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Summary

Safety
Cement is classifi ed as an irritant. It contains complex compounds 
of calcium combined with silica, alumina and iron as well as small 
amounts of calcium sulfate, lime, various alkalis and chlorides and trace 
amounts of chromium compounds. When cement is mixed with water 
it is very alkaline solution (pH ~13) and can cause skin irritation or 
chemical burns.

Chromium salts in cement are soluble in water and may cause a skin 
infl ammation called dermatitis. European legislation now stipulates that 
the level of chromium VI must not exceed 2 ppm (parts per million). 
Chromate reducing agents are usually added to cement to comply with 
this limit.

In order to prevent inhalation of cement dust particles the mixing of 
cement should be carried out in an area that is well ventilated but 
protected from wind. 

If cement enters the eyes or gets on skin, the affected area should 
immediately be washed with plenty of clean water. When working with 
fresh cement products suitable protective clothing should be worn. 
There is no toxicity risk once the cement has set.

So are cement and concrete the same thing?
Cement is the grey powder that is an essential ingredient in concrete. 
Concrete, however, is produced by mixing cement, water and aggregates 
(sand, gravel or crushed stone) together in specifi ed ratios and allowing 
the compacted material to set and harden. Aggregates of different sizes 
are obtained from quarries and make up over 70% of the total volume of 
concrete. Cement, as the binder, is the most important of the components 
of concrete.

When water is mixed with cement, a chemical reaction known as 
hydration occurs; calcium silicate hydrate paste and calcium hydroxide 

As the temperature continues to increase, the original raw meal 
undergoes further chemical change until, at 1500˚C, a white hot mass, a 
matrix of calcium silicates of complex chemical composition, is formed. 
On rapid cooling this has the appearance of dark grey irregular gravel 
and is called “cement clinker.”

The clinker is ground to a very fi ne powder in a ball mill and blended with 
5% calcium sulfate (CaSO4.2H2O) in the form of gypsum. This operation 
is achieved by the tumbling action of many tonnes of steel balls within a 
rapidly rotating steel cylinder.  The gypsum is added to extend the setting 
time of the cement to a level appropriate for practical use. The fi nished 
product, now known as cement, is stored in large silos from where it can 
be dispatched in bulk or packaged in paper sacks.

In order to prevent premature hydration and carbonation and to maintain 
its overall quality stored cement must be kept dry.

are formed and heat is evolved. The paste acts as a glue and binds the 
stones and sand together as the mixture sets and hardens. This process 
of hydration is responsible for the remarkable strength of concrete.

Other materials may be added to give special properties to the concrete 
such as colour, different setting times, greater durability in specifi c 
conditions and greater resistance to chemical attack.

Once ingredients have been carefully measured and thoroughly mixed 
the concrete is poured into the barrel of a concrete mixer lorry. The barrel 
rotates as the concrete is transported to the customer’s site. The freshly 
mixed concrete can be moulded into various shapes.

Concrete is widely used as a building material and can be reinforced 
with steel bars or cables making the material stronger.

The most commonly used type of cement in Ireland is known 
as Portland cement; it is the principal ingredient of concrete 
and mortar. Concrete is made by mixing cement, sand and 
gravel and water and is the most important material used in 
the building industry. This versatile material can be preformed 
into blocks or beams for later use or poured on-site into 
moulds and allowed to set.  

Portland cement manufacture
Cement manufacture involves the following stages:

1. Crushing and grinding the raw materials: limestone and shale 
(a batch process).

2. Blending and milling these crushed materials in the correct 
proportions to produce a powdered material called raw meal 
(a continuous process).

3. Burning this raw meal in a kiln to produce a product called clinker 
(a continuous process).

4. Grinding the clinker along with 5% gypsum to produce the fi nal cement.

The main raw materials used in cement manufacture are limestone and 
shale. Limestone is a sedimentary rock consisting almost entirely of, 
CaCO3, from the shells of molluscs and other invertebrate animals that 
lived hundreds of millions of years ago. Shale is also a sedimentary rock; 
it is more obviously layered than limestone and is generally easily broken 
into thin slices or fl akes. Its composition is more variable than that of 
limestone but the following composition is fairly typical: 65% silica (SiO2), 
12% alumina (Al2O3), 5% iron III oxide (Fe2O3) and variable amounts of 
other minerals and organic matter. Shale forms by compaction of layers 
of clay or mud over long periods—millions of years. If subjected to high 
temperature and pressure it can change to slate.

In the manufacture of cement the limestone and shale are extracted 
separately from local quarries and then crushed and stored. 

These natural materials are then blended in proportions of approximately 
85% limestone and 15% shale and are then ground to a very fi ne powder 
known as raw meal. Small amounts of corrective materials can also be 
added to produce the desired composition. The chemical composition 
of the raw meal is checked every hour to eliminate natural variations that 
would infl uence the consistency, performance and quality of the fi nal 
cement product. The raw meal is stored in large silos to provide suffi cient 
stocks (at least eight hours) for the next continuous operation – burning.  

The raw meal is fed into a large rotary kiln (over 80 m long) that rotates 
slowly (e.g. 2.5 revolutions per minute). The kiln slopes slightly downward 
from the input end to the heated output end. The kiln is generally fi red 
internally by oil, pulverized coal or petroleum coke and the fi nal 
temperature reaches about 1500˚C. 

The raw meal is pre-heated by kiln exhaust gases before entering the upper 
end of the kiln. This preheating saves energy. The feed moves slowly along 
the cylinder as it rotates. In this calcination process calcium carbonate is 
decomposed to calcium oxide and carbon dioxide, which is removed.          

 CaCO3    CaO + CO2

Fig. 1 Preheater and kilns at Platin works
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Fig. 2 Cement Production

For more information by Irish Cement see: 
www.irishcement.ie

Irish Cement Ltd is a subsidiary  of CRH plc, which has 
headquarters in Dublin and is presently the fourth largest 
building materials group in the world, with annual sales exceeding 
€18 billion. CRH has over 80,000 employees at more than 3,300 
locations in 28 countries. The product range includes cement, 
lime, aggregates, asphalt, ready-mixed concrete, precast 
concrete products, glass and other building materials. 

Irish Cement Ltd had two manufacturing works – one at 
Castlemungret, Co Limerick and the other at Platin,  Co. Meath 
where a €200 million expansion project is currently underway. 
This new plant, incorporating the Best Available Technology 
(BAT), will utilize the most modern energy effi cient production 
and environmental protection technology. This new production 
plant will increase the company’s capacity to over 3.5 million 
tonnes and facilitate the production of new ‘environmentally 
friendly’ lower carbon cements. 

Both works operate international best practice quality and 
environmental management systems and hold licenses issued 
by the Environmental Protection Agency.

Cement is despatched from both works in bulk and bagged form 
with about 85% of output being in bulk form. Automatic driver 
loading facilities allows 24 hour loading, 7 days a week, for 
despatch of bulk cement in tankers which carry approximately 
30 tonnes of cement. 
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This new plant, incorporating the Best Available Technology 
(BAT), will utilize the most modern energy effi cient production 
and environmental protection technology. This new production 
plant will increase the company’s capacity to over 3.5 million 
tonnes and facilitate the production of new ‘environmentally 
friendly’ lower carbon cements. 

Both works operate international best practice quality and 
environmental management systems and hold licenses issued 
by the Environmental Protection Agency.

Cement is despatched from both works in bulk and bagged form 
with about 85% of output being in bulk form. Automatic driver 
loading facilities allows 24 hour loading, 7 days a week, for 
despatch of bulk cement in tankers which carry approximately 
30 tonnes of cement. 
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Summary

Safety
Cement is classifi ed as an irritant. It contains complex compounds 
of calcium combined with silica, alumina and iron as well as small 
amounts of calcium sulfate, lime, various alkalis and chlorides and trace 
amounts of chromium compounds. When cement is mixed with water 
it is very alkaline solution (pH ~13) and can cause skin irritation or 
chemical burns.

Chromium salts in cement are soluble in water and may cause a skin 
infl ammation called dermatitis. European legislation now stipulates that 
the level of chromium VI must not exceed 2 ppm (parts per million). 
Chromate reducing agents are usually added to cement to comply with 
this limit.

In order to prevent inhalation of cement dust particles the mixing of 
cement should be carried out in an area that is well ventilated but 
protected from wind. 

If cement enters the eyes or gets on skin, the affected area should 
immediately be washed with plenty of clean water. When working with 
fresh cement products suitable protective clothing should be worn. 
There is no toxicity risk once the cement has set.

So are cement and concrete the same thing?
Cement is the grey powder that is an essential ingredient in concrete. 
Concrete, however, is produced by mixing cement, water and aggregates 
(sand, gravel or crushed stone) together in specifi ed ratios and allowing 
the compacted material to set and harden. Aggregates of different sizes 
are obtained from quarries and make up over 70% of the total volume of 
concrete. Cement, as the binder, is the most important of the components 
of concrete.

When water is mixed with cement, a chemical reaction known as 
hydration occurs; calcium silicate hydrate paste and calcium hydroxide 

As the temperature continues to increase, the original raw meal 
undergoes further chemical change until, at 1500˚C, a white hot mass, a 
matrix of calcium silicates of complex chemical composition, is formed. 
On rapid cooling this has the appearance of dark grey irregular gravel 
and is called “cement clinker.”

The clinker is ground to a very fi ne powder in a ball mill and blended with 
5% calcium sulfate (CaSO4.2H2O) in the form of gypsum. This operation 
is achieved by the tumbling action of many tonnes of steel balls within a 
rapidly rotating steel cylinder.  The gypsum is added to extend the setting 
time of the cement to a level appropriate for practical use. The fi nished 
product, now known as cement, is stored in large silos from where it can 
be dispatched in bulk or packaged in paper sacks.

In order to prevent premature hydration and carbonation and to maintain 
its overall quality stored cement must be kept dry.

are formed and heat is evolved. The paste acts as a glue and binds the 
stones and sand together as the mixture sets and hardens. This process 
of hydration is responsible for the remarkable strength of concrete.

Other materials may be added to give special properties to the concrete 
such as colour, different setting times, greater durability in specifi c 
conditions and greater resistance to chemical attack.

Once ingredients have been carefully measured and thoroughly mixed 
the concrete is poured into the barrel of a concrete mixer lorry. The barrel 
rotates as the concrete is transported to the customer’s site. The freshly 
mixed concrete can be moulded into various shapes.

Concrete is widely used as a building material and can be reinforced 
with steel bars or cables making the material stronger.

The most commonly used type of cement in Ireland is known 
as Portland cement; it is the principal ingredient of concrete 
and mortar. Concrete is made by mixing cement, sand and 
gravel and water and is the most important material used in 
the building industry. This versatile material can be preformed 
into blocks or beams for later use or poured on-site into 
moulds and allowed to set.  

Portland cement manufacture
Cement manufacture involves the following stages:

1. Crushing and grinding the raw materials: limestone and shale 
(a batch process).

2. Blending and milling these crushed materials in the correct 
proportions to produce a powdered material called raw meal 
(a continuous process).

3. Burning this raw meal in a kiln to produce a product called clinker 
(a continuous process).

4. Grinding the clinker along with 5% gypsum to produce the fi nal cement.

The main raw materials used in cement manufacture are limestone and 
shale. Limestone is a sedimentary rock consisting almost entirely of, 
CaCO3, from the shells of molluscs and other invertebrate animals that 
lived hundreds of millions of years ago. Shale is also a sedimentary rock; 
it is more obviously layered than limestone and is generally easily broken 
into thin slices or fl akes. Its composition is more variable than that of 
limestone but the following composition is fairly typical: 65% silica (SiO2), 
12% alumina (Al2O3), 5% iron III oxide (Fe2O3) and variable amounts of 
other minerals and organic matter. Shale forms by compaction of layers 
of clay or mud over long periods—millions of years. If subjected to high 
temperature and pressure it can change to slate.

In the manufacture of cement the limestone and shale are extracted 
separately from local quarries and then crushed and stored. 

These natural materials are then blended in proportions of approximately 
85% limestone and 15% shale and are then ground to a very fi ne powder 
known as raw meal. Small amounts of corrective materials can also be 
added to produce the desired composition. The chemical composition 
of the raw meal is checked every hour to eliminate natural variations that 
would infl uence the consistency, performance and quality of the fi nal 
cement product. The raw meal is stored in large silos to provide suffi cient 
stocks (at least eight hours) for the next continuous operation – burning.  

The raw meal is fed into a large rotary kiln (over 80 m long) that rotates 
slowly (e.g. 2.5 revolutions per minute). The kiln slopes slightly downward 
from the input end to the heated output end. The kiln is generally fi red 
internally by oil, pulverized coal or petroleum coke and the fi nal 
temperature reaches about 1500˚C. 

The raw meal is pre-heated by kiln exhaust gases before entering the upper 
end of the kiln. This preheating saves energy. The feed moves slowly along 
the cylinder as it rotates. In this calcination process calcium carbonate is 
decomposed to calcium oxide and carbon dioxide, which is removed.          

 CaCO3    CaO + CO2

Fig. 1 Preheater and kilns at Platin works
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For more information by Irish Cement see: 
www.irishcement.ie

Irish Cement Ltd is a subsidiary  of CRH plc, which has 
headquarters in Dublin and is presently the fourth largest 
building materials group in the world, with annual sales exceeding 
€18 billion. CRH has over 80,000 employees at more than 3,300 
locations in 28 countries. The product range includes cement, 
lime, aggregates, asphalt, ready-mixed concrete, precast 
concrete products, glass and other building materials. 

Irish Cement Ltd had two manufacturing works – one at 
Castlemungret, Co Limerick and the other at Platin,  Co. Meath 
where a €200 million expansion project is currently underway. 
This new plant, incorporating the Best Available Technology 
(BAT), will utilize the most modern energy effi cient production 
and environmental protection technology. This new production 
plant will increase the company’s capacity to over 3.5 million 
tonnes and facilitate the production of new ‘environmentally 
friendly’ lower carbon cements. 

Both works operate international best practice quality and 
environmental management systems and hold licenses issued 
by the Environmental Protection Agency.

Cement is despatched from both works in bulk and bagged form 
with about 85% of output being in bulk form. Automatic driver 
loading facilities allows 24 hour loading, 7 days a week, for 
despatch of bulk cement in tankers which carry approximately 
30 tonnes of cement. 
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Syllabus Reference

Leaving Certifi cate Chemistry, Ordinary and Higher
Unit 4 – Volumetric Analysis
1.1  Concentration of Solutions
1.2  Acids and Bases
Unit 5 – Fuels and Heats of Reaction
1.1  Exothermic and Endothermic Reactions
Unit 9 – Environmental Chemistry
9.1  pH Scale

Option 1A – Industrial Chemistry
1A.1  General Principles

Junior Certifi cate Science
Section 2A8
Classifying substances as acidic, basic or neutral
The pH scale
The pH of a variety of common substances
Section 2B2
Preparation and properties of carbon dioxide
Density of CO2 (qualitative only)
Acidity of a solution of CO2 in water

• Cement Milling: Clinker is mixed with gypsum CaSO4.2H2O and 
ground using steel balls to produce the grey cement powder.

• Gypsum is added to control the setting time of cement.
• The products from every stage of the process are physically and 

chemically tested to ensure they meet strict specifi cation levels. 
Laboratory techniques used include high technology X-Ray 
Fluorescence Analysis.

• Concrete is made by mixing aggregate (sand, gravel and crushed 
stone) with cement and water.

Learning Outcomes 

On completing this section, the student will be able to:
• name the main constituents of Portland cement
• outline the process of cement manufacture
• recognise which stages in the manufacture are continuous fl ow 

processing and those that are batch processing
• explain the importance of preheating raw meal
• explain how calcination of limestone occurs in the kiln
• explain why clinker is fi nely ground with gypsum
• differentiate between cement and concrete

General Learning Points

• the main raw materials used in cement manufacture are limestone 
and shale

• cement manufacture takes place over a number of  stages: 
• Quarrying: limestone and shale are mined from nearby quarries and 

transported to the cement plant where they are stored separately.
• Preparation of raw materials: Limestone and shale are blended in 

defi nite proportions and ground into fi ne particles, known as raw meal.
• Pre-Heating the raw meal: To conserve energy the raw meal is 

pre-heated by hot kiln exhaust gases before it enters the rotary kiln. 
Calcination of calcium carbonate in the limestone takes place: 

 CaCO3    CaO + CO2

• Clinker Production: The mixture is fed into the kiln. The feed moves 
slowly as the cylindrical tube rotates and becomes hotter until at 
1500°C after a series of complex chemical reactions a calcium 
silicate matrix called clinker is formed. 

Student Activity

Wear gloves and safety glasses
Pour some phenolphthalein on a piece of old concrete. Note any colour 
change (there may be none).

While wearing a pair of goggles break the concrete with a hammer. 
Pour some phenolphthalein on a fragment. 

Is there a pink colour on the part that was inside? What thickness of the 
original surface layer is not coloured? What does this indicate about the 
composition? What reactions would account for this?

If possible, repeat the above test with pieces of concrete of different known 
ages. Record the results. Could this technique be used to estimate the age 
of a piece of concrete?

Instead of using phenolphthalein perform a pH test. 

Place a few drops of distilled water on the concrete surface.

After one minute dip a piece of pH indicator paper into the water, remove, 
shake off excess drops and compare the colour of the paper to that on the 
accompanying chart to determine the pH of the concrete. 

Note: This activity measures the degree of carbonation of the outer 
layer of the concrete. 

Carbonation is the reaction of atmospheric carbon dioxide with the alkaline 
compounds (calcium hydroxide) in the hydrated cement producing 
calcium carbonate. Since the reaction occurs in solution the fi rst indication 
of carbonation is a drop in pH at the surface of the concrete.

Is there a temperature rise during the hydration of cement?
You could make a block of concrete and insert a max-min thermometer 
in the wet concrete mixture. Place the thermometer in a suitable plastic 
casing for this activity, remember the concrete will harden!

Materials required
Cement, builders’ sand, water, margarine tubs or similar plastic 
containers that will act as mixing bowls, sturdy wooden sticks such as 
paint stirrers, scoops or spoons or a cup, thermometer, labels or 
markers, plastic casing for the thermometer, goggles and gloves.

Method
Place 1 measure of cement in the plastic tub.
Add 2 measures of sand, followed by ½ measure of water.
Stir until the mixture has the consistency of thick porridge but not a slurry.
Place the thermometer and plastic covering in the mixture.
Record the temperatures at regular intervals. Leave for two days.
Repeat the experiment but leave out the sand.
Did the temperature rise in either or both cases during the fi rst hour?

(ii)  State any two factors that would infl uence the choice of location for 
the factory.

(iii)  Explain the difference between fi xed costs and variable costs by 
giving one example on each case.

(iv)  Name two important products of the Irish chemical industry. 

For further examples of past papers 
questions check www.sta.ie

Did You Know?

• Concrete is the world’s most widely used building material.

• Cement is the key ingredient of concrete. The normal melting point 
of Portland cement is in excess of 1000˚C.

• Cement can be traced back to the early Roman Empire. The great 
Roman baths, Colosseum and the Pantheon in Rome were 
constructed about 27B.C. using a form of cement mortar that was 
made by mixing slaked lime with a volcanic ash called pozzolana.

•  White cement does not “glow” in the dark. Instead it refl ects light. It is 
made from limestone, clay and gypsum that contain very low amounts 
of iron and manganese. As a result, concrete made from white cement 
is refl ective, that is, light bounces off it and therefore makes it more 
easily seen. Two important implications of this refl ective property are 
road safety and energy conservation. Pavements and motorway 
divisions that contain white cement refl ect car headlights and become 
more visible for drivers. In hot countries buildings that contain white 
cement do not absorb as much heat from the sun, instead the heat is 
refl ected and as a result less energy is used to keep the building cool. 

Biographical Notes

Bricklayer Joseph Aspdin (1799–1855) of Leeds, England fi rst made 
portland cement early in the 19th century by burning powdered 
limestone and clay in his kitchen stove.

He patented the product in 1824 and named it portland cement because 
it produced a concrete that resembled the colour of the natural limestone 
quarried on the Isle of Portland, a peninsula in the English Channel.

Read more about other famous scientists on www.sta.ie

True/False Questions
(a) The reactants in an industrial process are called the feedstock. T  F

(b) Raw material is another term for feedstock. T  F

(c) In a batch process, an amount of the product is made 
in a reaction vessel during a particular time interval.  T  F

(d) Shale is compressed clay. T  F

(e) Limestone is calcium carbonate. T  F

(f) CaSO4 is the chemical formula for hydrated calcium sulphate. T  F

(g) Joseph Aspdin was the fi rst person to patent Portland cement. T  F

(h) Clinker is burned raw meal. T  F

(i) Hydration is the term used to describe the chemical reaction 
between cement and hydrogen. T  F

(j) White cement is made by bleaching grey cement. T  F

(k) Mortar is a mixture of cement, sand, stone and water. T  F

Check your answers to these questions on www.sta.ie

Examination Questions 

Leaving Certifi cate Chemistry, 2006 Higher Level
Q11 - (c) A
Select one of the manufacture processes below and answer the 
questions which follow:
ammonia manufacture /  nitric acid manufacture / 
magnesium oxide manufacture

(i)  What are the raw materials for the manufacturing process you have 
chosen? Describe how the raw materials are treated before they 
become the feedstock for the manufacturing process.

(ii)  Name one product of the process you have chose, which, if 
discharged, could cause pollution.

(iii)  State the most important use of the main product of the process 
you have chosen. What makes this product particularly suitable for 
this use?

Leaving Certifi cate Chemistry, 2002 Higher Level
Q11 - (c) A
Distinguish between a batch and a continuous production process. 
Answer both of the following questions, (i) and (ii) in relation to one of 
the following processes:

ammonia manufacture /  nitric acid manufacture
magnesium oxide manufacture

(i)  In relation to your chosen chemical industry state one reason in 
favour of the Irish location of this industrial plant.

(ii)  Give a brief outline of the process carried out in the manufacture of 
the main product, giving balanced chemical equations where 
relevant.   

Leaving Certifi cate Chemistry, 2006 Ordinary Level
Q11 - (c) A
(i) Explain the term feedstock in industrial chemistry. 

In planning to set up a chemical factory, fi nding a suitable location and 
the minimisation of costs, both fi xed and variable, are very important 
considerations.

Revise The Terms

Can you recall the meaning of the following terms? 
alkaline, alumina, ball mill, batch process, calcinations, calcium 
carbonate, calcium oxide, carbonation, chromium VI, clay, continuous 
process, dermatitis, gypsum, hydration, invertebrate, iron III oxide, kiln, 
limestone, matrix, minerals, mortar, organic matter, pH, reducing 
agents, rotary kiln, sedimentary rock, shale, silica, silo, slate 

Check the Glossary of Terms on www.sta.ie
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Summary

Safety
Cement is classifi ed as an irritant. It contains complex compounds 
of calcium combined with silica, alumina and iron as well as small 
amounts of calcium sulfate, lime, various alkalis and chlorides and trace 
amounts of chromium compounds. When cement is mixed with water 
it is very alkaline solution (pH ~13) and can cause skin irritation or 
chemical burns.

Chromium salts in cement are soluble in water and may cause a skin 
infl ammation called dermatitis. European legislation now stipulates that 
the level of chromium VI must not exceed 2 ppm (parts per million). 
Chromate reducing agents are usually added to cement to comply with 
this limit.

In order to prevent inhalation of cement dust particles the mixing of 
cement should be carried out in an area that is well ventilated but 
protected from wind. 

If cement enters the eyes or gets on skin, the affected area should 
immediately be washed with plenty of clean water. When working with 
fresh cement products suitable protective clothing should be worn. 
There is no toxicity risk once the cement has set.

So are cement and concrete the same thing?
Cement is the grey powder that is an essential ingredient in concrete. 
Concrete, however, is produced by mixing cement, water and aggregates 
(sand, gravel or crushed stone) together in specifi ed ratios and allowing 
the compacted material to set and harden. Aggregates of different sizes 
are obtained from quarries and make up over 70% of the total volume of 
concrete. Cement, as the binder, is the most important of the components 
of concrete.

When water is mixed with cement, a chemical reaction known as 
hydration occurs; calcium silicate hydrate paste and calcium hydroxide 

As the temperature continues to increase, the original raw meal 
undergoes further chemical change until, at 1500˚C, a white hot mass, a 
matrix of calcium silicates of complex chemical composition, is formed. 
On rapid cooling this has the appearance of dark grey irregular gravel 
and is called “cement clinker.”

The clinker is ground to a very fi ne powder in a ball mill and blended with 
5% calcium sulfate (CaSO4.2H2O) in the form of gypsum. This operation 
is achieved by the tumbling action of many tonnes of steel balls within a 
rapidly rotating steel cylinder.  The gypsum is added to extend the setting 
time of the cement to a level appropriate for practical use. The fi nished 
product, now known as cement, is stored in large silos from where it can 
be dispatched in bulk or packaged in paper sacks.

In order to prevent premature hydration and carbonation and to maintain 
its overall quality stored cement must be kept dry.

are formed and heat is evolved. The paste acts as a glue and binds the 
stones and sand together as the mixture sets and hardens. This process 
of hydration is responsible for the remarkable strength of concrete.

Other materials may be added to give special properties to the concrete 
such as colour, different setting times, greater durability in specifi c 
conditions and greater resistance to chemical attack.

Once ingredients have been carefully measured and thoroughly mixed 
the concrete is poured into the barrel of a concrete mixer lorry. The barrel 
rotates as the concrete is transported to the customer’s site. The freshly 
mixed concrete can be moulded into various shapes.

Concrete is widely used as a building material and can be reinforced 
with steel bars or cables making the material stronger.

The most commonly used type of cement in Ireland is known 
as Portland cement; it is the principal ingredient of concrete 
and mortar. Concrete is made by mixing cement, sand and 
gravel and water and is the most important material used in 
the building industry. This versatile material can be preformed 
into blocks or beams for later use or poured on-site into 
moulds and allowed to set.  

Portland cement manufacture
Cement manufacture involves the following stages:

1. Crushing and grinding the raw materials: limestone and shale 
(a batch process).

2. Blending and milling these crushed materials in the correct 
proportions to produce a powdered material called raw meal 
(a continuous process).

3. Burning this raw meal in a kiln to produce a product called clinker 
(a continuous process).

4. Grinding the clinker along with 5% gypsum to produce the fi nal cement.

The main raw materials used in cement manufacture are limestone and 
shale. Limestone is a sedimentary rock consisting almost entirely of, 
CaCO3, from the shells of molluscs and other invertebrate animals that 
lived hundreds of millions of years ago. Shale is also a sedimentary rock; 
it is more obviously layered than limestone and is generally easily broken 
into thin slices or fl akes. Its composition is more variable than that of 
limestone but the following composition is fairly typical: 65% silica (SiO2), 
12% alumina (Al2O3), 5% iron III oxide (Fe2O3) and variable amounts of 
other minerals and organic matter. Shale forms by compaction of layers 
of clay or mud over long periods—millions of years. If subjected to high 
temperature and pressure it can change to slate.

In the manufacture of cement the limestone and shale are extracted 
separately from local quarries and then crushed and stored. 

These natural materials are then blended in proportions of approximately 
85% limestone and 15% shale and are then ground to a very fi ne powder 
known as raw meal. Small amounts of corrective materials can also be 
added to produce the desired composition. The chemical composition 
of the raw meal is checked every hour to eliminate natural variations that 
would infl uence the consistency, performance and quality of the fi nal 
cement product. The raw meal is stored in large silos to provide suffi cient 
stocks (at least eight hours) for the next continuous operation – burning.  

The raw meal is fed into a large rotary kiln (over 80 m long) that rotates 
slowly (e.g. 2.5 revolutions per minute). The kiln slopes slightly downward 
from the input end to the heated output end. The kiln is generally fi red 
internally by oil, pulverized coal or petroleum coke and the fi nal 
temperature reaches about 1500˚C. 

The raw meal is pre-heated by kiln exhaust gases before entering the upper 
end of the kiln. This preheating saves energy. The feed moves slowly along 
the cylinder as it rotates. In this calcination process calcium carbonate is 
decomposed to calcium oxide and carbon dioxide, which is removed.          

 CaCO3    CaO + CO2

Fig. 1 Preheater and kilns at Platin works
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Fig. 2 Cement Production

For more information by Irish Cement see: 
www.irishcement.ie

Irish Cement Ltd is a subsidiary  of CRH plc, which has 
headquarters in Dublin and is presently the fourth largest 
building materials group in the world, with annual sales exceeding 
€18 billion. CRH has over 80,000 employees at more than 3,300 
locations in 28 countries. The product range includes cement, 
lime, aggregates, asphalt, ready-mixed concrete, precast 
concrete products, glass and other building materials. 

Irish Cement Ltd had two manufacturing works – one at 
Castlemungret, Co Limerick and the other at Platin,  Co. Meath 
where a €200 million expansion project is currently underway. 
This new plant, incorporating the Best Available Technology 
(BAT), will utilize the most modern energy effi cient production 
and environmental protection technology. This new production 
plant will increase the company’s capacity to over 3.5 million 
tonnes and facilitate the production of new ‘environmentally 
friendly’ lower carbon cements. 

Both works operate international best practice quality and 
environmental management systems and hold licenses issued 
by the Environmental Protection Agency.

Cement is despatched from both works in bulk and bagged form 
with about 85% of output being in bulk form. Automatic driver 
loading facilities allows 24 hour loading, 7 days a week, for 
despatch of bulk cement in tankers which carry approximately 
30 tonnes of cement. 
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Syllabus Reference

Leaving Certifi cate Chemistry, Ordinary and Higher
Unit 4 – Volumetric Analysis
1.1  Concentration of Solutions
1.2  Acids and Bases
Unit 5 – Fuels and Heats of Reaction
1.1  Exothermic and Endothermic Reactions
Unit 9 – Environmental Chemistry
9.1  pH Scale

Option 1A – Industrial Chemistry
1A.1  General Principles

Junior Certifi cate Science
Section 2A8
Classifying substances as acidic, basic or neutral
The pH scale
The pH of a variety of common substances
Section 2B2
Preparation and properties of carbon dioxide
Density of CO2 (qualitative only)
Acidity of a solution of CO2 in water

• Cement Milling: Clinker is mixed with gypsum CaSO4.2H2O and 
ground using steel balls to produce the grey cement powder.

• Gypsum is added to control the setting time of cement.
• The products from every stage of the process are physically and 

chemically tested to ensure they meet strict specifi cation levels. 
Laboratory techniques used include high technology X-Ray 
Fluorescence Analysis.

• Concrete is made by mixing aggregate (sand, gravel and crushed 
stone) with cement and water.

Learning Outcomes 

On completing this section, the student will be able to:
• name the main constituents of Portland cement
• outline the process of cement manufacture
• recognise which stages in the manufacture are continuous fl ow 

processing and those that are batch processing
• explain the importance of preheating raw meal
• explain how calcination of limestone occurs in the kiln
• explain why clinker is fi nely ground with gypsum
• differentiate between cement and concrete

General Learning Points

• the main raw materials used in cement manufacture are limestone 
and shale

• cement manufacture takes place over a number of  stages: 
• Quarrying: limestone and shale are mined from nearby quarries and 

transported to the cement plant where they are stored separately.
• Preparation of raw materials: Limestone and shale are blended in 

defi nite proportions and ground into fi ne particles, known as raw meal.
• Pre-Heating the raw meal: To conserve energy the raw meal is 

pre-heated by hot kiln exhaust gases before it enters the rotary kiln. 
Calcination of calcium carbonate in the limestone takes place: 

 CaCO3    CaO + CO2

• Clinker Production: The mixture is fed into the kiln. The feed moves 
slowly as the cylindrical tube rotates and becomes hotter until at 
1500°C after a series of complex chemical reactions a calcium 
silicate matrix called clinker is formed. 

Student Activity

Wear gloves and safety glasses
Pour some phenolphthalein on a piece of old concrete. Note any colour 
change (there may be none).

While wearing a pair of goggles break the concrete with a hammer. 
Pour some phenolphthalein on a fragment. 

Is there a pink colour on the part that was inside? What thickness of the 
original surface layer is not coloured? What does this indicate about the 
composition? What reactions would account for this?

If possible, repeat the above test with pieces of concrete of different known 
ages. Record the results. Could this technique be used to estimate the age 
of a piece of concrete?

Instead of using phenolphthalein perform a pH test. 

Place a few drops of distilled water on the concrete surface.

After one minute dip a piece of pH indicator paper into the water, remove, 
shake off excess drops and compare the colour of the paper to that on the 
accompanying chart to determine the pH of the concrete. 

Note: This activity measures the degree of carbonation of the outer 
layer of the concrete. 

Carbonation is the reaction of atmospheric carbon dioxide with the alkaline 
compounds (calcium hydroxide) in the hydrated cement producing 
calcium carbonate. Since the reaction occurs in solution the fi rst indication 
of carbonation is a drop in pH at the surface of the concrete.

Is there a temperature rise during the hydration of cement?
You could make a block of concrete and insert a max-min thermometer 
in the wet concrete mixture. Place the thermometer in a suitable plastic 
casing for this activity, remember the concrete will harden!

Materials required
Cement, builders’ sand, water, margarine tubs or similar plastic 
containers that will act as mixing bowls, sturdy wooden sticks such as 
paint stirrers, scoops or spoons or a cup, thermometer, labels or 
markers, plastic casing for the thermometer, goggles and gloves.

Method
Place 1 measure of cement in the plastic tub.
Add 2 measures of sand, followed by ½ measure of water.
Stir until the mixture has the consistency of thick porridge but not a slurry.
Place the thermometer and plastic covering in the mixture.
Record the temperatures at regular intervals. Leave for two days.
Repeat the experiment but leave out the sand.
Did the temperature rise in either or both cases during the fi rst hour?

(ii)  State any two factors that would infl uence the choice of location for 
the factory.

(iii)  Explain the difference between fi xed costs and variable costs by 
giving one example on each case.

(iv)  Name two important products of the Irish chemical industry. 

For further examples of past papers 
questions check www.sta.ie

Did You Know?

• Concrete is the world’s most widely used building material.

• Cement is the key ingredient of concrete. The normal melting point 
of Portland cement is in excess of 1000˚C.

• Cement can be traced back to the early Roman Empire. The great 
Roman baths, Colosseum and the Pantheon in Rome were 
constructed about 27B.C. using a form of cement mortar that was 
made by mixing slaked lime with a volcanic ash called pozzolana.

•  White cement does not “glow” in the dark. Instead it refl ects light. It is 
made from limestone, clay and gypsum that contain very low amounts 
of iron and manganese. As a result, concrete made from white cement 
is refl ective, that is, light bounces off it and therefore makes it more 
easily seen. Two important implications of this refl ective property are 
road safety and energy conservation. Pavements and motorway 
divisions that contain white cement refl ect car headlights and become 
more visible for drivers. In hot countries buildings that contain white 
cement do not absorb as much heat from the sun, instead the heat is 
refl ected and as a result less energy is used to keep the building cool. 

Biographical Notes

Bricklayer Joseph Aspdin (1799–1855) of Leeds, England fi rst made 
portland cement early in the 19th century by burning powdered 
limestone and clay in his kitchen stove.

He patented the product in 1824 and named it portland cement because 
it produced a concrete that resembled the colour of the natural limestone 
quarried on the Isle of Portland, a peninsula in the English Channel.

Read more about other famous scientists on www.sta.ie

True/False Questions
(a) The reactants in an industrial process are called the feedstock. T  F

(b) Raw material is another term for feedstock. T  F

(c) In a batch process, an amount of the product is made 
in a reaction vessel during a particular time interval.  T  F

(d) Shale is compressed clay. T  F

(e) Limestone is calcium carbonate. T  F

(f) CaSO4 is the chemical formula for hydrated calcium sulphate. T  F

(g) Joseph Aspdin was the fi rst person to patent Portland cement. T  F

(h) Clinker is burned raw meal. T  F

(i) Hydration is the term used to describe the chemical reaction 
between cement and hydrogen. T  F

(j) White cement is made by bleaching grey cement. T  F

(k) Mortar is a mixture of cement, sand, stone and water. T  F

Check your answers to these questions on www.sta.ie

Examination Questions 

Leaving Certifi cate Chemistry, 2006 Higher Level
Q11 - (c) A
Select one of the manufacture processes below and answer the 
questions which follow:
ammonia manufacture /  nitric acid manufacture / 
magnesium oxide manufacture

(i)  What are the raw materials for the manufacturing process you have 
chosen? Describe how the raw materials are treated before they 
become the feedstock for the manufacturing process.

(ii)  Name one product of the process you have chose, which, if 
discharged, could cause pollution.

(iii)  State the most important use of the main product of the process 
you have chosen. What makes this product particularly suitable for 
this use?

Leaving Certifi cate Chemistry, 2002 Higher Level
Q11 - (c) A
Distinguish between a batch and a continuous production process. 
Answer both of the following questions, (i) and (ii) in relation to one of 
the following processes:

ammonia manufacture /  nitric acid manufacture
magnesium oxide manufacture

(i)  In relation to your chosen chemical industry state one reason in 
favour of the Irish location of this industrial plant.

(ii)  Give a brief outline of the process carried out in the manufacture of 
the main product, giving balanced chemical equations where 
relevant.   

Leaving Certifi cate Chemistry, 2006 Ordinary Level
Q11 - (c) A
(i) Explain the term feedstock in industrial chemistry. 

In planning to set up a chemical factory, fi nding a suitable location and 
the minimisation of costs, both fi xed and variable, are very important 
considerations.

Revise The Terms

Can you recall the meaning of the following terms? 
alkaline, alumina, ball mill, batch process, calcinations, calcium 
carbonate, calcium oxide, carbonation, chromium VI, clay, continuous 
process, dermatitis, gypsum, hydration, invertebrate, iron III oxide, kiln, 
limestone, matrix, minerals, mortar, organic matter, pH, reducing 
agents, rotary kiln, sedimentary rock, shale, silica, silo, slate 

Check the Glossary of Terms on www.sta.ie


