
(12) STANDARD PATENT (11) Application No. AU 2015389238 B2 
(19) AUSTRALIAN PATENT OFFICE 

(54) Title 
Dividing-wall rotary kiln device 

(51) International Patent Classification(s) 
F27B 7/22 (2006.01) C22B 26/22 (2006.01) 

(21) Application No: 2015389238 (22) Date of Filing: 2015.09.02 

(87) WIPO No: WO16/155236 

(30) Priority Data 

(31) Number (32) Date (33) Country 
201510156051.8 2015.04.03 CN 

(43) Publication Date: 2016.10.06 
(44) Accepted Journal Date: 2021.07.08 

(71) Applicant(s) 
Shijiazhuang Xinhua Energy Environmental Technology Co., Ltd 

(72) Inventor(s) 
Jia, Huiping 

(74) Agent / Attorney 
WRAYS PTY LTD, L7 863 Hay St, Perth, WA, 6000, AU 

(56) Related Art 
US 5156676 A



(12) tflIA*MPieSA IW 

(10) 
(43)E~# WO 2016/155236 A1 2016 *10,P] 6 (06.10.2016) W I p W / p C T 

(51) 04"*13* -: BH, BN, BR, BW, BY, BZ, CA, CH, CL, CN, CO, CR, 
F27B 7/22 (2006.01) C22B 26/22 (2006.01) CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG, ES, Fl, GB, 

GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IR, IS, 
(21) MI$Y-: PCT/CN2015/088848 JP, KE, KG, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LU, 

(22) P4WFP*H: 2015 F 9 A 2 H (02.09.2015) LY, MA, MD, ME, MG, MK, MN, MW, MNX, MY, MZ, 
NA, NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, 

(25) $4f W: RO, RS, RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, 
SV, SY, TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, 

(26) A'W 9: VC, VN, ZA, ZM, ZWO 

(30)'L$* (84)4 t(t W '$ hftP I 
201510156051.8 2015 4 4 A¶ 3 H (03.04.2015) CN it: ARIPO (BW, GH, GM, KE, LR, LS, MW, MZ, NA, 

(71) A RW, SD, SL, ST, SZ, TZ, UG, ZM, ZW), r_[(AM, AZ, 
(SHIJIAZHUANG XINHUA ENERGY ENVIRON- BY, KG, KZ, RU, TJ, TM), R'tl (AL, AT, BE, BG, CH, 
MENTAL TECHNOLOGY CO., LTD) [CN/CN]; 1: CY, CZ, DE, DK, EE, ES, Fl, FR, GB, GR, HR, HU, IE, 

N Jb L T4L WitA VMt$1M f)tI§ 6 IS, IT, LT, LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, 

Hebei 051431 (CN)o   RS, SE, SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG)O 

(72) A: l *-7 (JIA, Huiping); Th1b4L N i4 
~~~~~ 6ebei *AWJ4.7ljf: 

051431 (CN)o ---- tyA tyiXn tti ssty(4X ( 
4.17(iii)) 

= ):AE, AG, AL, AM, AO, AT, AU, AZ, BA, BB, BG, 

(54) Title: DIVIDING-WALL ROTARY KILN DEVICE 

(57) Abstract: A dividing-wall rotary kiln 
- 5 device comprises a rotary kiln, an exhaust 

gas waste-heat power generation device 
(26), a gas recovery processing device (5), a 

4 cooler (21), a combustion fan (19), a feed
ing system (1) and an exhaust emission sys
tem. A refractory brick unit of a kiln body 
(10) is a hollow structure formed by a re
fractory inner cylinder (13) and a refractory 

17outer cylinder (24). A center of the refract

AA ory inner cylinder (13) is a kiln chamber 
AA (25). A material channel (11) is between the 

refractory inner cylinder (13) and the re

18 fractory outer cylinder (24), and is provided 
2- 2 with a refractory support (12) or a refractory 

brick unit comprising a channel. The feed
BB- ing system (1) is connected to a feeding 

BB 20 device via a raw material preheating com
partment or a dividing-wall preheater. The 
feeding device is provided with a decompos
ition gas outlet (7) connected to the gas re
covery processing device (5) via the raw 
material preheating compartment or the di

AA FUEL GAS viding-wall preheater. The kiln chamber 
BB EXHAUST EMISSION SYSTEM (25) is connected to the exhaust gas waste

heat power generation device (26) via a kiln 
tail hood (9). The kiln body (10) is formed by a kiln wall and the coaxially mounted refractory inner cylinder (13) and refractory out 
er cylinder (24), thus avoiding a direct contact between the flue gas and the material, improving quality of a heated or calcinated 

product, facilitating recycling of decomposition gas, and increasing an economic benefit.  
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DIVIDING-WALL ROTARY KILN APPARATUS 

Technical Field 

The present invention pertains to the technical field of industrial furnace, 

5 and relates to a dividing-wall rotary kiln apparatus.  

Background of the Invention 

By recycling and utilizing industrial furnace residual-heat, energy 

consumption can be saved, the production cost of the thermal product can be 

10 reduced, while the emission of the contaminant can be reduced. Industrial 

furnaces and kilns are large-sized high energy-consuming apparatuses with 

abundant residual-heat. With the rapid development of national economy, the 

industrial furnace has enormous utilizable potentiality. Iron and steel industry, 

carbide industry, alumina industry and refractory material industry are big 

15 energy consumers, and the rapid growth of the above industries drives the 

rapid development of industrial furnace. For thermal product, in the process 

of production, flue gas emission temperature is high, and is about 240 to 

2600C. By effectively utilizing this part of the flue gas residual-heat, the 

energy waste can be reduced, and the economy and the environmental 

20 protection of the industrial furnace can be improved.  

Since flue gas due to fuel combusting in a rotary kiln passes through 

calcinated material from a kiln chamber, harmful substances in the fuel are 

attached to the calcinated material, while dusts due to combusting fall on the 

material, thereby the quality of calcinated product is adversely affected. In 

25 addition, the flue gas after combusting and carbon dioxide due to limestone 

decomposing are mixed together, which is disadvantageous for recycling and 

utilization of carbon dioxide which is the calcinated by-product of limestone.  

The known rotary kiln can not be directly used for coking, coal gasification or 

semi-coke producing because calcination of processed material and 

30 combustion are performed in the same kiln chamber.



The preceding discussion of the background art is intended to facilitate an 

understanding of the present invention only. The discussion is not an 

acknowledgement or admission that any of the material referred to is or was 

part of the common general knowledge as at the priority date of the application 
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Summary of the Invention 

An object of the present invention is to provide a dividing-wall rotary kiln 

which calcines limestone by dividing-wall heating (heating through a 

dividing-wall) such that fuel combusting and limestone decomposition or 

10 coking reaction are carried out in different spaces, thereby improving quality of 

product being heated, facilitating collection of high purity decomposition gas 

and utilizing residual-heat of combusted flue gas to generate electric power, 

decreasing energy consumption of the rotary kiln and making full use of 

resources.  

15 The technical solution of the present invention is to provide a dividing-wall 

rotary kiln apparatus comprising a rotary kiln, a flue gas residual-heat power 

generation device, a gas recovery processing device, a cooler, a combustion 

fan, a feeding system and an exhaust emission system. The rotary kiln is 

provided with a kiln body, a kiln tail hood and a kiln head hood. The kiln body 

20 is connected to the kiln tail hood and the kiln head hood via a seal. The kiln 

body is formed by a housing and a refractory bricking-up. The kiln head hood 

is provided with a combustor. The kiln body is provided with a charging 

device and a discharging device. The charging device and the discharging 

device are dynamic sealingly connected with the kiln body. The discharging 

25 device is connected to the cooler. The refractory bricking-up of the kiln body 

is a hollow structure formed by a refractory inner cylinder and a refractory outer 

cylinder. The center of the refractory inner cylinder is a kiln chamber. A 

material passage is between the refractory inner cylinder and the refractory 

outer cylinder. The material passage is provided with a refractory support.  

30 The feeding system is connected to the charging device via a raw material 

preheating compartment or a dividing-wall preheater. The charging device is 

provided with a decomposition gas outlet. The decomposition gas outlet is 

connected to a decomposition gas collector or a gas recovery processing 
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device via the raw material preheating compartment or the dividing-wall 

preheater. The kiln chamber is connected to the flue gas residual-heat power 

generation device via the kiln tail hood.  

The apparatus is provided with a conveyor and an intermediate device.  

5 The intermediate device is a material storage ring, a single-row material 

injection apparatus or a multiple-row material injection apparatus. The 

material storage ring, the single-row material injection apparatus or the 

multiple-row material injection apparatus is fixedly mounted on the kiln body.  

The feeding system is connected to the charging device via the raw material 

10 preheating compartment, the conveyor and the material storage ring 

sequentially. The raw material preheating compartment is provided with a 

preheating compartment gas inlet and a preheating compartment gas outlet.  

The decomposition gas outlet is connected to a gas inlet. The preheating 

compartment gas outlet is connected to the decomposition gas collector.  

15 The gas recovery processing device includes a gas purification device, a 

tar extraction device and a multi-curve dust removal device. The dividing-wall 

preheater is a sleeve structure formed by an annular preheating compartment 

and a flue gas duct. An upper portion of the annular preheating compartment 

is provided with a decomposition gas outlet. A lower portion of the annular 

20 preheating compartment is provided with a decomposition gas inlet and a 

preheating compartment material outlet. The flue gas duct is provided with a 

flue gas outlet. The feeding system is connected to the charging device via 

the annular preheating compartment and the preheating compartment material 

outlet of the dividing-wall preheater. The rotary kiln decomposition gas outlet 

25 is connected to the annular preheating compartment via the decomposition 

gas inlet of the annular preheating compartment. The annular preheating 

compartment is sequentially connected to the tar extraction device and the gas 

purification device via the decomposition gas outlet. The kiln chamber is 

connected to the multi-curve dust removal device and the flue gas 

30 residual-heat power generation device sequentially via the kiln tail hood, the 

flue gas duct and the flue gas outlet.  

The material passage is at least one straight passage or at least one 

helical passage. Each straight passage or helical passage is provided with a 
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charge-in device and a discharging device respectively. The material 

passage is divided into plural segments along an axial direction. The 

respective segments do not communicate with each other. Each segment is 

individually provided with a charging device and a discharging device. The 

5 charging device is a charging nozzle or a charging ring. The discharging 

device is a discharging ring or a discharging passage. The charging ring is 

located on a side of the kiln tail hood. The discharging ring is located on a 

side of the kiln head hood. The refractory outer cylinder is provided with a 

feed-in hole and a feed-out hole. The charging device is in communication 

10 with the material passage via the feed-in hole. The discharging ring is 

connected to the cooler via the feed-out hole. A material stirring plate is 

provided in the charging ring. The material stirring plate is mounted at an inlet 

of the feed-in hole. A material baffle plate is provided in the material passage.  

The material baffle plate is mounted at an outlet of the feed-in hole. The 

15 apparatus is provided with a cooling fan and a heat exchanger. The cooling 

fan is connected to the cooler via the heat exchanger. The combustion fan is 

connected to a combustion-supporting wind inlet of the combustor via the heat 

exchanger. A combustion air is preheated by hot gas after the hot gas cools 

the products.  

20 The material of the refractory bricking-up is a metal material, a refractory 

material, a ceramic material or a thermally conductive material, or a composite 

material of the above-mentioned materials. The refractory material is 

refractory brick or is formed by casting of monolithic refractory material. The 

refractory bricking-up of the kiln body is a single-ring structure or a multiple

25 rings structure. Each ring of the refractory bricking-up has at least one 

material passage. Each material passage is individually provided with a 

charging device and a discharging device. The refractory bricking-up and the 

kiln chamber is concentrically mounted or eccentrically mounted. The 

refractory bricking-up is formed by a ring-in-ring structure or is constituted by 

30 disconnected rings. The rotary kiln is rotated continuously or revolved 

reciprocally between 0 to 3600. The axial inclination of the rotary kiln cylinder 

is in the range of 0 to 45°.  

4



The hollow structure is between the refractory outer cylinder and the 

refractory inner cylinder, and is effectively isolated by outer cylinder and inner 

cylinder. The hollow structure is not in communication with flue gas in the 

central kiln chamber or with structure outside of the refractory outer cylinder.  

5 The material space of the dividing-wall rotary kiln apparatus and the central 

kiln chamber can be exchanged for each other, that is, high temperature flue 

gas is introduced into the passage in the refractory bricking-up, and 

calcinated material is fed into the central kiln chamber for calcinating, a 

corresponding fuel burner is provided at an end of the passage of the 

10 refractory bricking-up, and the charging device and the discharging device are 

connected to the respective ends of the central kiln chamber. The kiln 

chamber and at least one ring of structure are formed with at least one material 

passage in each ring of bricking-up. Both sides of said one ring of bricking-up 

are connected to the kiln chamber. Each layer of the material passage is 

15 individually provided with a charging device and a discharging device. The 

refractory bricking-up is a ring-in-ring structure or disconnected rings, the 

center of the rings not necessarily being in the center of the kiln chamber.  

The shape of the ring may be an arbitrary curve. The inner passage of the 

refractory bricking-up has a variety of shapes. The inner passage is a straight 

20 line structure, a curve structure or a helical structure. The adjacent two 

material passages may not be communicated with each other. The refractory 

bricking-up is constituted by a plurality of segments divided along an axial 

direction and placed in a horizontal direction or at an angle. Each segment is 

provided with plural sets of charge ports and discharge ports along the axial 

25 direction on the kiln body, wherein the charge port is connected to the charging 

device and the discharge port is connected to the discharging device. The 

materials in respective segments may not mix or seldom mix. The 

decomposition gas due to calcinating the material in respective segments may 

communicate with each other via communicating pipe between respective 

30 segments, or may not communicate with each other.  

The flue gas residual-heat power generation device includes a waste heat 

boiler, a steam turbine and a generator. The waste heat boiler is provided 

with a steam coil that is connected to the steam turbine, the steam turbine is 
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connected to a generator set by a shaft. The combustor is a gaseous fuel 

burner, a liquid fuel burner, a solid fuel burner, or combination of the burners 

above. The present invention may be used for calcinating lime, dolomite, for 

performing the dry distillation or the coal gasification of coal, for producing 

5 coke, semi-coke, and may also be used for reduction ironmaking to produce 

sponge iron.  

The dividing-wall rotary kiln apparatus of the present invention has a kiln 

wall and a kiln body that is formed by the coaxially mounted refractory inner 

cylinder and refractory outer cylinder. The refractory inner cylinder is set as a 

10 kiln chamber for fuel combusting and flue gas ventilating. There is a 

calcinating material passage between the refractory outer cylinder and 

refractory inner cylinder, or the refractory outer cylinder and refractory inner 

cylinder is a refractory bricking-up having passage as a whole. The material 

such as limestone is dividing-wall heated by flue gas due to fuel combusting in 

15 the kiln chamber, thereby avoiding a direct contact between the flue gas and 

the material, improving quality of a heated or calcinated product, facilitating 

recycling and utilization of decomposition gas with economic value, and 

increasing a by-product income and an economic benefit of enterprises. The 

rotary kiln is connected to the flue gas residual-heat power generation device, 

20 thereby generating electric power by residual-heat of flue gas by fuel 

combusting in the kiln chamber, making full use of residual-heat resources, 

decreasing energy consumption of the rotary kiln and improving thermal 

efficiency of calcination. By mounting the charging ring and the discharge 

ring to the kiln body, the manners of charging and discharging are improved 

25 and the operation of the dividing-wall rotary kiln is optimized. A material 

stirring plate(s) is provided in the charging ring and a material baffle plate(s) is 

provided in the material passage, so as to facilitate the material into the 

material passage, and to avoid the material from outflowing from the feed-in 

hole at the lower portion or blocking up the charging ring.  

30 
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Brief Description of the Drawings 

Further features of the present invention are more fully described in the 

following description of several non-limiting embodiments thereof. This 

description is included solely for the purposes of exemplifying the present 

5 invention. It should not be understood as a restriction on the broad summary, 

disclosure or description of the invention as set out above. The description 

will be made with reference to the accompanying drawings in which: 

Fig. 1 is a schematic structural view of a dividing-wall rotary kiln of the 

present utility model; 

10 Fig. 2 is B-B cross section view of the present utility model; 

Fig. 3 is a schematic structural view of another embodiment of the present 

utility model; 

Fig. 4 is a schematic structural view of a charging ring; 

Fig. 5 is a schematic structural view of a discharging ring; 

15 Fig. 6 is a schematic structural view of yet another embodiment of the 

present invention; 

Fig. 7 is C-C cross section view of Fig. 6; 

Fig. 8 is a schematic structural view of the fourth embodiment of the 

present invention; 

20 Fig. 9 is a schematic structural view of the fifth embodiment of the present 

invention; 

Fig. 10 is a cross-sectional schematic view of the sixth embodiment of the 

present invention.  

In which: 

25 1- feeding system, 2- preheating compartment gas inlet, 3- material 

storage ring, 4- preheating compartment gas outlet, 5- decomposition gas 

collector, 6- conveyor, 7- decomposition gas outlet, 8- charging device, 9- kiln 

tail hood, 10- kiln body, 11- material passage, 12- refractory support, 13

refractory inner cylinder, 14- discharging device, 15- seal, 16- kiln head hood, 

30 17- combustor, 18- combustion air heat exchanger, 19- combustion fan, 20

cooling fan, 21- cooler, 22- cooling wind outlet, 23- cooling wind inlet, 24

refractory outer cylinder, 25- kiln chamber, 26- flue gas residual-heat power 

generation device, 27- dividing-wall preheater, 28- annular preheating 
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compartment, 29- flue gas duct, 30- gas purification device, 31- tar extraction 

device, 32- multi-curve dust removal device, 33- raw material preheating 

compartment, 34- flue gas outlet, 35- decomposition gas inlet, 36- preheating 

compartment material outlet, 37- feed-in hole, 38- material baffle plate, 39

5 material stirring plate, 40- charging ring, 41- feed-out hole, 42- discharging ring, 

43- second kiln chamber, 44- second material passage, 45- material nozzle, 

46- discharge nozzle.  

Detailed Description of the Preferred Embodiments 

10 Hereinafter, embodiments of the present invention will be described in 

detail in conjunction with accompanying drawings. The scope of the present 

invention is not limited to those embodiments. Any modification within the 

scope defined by the claims made by persons skilled in the art falls within the 

scope of the present invention.  

15 

Embodiment 1 

As shown in Fig. 1 and Fig. 2, the dividing-wall rotary kiln apparatus of the 

present invention comprises a rotary kiln, a flue gas residual-heat power 

generation device 26, a decomposition gas collector 5, a cooler 21, a raw 

20 material preheating compartment 33, a conveyor 6, a material storage ring 3, a 

cooling fan 20, a combustion fan 19, a heat exchanger 18, a feeding system 1 

and an exhaust emission system. The rotary kiln is provided with a kiln body 

10, a kiln tail hood 9 and a kiln head hood 16. The kiln body is connected to 

the kiln tail hood and the kiln head hood via seals 15. The kiln head hood is 

25 provided with a combustor 17 which is a gaseous fuel burner. The kiln body 

is provided with a charging device 8 and a discharging device 14. The 

charging device and the discharging device are dynamic sealingly connected 

with the kiln body. The discharging device is connected to the cooler. The 

cooling fan is connected to the cooler via the heat exchanger. The 

30 combustion fan is connected to a combustion-supporting wind inlet of the 

combustor via the heat exchanger. A refractory bricking-up of the kiln body 

10 is a hollow structure formed by a refractory inner cylinder 13 and a 

refractory outer cylinder 24. A center of the refractory inner cylinder is a kiln 

8



chamber 25. A material passage 11 is between the refractory inner cylinder 

and the refractory outer cylinder. The material passage is a straight passage 

and is provided with a refractory support 12. The material of the refractory 

inner cylinder and the material the refractory outer cylinder are ceramic 

5 material.  

The material passage is formed of a high temperature resistant and wear 

resistant material. The refractory support is formed of a high temperature 

resistant and wear resistant material. The high temperature resistant and 

wear resistant materials are ceramic material. The material storage ring is 

10 fixedly mounted to the kiln body 10. The feeding system is connected to the 

charging device via the raw material preheating compartment, the conveyor 

and the material storage ring sequentially. The charging device is provided 

with a decomposition gas outlet 7. The raw material preheating compartment 

is provided with a preheating compartment gas inlet 2 and a preheating 

15 compartment gas outlet 4. The decomposition gas outlet is connected to a 

decomposition gas collector 5 via the raw material preheating compartment.  

The kiln chamber is connected to the flue gas residual-heat power generation 

device via the kiln tail hood. The flue gas residual-heat power generation 

device is connected to the exhaust emission system. The exhaust emission 

20 system comprises a desulfurization and denitrification device, a dust collector, 

an induced draft fan and a chimney. The charging device is a charging ring 

40. As shown in Fig. 5, the discharging device is a discharging ring 42. The 

charging ring is located on a side of the kiln tail hood, and the discharging ring 

is located on a side of the kiln head hood. The refractory outer cylinder is 

25 provided with feed-in holes 37 and feed-out holes 41. The charging device is 

in communication with the material passage 11 via the feed-in holes. The 

discharging ring is connected to the cooler via the feed-out holes. As shown 

in Fig. 4, material stirring plates 39 are provided in the charging ring 40 and are 

mounted at the inlets of the feed-in holes 37. Material baffle plates 38 are 

30 provided in the material passage 11 and are mounted at outlets of the feed-in 

holes 37. The flue gas residual-heat power generation device comprises a 

waste heat boiler, a steam turbine and a generator. The waste heat boiler is 

provided with a steam coil that is connected to the steam turbine. The steam 

9



turbine is coaxially connected to a generator set.  

The dividing-wall rotary kiln apparatus calcines limestone to produce lime, 

and the operation process thereof is as follows. The limestone enters the raw 

material preheating compartment 33 via the feeding system 1, so that the raw 

5 material is preheated by decomposition gas generated by calcinating 

limestone material. The limestone after preheating enters the material 

passage of the rotary kiln via the conveyor 6, the material storage ring 3 and 

the charging ring 40. The limestone material in the material passage 11 is 

dividing-wall heated by flue gas generated by combusting of the combustor 17.  

10 The lime after calcinating enters the cooler 21 via the discharging ring 42.  

Cooling wind blown out by the cooling fan 20 enters the cooler to cool lime.  

After exchanging heat with combustion-supporting wind via the heat 

exchanger 18, the hot wind after cooling lime is conveyed to the exhaust 

emission system for discharge. After dividing-wall heating the material within 

15 the material passage in the kiln chamber 25, the combusted flue gas reaches 

the waste heat boiler of the flue gas residual-heat power generation device 26 

via a flue gas outlet, thereby generating steam, driving the steam turbine to 

rotate and thus driving the generator to generate electric power. The flue gas 

having left the waste heat boiler is discharged from the chimney after 

20 denitrification-desulfurization and dust removal. Decomposition gas due to 

limestone decomposing in the material passage, rich in carbon dioxide, 

reaches the raw material preheating compartment 33 via the decomposition 

gas outlet 7 and the preheating compartment gas inlet 2 to preheat the raw 

material. The decomposition gas after preheating the raw material reaches 

25 the decomposition gas collector to be collected.  

Embodiment 2 

Another embodiment of the present invention as shown in Fig. 3 

comprises a rotary kiln, a flue gas residual-heat power generation device 26, a 

30 cooler 21, a dividing-wall preheater 27, a gas purification device 30, a tar 

extraction device 31 and a multi-curve dust removal device 32, a cooling fan 

20, a combustion fan 19, a heat exchanger 18, a feeding system 1 and a 

exhaust emission system. The dividing-wall preheater is a sleeve structure 

10



formed by an annular preheating compartment 28 and a flue gas duct 29. An 

upper portion of the annular preheating compartment is provided with a gas 

outlet. A lower portion of the annular preheating compartment is provided 

with a decomposition gas inlet 35 and a preheating compartment material 

5 outlet 36. The flue gas duct is provided with a flue gas outlet 34. The 

feeding system is connected to the charging device 8 via the annular 

preheating compartment and the preheating compartment material outlet of 

the dividing-wall preheater. The decomposition gas outlet is connected to the 

annular preheating compartment via the decomposition gas inlet. The 

10 annular preheating compartment is connected to the tar extraction device and 

the gas purification device sequentially via the decomposition gas outlet. The 

kiln chamber is connected to the multi-curve dust removal device and the flue 

gas residual-heat power generation device 26 sequentially via the kiln tail hood 

9, the flue gas duct and the flue gas outlet. The multi-curve dust removal 

15 device is provided with a burner. The gas purification device outlet is divided 

into two paths, in which one path is connected to the combustor 17 and the 

other path is connected to the burner of the multi-curve dust removal device.  

Other structures are similar to those of embodiment 1.  

The embodiment dry distillation produces semi-coke, tar and coal gas 

20 products from coal powder. The production process is as follows. The coal 

powders enter the annular preheating compartment 28 of the dividing-wall 

preheater 27 via the feeding system 1. Decomposition gas (coke-oven gas) 

due to dry distillation of the coal powders enters the annular preheating 

compartment to preheat the coal powder. The coal powder after preheating 

25 enters the material passage 11 via the preheating compartment material outlet 

36 and the charging device 8. The coal powder in the material passage 11 is 

dividing-wall heated by flue gas generated by combusting of the combustor 17.  

The coal powder performs coking reaction in the material passage. The 

generated semi-coke reaches the cooler via the discharging device 14 to be 

30 cooled down, and is discharged out of the apparatus after cooling. The 

produced coke-oven gas enters the dividing-wall preheater via the 

decomposition gas outlet 7 and the decomposition gas inlet 35 to preheat coal 

powder raw material, and the coke-oven gas after preheating coal powder 
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reaches the tar extraction device 31 via the gas outlet at the upper portion of 

the annular preheating compartment to extract coal tar. The coal gas after 

being subjected to tar extracting enters the gas purification device 30 to be 

subjected to dust removing, temperature decreasing and desulfurization, then 

5 reaches the rotary kiln combustor 17 and the burner of the multi-curve dust 

removal device to be used as fuel. Other structures and processes are 

similar to those of embodiment 1.  

Embodiment 3 

10 The yet another embodiment of the present invention is used for both 

reduction ironmaking and calcinating lime. As shown in Fig. 6 and Fig. 7, the 

material passage 11 is a helical passage, and helical spaces are respectively 

used for heating limestone. The material of the refractory bricking-up is a 

metal material. Other structures are similar to those of embodiment 1.  

15 

Embodiment 4 

The fourth embodiment of the present invention is shown in Fig. 8. The 

refractory bricking-up of the kiln body 10 is a 4-ring structure comprising: a kiln 

chamber 25 in the center of the refractory bricking-up, a material passage 11, a 

20 second kiln chamber 43 and the second material passage. Each layer of the 

material passages is individually provided with a charging device and a 

discharging device for heating different materials.  

Embodiment 5 

25 The fifth embodiment of the present invention is shown in Fig. 9. The 

refractory bricking-up is constituted by three segments divided along an axial 

direction and placed in a horizontal direction or at an angle. Each segment do 

not communicate with each other. Each segment is provided with a 

single-row material injection apparatus along the axial direction on the kiln 

30 body. The single-row material injection apparatus comprises 7 sets of 

charge-in nozzles 45 that are connected to the raw material preheating 

compartment 33 via the conveyor 6 and 7 sets of discharge nozzles 46 that are 

connected to the cooler 21. The respective segments are individually 
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provided with the charging devices and the discharging devices. The work 

process is as follows. When the kiln body is stationary, materials are charged 

into each segment material passage through the charging devices. After the 

completion of the charging, all the material nozzles are closed, and the rotary 

5 kiln is rotated to calcine the material. After the calcination is completed, the 

material is charged from discharging nozzle, and after that, the rotating of the 

kiln body is stopped, then a next charge and calcination flow is carried out.  

Embodiment 6 

10 The sixth embodiment of the present invention is shown in Fig. 10. The 

refractory bricking-up is provided with 8 straight material passages 11. The 

center of the refractory bricking-up is a kiln chamber 25. Each material 

passage does not communicate with each other. Each straight material 

passage is provided with a charge-in device and a discharging device 

15 respectively.  

Modifications and variations such as would be apparent to the skilled 

addressee are considered to fall within the scope of the present invention.  

The present invention is not to be limited in scope by any of the specific 

embodiments described herein. These embodiments are intended for the 

20 purpose of exemplification only. Functionally equivalent products, 

formulations and methods are clearly within the scope of the invention as 

described herein.  

The terminology used herein is for the purpose of describing particular 

example embodiments only and is not intended to be limiting. As used herein, 

25 the singular forms "a", "an" and "the" may be intended to include the plural 

forms as well, unless the context clearly indicates otherwise. The terms 

"comprise", "comprises," "comprising," "including," and "having," or variations 

thereof are inclusive and therefore specify the presence of stated features, 

integers, steps, operations, elements, and/or components, but do not preclude 

30 the presence or addition of one or more other features, integers, steps, 

operations, elements, components, and/or groups thereof.  
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What is claimed is: 

1. A dividing-wall rotary kiln apparatus comprising a rotary kiln, a flue gas 

residual-heat power generation device (26), a gas recovery processing device 

5 (5), a cooler (21), a combustion fan (19), a feeding system (1) and an exhaust 

emission system, the rotary kiln is provided with a kiln body (10), a kiln tail 

hood (9) and a kiln head hood (16), the kiln body is connected to the kiln tail 

hood and the kiln head hood via a seal (15), the kiln body is formed by a 

housing and a refractory bricking-up; the kiln head hood is provided with a 

10 combustor (17), the kiln body is provided with a charging device (8) and a 

discharging device (14), the charging device and the discharging device is 

dynamic sealingly connected with the kiln body; the discharging device is 

connected to the cooler, characterized in that: the refractory bricking-up of the 

kiln body (10) is a hollow structure formed by a refractory inner cylinder (13) 

15 and a refractory outer cylinder (24); the center of the refractory inner cylinder is 

a kiln chamber (25), a material passage (11) is between the refractory inner 

cylinder and the refractory outer cylinder, and the material passage is provided 

with a refractory support (12); the feeding system is connected to the charging 

device via a raw material preheating compartment or a dividing-wall preheater; 

20 the charging device is provided with a decomposition gas outlet (7), the 

decomposition gas outlet is connected to a decomposition gas collector (5) or 

the gas recovery processing device via the raw material preheating 

compartment or the dividing-wall preheater, and the kiln chamber is connected 

to the flue gas residual-heat power generation device via the kiln tail hood.  

25 

2. The dividing-wall rotary kiln apparatus according to claim 1, 

characterized in that: the apparatus is provided with a conveyor (6) and an 

intermediate device, the intermediate device being a material storage ring (3), 

a single-row material injection apparatus or a multiple-row material injection 

30 apparatus; the material storage ring, the single-row material injection 

apparatus or the multiple-row material injection apparatus is fixedly mounted 

on the kiln body (10); the feeding system is connected to the charging device 

via the raw material preheating compartment (33), the conveyor and the 
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material storage ring sequentially; the raw material preheating compartment 

(33) is provided with a preheating compartment gas inlet (2) and a preheating 

compartment gas outlet (4), the decomposition gas outlet (7) is connected to 

the preheating compartment gas inlet, and the preheating compartment gas 

5 outlet is connected to the decomposition gas collector (5).  

3. The dividing-wall rotary kiln apparatus according to claim 1, 

characterized in that: the gas recovery processing device comprises a gas 

purification device (30), a tar extraction device (31) and a multi-curve dust 

10 removal device (32); the dividing-wall preheater (27) is a sleeve structure 

formed by an annular preheating compartment (28) and a flue gas duct (29); 

an upper portion of the annular preheating compartment is provided with a gas 

outlet, a lower portion of the annular preheating compartment is provided with 

a decomposition gas inlet (35) and a preheating compartment material outlet 

15 (36), and the flue gas duct is provided with a flue gas outlet (34); the feeding 

system is connected to the charging device (8) via the annular preheating 

compartment and the preheating compartment material outlet of the 

dividing-wall preheater; the decomposition gas outlet (7) is connected to the 

annular preheating compartment via the decomposition gas inlet of the annular 

20 preheating compartment, and the annular preheating compartment is 

sequentially connected to the tar extraction device and the gas purification 

device via the gas outlet at the upper portion; the kiln chamber is connected to 

the multi-curve dust removal device via the kiln tail hood (9), the flue gas duct 

and the flue gas outlet sequentially, and the multi-curve dust removal device 

25 outlet is connected to the flue gas residual-heat power generation device (26).  

4. The dividing-wall rotary kiln apparatus according to any one of claims 1 

to 3, characterized in that: the material passage (11) is at least one straight 

passage or at least one helical passage, and each straight passage or helical 

30 passage is provided with a charge-in device and a discharging device 

respectively; the material passage is divided into plural segments along an 

axial direction, the respective segments do not communicate with each other, 

and each segment is provided with the charging device and the discharging 
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What is claimed is: 

1. A dividing-wall rotary kiln apparatus comprising a rotary kiln, a flue gas 

residual-heat power generation device (26), a gas recovery processing device 

5 (5), a cooler (21), a combustion fan (19), a feeding system (1) and an exhaust 

emission system, the rotary kiln is provided with a kiln body (10), a kiln tail 

hood (9) and a kiln head hood (16), the kiln body is connected to the kiln tail 

hood and the kiln head hood via a seal (15), the kiln body is formed by a 

housing and a refractory bricking-up; the kiln head hood is provided with a 

10 combustor (17), the kiln body is provided with a charging device (8) and a 

discharging device (14), the charging device and the discharging device is 

dynamic sealingly connected with the kiln body; the discharging device is 

connected to the cooler, characterized in that: the refractory bricking-up of the 

kiln body (10) is a hollow structure formed by a refractory inner cylinder (13) 

15 and a refractory outer cylinder (24); the center of the refractory inner cylinder is 

a kiln chamber (25), a material passage (11) is between the refractory inner 

cylinder and the refractory outer cylinder, and the material passage is provided 

with a refractory support (12); the feeding system is connected to the charging 

device via a raw material preheating compartment or a dividing-wall preheater; 

20 the charging device is provided with a decomposition gas outlet (7), the 

decomposition gas outlet is connected to a decomposition gas collector (5) or 

the gas recovery processing device via the raw material preheating 

compartment or the dividing-wall preheater, and the kiln chamber is connected 

to the flue gas residual-heat power generation device via the kiln tail hood.  

25 

2. The dividing-wall rotary kiln apparatus according to claim 1, 

characterized in that: the apparatus is provided with a conveyor (6) and an 

intermediate device, the intermediate device being a material storage ring (3), 

a single-row material injection apparatus or a multiple-row material injection 

30 apparatus; the material storage ring, the single-row material injection 

apparatus or the multiple-row material injection apparatus is fixedly mounted 

on the kiln body (10); the feeding system is connected to the charging device 

via the raw material preheating compartment (33), the conveyor and the 
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material storage ring sequentially; the raw material preheating compartment 

(33) is provided with a preheating compartment gas inlet (2) and a preheating 

compartment gas outlet (4), the decomposition gas outlet (7) is connected to 

the preheating compartment gas inlet, and the preheating compartment gas 

5 outlet is connected to the decomposition gas collector (5).  

3. The dividing-wall rotary kiln apparatus according to claim 1, 

characterized in that: the gas recovery processing device comprises a gas 

purification device (30), a tar extraction device (31) and a multi-curve dust 

10 removal device (32); the dividing-wall preheater (27) is a sleeve structure 

formed by an annular preheating compartment (28) and a flue gas duct (29); 

an upper portion of the annular preheating compartment is provided with a gas 

outlet, a lower portion of the annular preheating compartment is provided with 

a decomposition gas inlet (35) and a preheating compartment material outlet 

15 (36), and the flue gas duct is provided with a flue gas outlet (34); the feeding 

system is connected to the charging device (8) via the annular preheating 

compartment and the preheating compartment material outlet of the 

dividing-wall preheater; the decomposition gas outlet (7) is connected to the 

annular preheating compartment via the decomposition gas inlet of the annular 

20 preheating compartment, and the annular preheating compartment is 

sequentially connected to the tar extraction device and the gas purification 

device via the gas outlet at the upper portion; the kiln chamber is connected to 

the multi-curve dust removal device via the kiln tail hood (9), the flue gas duct 

and the flue gas outlet sequentially, and the multi-curve dust removal device 

25 outlet is connected to the flue gas residual-heat power generation device (26).  

4. The dividing-wall rotary kiln apparatus according to any one of claims 1 

to 3, characterized in that: the material passage (11) is at least one straight 

passage or at least one helical passage, and each straight passage or helical 

30 passage is provided with a charge-in device and a discharging device 

respectively; the material passage is divided into plural segments along an 

axial direction, the respective segments do not communicate with each other, 

and each segment is provided with the charging device and the discharging 
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device individually.  

5. The dividing-wall rotary kiln apparatus according to any one of claims 1 

to 4, characterized in that: the charging device (8) is a charging nozzle or a 

5 charging ring (40), the discharging device is a discharging ring (42) or a 

discharging passage; the refractory outer cylinder is provided with a feed-in 

hole (37) and a feed-out hole (41), the charging device is connected to the 

material passage (11) via the feed-in hole, and the discharging ring is 

connected to the cooler via the feed-out hole; a material stirring plate (39) is 

10 provided in the charging ring (40) and is mounted at the inlet of the feed-in hole 

(37); the material passage (11) is provided with a material baffle plate (38), the 

material baffle plate is mounted at the outlet of the feed-in hole (37).  

6. The dividing-wall rotary kiln apparatus according to any one of claims 1 

15 to 5, characterized in that: the apparatus is provided with a cooling fan (20) and 

a heat exchanger (18), the cooling fan is connected to the cooler (21) via the 

heat exchanger (18), and the combustion fan is connected to a 

combustion-supporting wind inlet of the combustor via the heat exchanger; the 

combustor (17) is a gaseous fuel burner, a liquid fuel burner, a solid fuel burner, 

20 or combination of the above-mentioned burners.  

7. The dividing-wall rotary kiln apparatus according to any one of claims 1 

to 6 , characterized in that: the material of the refractory bricking-up is a metal 

material, a refractory material, a ceramic material or a thermally conductive 

25 material, or a composite material of the above-mentioned materials; the 

refractory material is refractory brick or is formed by casting of monolithic 

refractory material.  

8. The dividing-wall rotary kiln apparatus according to any one of claims 1 

30 to 7, characterized in that: the refractory bricking-up of the kiln body (10) is a 

single-ring structure or a multiple-ring structure, each ring of the refractory 

bricking-up has at least one material passage, and each material passage is 

provided with the charging device and the discharging device individually.  

16



9. The dividing-wall rotary kiln apparatus according to any one of claims 1 

to 7, characterized in that: the refractory bricking-up and the kiln chamber is 

concentrically mounted or eccentrically mounted; the refractory bricking-up is 

5 formed by a ring-in-ring structure or is constituted by disconnected rings.  

10. The dividing-wall rotary kiln apparatus according to any one of claims 

1 to 9, characterized in that: the rotary kiln is rotated continuously or revolved 

reciprocally between 0 to 3600, and the axial inclination of the rotary kiln 

10 cylinder is in the range of 0 to 450.  

17
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