy 

70 waveguide for introducing microwave energy to 
the container to melt material when contained in 
the container and produce molten material, a 
material inlet for introducing material to be 
melted to the container and an outlet for the 

75 removal of molten material from the container 
and means for cooling external surfaces of the 
container to maintain material adjacent to internal 
surfaces of the container at a temperature at 
which the material is not molten. 

80 11. Apparatus as claimed in Claim 10 wherein 
there is provided an outlet duct in communication 
with the outlet of the container and a waveguide 
for introducing microwave energy into the outlet 
duct and to the outlet to effect tapping of the 

85 container to remove molten material therefrom by 
means of the outlet. 

12. A process for use in the melting of material 
which comprises containing material in a 
container, applying microwave energy to the 

. g o material to melt material and produce molten 
material while material adjacent to internal 
surfaces of the container is at a temperature at 
which the material is not molten thereby to 
provide a layer of non-molten material to protect 

95 internal surfaces of the container from molten 
material. 

13. A process as claimed in Claim 12 for use in 
the melting of material which comprising 
containing material in a container, applying 

100 microwave energy to the material to melt material 
and produce molten material and maintaining 
material adjacent to internal surfaces of the 
container at a temperature at which the material 
is not molten thereby to provide a layer of non-

105 molten material to protect internal surfaces of the 
container from molten material. 

14. A process as claimed in Claim 12 or Claim 
13 wherein the material is a glass or glass-like 
material or a precursor therefor. 

110 15. Apparatus substantially as hereinbefore 
described with reference to any one of the Figures 
1,2 or 3 of the accompanying drawings. 

16. A process substantially as hereinbefore 
described with reference to any one of Figures 1, 

115 2 or 3 of the accompanying drawings. 
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