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DRY DISTILLATION REACTOR AND
METHOD FOR RAW MATERIAL OF
HYDROCARBON WITH SOLID HEAT
CARRIER

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This is a continuation of PCT International Appli-
cation No.: PCT/CN2013/081446, filed on Aug. 14, 2013,
which claims foreign priority to Chinese Patent Application
No.:2013103466333, filed on Aug. 9, 2013, both of which are
hereby incorporated by reference in their entireties.

TECHNICAL FIELD

[0002] This present invention relates to the technical field
of energy and chemical industry of solid fuels, and particu-
larly, this invention relates to a reactor and method for pyro-
lyzing hydrocarbon materials by solid heat carrier.

BACKGROUND ART

[0003] The hydrocarbon materials include coal, oil shale,
biomass, oil sand, municipal solid waste and industrial by-
product such as absorbent particles with absorbed organic
matters and the like, and they are suitable for extracting
high-value chemicals to realize its high-value utilization
because of its rich contents of organic components. Carbon-
ization is an effective method to extract high-value oil prod-
ucts from solid hydrocarbon materials, wherein the produced
liquid-phase products could be used as the alternative to fuel
oil and also contain abundant raw chemicals such as benzene,
toluene, xylene, phenol, cresol and xylenol, etc. and thus
present important application value. The methods for heat
and mass transfer in carbonization process significantly affect
the final utilization efficiency of materials and compositions
of'end products, and are the main technical means of regulat-
ing the carbonization process.

[0004] At present, the carbonization technologies are
divided into two classes of underground and aboveground
retorting. The present underground retorting has not been
widely used in industry since it is difficult to control the
process and it will easily lead to the underground oil and gas
pollutions. The aboveground retorting refers to a process of
crushing and screening the hydrocarbon materials to desired
particle size, and then heating the particles in different retorts
to produce different pyrolysis products. According to differ-
ent heating methods, the aboveground retorting techniques
can be classified into indirect heating and direct heating.
Indirect heating retort refers to a method of transferring the
required heat for carbonization into the retorting chamber via
the reactor wall, which has very low heat efficiency and is also
hard to scale up, so that this method is seldom applied in
industrial production. The direct heating retort is called as
internal heating retort and can be classified into gas heat
carrier and solid heat carrier according to different heat car-
riers, of which the heat sources are generally from the com-
bustion of pyrolysis gas or solid products. Taking oil shale
pyrolysis technology as an example, different types of car-
bonization furnace are adapted in gas heat carrier pyrolysis
technologies, wherein the representative techniques include
Petrosix technology in Brazil, Kiviter technology in Estonia,
SGR pyrolysis technology of the Union Oil Company in
USA, Joesco pyrolysis technology in Japan and Fushun
retorting technology in China, etc. The solid heat carrier
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pyrolysis technologies include Tosco-1I pyrolysis technology
in USA, Galoter technology in Estonia, LR technology in
Germany, ATP technology in Canada and pyrolysis technol-
ogy developed by Dalian University of Technology (DG Pro-
cess) in China. Although there has been a variety of pyrolysis
technologies adapted for different hydrocarbon materials and
some of them are even applied to industry, they still suffer
from various problems in the operation process. As for gas
heat carrier pyrolysis technologies, the key issue is that the
utilization efficiency of materials and heat efficiency of appa-
ratus are low and only solid materials in block can be pro-
cessed. And as for solid heat carrier pyrolysis technologies,
problems lie in huge equipment, complex structure, large
power consumption, and low yield in pyrolysis oil, etc. Mean-
while, the above-mentioned carbonization processes have a
common problem that the produced oils have high contents of
dust and heavy components, which will directly affect the
continuous operation of apparatus and subsequent processing
of products.

[0005] Inorderto solve the problem that oils obtained from
the prior pyrolysis methods have high contents of dust and
heavy components, it is necessary to design a new reactor and
method. Only in this way, it is possible to provide a new way
for solving the energy issue.

SUMMARY OF THE INVENTION

[0006] The object of this invention is to provide a reactor
and method for pyrolyzing hydrocarbon materials by solid
heat carrier. The carbonization reactor and related method
based on this carbonization reactor solve the problems exist-
ing in the current carbonization methods for hydrocarbon
materials, such as having high contents of dust and heavy
components in the pyrolysis oil, and it also overcomes the
technical disadvantages of low efficiency and slow rate of
heat and mass transfer existing for the current carbonization
processes.

[0007] In order to achieve the above-mentioned objects,
this invention adopts the following technical solutions.
[0008] A carbonization reactor for pyrolyzing hydrocarbon
materials by solid heat carrier of the invention includes:
[0009] A first internals 1 with holes 11 or interstices 12,
which is fixed to the top of the carbonization reactor; and a
surrounding pyrolysis gas-phase product channel 3 is formed
between the first internals 1 and the wall of carbonization
reactor 2, and the lower end of the surrounding pyrolysis
gas-phase product channel 3 is open in a material layer 4 of
the carbonization reactor.

[0010] A second internals 5 with holes 11 or interstices 12
is mounted in the center of the carbonization reactor, and
therein a central pyrolysis gas-phase product channel 6 is
formed, and the central pyrolysis gas-phase product channel
6 has its upper end closed which is vertically opposite to the
feeding inlet 9 of the carbonization reactor, and the lower end
of'the central pyrolysis gas-phase product channel 6 is open in
the material layer 4 of the carbonization reactor, and a pyroly-
sis gas-phase product outlet 7 is positioned at the upper part of
the central pyrolysis gas-phase product channel 6;

[0011] A material channel for the solid materials is formed
from top to bottom between the surrounding pyrolysis gas-
phase product channel 3 and the central pyrolysis gas-phase
product channel 6.

[0012] According to an embodiment of the present inven-
tion, the holes 11 are one or more kinds of holes in rhombic,
rectangular or circular shape. The persons skilled in the art
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can design the holes 11 with other shapes as required, such as
triangular gas collecting holes and starlike gas collecting
holes etc., by which the pyrolysis gas-phase products (e.g.
gas, small particles) can pass through.

[0013] Inthe present invention, the interstices 12 are a kind
of louver-shape interstices, or interstices between compo-
nents of the internals, wherein the holes 11 or the interstices
12 can be positioned in each internals of the components. The
persons skilled in the art can design the interstices 12 with
other shapes as required, by which the pyrolysis gas-phase
products (e.g. gas, small particles) can pass through.

[0014] Theholes 11 or theinterstices 12 are provided on the
first internals 1 and the second internals 5 of the present
invention to form a flow path for the pyrolysis gas-phase
products, and the internals also provide a support for the solid
materials in the carbonization reactor.

[0015] In the present invention, the surrounding pyrolysis
gas-phase product channel 3 is an annular interconnected
channel, or a wall channel which is formed between the wall
of'the carbonization reactor and the first internals 1 in the two
opposite sides of the carbonization reactor and separated by
the material layer within which the central pyrolysis gas-
phase product channel 6 is.

[0016] In the present invention, the shape or configuration
of the carbonization reactor is cylindrical or prismatic. The
persons skilled in the art can also design the carbonization
reactor with other shape as required, such as a trapezoid
column etc.

[0017] In the present invention, the holes 11 or interstices
12 are arranged in the second internals 5 which begin at one
tenth to one third length of the second internals 5 from the top
end so that a top-enclosed space 13 with an outlet is formed in
the upper part of the central pyrolysis gas-phase product
channel 6. The top-enclosed space 13 formed in the upper part
of the central pyrolysis gas-phase product channel 6 is pro-
vided to make the holes 11 or the interstices 12 at the lower
part of the internals fully buried in the material layer 4, so that
the central pyrolysis gas-phase product channel 6 is fully in
the material layer 4. The persons skilled in the art can choose
the length of the internals without the holes 11 or interstices
12 as required, such as two thirds length of the internals etc.
[0018] In the present invention, the lower ends of the sur-
rounding pyrolysis gas-phase product channel 3 and the cen-
tral pyrolysis gas-phase product channel 6 are arranged on the
same horizontal level. The persons skilled in the art can select
the relative positions of the two ends of the internals as
required, for example, the position of one end of internals is
higher than the other one.

[0019] The carbonization method based on the above-men-
tioned carbonization reactor for hydrocarbon materials by
solid heat carrier, the method includes the steps of:

[0020] The high-temperature solid heat carrier particles in
anash bin 20 and the hydrocarbon materials for carbonization
in a feeding system 21 are fully mixed in a solid-solid mixer
14 to obtain the before-reaction solid materials; the before-
reaction solid materials enter the carbonization reactor from
the feeding inlet 9 and are heated to release gas-phase prod-
ucts; the gas-phase products upward pass through the mate-
rial layer 4 into an upper space 8 of the carbonization reactor,
and then enter the surrounding pyrolysis gas-phase product
channel 3 through the holes 11 or interstices 12 on the first
internals 1; and then successively pass through the holes 11 or
interstices 12 on the first internals 1, the material layer 4 and
the holes 11 or interstices 12 on the second internals 5 until
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into the central pyrolysis gas-phase product channel 6, and
finally exhaust through the pyrolysis gas-phase product outlet
7 into a post-processing and product collection system.
[0021] The carbonization method can further includes the
following steps: the pyrolysis gas-phase products obtained
from carbonization are discharged from the pyrolysis gas-
phase product outlet 7 and enter a post-processing and prod-
uct collection system; the produced solid materials after reac-
tion are discharged from a material outlet 10 and transmitted
into an concurrent upward oxidation reactor 18 to obtain a
gas-solid mixtures by reacting with the air or oxygen supplied
from the bottom of the oxidation reactor 18; the gas-solid
mixtures are separated by a cyclone separator 19, and the
separated solid particles with high temperature are recycled
into the solid-solid mixer 14 as high-temperature solid heat
carrier particles, and the separated gases are discharged as
flue gas and sent to downstream processing.

[0022] The post-processing and product collection system
can comprise the following steps: the pyrolysis gas-phase
products are transmitted into a heat exchanger 15 to be sepa-
rated into gas and liquid, which are respectively stored in a
gas storage 16 and a liquid storage 17.

[0023] In the present invention, the fine particle materials
carried by the gas-phase products are detained and return to
the lower end of the surrounding pyrolysis gas-phase product
channel 3 when the gas-phase products enter the material
layer 4 from the surrounding pyrolysis gas-phase product
channel 3, and thus the particles will return to the material
layer 4 again.

[0024] The hydrocarbon materials are fluidizing solid par-
ticles that are rich in hydrogen and carbon.

[0025] Thefluidizing solid particles with rich hydrogen and
carbon are one or more kinds of materials from coal, biomass
(such as distiller’s grain, drug dregs, sauce dregs, fungus
dregs, etc.), oil shale, oil sand, municipal solid waste (such as
household waste, electrical components, etc.) and industrial
by-product (such as the absorbent particles with absorbed
organic matters, the used catalyst, etc.).

[0026] According to the present invention, the internals
with the holes or interstices are mounted in the carbonization
reactor to form a flow path for the pyrolysis gas-phase prod-
ucts in the moving-bed reactor. The process of heat and mass
transfer are strengthened by directionally regulating the
releasing channel or path of the pyrolysis gas-phase products.
And the present invention fully utilizes the characters of
structure of the internals in the reactor and the distribution of
the material layer, and thus forms a carbonization method by
which high quality of oils with low content of dust can be
obtained.

[0027] Due to the filtration and reforming by the material
layer, the fine particles and heavy components carried by the
gas-phase products are removed and thus the obtained oils
have low contents of dust and heavy components.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 is a structural schematic diagram of the car-
bonization reactor for hydrocarbon materials by solid heat
carrier of an embodiment of the present invention;

[0029] FIG. 2 is a distribution diagram of the internals of
cylindrical carbonization reactor of the invention;

[0030] FIG. 3 is a distribution diagram of the internals of
prismatic carbonization reactor of the invention;

[0031] FIG. 4 is a distribution diagram of the internals of
another prismatic carbonization reactor of the invention;
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[0032] FIG. 5 is a distribution schematic diagram of the
rhombic gas collecting holes arranged on the internals;
[0033] FIG. 6 is a distribution schematic diagram of the
rounded gas collecting holes arranged on the internals;
[0034] FIG. 7 is a distribution schematic diagram of the
rectangular gas collecting holes arranged on the internals;
[0035] FIG. 8 is a distribution schematic diagram of the
louver-shape interstices arranged on the internals;

[0036] FIG.9is astructural diagram of the second internals
of the invention;

[0037] FIG. 10 is a structural diagram of the components
formed by more than one internals of the invention;

[0038] FIG.111isaflow diagram of the method based on the
carbonization reactor of the invention;

[0039] The reference numeral and symbols:

— The gas-phase products escaping == The material moving

path path
1. The first internals 2. The wall of carbonization
reactor
3. The surrounding pyrolysis gas-phase 4. The material layer

product channel
. The second internals

w
[

. The central pyrolysis gas-
phase product channel

7. The pyrolysis gas-phase product 8. The upper space
outlet

9. The feeding inlet 10. The material outlet
11. The holes 12. The interstices
13. The top-closed space with an outlet 14. The solid-solid mixer
15. The heat exchanger 16. The gas storage
17. The liquid storage 18. The oxidation reactor
19. The cyclone separator 20. The ash bin

21. The feeding system

DETAILED DESCRIPTION OF THE
EMBODIMENT

[0040] The invention will be illustrated in the following
with reference to the accompanying drawings and specific
embodiments.

Embodiment 1

[0041] As shown in FIG. 1, a carbonization reactor for
hydrocarbon materials by solid heat carrier according to the
present invention is provided. A first internals 1 with holes 11
is fixed to the top of the carbonization reactor, and a surround-
ing pyrolysis gas-phase product channel 3 is formed between
the first internals 1 and the wall of carbonization reactor 2, and
the lower end of the surrounding pyrolysis gas-phase product
channel 3 is open in the material layer 4 of the carbonization
reactor.

[0042] A second internals 5 with holes 11 is mounted in the
center of the carbonization reactor, and therein a central
pyrolysis gas-phase product channel 6 is formed, and the
central pyrolysis gas-phase product channel 6 has its upper
end closed which is vertically opposite to the feeding inlet 9
of the carbonization reactor, and the lower end of the central
pyrolysis gas-phase product channel 6 is open in the material
layer 4 of the carbonization reactor, and a pyrolysis gas-phase
products outlet 7 is positioned at the upper part of the central
pyrolysis gas-phase product channel 6.

[0043] A material channel for the solid materials is formed
from top to bottom between the surrounding pyrolysis gas-
phase product channel 3 and the central pyrolysis gas-phase
product channel 6.
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[0044] As shown in FIG. 5 and FIG. 6, the holes 11
arranged on the first internals 1 and the second internals 5 in
this embodiment are rhombic or circular gas collecting holes.

[0045] As shown in FIG. 2, the shape of the carbonization
reactor in this embodiment is cylindrical, and the surrounding
pyrolysis gas-phase produce channel 3 is an annular intercon-
nected channel.

[0046] In the embodiment 1, the holes 11 are arranged in
the second internals 5 which begin at one tenth length of the
second internals 5 from the top end so that a top-enclosed
space 13 with an outlet is formed in the upper part of the
central pyrolysis gas-phase product channel 6.

[0047] In the embodiment 1, the lower ends of the sur-
rounding pyrolysis gas-phase product channel 3 and the cen-
tral pyrolysis gas-phase product channel 6 are arranged on the
same horizontal level.

Embodiment 2

[0048] As shown in FIG. 1, a carbonization reactor for
hydrocarbon materials by solid heat carrier according to the
present invention is provided. A first internals 1 with inter-
stices 12 is fixed to the top of the carbonization reactor, and a
surrounding pyrolysis gas-phase product channel 3 is formed
between the first internals 1 and the wall of carbonization
reactor 2, and the lower end of the surrounding pyrolysis
gas-phase product channel 3 is open in the material layer 4 of
the carbonization reactor.

[0049] A second internals 5 with interstices 12 is mounted
in the center of the carbonization reactor, and therein a central
pyrolysis gas-phase product channel 6 is formed, and the
central pyrolysis gas-phase product channel 6 has its upper
end closed which is vertically opposite to the feeding inlet 9
of the carbonization reactor, and the lower end of the central
pyrolysis gas-phase product channel 6 is open in the material
layer 4 of the carbonization reactor, and a pyrolysis gas-phase
products outlet 7 is positioned at the upper part of the central
pyrolysis gas-phase product channel 6.

[0050] A material channel for the solid materials is formed
from top to bottom between the surrounding pyrolysis gas-
phase product channel 3 and the central pyrolysis gas-phase
product channel 6.

[0051] As shown in FIG. 8, the interstices 12 arranged on
the first internals 1 and the second internals 5 in this embodi-
ment are louver-shape interstices.

[0052] As shown in FIG. 3, the shape of the carbonization
reactor in this embodiment is prismatic, and the surrounding
pyrolysis gas-phase produce channel 3 is a wall channel
which is formed between the wall of the carbonization reactor
and the first internals 1 in the two opposite sides and separated
by the material layer containing the central pyrolysis gas-
phase product channel 6.

[0053] As shown in FIG. 9, in the embodiment, the inter-
stices 12 are arranged on the second internals 5 which begin
at one sixth length of the second internals 5 from the top end
so that a top-enclosed space 13 with an outlet is formed in the
upper part of the central pyrolysis gas-phase product channel

[0054] Inthe embodiment, the lower ends of the surround-
ing pyrolysis gas-phase product channel 3 and the central
pyrolysis gas-phase product channel 6 are arranged on the
same horizontal level.
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Embodiment 3

[0055] As shown in FIG. 1, a carbonization reactor for
hydrocarbon materials by solid heat carrier according to the
present invention is provided. A first internals 1 with holes 11
is fixed to the top of the carbonization reactor, and a surround-
ing pyrolysis gas-phase product channel 3 is formed between
the first internals 1 and the wall of carbonization reactor 2, and
the lower end of the surrounding pyrolysis gas-phase product
channel 3 is open in the material layer 4 of the carbonization
reactor.

[0056] A second internals 5 with holes 11 is mounted in the
center of the carbonization reactor, and therein a central
pyrolysis gas-phase product channel 6 is formed, and the
central pyrolysis gas-phase product channel 6 has its upper
end closed which is vertically opposite to the feeding inlet 9
of the carbonization reactor, and the lower end of the central
pyrolysis gas-phase product channel 6 is open in the material
layer 4 of the carbonization reactor, and a pyrolysis gas-phase
products outlet 7 is positioned at the upper part of the central
pyrolysis gas-phase product channel 6.

[0057] A material channel for the solid materials is formed
from top to bottom between the surrounding pyrolysis gas-
phase product channel 3 and the central pyrolysis gas-phase
product channel 6.

[0058] As shown in FIG. 7, the holes 11 arranged on the
first internals 1 and the second internals 5 in this embodiment
are rectangular gas collecting holes.

[0059] As shown in FIG. 4, the shape of the pyrolysis
reactor in this embodiment is prismatic, and the surrounding
pyrolysis gas-phase produce channel 3 is an annular intercon-
nected channel.

[0060] Inthe embodiment, the holes 11 are arranged on the
second internals 5 which begin at one third length of the
second internals 5 from the top end so that a top-enclosed
space 13 with an outlet is formed in the upper part of the
central pyrolysis gas-phase product channel 6.

[0061] Inthe embodiment, the position of the lower end of
the surrounding pyrolysis gas-phase product channel 3 is
lower than that of the central pyrolysis gas-phase product
channel 6.

Embodiment 4

[0062] As shown in FIG. 1, a carbonization reactor for
hydrocarbon materials by solid heat carrier according to the
present invention is provided. A first internals 1 with inter-
stices 12 is fixed to the top of the carbonization reactor, and a
surrounding pyrolysis gas-phase product channel 3 is formed
between the first internals 1 and the wall of carbonization
reactor 2, and the lower end of the surrounding pyrolysis
gas-phase product channel 3 is open in the material layer 4 of
the carbonization reactor.

[0063] A second internals 5 with interstices 12 is mounted
in the center of the carbonization reactor, and therein a central
pyrolysis gas-phase product channel 6 is formed, and the
central pyrolysis gas-phase product channel 6 has its upper
end closed which is vertically opposite to the feeding inlet 9
of the carbonization reactor, and the lower end of the central
pyrolysis gas-phase product channel 6 is open in the material
layer 4 of the carbonization reactor, and a pyrolysis gas-phase
products outlet 7 is positioned at the upper part of the central
pyrolysis gas-phase product channel 6.
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[0064] A material channel for the solid materials is formed
from top to bottom between the surrounding pyrolysis gas-
phase product channel 3 and the central pyrolysis gas-phase
product channel 6.

[0065] As shown in FIG. 10, the interstices 12 arranged on
the first internals 1 and the second internals 5 in this embodi-
ment are interstices between the components formed by the
more than one internals.

[0066] As shown in FIG. 3, the shape of the carbonization
reactor in this embodiment is prismatic, and the surrounding
pyrolysis gas-phase produce channel 3 is a wall channel
which is formed between the wall of the carbonization reactor
and the first internals 1 in the two opposite sides and separated
by the material layer within which the central pyrolysis gas-
phase product channel 6 is.

[0067] As shown in FIG. 9, in the embodiment, the inter-
stices 12 are arranged on the second internals 5 which begin
at one sixth length of the second internals 5 from the top end
so that a top-enclosed space 13 with an outlet is formed in the
upper part of the central pyrolysis gas-phase product channel
6

[0068] Inthe embodiment, the lower ends of the surround-
ing pyrolysis gas-phase product channel 3 and the central
pyrolysis gas-phase product channel 6 are arranged on the
same horizontal level.

Embodiment 5

[0069] As shown in FIG. 11, a carbonization method based
on the above-mentioned carbonization reactor for hydrocar-
bon materials by solid heat carrier is provided. The related
carbonization method includes the following steps:

[0070] 1) The high-temperature solid heat carrier particles
in an ash bin 20 and the hydrocarbon materials for carbon-
ization in a feeding system 21 are fully mixed in a solid-solid
mixer 14 to obtain the before-reaction solid materials;
[0071] 2) The before-reaction solid materials enter the car-
bonization reactor from the feeding inlet 9 to undergo car-
bonization reaction; the produced gas-phase products from
carbonization are discharged from a pyrolysis gas-phase
product outlet 7 and enter a heat exchanger 15 to separate into
gas and liquid, which are respectively stored in a gas storage
16 and a liquid storage 17; the produced solid materials after
carbonization are discharged from a material outlet 10 and
transmitted into a concurrent upward oxidation reactor 18 to
obtain a gas-solid mixtures by reacting with air or oxygen
supplied from the bottom of the oxidation reactor 18;

[0072] 3) The gas-solid mixtures are separated by acyclone
separator 19, and the separated solid particles with high tem-
perature are recycled into the solid-solid mixer 14 as high-
temperature solid heat carrier particles, while the separated
gases are discharged as flue gas and sent into downstream
processing.

[0073] During the carbonization reaction in the step 2), the
before-reaction solid materials are heated in the carboniza-
tion reactor to release gas-phase products, and the gas-phase
products upward pass through the material layer 4 into an
upper space 8 of the carbonization reactor, and then enter the
surrounding pyrolysis gas-phase product channel 3 through
the holes 11 or interstices 12 on the first internals 1, while the
small particles are detained by the first internals 1 and thus
return back into the material layer. Due to their own pressure,
the gas-phase products in the surrounding pyrolysis gas-
phase product channel 3 oppositely pass through the holes 11
or interstices 12 at the middle and lower part of the first
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internals 1 into the material layer 4, while the fine particle
materials carried by the gas-phase products are accumulated
at the bottom of the surrounding pyrolysis gas-phase product
channel 3 under the effect of the first internals 1 and gravity
and return back into the material layer 4. The gas-phase
products suffer the filtration and reforming by the high-tem-
perature particles of the material layer and the carried fine
particles and heavy components are removed, and then pass
through the holes 11 or the interstices 12 of the second inter-
nals 5 and enter the central pyrolysis gas-phase product chan-
nel 6, and finally are discharged from the pyrolysis gas-phase
product outlet 7 into the heat exchanger 15.

[0074] Inthis embodiment, the directionally flowing of the
pyrolysis gas-phase products in the carbonization reactor can
achieve the objective of cleaning and dust removing, and the
process of heat transfer and mass transfer between the par-
ticles can be strengthened, thus improve the utilization effi-
ciency of materials and heat efficiency of system.

[0075] In this embodiment, the solid particles with high
temperature obtained from combustion or oxidation process
are used as the high-temperature solid heat carrier, and the
cycle of heat carrier particles can be obtained by the integra-
tion of carbonization reactor and oxidation reactor 18,
namely, the material outlet of the carbonization reactor is
directly connected to the feeder unit of the oxidation reactor
18 and the hot flue gas discharged from the oxidation reactor
18 is separated by a cyclone separator 19, by which the
separated solid particles with high temperature are stored in
the ash bin 20 and then enter a solid-solid mixer 14 to mix
with the hydrocarbon materials supplied by a feeding system
21, and then enter the carbonization reactor to complete car-
bonization reaction, thus the cycle of heat carrier particles is
accomplished.

Embodiment 6

[0076] In this embodiment, the carbonization method used
is the same as that in embodiment 5, and the used hydrocarbon
material is oil shale. As shown in FIG. 11, the carbonization
reactor is integrated with the oxidation reactor 18 in which oil
shale semi-coke or char and pyrolysis gas generated by car-
bonization are used as fuel; the hot flue gas after combustion
is separated by a cyclone separator 19, and the separated shale
ashes with high temperature are mixed fully in the solid-solid
mixer 14 with oil shale supplied by the feeding system, and
then the mixtures enter the carbonization reactor to undergo
carbonization reaction; the pyrolysis gas-phase products flow
along the regulated path in the carbonization reactor, and the
purified pyrolysis gas-phase products are discharged from the
pyrolysis gas-phase product outlet 7 and enter the heat
exchanger 15 of the post-processing and product collection
system. After condensation, the shale oil is directly dis-
charged as liquid-phase products, while the pyrolysis gas is
stored in the gas storage and part of the pyrolysis gas returns
back to the oxidation reactor 18 to be burned to keep the heat
balance of the system. The solid products in the carbonization
reactor are discharged from the material outlet 10 and the
pyrolysis solid products comprise the shale ash and semi-
coke, which can be used as the circulating bed material and
fuel to undergo the combustion reaction in the oxidation
reactor. The shale ashes with high temperature are separated
by the cyclone separator and then enter the ash bin to be
stored. Therefore, a cycle of particles is accomplished.

[0077] In this embodiment, the mixed fuels including
pyrolysis gas and semi-coke are used to burn together in the
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oxidation reactor in order to provide the required heat for
system, and the generated high-temperature solid heat carrier
can be directly used to heat oil shale to undergo carbonization
reaction. By regulating the pyrolysis gas-phase products to
directionally flow in the carbonization reactor, the effect of
heat transfer and mass transfer between the particles are
strengthened. Meanwhile, the yield and quality of the shale
oil can be improved by taking advantage of the structural
feature of the internals in the reactor and the in-situ filtration
and reforming by high-temperature particle bed layer. Par-
ticularly, the yield of shale oil is more than 1.2 times than that
without the internals, and the content of dust is less than 0.5
wt. %. The heat provided by burning part of the recycled
pyrolysis gas in the oxidation reactor further improves the
utilization and thermal efficiency of fuel.

Embodiment 7

[0078] In this embodiment, the pyrolysis method is the
same as that in embodiment 5, and the used hydrocarbon
material is bituminous coal. As shown in FIG. 11, the carbon-
ization reactor is integrated with the oxidation reactor 18 in
which semi-coke generated by carbonization is used as fuel,
and the hot flue gas after combustion is separated by a cyclone
separator 19; the separated ashes with high temperature are
mixed fully in the solid-solid mixer 14 with the bituminous
coal supplied by the feeding system, and then the mixtures
enter the carbonization reactor to undergo carbonization reac-
tion; the pyrolysis gas-phase products flow along the regu-
lated path in the carbonization reactor, and the purified
pyrolysis gas-phase products are discharged from the pyroly-
sis gas-phase product outlet 7 and enter the heat exchanger 15
of the post-processing and product collection system. After
condensation, pyrolysis oils are obtained as the pyrolysis
liquid-phase products, while the pyrolysis gas enters the gas
storage to be stored. The solid products in the carbonization
reactor are discharged from the material outlet 10 and the
pyrolysis solid products comprise the coal ashes and semi-
coke, which can be used as the circulating bed material and
fuel to undergo the combustion reaction in the oxidation
reactor. The ashes with high temperature are separated by the
cyclone separator and then enter the ash bin to be stored.
Therefore, a cycle of particles is accomplished.

[0079] Inthis embodiment, by regulating the pyrolysis gas-
phase products to directionally flow in the carbonization reac-
tor, the process of heat and mass transfer between the particles
are strengthened. Meanwhile, the yield and quality of the
pyrolysis oil can be improved by taking advantage of the
structural feature of the internals in the reactor and the in-situ
filtration and reforming by high-temperature particle bed
layer. Particularly, the yield of the pyrolysis oil is more than
1.3 times than that without the internals, and the content of
dust is less than 1 wt. %.

Embodiment 8

[0080] In this embodiment, the used carbonization method
is the same as that in embodiment 5, and the used hydrocarbon
material is biomass (such as distiller’s grain, drug dregs,
sauce dregs, fungus dregs, etc.). As shown in FIG. 11, the
carbonization reactor is integrated with the oxidation reactor
18 in which the semi-coke generated by carbonization is used
as fuel. The hot flue gas after combustion is separated by a
cyclone separator 19, and the separated ashes with high tem-
perature are mixed fully in the solid-solid mixer 14 with the
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biomass (such as distiller’s grain, drug dregs, sauce dregs,
fungus dregs, etc.) supplied by the feeding system, and then
the mixtures enter the carbonization reactor to undergo car-
bonization reaction; the pyrolysis gas-phase products flow
along the regulated path in the carbonization reactor, and the
purified pyrolysis gas-phase products are discharged from the
pyrolysis gas-phase product outlet 7 and enter the heat
exchanger 15 of the post-processing and product collection
system. After condensation, pyrolysis oils are obtained as the
pyrolysis liquid-phase products, while the pyrolysis gas
enters the gas storage to be stored. The solid products in the
carbonization reactor are discharged from the material outlet
10, and the pyrolysis solid products comprise the biomass
ashes and the semi-coke, which can be used as the circulating
bed material and fuel to undergo the combustion reaction in
the oxidation reactor. The ashes with high temperature are
separated by the cyclone separator and then enter the ash bin
to be stored. Therefore, a cycle of particles is accomplished.

[0081] Inthis embodiment, by regulating the pyrolysis gas-
phase products to directionally flow in the carbonization reac-
tor, the process of heat and mass transter between the particles
are strengthened. Meanwhile, the yield and quality of the
pyrolysis oil can be improved by taking advantage of the
structural feature of the internals in the reactor and the in-situ
filtration and reforming by high-temperature particle bed
layer. Particularly, the yield of the pyrolysis oil is more than
1.2 times than that without the internals, and the content of
dust is less than 1 wt. %.

Embodiment 9

[0082] In this embodiment, the used carbonization method
is the same as that in embodiment 5, and the used hydrocarbon
material is household waste. As shown in FIG. 11, the car-
bonization reactor is integrated with the oxidation reactor 18
in which the semi-coke generated by pyrolysis is used as fuel.
The hot flue gas after combustion is separated by a cyclone
separator 19, and the separated ashes with high temperature
are mixed fully with the household waste supplied by the
feeding system in the solid-solid mixer 14, and then the mix-
tures enter the carbonization reactor to undergo carbonization
reaction; the pyrolysis gas-phase products flow along the
regulated path in the carbonization reactor, and the purified
pyrolysis gas-phase products are discharged from the pyroly-
sis gas-phase product outlet 7 and enter the heat exchanger 15
of the post-processing and product collection system. After
condensation, pyrolysis oils are obtained as the pyrolysis
liquid-phase products, while the pyrolysis gas enters the gas
storage to be stored. The solid products in the carbonization
reactor are discharged from the material outlet 10, and the
pyrolysis solid products comprise the ashes of the household
waste and the semi-coke, which can be used as the circulating
bed material and fuel to undergo the combustion reaction in
the oxidation reactor. The ashes with high temperature are
separated by the cyclone separator and then enter the ash bin
to be stored. Therefore, a cycle of particles is accomplished.

[0083] Inthis embodiment, by regulating the pyrolysis gas-
phase products to directionally flow in the carbonization reac-
tor, the process of heat transfer and mass transfer between the
particles are strengthened. Meanwhile, the yield and quality
of the pyrolysis oil can be improved by taking advantage of
the structural feature of the internals in the reactor and the
in-situ filtration and reforming by high-temperature particle
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bed layer. Particularly, the yield of the pyrolysis oil is more
than 1.2 times than that without the internals, and the content
of dust is less than 0.5 wt. %.

Embodiment 10

[0084] In this embodiment, the used carbonization method
is the same as that in embodiment 5, and the used hydrocarbon
material is electrical components. As shown in FIG. 11, the
carbonization reactor is integrated with the oxidation reactor
18 in which the semi-coke generated by pyrolysis is used as
fuel. The hot flue gas after combustion is separated by a
cyclone separator 19, and the separated ashes with high tem-
perature are mixed fully in the solid-solid mixer 14 with the
electrical components supplied by the feeding system, and
then the mixtures enter the carbonization reactor to undergo
carbonization reaction; the pyrolysis gas-phase products flow
along the regulated path in the carbonization reactor, and the
purified pyrolysis gas-phase products are discharged from the
pyrolysis gas-phase product outlet 7 and enter the heat
exchanger 15 of the post-processing and product collection
system. After condensation, pyrolysis oils are obtained as the
pyrolysis liquid-phase products, while the pyrolysis gas
enters the gas storage to be stored. The solid products in the
carbonization reactor are discharged from the material outlet
10, and the pyrolysis solid products comprise the ashes of the
electrical components and the semi-coke, which can be used
as the circulating bed material and fuel to undergo the com-
bustion reaction in the oxidation reactor. The ashes with high
temperature are separated by the cyclone separator and then
enter the ash bin to be stored. Therefore, a cycle of particles is
accomplished.

[0085] Inthis embodiment, by regulating the pyrolysis gas-
phase products to directionally flow in the carbonization reac-
tor, the process of heat and mass transfer between the particles
are strengthened. Meanwhile, the yield and quality of the
pyrolysis oil can be improved by taking advantage of the
structural feature of the internals in the reactor and the in-situ
filtration and reforming by high-temperature particle bed
layer. Particularly, the yield of the pyrolysis oil is more than
1.3 times than that without the internals, and the content of
dust is less than 1 wt. %.

Embodiment 11

[0086] In this embodiment, the used carbonization method
is the same as that in embodiment 5, and the used hydrocarbon
material is the absorbent particles with absorbed organic mat-
ters. As shown in FIG. 11, the carbonization reactor is inte-
grated with the oxidation reactor 18 in which the semi-coke
generated by pyrolysis is used as fuel. The hot flue gas after
combustion is separated by a cyclone separator 19, and the
separated ashes with high temperature are mixed fully with
the absorbent particles with absorbed organic matters sup-
plied by the feeding system in the solid-solid mixer 14, and
then the mixtures enter the carbonization reactor to undergo
carbonization reaction; the pyrolysis gas-phase products flow
along the regulated path in the carbonization reactor, and the
purified pyrolysis gas-phase products are discharged from the
pyrolysis gas-phase product outlet 7 and enter the heat
exchanger 15 of the post-processing and product collection
system. After condensation, pyrolysis oils are obtained as the
pyrolysis liquid-phase products, while the pyrolysis gas
enters the gas storage to be stored. The solid products in the
carbonization reactor are discharged from the material outlet
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10 and the pyrolysis solid products comprise the ashes of the
absorbent particles with absorbed organic matters and the
semi-coke, which can be used as the circulating bed material
and fuel to undergo the combustion reaction in the oxidation
reactor. The ashes with high temperature are separated by the
cyclone separator and then enter the ash bin to be stored.
Therefore, a cycle of particles is accomplished.

[0087] Inthis embodiment, by regulating the pyrolysis gas-
phase products to directionally flow in the carbonization reac-
tor, the process of heat transfer and mass transfer between the
particles are strengthened. Meanwhile, the yield and quality
of the pyrolysis oil can be improved by taking advantage of
the structural feature of the internals in the reactor and the
in-situ filtration and reforming by high-temperature particle
bed layer. Particularly, the yield of the pyrolysis oil is more
than 1.2 times than that without the internals, and the content
of dust is less than 0.5 wt. %.

Embodiment 12

[0088] In this embodiment, the used carbonization method
is the same as that in embodiment 5, and the used hydrocarbon
material is the used catalyst. As shown in FIG. 11, the car-
bonization reactor is integrated with the oxidation reactor 18
in which the semi-coke generated by pyrolysis is used as fuel.
The hot flue gas after combustion is separated by a cyclone
separator 19, and the separated ashes with high temperature
are mixed fully with the used catalyst supplied by the feeder
system in the solid-solid mixer 14, and then the mixtures enter
the carbonization reactor to undergo carbonization reaction;
the pyrolysis gas-phase products flow along the regulated
path in the pyrolysis reactor, and the purified pyrolysis gas-
phase products are discharged from the pyrolysis gas-phase
product outlet 7 and enter the heat exchanger 15 of the post-
processing and products collection system. After condensa-
tion, pyrolysis oils are obtained as the pyrolysis liquid-phase
products, while the pyrolysis gas enters the gas storage to be
stored. The solid products in the carbonization reactor are
discharged from the material outlet 10, and the pyrolysis solid
products comprise the ashes of the used catalyst and the
semi-coke, which can be used as the circulating bed material
and fuel to undergo the combustion reaction in the oxidation
reactor. The ashes with high temperature are separated by the
cyclone separator and then enter the ash bin to be stored.
Therefore, a cycle of particles is accomplished.

[0089] Inthis embodiment, by regulating the pyrolysis gas-
phase products to directionally flow in the carbonization reac-
tor, the process of heat transfer and mass transfer between the
particles are strengthened. Meanwhile, the yield and quality
of the pyrolysis oil can be improved by taking advantage of
the structural feature of the internals in the reactor and the
in-situ filtration and reforming by high-temperature particle
bed layer. Particularly, the yield of the pyrolysis oil is more
than 1.2 times than that without the internals, and the content
of dust is less than 1 wt. %.

Embodiment 13

[0090] Inthis embodiment, the used pyrolysis method is the
same as that in embodiment 5, and the used hydrocarbon
material is oil sand. As shown in FIG. 11, the carbonization
reactor is integrated with the oxidation reactor 18 in which the
semi-coke generated by pyrolysis is used as fuel. The hot flue
gas after combustion is separated by a cyclone separator 19,
and the separated ashes with high temperature are mixed fully
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with oil sand supplied by the feeder system in the solid-solid
mixer 14, and then the mixtures enter the carbonization reac-
tor to undergo carbonization reaction; the pyrolysis gas-phase
products flow along the regulated path in the carbonization
reactor, and the purified pyrolysis gas-phase products are
discharged from the pyrolysis gas-phase product outlet 7 and
enter the heat exchanger 15 of the post-processing and prod-
uct collection system. After condensation, pyrolysis oils are
obtained as the pyrolysis liquid-phase products, while the
pyrolysis gas enters the gas storage to be stored. The solid
products in the carbonization reactor are discharged from the
material outlet 10, and the pyrolysis solid products comprise
the oil sand ashes and the semi-coke, which can be used as the
circulating bed material and fuel to undergo the combustion
reaction in the oxidation reactor. The ashes with high tem-
perature are separated by the cyclone separator and then enter
the ash bin to be stored. Therefore, a cycle of particles is
accomplished.

[0091] Inthis embodiment, by regulating the pyrolysis gas-
phase products to directionally flowing in the carbonization
reactor, the process of heat and mass transfer between the
particles are strengthened. Meanwhile, the yield and quality
of pyrolysis oil can be improved by taking advantage of the
structural feature of the internals in the reactor and the in-situ
filtration and reforming by high-temperature particle bed
layer. Particularly, the yield of pyrolysis oil is more than 1.3
times than that without the internals, and the content of dust is
less than 1 wt. %.

[0092] It should be pointed out that modifications and
improvements may be still performed on specific implemen-
tation method of the carbonization reactor, such as the shape
otholes and baffle plates, the opening type of baffle plates, the
size of each unit, the installation space and patterns, the
integration method between the carbonization reactor and
other apparatus or units and the consequent operation, etc. All
of'these, however, will not depart from the scope and the basis
spirit of the invention specified in the claims.

What is claimed is:

1. A carbonization reactor for hydrocarbon materials by
solid heat carrier, the carbonization reactor comprising:

afirst internals with holes or interstices is fixed to the top of
the carbonization reactor, and a surrounding pyrolysis
gas-phase product channel is formed between the first
internals and the wall of carbonization reactor and the
lower end of the surrounding pyrolysis gas-phase prod-
uct channel is open in the material layer of the carbon-
ization reactor;

a second internals with holes or interstices is mounted in
the center of the carbonization reactor, and therein a
central pyrolysis gas-phase product channel is formed,
and the central pyrolysis gas-phase product channel has
its upper end closed which is vertically opposite to the
feeding inlet of the carbonization reactor, and the lower
end of the central pyrolysis gas-phase product channel is
open in the material layer of the carbonization reactor,
and a pyrolysis gas-phase product outlet is positioned at
the upper part of the central pyrolysis gas-phase product
channel; and

a material channel for the solid materials being formed
from the top to bottom between the surrounding pyroly-
sis gas-phase product channel and the central pyrolysis
gas-phase product channel.
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2. The carbonization reactor for hydrocarbon materials by
solid heat carrier according to claim 1, wherein the holes are
one or more kinds of holes in rhombic, rectangular or circular
shape.

3. The carbonization reactor for hydrocarbon materials by
solid heat carrier according to claim 1, wherein the interstices
are a kind of louver-shape interstices, or interstices between
components of the internals forming the central pyrolysis
gas-phase product channel.

4. The carbonization reactor for hydrocarbon materials by
solid heat carrier according to claim 1, wherein the surround-
ing pyrolysis gas-phase product channel is an annular inter-
connected channel, or a wall channel which is formed
between the wall of carbonization reactor and the first inter-
nals in the two opposite sides of the carbonization reactor and
separated by the material layer within which the central
pyrolysis gas-phase product channel is.

5. The carbonization reactor for hydrocarbon materials by
solid heat carrier according to claim 1, wherein the shape or
configuration of the carbonization reactor is cylindrical or
prismatic.

6. The carbonization reactor for hydrocarbon materials by
solid heat carrier according to claim 1, wherein the holes or
interstices are arranged in the second internals which begin at
one tenth to one third length of the second internals from the
top end so that a top-enclosed space with an outlet is formed
in the upper part of the central pyrolysis gas-phase product
channel.

7. The carbonization reactor for hydrocarbon materials by
solid heat carrier according to claim 1, wherein the lower ends
of the surrounding pyrolysis gas-phase product channel and
central pyrolysis gas-phase product channel are arranged on
the same horizontal level.

8. A carbonization method based on the carbonization reac-
tor for hydrocarbon materials by solid heat carrier according
to claim 1, the method comprising:

fully mixing the solid heat carrier particles with high tem-

perature in an ash bin and the hydrocarbon materials for
carbonization in a feeding system in a solid-solid mixer
to obtain the before-reaction solid materials;
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inputting and heating the before-reaction solid materials
into the carbonization reactor from the feeding inlet to
release gas-phase products;
upward passing the gas-phase products into the upper
space of the carbonization reactor through the material
layer;
passing the gas-phase products into surrounding pyrolysis
gas-phase product channel through the holes or inter-
stices on the first internals;
successively passing the gas-phase products into the cen-
tral pyrolysis gas-phase product channel through the
holes or interstices on the first internals, the material
layer and the holes or interstices on the second internals;
and
finally discharging the gas-phase products into a post-pro-
cessing and product collection system through the
pyrolysis gas-phase product outlet.
9. The carbonization method according to claim 8, wherein
the carbonization method further includes:
discharging the pyrolysis gas-phase products obtained
from carbonization to a post-processing and product
collection system from the pyrolysis gas-phase product
outlet;
discharging the produced solid materials after carboniza-
tion from a material outlet to a concurrent upward oxi-
dation reactor to obtain a gas-solid mixture by reacting
with the air or oxygen supplied from the bottom of the
oxidation reactor;
separating the gas-solid mixtures by a cyclone separator to
obtain separated solid particles and separated gases; and
recycling the separated solid particles with high tempera-
ture into the solid-solid mixer as the solid heat carrier
particles, while discharging the separated gases as flue
gas to downstream processing.
10. The carbonization method according to claim 8,
wherein the hydrocarbon materials are fluidizing solid par-
ticles that are rich in hydrogen and carbon.
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