[image: image1.jpg]



[image: image2.png]



[image: image3.jpg]


[image: image4.jpg]calcining
dryin:

sintering

Y






Cement manufacturing: components of a cement plant

This page and the linked pages below summarize the cement manufacturing process from the perspective of the individual components of a cement plant - the kiln, the cement mill etc.. 
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View of a cement kiln (the long nearly-horizontal cylinder) and preheater tower.

Summary of production process

Cement is typically made from limestone and clay or shale. These raw materials are extracted from the quarry crushed to a very fine powder and then blended in the correct proportions. 

This blended raw material is called the 'raw feed' or 'kiln feed' and is heated in a rotary kiln where it reaches a temperature of about 1400 C to 1500 C. In its simplest form, the rotary kiln is a tube up to 200 metres long and perhaps 6 metres in diameter, with a long flame at one end. The raw feed enters the kiln at the cool end and gradually passes down to the hot end, then falls out of the kiln and cools down.

The material formed in the kiln is described as 'clinker' and is typically composed of rounded nodules between 1mm and 25mm across.

After cooling, the clinker may be stored temporarily in a clinker store, or it may pass directly to the cement mill.

The cement mill grinds the clinker to a fine powder. A small amount of gypsum - a form of calcium sulfate - is normally ground up with the clinker. The gypsum controls the setting properties of the cement when water is added. 
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The basic components of the cement production process.
Cement manufacturing - raw materials

If you happen to be a geologist, the raw materials quarry is probably the most interesting part of a cement works, maybe unless you view the clinkering process as igneous rocks in the making. 

The most common raw rock types used in cement production are:

- Limestone (supplies the bulk of the lime)

- Clay, marl or shale (supplies the bulk of the silica, alumina and ferric oxide)

- Other supplementary materials such as sand, pulverised fuel ash (PFA), or ironstone to achieve the desired bulk composition

Quarry management is an art. Most quarries will have ‘good material’ from which cement can easily be made. They will also have less-good material. Maybe this is harder to grind up, or of less convenient composition. 
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Limestone blocks being taken away for crushing. 

If the 'good stuff' is all used up first, it may be difficult to make cement out of what is left. Careful selection on a day-to-day basis is needed to make the best use of all the materials available.

Raw materials are extracted from the quarry, then crushed and ground as necessary to provide a fine material for blending. Most of the material is usually ground finer than 90µm - the fineness is often expressed in terms of the percentage retained on a 90µm sieve.

Once the the raw materials are ground fine enough, they are blended in the proportions required to produce clinker of the desired composition.

The blended raw materials are stored in a silo before being fed into the kiln. The silo stores several days' supply of material to provide a buffer against any glitches in the supply of raw material from the quarry.

Technically, a cement producer can have almost complete control over clinker composition by blending raw materials of different compositions to produce the desired result. In practice, however, clinker composition is largely determined by the compositions of the locally-available raw materials which make up the bulk of the raw meal. 

Supplementary materials are used to adjust the composition of the raw meal but cost and availability are likely to determine the extent to which they are used. Transport costs in particular become significant in view of the large quantities of materials used in making cement.

Manufacturing - the cement kiln

Rotary kilns were introduced in 1890s and became widespread in the early part of the 20th century. They were a great improvement on the earlier shaft kilns, giving continuous production and a more uniform product in larger quantities.

A rotary kiln is basically a long cylinder rotating about its axis. Cement kilns rotate once every minute or two. The kiln is inclined at a slight angle, the end with the burner being lower. The rotation of the kiln causes the raw meal to gradually pass along from where it enters at the cool end, to the hot end where it eventually drops out and cools.


Principle of a basic wet-process kiln. 

Wet process kilns
The original rotary cement kilns were called 'wet process' kilns. In their basic form they were relatively simple compared with modern kilns. The raw meal was fed into the kiln at ambient temperature in the form of a slurry.

A wet process kiln may be up to 200m long and 6m in diameter. It has to be long because a lot of water has to be evaporated and the process of heat transfer in a wet process kiln is not very efficient.
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The slurry may contain about 40% water. This takes a lot of energy to evaporate and various developments of the wet process were aimed at reducing the water content of the raw meal. An example of this is the 'filter press' (imagine a musical accordion 10-20 metres long and several metres across) - such adaptions were described as 'semi-wet' processes.

The wet process has survived for over a century because many raw materials are suited to blending as a slurry. Also, for many years, it was technically difficult to get dry powders to blend adequately.

Quite a few wet process kilns are still in operation, usually now with higher-tech bits bolted on. However, new cement kilns are of the 'dry process' type. 
Dry process kilns
In a modern works, the blended raw material enters the kiln via the pre-heater tower. Here, hot gases from the kiln, and probably the cooled clinker at the far end of the kiln, are used to heat the raw meal. As a result, the raw meal is already hot before it enters the kiln.

A dry process kiln is much more thermally efficient than a wet process kiln. 

Firstly, and most obviously, this is because the meal is a dry powder and there is little or no water that has to be evaporated.

Secondly, and less obviously, the process of transferring heat is much more efficient in a dry process kiln.

An integral part of the process is a heat exchanger called a ‘suspension preheater.’ This [image: image10.jpg]


is a tower with a series of cyclones in which fast-moving hot gases keep the meal powder suspended in air. All the time, the meal gets hotter and the gas gets cooler until the meal is at almost the same temperature as the gas.

The basic dry process system consists of the kiln and a suspension preheater. The raw materials, limestone and shale for example, are ground finely and blended to produce the raw meal. The raw meal is fed in at the top of the preheater tower and passes through the series of cyclones in the tower. Hot gas from the kiln and, often, hot air from the clinker cooler are blown through the cyclones. Heat is transferred efficiently from the hot gases to the raw meal.

The heating process is efficient because the meal particles have a very high surface area in relation to their size and because of the large difference in temperature between the hot gas and the cooler meal. Typically, 30%-40% of the meal is decarbonated before entering the kiln.

A development of this process is the ‘precalciner’ kiln. Most new cement plant is of this type. The principle is similar to that of the dry process preheater kiln but with the major addition of another burner, or precalciner. With the additional heat, about 85%-95% of the meal is decarbonated before it enters the kiln. 

                               Basic principle of precalciner kiln. 

Since meal enters the kiln at about 900 C, rather than 20 C in a wet process kiln, the kiln can be shorter and of smaller diameter for the same output. This reduces the capital costs of a new cement plant. A dry process kiln might be only 70m long and 6m wide but produce a similar quantity of clinker (usually measured in tonnes per day) as a wet process kiln of the same diameter but 200m in length. For the same output, a dry process kiln without a precalciner would be shorter than a wet process kiln but longer than a dry process kiln with a precalciner. 

Kiln and preheater tower: raw meal passes down the tower while hot gases rise up, heating the raw meal. At 'A,' the raw meal largely decarbonates; at 'B,' the temperature is 1000 C - 1200 C and intermediate compounds are forming and at 'C,' the burning zone, clinker nodules and the final clinker minerals form. A preheater tower is likely to have 4-6 stages, not the three shown here. Many designs are more complex but this diagram illustrates the principle. See the 'Clinker' pages for more information on reactions in the kiln. 
The kiln is made of a steel casing lined with refractory bricks. There are many different types of refractory brick and they have to withstand not only the high temperatures in the kiln but reactions with the meal and gases in the kiln, abrasion and mechanical stresses induced by deformation of the kiln shell as it rotates.

Bricks in the burning zone are in a more aggressive environment compared with those at the cooler end of the kiln (the 'back end'), so different parts of the kiln are lined with different types of brick.

Periodically, the brick lining, or part of it, has to be replaced. Refractory life is reduced by severe changes in temperature, such as occur if the kiln has to be stopped. As the cost of refractories is a major expense in operating a cement plant, kiln stoppages are avoided as far as possible.

As the meal passes through the burning zone, it reaches clinkering temperatures of about 1400 C - 1500 C. Nodules form as the burning zone is approached. When the clinker has passed the burning zone, it starts to cool, slowly at first, then [image: image11.jpg]


much more quickly as it passes over the 'nose ring' at the end of the kiln and drops out into the cooler. 

The clinker cooler
There are various types of cooler - we will consider only one, the 'grate cooler'. 

Cooler - red-hot clinker falls onto the grate, cooled by air 
blown from beneath. The clinker is moving towards the front 
of the picture

The purpose of a cooler is, obviously, to cool the clinker. This is important for a several reasons:

· From an engineering viewpoint, cooling is necessary to prevent damage to clinker handling equipment such as conveyors.

· From both a process and chemical viewpoint, it is beneficial to minimise clinker temperature as it enters the clinker mill. The clinker gets hot in the mill and excessive mill temperatures are undesirable. It is clearly helpful, therefore, if the clinker is cool as it enters the mill.

· From an environmental and a cost viewpoint, the cooler reduces energy consumption by extracting heat from the clinker, enabling it to be used to heat the raw materials.

· From a cement performance viewpoint, faster cooling of the clinker enhances silicate reactivity.

The cooled clinker is then conveyed either to the clinker store or directly to the clinker mill. The clinker store is usually capable of holding several weeks' supply of clinker, so that deliveries to customers can be maintained when the kiln is not operating. 

Cement kiln refractories

Refractories play a critical, if unseen, role in both the rotary kiln lining, and the lining of the high volume static equipment areas that comprise a modern pre-calciner kiln system.

The durability of the rotary kiln brick lining generally determines the duration of a kiln operating campaign. Whilst great efforts are made to ensure appropriate refractory brick materials selection, installation, deployment (zoning) and the optimisation of the kiln light-up, it is primarily the nature and stability of the subsequent kiln operation that influences rotary kiln lining life.
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Installing a new brick lining in the outlet zone of a precalciner kiln. 

A large number of kilns now use alternative fuels. Many of them substitute these alternative fuels through the main kiln burner as well as in the pre-heater / pre-calciner; the chemical and heat-release changes caused by inevitable short-term fluctuations in the fuel(s) mix has a major influence on the thermal, coating and atmosphere conditions existing through the rotary kiln into the pre-calciner.
Expert systems are available that help limit the influence of fuel mix fluctuations on the flame shape, but not many cement kilns are equipped with such systems. Consequently, the main influence of the use of alternative fuels is often on clinker chemistry due to the different ash compositions of individual alternative fuels.
.
Such fuel variations may produce any or all of the following :
.
•    Alternative fuel fall through ( from the pre-heater/ pre-calciner )
•    Adverse minor phase re-circulation effects ( gasriser )
•    Excessive build-up or clogging ( kiln inlet or gasriser )
•    Excessive coating in the rotary kiln ( ringformation )
•    Reducing conditions or damaging atmosphere effects( rotary kiln )
•    Thermal wash-outs ( rotary kiln )
•    Fluctuations in flame length ( rotary kiln )
•    Destabilisation and stripping of clinker coating (rotary kiln )

Demolition of worn lining in the burning zone of a 6.1 m diameter kiln. 

Much can be learned from the clinker chemistry and microscopy about the environment existing within the kiln system. The clinker mineralogy, microstructure, minor phases, macrostructure and variability can each help to define more precisely the atmosphere and process conditions existing in the rotary kiln and clinker cooler. If any of the clinker parameters are found to be outside a safe range, or potentially indicative of conditions damaging to the coating or to the kiln refractory, kiln operators can use this information to attempt to achieve safer and more stable kiln conditions, thus reducing thermal and chemical stresses on the kiln lining.



Kiln outlet zone, with coating rings caused by fuel ash bonding
with dust recirculating from the clinker cooler. 


Cement manufacturing -
brief description of a cement mill
Cement clinker is usually ground using a ball mill. This is essentially a large rotating drum containing grinding media - normally steel balls. As the drum rotates, the motion of the balls crushes the clinker. The drum rotates approximately once every couple of seconds.

The drum is generally divided into two or three chambers, with different size grinding media. As the clinker particles are ground down, smaller media are more efficient at reducing the particle size still further.

Grinding systems are either 'open circuit' or 'closed circuit.' In an open circuit system, the feed rate of incoming clinker is adjusted to achieve the desired fineness of the product. In a closed circuit system, coarse particles are separated from the finer product and returned for further grinding.

Gypsum is interground with the clinker in order to control the setting properties of the cement. Clinker grinding uses a lot of energy and the cement becomes hot - this can result in the gypsum becoming dehydrated, with potentially undesirable results - see the link at the bottom of this page for more information. 


Inside a (stationary!) cement mill. The part-ground clinker and steel grinding media are clearly visible
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