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DESCRIPTION

Technical Field of the Invention

[0001] The invention relates to the application of pyrolysis to waste to reclaim matter or energy from that waste.

Background of the Invention

[0002] The recycling of different materials and the conversion of the energy contents of waste becomes ever more relevant and
the target of large scale investments, private as well as public. The procedure used normally is to pre-sort those materials found
in the municipal waste which may be recycled. What remains are materials that may be converted into energy through, for
example, incineration.

[0003] The problem of waste accumulation grows steadily. It is expensive both in terms of collection costs and fees charged, and
is particularly unacceptable in terms of the valuable resources that are wasted.

[0004] Incineration is a common method for retrieving energy from waste that can not be recycled. The energy is usually
converted into heat in the form of hot water or steam that subsequently may replace "nobler" forms of energy.

[0005] Hierarchically, electricity in the form of alternating current is the most valuable form of energy, as it may, at low cost, be
converted into practically any other form of energy.

[0006] The cost of converting the energy contents of waste into electric power through incineration is, however, very high,
usually requiring large plants if conversion is to yield a good financial return. The high costs are the result particularly of very
strict public regulations regarding the release of polluting emissions into the atmosphere.

[0007] Pyrolysis is known traditionally as the conventional retort dry distillation process utilising an external source of heat,
sometimes combined with partial combustion of the contents in the retort. Examples of such processes are the production of
wood-tar/charcoal and coke from wood and coals respectively. In modern plants, pyrolysis may be best known as what the
petrochemical industry refers to as "cracking."

[0008] Even after the invention of the magnetron in 1921, which used radio tubes to create the microwaves (MW), it took a
quarter of a century before MW generators reached the market and came into practical use. In the post-WWIl period, MW
processes have found multiple applications within industries and in private households.

STATE OF THE ART OF MW TECHNOLOGY

[0009] MW technology allows for the conversion of waste into electricity and other energies in smaller units than used in
conventional incineration because of the minute quantities of air involved in the process. This results in considerably smaller
volumes of gasses and vapours per unit of energy gained, as compared with incineration.

[0010] Pyrolysis is the equivalent of dry distillation and involves the decomposition of materials at a precisely controlled
temperature, with or without precisely controlled quantities of oxygen, air or other additives for the enhancement of the process.
This enables the extraction of valuable chemicals from the waste that would otherwise have been destroyed had the waste been
burned.

[0011] The fractionated component materials that may be obtained through microwave pyrolysis (MWP) fall roughly into five
categories.

1. 1 - Non-condensing volatile gas, which in many cases may be utilised directly as fuel in an IC engine/gas turbine to
generate electricity after only simple cooling, rinsing and filtering.

2. 2 - Liquids, which may be utilised as fuel oils or, after fractional condensation, may represent raw materials of interest to
chemical industries.

3. 3 - Carbon. This is the charred end product of organic waste which may be further processed into activated charcoal, be
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utilised as a reducing agent in metallurgical processes, or be used as a solid fuel whose flue gas emissions are
exceptionally clean.

4. 4 - Metals, such as the metal cording from shredded automobile tires, will after MWP maintain their strength and resilience
and may be added to reinforced concrete or plastics. Had the steel been exposed to ordinary incineration, it would have
become oxidised and would thereby have lost its value both as an additive and as a raw material. Copper from electric
cables and metals from electronic waste are other examples of recovered metal.

5. 5 - Ashes. Metals and minerals may in many instances be re-circulated by being separated from the ash fraction after
MWP. Examples of such recycling are the recovery of chrome from tanning industry waste and of silver from exposed x-ray
films.

[0012] A disadvantage of conventional dry distillation or pyrolysis is that, for the most part, the heat for the raw materials must
come from outside the retort. This delays the heat transfer and leads to uneven decomposition temperatures inside the retort. In
MWP the heating takes place by volume inside the raw material or the waste itself. Thus, a considerably more efficient conversion
may take place as compared to retort pyrolysis. The process temperature may be controlled to within narrow parameters. The
state of the art is such that retort pyrolysis by batch as well as continuous MWP using linear conveyors are available
technologies.

[0013] The known methods are, however, relatively inflexible if the raw material is of varying consistency and properties. Certain
materials resist being heated as they will not absorb MW. These materials have to be heated indirectly, often by mixing shredded
MWe-inert material together with MW-absorbing material such as carbon, or other MW-reactive materials.

[0014] Decomposition of materials and MW absorbing waste through MWP has been known for many years, and is referred to in
several patents, such as:

[0015] US-5,366,595, US-3,843,457 & US-5,330,623.
[0016] US-5,447,077 discloses a device for the evaporation treatment of substances in a container.
[0017] Fractional condensation for the extraction of volatile and liquid components is referred to in US patent -3,843,457.

[0018] Mixing of materials that do not absorb MW with granulated carbon or other MW absorbent materials is referred to in
Norwegian patent application NO952652.

[0019] Preheating of raw materials with infrared light (IR), prior to MWP is referred to in US patents: US-5,084,141 and US-
4,647 443.

[0020] The use of inert gas in the pyrolysis chamber to prevent oxidisation of the raw materials is referred to in US patent: US-
5,084,141.

[0021] A straight conveyor for the transport of the raw materials for decomposition through a tunnel is likewise referred to in US
patent: US-5,084,141.

[0022] Full or partial use of volatile, flammable gas components from MWP for the preheating of raw materials or wastes is
referred to in US patent: US-5,084,141. The generating of electricity through the use of volatile flammable gases used directly as
motor fuel after filtering has been described in several sources and has been utilised in industrial processes.

[0023] MW technology has been, is and will be used in such industrial plants and processes as

e The sterilising and/or destruction of infectious material as: prions, fungi spores, viruses, bacteria and other undesirable
micro-organisms.

e The sterilising and/or decomposition of liquid organic waste such as: sludge from sewage plants, and oil-polluted sludge
from petrochemical drilling.

¢ Recovering of metals, salts or minerals, such as chrome from tanning industry waste.

¢ Recycling and recovering of waste components found in municipal wastes such as: energy, plastics and glass.

o Decomposition or destruction of "problem wastes," such as: PCB, dioxin, antifouling for ships hulls, paints, etc.

¢ Recycling of chemicals and energy from plastics and rubber products, such as: automobile tires and electronic products.
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¢ Energy production from compressed agricultural waste, such as: straw
¢ Hardening processes for organic adhesives, steels and different mineral compositions.
¢ Welding operations for thermoplastics.

DISADVANTAGES WITH THE STATE OF THE ART

[0024] It may appear after the above summary that MWP is a fully developed technology and that there no longer is room for
improvement. That, however, is only how it seems at first glance. If one hoped to acquire full scale equipment for, for example, the
treatment or decomposition of large quantities of tar impregnated railway sleepers or for the recycling of automobile tires on a
large scale, one would discover that there is no such commercially operative equipment available to treat these problematic
wastes, none with the capacity adapted to the magnitude of the problem.

SUMMARY OF THE INVENTION

[0025] According to the invention, microwave pyrolysis is utilised in a process where the material to be treated is brought into a
circulating conveyor system consisting of several straight conveyors or one or several rotating carousel-type conveyors enabling
transport of the raw material or a number of crucibles containing such raw material or waste in a circulating path, thus enabling a
varied predetermined treatment program for each quantity of material. The circulation may take place at different speeds,
continuously or intermittently or even in reverse. Around the carousel or along the linear conveyors are placed stations for
specific equipment that will be programmed to give individualised treatment to the circulating materials. To obtain an inert
atmosphere when desired, appropriately small quantities of water are injected into the crucibles or the protecting container that
surrounds the carousel or the conveyors. Further auxiliary equipment is positioned radially for the programmed sluicing in and out
of crucibles of specialised treatments. The volatile gases are led out of the pyrolysis zone for further treatment or to fuel internal
combustion engines or gas turbines for the production of electricity, while the vapours are led into fractional condensation in a
separate column. The residue in the circular tray or crucibles, usually in the form of charred organic matter, may be utilised as
fuels or raw material for later activation or reduction purposes.

Disclosure of the Invention

[0026] The invention provides apparatus for the reclamation of matter and/or energy from waste or other raw material in solid or
liquid form through the use of microwave induced pyrolysis or evaporation, and comprising a carousel of non conductive material
to transport waste around a continuous path within a closed airtight container, microwave generating equipment disposed to heat
the waste as the waste moves around that continuous path, and provision to remove solid matter and/or to allow extraction of
liquid and/or to allow escape of gas, from the closed airtight container after the application of microwave energy, wherein the
carousel is rotatable on a centrally located vertical shaft driven by an electric motor, characterized in that there is a feed airlock
and a discharge airlock disposed to insert and extract crucibles or open trays from their continuous path on the carousel and in
which there is means to control the number of rotations of the crucibles or the open trays on the carousel for different
compositions of waste or other raw material.

[0027] In this context, the word 'evaporation’ is intended to mean the conversion of liquids or solids into vapour or gas.
[0028] The means to transport waste is a carousel.
[0029] It is preferred that the means to transport waste around the continuous path is wholly within the closed airtight container.

[0030] In this preferred form, the waste may be carried on one or more open trays, or may be carried in one or more closed
crucibles with provision to allow the escape of gas from the crucible(s) into the closed airtight container.

[0031] Advantageously, there is means to recover gas generated by pyrolysis of waste within the closed airtight container, and
there may be additional equipment to generate usable energy from the gas so recovered.

[0032] It is preferred that there is equipment to recover usable energy from the solid matter removed and/or liquid extracted from
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the closed airtight container.

[0033] In embodiments in which the means to transport waste round the continuous path is wholly within the closed airtight
container, it is preferred that there is provision for water to be introduced into the closed airtight container, whereby an initial
phase of microwave heating will generate steam to displace air from within the closed airtight container or will reform steam to
hydrogen and carbon monoxide from within the closed airtight container.

[0034] It is preferred that there are individual crucibles penetrable by microwaves to contain waste to be transported around the
continuous path, and the individual crucibles comprise individual closed containers.

[0035] In this preferred form it is further preferred that an individual crucible has a specific window portion which is penetrable by
microwaves.

[0036] There is an airlock arranged for the introduction of crucibles into or removal of crucibles from the means to transport
waste around the continuous path.

[0037] It is preferred that there is provision to locate more than one item of auxiliary equipment adjacent to the continuous path,
and attachments for all such items of auxliary equipment are identical.

[0038] The invention also provides a method of reclaiming matter and/or energy from waste or other raw material in solid or liquid
form through the use of microwave induced pyrolysis or evaporation, including the steps of:- transporting waste around a
continuous path within a closed airtight container, applying microwave energy to the waste as it moves around that continuous
path, and recovering solid matter and/or allowing extraction of liquid and or allowing escape of gas, from within the closed airtight
container after the application of microwave energy, including the steps of controlling between one and five the number of
rotations of the crucibles or the open trays on the carousel for different compositions of waste or other raw material, characterized
in that waste or other raw material in crucibles or open trays is inserted and removed from their continuous path on the carousel
through a feed airlock and a discharge airlock.

[0039] It is preferred that the method includes the step of transporting waste around the continuous path on two or more
occasions.

[0040] It is further preferred that the velocity of the waste around the continuous path can be varied or reversed at will.

[0041] It is still further preferred that the method includes the step of adding catalyst to the waste prior to the application of
microwave energy.

[0042] The method may include the step of introducing a controlled amount of water before the application of microwave energy
for conversion to steam and so to displace air from the closed airtight container through suitable valve means, or so that steam
combined with carbon may be reformed into hydrogen and carbon monoxide.

[0043] The method may include the step of lining containers for the waste with a substance that absorbs microwaves to enable
early charring of waste that does not initially absorb microwaves, and thus will not heat up on its own.

[0044] Different processes may be applied to the waste by pyrolysis during earlier and later steps of transportation around the
continuous path.

Brief Description of the Drawings

[0045]
Figure 1 is a diagrammatic perspective view of a carousel illustrating the invention, and

Figure 2 is a diagrammatic cross-section on diameter of the carousel shown in Fig 1.

Description of the Specific Embodiment
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[0046] A carousel 1 is rotatable on a vertical shaft 2 driven by an electric motor 3 (Figure 2). The carousel is disposed close to
the base of a closed airtight cylindrical container 4. Feeding airlock 5a permits the insertion of crucibles 6 into the closed airtight
container 4, and discharge airlock 5b permits removal of those crucibles after processing. Ports 7 allow the application of
microwave energy from generators 7a to heat material in the crucibles 6 within the closed airtight container 4. Solid additives (e.g.
catalysts) may be introduced into the closed airtight container 4 through an airlock 8, and liquid additives may be introduced
through a liquid feed device 8a.

[0047] As shown in Figure 1 (but not in Figure 2) vent 9 allows the removal of gases generated by the microwaves. Gases pass
to a distillation column 9a, a condenser 9b, and to scrubber 10. An oil storage tank 11 receives oil condensed from the distillation
column 9a.

[0048] Gas from the top of the scrubber 10 may pass through a pressure valve 12, to a gas engine 14; or may pumped by a gas
re-circulation fan 15 through a gas reheater 16 into the container 4.

[0049] This embodiment is developed to solve a series of the practical difficulties that are encountered in the presently available
systems for MWP. Special focus is aimed at concentrating and precisely controlling the processes beyond present day
possibilities, whether these be intermittent or continuous.

[0050] The principle of the invention is applied as one or more carousel-type circular conveyors 1 that transport raw materials in
a circular tray in a closed airtight container 4 within a neutral atmosphere, preferably created by the injection of precise quantities
of water whereby steam, at atmospheric pressure will displace air from the process or where the raw materials are portioned into
lidded ceramic crucibles 6 that may be airlocked into and out of the container. The ceramic crucible lids are provided with MW
penetrable "windows" that enable the MWP to take place within the closed crucible. The circular tray of the carousel 1 or some of
the crucibles 6 may be lined with sintered graphite, silica carbide or other MW absorbing materials so that those raw materials that
are not themselves MW absorbing may, nonetheless, be heated until pre-charred.

[0051] A main advantage of the embodiment is the possibility for individualised treatment of raw materials at different sections or
stations allowing crucibles with differing contents to be programmed to totally different temperatures; some materials may circulate
for longer periods of time, travelling several rounds while other materials may only receive one round.

[0052] One crucible might, for example, be given a sterilising temperature of 120°C and circulate one round while another is
exposed during 5 rounds reaching a decomposition temperature of 900°C.

[0053] The gases and vapours emitted from the trays or crucibles are led to an initial cooling tower for the straight condensation
or fractional condensation of the vapours while the volatile gases may be used as fuel for internal combustion engines or gas
turbines after simple rinsing and filtering, or to fuel the direct heating of water or steam.

[0054] One or more MW magnetrons may be positioned radially around the carousel or in two lines along a straight section of
the circulating conveyors. This provision will ease the access and exchange of the auxliary equipment. All items of auxliary
equipment are anchored identically at all stations, thus enabling the easy and quick exchange of units with varying programmes
and/or easy maintenance of the active stations.

[0055] One preferred form, in which a circular carousel is provided with a protective container, is also well suited to prevent
leakage of MW into the surroundings. Linear, circulating conveyors open up for a doubling of the capacity. In such cases, large
quantities of similar raw material requiring practically identical treatment may be run through the conveyors in parallel in the same
or opposite directions.

[0056] If the raw material is very porous and therefore contains considerable quantities of free air, precise quantities of water
may be injected into the central area of the preferably compressed raw material. During the early stages of heating, before the
gasification and the vaporisation of the solids, the water will rapidly respond to the MW and the steam will displace about 800 litres
of air per litre of water without introducing nitrogen or other gases into the processes. Water will not introduce any undesired alien
material that could cause any chemical interactions or complicate those taking place, but, rather, will enable the introduction of
dissolved catalysts or other planned chemical additives.

[0057] The use of crucibles may also make the optimal mixing of different raw materials easier, thus improving the end results of
the processes.
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[0058] This method, using crucibles and trays, will make it easier to use specific doses of catalysts, whether in liquid, solid or
pelletised form, and thus facilitate special or more rapid results in certain processes. It also makes it convenient for one or more
stations to be able to inject additives to enhance certain processes.

[0059] The crucible method also meets the challenge of cases in which it is desirable for the residue or ash to be kept separate
from other residue, as in the case pet cremation.

[0060] At municipal waste sites, it may be convenient to use the crucibles to transport materials from the sorting centre to the
MWP plant. In such cases, the waste may be vacuum packed in plastics to provide easier and more hygienic handling.

[0061] If the waste is either in liquid form or is very wet, the crucible method allows it to be totally or partially absorbed into other
more porous waste.

[0062] The crucible and carousel method will minimise cleaning and maintenance procedures by making the trays and crucibles
easily exchangeable, thus making it unnecessary to stop the plant for such procedures. As the processes are carried out within
such limited spaces as inside the crucibles or trays, most of the upkeep may be integrated into regular daily routines. In addition,
different residue products may easily be kept separate for subsequent processing, as in the case of ashes containing chromium
in waste from the tanning industry.

Advantages of the Invention

[0063] The starting up and closing down of the processes are almost instantaneous.

[0064] The heating takes place by volume inside the material, not from the outside.

[0065] The process temperature may be controlled to within narrow parameters.

[0066] No catastrophe can result in case of a power failure as the materials in process will simply rest until power is restored.

[0067] The risk of fire or explosion in the resulting gases is greatly diminished due to there being only a minimal amount of air
present during all stages.

[0068] In all forms of the incineration, gasification and pyrolysis of waste, the control of critical parameters is both important and
at the same time complicated. This applies to the process itself as well as to issues of temperature, false air, fire and explosion
risks, radiation and emissions into the atmosphere, and run-off into rivers lakes and oceans.

[0069] Among the various waste handling processes, MWP holds many potential advantages. For example, because the amount
of air is minimal, little or no fly ash and flue gases need to be filtered, cleansed or scrubbed, removing thereby the need for costly
equipment and additives.
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Patentkrav

1. Apparat til genvinding af materiale og/eller energi fra affald eller andet rdma-
teriale i fast eller flydende form ved anvendelse af mikrobglgeinduceret pyrolyse
eller fordampning, og omfattende en karrusel (1) af ikke-ledende materiale {il
transport af materiale langs en endelgs bane i en lukket, lufttaet beholder (4),
mikrobglgegenererende udstyr (7a) indrettet til at opvarme affaldet, mens affaldet
beveeger sig langs den endelgse bane, og et arrangement til fiernelse af fast ma-
teriale og/eller udtraekning af vaeske og/eller at tillade udslip af gas og/eller damp
fra den lukkede, Iuftteette beholder efter tilfgrsel af mikrobglgeenergi, hvor karru-
sellen kan rotere pa en i midten placeret, lodret aksel (2) drevet af en elektromotor
(3), kendetegnet ved, at der er placeret en indfgringsluftsluse (5a) og en udtem-
ningsluftsluse (5b) til indfaring og udtreekning af digler eller &bne bakker fra deres
endelgse bane pa karrusellen (1), og hvor der er en indretning til at styre omlgbs-
tallet af diglerne eller de abne bakker pa karrusellen svarende til forskellige sam-

mensaetninger af affald eller andet ramateriale.

2. Apparatifglge krav 1, hvori indretningen til styring af omlgbstallet af diglerne
eller de abne bakker pa karrusellen er indrettet til at styre omlgbstallet til et antal

mellem ét og fem.

3. Apparatifglge krav 1 eller krav 2, hvori midlet til transport af affald langs den
endelgse bane befinder sig helt inden i den lukkede, luftteette beholder.

4. Apparat ifolge krav 3, hvori affaldet beeres pa én eller flere &bne bakker pa

karrusellen.

5. Apparat ifglge krav 3, hvori affaldet beeres i én eller flere lukkede digler pa
karrusellen med et arrangement, der tillader udslip af gas/damp fra diglen (dig-

lerne) ind i den lukkede, luftteette beholder.
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6. Apparat ifolge ethvert af kravene 3 til 5, hvori der er et arrangement til gen-
vinding af gas/damp genereret ved pyrolyse af affald inden i den lukkede, luft-
taette beholder.

7. Apparatifglge krav 6, og inkluderende udstyr til generering af brugbar energi

fra gas genvundet pa denne made.

8. Apparat ifglge ethvert af de foregdende krav, hvori der findes udstyr til gen-
vinding af brugbar energi fra det faste materiale, der fiernes, og/eller vaesken, der

udtraekkes, fra den lukkede, Iuftteette beholder.

9. Apparatifglge ethvert af kravene 3 til 8, hvori der er en indretning til indfgring
af vand til den lukkede, luftteette beholder, hvor en fgrste fase af mikrobglgeop-
varmningen kan generere damp til fortreengning af luft inde fra den lukkede, luft-
teette beholder, eller kan omdanne damp til hydrogen og carbonmonoxid inden i
den lukkede, luftteette beholder.

10. Apparat ifalge krav 1 eller krav 2, hvori der er individuelle, mikrobglgegen-
nemtraengelige digler til at rumme affald, der skal transporteres langs den ende-
lose bane, og de individuelle digler omfatter individuelle, lukkede beholdere.

11. Apparat ifalge krav 10, hvori en individuel digel har en specifik vinduesdel,
som er gennemtraengelig for mikrobglger.

12. Apparat ifglge ethvert af de foregadende krav, hvori der er en indretning til
anbringelse af mere end ét stykke hjeelpeudstyr langs beholderens omkreds til-
graensende den endelgse bane, og fastgeringerne af alle sddanne stykker hjael-

peudstyr er identiske.

13. Fremgangsmade til genvinding af materiale og/eller energi fra affald eller
andet rdmateriale i fast eller flydende form ved anvendelse af mikrobglgeinduce-
ret pyrolyse eller fordampning, inkluderende fglgende trin:- transport af affald

langs en endelgs bane pa en karrusel (2) inden i en lukket, lufttaet beholder (4),
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tilforsel af mikrobglgeenergi (7) til affaldet, efterhdnden som det bevasger sig
langs den endelose bane pa karrusellen, og fiernelse af fast materiale og/eller
tilladelse af udtraek af vaeske og/eller tilladelse til udslip af gas, fra inden i den
lukkede, luftteette beholder efter tilforslen af mikrobglgeenergi, inkluderende trin-
nene til regulering mellem ét og fem af omlgbstallet af diglerne eller de &bne
bakker pa karrusellen for forskellige sammensaetninger af affald og andet rama-
teriale, kendetegnet ved, at materialet i digler eller &bne bakker indfgres og fjer-
nes fra deres endelgse bane pé karrusellen (2) gennem en indferingsluftsluse

(5a) og en udtegmningsluftsluse (5b).

14. Fremgangsmade ifglge krav 13, inkluderende trinnet med transport af affald

langs den endelgse bane fra to eller flere op til fem gange.

15. Fremgangsmade ifglge krav 13 eller krav 14, hvor affaldets hastighed langs

den endelgse bane kan varieres eller reverseres efter gnske.

16. Fremgangsmade ifalge ethvert af kravene 13 il 15, inkluderende trinnet med

tilsaetning af en katalysator til affaldet for tilfarslen af mikrobglgeenergi.

17. Fremgangsmade ifalge ethvert af kravene 13 il 16, inkluderende trinnet med
indfaring af en kontrolleret maengde vand, for tilferslen af mikrobglgeenergi, til
omdannelse til damp og derved fortreengning af luft fra den lukkede, luftteette be-

holder gennem egnede ventilanordninger.

18. Fremgangsmade ifalge ethvert af kravene 13 til 17, inkluderende trinnet
med indfering af en kontrolleret maengde vand for tilforslen af mikrobglgeenergi,
sadan at damp kombineret med carbon kan omdannes til hydrogen og carbon-

monoxid.

19. Fremgangsmade ifalge ethvert af kravene 13 til 18, inkluderende trinnet med
foring af beholdere til affald med en substans, der absorberer mikrobglger for at
muliggare tidlig forkulning af affald, der i starten ikke absorberer mikrobglger, og

derved ikke varmer op af sig selv.
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20. Fremgangsmade ifalge krav 14 eller ethvert af kravene 15 til 19 afhaengigt
af krav 14, hvor affaldet udseettes for forskellige processer ved pyrolyse under
tidligere eller senere trin af transport langs den endelgse bane.
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DRAWINGS

FIG. 1
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FIG. 2
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