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EXTERNAL BURNING AND INTERNAL HEATING TYPED 

COAL CARBONIZATION FURNACE

FIELD OF THE INVENTION

This invention relates to a coal carbonization furnace, especially

5 relates to an external burning and internal heating typed coal carbonization 

furnace.

BACKGROUND OF THE INVENTION

Carbonization refers to heating and decomposing solid or organics 

under the condition of air isolation. The products after carbonization can be 

io gas, steam and solid residue. Gas and liquid are produced after the mixture

of the gas and the steam is cooled.

Carbonization has been familiar to people for many years. For 

example, woods are carbonized for producing charcoal, meanwhile, the 

products such as methanol and pyroligneous acid are produced. In the

15 chemical processing of coal, carbonization is a very important step. After 

carbonization, the composition of raw coal and the aggregating state thereof 

will be changed. And the products after carbonization comprise solid, 

gaseous and liquid substances, such as semi-coke, tar oil, ammonia liquor 

and coke-oven gas.

20 Carbonization is generally operated intermittently, but the types of

carbonization devices may vary in terms of types of raw materials and 

purpose, such as external burning typed device and spontaneous burning 

device. The external burning refers to externally providing heat to the 

enclosed carbonization furnace made of metals or fireproof materials, in
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4 which the raw materials are provided. Nowadays, carbonization devices are

mostly external burning typed. The spontaneous burning refers to

introducing a certain amount of air into carbonization furnace in the process

of carbonization so as to allow partial raw materials for carbonization to

5 bum and release heat, which may lead to low utilization rate of the raw 

materials and may further result in the small scale of use of the spontaneous 

burning typed carbonization device.

In the prior art, most of the external burning typed coal carbonization 

furnaces used refers to the Lurgi furnace of 1930s of 20th century and the

10 improved furnaces based on it.

Lurgi furnace is also called three-zone furnace. Referring to Fig. 1, the 

three-zone furnace comprises drying zone, carbonization zone and cooling 

zone. Solid raw materials are conveyed into coal bunker by the conveyor 

belt arranged at the top of the furnace, and evenly arranged in the drying

15 zone 100; combustible gas is mixed with air and then combust in the 

burning chamber 500 of the drying zone, after that the recycle drying gas 

from an archway is introduced for mixing so as to produce the heat carrier, 

and a circulation air fan for drying is used for blowing the heat carrier to 

the drying zone 200 through the archway provided underneath the drying

20 zone 200, in order to dry the raw coal materials.

Tail gases are evacuated from a chimney through the archway 

provided above the drying zone 200. The dried coal is conveyed to the 

carbonization zone 300. The temperature of the hot gases produced after the 

combustible gases are burnt with air in the burning chamber 600 of the

25 carbonization zone reaches 1100 °C, and the hot gases are then mixed with 

secondary coal gas to produce a heat carrier at 700-800°C, and then the heat 

carrier contacts with coal so as to carbonize it at 450-500°C and steam out

-2-



20
10

29
51

38
 

08
 O

ct
 2

01
4 oil and gas. The waste coal gas produced from the carbonization zone is

introduced into the post-treating system 700 for removing tar oil. After the

coal cubes are burnt into semi-cokes, the semi-cokes are then conveyed into

cooling zone 400, and then after cooled with tertiary coal gas, after that, the

5 cooled semi-cokes are conveyed into coke hopper, and then drop on the 

convey belt, finally, the semi-cokes are conveyed out.

Regarding the improvement of the Lurgi furnace, it mainly refers to 

evenly arranging the raw materials, reducing the resistance of recycle gas, 

improving heat-supply condition, improving the ash discharging device, 

io and simplifying the structure of device, and so on. But there are still some

shortcomings with the improved Lurgi furnace as bellow:

Firstly, the efficiency of carbonization is very low, because most of the 

cold flue gases are evacuated directly without being utilized;

secondly, the coal in the drying zone contains a great amount of water, 

15 which results in the fact that the coal still contains a great amount of water 

(above lwt%(weight percentage)) when entering the carbonization zone,

and this may significantly affect the efficiency of carbonization;

thirdly, the waste coal gases are processed before being introduced to 

the cooling zone for quenching coke, then the tail gases pass by the coal

20 cube layer and are finally evacuated from the chimney, therefore, the waste 

heat of the coal gases heated in the cooling zone is not utilized, thereby 

causing a waste of heat energy.

SUMMARY OF INVENTION

25 In view of the above-described problems, it is one objective of the

invention to provide an external burning and internal heating typed coal
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passing by the cooling layer to preheat the coal layer which is not dried, so

as to improve the efficiency of coal carbonization.

To achieve the above objective, in accordance with one embodiment 

5 of the invention, there is provided:

An external burning and internal heating typed carbonization furnace 

for coal, wherein from top to bottom, comprising: a preheating zone, for 

preheating raw coals; and a drying zone, for drying the raw coals and 

producing cold flue gas at the same time; and a carbonization zone, for 

io carbonizing the dried raw coals into carbonized products; and a cooling 

zone, for cooling the carbonized products with the cold flue gas; and the 

cold flue gas produced from the drying zone are introduced into a cold flue 

gas pipe of the cooling zone; the cold flue gas is heated into hot flue gas 

after passing through the cooling zone for cooling, and the coal

15 carbonization furnace further comprises a tail gas pipe for introducing the 

hot flue gas to the preheating zone.

The cold flue gas pipe is connected to a cycle power device, which 

allows the cold flue gas in the drying zone to flow from the cold flue gas pipe 

to the cooling zone, and then flow from the tail gas pipe to the preheating

20 zone.

The cycle power device is circulation fan.

The cold flue-gas pipe is connected to a ventilation pipe which is used 

for evacuating surplus cold flue gas from the cooling zone.

Waste coal gas outlet of the carbonization zone is connected with a 

25 post-treating system for removing the tar oil in the waste coal gas produced
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A drying burner is respectively connected with the flue gas outlet of 

the post-treating system and the drying zone and arranged therebetween, for 

burning partial coal gas produced by the post-treating system, so as to

5 produce drying flue gas for drying in the drying zone.

A drying pipe is respectively connected with the cold flue gas pipe and 

the flue-gas outlet of the drying burner and arranged therebetween, for 

mixing partial cold flue gas produced from the drying zone with the drying 

flue gas, in order to adjust the temperature for drying in the drying zone.

io A carbonization burner is respectively connected with the flue gas

outlet of the post-treating system and the carbonization zone and arranged 

therebetween, for burning partial coal gas produced by the post-treating 

system so as to produce carbonization flue gas for carbonization in the 

carbonization zone.

15 A carbonization pipe is respectively connected with the flue gas outlet

of the post-treating system and the flue gas outlet of the carbonization 

burner and arranged therebetween, for mixing partial coal gas produced by 

the post-treating system with the carbonization flue gas in order to adjust 

the temperature for carbonization in the carbonization zone.

20 A combustion-supporting air fan is connected with the flue gas inlet of

the drying burner and/ or the gas inlet of the carbonization burner, for 

providing combustion-supporting air for the drying burner and/or the 

carbonization burner respectively.

Advantages of the invention are summarized below:

25 1. External burning and internal heating typed coal carbonization

furnace of the invention sufficiently utilizes the cold coal gas produced to
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carbonization; meanwhile, it also removes sulphur contained in the flue gas, 

so as to save energy and protect the environment.

2. the external burning and internal heating typed coal carbonization

5 furnace of the invention, comprising preheating zone, drying zone,

carbonization zone and cooling zone, allows the hot flue gas after passing 

by the cooling zone to preheat the raw coal, which not only sufficiently 

utilizes the waste heat of the flue gas, but also removes sulphur from the 

flue gas in the process of cooling the semi-coke, so as to save energy and

io make the furnace environmentally protective.

3. the external burning and internal heating typed coal carbonization 

furnace of the invention allows the raw coal cube to be preheated, so that 

the dried raw coal cubes may contain less than lwt%( weight percentage) 

water, which may enhance the efficiency of carbonization.

15 4. In the prior art, waste coal gas, from which the tar oil is removed, is

always used for the quenching and cooling process. As the main ingredient 

of quenched flue gas is carbon monoxide, it may probably cause explosion 

when air enters the chamber of the cooling zone. In the furnace of the 

invention, the cold flue gas containing steam, carbon dioxide and nitrogen

20 may be used for the quenching and cooling process, instead of the waste 

coal gas produced in the process of carbonization. Due to high stability of 

the chemical property of the flue gas, it may significantly reduce the 

incidence of danger.

25 BRIEF DESCRIPTION OF THE DRAWINGS

The above-mentioned and other features and advantages of this
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and the invention itself will be better understood by reference to the 

following description of an embodiment of the invention taken in 

conjunction with the accompanying drawings, wherein:

5 FIG. 1 shows a schematic view of a Lurgi furnace in the prior art;

FIG 2 shows a schematic view of one embodiment of the external 

burning and internal heating typed coal carbonization furnace of the 

invention.

io LIST OF REFERENCE NUMERALS:

1-preheating zone; 2-drying zone; 3-carbonization zone; 4- cooling zone; 

5-drying burner; 6-carbonization burner; 7-post-treating 

system;8-combustion-supporting air fan;9-circulation fan; 10-cold flue gas 

pipe; 11-drying pipe; 12-tail gas pipe; 13-ventilation pipe; 14-carbonization

15 pipe; 100-coal bunker; 200-drying zone; 300-carbonization zone; 400- 

cooling zone;500-first burning chamber; 600- second burning chamber; 

700- post-treating system o

EMBODIMENT

20 Referring to Fig. 2, it illustrates one embodiment of the external

burning and internal heating typed coal carbonization furnace of the 

invention, which from top to bottom comprises a preheating zone 1, a 

drying zone 2, a carbonization zone 3 and a cooling zone 4.

The preheating zone is located above the drying zone and connected

25 with the drying zone. In the preheating zone, raw coal is preheated, and in 

the drying zone 3, the raw coal is dried and the cold flue gas is produced at
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In the carbonization zone 3, the dried raw coal is carbonized into 

semi-coke; and the cold flue gas is introduced to the cooling zone 4 to cool 

the semi-coke produced so as to produce hot flue gas at the same time.

5 The coal carbonization furnace is also equipped with a cold flue-gas

pipe 10 for leading the cold flue gas from the drying zone 2 to the cooling 

zone 4, and is further equipped with a tail gas pipe 12 for leading the hot 

flue gas from the cooling zone 4 to the preheating zone.

The cold flue gas pipe 10 is connected with a circulation fan 9, which 

io cause the cold flue gas from the drying zone 2 to enter the cooling zone 

through the cold flue gas pipe 10, after that it may enter the preheating zone

1 through the tail gas pipe 12.

The cold flue-gas pipe 10 is connected with a ventilation pipe 13 for 

evacuation of the surplus cold flue gas that is needless from the cooling

15 zone 4.

The waste coal-gas outlet of the carbonization zone 3 is further 

connected with a post-treating system 7 which is for removing the tar oil 

from the waste coal gas produced in the process of carbonization the raw 

coal in the carbonization zone 3.

20 A drying burner 5 is connected with the flue gas outlet of the

post-treating system 7 and the drying zone 2 respectively, and arranged 

therebetween. A drying pipe 11 is connected with the cold flue-gas pipe 10 

and a first flue-gas outlet of the drying burner 5 respectively, and arranged 

therebetween.

25 Partial coal gas produced from the post-treating system 7 is burnt in

the drying burner 5, so as to produce the drying flue gas for drying process
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produced from the drying zone 2 to be mixed with the drying flue gas in 

order to adjust the temperature for drying process in the drying zone 2.

Additionally, a carbonization burner 6 is connected with the flue-gas

5 outlet of the post-treating system 7 and the carbonization zone 3, and 

arranged therebetween; a carbonization pipe 14 is connected with the flue 

gas outlet of the post-treatment system 7 and the flue-gas outlet of the 

carbonization burner 6, and arranged therebetween.

The carbonization burner 6 allows part of the coal gas produced from 

io the post-treating system 7 to be burnt therein, so as to produce the 

carbonization flue gas for carbonization process in the carbonization zone 3 

the carbonization pipe 14 allows part of the coal gas produced from the 

post-treating system 7 to be mixed with the carbonization flue gas, so as to 

adjust the temperature for carbonization process in the carbonization zone

15 3.

The flue-gas inlets of both the drying burner 5 and the carbonization 

burner 6 are connected with a combustion-supporting air fan 8, which is for 

providing combustion-supporting air for the drying burner 5 and the 

carbonization burner 6 respectively.

20 The process flow of the external burning and internal heating typed

coal carbonization furnace comprises several recycling steps described as 

bellow:

Preheating the raw coal;

(a) drying the preheated raw coals and producing cold flue gas at the

25 same time;

(b) carbonizing the dried raw coal, so as to produce semi-coke;

-9-
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semi-coke produced after the carbonization process, and then quenching

and cooling the semi-coke so as to produce hot flue gas at the same time;

leading the hot flue gas to new raw coal to be treated, so as to preheat the

5 same.

The main ingredients of the cold flue gas produced after the step (a) 

are 48-50% steam, 20-22% Nitrogen and 28-30% carbon dioxide (volume 

percentage).

The waste coal gases produced in the carbonization process of the step 

io (b) is not used for the quenching and cooling process, but only for the

drying process of the step (a) and/or carbonization process of the step (b).

Wherein, the drying flue gas produced after burning of the mixture of 

part of the waste coal gas and air is used for the drying process of the step

(a).

15 Part of cold flue gas produced after the step (a) is mixed with the

drying flue gas, in order to adjust the temperature for the drying process of 

the step (a).

The carbonization flue gas produced after part of waste coal gases and 

air are mixed together is used for the carbonization process of the step (b).

20 Part of cold flue gas produced after the step (b) is mixed with the

carbonization flue gas, in order to adjust the temperature for the 

carbonization process of the step (b).

The temperature of the coal in the preheating process of the preheating 

step is 75°C.

25 The temperature of the coal in the drying process of the step (a) is

- 10 -
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4 180°C, The temperature for the carbonization process of the step (b) is

530°C,

The temperature of the coal in the quenching and cooling process of 

the step (c) is 130°C.

5 The tar oil is removed from the waste coal gas for post-treatment

before the waste coal gas is burnt.

In the normal working process, the preheating zone, the drying zone, 

the carbonization zone and the cooling zone of the external burning and 

internal heating typed coal carbonization furnace are filled with coal cubes 

io or semi-coke respectively, the coal cubes move from top to down, and the

semi-coke finished products are then produced.

Wherein, the raw coal is preheated in the preheating zone, the coal 

cubes are dried and carbonized in the drying zone and the carbonization 

zone respectively, and the semi-coke is to be cooled in the cooling zone.

15 The coke tar is removed by the post-treating system from the waste

coal gases that is produced from the carbonization zone, so as to produce 

coal gas.

The drying burner allows part of coal gas produced by the 

post-treating system to be burnt therein, so as to produce high temperature

20 drying flue gas; the drying flue gas is mixed with part of cold flue gas 

introduced through drying pipe 11, so as to the flue gas with appropriate 

temperature for the drying process in the drying zone.

The carbonization burner 6 allows another part of coal gas produced 

by the post-treating system to be burnt therein, so as to produce high

25 temperature carbonization flue gas; the carbonization flue gas is mixed with 

further another part of coal gas that is produced by the post-treating system

- 11 -
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with appropriate temperature for the carbonization process in the

carbonization zone.

The burning supporting air in both the drying burner 5 and the

5 carbonization burner 6 is supplied by a burning supporting air fan.

The external burning and internal heating typed coal carbonization 

furnace comprising the preheating zone, the drying zone, the carbonization 

zone and the cooling zone allows the cold flue gas produced from the 

drying zone to be introduced to the cooling zone via the cold flue gas pipe, 

io and then be introduced via the tail gas pipe to the preheating zone for 

preheating the raw coal in the preheating zone, which not only allows the 

waste heat of flue gas to be utilized, but also allows a great amount of 

sulphur to be removed from the flue gas in the process of cooling the

semi-coke, so as to be energy saving and environmentally protective.

15 Additionally, because the raw coal is preheated, the water content of

the dried raw coal is reduced to less than lwt% (weight percentage), so as 

to guarantee the carbonization efficiency.

Furthermore, the waste coal gas containing carbon dioxide and 

nitrogen as the main ingredients is used for the quenching and cooling

20 process, instead of the waste coal gas produced in the carbonization process, 

which highly reduces the incidence of danger, due to the stability of the 

chemical property of such flue gas.

The yield of semi-coke in the carbonization process of this invention 

reaches 50%; the semi-coke contains less than 8wt% (weight percentage)

25 water; and the calorific value of the waste coal gas is higher than 

1400KCal/Nm3.
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in the preheating process may be with any other value of 50-100°C.

The temperature of coal cubes in the drying process of the step (a) 

may be with any other value of 150-220°C.

5 The temperature for the carbonization process of the step (b) may be

with any other value of 500-570°C.

The temperature of the semi-coke in the quenching and cooling 

process of the step (c) may be any other value of 110-150 . The 

temperatures mentioned above may be the temperatures of the chambers of

10 the preheating zone, the drying zone, the carbonization zone, and the 

cooling zone respectively.

The temperature with any values of the temperature range mentioned 

above can meet the requirement for continue production of semi-coke. The 

temperature values mentioned in the above embodiment may be the best

15 mode, which may realize the peak efficiency of production and be adapted 

for continue production.

In another embodiment of the invention, besides semi-coke, the 

products after the carbonization process of the step (b) may be the ones 

with variable volatile contents, such as activated coke, and the types of the

20 products produced are determined by the temperature.

Furthermore, in another embodiment, the preheating process is not 

necessary and can be omitted, so that most of the cold flue gas is introduced 

to the cooling zone for cooling the carbonized products, which sufficiently 

utilizes the produced cold flue gas to cool the carbonized products, so as to

25 enhance the carbonization efficiency; in addition, in the cooling and the 

carbonization process, a great amount of sulphur is removed from the flue
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protective.

The invention being thus described, it will be obvious that the same 

may be varied in many ways. Such variations are not to be regarded as a

5 departure from the spirit and scope of the invention, and all such 

modifications as would be obvious to one skilled in the art are intended to 

be included within the scope of the following claims.
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CLAIMS

1. An external burning and internal heating typed carbonization furnace 

for coal, wherein from top to bottom, comprising:

a preheating zone (1), for preheating raw coals; and

5 a drying zone (2), for drying said raw coals and producing cold flue gas

at the same time; and

a carbonization zone (3), for carbonizing the dried raw coals into 

carbonized products; and

a cooling zone (4), for cooling the carbonized products with said cold 

io flue gas; and wherein

said cold flue gas produced from the drying zone (2) are introduced into 

a cold flue gas pipe (10) of said cooling zone (4);

wherein, said cold flue gas is heated into hot flue gas after passing 

through the cooling zone (4) for cooling, and said coal carbonization furnace

15 further comprises a tail gas pipe (12) for introducing said hot flue gas to said 

preheating zone (1).

2. The coal carbonization furnace of claim 1 wherein the cold flue gas 

pipe (10) is connected to a cycle power device, which allows said cold flue 

gas in said drying zone (2) to flow from said cold flue gas pipe (10) to said

20 cooling zone (4), and then flow from said tail gas pipe (12) to said preheating 

zone (1).
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device is circulation fan (9).

4. The coal carbonization furnace of claim 1, wherein said cold flue-gas 

pipe (10) is connected to an ventilation pipe (13) which is used for

5 evacuating surplus cold flue gas from said cooling zone (4).

5. The coal carbonization furnace of claim 1, wherein waste coal gas 

outlet of said carbonization zone (3) is connected with a post-treating 

system (7) for removing the tar oil in the waste coal gas produced in the 

process of carbonizing the raw coal in said carbonization zone (3).

io 6. The coal carbonization furnace of claim 5, wherein a drying burner

(5) is respectively connected with the flue gas outlet of the post-treating 

system (7) and the drying zone (2) and arranged therebetween, for burning 

partial coal gas produced by said post-treating system (7), so as to produce 

drying flue gas for drying in the drying zone (2).

15 7. The coal carbonization furnace of claim 6, wherein a drying pipe

(11) is respectively connected with the cold flue gas pipe (10) and the 

flue-gas outlet of said drying burner (5) and arranged therebetween, for 

mixing partial cold flue gas produced from the drying zone (2) with said 

drying flue gas, in order to adjust the temperature for drying in said drying

20 zone (2).

8. The coal carbonization furnace of claim 5, wherein a carbonization 

burner (6) is respectively connected with the flue gas outlet of the 

post-treating system (7) and the carbonization zone (3) and arranged 

therebetween, for burning partial coal gas produced by the post-treating

25 system (7) so as to produce carbonization flue gas for carbonization in the 

carbonization zone (3).
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4 9. The coal carbonization furnace of claim 8, wherein a carbonization 

pipe (14) is respectively connected with said flue gas outlet of the 

post-treating system (7) and the flue gas outlet of the carbonization burner

(6) and arranged therebetween, for mixing partial coal gas produced by the

5 post-treating system (7) with the carbonization flue gas in order to adjust 

the temperature for carbonization in the carbonization zone (3).

10. The coal carbonization furnace of any one of claims 6 to 9, 

wherein a combustion-supporting air fan (8) is connected with the flue gas 

inlet of the drying burner (5) and/ or the gas inlet of the carbonization

io burner (6), for providing combustion-supporting air for the drying burner (5) 

and/or the carbonization burner (6) respectively.
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