Cement Ball Mill Technology

Introduction

My name is the Grinding Engineer.

| acquired my engineering degree somewhat by chance.

When you don't know if you are more literary or more scientific, this obvicumtyplicates things when it comes to
choosing your studies.

It was therefore without much enthusiasm that | began this cycle of 4 years.

And | finished it brilliantly since | was the 1st of my promotion.

Nevertheless, my first experiences in the industeiabironment confirmed me in the idea that this was not really
what | was looking for in life.

And then one day, | saw a job advertiserhgna popular newspaper that interested me.

It was about grinding cement, with short but frequent trips.

I had no ideavhat cement was made at that time, but it piqued my curiosity and | promptly responded to this ad.
After several steps that | passed more or less well, | remained in the running with two other people for the position
of Process Engineer, which | lost ahdn regained during a final interview.

So here | am, entering the world of grinding not only cement, but also mines.

The company | was working forwpalthough world famous for itgrindingexpertise was not really organized for
the training of its newvemployees.

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 trainingvasbased ormill 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 coldand it had even snowed the day before.

| entered themill througha DIN manhole

It was impressive.

Aball mill with a diameter of 2 m!

Themill was emptied of itdall chargebecause the maintenance personnel had to remove the grids from the
intermediatediaphragm

The frame of thaliaphragmhad, indeed, structural defects, and | had to check this in detalil.

It was the purpose of my visdnd | was sent, me the beginner, because no one was keen to do this job.

And that's how | gained experience, likat time when | was senb solve a problem in an opetircuit mill in
England, without success.

Thenafterwards, | took charge of the whole Middle East.

| retain many epic memories of this period when | travelled to this region.

For examplel rememberthe visit to a large central dischargaw millin Iran.

We were no less than 10 people in the dryinguiber 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 injunedarm slightly.

A few years passed, | 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.

Itis true that at the time, the region where he wantwset 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 simpl@perations Manager

When | started, various equipmesivere already installed such as silos for clinker and gypsum, cement silo and
conveyor belts.

The ball mill was missing produciRgrtland cement type CEM | 32.5 with 95% cement and 5% gypsum.

The clinker was to come mainly from a cement plant located 120 kayaw

There, this clinker was produced in a Legygle 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 1
mm.

It was also recognized that the grindability and hardness of the clinker of the Lepol system were very favoeable for
mill in open circuit

Based on these data, | calculated the size of the mill needed to produce 50 t/h of cement at 3200 Blaine with 3%
residue on 90um and 80% pasgon 40um.

The Bond formula that | generally used gave an energy requirement of 38 kWh/t.

This specific energy uitiplied by the production (383 x 50) gave a necessary absorbed power of 1800kW.

As the project envisagedapen circuisystem | was looking for anill with an L/D ratio equal to B,

The seconéhandmill finally selected had a diameter of3n for a total length of1,375m 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 $0 high,
wasn't worried

The cement mill was equipped with a liftiigingin chamber 1, a simple intermediatkaphragmand a nor
classifyindiningin chamber 2.

The next step was to fill theght ballchargein order to ensure a good cement quality

And finally, | chose a bag filter and its farptovidethe ventilation of themill.

The first weeks of operation of the new grinding station passdkout 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 decitegroduce 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 visitinsidethe mill and an axial testit appeared that pollution afincrushedparticlesin the second chamber
had drastically reduced thaill 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 wok 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 repladinpeinternal equipment of the
mill was taken.

Following this imestment, production reached 3/h at the right fineness.

After a few years of operation without major problems, | compared the performance of our grinding unit with that of
cementplants in the region and found that opagircuit 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 thdvall chargeof 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 offaees products to its customers, wtypes of OPC

cement type | 42,5 and 32,

However, | was disappointed by the performance of the installation, and the 1st generation separator was suspecte
of being responsible for this significant energy consumption.

Indeed, during the production of the finest cement at 4900 Blaihe data from the impact flometer in the

control room showed a huge circulation factor, betwesx and eight.

Since there was a new type of separator on the market, also called higlemdficseparator, 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 thabialedw 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 agaist the wall, | offered him the radical solution of seimtegral pregrinding.

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-eifficiency separair was approved by my boss.

The construction work did not prevent the mill from producing cement, except for a ek shutdown to change
it to monochamber.

The result of this final operation exceeded expectations.

If the total absorbed power of the @tiallation had increased by 28%, tbetput 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 | told it, itis 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.

Globalcement production was around #pillion tonnes in 2016.

Considering an average camsption of 110 kWh to produce 1 ton of cement, the electricity consumption is
approximately 451 billion kwh!

Thepart of grinding represents 65% of total consumption (23% for grindingmaterialand 42% for grinding

clinker).

The world park of mills isidded into four types, ball mills, vertical mills, roller presses and horizontal mills.
Thegrindingefficiency 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 [ll 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 possibleiraprents 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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Chaper 1

Comminution

1. Introduction

- Particlesize 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 veujulres the highest
percentageof energy.

- Consequently, the high costs of energy drives us to optimize the processes in the plaaty@mglthem 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 follogin

* 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 emkgrhysical and chemical reactions

Examples: dissolution and melting of solids, extraction from the solid phase, hardemimglerfs, transportation
andcombustion of solids, heterogeneous reaction

* Decomposition of heterogenic solids for successive separation

Examples: ore milling, flotation, wte treatment

- The result of the comminution is measured by the reduction ratio:

Fao

Bes g

Where:

Rris 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:

Hard comminution Medium comminution Soft comminution

Basalt Limestone Lignite

Hard ore Coal Rock salt

Pebble Gypsum Chalk
Quartzite Potash Plastic

slag Corn

Clinker Spicery

A 4da n a dup boek| pda
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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 veujuires the highest
percentageof energy.

- Consequently, the high costs of energy drives us to optimize the processes in the plant, and among them the milli
process.

- Various methods to study the grinding process and to know the energy requiretbavedeveloped (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 grisdiivgdly proportional to the
usefulwork consumed, is to say that the fragmentation work is proportional to thre ef new surfaces produced.
- Mathematically, it is expressed by the following relation:

W—K(l 1)—1{5 S
=R = (S¢—S3)

Where:

W is the @mergy 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,

Sfis the final area,

and K is a coefficient

- K coefficient depends on the shape of the particle, the type of material, the number of defettha@efficiency of

the forcesapplied for the comminution work.
- This lav only applies to the fragmentation of fine particles (< 2P0

2. Second law KICK (1885):

- This law says that the energy required is directly proportional to the volume reductieveketparticles before
and afterthe fragmentation operatiorfcrushing), i.e. proportional to the variation wblume of the particles.
- Mathematically, it is expressed by the following relation:

D
W= K.log(dﬁ)
80

~
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Chaper 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 thispresentation, we have first to spliitwo processes:

* Wet Process

* Dry Process

2. Tube mills in wet process

- Wet process is the process where grinding is performed with material forming a pulpdditioa of water
(minimum 30%).

- Mills presented in ths 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 industrfh&mroavth of the
AG, SAG mitlircuits (with much higher capacities), rod mill technology is atrfadlen into disuse.
- Their use is then generally limited to specialized cases such as:

* Avery 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 arrangemendse possible:

* Trunnion discharge

* End peripheral discharge

* Centre perpheral discharge

~
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Chapter 4

Speed of rotation

- The speed of rotation is often expressed as a percentagfgeddritical 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 centrifugasfequeal gravitational
forcesat the mill shell's wall.

- At this point, balls will not fall away from the mill's shell.

1. Calcudtion:

- General sketch:

i /
NAALIA) \
AT ?\/‘C:-"\\ lmpay

Gravitational force Fg

- The grinding ball is subjectéd two forces

* Centrifugal force: Fc

* Gravitational force: Fg

- The centrifugal force is given by the following formula:

D;
F.=mw >

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:

F; = mg

A 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:
wHead liners

wShell linings

wDiaphragms

wGrinding media

- These internals are designed and made in order to:
wTo protect the mill shell

wTo have the best life expectancy

wTo minimize the operating costs

wTo improve the specific energy consumption of the mill
wTo allow a higher production

- Each category will be detailed in the chapters hereafter.
- Sketch of the mill's internals:

Chamber 2 Lining

Intermediate
diaphragm

Outlet
diaphragm

s e

; TS
Grinding Media

A 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 amanormally used.

- The composition of the ball charge depends on various factors, such as:

w aAff RAFYSGSNI

w aAff tSy3adk

w wlkiAraz2 [k5

w aAff aLISSR

w ¢eLISa 2F tAyAy3Ia

w aAfft OANDdzA G

w ¢eLIS 2F &aSLI NI G2NJI

w DNAYRIOAfAGE 2F GKS FTNBaAaK FSSR
w DNI ydzZ 2YSGONER 2F GKS FTNBaAaK FSSR
w | I NRySaa 2F GKS FTNBakK FSSR

w t NPRdzOG FAySySaa

Concerning the ball quality, it depends of:

w L Y LI Odfithe firgt blinsbar Ay

w CNRAOGAZ2Y FT2NOSa 0Si6SSy G(GKS olftfta IyR (KS fAYySNa
w ! 9N} aA@SySaa 2F YIGSNALTE &

w / 2NNRaAz2y SalLlSOAaAlfte Ay 6Si LINROSaa

2. Composition of the ball charges

- This will be detailed i€hapter 25.

3. Ball charges quality

- Three types of balls exist on the market:

w C2NHSR olffa

w /ad LNRYy olftfa

w | AIK / KNRYAdzY /1F&ad LNRYy ol ffa

A 4da naop ej pda bghh ~kkg
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Chapter 7

Cement 2chamberball 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 @Rambermill.

- To this end, good expertise is essential.

-2KFG ¢S ySSR G2 (1y2e¢ (G2 aiddzRRe I OSYSyd YAttt XH
wTheory

wPractical things

wTips

wTools

wGrinding software

2. General remarks

- Cemenmmills can have:

w1 chamber

w2 chambers

w3 chambers

wAnd more

- Cement mills can be in:

wOpen circuit

wClosed circuit

- In thischapter, we will develogement mills with 2 chambers in closed circuit

3. Classical circuit

- A cement mill classicalrcuit looks like the following:

A 4da naop ej pda bghh ~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 tBend 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 suppliespecialized 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 weltknown Bond formula used is the following:

1 1
E=10><Wi><C><( )

NN

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:

C:C1XCZXC3XC4XCSXC6

With:

Clis a correction for dry grinding,

C2 is a correction for open circuit

C3is a correction for mill diameter,

C4 is a correction for feed size,

C5 is a correction for product fineness.

C6 is a correction for higéfficiency separators.

2.2.Qorrection factors:

2.2.1.C1 definition:

C; = 1,3 if dry circuit and 1 if wet circuit

A 4da naop ej pda bghh ~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 aaromill in function of:
wThe cement fineness target in Blaine

wThe general dimensions of the mill

- The following hypotheses are used:

wMill in closed circuit

wSeparator of the third generation

wMill Length/Diameter ratio around 3,2

wMill speed of rotation around 73% of the critical speed
wHlling degree of both chambers around 31%

- Specific powesused are:

w3000 Blaine: 28 kWh/t

w3500 Blaine: 35,8 kWh/t

w4000 Blaine: 44,4 kWh/t

w4500 Blaine: 53,6 kWh/t

- The length of chamber 1 is defined for the coarsest cements, here 3000 up to 3500 Blaine.

Mill Chamber 1 Chamber 2 Mill Capacity according fineness
. Total Total Total 3000 3500 4000 4500
Diameter Speed | Length Balls Power | Length Balls Power K i X X
length balls power | Blaine | Blaine | Blaine | Blaine

m m rom m t kw m t kw t kw t/h t/h t/h t/h
2,4 7,95 20,5 2,5 14 151 4,75 28 296 42 446 16 12 10 8
2,6 8,7 19,7 2,75 19 203 5,25 36 401 55 604 22 17 14 11
2,8 9,2 19,0 2,75 22 244 575 46 526 68 770 27 21 17 14
3 9,7 18,3 3 27 316 b 56 654 g3 970 35 27 22 18
3,2 10,45 17,7 3,25 34 403 b,5 69 833 103 1237 44 35 28 23
34 10,95 17,2 3,5 41 506 b, /5 81 1008 123 1513 54 42 34 28
3,6 14,7 16,7 3,75 49 bl6 Vi 94 1189 144 1805 b4 50 41 34
3,8 12,45 16,3 3,75 55 706 7,75 117 1507 172 2213 79 62 50 41
4 12,95 15,9 4 66 856 8 134 1769 200 2625 XA 73 59 49
4,2 13,45 15,5 4,25 76 1013 8,25 152 2032 228 3045 109 85 69 57
4,4 14,2 15,1 4,5 89 1205 8,75 177 2421 266 3626 130 101 82 68
4,6 14,7 14,8 4,75 103 1421 9 200 2783 303 4204 150 117 95 78
4,8 15,45 14,5 4,75 112 1568 9,75 235 3326 347 4894 175 137 110 91

5 16 14,2 5 128 1828 10 263 3778 391 5605 200 156 126 105
5,2 16,75 13,9 5,25 146 2111 10,5 299 4363 445 6474 231 181 146 121
54 17,25 13,7 55 166 2430 10,75 331 4907 496 7337 262 205 165 137
56 17,75 13,4 575 187 2780 11 365 5496 551 8277 296 231 187 155
5,8 18,5 13,2 5,75 200 3020 11,75 418 6378 618 9398 336 262 212 175

2. Some graphics from the general sheet

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

A 4da naop ej pda bghh
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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 theiggimaill circuit is in a steadyorking
condition with a representative cement product.

- If this condition is fulfilled, the whole installation must be stopped in cistsip

- It means all the equipments must be stopped at the same moment, especialli feeiders, fresh materiagbelt
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 milyl the safety procedures must ld®ne and checked by the stafbncerned by
the visit of the mill.

- Itis also better to leave a small ventilation in erdo cool both mill's chambemmore quickly and thus reduce
production stoppages.

- Flap of the faimust be opened around 105%.

- It is better to enter first into the first compartment in order to follow the flowpathtlbé material from the
beginningof 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 entethieyinlet trunnion in the firsthamber
and by the central screen of the intermediate diaphragm in the second chamber.

- This method saves time, because you no longer havertmve the two doors (manholes) from the shell.

- It will only be necessary to remove the central grid of the intermeditzg@hragm

- It is important to limit the number of people visiting tineill for safety reasons.

- This procedure was performed forRacompartments 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 ght visit, some accessories are required.

- A list of items below.

- The light:

WA torch is the minimum required but not sufficient the most of the time:

wAs some people can take measurements, pictures or write, it is better tdlinsteorksite light in order to
illuminate the whole compartment

N

A 4da naop e] pda bghh "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 explias¥ed

- 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 nmber 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.

Side view of the mill

Measurement of the height
betweenthe top ofthe charge
and the lining

Ball charge

- 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

A 4da naop ej pda bghh ~kkg
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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 d
a granulometric analysis inside the mill.
- This analysisicludes three steps:

w ¢CKS al YLt Ay3a OFYLI A3IYy AYaARS (GKS YAff
w ¢KS aAS@Ay3 2F GKS alyYLX Sa Ay GKS {1 02N {2NE
w ¢CKS NBadzZ Ga yrfeara gA0K (GKS Odz2NBS |yR Aida AyaSN
For this presentation, we consider a classical 2 chambers mill as example.
2. TheSampling Campaign
- The sampling campaign after a cragbp 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:
4 solid bags| A scoop or something
r? similar to take the materia

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.

i e e

Millinlet+ " w

| | - §D

ke e ] E
e e W
Chamber 1

- If for somereason it is not possible to take the samples at 3 points, the samples must be taken in the axis of the mi
(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 ball$ the sampling points and take the sample with the scoop.

A 4da naop ej pda bghh ~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 tygasnpies:

w CNBaK FTSSR al YLX Say OfAy1SNE 3FelLladzyz fAYSalz2ySs
w aAftt FEAFf GSad alyvyLi Sa

- 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 parfed in two steps:

7

w ! FANRG adSLI F2NJ 0KS 06A33Sa0 RAYSyarzya
w ! aSO02yR aGSL) F2NJ GKS avlfttSad RAYSyarzya
- We suggest the following sieves:

Example of sieves
Big sieves Small sieves
50mm 1,18mm
25mm 0,5mm
12,5mm 212p
9,5mm 90u
4,75mm 631
2,36mm 45u

32u

- Of course, similar sieves can be used.

2. Preparation of thesample for the first step

- Mill axial samplesre 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 partthe sample, it is always possible to use a splitter in order to get a
representative sample.

- Picture of a sample splitter:

A 4da naop ej pda bghh ~kkg
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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:

¢t2 F2fft2¢ GKS AyaidlttlraAaz2y Ay GSNya 2F FAySySaa |
¢t2 FTAYR SEA&GAY3I LINRoftSYa | yR az2t @S GKSY

¢2 AYLNRB@S (GKS LISNF2NXIYyOS 2F (GKS Ayadadlrttlriarzyo
¢ 2 theBdsie&cement quality

Schedule a sampling campaign every 3 months.

e€egee

2. Before the sampling campaign

- The grinding circuit must be in steady condition at lea8ttiburs before the beginning of the sampling campaign.
- The time to reach stabilityaries 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:

D NJR Y GuAnyftdif ekistirg

l 6a2NDPSR LI2gSNI 2F (GKS o6Fftf YAff FyR 204KSNJ YIFAYy S|
electrical room, it is more reliable)

w hiKSNIRFGF £A1S Flya RIFEYLSNA LREEGAZ2Y S LINB&adaNB |

w ¢S 2F OSYSyid LINRPRdJzOSR

w t NPRdzOGA2Y O00GKKU

w rhpdsition

w CAySySaa GFNBSG YR LINPRdzOGAZ2Y (G NBHSG O6NBAARIS Iy
w [FL&ad FAySySaa RIGlF O6ONB&ARdMZS FyR . fFAYySO

@ {SLINIFG2NI GFrAta FE26 NIGS 60kKO AF SEAaGAY3

w /svsyu GSYLISNY GdzZNB 4 YAt 2dzif Si

w 2FG§SNI Ay2S0iAz2y liddyidrade AT SEA&GAYT

w

w

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 optio

A 4da naopboek pda bghh
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Cement Ball Mill Technology

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:

w . 2yYR F2N¥xdzZ |

w 233 FYyR CdzSNRGSY !l dz F2N)dz |

wTorque Factor (FLS) formula

{£S30GSy F2Nkydz |

dmm aShalFftdNBAAG 6S0aAdsS F2NNdL |

. 8SO1 F2NxNdzZ |

| 2f RSNDB Iyl F2NXNdzZ |

hiKSNJ F2Nydz | &

geegee

Generally, the absorbed power of a ball mill depends of the following basic data:

w 5AFYSGSNI

w [ Sy3aikK

w CAfftAy3a RSINBS

w {LSSR 2F NRUGIGAZ2Y
w ¢S 2F LINROSaa
w ¢eLIS 2F YAff

w ¢S 2F fAYyAyYy3IA
w / 2YLRYySyiGa

- Let's review the different formulas:

2. Bond Formula

- The Bond power formula is the following:

03 _01
P, = 4,879 X D™ X(B,Z—BXDXVCI-X 1_29—10><Vc,-

Where:

Pb is the power by ton of balls at the shaft in kW/ton,
Dis the internal mill diameter in m,

J is the volume load (filling degree) in % and

Vecr 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 cemteindustry, we have:

r

P, = 4,879 x D% x (3,2 — 3 X]J) X V. X (1 T 20-10xV,

)X 1,08
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Cement Ball Mill Technology

Chapterl6

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 energyused 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 importantd 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 hekt balance.
- This principle is illustrated below:

IN OouT

system

= 0OUT

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. Temperatureof the product at mill outlet:

- It is generally accepted that beyond X0%0 degrees centigrade, adverse reactions to the grinding process can take
place.

- This can also affect the quality of the cement.

- These reactions are:

w ¢NRdzof S 2 TatioBwWhichinlay calisé de@dRt "false set".

w tIFNIAOESE 33t 2YSNXGA2y RdzS G2 StSOGNRadlFdiAO OKIN
- The exact temperature which must not be exceeded varies from case to another.

- It depends of the kindf 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:

w hdre the cooling of the mill and the material

wTo dedust the mill

w ¢2 NBY2@S GKS FTAYS LI NIGAOESAa FNRY GKS YAff

~
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Cement Ball Mill Technology

Chapter 17

Mill ventilation

1. Introduction

- The ventilation of the cement ball mill ha®Bjectives:

w ¢2 AyadaNBE GKS 022ftAy3 2F (GKS YAttt FyR GKS YIFGSNRI
w ¢2 RSRdzad GKS YAff

w ¢2 NBY2@S GKS FAYS LI NIHAOESa FNBY GKS YAff

2. Cooling of the mill

- A good cooling of the mill and the material inside the mill is necessary to maintain a progeng temperature.

- The temperature of reference is the one of the material at the mill outlet.

- For the cement mills, one cannot exceed a temperature of10%°C according the type of circuit.

- Higher temperatures can induce the dehydration of gypsu

- 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 datishe
- 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 cohesidorces 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 tlagtrition'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

- Whenwe 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.:

ventilation <=> air speed in m/sec

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

A 4da naop ej pda bghh ~kkg
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Chapterl8

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 therefanecessary 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 measurenfaheair speed (V) which is then multiplied by
the passage section (S):

Q=SxV

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 measung point, the following recommendations should be observed:

w ¢KS aKILS YR &aA1TS 2F GKS LALIStEAYS YdaAad
w ¢KS fSy3aikK 2F GKS RdzO4G a4S3YSyild 6SF2NB GK
w ¢KS fSyaikK 27 th&knasidgpdint duStbeHgifed than Z00 S NJ

- See the figure below:

i

U O
<

>4D

>50D

Mill outlet Air flow

- 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 trertical 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).

A 4da naedupboekj pd
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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:

gegegege

5NR L) Ay ihdhmtddgOi A2y 27F
LYONBFasS 2F (KS LIRgSN O2yadzYLIWiAz2y
S5NRL) 2F GSYLISNI GdzNE F2NJ RNBAY3I NI g YIGSNRI§

|l A3KSNI 6SIFNJ 2F Flya
SATTFAOMA G& (2 GNIYyaLR2NI YIFGSNRI€

- It is therefore important to know the points where false air can appear and to know the percentéajseofir 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:

w
w
w

wlkg YAft ANAYRAY3I | NBI
YAtY | NBI
/| SYSyi YAttt ANAYRAY3I | NBI

- For grinding iccuits, potential false air entry points are:

eEegegeegee

ahff 2dzif S

CSSRAY3 LRAYyGA

| 2t 8a Ay RdzO00Ga

al AyaSylryO0S 2LSyAy3d R22NA
CflLazr SELIyarzy 22Ayia

| 2yySOiAz2ya

CAf GSNE

- In the chapters here below, we will develop false air problem in;

w

wl ¢ Igyh&ing@rds with ball mills

wCement mill circuits
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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 ir
the circuit will go out of the circuit.
- This is illustrated by the small picture below:

L SYSTEM =

IN=0UT

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

2. The 7 grinding circuits

- Open circuit:

Eas stream

to the fiter

Filter
jprosdect

b 4

Fresh fieed

Ml gutlet Finished product

- Closed circuit (separator of the first generation, product of the filter in the finigiteduct):

é; Flow to filter

Filter
product

Separatorfines
<

Finished
product

Separatortails

Freshfeed
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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 temperatud®oes not exceed a certain level generally evaluated to1DFC.
- Beyond this limit, one can encounter the following problems:

w CFLff 2F (GKS FtdARAGE 2F GKS YIFGSNRI
w t NPRdzOGA2Y 2F &AdzLISNFAYS LI NIAOf Sa

w /2FGAy3 2y (GKS olftfta FyYyR fAYyAy3aA

w . t 2 OlelslatSof tAefoutlét iaphragm

w 5SK&@RNIGAZ2Y 2F 3@ LJdzy

w Cftlrak FyR FrtasS asSi 2F GKS OSYSyi

w /SYSyid aidi2Nr3aS LINRotSY Ay aitza

W

201 F2NXIGAR2Y AYy &aAf2a

All these problems have the following consequences:

I RNJ &GA O RNZRLJgriading istS STFFAOASy Oe 2F (KS
I RSONBIFAS Ay LINRBRdAzOGAZ2Y

w ! RRAGA2YyIf Oz2aida 2F YIFLAyiaSylyoS

- To avoid these problems, the mill is ventilated.

- Sometimes, however, ventilation is not sufficient and it is then necessary to use other means:

€ €

Water injection

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

140

130 | | Chamber 1 | Chamber 2 | 130°
I Without 1% ection

110 105°C
100 —

— .
With injectiofn

90

80

Material progress
[.J-rn' --.5'.7? B bl 2 ‘.?.J-rﬂ\' --;-'.77 ..7:‘;?-, bl 2 ‘.?.Aﬂl\' --;-'.77
3

70

60

1 2 4 5 6 7 8 9

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 temperaturexceeds 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.

N
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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:

w lthe&mbunt of material in the mill after a crashop

w hNJ G2 1y2¢ GKAA ljdza ydAadage Fd I GAYS G 6KSyYy GKS YAt
- Now, concerning the residence time, also called the retention time, the best thing is to do a test.

- Mill retention time (MRT) vllibe 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 crashop!

- It is recommended to go inside the mill and verify the filling degree and the malevellfor 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:

Cubic Total Percentage
Ball Ball Numbe| Volume = of Balls on| Percentage
. Ball Volume . Ball Number Volume of .
Diameter by Side Total Total of voids
the Balls
Volume Volume
mm mm3 m3 m3
90 381703,51 30 19,683 27000 |10,30599471 52,4 47,6
80 268082,57 30 13,824 27000 |7,23822941 52,4 47,6
70 179594,38 30 9,261 27000 | 4,84904824 52,4 47,6
60 113097,34 30 5,832 27000 | 3,05362804 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

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

Pbulk

%Voids = 1 — SG

Where:
"bulk is the bulk density of the balls
SG is the specific gravity of the ball

N
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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.

- Itis called mill residence time (MRT).

- The MRT represents the average time required for the bulk material (cement or other) tthpasgh 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 thaterial 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 fluoescein 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 lwagtaining 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 inl¢h@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 ram a f
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 minutesliasiretention time.

- Example of graph:

Peak = residence time

Absorbance

0 3 6 9 12 15 18 21 24 27 30 33 36
Minutes

~
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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, manufactutessproduce products with
higher fineness.

- They began to meet temperature problems (too high) in the mills with the following consequences:
w !'3AIE2YSNIXGA2y 2F LI NLGAOESa 2y GKS fAyAy3aa |
w 9FFAOASYOe f2aa YR RNKWhiH)A O AYyONBIasS 2F GK
w SAFFAOMzZ & F2NJ LINPRdzOAYy3 | KAIK .fFAyS OSY
- 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 1300 ° C at the mill outlet.

- Some installatios even were producing cement at 4000 Blaine for a consumption-80740NVh/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:

Specific power [Cement fineness| Temperature at
(kwh/t) Blaine (cm2/gr) | mill outlet (°C)
30 2700 132
35 3000 137
39 3200 141
45 3400 145
53 3600 151
64 3700 157
- And the graph:
400
350
—Giaine valud nm2/e
300 /
250
200
Mill outlet temperature in °C
150
100
Mill in open circuit
50
30 35 40 a5 50 55 60 65 70
Energy consumption kWh/t
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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 ofttitle

- 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.

- Itis also better to do a contgte audit before to modify a ball charge.

- A full explanation of a sampling campaign inside the mill is available in a later chapter.

- Itis 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 mostipm 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 théresh feed:

w ¢CKA& A& LINRolofe& (KS Y2a
w LYLRNIFYyd NBYIFINLY 6 a1
- The hardness of the clinker:

w 52 y20 02y¥FdzaS 6A0GK GKS ANAYRIoOAfAGE 2F GKS Of Ay]
w hy (KAa& Zedpa@to0in the chaptérs devotdd to grindability and hardness (42 and 43)

wA good and easy test to know the clinker hardness is thekmelvn Slegten hardness test

- The kind of lining, because the lining is generally made with a lifting effect baamvdefine three types of

situation:

w 2SIl tAFTOGAYy3a STFTFSOi

w b2NXYIFt tAFiGAY3a SFTFFSOI

w ! 3IANBaarAgsS tAFGAy3a STFSOI

- The specific power consumption of the chamber, the value is normally comprised between 8 and 12 kWhtt.

- Other less important factors:

w ¢ &&ntdge of slag in the feed

w ¢KS LISNOSydGr3IS 2F I RRAGAGSE o0fA1S tAYSad2ySu Ay
w ¢KS LISNOSydGr3asS 2F Y2A4a4Gda2NB Ay GKS Gz2a4rf FSSR

© CKS (eLld 2F OfAY1SNI 6aINBe 2N 6KAGSO
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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:

w ¢KS . 2yR F2NNdzZ |

w ¢KS w2 gdhdiner) famula t A &

w ¢KS ''TTIFINRBYA TF2Nyxdzf |

- Everybodyknows 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 théollowing:

L/
1102311
CVe

Dy (Bond) = 25,4.

Where:

Db = the top size of the grinding media in mm

Pf = size in p 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 (AllisChalmers) formula

- The formula is the following:

0,33333
g
Pg 8s°1,10229
D (Rowland) = 25,4. |- | > L10229
b(Rowland) ,J330 Verv3,281 X D
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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:

w ¢2 4S8 GKS RAFFSNBYyOS sAlGK GKS GKS2NROFt o1ttt OKI
w ¢2 | R2dza il -upKS FdziidzNB YI 1S

w ¢2 384 I F22R ARSI 2F (KS ¢6SIN)2F GKS ol ffa

w ¢2 RSOARS AF Al A& GAYS G2 OKIFy3S O2yvyLxX SiSte GKS

w ¢ 2k ifdre Slassification 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 diffilty 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:

Piece of wood

Masse
. Big hammer

PVC Tube: diameter 300mm
and length 1000 mm

- A tube in PVC with a diameter of 300mm and a length of 1000mm (thisnwisé 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 forlifting 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 manrizey

- 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 alsery 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 tcompare 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 20@alls 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:

Quiality 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 {E} 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
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Cyclones

1. Introduction

- In cement manufacturing industries, largized cyclone separators are used as main process equipment in
significant numbers for handling high volumetric flow rates of daden gases.

- The best example beirtge 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 sagitielger than 20um in diameter.

- Smaller particles that escape the cyclones can then be collected by more efficient control equipment like bag filter:
and electro precipitators.

- Cyclones are relatively inexpensive since they have no moving partsendréheasy 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 moyags.

- 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 nurobtimes 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 thmttom 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 throu
the immersion tube.

- Sdids 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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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 asfieid 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 fin
particle stream does not contain coarse particles.

- Anefficient separator should prevent ovgrinding 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 bieddyith 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 mechatésate 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 circudfsraw and coal mills.

- Here is a circuit with an air swept mill used for coal grinding:

Finished Product
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Introduction to dynamic separators

- After having introduced the cyclones and the static separators, wgairgy 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 develope
a separator which theglassify 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 genation has a rotating cage which replaces the cowpialiets of the 1st and 2nd

generation.

- Comparison of the main characteristics:

Category | 1st generation|2nd generation 3rd generation 4th generation
Name Turbo Separators Cage Integrated
separators | with cyclones| separators cyclone
Second nameg Conventional - High-efficiency High-efficiency,
Design Compact Voluminous Compgctor Compact
voluminous
Varieties None None Many None
Efficiency 40-60% 60-80% 80-90%
By-pass 20-70% 10-40% 0-30% No data
Imperfection 0,35-0,75 0,2-0,5 0,15-0,4 available
Blaine of tails| 1100-2000 800-1200 550-1200

- Trump Curves Comparison:
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