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(57) Abstract: The object of the present invention is a plasma reactor (10)

to convert waste material by thermal plasma into desired end product. The
plasma reactor (10) comprises a reaction volume (5) delimited by walling
(14), a gas outlet port (19) and a melt treatment unit (13), wherein said gas
outlet port (19) delimits the reaction volume (5) from the top and said melt
treatment unit (13) delimits the reaction volume (5) from the bottom, and
wherein - when the plasma reactor (10) is in operation - the reaction volume
(5) is connected to both the gas outlet port (19) and the melt treatment unit
(13) to maintain a free flow of material there through, and wherein the re-
action volume (5) includes agaseous material treatment region (5C), a gasi-
fication region (5B) and a melt treatment region (5 A), the gaseous material
treatment region opens directly to the gas outlet port (19), the melt treatment
region (5 A) at least partially forms part of the melt treatment unit (13) and
the gasification region (5B) is located between the gaseous material treat-
ment region (5C) and the melt treatment region (5 A); a waste material sup-
ply mechanism passing through the walling (14) and opening into the gasi-
fication region (5B) of the reaction volume (5); plasma torches arranged to
generate thermal plasma in each of said regions (5 A, 5B, 5C) of the reac-
tion volume (5) separately, wherein at least one plasma torch is provided
for generating the thermal plasma in each region (5 A, 5B, 5C); sensors (11,
11") arranged in said regions (5 A, 5B, 5C) of the reaction volume (5), the
sensors (11, 11") are configured to monitor physical and/or chemical con-
ditions prevailing within said regions (5 A, 5B, 5C) and to measure physi-

cal/chemical parameters representative of said conditions at given instances

when the plasma reactor (10) is in operation; a data collecting and control

unit, wherein said sensors (11, 11") are in data communication connection
with the data collecting and control unit for transferring measurement data
obtained by measurements
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performed by the sensors, the measurement date being representative of the instantaneous physical and/or chemical conditions prevailing
within said regions (5 A, 5B, 5C) when the plasma reactor (10) is in operation. In the plasma reactor (10) according to the invention,
each plasma torch comprises an arc forming material supply inlet (D) for introducing arc forming material into the reaction volume (5)
and an additive supply inlet (C) for introducing additive into the reaction volume (5), wherein the additive is provided by a substance
that is necessary for the conversion of the waste material into desired end product, and wherein at least some of said additive supply
inlets (C) is configured to allow real-time control of feeding of said substance into the thermal plasma in the reaction volume (5) by the
respective plasma torch upon a control signal produced and outputted by the data collecting and control unit based on the measurement
data of said sensors (11, 11') and preset operational parameters for the operation of the plasma reactor (10).



10

15

20

25

30

WO 2017/212301 PCT/HU2017/050005

PLASMA REACTOR, AND WASTE PROCESSING SYSTEM AND METHOD WITH SUCH

REACTOR

The present invention generally relates to the treatment of wastes and byproducts,
primarily combustion and pyrolysis residues by thermal plasma. In particular, the inven-
tion is directed to plasma reactors, particularly to a plasma reactor suitable for converting
wastes and byproducts (from now on: waste materials) to one or more predefined (pre-
liminarily determined/desired) end products. The invention also relates to waste pro-
cessing systems comprising such a plasma reactor and waste processing methods per-

formed by such a plasma reactor.

Nowadays, one of the greatest problems of humanity is the creation of wastes that
takes place continuously and with an ever growing rate. Wastes and/or byproducts whose
recycling is not yet solved or not solvable at all are created in a number of fields of eve-
ryday life. Consequently, the safe storage and treatment of greater and greater amounts of
waste have to be taken care of. Moreover, part of this waste is considered to be hazardous
waste (such as e.g. industrial wastes containing heavy metals, radioactive wastes, hospital
wastes, various burning and pyrolysis residues, etc.), thus its treatment requires high care
and complying with strict safety regulations. Wastes, however, comprise a number of
valuable materials (without completeness e.g. metals, particularly rare earth metals) and a
great amount of bound energy as well, thus it would be worth recycling them as fully as
possible. Consequently, it is an important view-point when the treatment of wastes and
the disposal of hazardous wastes are about that they may be considered as secondary en-
ergy sources and/or raw materials, and a significant part of their constituents could be
converted into marketable products by selecting suitable technologies. Therefore, the ap-
plied waste treatment technology itself could be made much more economic, while re-

ducing the environmental load.

The efficiency of thermal conversion of wastes is a function of essentially three
factors: temperature, duration of time spent at a certain temperature and mixing condi-
tions. Thermal plasmas, particularly high temperature thermal plasmas are highly promis-
ing for waste treatment/processing due to their advantageous physical and chemical
properties, because they have sufficiently high energy to decompose the treated material

and also provide sufficiently rapid heating and intense mixing of the material. As a result,
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thermal plasmas can be used for processing even wastes not degrading (or degrading to a
small extent only) in conventional waste incinerators that operate at a temperature of
300-1200°C and with an oxidizing atmosphere. In order to prevent emission of polluting
combustion products, cleaning of the gas phase(s) formed, e.g. the tail gases discharged
to the environment, is a key feature of every incineration technology. As the gas turnover
of plasma reactors is significantly lower than that of conventional incinerating apparatus-

es, significantly less tail gas has to be treated and cleaned in the case of plasma reactors.

Utilization of thermal plasmas generally requires specifically designed reactors,

the so called plasma reactors. Nowadays such reactors are already known.

For example, Canadian Publication Pamphlet No. CA-2,714,911 A1 discloses a
method for gasifying carbonaceous wastes (municipal waste, biomass, sewage sludge,
etc.) at the relatively low temperature of at most 1450°C in a horizontally oriented
gasifier, as well as a method for the subsequent conversion of the thus obtained gas and
an apparatus for carrying out said method. One or more transferred arc and blown arc
plasma torches are equally used for the conversion. In said document, making use of
plasma torches for different purposes, namely for converting the generated synthesis gas
and melting the residual slag are also disclosed. According to said document, the slag can
be melted by e.g. directing the blown arc plasma torch directly onto the slag, thus the me-
tallic and non-metallic constituents of said slag separate from each other due to the dif-
ference in the specific weights, which provides the opportunity to separately tap the me-
tallic constituents (that is, in pure metallic form). Optionally, the apparatus comprises an
additional heating element for keeping the molten solid material in molten state. To bind
the harmful constituents of the gases and to achieve the desired gas composition, addi-
tives, such as sodium, air (i.e. gaseous oxygen) and water vapor are added. On the basis
of a regular analysis and evaluation of the composition of the gases obtained, the ratio
and the amount of the supplied feedstock and additives are changed and thus a substance
at the output is just provided with the desired parameters as is planned. According to the
description, by suitably selecting the gas used in the plasma torches, a process manage-
ment of neutral, reductive or oxidative nature can be equally accomplished. Gas analysis
is carried out at multiple locations in the reaction volume: to monitor the homogeneity of

the synthesis gas produced, on the one hand, and to rule out measurement errors and to
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detect malfunction of the measuring instruments on the other hand. In the apparatus, ad-
ditives can be equally fed at the location of melting solid residues and at the location of
producing the synthesis gas (i.e. at more than one process management points). The sys-
tem for carrying out the processing method may be constructed in a modular manner; by
making use of such a modular embodiment, a converting plant of arbitrarily increasable

processing capacity may be built.

International Publication Pamphlet No. WO 2005/115065 A2 discloses a plasma
torch and the use thereof for matter conversion. The specialty of the disclosed plasma
torch is that instead of air/gaseous nitrogen, metallic vapor, preferably some alkali metal
or alkali earth metal vapor is used as the arcing substance. This way the energy transfer
between the plasma and the material to be melted is more efficient and a process man-
agement of reductive nature may be realized. A possible field of application of said
plasma torch having metallic vapor arc is the extraction of various metal contents (e.g.
iron, titanium, copper, gold content) of the metal containing minerals/ores or refuse
dumps at temperatures — depending on the type of metal to be extracted — between at
least about 1200°C and more than 2000°C, wherein molten matter is optionally collected
in the graphite-lined storage part constituting the bottom zone of a melting furnace that
forms the reaction volume. The materials (particularly metals) separating by specific
weight are tapped separately or allow to cool and solidify. One of the end products of the
matter conversion performed by said metallic vapor, preferably sodium vapor arced
plasma torch is NaOH that is of high economic importance. Use of the metallic vapor
arced plasma torch at ultrahigh temperatures (between about 10000°C and 25000°C) is

also mentioned in said document.

Japanese Patent No. JP-4,397,033 B2 discloses a mobile waste processing appa-
ratus, which is — when arranged on a road or railway vehicle — suitable for collecting and
disposing ash comprising hazardous materials. The apparatus as a whole is installed in a
single standard 40-feet container, thus it can be arranged and operated on the semi-trailer
of a truck or on a single railway car. In the waste treatment apparatus, a transferred arc
plasma torch with metal electrode and another one with graphite electrode are operated in
the same reaction volume and with the same purpose; the two plasma torches can be

moved toward and apart from each other. In order to achieve maximal efficiency, the
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power output of the plasma torches and the feeding rate of the material to be processed
are kept under continuous control. A backplate electrode for the graphite and the metal
electrodes of said plasma torches are provided by an extended lower electrode located at
the bottom of the reaction volume, wherein to prevent adhesion of the material to be pro-

cessed, said electrode is covered by a layer of molten metal.

International Publication Pamphlet No. WO 2011/106895 Al discloses a multi-
stage apparatus for converting carbonaceous feedstock into synthesis gas and slag at a
temperature of at least about 1100°C and a method; said apparatus is made up of a prima-
ry processing unit, a secondary processing unit, a melting unit and a gas reforming unit.
The heating device(s) used in the apparatus is/are one or more commercially available
blown arc or transferred arc plasma torches with conventional arc forming media; said
plasma torches have got a power output between 100 kW and 6 MW. The applied plasma
torches may substantially be arranged in the same zone of the reaction volume or at dif-
ferent zones thereof located relatively distant from each other (e.g. at the bottom and top
of the reaction volume). The H,:CO ratio, flow rate and temperature of the produced end
product synthesis gas, as well as the temperature and pressure prevailing in the reaction
volume are continuously monitored via signals of suitable sensors, and if necessary, ad-
justed to the desired/predetermined values in an automated way by means of operating

suitable control mechanisms.

US Publication Pamphlet No. US2009/0116532 A1 discloses a reactor vessel for
plasma gasification. The reactor vessel comprises a multilayer wall and delimits a reac-
tion volume. The reactor vessel is equipped with a gas outlet arranged on the top, a waste
supply inlet arranged laterally near the bottom, as well as slag and melt outlets formed at
the bottom of the reactor vessel. The cross section of the reactor vessel changes between
the waste supply inlet and the gas outlet, preferably said cross-section widens in the di-

rection of the gas outlet.

A common drawback of the aforementioned solutions is that the temperature in
the internal space of the reactors used therein is not uniform. This may lead to the for-
mation of dead spaces of lower temperatures within the reactors and material depositions
on the inner wall of the reactors, in the cooler regions thereof, which are detrimental to

the operation and lifetime of the reactors.
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The object of the present invention, in general, is to provide a plasma reactor for
treating waste materials with thermal plasma, that is suitable for — as a starting point of a
complex technological process — decomposing waste materials to less hazardous materi-
als and/or extracting valuable constituents from the volatile or solid decomposition prod-

ucts of said waste materials with high efficiency.

A further object of the invention is to provide a plasma reactor for treating waste
materials with thermal plasma, in which the conversion of waste materials with excep-
tionally high efficiency is stable both physically and chemically and takes place into one
or more end products as desired in such a way that the hazardous components cannot es-
cape into the environment from the thus obtained end products even under extreme con-

ditions.

A yet further object of the invention is to provide a plasma reactor, which is ca-
pable of separating and decomposing organic and inorganic (primarily metallic) constitu-
ents of the supplied waste material simultaneously through thermal decomposition reac-
tions taking place in the thermal plasma that builds up in its reaction volume, as well as
disposing said constituents, and also preparing the constituents for being used in further

steps of the technological process.

A yet further object of the invention is to provide a plasma reactor, wherein the
additives required for the process control can be easily and selectively fed in real time
and substantially at the point/into the region of the reaction volume where they are actu-

ally to be used after having been introduced.

A further object of the invention is to provide a plasma reactor, wherein to ensure
a solid control over the complete process, the thermal decomposition reactions taking
place in the reaction volume and the intermediate products and/or end products produced

thereby can be monitored substantially in real time.

A yet further object of the invention is to provide a plasma reactor, wherein — in
operation — a homogenous and high temperature, preferably of at least about 3000°C,
more preferably of about 3000-4000°C can be maintained in the entire cross-section of

the reaction volume at least in a region of the reaction volume.
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A yet further object of the invention is to provide a complex waste processing
system and technological process, wherein nearly 100% recycling of the waste material
supplied into the reaction volume of a plasma reactor according to the invention is

achieved.

A yet further object of the invention is to provide a plasma reactor, as well as a
waste processing system and method, which provide a suitable alternative for the treat-
ment of combustion- and pyrolysis residues against their deposition to landfills. In this
manner, both the plasma reactor according the invention and the waste processing system
and method according to the invention efficiently contribute to the alleviation of the

problem presented by the deposition of combustion- and pyrolysis residues.

In our studies we have come to the conclusion that by applying a suitably selected
process control and process regulation, and by matching the plasma reactor (the geometry
of the reaction volume) to the thermal decomposition reaction, the waste materials con-
sidered as secondary energy sources and/or raw materials can be almost entirely convert-
ed to marketable product (i.e. one or more end products as planned) if production of the
reusable end products is performed by the waste processing technological process applied
in a preliminarily devised manner. Accordingly, as part of “performing in preliminarily
devised manner”, the thermal degradation is carried out by thermal plasma at a tempera-
ture of at least about 3000°C, preferably about 3000-4000°C, additives being of im-
portance in the production of the end products are at least partially provided within the
thermal plasma itself that is used for the thermal decomposition of the waste materials,
the thermal plasma used is expanded to substantially the entire cross-section of the reac-
tion volume available for the necessary/performed reaction(s), and the processes taking
place in the plasma reactor are continuously monitored by sensors arranged at certain
points of the reaction volume and if the signals measured by the sensors differ from the
anticipated/predefined values, a substantially real-time intervention is performed in the
plasma reactor by means of changing the power input into the reaction volume of the
plasma reactor and/or modifying the composition of the thermal plasma within the reac-

tion volume by varying the amount of additives introduced into the reaction volume.

Consequently, the plasma reactor is formed with a reaction volume of limited size

and cylindrical symmetry, on the one hand, wherein the reaction volume in cross-section
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is substantially uniform along its entire height. On the other hand, instead of using a sin-
gle high-powered and local plasma torch, there are preferably more than one plasma
torches of different types used, the individual powers of the torches applied are typically
lower than the power of a single plasma torch that would be theoretically necessary for
generating thermal plasma with a temperature of at least about 3000°C, preferably about
3000 to 4000°C. Furthermore, such arc forming material(s) is/are used to form the arcs of
the plasma torches applied that comprise(s) — at least partially — the additives necessary
for the production of the devised end products. Homogenous and constant temperature
may be achieved by making use of more than one plasma torches in a significantly easier
manner (in comparison to the case of a single high-powered plasma torch). Moreover, in
the case of using more than one plasma torches, it becomes possible to apply plasma
torches of different arc forming materials, and thus the thermal decomposition reactions
may be shifted toward the production of the devised end products by means of setting
and adjusting the composition of the thermal plasma by the plasma torches used (via e.g.
real-time interventions performed in response to the signals of the sensors arranged with-

in the reaction volume of the plasma reactor.

It was found that limiting the reaction volume in size and constructing the inner
surface delimiting it in a cylindrically symmetric way with no projections/recesses there-
on and featureless contribute significantly to the continuous maintainability of a high, at
least about 3000°C temperature in the entire cross-section of the reaction volume in cer-
tain regions thereof. In a preferred exemplary embodiment of the plasma reactor accord-
ing to the invention, said high temperature, which is constant in cross-section, is provided
by at least two blown arc plasma torches using preferably different working media for the
arc forming, wherein said plasma torches are arranged at different positions of the plasma

reactor.

Particularly, in a preferred embodiment of the plasma reactor according to the in-
vention, preferentially three plasma torches of substantially equal power output (about
100 kW each) are used arranged at three different points of the plasma reactor. The type
and arc forming media of said plasma torches are preferably selected in such a way that
when said plasma torches operate, processes resulting in the production of the end prod-

ucts devised are in majority within the thermal plasmas generated. To this end, one of the
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plasma torches is provided in the form of a plasma torch which uses e.g. water vapor as
the arc forming medium that is of particular preference in the processing of combustion-
and pyrolysis residues. It is hereby noted that the usage of different types of plasma
torches together significantly improves the conditions for thermal degradation, because —
in general — a blown arc plasma torch may be used advantageously to e.g. evapo-
rate/gasify the supplied waste materials, while a transferred arc plasma torch may be used
advantageously to e.g. facilitate material mixing in the thermal plasma. Using different
types of plasma torches together within the same reaction volume also ensures the sepa-
ration of waste materials comprising both organic and inorganic (primarily metallic) con-

stituents into metallic phase/slag phase/gas phase.

A particularly preferred embodiment of the plasma reactor according to the in-
vention is provided with three plasma torches of different power outputs; the plasma
torches belong to different plasma torch types and at least one of them makes use of an
arc forming medium that provides an additive being preferred for the production of the

end product devised.

The object of the invention related to the aspect of providing a plasma reactor is
achieved by developing the plasma reactor according to claim 1. Preferred exemplary
embodiments of the plasma reactor according to the invention are set forth in claims 2 to
13. The object related to the aspect of providing a waste processing system is achieved
by the waste processing system according to claim 14. The further object related to the
aspect of providing a method for waste processing is achieved by the method of claim 15.

Further preferred variants of said waste processing method are set forth in claims 16 to

19.

In what follows, the invention and its further advantages will be described in de-
tail with reference to the accompanying drawings, wherein
— Figure 1 is a schematic perspective view of a preferred exemplary embodiment of the
plasma reactor according to the invention;
— Figure 2A is a longitudinal sectional view of the plasma reactor illustrated in Figure 1;
— Figure 2B shows the plasma reactor of Figure 1 in sectional views a-a and b-b in a sin-

gle figure;
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— Figure 2C illustrates sectional views c¢-c¢ and d-d in accordance with Figure 2B of the
plasma reactor shown in Figure 1, i.e. a longitudinal sectional exploded partial view of
the plasma reactor with its metal processing unit being rotated out of plane;

— Figure 3 illustrates schematically a waste treating stage of the waste processing system
according to the invention, formed preferably by a combination of the plasma reactor ac-
cording to the invention and a waste feeder; the figure also shows the separation and pro-
cessing of the waste comprising both organic and inorganic (metallic) constituents as per-
formed by the plasma reactor; and

— Figure 4 is a block diagram of a preferred embodiment of the waste processing system
and technological process according to the invention for a complete processing of waste

comprising both organic and inorganic (metallic) constituents.

The plasma reactor 10 according to the invention is constructed as a shaft furnace
12 lined with a flame resistant walling 14, to which — in the embodiment shown in Figure
1 — preferably three plasma torches 16, 17, 18 (or plasma burners) may be attached. The
furnace 12 comprises an outer wall 12a. As shown in Figures 2A to 2C, a reaction vol-
ume 5 is formed inside the furnace 12, within the flame resistant walling 14. The reaction
volume 5 is formed by practically a cylindrically shaped shaft with preferably a height of
about 1500 mm and a width of about 600 mm, wherein said shaft is laterally delimited by
the walling 14 and opens into a gas outlet port 19 at one end thereof (preferably, at the
upper end, when the plasma reactor 10 operates), while it opens into a melt collecting
crucible 13a at the other end thereof (preferably, at the bottom end, when the plasma re-
actor 10 is in operation). The melt collecting crucible 13a forms a part of a melt treatment
unit 13; the reaction volume 5 is delimited at its bottom end by the melt treatment unit
13. When the plasma reactor 10 is in operation, the flame resistant walling 14, the gas
outlet port 19 and the melt treatment unit 13 surround the reaction volume in a practically
airtight manner; thus ambient air and as part of that, nitrogen (N;) cannot accidentally en-

ter the reaction volume 5.

There are torch receiving openings 16a, 17a provided in the furnace 12 through
the outer wall 12a and the flame resistant walling 14 thereof. The reaction volume 5 is
preferably configured as a volume of cylindrical symmetry, i.e. the surface of the flame

resistant walling 14 facing the reaction volume is substantially featureless and — apart
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from the torch receiving openings 16a, 17a — contains neither projections nor recesses.
As we found, such a geometric construction of the plasma reactor 10 makes it significant-
ly easier to provide (1) a homogenous temperature distribution along the entire cross-
section of the reaction volume 5 in the desired region thereof, and (ii) an expansion of the
thermal plasmas generated by said plasma torches 16, 17 substantially to the entire cross-
section of the reaction volume 5 in respective regions of the reaction volume 5 in the op-
erational state, i.e. when the plasma reactor 10 operates. Consequently, no so-called dead

spaces will form within the reaction volume 5.

The two plasma torches 16, 17 applied in the embodiment of the plasma reactor
10 illustrated in Figures 1 and 2 are fitted into the torch receiving openings 16a, 17a in an
airtight manner providing sealing in such a way that the arc forming parts of said torches
extend into the reaction volume 5, while their parts carrying electronic/control units A/E,
additive supply inlets C, arc forming material supply inlets D and electric power supply
connections B are arranged substantially on the outer side the furnace 12, and thus are
easily accessible. There is one plasma torch 16, 17 in each torch receiving openings 16a,
17a. When using more than two such plasma torches, there are provided more torch re-
ceiving openings in the outer wall 12a of the furnace 12 and the flame resistant walling
14. The plasma torches of same function are preferably provided in torch receiving open-

ings that are arranged at the same height around the circumference of the furnace 12.

Plasma torch 18 is mounted in the melt treatment unit 13 in such a way that its
arc forming part faces the melt collecting crucible 13a, while its part that carries its elec-
tronic/control units, its arc forming material supply inlet and its electric power supply
connections are located substantially at the outer side of the unit 13, being thus easily ac-
cessible. The melt treatment unit 13 is equipped with a slag tapping port 13¢ and a port
13b for tapping molten metal. Preferably, the slag tapping port 13c is arranged at or near
the upper edge of the melt collecting crucible 13a, while the port 13b for tapping molten
metal is arranged at the bottom of the melt collecting crucible 13a, preferably at the low-

est part thereof.

The plasma torches 16, 17, 18 are commercially available plasma torches that are
energized by direct current (DC) or alternating current (AC), and thus are known to a

person skilled in the art. The plasma torches 16, 17, 18 can either be blown arc or trans-
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ferred arc plasma torches. Moreover, any suitable material, thus e.g. argon (Ar), oxygen
(0O,), carbon dioxide, water vapor (H,0), etc. or, optionally, even a vapor of a metal can

be used as the working medium for arc forming in said plasma torches 16, 17, 18.

In the embodiment of the plasma reactor 10 illustrated in Figure 2A, the plasma
torches 16, 17 are provided by blown arc plasma torches, while the plasma torch 18 is a
transferred arc plasma torch. In the case of the latter, the body electrode of the plasma
torch 18 is a liner element 13d preferably abutting on the inner surface of the melt col-
lecting crucible 13a, which is made preferably of graphite. The liner element 13d is op-
tionally provided at the lowest point thereof with an outlet communicating with the port

13b for tapping molten metal, but this is not necessary.

Waste supply of the plasma reactor 10 is provided by a continuous operation
waste feeder 25. The waste material to be processed is fed/pushed into the plasma reactor
10 by an electric motor 21 driven feeding mechanism 20 from a silo 22 (the volume of
which is about 2 m’ in a preferred embodiment) of said waste feeder 25, preferably via a
hopper 23. Said feeding mechanism 20 is preferably a screw type or a pneumatic (piston-
type) feeding mechanism. Preferably, one or more mixing and/or comminuting device(s)
(not shown in the Figures) is/are provided in the silo 22 and/or in the hopper 23 for ho-
mogenizing and continuously loosening of the waste material fed. The comminuting de-
vice is preferably provided by a disc/blade type masticator which breaks the incoming
waste into pieces of at most 20-40 mm in size. The waste feeder 25 may be fixed relative
to the plasma reactor 10, or it may be movable e.g. on rails, as is indicated by an arrow F
in Figure 2B. The feeding mechanism 20 is connected with the reaction volume 5 via a
fitting element 15 that is form-fitted into a through hole 15d penetrating the outer wall
12a and the flame resistant inner walling 14 of the furnace 12. The feeding mechanism
20 pushes the waste directly into the reaction volume 5 via the conical fitting element 15
that expands towards the reaction volume 5. The feeding mechanism 20 is releasably
coupled with the fitting element 15, thus, if needed, it can be removed from the plasma
reactor 10. The hole 15d and thus the feeding mechanism 20 as well are preferably locat-
ed opposite to the torch holding opening 16a used for mounting the plasma torch 16, i.e.
the hole 15d is at an angular position of 180° from said opening 16a, at a height substan-

tially equal to the height of the opening 16a in the reaction volume 5 measured from the
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first edge of the melt collecting unit 13 (i.e. it occupies a position opposite to the latter).
As a result of this geometrical configuration, the feeding mechanism 20 pushes the waste
material to be processed directly into the thermal plasma generated by the plasma torch
16, which greatly facilitates an instantaneous evaporation/gasification and thermal degra-
dation of the incoming waste material due to thermal plasma. An arrangement of the hole
15a and the opening 16a at an angle of at least 150° (at any side of the aforementioned
opposite position) is also considered preferable, but in such a case, the efficiency of gasi-
fication is slightly reduced compared to the efficiency of gasification achieved for said

opposite arrangement.

The torch receiving opening 17a — or if more than one plasma torches 17 are
used, each of the openings 17a — is provided between the opening 16a receiving the
plasma torch 16 and the gas outlet port 19 in the outer wall 12a and the heat resistant

walling 14 of the furnace 12.

As shown in Figure 2A, to monitor and measure physical and/or chemical condi-
tions (such as pressure, temperature, gas composition, carbon monoxide (CO) level, CO,
level, etc.) prevailing at said locations of the reaction volume 5 from time to time, one or
more sensors 11, 11° are arranged at one or more locations of the reaction volume 5 of
the plasma reactor 10 according to the invention. One of the sensors used is preferably
provided by a sensor 11 arranged in or near the gas outlet port 19. A further sensor 11’
may be arranged e.g. at the top portion of the melt collecting crucible 13a, preferably
near the slag tapping port 13c. The sensors 11, 11 are in data communication connection
with a central data collecting and control unit (not shown in the Figures), preferably a
computer, associated with the plasma reactor 10. Said central data collecting and control
unit is also in data communication connection with the waste feeder 25 and/or the feed-
ing mechanism 20, and the electronic/control units A/E of the plasma torches 16, 17, 18;
said connections can equally be wired or wireless connections. The central data collect-
ing and control unit outputs suitable control signals based on the measurement data (e.g.
pressure, temperature, instantaneous gas composition) provided by the sensors 11, 11°,
upon evaluating and, preferably, comparing these data to values determined in respect of
the end product(s) devised/desired and depending on the result of said comparison; by

appropriate interventions, said control signals serve to be used for controlling the opera-
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tion of the units being in data communication connection, thus, in particular, e.g. the rate
of waste feeding and/or the operation of the plasma torches 16, 17, 18, that is, e.g. their
supplies of additive material, preferably the supply rate of additive or the power output
by the plasma torches 16, 17, 18. As processing/evaluating the measurement data and de-
termining the manner of intervention, as well as performing the actual intervention and
the emergence of changes in the processes that undergo within the reaction volume 5 due
to the intervention (i.e. response of the system), and subsequent processing and evalua-
tion of results obtained in a next measurement (i.e. a full control cycle) is not instantane-
ous, but requires a finite time period to take place, the control process of the plasma reac-

tor 10 according to the invention may be considered as a pulsating type of control.

In a particularly preferred embodiment of the plasma reactor 10, the plasma torch
16 is provided by a plasma torch that has a power output of 110 kW, uses an arc forming
medium selected from oxygen, carbon dioxide and a mixture thereof, is equipped with
AC energization and has got a blown arc. In the same embodiment, the plasma torch 17
is provided by a blown arc plasma torch that has a power output of 110 kW, uses water
vapor as the arc forming medium, and is equipped with AC energization. Furthermore,
the plasma torch 18 is provided by a transferred arc plasma torch that has a power output
of 65 kW, uses an arc forming medium selected from argon, oxygen and any mixtures
thereof, and is equipped with DC energization. This particularly preferred embodiment of
the plasma reactor 10 is suitable for producing metals, slag and synthesis gas by pro-
cessing various waste materials, and thus it converts initial waste material in a devised

manner into desired end product to be reused.

Figure 3 shows a combination of the plasma reactor 10 according to the invention
and a waste feeder 25, which substantially corresponds to a preferred exemplary embod-
iment of a waste processing stage of a waste processing system according to the inven-
tion to be described in detail in what follows. As Figure 3 suggests, the reaction volume 5
of the plasma reactor 10 can be divided into three imaginary regions: a melt treatment re-
gion 5A, a waste feeding and evaporation (gasification) region 5B and a gaseous material
treatment region 5C. The waste feeder 25 feeds the waste to be processed (comprising
here both organic and inorganic constituents) into the region 5B of the reaction volume 5

by the aforementioned feeding mechanism. Said division is introduced substantially in
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harmony with the actual locations of the various processes that takes place in the plasma

reactor 10, but obviously said regions SA, 5B, 5C do not have strict physical boundaries.

In region 5B, thermal decomposition and evaporation/gasification of the waste
fed by the feeding mechanism from the waste feeder 25 is performed by the plasma torch
16 via energy input, optionally also supplying oxygen and heating to a temperature of at
least 3000°C by said plasma torch 16. During this, gaseous materials are brought into re-
gion 5C by a depression effect of the furnace 12, while the heavier slag materials/metals

pass into region SA under gravity.

In region SA, inorganic constituents of the waste material are smelted/melted by
the energy supplied by the plasma torch 18 and then are extracted from the plasma reac-
tor 10 separately as molten slag and metal through the associated ports — the slag tapping
port 13¢ and the port 13b for tapping molten metal, respectively, shown in Figure 2C. If
it is required, the energy input by said plasma torch 18 also keeps the metallic constitu-
ents in molten state. If there are several types of metals present in the waste material (e.g.
when processing used electronic components), instead of extracting as molten metal, an
extraction can be equally performed in a layered form (based on the specific weights of
the metals) as described in detail in International Publication Pamphlet No. WO
2005/115065 A2; in such a case, the solidified molten metal is removed from the plasma
reactor 10 preferably together with the graphite liner element 13d or together with a simi-
lar insert arranged preliminarily in the crucible 13a. It is hereby noted, that the slag can
be extracted in the form of slag fibers (slag wool) if a melt spinning machine is connect-
ed to the slag tapping port 13¢, and by further processing of said fibers, e.g. thermal insu-
lation elements can be obtained. The melt spinning machine used is preferably a centrif-

ugal disc-type melt spinning machine.

In region 5C, the plasma phase material flowing upwards, that has previously (in
region 5B) been heated and subjected to thermal decomposition, is converted by the
plasma torch 17 using water vapor working medium into synthesis gas (CO:H;) substan-
tially in the entire cross-section of the reaction volume 5 and without the addition of air
(and thus of N;). To this end, water vapor is added (oxygen introduction) to the plasma
phase material — in an amount dependent on its carbon content — by the working medium

of the plasma torch 17. The amount of water vapor to be fed is determined and con-
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trolled/adjusted on the basis of measurement results acquired by the sensor 11; at this
point of the furnace 12, water vapor is introduced only in such an amount that is just suf-
ficient to oxidize and thereby to convert substantially the entire carbon content in region
5C into CO. To put this differently, water vapor is introduced into the reaction volume 5
in a stoichiometric amount, i.e. during operation of the plasma reactor 10, based on the
measurement data of the sensor 11, such interventions are effected within the reaction
volume 5 in subsequent control cycles that aim at maintaining the continuous and stable
stoichiometric C:O ratio. Such interventions are, without claiming completeness, e.g. an
adequate modification of the waste feeding rate of the feeding mechanism 20, an in-
crease/decrease in the power output and/or in the amount of the working medium of the
plasma torch 16 (or of the additive materials introduced optionally with the plasma torch
16), an increase/decrease in the power output and/or in the amount of the working medi-
um (water vapor) of the plasma torch 17. After effecting a treatment by thermal plasma
generated by the plasma torch 17, the synthesis gas obtained in the conversion procedure,
as well as the vapors of materials having lower boiling temperatures (about 2500-
2700°C) and obtained in the thermal decomposition of the introduced waste material, and

thus optionally metallic vapors as well, are discharged through the gas outlet port 19.

It is hereby noted that in those embodiments of the plasma reactor 10 that merely
serve to process inorganic waste material, the (one or more) plasma torch 17 may be
omitted. However, in these cases the plasma reactor 10 and the technological process to

be described in detail in what follows 1s significantly less economical.

Figure 4 shows a preferred exemplary embodiment of the waste processing and
recovering system 100 according to the invention. The system 100 substantially compris-
es a waste treatment stage 110, a gas treatment stage 120 and a gas utilization (pro-
cessing) stage 150, wherein said stages are connected to each other — as needed — by
pipelines for transporting materials and/or by electrical cables for transporting power,
and by data communication links for transporting measurement data and control signals
triggering the desired interventions into the operation of said system 100. The waste
treatment stage 110 is practically corresponds to the arrangement shown in Figure 3, and

hence, it is not described here in detail.
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The gas treatment stage 120 is used for the adequate treatment (cooling, cleaning,
etc.) of the gaseous material leaving the plasma reactor 10 (through the gas outlet port 19,
see Figure 1) before the gaseous material is processed further. Said gaseous material is
substantially a hot mixture (at a temperature of at least about 3000°C) of synthesis gas,
metallic vapor and other contaminants. The gas treatment stage 120 basically comprises a
secondary reaction volume 125, a quencher 130 and a scrubber unit 135, wherein the in-
let of the secondary reaction volume 125 is connected to the gas outlet port of the plasma
reactor 10, a first outlet 125b1 of the secondary reaction volume 125 opens into the
quencher 130, an outlet 125b2 of the secondary reaction volume 125 is directed back into
the melt collecting crucible 13a (see Figure 2A) of the melt treatment unit 13 of the
plasma reactor 10, and the quencher 130 opens into the gas scrubber unit 135. A first out-
let 135b1 of the gas scrubber unit 135 is connected to a compressor 152 that forms an in-
let of the gas utilizing stage 150, while a second outlet 135b2 of the gas scrubber unit 135
is directed back to the inlet of the waste feeder 25 through a pump 136. Moreover, the
secondary reaction volume 125 is provided — at different locations — with at least one re-
agent feeder 121, 122, 123, and the quencher 130 is provided with at least one reagent
feeder 124. Each reagent feeder 121, 122, 123, 124 is in data communication connection
with the central data collecting and control unit. Moreover, if needed, appropriate sensors
are/may be arranged within the secondary reaction volume 125, in the quencher 130 and
in the gas scrubber unit 135 in order to monitor the physical and chemical conditions in-
side said units and, optionally, to perform measurements required to decide on the appli-
cation of one or more desired interventions; said sensors are in data communication con-
nection with the central data collecting and control unit and/or directly with the reagent

feeders 121, 122, 123, 124,

The secondary reaction volume 125 is used to perform a treatment aiming at dis-
posing/cooling and converting the hot gas mixture leaving the plasma reactor 10 into de-
sired end product. Said secondary reaction volume 125 is provided in the form of a reac-
tion space with labyrinth configuration (ensuring slow or controlled cooling) having
preferably three or more branches. In a preferred embodiment, the size of each branch is
about 1500 mm x 300 mm. To achieve the desired output material composition and to

complete the desired conversion processes, reagents can be added to the hot gas mixture
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by the reagent feeders 121, 122, 123 in harmony with a planned cooling rate of the gas
mixture. As reagents, various additives or precipitants or alloying materials can be used,;
the reagents are chosen so as to avoid recombination processes that arise usually during
cooling (and leading in most cases to the formation of harmful substances) as the conse-
quence of chemical reactions taking place between the reagents added and some compo-
nents of the gas mixture during the course of cooling of said gas mixture. In order to in-
fluence the cooling process, desired reagents are fed into the reaction volume 125 prefer-
ably in solid, liquid or vapor phase and, optionally, as compounds. In this way, tempera-
ture of the gas mixture guided through the secondary reaction volume 125 may be con-
trolled by the heat requirement of the undergoing phase changes. As a result of the con-
tinuous heating, the gas mixture entering the reaction volume 125 at a temperature of
nearly 3000°C is cooled down to about 1200°C by the time it reaches the outlets 125b1,
125b2 of the reaction volume 125. Thus, a significant portion of the metallic vapors and
contaminants gets condensed in liquid phase and guided back into the melt treatment unit
13 of the plasma reactor 10 through the outlet 125b2. It should be here noted, that if the
waste to be processed does not contain a metal which leaves the plasma reactor 10 to-
gether with the synthesis gas, i.e. its boiling point exceeds the temperature prevailing in
the region 5B of the plasma reactor 10, the secondary reaction volume 125 may be omit-

ted.

The cooled and significantly cleaned gas mixture is led from the secondary reac-
tion volume 125 through the first outlet 125b1 to the stainless steel quencher 130, where
it is subjected to quenching. To prevent or at least to reduce the recombination leading to
the formation of harmful materials (e.g. dioxins, furans), before starting said quenching
various reagents are added to the gas mixture by the reagent feeder 124. At this point of
the technological process, it is particularly preferred to feed sodium into the quencher
130, because the chlorine (Cl) content of the gas mixture may be significantly reduced

through the formation of NaCl.

The gas mixture leaving the quencher 130, that has a temperature of at most
about 100°C, is led into the gas scrubber unit 135 provided by a wet gas scrubber appa-
ratus. In the gas scrubber unit 135 the gas mixture is further cooled and its remaining

contaminant-content is also removed. The cool and clean synthesis gas obtained by the
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cleaning leaves the gas scrubber unit 135 through the first outlet 135b1 thereof and
reaches the compressor 152, wherein it is compressed and, optionally, liquefied. At the
same time the wet sludge, which is the waste of the gas scrubber unit 135, is led through
the second outlet 135b2 to the pump 136 that feeds it back to the waste feeder 25 for re-
cycling/recovery. In order to achieve the planned composition of the end product(s), the
operation of the feeders 121, 122, 123, 124 is preferably controlled upon analysis of the

composition of the wet sludge.

The gas utilizing stage 150 is used for processing the cooled and cleaned synthe-
sis gas exiting the gas scrubber unit 135; preferably, said synthesis gas is used in this
stage to produce electric power. From the output of the gas utilizing stage, the electric
power thus produced can be used to operate the plasma reactor 10 through being supplied
back to the plasma torches 16, 17, 18 (see Figure 2A) That is, it can be used, at least par-
tially, as power source for the plasma torches, thus the waste processing system 100 ac-
cording to the invention is operable in a more economical way. The gas utilization stage
150 comprises substantially a compressor 152 for compressing synthesis gas, a gas dis-
tributor 154 for distributing the compressed synthesis gas, at least two synthesis gas res-
ervoirs 160, 160’ providing alternate operation, a gas motor 167 or turbine and an electric
generator 169, wherein the outlet of the compressor 152 is connected to the inlet of the
gas distributor 154, the outlets of the gas distributor 154 are respectively connected via
suitably controlled input valves 161, 161’ to the inlet of the reservoir 160 and the inlet of
the reservoir 160°, and the outlets of the reservoirs 160, 160’ are connected via output
valves 162, 162’ to the input unit 165 of the gas motor 167 or gas turbine that is also
equipped with a gas quality checking unit. To produce electric power by combusting the
synthesis gas, the gas motor 167 or gas turbine is connected to an electric generator 169
in a manner known to a person skilled in the art. The electric generator 169 is preferably
provided by an alternating current generator, preferably a three phase generator. In order
to ensure steady operation of the system 100, the reservoirs 160, 160’ may suitably be
connected to an external natural gas source 171; thus electric power generation per-
formed by the gas utilizing stage 150 becomes continuous even if the stages 110, 120 are

shut down for e.g. cleaning or mechanical inspection.

Summary:
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When treating different waste materials by plasma reactors and converting them
into the predefined (planned) end product(s), there is a need for taking place/performing
simultaneously several different processes due to the complexity of waste materials fed
into the reaction volume of the plasma reactor. If these processes undergo practically one
after the other, the conversion is not feasible energetically. Accordingly, it is preferred to
carry out these processes within the reaction volume simultaneously, while controlling
the course thereof in real time by continuously monitoring various physical/chemical pa-
rameters in the reaction volume. Said controlling takes place by means of varying the
supplies of additive substance of the different kinds of plasma torches used simultaneous-
ly in the reaction volume. In this way, the mutual relative ratio of the various processes to
convert the waste materials becomes also controllable (i.e. the different conversion pro-
cesses can be made to ‘compete’ with each other), which facilitates the conversion of the
waste materials fed into the plasma reactor into the actually desired end product(s). Ac-
cording to the invention, when varying the supplies of additive substance of the plasma
torches, the amount of additive substances added/mixed to the arc forming material of the
different types of plasma torches is changed based on the data obtained by real-time

measurement of physical/chemical parameters prevailing within the reaction volume.

Accordingly, due to the application of uniform and constantly high temperature
reaction zones that are heated with suitably chosen plasma burners within a reaction vol-
ume having relatively small physical dimensions, the present invention primarily pro-
vides a plasma reactor that can be widely used, without claiming completeness, along
with low energy input and high energy recuperation level in the following fields:

— recovery of the metal content of mostly inorganic powder-like or sludge-like wastes
(such as e.g. metallurgical flying dust, ashes of incinerator plants or power plants, red
mud, ore processing wastes, galvanic sludges) (i.e. the treatment of metal-containing in-
dustrial wastes);

— processing and disposal of mostly organic solid and liquid wastes (such as organic sol-
vents, chemical and medicine residues, plastic wastes, biomass, municipal wastes);

— processing of used electronic components (e.g. printed circuit boards) and parallel re-

covery of their rare earth metal content while disposing the highly hazardous byproducts
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(e.g. dioxins, furans, polybrominated organic compounds and polycyclic aromatic hydro-
carbons) created in said processing;

— decomposition of organic compounds and recovery of heavy metals without polluting
the environment;

— disposal of hazardous organic wastes comprising halogenated hydrocarbons;

— processing of pyrolysis residues of plastic and rubber wastes.

A further distinctive application field of the method and system based on the
plasma reactor according to the invention is the common treatment of refuse dumps,
acidic pit water sludges and plant residues with high heavy metal content, that occur typ-
ically at the same geographical location. Presently, these wastes unavoidably contaminate
the environmental water resources. However, the waste processing and recovering sys-
tem and method according to the invention make it possible to eliminate the environmen-
tal pollution on the long term in a devised manner, and even totally and permanently.
Operation of the system may be made feasible by extracting metals and other useful ma-

terials from refuse dumps along with e.g. slag wool thermal insulation production.

In the method according to the invention, addition of the reagent and alloying ma-
terials to the waste materials under processing is performed in a controlled manner, based
on gas analysis carried out from time to time at multiple points of the aforementioned
technological process. In this way, the production of end product(s) with predefined

composition may be ensured while nearly 100% of the waste input gets recycled.

Since the plasma reactors according to the invention operate with plasma torches
using preferably CO, or water vapor as the working medium as opposed to well-spread
plasma reactors that operate with plasma torches comprising air as the working medium,
here substantially no NOy production occurs. Moreover, as air introduction into the plas-
ma reactor according to the invention through other means is also prevented or reduced
to a minimal amount, there is practically no need for e.g. NO-trapping when cleaning of

flue gases produced as final gases takes place.
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CLAIMS

1. A plasma reactor (10) to convert waste material by thermal plasma into desired
end product, comprising
— a reaction volume (5) delimited by walling (14), a gas outlet port (19) and a melt treat-
ment unit (13), wherein said gas outlet port (19) delimits the reaction volume (5) from
the top and said melt treatment unit (13) delimits the reaction volume (5) from the bot-
tom, and wherein — when the plasma reactor (10) is in operation — the reaction volume
(5) i1s connected to both the gas outlet port (19) and the melt treatment unit (13) to main-
tain a free flow of material there through, and wherein the reaction volume (5) includes a
gaseous material treatment region (5C), a gasification region (5B) and a melt treatment
region (5A), the gaseous material treatment region opens directly to the gas outlet port
(19), the melt treatment region (SA) at least partially forms part of the melt treatment unit
(13) and the gasification region (5B) is located between the gaseous material treatment
region (5C) and the melt treatment region (SA);
— a waste material supply mechanism passing through the walling (14) and opening into
the gasification region (5B) of the reaction volume (5);
— plasma torches arranged to generate thermal plasma in each of said regions (5A, 5B,
5C) of the reaction volume (5) separately, wherein at least one plasma torch is provided
for generating the thermal plasma in each region (5A, 5B, 5C);
—sensors (11, 117) arranged in said regions (SA, 5B, 5C) of the reaction volume (5), the
sensors (11, 117) are configured to monitor physical and/or chemical conditions prevail-
ing within said regions (5A, 5B, 5C) and to measure physical/chemical parameters repre-
sentative of said conditions at given instances when the plasma reactor (10) is in opera-
tion;
— a data collecting and control unit, wherein said sensors (11, 117) are in data communi-
cation connection with the data collecting and control unit for transferring measurement
data obtained by measurements performed by the sensors, the measurement date being
representative of the instantaneous physical and/or chemical conditions prevailing within
said regions (5A, 5B, 5C) when the plasma reactor (10) is in operation,
wherein each plasma torch comprises an arc forming material supply inlet (D) for intro-

ducing arc forming material into the reaction volume (5) and an additive supply inlet (C)
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for introducing additive into the reaction volume (5), wherein the additive is provided by
a substance that is necessary for the conversion of the waste material into desired end
product, and wherein at least some of said additive supply inlets (C) is configured to al-
low real-time control of feeding of said substance into the thermal plasma in the reaction
volume (5) by the respective plasma torch upon a control signal produced and outputted
by the data collecting and control unit based on the measurement data of said sensors (11,

117) and preset operational parameters for the operation of the plasma reactor (10).

2. The plasma reactor (10) according to claim 1, wherein the surface of the wall-
ing (14) delimiting and contacting the reaction volume (5) is substantially featureless and

of cylindrical symmetry.

3. The plasma reactor (10) according to claim 1 or 2, wherein the plasma torches
for generating thermal plasma in different regions of the reaction volume (5) differ from
each other in at least one parameter thereof, said parameter being selected from a group
consisting of the mode of energization, the mode of arc forming and the material used for

arc forming.

4. The plasma reactor (10) according to any one of claims 1 to 3, wherein the
plasma torches for generating thermal plasma in a given region of the reaction volume
(5) are identical regarding the mode of energization, the mode of arc forming and the ma-

terial used for arc forming.

5. The plasma reactor (10) according to claim 4, wherein the plasma torches are
arranged substantially in the same planar section of the reaction volume (5) perpendicular

to the walling (14).

6. The plasma reactor (10) according to any one of claims 1 to 5, wherein the
waste material supply mechanism is located symmetrically in relation to the at least one
plasma torch that is arranged on the walling (14) in the gasification region (5B) of the re-

action volume (5).

7. The plasma reactor (10) according to any one of claims 1 to 6, wherein the
waste material supply mechanism is configured to releasably receive a feeding mecha-
nism (20), wherein said feeding mechanism (20) is provided as a part of a waste feeder

(25) to continuously supply waste material into said plasma reactor (10).
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8. The plasma reactor (10) according to claim 7, wherein the waste material sup-
ply mechanism is formed as a hole (15d) in the walling (14), and attaching the feeding
mechanism (20) to the waste material supply mechanism is provided by a conical fitting
element (15) that can be form-fitted into the hole (15d) forming said waste material sup-
ply mechanism, wherein said fitting element (15) expanding towards the reaction volume

(5) in a tapered manner.

9. The plasma reactor (10) according to any one of claims 1 to 8, wherein the in-
stantaneous physical and/or chemical condition prevailing within the plasma reactor (10)
is selected from a group consisting of pressure, temperature, gas composition, carbon

monoxide level and carbon dioxide level.

10. The plasma reactor (10) according to any one of claims 1 to 9, wherein the
waste material supply mechanism is configured to control the feeding, preferably the rate
of feeding of the waste material into the reaction volume (5) upon a control signal that is
generated and outputted by the data collecting and control unit based on measurement da-
ta provided by the sensors (11, 117) and preset operational parameters for the operation of

the plasma reactor (10).

11. The plasma reactor (10) according to any one of claims 1 to 10, wherein the
plasma torches are configured to control the power output supplied thereby into the reac-
tion volume (5) upon a control signal that is generated and outputted by the data collect-
ing and control unit based on measurement data provided by the sensors (11, 117) and

preset operational parameters for the operation of the plasma reactor (10).

12. The plasma reactor (10) according to any one of claims 1 to 11, wherein the
melt treatment unit (13) comprises a port (13b) for tapping molten metal and a port (13¢)
for tapping slag, said slag tapping port (13¢) — when the plasma reactor (10) operates — is
located under the port (13b) for tapping molten metal, wherein the slag tapping port (13¢)

is configured to releasably receive a melt spinning machine.

13. The plasma reactor (10) according to any one of claims 1 to 12, wherein the
additive is selected from a group consisting of sodium, air, gaseous oxygen and water

vapor.
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14. A waste processing system to convert waste material by the application of
thermal plasma into desired end product, the system comprising at least one plasma reac-
tor according to any one of claims 1 to 13 for treating the waste material by said thermal

plasma.

15. A waste processing method to convert waste material by thermal plasma into
desired end product, said method comprising the steps of
— providing a plasma reactor enclosing a reaction volume, wherein at least one sensor is
arranged at least at one location of said reaction volume, the at least one sensor is config-
ured to monitor physical and/or chemical conditions prevailing within the reaction vol-
ume and to measure physical/chemical parameters representative of said conditions at
given instances when the plasma reactor is in operation;
— generating and maintaining thermal plasma in the reaction volume by at least two
plasma torches;
— feeding the waste material into the reaction volume and converting said waste material
by thermal plasma treatment to the desired end product, wherein

introducing an additive into the reaction volume at least during the thermal plas-
ma treatment, said additive being a substance necessary for the conversion of the waste
material into desired end product;

during said thermal plasma treatment, by the at least one sensor, generating
measurement data representative of the physical and/or chemical conditions prevailing
within the reaction volume;

transferring the thus obtained measurement data from the at least one sensor to a
data collecting and control unit associated with the plasma reactor;

by comparing the obtained measurement data with preset operation parameters
for the operation of the plasma reactor, generating a control signal by the data collecting
and control unit;

using the thus obtained control signal, performing a real-time control on the in-

troduction of said additive into the reaction volume.

16. The waste processing method according to claim 15, wherein introducing the

additive into the reaction volume takes place by at least one of the plasma torches used.



10

WO 2017/212301 PCT/HU2017/050005

_25_

17. The waste processing method according to claim 15 or 16, wherein the meas-
urement data representative of the physical and/or chemical condition of the reaction
volume is selected from a group consisting of pressure, temperature, gas composition,

carbon monoxide level and carbon dioxide level.

18. The waste processing method according to any one of claims 15 to 17, where-
in the preset operational parameters for the operation of the plasma reactor are selected
from the operational parameters of the plasma reactor that allows for the production of

the desired end product.

19. The waste processing method according to any one of claims 15 to 18, where-

in the plasma reactor is provided by a plasma reactor (10) according to any one of the

claims 1 to 13.
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