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Abstract 

In recent years, recycling has become an unavoidable trend in the industrial field. Constrained by 

the current environmental situation and driven by the depletion of resources, industrialists are 

obliged to exploit the elements available to them as soon as possible in order to produce new 

values for development. In this context, the reuse of used motor oil remains an unexplored and 

promising field for research work, since used motor oil can be reused as a considerable source of 

heat energy that can be used to melt steel in a rotary kiln, a piece of equipment that burns it. An 

appropriate model of this equipment will be developed. The economic study allowing to set up a 

micro-steel plant requires an initial investment of 222.800.000 ariary with not only a ratio of 

added value and financial profitability respectively very high of 0,71 and 0,35 but also a margin 

rate on variable cost is high of 0,32.  

Keywords': used motor oil, reuse, rotary furnace, modeling, heat energy, steel melting, micro-

steel industry  

 

INTRODUCTION 

In developing countries like Madagascar, socio-economic development would be impossible 

without energy. Charcoal and oil still remain the primary energy sources used by the majority of 

the population. According to a recent study done in February and March 2015 by INSTAT, it was 

found that 98% of households use these resources as household energy. However, non-renewable 

fossil fuels are scarce and expensive, which is the reason for the lack of energy sources and 

obviously the various socio-economic and environmental problems caused by them.  

Moreover, Madagascar does not have an industry in the field of micro-steel that could boost its 

economy and certainly its industrial development. The establishment of this micro-steel industry 

represents an important economic issue since it would allow both to exploit a widely available 

resource and to offer a new impetus for the industrial sector.  

Economically, this research work tends respectively to:  

-Firstly, to valorize used motor oils for reuse in order to obtain a source of heat energy that can be 

used in other industrial fields such as micro-siderurgy[1]; 

-Secondly, to reduce the State's expenses in the purchase of fossil fuel for the recycling of used 

oil; 

-Thirdly, to improve the industrial sector through the implementation of new technologies such as 

micro-siderurgy 

-Fourthly, to create employment and new opportunities related to economic activities revolving 

around the use of steel.  

 In this context, the research is oriented more specifically in the modeling and 

design of a rotary kiln that will be the equipment responsible for burning waste oil, the subject of 
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this research work entitled: "Study, modeling and design of a rotary kiln for application in the 

micro-siderurgy. Questions arise, among others: 

- By what means can used motor oil be burned in Madagascar? 

- Which appropriate technology can be adopted to have a new source of calorific energy for the 

fusion of steel at high temperature? 

 

2. MATERIALS AND METHODS 

2.1. Materials 

Since the research is specifically oriented to the modeling and design of a rotary kiln that will be 

the equipment responsible for burning waste oil. The equipment consists of a horizontal axis 

rotary kiln and a liquid fuel burner waste oil spray for auxiliary fluid with external mixing 

respectively. 

 

2.1.1. Rotary kiln with horizontal axis [2] 

This is the most important material which is composed of a steel cylinder and lined inside with 

refractory ramming mixes: siliceous ramming mixes resistant to a temperature of 1700°C.  

The most important point of view is the mode of melting and the mode of heating. 

. For melting furnaces, it is usually horizontal as shown in Figure 1. 
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Figure 3.01 : Four de fusion tournant à axe horizontal  

Figure 1: melting furnaces. 

 

The horizontal axis rotary furnace is made of a steel cylinder and lined with refractory ramming 

mix or refractory bricks.  

It is supported by four rollers that allow it to rotate freely around its axis. 

The interior dimensions of the furnace must be sufficient to ensure the necessary circulation of 

fumes. It goes without saying that the diameter "D" and the length of the furnace "L" must be 

compatible with the constructional requirements. 

The length "L" of the furnace is considered to be the necessary length of the free jet development 

of the burner. The diameter [3] of the end of the free jet of a burner is defined by: D = 0.4L. 
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2.1.2. The burner [4] 

It is a liquid fuel burner with used oil spraying for auxiliary fluid with external mixing. The 

auxiliary materials are composed of: 

- A centrifugal fan 

- A rotary positive displacement pump for used oil; 

- A volumetric piston compressor for the air; 

 

2.1.2.1. The centrifugal fan [6] 

- Type of fan: We have chosen an impeller with much flattened blades. The pressure flow 

curve (Figure 2) is very steep: the maximum pressure is located on the left. This machine, 

which has a low flow rate, can be used even for very low flow rates; a variation of the 

circuit resistance does not lead to a significant variation of the flow rate 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Pressure flow curve in picture (Ht, r, P) vs Qa 

 

Vav or Qa: Air flow rate supplied by the fan  

Ht: Total air pressure  

nv or r: Fan efficiency  

WV or P: Power supplied by the electric motor  

The flow-power curve is quite flat and has a maximum; if the drive motor is designed for 

this maximum it will never be overloaded. [5] 

A reduction of the flow rate by closing a control valve does not bring any appreciable gain 

in power. [6]    

 

2.1.2.2. . Rotary positive displacement pump 

In general, the minimum power of rotary positive displacement pumps with external gears 

on the market is 250 watts or 0.25 kW. However, the power of the pump's drive motor . 
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The various variables controlled by the fuel preparation station are measured by devices 

acting as information or for the control of these variables. Thus we find: meters, pressure 

gauges, thermometers, pressure switches, thermostats, etc. 

The related quantities (flow rate and pressure) are regulated by automatic valves placed on 

the fuel circuits, other valves have a role limited to isolation to ensure safety by rapid 

closure of the circuits when abnormal operating conditions of the burners or the fuel 

preparation station are detected. 

 

2.1.2.3. Reciprocating positive displacement compressor 

Since the burner consumption is 65 kg/h and the auxiliary air flow rate is 0.73 Nm3/kg of 

fuel which corresponds to:  

Vac = 0.73 x Gm =0.73 x 65 = 47.45 Nm3/kg or 48Nm3/h   

The theoretical power depends on: 

- The flow rate Vac air flow of the compressor, that is to say in fact the speed of 

the piston or the number of strokes per minute  

- The determined pressure Pp between suction and discharge  

For an air flow Vac =48 Nm3/h, a spray pressure Pp =6bars   

The efficiency nc = 0,9 the power WC is  

 Wc =                   =                     = 8,9kw ou 9kw 

 

 We take:             

 

 

 

2.1.2.4 Refractory lining 

It is in our interest to use refractory silica rammed earth obtained by direct use, without 

firing of raw materials. Compared to the silica brick lining, the adobe lining has the 

advantage of being free of joints, in which the molten metal could infiltrate. 

The use of silica brick refractory lining has the following advantages 

- high refractoriness shows the Seger 32-33 cone the melting point of silica is theoretically 

between 1460 and 1750°c depending on the samples and the experimental conditions,  

- the main quality is to have a great rigidity at high temperature, the softening temperature 

under load being close to the melting point, hence their use for the construction of vaults 

or rotary furnace, 

- the use of silica rammed earth has the advantage of expanding and not shrinking like 

many other products, which blocks the masonry and even requires expansion joints,  

- Good resistance to acid slag, 

- Better heat conductivity when hot than when cold.  

There is now a whole range of silica products with different characteristics for different 

uses, the main ones being 

o Metallurgy: Martin and electric furnace roofs, lining of acid converters, and 

rotary furnaces for metal melting ; 

o Glassmaking: vaults and straight legs for furnaces; 

o Miscellaneous: ceramic furnaces, especially tunnel furnaces for high temperature 

refractory firing. 

 

The raw materials suitable for the manufacture of silica ramming mixes must meet the following 

requirements:   

Wc =9kw ou 12cv 

Vac . Pp 

36nc 
 

48 x 6 

36 x 0,9 
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-To be refractory, that is to say to have a melting temperature higher than the watch 32; 

-be easily and regularly transformed, therefore not be too pure and contain in their 

structure small quantities of foreign elements or amorphous silica which will initiate the 

transformation;  

-have a silica content of 96% minimum and an alumina content as low as possible; 

-The iron content will be around 1%, the other elements being lime, titanium and alkalis;  

the iron content will be around 1%, the other elements being lime, titanium and alkalis; - 

on heating, the rock must remain compact, not shatter or become friable or powdery, the 

fragments must constitute the skeleton of the brick;    

-not to have an exaggerated swelling because of the cooking. 

These raw materials, although quite rare, are very diverse and of very different geological origin, 

among others: quartz, sand, sandstone, quartzite, flint, etc. 

 

2.2 Methodologies 

We have chosen the direct heating batch melting method: the heat transfer from its source to the 

metal is direct if the flame acts directly on the metal. The flame or the hot fumes transfer heat by 

contact or convection to the furnace walls and to the metals. Melting is discontinuous as soon as 

the charges are melted, the heating is stopped and the liquid metal is poured into molds or ladles. 

The reason for this choice is the possibility to set the production capacity adapted to the needs of 

a small company. 

The choice of an external mixing auxiliary fluid sprayer is fixed for the following reasons: 

- The possibility of using waste oil or fuel oil; 

- The energy consumption is moderate since: 

o The pressurization of waste oil requires a moderate pressure; 

o and the auxiliary spraying fluid also requires a low pressure 

- The flow rate adjustment is very wide; 

- The choice of the spraying angle is wide; 

- Operation and maintenance are easy 

- The preparation of fuel is simple 

By means of this waste oil liquid fuel burner with external mixing auxiliary fluid spraying, the 

melting temperature of steel of 1700°C can be reached. 

 

3. RESULTS  

3.1 Experimental results 

The different experimental tests have allowed the following convincing results to be obtained: 

- Obtaining the high temperature 1700°C for the melting of steel. Since the furnace is 

characterized mainly by their hearth or combustion chamber. The burner with liquid combustion 

used oil as well as the hearth must be well adapted to each other. The hearth has cold walls if the 

volume of the hearth is too large in relation to the size of the flame. The flame will lose too much 

heat and combustion will be incomplete. 

On the other hand, if the flame is too large and hits the walls, the evolution of the particles during 

combustion will be stopped and coked deposits will develop at the impact points. 

We can thus deduce here that the pulverization power of the liquid fuel burner used oil 

pulverization by auxiliary fluid with external mixture is efficient to have the high temperature 

1700°C at this rotary kiln. 

-The good performance of the siliceous ramming mix for the high temperature 1700°C. Note that 

the refractory lining of the rotary kiln is based on siliceous ramming mix. 
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4. DISCUSSIONS 

Most steel furnaces for steel production have a large capacity in the range of 5 t to 50 tons. 

Examples are the Martin furnace, the Thomas converter, the L D (Linz Donawitz) converter, 

OLP (Oxygen Lauci-Poussiers), KALDO. This requires a very high initial investment. 

This research work consists in developing a melting system: rotary furnace with liquid fuel waste 

oil. This system allows respectively to: 

- Valorize used engine oils; 

- To treat metallic charges in limited quantity likely to satisfy the needs of small units of steel 

industry; 

Moreover, this realization requires a low initial investment but presents an added value and a high 

financial profitability ratio. 

 

5. CONCLUSION 

Three major advantages have been recorded through this research work, namely: on the thermal 

level, on the use of liquid fuel and finally on the economic level. 

 Advantages of the rotary kiln: the thermal characteristics of the rotary kiln result from the 

following phenomenon: the kiln wall rotates on the charge and is therefore partly in 

contact with the fumes, partly in contact with the charge, the heat flow to the charge is 

therefore increased and the wall temperature is lowered, which can improve the 

performance if the friction, erosion and chemical reactions of the charge do not have an 

unfavorable influence. In addition to this thermal advantage, the design is simple and if 

the production is sufficient, there will certainly be an impact on the economy, which is 

why one may be surprised at the extent of the field of application or these furnaces: "Steel 

melting furnaces". 

 Advantages of the use of liquid fuel: waste oil: 

- Low price per calorie: the price of energy consumed is low, this is due to the price of 

used oil which is five times lower than the price of fuel oil; 

- Low installation cost; 

- Low operating cost, due to the flexibility of the installation; 

- Low space requirements: easy storage of liquid fuel and waste oil; 

- Low maintenance costs. All equipment requires easy and inexpensive periodic 

maintenance; 

- Easy adjustment of the heat output and combustion parameters, possibly taking into 

account an automatic regulation, hence the absence of atmospheric pollution (solid 

particles); 

- Moreover, used oils do not contain any sulfur. There is therefore no gaseous air 

pollution: production of sulphur dioxide; 

-  No harmful effects of used oil fuel on the environment; 

- No negative influence of the fuel on the load; 

 Economic advantages: for the realization of a rotary furnace with a capacity of 500 kg of 

steel, the high economic study shows the interest of this research work with a low initial 

investment with a very high added value and a high financial profitability ratio. 
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