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Abstract — This paper briefly discusses the various industrial application of the rotary kiln in various 

sectors considering the vital factors. A Rotary kiln is a cylinder which rotates around its cylindrical axis 

and acts as a device to exchange the heat. The operational efficiency of the kiln is based on various 

parameters like inclination angle, temperature, rotation speed, material flow rate and discharge rate. The 

construction, position and alignment of kiln are an essential factor for the smooth operation. Slight 

inclination with the horizontal axis makes the movement of solid bed towards the discharge head. 
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I.   INTRODUCTION: 

The rotary kiln is a horizontal circular cylinder lined with refractory material supported by support 
stations and driven via a girth gear and drive train. The drive train consists of DC electrical motors and 
gear boxes with hydraulic packs which are clearly shown in figure.1 The kiln cylinder is located at an 
angle to the horizon and rotates at low revolutions around its longitudinal axis and operates essentially as 
a heat exchanger, dryer, calcinator and incinerator. The inclination of cylinder makes an axial 
displacement of the solid bed, which moves towards the discharge end. The rotating cylinder acts 
simultaneously as a conveying device and stirrer by the use of internal fins which helps to mix and rotate 
the material in radial direction, from outside the kiln looks like a normal cylinder without any fins. 
Inclination angle of the cylinder, operating temperature, rotating speed, material flow rate and discharge 
rate are the vital parameters for the performance of the kiln. Kiln control is one of the most vital parts and 
the kiln is very sensitive for operation. Control of the kiln during its operation the assemblage of various 
components and process parameters is essential one in the rapid fast developing environment. Kiln is 
generally used for the processes like activated coal regeneration, lignite degasification, municipal waste 
disposal, scrap tire recycling, sewage sludge disposal, soil cleaning, waste wood recycling. Indirect 
heated rotary kilns are used for pyrolysis and thermo analysis processes due to the advantages of 
continuous process, very good blending of the product unlike batch processing and simple plant layouts. 

 

Fig 1. Rotary kiln arrangement 
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II. APPLICATIONS 

   A rotary kiln is a cylinder that rotates around its cylindrical axis and essentially operates as a device to 
exchange heat. The direct heated rotary kiln is broadly used for physical activation. Construction and 
position alignment of the kiln is very important for all the process. In thermal processing of residual 
materials with a various origin and predominantly for fire treatment of hazardous wastes rotary kiln are 
employed. In metallurgy they serve for heating of solid particles like, oxide ores reduction, limestone 
calcination, cleaning of swarfs from machine oil. Furthermore, these units find a large application in the 
silicate, chemical and pharmaceutical industry also used as an incinerator and pyrolyser in minerals, 
metallurgical, cement, sugar and food industries. In these sectors they are used mainly for heating and 
drying of bulk materials with different dimension. Rotary kilns are well established devices for numerous 
industrial applications in the field of waste lime recovery, proppent manufacture, activated carbon 
manufacture, sugar industry, food processing, pulp and paper industry, clays, thermal desorption of 
organic/hazardous wastes, mineral roasting, specialty ceramics, plastic processing, gypsum calcining, Tire 
pyrolysis, bauxite calcining, pigments, catalysts, phosphate production. The fig 2 shows some of various 
industrial applications of kiln which are explained in this paper in detail. 

 

Fig 2. Various industrial applications of rotary kiln 

A. Cement kiln: 

           In cement manufacturing industry cement clinker is produced from caco3 by using rotary kiln of 

length 63m and 4.3m in diameter with an average production capacity of 3000tonnes per day. The initial 

temperature while entering decomposition zone is 850°C then increased to 900°C and 1450°C while 

entering transition zone and sintering process zone and final temperature of sintering zone is 1300°C (7) 

and different types of alternative fuels were used in these cement kiln for combustion (18). The cement is 

made of clinker and grinded gypsum and produced from a burned mixture of limestone and clay, for this 

process rotary kiln is used for making cement clinker. The length of the kiln is 124.4m and inner diameter 

is 4.2m with 4% slope (14) 

B. Calcination 

The limestone calcination as energy intensive production process from unhydrated lime is often 
performed in continuously operating rotary kiln through the chemical reactions takes place in the bed of 
raw material as well as in the gas phase (12). Inclined kiln is used to produce sodium metasilicate from 
Soda – Ash and produce calcined product of lime and dolomite in glass melting (27). Large amount of 
Sugar – Ash materials are produced as a by-product in the sugar industry. These materials can be re – 
cycled with the use of rotary kiln in the lime industry at calcinations temperature in the zone of 950 - 
1000°C (30). According to Les Edwards, Rotary kiln have been used successfully for many years to 
produce calcined coke for the aluminum industry (31). Calcinations process is performed in rotary kiln 
with the temperature around 1350°C. Retention time depends on the size of the limestone as well as 
calcination temperature. In this calcinations process both vertical and horizontal kilns were used. On 
vertical kilns, the limestone moves downward and the hot gases flow upward through the limestone. 
These kilns usually use limestone sizes between 13 to 20cm and operating temperature is between 900 to 
1000°C. Vertical kilns are fuel efficient but limited in capacity. On horizontal kilns, the kiln body rotates 
allowing the limestone to tumble and exposing all of the surfaces to hot gases. These kilns usually used 
limestone size is between 4 to 5cm this size will allow for quick heating and short residence time but the 
ideal size for calcining limestone is between 1.25 to 2.0cm (32). A.P.Watkinson reviewed that, 
calcinations of limestone has been carried out in a rotary kiln under certain operating variables such as 
limestone type, federate, rotational speed, inclination angle.  
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In this process limestone federate has the strongest effect on the temperature and calcinations fields where 
as inclination angle and rotation speed are relatively less important. The physical parameters of the kiln 
are 5.5m long, 0.61m OD and 0.406ID. The kiln is lined with 9.2cm of plicast tuff-lite over a 2mm layer 
of insulating fibre (33). 

C. Manufacturing 

         A rotary kiln is used in iron manufacturing industry which has two zones namely preheating zone 

and reduction zone and can mix the solid charge as it heats and reduces the simultaneous mixing helps in 

the dilution of CO2 concentration formed around the iron ore particles (1). The similar type of rotary kiln 

is used for making aluminum in aluminum re melting plant from aluminum scrap. The length of the kiln 

is 4.8m and diameter is 3.5m with 5 to 35° inclination. Aluminum scrap is charged and liquid aluminum 

is discharged through the front aperture with the melting capacity of 4T aluminum scrap per hour but 

filling capacity is 8T per hour (3). Rotary kiln is also used in the production of sarooj with 200Kg/h 

production capacity by burning specific clay soil that possesses adequate quantity of silica, alumina, and 

iron oxides. The external diameter of the kiln is 1.2m overall length of the kiln is 3.17m and operating 

temperature is 750°C material feed rate is 200Kg/h speed of rotation of cylinder is 30rpm (11). Rotary 

kiln is also used in pellet induration process, a complex process in pellet production under the premises of 

the maximum productivity and minimum fuel consumption with sufficient mechanical strength and 

thermal stability (15). A pilot rotary kiln, used to manufacture activated carbon from eucalyptus wood, 

length of the kiln is 3.7m internal and external 0.30m and 0.60m with 2 to 6° slope and rotation speed is 1 

to 3 rpm. The processing temperature is between 800-1100°C (5, 9). Kiln is used for mixing of glass 

powder slurries in concrete manufacturing to improve mechanical properties (26). Kiln is used to supply 

re burned lime in the re causticizing operation (28). 

 

D. Incinerator 

           Rotary kiln is used as waste incinerator, the cylinder is mounted at an angle of 1-2° and rotates at a 

speed of 0.2 to 0.3rpm, and diameter is 4.2m and 11.4m length. Two types of hazardous wastes are 

incinerated in the rotary kiln system having high caloric waste such as waste oil and solvents, with an 

calorific value of roughly 30MJ/Kg and having low caloric waste an average value of 9 to 10MJ/Kg. the 

burning temperature of the waste inside the kiln wall is 1200°C, mixing temperature 1250°C temperature 

of the solid bed is around 3157°C with mass flow rate of 12.5Kg/s (2). Plasma combustion of hazardous 

medical waste process is done by using kiln with direct motion of burning hazardous medical waste and 

incandescent gases with the capacity of 150-200Kg/h. About 60% of organic part of the waste burn in this 

process (4). According to M.J.Gazquez.et.al rotary kiln is used for the removal of waste content and trace 

amount of sulphur from TiO2 (17). Rotary kiln is used for refining of used oil generated from automotive 

industries in this refining process kiln is used as incinerator (25).  

 

E. Thermal processing 

         The rotary kilns were used as rotary dryer to remove moisture and water from solid substances 

(olive stones), primarily by introducing hot gases into a cylinder, it act as a conveying device and stirrer. 

After the first extraction of olive oil from olive stone, still that contains oil which can be chemically 

subtracted by the drying process. The processing temperature is 427°C and cylinder inclination is 2°. 

Around 8 to 10% of moisture gets reduced by this process (6). Followed by this rotary kiln is used as a 

dryer for yerba mate heat treatment processing. The length of the kiln is 9.6m and internal diameter is 

2.57m, the inclination of the cylinder is 60° with respect to horizontal axis. Material feed rate is 0.282kg/s 

and processing temperature is 120°C. Rotation speed of the cylinder is 10rpm (10). D.Peinado.et.al, 

reviewed that rotary kiln is used as a dryer employed in a hot mix asphalt (HMA) plant for heating and 

drying of the aggregates. The operating temperature is between 150°C and 200°C (16). For drying 

magnesite ore rotary kiln is used as a dryer with operating temperature of 100°C (21). 
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F. Pyrolyser 

The main purpose of a rotary kiln pyrolyser is to convert olive pits into char fated to the production of 

activated char. The capacity of plant is about 2000Kg/h of wet olive pit, distribution of pyrolysis products 

as function of the process temperature (50 - 750°C) at fixed biomass with flow rate of 1700Kg/h. 

operating temperature of 300 - 400°C and higher operating temperature is 800 to 900°C, length of the kiln 

is 20m and internal diameter is 1.6m (13). Rotary kiln is used for recycling of waste composite material 

(thermoset – based polymer composite) collected from the products such as automobile, wind turbines 

and aircrafts. (29).  

 

 

Rotary kiln is also used for transforming solid biomass into useful liquid and gaseous fuel in this process 

rotary kiln act as pyrolyser. The inclination of cylinder is of few degrees, with internal fins which help to 

mix and rotate the biomass in radial direction. The rotational speed of the cylinder is 10 to 100rpm and 

reaction temperature is above 350°C (8). 

III. DISCUSSION 

The pertinent information of rotary kiln is illustrated in the table 1 based on the review done in this paper. 

It’s clearly explained that, in all applications of kilns should have certain inclination, geometrical 

parameters and process temperatures are important parameters for quality operations of kiln. The 

geometrical size of the kiln is based on the requirement of production capacity. 

TABLE I.  GEOMETRICAL AND PROCESS PARAMETERS OF ROTARY KILNS IN VARIOUS PROCESSES 

Applications 

Length Inner Inclination Temperature 

(m) Diameter Angle (°C) 

 
(m) (degree) 

 
Cement 63-125 4.2-4.3 4% slope 850-1350 

Calcinations 5.5 0.406 1-4% slope 950-1450 

Aluminum 
4.8 3.5 5-3.5° 800 

Plant 

Activated 
3.7 0.3 2-6° 800-1100 

Carbon 

Incinerator 11.4 4.2 1-2° 3000 

Thermal 
9.6 2.57 60° angle 120 

Processing 

Pyrolysis 20 1.6 adequate 800-900 

 

 

IV. CONCLUSION 

        The applications of the rotary kiln are briefly discussed in the above sections of this paper. The 

effect of the geometric parameter over the kiln is also said in this paper. Fig 3 clearly shows the 

application levels in various sectors from this around 40% of usage are in manufacturing sectors. 
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Fig 3. Allocation of application levels 

 

 Also its concluded that Rotary kiln is widely used in the production of cement clinker, Calcination of 

limestone, producing activated carbon, sponge iron production, metallurgical, minerals, food and sugar 

industries, it can also use as an incinerator and heat treatment system (dryer) for the process of liquid and 

solid hazardous and medical waste, drying olive stone. 

 
References 

[1] J. van Dyk and L. Pretorius. Analysis of dynamic effects in a rotary kiln system used for iron production. 

R & D Journal, 1995, II(1). 

[2] Y.Yang, J.Rakhorst, M.A.Reuter, J.H.L.Voncken. Analysis of gas flow and mixing in a rotary kiln waste 

incinerator. Second International Conference on CFD in the minerals and process industries. CSIRO, Melbourne, 

Australia, 6 – 9 December, 1999. pp 443 – 448. 

[3] Karl-Heinz Funken, Martin Roeb,Peter Schwarzboezl,Heiko Warnecke. Aluminum Remelting using 

Directly Solar-Heated Rotary Kilns. Journal of Solar Energy Engineering. May 2001, Vol. 123. 

[4] Ph. G. Rutberg, A. N. Bratsev, A. A. Safronov, A. V. Surov, and V. V. Schegolev. The Technology and 

execution of Plasmachemical Disinfection of Hazardous medical waste. IEEE transactions on plasma science, 

August 2002. Vol. 30, No. 4. 

[5] Oscar A. Ortiz, Nora D. Martínez, Carmen. A. Mengual and Pablo M. Aballay. Optimization study of a 

pilot rotary kiln for activated carbon production. 2nd Mercosur Congress on Chemical Engineering.2005. 

[6] N. C. Tsourveloudis, L. Kiralakis. Rotary Drying of Olive Stones: Fuzzy Modeling and Control. Wseas 

Transactions on Systems, Issue 12, Vol. 4, , 2005 pp.2361-2368. 

[7] Shijie Wang, Jidong Lu, Weijie Li, Jie Li, and Zhijuan Hu. Modeling of Pulverized Coal Combustion in 

Cement Rotary Kiln. Energy & Fuels 2006, 20, 2350-2356. 

[8] A. Traverso, R. Bertone and A.F. Massardo. Transient Modelling of a Rotary-Kiln Pyrolyser. The Open 

Mechanical Engineering Journal.2007,1,1-13. 

[9] O. A. Ortiz, n. D. Martínez, C. A. Mengual and P. M. Aballay, Optimal operation profit of a pilot rotary 

kiln for charcoal activation. Latin American Applied Research 37 (2007). :207-213. 

[10] . J. M. Peralta and M. E. Schmalko. Modeling Heat And Mass Transfer In The Heat Treatment Step Of 

Yerba Maté Processing. Brazilian Journal of Chemical Engineering. Vol. 24, No. 01,January - March, 2007. pp. 73 – 

82. 

[11] A. W. Hago and A. A. Al-Rawas. Design of a Rotary Kiln for Production of Sarooj. The Journal of 

Engineering Research Vol. 5, No.1,(2008), 55-61. 

[12] Uwe Küssel, Dirk Abel, Matthias Schumacher and Martin Weng. Modeling of Rotary Kilns and 

Application to Limestone Calcination. Proceedings 7th Modelica Conference, Como, Italy, Sep. 20-22, 2009. 

[13] Enzo BENANTI, Cesare FREDA, Vincenzo LOREFICE, Giacobbe BRACCIO and Vinod Kumar 

SHARMA. Simulation of olive pits pyrolysis in a Rotary Kiln Plant. Thermal Science, Year 2011, Vol.15, No.1, 

pp.145 – 158. 

[14] R. Saidur, M.S. Hossain, M.R. Islam, H. Fayaz, H.A. Mohammed. A review on kiln system modeling. 

Renewable and Sustainable Energy Reviews 15 (2011) 2487–2500. 



Journal of Applied Science and Engineering Methodologies 

Vol.1, No.1, 2015, Page.155-160 

160 

ScientistLink Publications 
 

[15] FENG Jun-xiao , XIE Zhi-yin , L¨U You-yang , XU Jing-hai. ZHANG Yong-ming, YANG Jin-bao. 

Optimization of Pellet Induration Process Parameters in Rotary Kiln Using Simulation Results. J. Shanghai Jiaotong 

Univ. (Sci.), 2011, 16(3): 307-311 DOI: 10.1007/s12204-011-1149-9. 

[16] D. Peinado, M. de Vega , N. García-Hernando, C. Marugán-Cruz. Energy and energy analysis in an 

asphalt plant’s rotary dryer. Applied Thermal Engineering, Volume 31, Issues 6–7, May 2011, Pages 1039-1049. 

[17] M.J. Gázquez, J.Mantero, J.P.Bolívar, R.García-Tenorio, F.Vaca, R.L.Lozano. Physico-chemical and 

radio active characterization of TiO2 undissolved mud for its valorization. Journal of Hazardous Materials xxx 

(2011) xxx–xxx. HAZMAT-13073; No. of Pages8. 

[18] W. K. Hiromi Ariyaratne, Morten C. Melaaen, and Lars-André Tokheim. The Effect of Alternative Fuel 

Combustion in the Cement Kiln Main Burner on Production Capacity and Improvement with Oxygen Enrichment. 

World Academy of Science, Engineering and Technology 76, 2013. 

[19] D. Tsweleng. Low-cement chrome-oxide-free castable for use in iron making rotary kilns. The Journal of 

The Southern African Institute of Mining and Metallurgy Volume 113 August 2013. 651 – 658. 

[20] S. Ghanbarnezhad, A. Nemati, M. Bavand-Vandchali, R. Naghizadeh. New development of spinel 

bonded chrome-free basic brick. International journal of architecture. Volume 1, Issue 1, January – December 

(2013), pp. 46-55. 

[21] Necmettin ERDOGAN.Application Of Magnetic Separation For Production Of High-Quality And Large 

Size Fractions Magnesite Concentrates From Magnesite Ore. Physicochem. Probl. Miner. Process. 50(1),2014, 

129−140. 

[22] N. Othman and S. K. Kamarudin. Radiotracer Technology in Mixing Processes for Industrial 

Applications. Hindawi Publishing Corporation, The Scientific World Journal, Volume 2014, Article ID 768604, 15 

pages. 

[23] Rayko Stanev, Iliyan Mitov. Experimental Approaches And Measuring Instruments For Investigation Of 

Transport Phenomena In Rotary Kilns. Advances in Natural Science: Theory & Applications. Volume 2 No. 1 2013, 

39-53. 

[24] TauqeerAbbas, MoinuddinGhauri, Salman Nazir, Zeeshan Rashid. Simulation study of producing 

NH4HCO3 from the flue gases of brick kiln - an environmental friendly approach. Sci.int.(lahore), 24(4),435-441, 

2012, issn 1013-5316,coden: sinte 8 

[25] Jhanani. S, Kurian Joseph. Used oil generation and management in the automotive industries. 

International Journal Of Environmental Sciences Volume 2, No 2, 2011. 

[26] Patricija Kara. The Influence of Waste Glass Slurry on the Properties of Concrete. International Journal 

of Application or Innovation in Engineering & Management (IJAIEM), Volume 2, Issue 8, August 2013. 

[27] C. Philip Ross, Gabe L. Tincher, Margaret Rasmussen. Glass Melting Innovations Glass Melting 

Technology: A Technical and Economic Assessment. Kanch, quarterly journal of theAll india glass manuacturers’ 

federation, Vol. 3, No. 4, July-September 2010. 

[28] Pradeep Kumar Juneja , A. K. Ray. Prediction based Control of Lime Kiln Process in a Paper Mill. 

Journal Of Forest Products & Industries, 2013, 2(3), 58-62 ISSN:2325–4513(Print) ISSN 2325 – 453X. 

[29] Yongxiang Yang, Rob Boom, Brijan Irion, Derk-Jan van Heerden, Pieter Kuiper, Hans de Wit. Recycling 

of composite materials. Chem. Eng. Process. (2011), doi:10.1016/j.cep.2011.09.007. 

[30] Nikolaos Kantiranis. Re-Cycling of sugar-ash: a raw feed material for rotary kilns, Waste Management, 

Volume 24, Issue 10, 2004, pages 999 – 1004. 

[31] Les Edwards. Quality and process performance of rotary kilns and shaft calciners. TMS (The Minerals, 

Metals & Materials Society), 2011. 

[32] Mohamad Hassibi. Factors affecting the quality of quicklime (CaO). Chemco Systems, L.P. Revision 1 – 

March 17, 2009. 

[33] A.P.Watkinson and J.K.Brimacombe. Limestone calcinations in a rotary kiln. American society for 

metals and the metallurgical society of AIME. Volume 13B, September 1982-369. 

[34] Wicky Moffat and M. R. W. Walmsley. Understanding lime calcinations kinetics for energy cost 

reduction. Presented at the 59th Appita Conference, Auckland, New Zealand 16-19 May 2006. 

 


