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(67)  The present invention relates to a method for
obtaining liquid and gas hydrocarbons from solid organic
compounds, to an apparatus, and to auxiliary devices
necessary for carrying out the method. In particular, the
invention relates to a method for producing liquid and
gas hydrocarbons, which comprises a step of homoge-

PYROLYSIS METHOD WITH RAPID DECOMPRESSION

nising the particle size, moisture, and chemical compo-
sition of the processed materials. During the method, the
processed materials and waste undergo three changes
of state and are subjected to pressures of up to 250 at-
mospheres.
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a method for
obtaining liquid and gas hydrocarbons from solid organic
compounds, to an apparatus, and to the auxiliary devices
necessary for carrying out said method.

BACKGROUNDS

[0002] Many pyrolysis methods for obtaining liquid and
gas hydrocarbons from specific materials are known to-
day. Normally, the materials intended for the pyrolysis
methods are usually plastic materials. Various pyrolysis
methods, intended mainly for the treatment of biomass,
tyres, and reject fractions of solid urban waste, are also
known in the state of the art. All these methods require
reducing the particle size and moisture of the materials
processed therein, with a high energy cost. Methods
which do not reduce the particle size of the materials
processed therein require a much longer process time in
order to achieve the thermal decomposition of said ma-
terials.

BRIEF DESCRIPTION OF THE INVENTION

[0003] The presentinvention relates to a new pyrolysis
method by means of heating, compression, and decom-
pression of solid organic compounds, which allows short-
ening the time used by current pyrolysis methods for ob-
taining liquid and gas hydrocarbons significantly.
[0004] In the scope of the present invention, organic
compound is understood to mean a chemical compound
containing carbon, forming carbon-carbon and carbon-
hydrogen bonds.

[0005] The proposed new method allows the pressure
and temperature of the process to be permanently con-
trolled, indicating when the optimal pressure values (be-
tween 20 and 250 Atm) and temperature values (between
250 and 6500C) for causing thermal decomposition of
the processed materials are reached.

[0006] The drastic decompression of pressure (from
between 20 and 200 Atm to 1 Atm) to which the partially
homogenised materials which are pyrolysed (at a tem-
perature of between 250 and 6500C) are subjected and
the increase in the heat exchange surface cause a very
rapid generation of gases, significantly shortening (be-
tween 30 and 50%) the vaporisation time in pyrolysis
processes.

[0007] During the pyrolysis process with rapid decom-
pression, three changes of state occur in the processed
material. The solid materials processed by means of the
extruder screw are mixed and ground at a high pressure
and temperature until the partial homogenisation of the
moisture, particle size, and chemical composition of said
materials is achieved. Once homogenised and due to the
heating process to which they are subjected, the proc-
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essed solid materials change to a liquid-viscous state.
[0008] Partially homogenising the moisture, particle
size, and chemical composition of the processed mate-
rials allows calculating the time the injected compound
remains in the vaporisation chamber, as well as the tem-
perature of said chamber. The optimal physical condi-
tions in which the vaporisation reaction must be carried
out during pyrolysis are thereby established.

[0009] In the scope of the present invention, the ex-
pression "partially homogenous" means that the inten-
sive properties are maintained in all the compounds of
the processed materials, where only one phase is ob-
served. Intensive properties are properties that do not
depend on the amount of substance or on the size of a
system, so their value remains unchanged when the in-
itial system is sub-divided into several subsystems. Non-
limiting examples of intensive properties which can be
observed in the solid of the presentinvention are: specific
heat capacity, density, hardness, concentration, melting
point, ductility, or malleability.

[0010] The second change of state, from liquid-viscous
state to gas state, occurs due to the thermal decompo-
sition of the processed materials; pyrolysis gases are
generated in this step. Said materials are in liquid viscous
state and decompose into pyrolysis gas.

[0011] Thethird change of state, from gas state to liquid
state, occurs by means of the condensation of part of the
pyrolytic gases obtained in the condensed hydrocarbons.
[0012] The new method reduces the prior treatment of
the different processed materials and waste, such as par-
ticle size reduction and moisture reduction, to the mini-
mum levels. The process is performed in an uninterrupt-
ed manner with a range of practically zero emissions and
does not require the addition of any substance of chem-
ical or of any other nature. The only waste resulting from
the process are inert (inorganic) materials that could not
be thermally decomposed.

[0013] Part of the fuel obtained during the method is
used in the process to provide the required power, by
means of the numerous existing and proven technolo-
gies, so, once initiated, the new method that has been
described is an energy self-sufficient method.

[0014] The starting materials used in the present in-
vention are non-hazardous materials and waste of an
organic nature. In a particular embodiment, these waste
flows preferably originate from urban and industrial solid
waste treatment plants. They can also originate directly
from industrial, agricultural, forestry, or maritime produc-
tion activity.

[0015] "Waste" is understood to mean any substance
or object disposed of, or which is to be or must be dis-
posed of, by its owner. In any case, the waste mentioned
in the European Waste Catalogue (EWC), approved by
the Community Institutions contemplated in Decision
2000/532/EC, will be understood in this sense. Further-
more, "urban or municipal waste" is understood to mean
the waste generated in private homes, shops, offices,
and facilities, as well as all the waste which is not clas-
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sified as hazardous waste and which, due to its nature
or composition, can be assimilated into the waste pro-
duced in the preceding locations or activities. The follow-
ing will also be considered urban waste: waste originating
from the cleaning of public roads, green areas, recrea-
tional areas and beaches; dead domestic animals, as
well as furniture, mattresses, and belongings; waste and
debris originating from minor home repair and construc-
tion works.

BRIEF DESCRIPTION OF THE FIGURES
[0016]

Figure 1 shows a vertical section of the pyrolytic re-
actor with the shut-off valve of the recirculation sys-
tem open.

Figure 2 shows a horizontal section of the pyrolytic
reactor with the shut-off valve of the recirculation sys-
tem open and the auxiliary devices necessary for
carrying out the process.

[0017] In view of Figures 1 and 2 and according to the
numbering used therein, a preferred non-limiting embod-
iment of the invention which comprises the parts and el-
ements indicated and described in detail below can be
seen, where the following reference numbers have been
assigned to each of said parts and elements:

1. Main shut-off valve
2. Extruder screw
3. Recirculation circuits

3a Recirculation circuit 1
3b Recirculation circuit 2

4. Shut-off and injection valves.
4a Shut-off and injection valve of recirculation
circuit 3a
4b Shut-off and injection valve of recirculation
circuit 3b

5. Actuating device

. Pyrolysis reactor
7. Inlets to the recirculation circuit

(]

7a Inlet to recirculation circuit 3a
7b Inlet to recirculation circuit 3b

8. High-pressure area
9. Pressure-measuring sensors

9a Pressure-measuring sensor 1 in high-pres-
sure area 8
9b Pressure-measuring sensor 2 in high-pres-

10

15

20

25

30

35

40

45

50

55

sure area 8

9c Pressure-measuring sensor 3 in recirculation
circuit 3a

9d Pressure-measuring sensor 4 in recirculation
circuit 3b

10.Temperature-measuring sensors

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

10a Temperature-measuring sensor 1 in high-
pressure area 8

10b Temperature-measuring sensor 2 in high-
pressure area 8

10c Temperature-measuring sensor 3 in recir-
culation circuit 3a

10d Temperature-measuring sensor 4 in recir-
culation circuit 3b

Pyrolysis gas outlet

Main vaporisation area

Area of the extruder screw with shafts
Pyrolysis gas outlet conduit

Pyrolysis gas extraction turbine

Pyrolysis gas outlet conduit

Pyrolysis gas condensation system
Non-condensable pyrolytic gas outlet
Non-condensable pyrolytic gas outlet conduit
Non-condensable pyrolytic gas purification cy-

clone

21.
22.
23.
24.
25.
26.
27.
28.

Non-condensable pyrolytic gas transport conduit
Non-condensable pyrolytic gas filtration system
Non-condensable pyrolytic gas transport conduit
Non-condensable pyrolytic gas compressor
Compressed pyrolytic gas conduit
Compressed pyrolytic gas tank

Compressed gas outlet

Compressed gas outlet into the pyrolytic reactor

heating system

29.

Transport conduit for transporting compressed

gases to the pyrolytic reactor heating system

30.

31.
32.
33.
34.
35.

Pyrolytic reactor heating system

30a Pyrolytic reactor heating system

30b Vaporisation area heating system
Inlet for materials into the pyrolytic reactor
Condensed hydrocarbon outlet
Condensed hydrocarbon tank

Forced feeding system

Safety valves

35a Safety valve 1 of recirculation circuit 3a

35b Safety valve 2 of recirculation circuit 3b
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DETAILED DESCRIPTION OF THE INVENTION
STARTING MATERIALS

[0018] The starting materials used in the present in-
vention are non-hazardous materials and waste of an
organic nature. In a particular embodiment, these waste
flows preferably originate from urban and industrial solid
waste treatment plants. The processed materials can al-
so originate directly from industrial, agricultural, forestry,
or maritime production activity.

PYROLYSIS METHOD

[0019] The materials that will be processed are intro-
duced by means of the extrusion-based forced feeding
system (34) into the feed opening (31) located after the
gas outlet area (11) of the pyrolytic reactor (6). The ex-
trusion-based forced feeding system (34) ensures the
absence of incoming oxygen during the continuous pres-
surised loading operation. The extruder screw (2) oper-
ated by the motor (5) pushes, brushes against, mixes,
and grinds the materials as they advance towards the
high-pressure area (8), where the shut-off and decom-
pression valve (1) is closed, forcing the processed waste
to move back again and resume the mixing and grinding
processes time and again at a high pressure and tem-
perature until the partial homogenisation of the moisture,
particle size, and chemical composition of the processed
materials is achieved.

[0020] When the pressure probes (9aand 9b)and tem-
perature probes (10a and 10b) installed in the high-pres-
sure area (8) indicate that the pressure (between 20 and
250 Atm) and temperature (between 250 and 6500C)
required for the decompression pyrolysis process have
beenachieved, the valve (1) is opened and the processed
waste moves in through holes (7a and 7b), advancing
along the recirculation conduits (3a and 3b) towards the
outlets which lead to the main vaporisation area.
[0021] While the homogenised waste advances along
the recirculation conduits (3a and 3b), it is subjected to
a temperature of between 2500C and 6500C by the in-
stalled heating system (30a), favouring the thermal de-
composition of the processed waste.

[0022] The outlets into the main vaporisation area (12)
are controlled by shut-off and injection valves (4a and
4b). When the pressure probes (9¢ and 9d) and temper-
ature probes (10c and 10d) installed in the recirculation
circuits (3a and 3b) along with the shut-off and injection
valves (4a and 4b) indicate that the pressure (between
20 and 250 Atm) and temperature (between 250 and
6500C) required for the decompression pyrolysis proc-
ess have been achieved, the shut-off and injection valves
(4a and 4b) open and the processed materials are inject-
ed into the vaporisation area. The processed materials
injected into the main vaporisation area are instantane-
ously subjected to a drastic reduction of pressure (from
between 20 and 250 Atm to 1 Atm), causing the gener-
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ation of gases from fast pyrolysis, significantly increasing
the vaporisation speed in organic compound thermal de-
composition processes, in the absence of oxygen.
[0023] To ensure process safety, at the end of the re-
circulation circuits (3a and 3b), safety valves (35a and
35b) are located which allow reducing the internal pres-
sure of the recirculation circuits, where necessary.
[0024] In order to maximise performance, the heat ex-
change surface in the method is increased during the
vaporisation phase by injecting into the main vaporisation
area (12) the processed materials and compounds in the
form of sheets of between 3 and 10 millimetres thick, by
means of the shut-off and injection valves (4a and 4b).
[0025] The partial homogenisation of the moisture,
particle size, and chemical composition of the processed
materials and compounds allows calculating the time the
injected compound remains in the main vaporisation
chamber and the temperature of said chamber. The op-
timal physical conditions in which the vaporisation reac-
tion must be carried out during pyrolysis are thereby es-
tablished.

[0026] The injected material that has not vaporised is
collected through the extruder screw section (13) and is
introduced back into the main vaporisation area, while it
is transported back to the high-pressure area (8) to repeat
the process. Said materials mix with the new materials
introduced through the feed inlet (11), causing a much
more efficient enthalpy exchange between the hot ma-
terial returning to the process and the new cold material
starting the process.

[0027] The extruder screw section (13) in the main va-
porisation area replaces the metal coils with cylindrical
blades collecting the material injected into the pyrolysis
chamber which has not vaporised and subjects it to the
vaporisation process again, while it is transported to the
high-pressure area to resume the pyrolysis process.
[0028] The hydrocarbons in gas state resulting from
the thermal decomposition of the processed waste in dif-
ferent areas of the pyrolytic reactor are extracted through
gas outlet conduits (11) by means of a gas extraction
turbine (15) interposed between the reactor and the con-
densation system.

[0029] The extracted gases run through the leak-tight
condensation system (17) where a drasticchange in tem-
perature occurs, allowing the extracted gases to con-
dense into condensed hydrocarbons. The condensed hy-
drocarbons that are obtained exit the condenser (17)
through outlet (32) and are delivered to the tank (33).
[0030] The non-condensable gas hydrocarbons exit
the condensation system (17) through outlet (18) and are
directed through conduit (19) to a cyclone (20) for a first
non-condensed gas purification in which part of the sus-
pended impurities are removed by gravity. Once treated,
the gases are directed through conduit (21) to a second
filter system (22) for purification by filtering out the sus-
pended impurities. Once purified, the impurity-free non-
condensable gases are directed by means of conduit (23)
to the gas compressor (24) which compresses them and
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delivers them through conduit (25) to the compressed
gas storage tank (26).

[0031] Part of the compressed gas hydrocarbons
stored in tank (26) is delivered by means of conduit (29)
to the heating systems (30a and 30b) implemented in the
pyrolytic reactor (30a) and in the vaporisation chamber
(30Db).

[0032] Another part of the compressed gas hydrocar-
bons stored in tank (26) can be used to generate electric
power, by any of the means known by one skilled in the
art for powering the actuating system (5) of the extruder
screw (2).

[0033] The remaining part of the compressed gas hy-
drocarbons stored in tank (26) can be directly sold or
intended for generating power to be sold.

Claims

1. A method for obtaining liquid and gas hydrocarbons
from organic compounds, wherein said compounds
are processed and injected into the main vaporisa-
tion area, subjecting them to a drastic reduction of
pressure comprised between 20 and 250 Atm to 1
Atm and at a temperature between 250 and 6500C,
causing the generation of gases from fast pyrolysis.

2. The method according to claim 1, wherein the start-
ing materials do not receive any type of prior treat-
ment before the processing thereof.

3. Themethod according to any of claims 1 or 2, where-
in the moisture, particle size, and chemical compo-
sition of the processed materials are partially homog-
enised before being injected into the main vaporisa-
tion area.

4. Themethod according to any of claims 1 to 3, where-
in the processed materials are subjected to three
changes of state.

5. Themethod according to any of claims 1 to 4, where-
in the pressure and the temperature of the process
are controlled at all times.

6. Themethod according to any of claims 1to 5, where-
in the processed materials are injected into the main
vaporisation area in the form of sheets of between
3 and 10 millimetres thick, increasing the vaporisa-
tion surface of the processed material.

7. Themethod according to any of claims 1 to 6, where-
in the injected materials that have not thermally de-
composed in the main vaporisation area are collect-
ed through the extruder screw section (13) which
subjects them to the vaporisation process again
while they are transported to the high-pressure area
to resume the pyrolysis process.
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8.

The method according to any of claims 1 to 7, where-
in the materials that have not vaporised in the main
vaporisation area are collected through the extruder
screw and mixed with the new waste entering to be
processed, improving the enthalpy exchange of the
method.

The method according to any of claims 1 to 8, where-
in the process is an energy self-sufficient process.
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