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Introduction 

 
My name is the Grinding Engineer. 
I acquired my engineering degree somewhat by chance. 
When you don't know if you are more literary or more scientific, this obviously complicates things when it comes to 
choosing your studies. 
It was therefore without much enthusiasm that I began this cycle of 4 years. 
And I finished it brilliantly since I was the 1st of my promotion. 
 
Nevertheless, my first experiences in the industrial environment confirmed me in the idea that this was not really 
what I was looking for in life. 
And then one day, I saw a job advertisement in a popular newspaper that interested me. 
It was about grinding cement, with short but frequent trips. 
I had no idea what cement was made at that time, but it piqued my curiosity and I promptly responded to this ad. 
After several steps that I passed more or less well, I remained in the running with two other people for the position 
of Process Engineer, which I lost and then regained during a final interview. 
So here I am, entering the world of grinding not only cement, but also mines. 
 
The company I was working for now, although world famous for its grinding expertise, was not really organized for 
the training of its new employees. 
Very few structured writings were available, but rather a set of heterogeneous texts and calculations that had to be 
digested in a short time. 
The rest of the training was based on mill studies with correction by the most experienced engineers. 
And very quickly, I had my first experience on site. 
It was a month of January, near Amman, the largest cement plant in Jordan. 
It was quite cold, and it had even snowed the day before. 
I entered the mill through a DIN manhole. 
It was impressive. 
A ball mill with a diameter of 5,2 m! 
The mill was emptied of its ball charge because the maintenance personnel had to remove the grids from the 
intermediate diaphragm. 
The frame of the diaphragm had, indeed, structural defects, and I had to check this in detail. 
It was the purpose of my visit, and I was sent, me the beginner, because no one was keen to do this job. 
And that's how I gained experience, like that time when I was sent to solve a problem in an open-circuit mill in 
England, without success. 
 
Then afterwards, I took charge of the whole Middle East. 
I retain many epic memories of this period when I travelled to this region. 
For example, I remember the visit to a large central discharge raw mill in Iran. 
We were no less than 10 people in the drying chamber of the raw mill when someone activated the auxiliary motor. 
Movement of panic, everyone wanted to leave by the door of the room at the same time. 
Fortunately, this door was high and at ground level. 
No one was injured except my colleague who injured his arm slightly. 
 
A few years passed, I mastered my subject more and more and took pleasure. 
One day, someone offered me to work for him. 
It was an entrepreneur wanting to invest in a grinding plant. 
It is true that at the time, the region where he wanted to set up his factory was very poorly served and the local 
authorities had just laid the first stone of an area of activity planned for industrial use. 
My new job was simply Operations Manager. 
When I started, various equipments were already installed such as silos for clinker and gypsum, cement silo and 
conveyor belts. 
The ball mill was missing producing Portland cement type CEM I 32.5 with 95% cement and 5% gypsum. 
The clinker was to come mainly from a cement plant located 120 km away. 
There, this clinker was produced in a Lepol-type kiln. 
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This meant, in my eyes, that the grain size would be very stable over time with a majority of grains between 9 and 10 
mm. 
It was also recognized that the grindability and hardness of the clinker of the Lepol system were very favorable for a 
mill in open circuit. 
Based on these data, I calculated the size of the mill needed to produce 50 t/h of cement at 3200 Blaine with 3% 
residue on 90µm and 80% passing on 40µm. 
The Bond formula that I generally used gave me an energy requirement of 35,83 kWh/t. 
This specific energy multiplied by the production (35,83 x 50) gave a necessary absorbed power of 1800kW. 
As the project envisaged an open circuit system, I was looking for a mill with an L/D ratio equal to 3,5. 
The second-hand mill finally selected had a diameter of 3,5m for a total length of 11,375m and an installed power of 
2000kW. 
The L/D ratio was slightly lower than the optimal value, but since the cement fineness target was not so high, I 
wasn't worried. 
The cement mill was equipped with a lifting lining in chamber 1, a simple intermediate diaphragm and a non-
classifying lining in chamber 2. 
The next step was to fill the right ball charge in order to ensure a good cement quality. 
And finally, I chose a bag filter and its fan to provide the ventilation of the mill. 
 
The first weeks of operation of the new grinding station passed without major problems. 
However, the production was only around 46 t/h. 
Some adjustments were then decided to achieve the planned objective. 
First, the degree of filling in the two compartments was increased. 
Then, and after resistance tests, it was decided to produce at a slightly lower fineness. 
Production stabilized at 49 t/h. 
A few months passed and the throughput of the installation began to decrease to 44 t/h. 
After a visit inside the mill and an axial test, it appeared that pollution of uncrushed particles in the second chamber 
had drastically reduced the mill efficiency. 
We were certain that the situation could only get worse. 
The cement factory which supplied the clinker confirmed that the mineralogical properties had been modified after 
some work carried out around the kiln. 
It was therefore decided to organize a meeting with some suppliers to find the best solution to improve the 
performance of the installation. 
After a precise calculation of the return on investment, the solution of replacing all the internal equipment of the 
mill was taken. 
Following this investment, production reached 50,5 t/h at the right fineness. 
 
After a few years of operation without major problems, I compared the performance of our grinding unit with that of 
cement plants in the region and found that open-circuit cement production had gradually become obsolete. 
A new investment was therefore necessary, i.e. to close the circuit with one of these new dynamic separators, also 
called turboseparators. 
Also modifying the ball charge of the mill and increasing the ventilation, the new throughput of the installation 
reached 57 t/h, an improvement of 14%. 
In addition, the quality of the finished product was better. 
 
One day, considering the market demand, the company offered new products to its customers, two types of OPC 
cement type I 42,5 and 52,5. 
However, I was disappointed by the performance of the installation, and the 1st generation separator was suspected 
of being responsible for this significant energy consumption. 
Indeed, during the production of the finest cement at 4900 Blaine, the data from the impact flowmeter in the 
control room showed a huge circulation factor, between six and eight. 
Since there was a new type of separator on the market, also called high efficiency separator, we replaced ours. 
With a gain of 10% on the coarsest cement and gains of 15 and 20% on the finer cements. 
The return on investment was quick, 15 months! 
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The industrial zone developed a few years earlier had been so successful that it led to a new shortage of building 
materials. 
Among other things, the demand for cement therefore increased exponentially to meet the needs for residential 
housing. 
The owner of our crushing station asked me for a last effort to keep up with demand. 
Pushed against the wall, I offered him the radical solution of semi-integral pre-grinding. 
Expensive solution but with the certainty of ensuring a significant increase in production. 
An installation with a roller press in a closed circuit on a high-efficiency separator was approved by my boss. 
The construction work did not prevent the mill from producing cement, except for a three-week shutdown to change 
it to mono chamber. 
The result of this final operation exceeded expectations. 
If the total absorbed power of the installation had increased by 28%, the output for the three types of cement 
increased by 76% on average. 
My mission was fulfilled. 
 
This is the story of the Grinding Engineer. 
This story is inspired by a mixture of real facts and fiction. 
 
If I told it, it is because with the industrial revolution and development in the vast majority of countries in the world, 
the cement industry has become a major consumer of energy. 
Global cement production was around 4,1 billion tonnes in 2016. 
Considering an average consumption of 110 kWh to produce 1 ton of cement, the electricity consumption is 
approximately 451 billion kWh! 
The part of grinding represents 65% of total consumption (23% for grinding raw material and 42% for grinding 
clinker). 
The world park of mills is divided into four types, ball mills, vertical mills, roller presses and horizontal mills. 
The grinding efficiency of these machines is very low and most of the energy provided by the absorbed power is lost 
in heat, vibration, frictional wear or noise. 
The ball mill is the least efficient of all, but is still the most widely used equipment in the world, despite the 
emergence of more efficient devices like the vertical mill. 
And it is also commonly accepted that there is still great potential for possible improvements in ball mills. 
 
The story of the Grinding Engineer may be an ordinary story, but to make it come true you have to read what 
follows. 
Happy reading in the world of grinding! 
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Chapter 1  

Comminution 
 
1. Introduction 
 
- Particle size reduction, or comminution is an important step in many technological operations.       
- In the cement industry, the grinding of the clinker and raw material is the process which requires the highest 
percentage of energy.                            
 - Consequently, the high costs of energy drives us to optimize the processes in the plant, and among them the 
milling process. 
- Various methods to study the grinding process and to know the energy required have been developed (like the 
work index). 
- All these methods are coming from the comminution laws. 

 
2. Definition of the comminution 
 
- Fragmentation or comminution is the action of splitting or decrease the size of a given material.       
This refers to the reduction of a body or several bodies in fragments of dimension previously established,    
or to the reduction of a solid set, already fragmented into smaller volume elements.           
 - Fragmentation objectives are mainly the following:                   
* Generation of a certain particle size or particle size distributions             
Examples: cement, colours, pigments, filler materials, plastics, paper, cosmetics, food          
* Increase of surface area to enable respectively enhance physical and chemical reactions          
Examples: dissolution and melting of solids, extraction from the solid phase, hardening of binders, transportation 
and combustion of solids, heterogeneous reaction                   
* Decomposition of heterogenic solids for successive separation                
Examples: ore milling, flotation, waste treatment                   
- The result of the comminution is measured by the reduction ratio: 
 

 
 
Where:                            
Rr is the reduction ratio                         
F80 is the percentage of passing of the feed                   
P80 is the percentage of passing of the product                   
- Classification by the hardness of the feed material: 
 

 
 
 

À 4da naop ej pda full book  
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Chapter 2  
 
Laws of Comminution 
 
- Particle size reduction, or comminution is an important step in many technological operations. 
- In the cement industry, the grinding of the clinker and raw material is the process which requires the highest 
percentage of energy. 
- Consequently, the high costs of energy drives us to optimize the processes in the plant, and among them the milling 
process. 
- Various methods to study the grinding process and to know the energy required have been developed (like the 
work index). 
- All these methods are coming from the comminution laws. 
- There are three laws of comminution. 
 

1. First law - RITTINGER (1867): 
 
- According to this law, the area of the new surface produced by crushing or grinding is directly proportional to the 
useful work consumed, is to say that the fragmentation work is proportional to the sum of new surfaces produced. - 
- Mathematically, it is expressed by the following relation: 
 

 
 
Where:                            
W is the energy consumed,                      
d is the dimension of the particles of the product,                   
D is the dimension of the particles of the feed,                    
Si is the initial area,                         
Sf is the final area,                         
and K is a coefficient                         
 
- K coefficient depends on the shape of the particle, the type of material, the number of defects and the efficiency of 
the forces applied for the comminution work.                      
- This law only applies to the fragmentation of fine particles (< 100)˃. 
 

2. Second law - KICK (1885): 
 
- This law says that the energy required is directly proportional to the volume reduction between particles before 
and after the fragmentation operation (crushing), i.e. proportional to the variation of volume of the particles. 
- Mathematically, it is expressed by the following relation: 
 

 
 

 

À 4da naop ej pda bqhh ^kkg 
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Chapter 3  

Types of Tube Mills 
 
1. Introduction 
 
- This presentation intends to describe the different types of tube mills encountered in the industry.       
- We will not talk about old mills mot more used like conical mills.              
- Different types of classification are possible.                   
- For example, we can perform a first classification of different types of mills by type of grinding media used:    
* Rod mills                            
* Ball mills                            
* SAG mills                            
* AG mills                            
* Pebbles mills                         
- One can classify also according the mills working in discontinuous mode (laboratory) or continuous mode    
 (cement industry, mining, pigments, food...etc).                   
- In this presentation, we have first to split in two processes:                
* Wet Process                         
* Dry Process 
 

2. Tube mills in wet process 
 
- Wet process is the process where grinding is performed with material forming a pulp with addition of water 
(minimum 30%). 
- Mills presented in this chapter:                      
* Rod mills                            
* AG mills                            
* SAG mills                            
* Pebbles mills                         
* Ball mills 
 
2.1 Rod mills: 
 
- Rod mills are usually used as the first grinding stage after crushing in the mining industry. Since the growth of the 
AG, SAG mill circuits (with much higher capacities),  rod mill technology is almost fallen into disuse.       
- Their use is then generally limited to specialized cases such as:                
* A very coarse product size is required                      
* Overgrinding is to be minimized                      
* The ore is very hard                         
NB: Note that rod mills can be utilized in dry process to grind coke or iron ore.             
- Different discharge arrangements are possible:                   
* Trunnion discharge                         
* End peripheral discharge                      
* Centre peripheral discharge     
 
 

À 4da naop ej pda bqhh ^kkg 
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Chapter 4 
 
Speed  of rotation 
 
- The speed of rotation is often expressed as a percentage of the critical speed.             
- We will see here below how to calculate the mill's critical speed.                
- In two words, the critical speed is defined as the rotational speed where centrifugal forces equal gravitational 
forces at the mill shell's wall.                         
- At this point, balls will not fall away from the mill's shell. 
 

1. Calculation: 
 
- General sketch: 
 

 
 
- The grinding ball is subjected to two forces                   
* Centrifugal force: Fc                         
* Gravitational force: Fg                         
- The centrifugal force is given by the following formula: 
 

 
 
Where:                            
m is the mass of the ball,                         

 ̟is the angular speed and                      
Di is the mill's internal diameter                      
- The gravitational force is given by the following formula: 
 

 
 

 

À The rest in the full book  
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Chapter 5 
 
Internal equipment of ball mills 
 
1. Introduction 
 
- The internals of a ball mill can be divided in 4 categories:                  
ω Head liners                   
ω Shell linings                   
ω Diaphragms                   
ω Grinding media                   
- These internals are designed and made in order to:                   
ω To protect the mill shell                   
ω To have the best life expectancy                   
ω To minimize the operating costs                   
ω To improve the specific energy consumption of the mill                   
ω To allow a higher production                   
- Each category will be detailed in the chapters hereafter.                   
- Sketch of the mill's internals: 
 

 
 

 

À The rest in the full book  
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Chapter 6 
 

Grinding media 
 

1. Introduction 
 
- Grinding media is a very important factor of the mills internals, not only on a mill's efficiency point of view but also 
on a wear point of view.                   
- Generally, the ball charge consists of grinding balls of several sizes and of different material qualities.       
- For coarse grinding compartment, balls between 100 and 60 mm are used.             
- For finishing compartment, balls between 60 and 15 mm are normally used.             
- The composition of the ball charge depends on various factors, such as:             
ω aƛƭƭ ŘƛŀƳŜǘŜǊ                  
ω aƛƭƭ ƭŜƴƎǘƘ                   
ω wŀǘƛƻ [κ5   
ω aƛƭƭ ǎǇŜŜŘ       
ω ¢ȅǇŜǎ ƻŦ ƭƛƴƛƴƎǎ       
ω aƛƭƭ ŎƛǊŎǳƛǘ       
ω ¢ȅǇŜ ƻŦ ǎŜǇŀǊŀǘƻǊ       
ω DǊƛƴŘŀōƛƭƛǘȅ ƻŦ ǘƘŜ ŦǊŜǎƘ ŦŜŜŘ       
ω DǊŀƴǳƭƻƳŜǘǊȅ ƻŦ ǘƘŜ ŦǊŜǎƘ ŦŜŜŘ       
ω IŀǊŘƴŜǎǎ ƻŦ ǘƘŜ ŦǊŜǎƘ ŦŜŜŘ       
ω tǊƻŘǳŎǘ ŦƛƴŜƴŜǎǎ       
- Concerning the ball quality, it depends of:        
ω LƳǇŀŎǘ ŦƻǊŎŜǎ ƛƴ the first chamber                   
ω CǊƛŎǘƛƻƴ ŦƻǊŎŜǎ ōŜǘǿŜŜƴ ǘƘŜ ōŀƭƭǎ ŀƴŘ ǘƘŜ ƭƛƴŜǊǎ                   
ω !ōǊŀǎƛǾŜƴŜǎǎ ƻŦ ƳŀǘŜǊƛŀƭǎ                   
ω /ƻǊǊƻǎƛƻƴ ŜǎǇŜŎƛŀƭƭȅ ƛƴ ǿŜǘ ǇǊƻŎŜǎǎ 
 

 
 

2. Composition of the ball charges 
 
- This will be detailed in Chapter 25. 
 

3. Ball charges quality 
 
- Three types of balls exist on the market:                   
ω CƻǊƎŜŘ ōŀƭƭǎ                   
ω /ŀǎǘ LǊƻƴ ōŀƭƭǎ                   
ω IƛƎƘ /ƘǊƻƳƛǳƳ /ŀǎǘ LǊƻƴ ōŀƭƭǎ  
 
 

À 4da naop ej pda bqhh ^kkg 
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Chapter 7 
 

Cement 2 chamber ball mill general specifications 
 

1. Introduction 
 
- Two-chamber mills are the most widely used in the cement industry. 
- They probably constitute more than 95% of the world's ball mill park. 
- This chapter will therefore define how to equip a 2-chamber mill. 
- To this end, good expertise is essential. 
- ²Ƙŀǘ ǿŜ ƴŜŜŘ ǘƻ ƪƴƻǿ ǘƻ ǎǘǳŘȅ ŀ ŎŜƳŜƴǘ ƳƛƭƭΧΗ  
ω Theory 
ω Practical things 
ω Tips 
ω Tools 
ω Grinding software 
   

2. General remarks 
 
- Cement mills can have: 
ω 1 chamber 
ω 2 chambers 
ω 3 chambers 
ω And more 
- Cement mills can be in: 
ω Open circuit 
ω Closed circuit 

- In this chapter, we will develop cement mills with 2 chambers in closed circuit. 
 

3. Classical circuit 
 
- A cement mill classical circuit looks like the following: 
 
 

À 4da naop ej pda bqhh ^kkg 
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Chapter 8 
 

Cement ball mill sizing method explanation 
 

1. Introduction 
 
- The Bond method is used to size a cement ball mill. 
- Efficiency correction factors are applied with the Bond equation. 
- The method is valid both for clinker grinding and for raw materials grinding. 
- This method only gives a rough and initial idea for sizing a cement ball mill. 
- To go ahead, a deeper study is necessary with ball mills suppliers or a specialized engineering office. 
- Two calculators have been developed for sizing mono chamber mills and two compartment mills. 
  

2. Bond equation and correction factors 
 
2.1. Bond formula: 

 
- The well-known Bond formula used is the following: 
 

 
 
With: 
E = specific energy in kWh/t 
Wi = work index in kWh/t 
C = correction factor 
P80 = sieve which has 80% of passing in the product 
F80 = sieve which has 80% of passing in the feed 
- Efficiency correction factors are giving by the following equation: 
 

 
 
With: 
C1 is a correction for dry grinding, 
C2 is a correction for open circuit 
C3 is a correction for mill diameter, 
C4 is a correction for feed size, 
C5 is a correction for product fineness. 
C6 is a correction for high-efficiency separators. 
 
2.2. Correction factors: 
 
2.2.1. C1 definition: 
 

 
 
 

À 4da naop ej pda bqhh ^kkg 
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Chapter 9 

Dimensions of the mill according to the production 

 

1. The general sheet 

- The sheet below gives the production in t/h of a cement mill in function of:      
ω The cement fineness target in Blaine         
ω The general dimensions of the mill        
- The following hypotheses are used:        
ω Mill in closed circuit        
ω Separator of the third generation        
ω Mill Length/Diameter ratio around 3,2        
ω Mill speed of rotation around 73% of the critical speed        
ω Filling degree of both chambers around 31%        
- Specific powers used are:        
ω 3000 Blaine: 28 kWh/t        
ω 3500 Blaine: 35,8 kWh/t        
ω 4000 Blaine: 44,4 kWh/t        
ω 4500 Blaine: 53,6 kWh/t        
- The length of chamber 1 is defined for the coarsest cements, here 3000 up to 3500 Blaine.  
 

       

2. Some graphics from the general sheet 

- Speed of rotation in rpm and total length in m in function of the mill diameter in m 
 
 

À 4da naop ej pda bqhh ^kkg 
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       Chapter 10 

Ball Mill Inspection 

1. Introduction 

- This document is intended to help the staff of the cement plants. 
- On a process point of view, a mill inspection is only representative if the grinding mill circuit is in a steady working 
condition with a representative cement product. 
- If this condition is fulfilled, the whole installation must be stopped in crash-stop 
- It means all the equipments must be stopped at the same moment, especially weigh feeders, fresh material, belt 
conveyor and separator rejects devices if closed circuit. 
- If one of the hereabove mentioned points is not respected, the first chamber will probably have a lot of undesired 
material. 
- Before to work around the ball mill, all the safety procedures must be done and checked by the staff concerned by 
the visit of the mill. 
- It is also better to leave a small ventilation in order to cool both mill's chambers more quickly and thus reduce 
production stoppages. 
- Flap of the fan must be opened around 10-15%.  
- It is better to enter first into the first compartment in order to follow the flowpath of the material from the 
beginning of the grinding process. 
- Generally, people enter by the manholes foreseen for both compartments 
- From time to time, when the mill diameter is larger, it is possible to enter by the inlet trunnion in the first chamber 
and by the central screen of the intermediate diaphragm in the second chamber.  
- This method saves time, because you no longer have to remove the two doors (manholes) from the shell. 
- It will only be necessary to remove the central grid of the intermediate diaphragm. 
- It is important to limit the number of people visiting the mill for safety reasons.  
- This procedure was performed for a 2 compartments mill.  
- For other configurations of mills, a simple adjustment is necessary. 
- For outside staff, it is also necessary to check the kind of internals and the length of the chambers. 
 

2. Essential accessories 
 
- In order to carry out the right visit, some accessories are required. 
- A list of items below. 
- The light: 
ω A torch is the minimum required but not sufficient the most of the time: 
 

 
 
ω As some people can take measurements, pictures or write, it is better to install a worksite light in order to 
illuminate the whole compartment   
 
 

À 4da naop ej pda bqhh ^kkg   
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Chapter 11 
 

Measurement of the degree of filling of the mill 
 

1. Introduction 
 
- The volume load is also called the filling degree and is always expressed in %. 
- The measurement of the mill's volume load is a basic operation of the maintenance department. 
- There are three typical ways to realize this measurement: 
1. The measurement of the height between the top of the charge and the lining. 
2. Count the number of visible lining plates on the diameter. 
3. The measurement of the central screen (or inlet trunnion) and the distance between the top of the central screen 
and the top of the charge. 
- The three methods are developed below. 
 

2. Measurement of H 
 
- One measures H because the calculation is made with the H/D ratio.  
- D being the internal diameter of the mill and is supposed to be known. 
- The measurement is easy to do except for large diameters (higher than 3,5m) because H is higher than 2,2m. 
 

 
 
- In this case, many people adopt a handmade template that allows a very reliable measure. 
- On the side of the lining, the exact point where to put the meter is the average height of the plate, as shown in the 
sketch below 
 
 

À 4da naop ej pda bqhh ^kkg   
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4 solid bags A scoop or something 
similar to take the material 

Chapter 12 
 

Ball mill axial test procedure 
 

1. Introduction 
 
- In order to have a good idea of the ball mill's efficiency (linings, ball charge, diaphragms, ventilation), we have to do 
a granulometric analysis inside the mill.  
- This analysis includes three steps:  
ω ¢ƘŜ ǎŀƳǇƭƛƴƎ ŎŀƳǇŀƛƎƴ ƛƴǎƛŘŜ ǘƘŜ Ƴƛƭƭ 
ω ¢ƘŜ ǎƛŜǾƛƴƎ ƻŦ ǘƘŜ ǎŀƳǇƭŜǎ ƛƴ ǘƘŜ ƭŀōƻǊŀǘƻǊȅ 
ω ¢ƘŜ ǊŜǎǳƭǘǎ ŀƴŀƭȅǎƛǎ ǿƛǘƘ ǘƘŜ ŎǳǊǾŜ ŀƴŘ ƛǘǎ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ 
  
For this presentation, we consider a classical 2 chambers mill as example.  
 

2. The Sampling Campaign 
 
- The sampling campaign after a crash-stop is also known as "axial test". 
 
2.1. First chamber: 
 
- As described in the mill inspection procedure in a previous chapter, we need the following: 

 
 
 

 

 
 

 
 

Procedure: 
 
- Take 4 samples (inlet, 2 intermediate samples, at the intermediate diaphragm) of ± 3kg each. 
- Ideally for each sample, take materiel in three points as shown on the drawing here below. 
 

 
 
- If for some reason it is not possible to take the samples at 3 points, the samples must be taken in the axis of the mill 
(red arrows in the figure above). 
- If there is a lack of material at this point, take as close as possible. 
- Dig a little by removing the balls at the sampling points and take the sample with the scoop. 
 
 

À 4da naop ej pda bqhh ^kkg  
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       Chapter 13 
 

Sieving analysis in two steps 
 

1. Introduction 
 
- This presentation will introduce the sieving analysis in two steps for the following types of samples: 
ω CǊŜǎƘ ŦŜŜŘ ǎŀƳǇƭŜǎΥ ŎƭƛƴƪŜǊΣ ƎȅǇǎǳƳΣ ƭƛƳŜǎǘƻƴŜΣ ǇƻȊȊƻƭŀƴŀΦΦΦ 
ω aƛƭƭ ŀȄƛŀƭ ǘŜǎǘ ǎŀƳǇƭŜǎ 
- For other types of samples like circuit samples, fly ash or cement samples, big sieves are generally not used. 
- The sieving of coarse samples is often performed in two steps: 
ω ! ŦƛǊǎǘ ǎǘŜǇ ŦƻǊ ǘƘŜ ōƛƎƎŜǎǘ ŘƛƳŜƴǎƛƻƴǎ 
ω ! ǎŜŎƻƴŘ ǎǘŜǇ ŦƻǊ ǘƘŜ ǎƳŀƭƭŜǎǘ ŘƛƳŜƴǎƛƻƴǎ 
- We suggest the following sieves: 
 

 
 
- Of course, similar sieves can be used. 
 

2. Preparation of the sample for the first step 
 
- Mill axial samples are usually between 3 and 5 kg each. 
- The whole sample is passing through the big sieves without difficulty and waste of time. 
- Fresh feed samples are bigger, with a weight comprised between 20 to 50 kg each. 
- If the laboratory only wants to use a part of the sample, it is always possible to use a splitter in order to get a 
representative sample. 
- Picture of a sample splitter: 
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      Chapter 14 
 

Sampling campaign in the circuit of a cement mill 
 

1. Introduction 
 
- Periodic sampling campaigns in a ball mill grinding circuit are essential in order: 
ω ¢ƻ Ŧƻƭƭƻǿ ǘƘŜ ƛƴǎǘŀƭƭŀǘƛƻƴ ƛƴ ǘŜǊƳǎ ƻŦ ŦƛƴŜƴŜǎǎ ŀƴŘ Ƴŀǎǎ ōŀƭŀƴŎŜǎ 
ω ¢ƻ ŦƛƴŘ ŜȄƛǎǘƛƴƎ ǇǊƻōƭŜƳǎ ŀƴŘ ǎƻƭǾŜ ǘƘŜƳ 
ω ¢ƻ ƛƳǇǊƻǾŜ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǘƘŜ ƛƴǎǘŀƭƭŀǘƛƻƴΦ 
ω ¢ƻ ǊŜŀŎƘ the desired cement quality 
- Schedule a sampling campaign every 3 months. 
 

2. Before the sampling campaign 
 
- The grinding circuit must be in steady condition at least 2-3 hours before the beginning of the sampling campaign. 
- The time to reach stability varies from one mill to another. 
- All the production data must be taken just before the beginning of the sampling campaign. 
 These data vary from an installation to another but basically, we need at least: 
ω ¢ȅǇŜ ƻŦ ŎŜƳŜƴǘ ǇǊƻŘǳŎŜŘ 
ω tǊƻŘǳŎǘƛƻƴ όǘκƘύ 
ω /ƻmposition 
ω CƛƴŜƴŜǎǎ ǘŀǊƎŜǘ ŀƴŘ ǇǊƻŘǳŎǘƛƻƴ ǘŀǊƎŜǘ όǊŜǎƛŘǳŜ ŀƴŘ .ƭŀƛƴŜύ 
ω [ŀǎǘ ŦƛƴŜƴŜǎǎ Řŀǘŀ όǊŜǎƛŘǳŜ ŀƴŘ .ƭŀƛƴŜύ 
ω {ŜǇŀǊŀǘƻǊ ǘŀƛƭǎ Ŧƭƻǿ ǊŀǘŜ όǘκƘύ ƛŦ ŜȄƛǎǘƛƴƎ 
ω /ŜƳŜƴǘ ǘŜƳǇŜǊŀǘǳǊŜ ŀǘ Ƴƛƭƭ ƻǳǘƭŜǘ 
ω ²ŀǘŜǊ ƛƴƧŜŎǘƛƻƴ ǉǳŀƴǘƛǘȅ ƛŦ ŜȄƛǎǘƛƴƎ 
ω DǊƛƴŘƛƴƎ ŀƛŘ quantity if existing 
ω !ōǎƻǊōŜŘ ǇƻǿŜǊ ƻŦ ǘƘŜ ōŀƭƭ Ƴƛƭƭ ŀƴŘ ƻǘƘŜǊ Ƴŀƛƴ ŜǉǳƛǇƳŜƴǘǎ όŦƻǊ ǘƘŜ ƳƛƭƭΣ ǘŀƪŜ ǘƘŜ ŀōǎƻǊōŜŘ ǇƻǿŜǊ ŘƛǊŜŎǘƭȅ  ƛƴ ǘƘŜ 
electrical room, it is more reliable) 
ω hǘƘŜǊ Řŀǘŀ ƭƛƪŜ Ŧŀƴǎ ŘŀƳǇŜǊǎ ǇƻǎƛǘƛƻƴΣ ǇǊŜǎǎǳǊŜ ŀǘ Ƴƛƭƭ ƻǳǘƭŜǘΣ ǎŜǇŀǊŀǘƻǊ ǎǇŜŜŘ...etc 
 

3. Equipment and tools required 
 
- What we need to carry out a sampling campaign in good conditions. 
- Big bags for the fresh feed samples (clinker, gypsum, limestone...), for example 50kg cement bags is a good option. 
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Chapter 15  
 

Cement ball mills power formulas 
 

1. Introduction 
 
- This paper intends to describe different methods to calculate the power of a ball mill. 
- Seven methods will be presented here: 
ω .ƻƴŘ ŦƻǊƳǳƭŀ 
ω IƻƎƎ ŀƴŘ CǳŜǊǎǘŜƴŀǳ ŦƻǊƳǳƭŀ 
ω Torque Factor (FLS) formula 
ω {ƭŜƎǘŜƴ ŦƻǊƳǳƭŀ 
ω фмм aŜǘŀƭƭǳǊƎƛǎǘ ǿŜōǎƛǘŜ ŦƻǊƳǳƭŀ 
ω .ŜŜŎƪ ŦƻǊƳǳƭŀ 
ω IƻƭŘŜǊōŀƴƪ ŦƻǊƳǳƭŀ 
ω hǘƘŜǊ ŦƻǊƳǳƭŀǎ 
 
- Generally, the absorbed power of a ball mill depends of the following basic data: 
ω 5ƛŀƳŜǘŜǊ 
ω [ŜƴƎǘƘ 
ω CƛƭƭƛƴƎ ŘŜƎǊŜŜ 
ω {ǇŜŜŘ ƻŦ Ǌƻǘŀǘƛƻƴ 
ω ¢ȅǇŜ ƻŦ ǇǊƻŎŜǎǎ 
ω ¢ȅǇŜ ƻŦ Ƴƛƭƭ 
ω ¢ȅǇŜ ƻŦ ƭƛƴƛƴƎǎ 
ω /ƻƳǇƻƴŜƴǘǎ 
 
- Let's review the different formulas: 
 

2. Bond Formula 
 
- The Bond power formula is the following: 
 

 
 
Where: 
Pb is the power by ton of balls at the shaft in kW/ton, 
D is the internal mill diameter in m, 
J is the volume load (filling degree) in % and 
Vcr is the percentage of the critical speed. 
 
- If the mill is in dry process with grate discharge, the formula must be multiplied by 1,08. 
- Like it is the case in the cement industry, we have: 
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       Chapter 16 
 

Ball mill heat balance 
 

1. Introduction 
 
- It is well known that the biggest part of the energy introduced in a ball mill is converted into heat. 
- Only around 5% of this energy is used to grind the material at the required fineness. 
- As a consequence, this heat can induce very high temperatures inside the cement mill.  
- These temperatures can affect the grinding process if they reach a certain limit. 
- Therefore, it is important to make the heat balance of the installation in order to solve possible problems. 

 
2. Principle 
 
- For all heat balances, there must be an equilibrium between what goes in and what goes out of the system. 
- Of course, it is also the case for the cement mill heat balance. 
- This principle is illustrated below: 
 

 
 

3. The three basic parameters 
 
- Regardless to the characteristics and production data of the installation that we have to know, the heat balance 
turns principally around 3 values: 
 
3.1. Temperature of the product at mill outlet: 
 
- It is generally accepted that beyond 105-110 degrees centigrade, adverse reactions to the grinding process can take 
place. 
- This can also affect the quality of the cement. 
- These reactions are: 
ω ¢ǊƻǳōƭŜ ƻŦ ƎȅǇǎǳƳ ŘŜƘȅŘration which may cause cement "false set". 
ω tŀǊǘƛŎƭŜǎ ŀƎƎƭƻƳŜǊŀǘƛƻƴ ŘǳŜ ǘƻ ŜƭŜŎǘǊƻǎǘŀǘƛŎ ŎƘŀǊƎŜǎ ǿƘƛŎƘ ŎŀǳǎŜǎ ŎƻŀǘƛƴƎ ǇƘŜƴƻƳŜƴƻƴ ƻƴ ōŀƭƭǎ ŀƴŘ ƭƛƴƛƴƎǎΦ 
- The exact temperature which must not be exceeded varies from case to another. 
- It depends of the kind of circuit, the material properties, the ambient temperature, the required fineness, the 
separator efficiency, the ball charge...etc. 
- We consider that 105°C is a good reference. 
 
3.2. Ventilation of the mill: 
 
- The ventilation has 3 objectives:  
ω ¢ƻ insure the cooling of the mill and the material 
ω To dedust the mill 
ω ¢ƻ ǊŜƳƻǾŜ ǘƘŜ ŦƛƴŜ ǇŀǊǘƛŎƭŜǎ ŦǊƻƳ ǘƘŜ Ƴƛƭƭ 
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      Chapter 17 
 

Mill ventilation 
 

1. Introduction  
 
- The ventilation of the cement ball mill has 3 objectives:  
ω ¢ƻ ƛƴǎǳǊŜ ǘƘŜ ŎƻƻƭƛƴƎ ƻŦ ǘƘŜ Ƴƛƭƭ ŀƴŘ ǘƘŜ ƳŀǘŜǊƛŀƭ 
ω ¢ƻ ŘŜŘǳǎǘ ǘƘŜ Ƴƛƭƭ 
ω ¢ƻ ǊŜƳƻǾŜ ǘƘŜ ŦƛƴŜ ǇŀǊǘƛŎƭŜǎ ŦǊƻƳ ǘƘŜ Ƴƛƭƭ 
 

2. Cooling of the mill 
 
- A good cooling of the mill and the material inside the mill is necessary to maintain a proper working temperature. 
- The temperature of reference is the one of the material at the mill outlet. 
- For the cement mills, one cannot exceed a temperature of 105-110°C according the type of circuit. 
- Higher temperatures can induce the dehydration of gypsum. 
- This dehydration must be avoided to create cement false set problems. 
- For the limestone, a temperature lower of 100°C should be better. 
- Another consequence of higher temperatures is that we will probably observe a coating on the lining and the balls. 
- Last but not least, the fluidity of the cement decreases drastically in case of too high temperature. 
 

3. Problem of coating 
 
- The coating is an agglomeration of material on the lining and/or grinding media. 
- It is due to the superficial cohesion forces and the forces generated by the static electricity. 
- This phenomena is happening with cement but also with limestone. 
- As limestone has the particular propriety to produce a big amount of very fine particles (less than 2 microns) when 
grounded, the problem of coating can become crucial. 
- Coating is an agent of efficiency loss which can be very important (up to 30%) because: 
- Coating is disturbing the segregation of the ball charge in case of classifying lining. 
- Coating is also reducing the attrition's efficiency of the small balls which are not more in contact with the material. 
 

4. Dedusting of the mill 
 
- This function seems to be evident if we want to avoid the accumulation of dust in the whole system. 
 

5. Ventilation usual values 
 
- When we want to define the necessary ventilation in a grinding installation, it is calculated in terms of air velocity in 
the free section of the mill, i.e.: 
 

 
 
- The reference values which are generally admitted are divided in two cases and are the following: 
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      Chapter 18 
 

Mill ventilation measurement 
 

1. Introduction 
 
- The ventilation of a ball mill is extremely important for the reasons described in the previous chapter. 
- The measurement of the air flow is therefore necessary to carry out an optimal adjustment, to check the actual 
operation and the conformity of the flow rates of the installation and finally to identify installation errors or leaks. 
- The measurement of the flow (Q) consists in fact of a measurement of the air speed (V) which is then multiplied by 
the passage section (S): 

 

 
 
2. Determine the measurement point(s) in the circuit 
 
- The next step to ensure that the ventilation is the right one is the checking on site.  
- The flow measurement points depend of the configuration of the grinding circuit.  
- Generally, the best points are in a place where there are no elbows or other connections.  
- Finally, where the flow of air is the least disturbed. 
- In fixing the measuring point, the following recommendations should be observed: 
ω ¢ƘŜ ǎƘŀǇŜ ŀƴŘ ǎƛȊŜ ƻŦ ǘƘŜ ǇƛǇŜƭƛƴŜ Ƴǳǎǘ ōŜ Ŏƻƴǎǘŀƴǘ 
ω ¢ƘŜ ƭŜƴƎǘƘ ƻŦ ǘƘŜ ŘǳŎǘ ǎŜƎƳŜƴǘ ōŜŦƻǊŜ ǘƘŜ ƳŜŀǎǳǊƛƴƎ Ǉƻƛƴǘ Ƴǳǎǘ ōŜ ƘƛƎƘŜǊ ǘƘŀƴ р5 ό5 Ґ ŘǳŎǘ ŘƛŀƳŜǘŜǊύ 
ω ¢ƘŜ ƭŜƴƎǘƘ ƻŦ ǘƘŜ ŘǳŎǘ ǎŜƎƳŜƴǘ ŀŦǘŜǊ the measuring point must be higher than 4D 
- See the figure below: 
 

 
 
- In practice, it is rare to find optimal conditions. 
- But keep in mind that the closer we get to it, the more reliable the result will be. 
- Usually the measurements are made in the vertical duct at the outlet of the mill and in the duct downstream of the 
fan. 
- Other points of the circuit can also be measured if necessary, such as the ventilation at the level of the separator 
(useful for 3rd generation separators). 
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       Chapter 19 
 

False air in grinding circuits 
 

1. Introduction 
 
- Unwanted false air in cement plants can be a big problem and has to be taken seriously. 
- In fact, false air brings the following inconveniences: 
ω 5ǊƻǇ ƛƴ ǇǊƻŘǳŎǘƛƻƴ ƻŦ installations 
ω LƴŎǊŜŀǎŜ ƻŦ ǘƘŜ ǇƻǿŜǊ ŎƻƴǎǳƳǇǘƛƻƴ 
ω 5ǊƻǇ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ ŦƻǊ ŘǊȅƛƴƎ Ǌŀǿ ƳŀǘŜǊƛŀƭ 
ω IƛƎƘŜǊ ǿŜŀǊ ƻŦ Ŧŀƴǎ 
ω 5ƛŦŦƛŎǳƭǘȅ ǘƻ ǘǊŀƴǎǇƻǊǘ ƳŀǘŜǊƛŀƭ 
- It is therefore important to know the points where false air can appear and to know the percentage of false air in 
order to take appropriate measures. 
- For that, some measurements are necessary on site. 
- False air is mostly present in the following areas of a cement plant: 
ω wŀǿ Ƴƛƭƭ ƎǊƛƴŘƛƴƎ ŀǊŜŀ 
ω Yƛƭƴ ŀǊŜŀ 
ω /ŜƳŜƴǘ Ƴƛƭƭ ƎǊƛƴŘƛƴƎ ŀǊŜŀ 
- For grinding circuits, potential false air entry points are: 
ω aƛƭƭ ƻǳǘƭŜǘ 
ω CŜŜŘƛƴƎ Ǉƻƛƴǘǎ 
ω IƻƭŜǎ ƛƴ ŘǳŎǘǎ 
ω aŀƛƴǘŜƴŀƴŎŜ ƻǇŜƴƛƴƎ ŘƻƻǊǎ 
ω CƭŀǇǎΣ ŜȄǇŀƴǎƛƻƴ Ƨƻƛƴǘǎ 
ω /ƻƴƴŜŎǘƛƻƴǎ 
ω CƛƭǘŜǊǎ 
- In the chapters here below, we will develop false air problem in: 
ω wŀǿ ŀƴŘ Ŏƻŀƭ grinding areas with ball mills 
ω Cement mill circuits 

 

 

À 4da naop ej pda bqhh ^kkg 

 

 

 

 

 

 

 

 

 

 

 

 



 Cement Ball Mill Technology 

 
23 

   

       Chapter 20 
 

Material balance of grinding circuits 
 

1. Introduction 
 
- Like the heat balance of a grinding plant, the mass balance responds to a very simple rule: anything that comes  in 
the circuit will go out of the circuit. 
- This is illustrated by the small picture below: 
 

 
 
- This short presentation introduces the mass balance calculators that were developed for 7 different grinding 
circuits. 
- The seven circuits are the following: 
 

2. The 7 grinding circuits 
 
- Open circuit: 
 

 
 
- Closed circuit (separator of the first generation, product of the filter in the finished product): 
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      Chapter 21 
 

Water injection 
 

1. Introduction 
 
- Tube mills are generating a lot of heat. 
- Gradually, as the material advances in the mill, the temperature increases. 
- Everyone knows that the temperature does not exceed a certain level generally evaluated to 105-110°C. 
- Beyond this limit, one can encounter the following problems: 
ω Cŀƭƭ ƻŦ ǘƘŜ ŦƭǳƛŘƛǘȅ ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭ 
ω tǊƻŘǳŎǘƛƻƴ ƻŦ ǎǳǇŜǊŦƛƴŜ ǇŀǊǘƛŎƭŜǎ 
ω /ƻŀǘƛƴƎ ƻƴ ǘƘŜ ōŀƭƭǎ ŀƴŘ ƭƛƴƛƴƎǎ 
ω .ƭƻŎƪŀƎŜ ƻŦ ǘƘe slots of the outlet diaphragm 
ω 5ŜƘȅŘǊŀǘƛƻƴ ƻŦ ƎȅǇǎǳƳ 
ω CƭŀǎƘ ŀƴŘ ŦŀƭǎŜ ǎŜǘ ƻŦ ǘƘŜ ŎŜƳŜƴǘ 
ω /ŜƳŜƴǘ ǎǘƻǊŀƎŜ ǇǊƻōƭŜƳ ƛƴ ǎƛƭƻǎ 
ω .ƭƻŎƪ ŦƻǊƳŀǘƛƻƴ ƛƴ ǎƛƭƻǎ 
- All these problems have the following consequences: 
ω ! ŘǊŀǎǘƛŎ ŘǊƻǇ ƻŦ ǘƘŜ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ǘƘŜ grinding plant 
ω ! ŘŜŎǊŜŀǎŜ ƛƴ ǇǊƻŘǳŎǘƛƻƴ 
ω !ŘŘƛǘƛƻƴŀƭ Ŏƻǎǘǎ ƻŦ ƳŀƛƴǘŜƴŀƴŎŜ 
- To avoid these problems, the mill is ventilated. 
- Sometimes, however, ventilation is not sufficient and it is then necessary to use other means: 
 

 
 
- Below, an illustration of the temperature increase phenomenon and the effect generated by the injection of water: 
 

 
 

2. Where to inject water? 
 
- Normally, water is injected into the second chamber of the cement mill, where the temperature is higher. 
- If the clinker temperature exceeds 100 °C, it is advisable to inject a certain quantity in chamber 1. 
- In this case, it is generally agreed that one third of the total amount is injected in chamber 1 and two thirds in 
chamber 2. 
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      Chapitre 22 
 

Material amount inside the mill 
 

1. Introduction 
 
- It is always interesting to know the amount of material inside a ball mill and the time the material remains in the 
mill. 
- Concerning this amount of material, there are two ways to see the things: 
ω LΦŜΦ the amount of material in the mill after a crash-stop 
ω hǊ ǘƻ ƪƴƻǿ ǘƘƛǎ ǉǳŀƴǘƛǘȅ ŀǘ ŀ ǘƛƳŜ ǘ ǿƘŜƴ ǘƘŜ Ƴƛƭƭ ƛǎ ƛƴ ƻǇŜǊŀǘƛƻƴ 
- Now, concerning the residence time, also called the retention time, the best thing is to do a test. 
- Mill retention time (MRT) will be developed in another page. 
 

2. Quantity of material inside the ball mill 
 
2.1. Quantity when the mill is stopped: 
 
- The mill must be stopped in crash-stop! 
- It is recommended to go inside the mill and verify the filling degree and the material level for all compartments. 
- We have to calculate the voids between balls to know this quantity of material. 
- When balls are of the same diameter, voids always correspond to 47,6% of the total volume. 
- See the demonstration on the table below: 
 

 
 
- When there different diameters, the percentage of the voids is lower. 
- It is calculated with the following formula: 
 

 
 
Where: 
b́ulk is the bulk density of the balls 

SG is the specific gravity of the ball 
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Ball 

Diameter
Ball Volume

Ball Number 

by Side

Cubic 

Volume = 

Total 

Volume

Ball Number

Total 

Volume of 

the Balls

Percentage 

of Balls on 

Total 

Volume

Percentage 

of voids

mm mm3 m3 m3

90 381703,51 30 19,683 27000 10,3059947 52,4 47,6

80 268082,57 30 13,824 27000 7,23822947 52,4 47,6

70 179594,38 30 9,261 27000 4,84904826 52,4 47,6

60 113097,34 30 5,832 27000 3,05362806 52,4 47,6

50 65449,85 30 3,375 27000 1,76714587 52,4 47,6

40 33510,32 30 1,728 27000 0,90477868 52,4 47,6

30 14137,17 30 0,729 27000 0,38170351 52,4 47,6

25 8181,23 30 0,421875 27000 0,22089323 52,4 47,6

20 4188,79 30 0,216 27000 0,11309734 52,4 47,6

17 2572,44 30 0,132651 27000 0,0694559 52,4 47,6

15 1767,15 30 0,091125 27000 0,04771294 52,4 47,6
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      Chapter 23 
 

Mill Retention time 
 

1. Introduction  
 
- It is always interesting to know the time the material remains in the mill. 
- It is called mill residence time (MRT). 
- The MRT represents the average time required for the bulk material (cement or other) to pass through the mill. 
- Now, to know it, the best thing is to do a test. 
- Concerning the amount of material inside the mill, it can be calculated with the result of the MRT. 
 

2. Residence time inside the mill: 
 
- The best way to know the residence time of the material inside the mill is to realize a test with a tracer 
- The tracer used is called fluorescein and is a dark orange/red powder. 
 
2.1. Procedure of the test: 
 
- Here is basically the procedure for the retention time test. 
- Mark the clinker with fluorescein placed in a solution of water and bring everything into a solid plastic bag.. 
- The amount of fluorescein is roughly 15 g per 20 tons of fresh material + tails from the separator. 
- The tracer mixed with a little hot water is introduced into the bag containing 5 kg of clinker. 
- To take clinker with a certain percentage of fines. 
- Before starting the test, make sure that the grinding installation is operating in steady conditions. 
- The bag containing the tagged clinker is introduced to the inlet of the mill. 
- The stopwatch is then initiated. 
- A sample is taken every minute at the mill discharge (30 seconds for short mills having an L/D <3). 
- The test duration depends of course on the installation and its operating conditions but can vary from a few 
minutes to over 20 minutes. 
- Samples are then stirred, allowed to stand for at least 30 seconds, and filtered. 
- The liquid is then analysed in a spectrophotometer. 
- Finally, a graph is plotted, the absorbance versus time, and the peak of minutes is used as retention time. 
- Example of graph: 
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      Chapter 24 
 

Grinding aids 
 

1. Introduction 
 
- Everybody knows that the efficiency of a ball mill is very low. 
- Generally, this efficiency is in the range of 3 to 5%. 
- The great majority of the energy produced is converted into heat. 
- In the first part of the past century, practically all the cement mills were operating in open circuit. 
- Due to demand, among other things, for greater strengths cements, manufacturers must produce products with 
higher fineness. 
- They began to meet temperature problems (too high) in the mills with the following consequences: 
ω !ƎƎƭƻƳŜǊŀǘƛƻƴ ƻŦ ǇŀǊǘƛŎƭŜǎ ƻƴ ǘƘŜ ƭƛƴƛƴƎǎ ŀƴŘ ōŀƭƭǎ 
ω 9ŦŦƛŎƛŜƴŎȅ ƭƻǎǎ ŀƴŘ ŘǊŀǎǘƛŎ ƛƴŎǊŜŀǎŜ ƻŦ ǘƘŜ ǎǇŜŎƛŦƛŎ ǇƻǿŜr (kWh/t) 
ω 5ƛŦŦƛŎǳƭǘȅ ŦƻǊ ǇǊƻŘǳŎƛƴƎ ŀ ƘƛƎƘ .ƭŀƛƴŜ ŎŜƳŜƴǘ 
- A practical example is the old cement plants in England. 
- These plants were provided with Vickers mills in open circuit. 
- Vickers mills had a diameter of 2,55m and a length of approximately 12m. 
- They were very long (L/D = 4,7). 
- The rotational speed was approaching 77% of the critical speed. 
- They were configured in 3, 4 and even 5 compartments. 
- It was not unusual to get temperatures above 130-140 ° C at the mill outlet. 
- Some installations even were producing cement at 4000 Blaine for a consumption of 70-80 kWh/t! 
- We made a heat balance of a similar cement mill with different Blaine fineness, without water injection and with 
correct ventilation. 
- Results are below: 
 

 
 
- And the graph: 
 

 
 
 

À 4da naop ej pda bqhh ^kkg 



 Cement Ball Mill Technology 

 
28 

   

      Chapter 25 
 

Composition of the grinding media 
 

1. Introduction 
 
- This page intends to introduce the ball charge composition calculator. 
- Indeed, the ball charge is of great importance for the performance of the mill. 
- But first, it is important to emphasize that the composition of a ball charge of a cement mill depends on many 
parameters and a composition miscalculated can significantly affect the performance of the installation. 
- It is also better to do a complete audit before to modify a ball charge. 
- A full explanation of a sampling campaign inside the mill is available in a later chapter. 
- It is also advisable to let the experienced people calculate a grinding charge. 
 

2. Cement mill with 2 compartments 
 
2.1. First compartment: 
 
- The first compartment (or first chamber) is also known as coarse chamber or crushing chamber. 
- It is equipped with lifting lining in order to increase the ascending trajectory of the balls. 
- The diameter of the balls is mostly from 90mm to 60mm with some exception (100mm for harder materials). 
- Balls smaller than 60mm have a limited efficiency and must be avoid. 
- Balls are working by impact. 
 
2.1.1. Factors influencing the composition of the charge: 
 
- The granulometry of the fresh feed:  
ω ¢Ƙƛǎ ƛǎ ǇǊƻōŀōƭȅ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ŦŀŎǘƻǊ 
ω LƳǇƻǊǘŀƴǘ ǊŜƳŀǊƪΥ ǿŜ ǘŀƪŜ ƛƴǘƻ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ǘƘŜ ŦǊŜǎƘ ŦŜŜŘ ŀǘ Ƴƛƭƭ ƛƴƭŜǘ 
- The hardness of the clinker: 
ω 5ƻ ƴƻǘ ŎƻƴŦǳǎŜ ǿƛǘƘ ǘƘŜ ƎǊƛƴŘŀōƛƭƛǘȅ ƻŦ ǘƘŜ ŎƭƛƴƪŜǊ 
ω hƴ ǘƘƛǎ ǎǳōƧŜŎǘΣ ǎŜŜ ǘƘŜ explanation in the chapters devoted to grindability and hardness (42 and 43) 
ω A good and easy test to know the clinker hardness is the well-known Slegten hardness test 
- The kind of lining, because the lining is generally made with a lifting effect but we can define three types of 
situation: 
ω ²Ŝŀƪ ƭƛŦǘƛƴƎ ŜŦŦŜŎǘ 
ω bƻǊƳŀƭ ƭƛŦǘƛƴƎ ŜŦŦŜŎǘ 
ω !ƎƎǊŜǎǎƛǾŜ ƭƛŦǘƛƴƎ ŜŦŦŜŎǘ 
- The specific power consumption of the chamber, the value is normally comprised between 8 and 12 kWh/t. 
- Other less important factors: 
ω ¢ƘŜ Ǉercentage of slag in the feed 
ω ¢ƘŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ŀŘŘƛǘƛǾŜǎ όƭƛƪŜ ƭƛƳŜǎǘƻƴŜύ ƛƴ ǘƘŜ ŦŜŜŘ 
ω ¢ƘŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ƳƻƛǎǘǳǊŜ ƛƴ ǘƘŜ ǘƻǘŀƭ ŦŜŜŘ 
ω ¢ƘŜ ǘȅǇŜ ƻŦ ŎƭƛƴƪŜǊ όƎǊŜȅ ƻǊ ǿƘƛǘŜύ 
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      Chapter 26 
 

Ball top size 
 

1. Introduction 
 
- This small presentation for introducing the calculation of the top size grinding media used in a tumbling mill. 
Three formulas are described here: 
ω ¢ƘŜ .ƻƴŘ ŦƻǊƳǳƭŀ 
ω ¢ƘŜ wƻǿƭŀƴŘ ό!ƭƭƛǎ-Chalmers) formula 
ω ¢ƘŜ !ȊȊŀǊƻƴƛ ŦƻǊƳǳƭŀ 
- Everybody knows these formulas and uses them frequently. 
- We do not want to argue about the reliability of these formulas, each having its own opinion on the subject. 
- We therefore limit ourselves to describe them. 
 

2. The Fred.C.Bond formula 
 
- The formula is the following: 
 

 
 
Where: 
Db = the top size of the grinding media in mm 
Pf = size in µ of the 80% passing in the fresh feed 
C = 200 for ball mills 
Wi = Work index in kWh/t 
Vcr = percentage of the critical speed (if 75% => 75) 
Sgs = specific gravity of feed in t/m3 
D = internal diameter of mill in m 
 
- One can have the choice between balls and cylpebs 
- Depending on the diameter determined by the calculation, the commercial size proposed must be chosen in line 
with the result. 

 

3. The Rowland (Allis-Chalmers) formula 
 
- The formula is the following: 
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      Chapter 27 
 

Sampling of the grinding media 
 

1. Introduction 
 
- It is always interesting to know the ball charge gradation inside a ball mill. 
- Reasons are: 
ω ¢ƻ ǎŜŜ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜ ǿƛǘƘ ǘƘŜ ǘƘŜƻǊƛŎŀƭ ōŀƭƭ ŎƘŀǊƎŜ ƎƛǾŜƴ ōȅ ǘƘŜ ǎǳǇǇƭƛŜǊ ƻǊ ǎƻƳŜōƻŘȅ ŜƭǎŜ 
ω ¢ƻ ŀŘƧǳǎǘ ǘƘŜ ŦǳǘǳǊŜ ƳŀƪŜ-up 
ω ¢ƻ ƎŜǘ ŀ ƎƻƻŘ ƛŘŜŀ ƻŦ ǘƘŜ ǿŜŀǊ ƻŦ ǘƘŜ ōŀƭƭǎ 
ω ¢ƻ ŘŜŎƛŘŜ ƛŦ ƛǘ ƛǎ ǘƛƳŜ ǘƻ ŎƘŀƴƎŜ ŎƻƳǇƭŜǘŜƭȅ ǘƘŜ ōŀƭƭ ŎƘŀǊƎŜ 
ω ¢ƻ ŎƘŜck if the classification is good in second chamber 
- Experienced engineers have a good feeling only having a look during the mill's visit but results of a complete 
sampling is better in order to convince other people. 
- The problem number one is the difficulty of the job.  
- In fact, it is very hard and long work. 
 

2. Method used in the mining industry:  
  
- Let us recall the method often used in wet process: 
  
2.1. Tools needed: 
 

 
 
- A tube in PVC with a diameter of 300mm and a length of 1000mm (this tube must be resistant, a thickness of 8-
10mm is necessary) 
- A piece of wood is necessary between the tube and the hammer due to the impact  
- A big hammer to knock the tube into the ball charge 
- A magnet to remove the balls from the ball charge 
- A cord for lifting the magnet and the balls 
- A solid bucket to carry the balls in the laboratory 
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      Chapter 28 
 

Marked Ball Test 
 

1. Introduction 
 
- Marked ball tests, abbreviation MBT, are performed both in cement and mining area. 
- It is obviously admitted that they have much more importance in the field of mines where the wear is drastically 
higher. 
- Economic interest is more critical, whether for the mining people or the supplier of balls. 
- However, these tests are also very useful in the cement field. 
- It is important to note that some producers (cement and mining) make reservations about the merits of these tests. 
 

2. Goals of the MBT 
 
- A supplier wants to prove that his product is better. 
- A cement producer wants to compare various suppliers for inclusion in the vendor list, for example. 
- A supplier of grinding media and a mining/cement producer agree to realize a deep study in order to obtain the 
best ball quality. 
 

3. Marked balls 
 
- It is widely accepted that 200 balls are necessary and sufficient to do the test (200 balls for one quality of alloy). 
- A hole is drilled in each ball. 
- The hole has the following dimensions: diameter 5mm and 15mm deep. 
- Example of marked ball: 
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Quality 1 Single hole drilled from surface to center

Quality 2 Two holes drilled in line 180°

Quality 3 Two holes drilled in line 180°

and 3rd hole at 90° in the same plane

Quality 4 Four holes drilled at 90° in the same plane

Quality 5 Four holes drilled at 90° in the same plane

and 5th hole to center in a perpendicular plane



 Cement Ball Mill Technology 

 
32 

   

      Chapter 29 
 

Cyclones 
 

1. Introduction 
 
 - In cement manufacturing industries, large-sized cyclone separators are used as main process equipment in 
significant numbers for handling high volumetric flow rates of dust-laden gases. 
- The best example being the preheating units of rotary kilns. 
- The cyclone is a simple mechanical device commonly used in the grinding circuits to remove relatively large 
particles from gas streams. 
- Cyclones are often used as precleaners to remove more than 80% of the particles greater than 20µm in diameter. 
- Smaller particles that escape the cyclones can then be collected by more efficient control equipment like bag filters 
and electro precipitators. 
- Cyclones are relatively inexpensive since they have no moving parts and they are easy to operate. 
- The most common type of cyclone is known as reverse flow cyclone separator. 
 

2. Advantages of cyclones 
 
- Low capital cost. 
- Ability to operate at high temperatures and pressures. 
- Low maintenance requirements because no moving parts. 
- Constant pressure drop. 
- Can separate both solid and liquid particles, sometimes both simultaneously. 
 

3. Disadvantages of cyclones 
 
- Low efficiency especially for very small particles. 
- High operating costs in case of high pressure drop. 
- Subject to erosion or clogging if abrasive solids are processed. 
 

4. Principle of operation 
 
- The spiral pattern of gas flow is developed by the manner in which the gas is introduced. 
- It enters along the side of the cyclone body wall and turns a number of times to spiral down (external vortex) to the 
bottom. 
- Particles in the gas are subjected to centrifugal forces which move them radially outwards, against the inward flow 
of gas and towards the inside surface of the cyclone. 
- When the gas reaches the bottom of the cyclone, it reverses direction and flows up the center of the tube, also in a 
spiral fashion. 
- This spiral fashion is also called inner vortex and fine particles are carried with the air and leave the cyclone through 
the immersion tube. 
- Solids at the wall are pushed downwards by the outer vortex  and are going out by the solids exit. 
- Gravity has been shown to have little effect on the cyclone's operation. 
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      Chapter 30 
 

Static separators 
 

1. Introduction 
 
- Separators are widely used in the cement industry and more particularly in grinding circuits. 
- But what are separators? 
- Basically, separators separate fine particles from coarse particles. 
- Fine particles are usually collected as a finished product while coarse particles are sent back for further grinding. 
- The trick is to ensure that the coarse particle stream does not contain fine particles, and on the other hand, the fine 
particle stream does not contain coarse particles. 
- An efficient separator should prevent over-grinding and consequent waste of energy. 
- There are mainly two kinds of separators, static separators and dynamic separators. 
- The big difference is that static separators have no moving parts and can only be adjusted with mechanical 
modifications. 
- This chapter is devoted to classical static separators and V separators which are another type of static. 
 

2. Static separators 
 
2.1. Introduction: 
 
- The static separator is, like the cyclone, a simple mechanical device commonly used in grinding circuits to eliminate 
relatively coarse particles found in the gas streams. 
- Static separators are relatively inexpensive because they have no moving parts and are easy to use. 
- They are used in particular in the circuits of raw and coal mills. 
- Here is a circuit with an air swept mill used for coal grinding: 
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      Chapter 31 
 
Introduction to dynamic separators 
 
- After having introduced the cyclones and the static separators, we are going to talk about the dynamic separators, 
which constitute the vast majority in the cement grinding circuits. 
- Dynamic separators are classified into three generations, although a world famous supplier has recently developed 
a separator which they classify as fourth generation. 
- In the first generation separators, the air flow is generated by a fan inside the separator body. 
- In the second generation, the airflow is generated by an external fan and there are cyclones. 
- And finally, the third generation has a rotating cage which replaces the counter-pallets of the 1st and 2nd 
generation. 
- Comparison of the main characteristics: 
 

 
 
- Trump Curves Comparison: 
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Category 1st generation 2nd generation 3rd generation 4th generation

Name
Turbo 

separators

Separators 

with cyclones

Cage 

separators

Integrated 

cyclone

Second name Conventional - High-efficiency High-efficiency

Design Compact Voluminous
Compact or 

voluminous
Compact

Varieties None None Many None

Efficiency 40-60% 60-80% 80-90%

By-pass 20-70% 10-40% 0-30%

Imperfection 0,35-0,75 0,2-0,5 0,15-0,4

Blaine of tails 1100-2000 800-1200 550-1200

No data 

available


