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Cement

*The most important Cement, in general, adhesive substances of

of types cement all kinds, but, in a narrower sense, the binding

is portland cement. materials used in building and civil
engineering (such as dams , bridges , canals
, highways ) construction.
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Raw materials
Composition

Cement consists essentially of compounds of lime (calcium oxide, CaO)
mixed with silica (silicon dioxide, SiO-) and alumina (aluminum oxide,
Al:O3). The lime is obtained from a
calcareous (lime-containing) raw
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https://www.britannica.com/technology/adhesive
https://www.britannica.com/technology/construction
https://www.britannica.com/technology/dam-engineering
https://www.britannica.com/technology/bridge-engineering
https://www.britannica.com/technology/canal-waterway
https://www.britannica.com/technology/highway
https://www.merriam-webster.com/dictionary/compounds
https://www.britannica.com/science/quicklime
https://www.britannica.com/science/silica-mineral
https://www.britannica.com/science/alumina
https://www.britannica.com/science/sand
https://www.britannica.com/science/bauxite
https://www.britannica.com/technology/portland-cement
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* After that burning zone at the end of

the rotary furnace which is at 1400-
1450°C. Hence, the materials changing
to CLINKER.

AN

Manufacture steps of cement:

There are four stages in the manufacture of cement:

1- Crushing and grinding the raw materials.

2

Blending the materials in the correct percent .

3- Burning the prepared mix in a (Rotary furnace )(why ?)
4- Grinding the burned product, known as “Clinker” and

packing
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https://www.britannica.com/technology/clinker-cement
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1- Crushing and grinding

All except soft materials are first crushed, often in two stages, and then
ground, usually in a rotating, cylindrical ball, or tube mills containing of
steel grinding balls. This grinding is done wet or dry, depending on the
process in use, but for dry grinding the raw materials first may need to
be dried in cylindrical, rotary dryers.

Soft materials are crashing by strong stirring with water in wash mills,
producing a soft slurry, which is passed through screens to remove
oversize particles.
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2- Blending the materials in the correct percent:
Include mixture of raw materials by rotating furnace .

3- Burning the prepared mix:
This processes including burn primary materials in cylinder
rotating furnaces ( Geometrically inclined )
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4- Grinding & Packing

The clinker and the required amount of gypsum are ground to a fine
powder in horizontal mills similar to those used for grinding the raw
materials. The material may pass straight through the mill (open-circuit
grinding), or coarser material may be separated from the ground product
and returned to the mill for further grinding (closed-circuit grinding)..

Finished cement is pumped pneumatically to storage silos from
which it is drawn for packing in paper bags or for dispatch in
bulk containers.

*
*The first zone in rotary furnace is drying zone.
—

Chemical composition of Portland cement

Portland cement is made up of four main compounds: tricalcium silicate
(3Ca0 - Si0.), dicalcium silicate (2CaO - SiO,), tricalcium aluminate
(3CaO - Al,O3), and a tetra-calcium aluminoferrite (4CaO - Al.O3Fe.05).
In an abbreviated notation differing from the normal atomic symbols,
these compounds are designated as CsS, C.S, CsA, and C,AF, where C
stands for calcium oxide (lime), S for silica, A for alumina, and F for iron
oxide. Small amounts of uncombined lime and magnesia also are
present, along with alkalies and minor amounts of other elements.
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https://www.britannica.com/technology/grinding-materials-processing
https://www.britannica.com/dictionary/silos
https://www.britannica.com/technology/portland-cement
https://www.merriam-webster.com/dictionary/compounds
https://www.britannica.com/science/quicklime
https://www.britannica.com/science/silica-mineral
https://www.britannica.com/science/alumina
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Hydration processes

The most important hydraulic constituents are the calcium silicates, C.S
and C;S. Upon mixing with water, the calcium silicates react with water
molecules to form calcium silicate hydrate (3CaO - 2SiO.- 3H.O0)
and calcium hydroxide (Ca[OH].). These compounds are given the
shorthand notations C—S—H (represented by the average formula
CsS-H3) and CH, and the hydration reaction can be crudely represented
by the following reactions:

2C3S + 6H > C382H3 + 3CH

2C.S + 4H +>  (C3S:H; + CH

During the initial stage of hydration, the parent compounds dissolve,
and the dissolution of their chemical bonds generates a significant
amount of heat. Then, , hydration comes to a stop. This quiescent, or
dormant, period is extremely important in the placement of concrete.
Without a dormant period there would be no cement trucks; pouring
would have to be done immediately upon mixing.


https://www.britannica.com/science/hydration
https://www.merriam-webster.com/dictionary/constituents
https://www.britannica.com/science/calcium
https://www.britannica.com/science/water
https://www.britannica.com/science/calcium-hydroxide
https://www.merriam-webster.com/dictionary/quiescent
https://www.britannica.com/technology/concrete-building-material
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Following the step (which can last several hours), the cement begins to
harden, as CH and C—-S—H are produced. This is the cementitious
material that binds cement and concrete together. As hydration
proceeds, water and cement are continuously consumed. The C-S—H
and CH products occupy almost the same volume as the original cement
and water; volume is approximately conserved, and shrinkage is
manageable.
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Al;03.2Si0,.2H,0 — Al; 03.2Si0; + 2H,0 at °550-500
MgCOs3 MgO + CO3 at 600°

Ca CO; Ca0 + CO;

At 800°C

CaO + Al; O3 CaO. Al,O3 (CA)

CaO + Si0,—— Ca0.SiO; (CS)

At 900°c - 950°c

CaO + Al,Os 5Ca0 . 3 Al,Os (C5 A3)

2 CaO +Si0; 2Ca0 . SiO; (C2S)

At 900 - 1100°c

CaO + Al; O3 + Fe;03 ————4Ca0 . Al; O3. Fe; Os.. (C4 AF)

At 1260°c we obtain liquid formation C3A

CaO + Al,O3 3Ca0. Al,O3 ( C3A)

At 1200 — 1450 °C

Ca0. SiO, 3Ca0 . Si0; (C39)
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CaCOstheat—CaO+CO,

2Ca0+Si0,—2Ca0-Si0, (Bellite)

3Ca0+Al,03—3Ca0-Al,03

4CaO+Al,03+Fe,03—4Ca0- Aly03-Fe;03

Ca0+2Ca0-Si0,—3Ca0-Si0, (Alite)

Al Al (688 die landU A ) cdle )

3Ca0. Si02 + 2 H20 ———— Ca0. Si02.2 H20 + Ca(OH)2 + heat

3 Ca0. AL203 + H20 — Ca(OH)2 Al(OH)3. H20 + heat
The most important tests are:

1- The percent of the free CaO the percent is 2%. (& el Ailia e iy Lgild Dl 51l
i o) 2 sall ke e AN

2- The percent CO2%, SOs %, K2 O %, Na20% , MgO%, CaO %, Fe2 Oz %, Al. O3%,
SiOs.

3- Heat of reaction with H;O.

4- Time of setting .

5- Tensile strength, stress.

6- Resistance .

7- Dissolve in HCI 20% .

8- Density of cement 3.1 — 3.2 according to Fe; Os.
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1- Portland cement ‘ ;
2- Corrosion resisting cement JSUl a slaall eyl

3- High alumina cements — CaCO3 + bauxite.

‘)a..\j\ GLQXAJ\AA}S)S}‘JM\;‘E‘JA@)“’?M\} &M\;Aﬁéﬂ\)ﬂuﬁ\é&:é;ﬁ;ﬂgﬂ\



	Raw materials
	Composition
	Manufacture steps  of cement:
	There are four stages in the manufacture of cement:
	1- Crushing and grinding the raw materials.
	2- Blending the materials in the correct percent .
	3- Burning the prepared mix in a (Rotary  furnace )(why ?)
	4- Grinding the burned product, known as “Clinker” and packing
	4- Grinding & Packing
	Chemical composition of Portland cement
	Hydration processes

