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Chemical composition of Portland cement

The primary materials used in Portland
cement manufacture are mainly lime, Silica,
alumina and iron oxide. These compounds
interact with each other inside the oven to
form more complex materials and
compounds, and a small amount of non-
united lime due to lack of time to combines
with other compounds, and these chemical
reactions continue inside the oven until the
chemical equilibrium state is reached, and
as a result, The burning product of clinker
contains four main compounds as shown in
the table below
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These Symbols are obtained by means of the oxide
symbols used by the cement chemists.
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Di-Calcium Silicate, C2S

This compound is characterized by its slow reaction
speed and gives little heat during the reaction,
initial bearing to resist compression is weak , but its
final bearing is good.

Tri-Calcium Silicate, C3S

This compound is characterized by its moderate
reaction speed, and it liberates a good amount of
heat during the reaction,

Initial and final bearing is good, and this compound
was form with C2S is about (60-80)% of Portland
cement.



Tri-Calcium Aluminate, C3A

This compound is characterized by its rapid
reaction and release a large amount of heat
during the reaction. initial bearing
compression is good , but its final bearing is
weak. and this compound is a concern 38, due
to its great interaction with Salt, Which leads
to cement damage <iewY!) Calzial o) Cals



Tetra-Calcium Aluminate Ferrite, C4AF

It represents a group of oxides similar in properties
to previous oxides, and reacts with water at a speed
lower than C3A

Water compounds are more stable than C3A
compounds and less stable than hydrated calcium
silicate compounds. The hydration temperature is
higher than that generated by C2S and less than the
other compounds and is found by (5-10)% of the
weight of cement and has little impact on it.



e In addition to the four major compounds, there are
other compounds with a very low percentage:
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In addition to the main compounds mentioned above,
there exist minor compounds, such as MgO, TiOz2,
Mn203, K20 and Na20. Two of the minor
compounds are of particular interest. K20 and Naz0O,
known as the alkalis (about 0.4-1.3% by weight of
cement). They have been found to react with the
reactive silica found in some aggregates, the products
of the reaction causing increase in volume leading to
disintegration ~ks3 5l 2ig5 of the concrete. Increase in
the alkalis percentage has been observed to affect the
setting time and the rate of the gain of strength of
cement.



e SO3 form low percentage of cement weight. SO3
comes from the gypsum added (2-6% by weight)
during grinding of the clinker, and from the
impurities < #1 in the raw materials, also from the
fuel 244 used through firing process.

* lragi specification no. 5 limited max. SO3 by 2.5%
when C3A < 7%, and by 3% when C3A> 7%.



 MgO, present In the cement by 1-4%, which comes
from the magnesia compounds present In the raw
materials. lragi specification no. 5 limited max.
MgO by 5%, to control the expansion resulted from
the hydration of this compound in the hardened
concrete. When the magnesia Is in amorphous form,
It has no harmful effect on the concrete.

e Other minor compounds such as TiO2, Mn20s3,
P205 represent < 1%, and they have little
Importance.



e The percentage of the main composition of cement
can be calculated according to the Bogue equations,
based on the assumption that the reactions reached
the chemical equilibrium state

(38 =4.07 (Ca0) — 7.6 (Si07) — 6.72 (AL 03) — 1.43 (Fep03) — 2.85 (SO3)
C5S = 2.87(Si07) — 0.754 (C38S)

C3A =2.65 (AlhO3) — 1.69 (Feq03)

C4AF = 3.04 (Fe203)



Usual Composition Limits of Portland Cement

Oxide Content, %
Ca0 60-67
510, 17-23
Al,O; 3-8
Fex0s 0.3-6
MgO 0.5-4
Alkalis (as Na)0) 0.3-1.2
503 20-35




Typical compound composition in ordinary Portland cement

Compound Content, %
C3S5 54
Cas 17
CiA 11
CsAF 9




e Loss on Ignition (L.O.1)

It is the loss of the cement sample weight when it
expose to the red temperature (at 1000.C).. It shows
the extent of carbonation and hydration of free lime
and free magnesia due to the exposure of cement to
the atmosphere. Also, part of the loss In weight comes
from losing water from the gypsum composition. The
maximum loss on ignition permitted by Iraqi
specification no. 5 is 4% by weight.
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e Insoluble residue

It Is that part of cement sample that iIs insoluble In
HCI. It comes from the unreacted silica, to form
soluble cement compounds diluting In this acid,
largely arising from Impurities In gypsum. The
maximum insoluble residue permitted by Iraqgi
specification no. 5 Is 1.5% by weight.
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