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ense of the word acement is a binder, a
nardens independently, and can bind other

used In construction Is characterized as hydraulic or non-
Hydraulic cements (eg,Portland cement) harden

2 of hydration,chemical reactions that occur independently
& ure's water content; they can harden even underwater
or when constantly exposed to wet weather.



1 a hydraulic mortar th nvould set and develop some
11N the twelve hour period between successive high tides.

seph Aspdin patented asimilar material, which he called
‘cement, because the render made from it was in colour
- similar to the prestigious Portland stone.



v of the origin of
cement

JMcat led him to prepare an artificial
ng an Intimate mixture of limestone and

1845 Isaac Charles bhnson burnt a mixture of clay
Il the clinkering stage to make better cement and
ed factories in 1851.

- The German standard specification for Portland cement was
drawn in 1877.



Jdistory of the origin of
cement

lard specification was first drawn up in
A specification was issued in 1904.

', Portland cement was first manufactured in 1904
adras, by the South India Industrial Ltd. But this
> failed.

en 1912 and 1913, the Indian Cement Co. Ltd., was

established at Porbander (Gujarat) and by 1914 this

- Company was able to deliver about 1000 tons of Portland
cement.



ufacture of Portland

Cement
Je by heating limestone (calcium carbonate) with

other materials (such as clay) to 1450 °C ina
eS N as calcination, whereby a molecule of
dioxide is liberated from the calcium carbonate to form
oxide,or quicklime,which is then blended with the other
ls that have been included in the mix.

esulting hard substance, called ‘clinker’, is then ground with
: amount of gypsum into a powder to make 'Ordinary
Portland Cement', the most commonly used type of cement
(often referred to as OPC).

JUC O,




Manufacture of Portland
Cement




Cement
'ying Limestone and a‘cement rock' such as clay

ed and brought to the cement works. These
AC03), silica (S102), alumina (Al20 3)
| oxide (Fe203) - the raw

- Raw material preparation To form aconsistent product,
ssential that the same mixture of minerals is used everytime.
IS reason the exact composition of the limestone and clay
mined at this  point,and other ingredients added If
necessary. The rock is also ground into fine particles to
Increase the efficiency of the reaction.



If necessary, minerals are then added to either the
the limestone to ensure that the correct amounts of
um, iron etc. are present. The clay and limestone are
together into a mill where the rock is ground until
85% of the material is less than 90um in

more t
- diameter.



Vianufacture of Portland
Cement

e In a washmill - a tank in which the
asence of water.

e |s then added and the whole mixture further

lal which Is too coarse Is extracted and reground.

y IS then tested to ensure that It
conts correct balance of minerals,and any extra ingredients

blended in asnecessary.



facture of Portland
Cement

e raw materials are then dried, heated and
rotating " Here the raw materials react at
Jn temperatures to form 3CaO *Si02 (tricalcium silicate),
Si02 (dicalcium silicate),3Ca0 +Al203 (tricalcium
)and 4CaO
3 oFe203 (tetracalcium alumino-ferrate).




anufacture of Portland

Cement

IIn shell is steel, 60m long and inclined at an

3 he shell Is supported on 3 roller trunions and
iohs in at over 1100, The Kiln is heated by injecting

Iverised coal dust into the discharge end where it

ntaneously Ignites due to the very high temperatures. Coal

iiected with air into the kiln at a rate of 9 - 12 Thr.




Vianufacture of Portland
Cement

Decarbonation. Formation of 3Ca0O’Al,O;3 above 900°C. Melting of fluxing compounds

Zone 1: 0-35min. 800 - 1100°C
Alzo_v, and F6203.

heat

CaCOg — (CaO + CO,

Zone 2: 35 - 40 min, 1100 - 1300°C

Exothermic reactions and the formation of secondary silicate phases as follows:

heat

2Ca0 + Si0, — 2Ca0’SiO,



Manufacture of Portland
Cement

Zone 3: 40 - 50 min. 1300 - 1450 - 1300°C
Sintering and reaction within the melt to form ternary silicates and tetracalcium alumino-
ferrates:

heat + time

2Ca0’S10, + Ca0 — 3Ca0°Si10;

heat + time

3C30.A1203 + CaO + FCQ_O_?, = 4C30.A1203.Fezo3

Zone 4: 50 - 60 min. 1300 - 1000°C
Cooling and crystallisation of the various mineral phases formed 1n the kiln.




Vianufacture of Portland

Cement
nilling The ‘clinker' that has now been

2 just like cement, but it is in particles up to 3




11 Composition of
rtl

1 use%tnr ge manu cture of cement consist

alumina and iron oxide. These oxides interact

IIn at high temperature to form more
mpounds.The relative proportions of these oxide

sitions are responsible for influencing the various

s of cement; in addition to rate of cooling and fineness of




shemical Composition of
Portland Cement

Table 1.4. Approximate Oxide Composition Limits of Ordinary Portiand
Cement

Oxide Per cent content

CaO
SiO,

AlLLO,

Fe,O,

MgO

Alkalies (K,O, Na,O)
SO,



shemical Composition of

ement omposition
CaCO; (limestone)

25i0,-Al,0; (clay, shale)

Fe,O; (iron oxide)

SiO, (silica sand)

3Ca0-Si0,

2Ca0-Si0,
3CQO°A|203

interground 4Ca0-Al,0;-Fe, 04
cement (—,

Ca0-50;-2H,0
Gypsum + Clinker

a_/
Finished



Chemical Oxide composition  Abbreviation

formula
m 3Ca0.5i0, 35
e belite) &@u\l 2Ca0.5i0, 25
I EWE Ca;AL,04 3Ca0.AL,0, C3A

CaAl Fe,.,0; 4Ca0.Al Fe, .0, C4AF




dydration of
sement

ent IS mixed with water its chemical
dergo a series of chemical reactions
emical reaction with water 1S

to harden.
ydration".

e of these reactions occurs at a different time and

ate. Together,the results of these reactions determine how
Portland cement hardens and gains strength.



-'at'fl--- of
ement

oon as the cement and water are mixed.

id the heat liberated by the reaction
ch compound is @ L.

sompound produces different products when it

silicate (C3S). Hydrates and hardens rapidly and is
largely responsible for initial set and early strength. Portland
cements with higher percentages of C3S will exhibit higher early
- Strength.



ro C3A hydration Wlthout gypsum, C3 A hydration would cause
ind cement to set almost Immediately after adding water.

cium silicate (C2S). Hydrates and hardens slowly and is
y responsible for strength increases beyond one week.

‘ racalcium aluminoferrite (C4AF). Hydrates rapidly but

contributes very little to strength. Its use allows lower kiln
temperatures in Portland cement manufacturing. Most Portland
cement color effects are due to C4AF.



dration of
ement

* 2C3S + 6H= C3S5,H; + 3Ca(OH),
(100 + 24 = 75 + 49)
e 2C,S+4H =C3S,H; + Ca(OH),

(100 + 21 = 99 + 22)
e (C3A +6H =C3AHg
[C3A + CHSO4. 2H20 = 3(Cao; A1203_ 3CaSO4 31H20]




tion
of cement with water is exothermic.The

nent is put in a vaccum ﬂask and the
rature of the mass is read at intervals.

study and control of the heat of hydration becomes

ortant in the construction of concrete dams and other

§S concrete constructions. It has been observed that the
erature in the interior of large mass concrete is 50°C

above the original temperature of the concrete mass at the

time of placing and this high temperature is found to persist

for a prolonged period.
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act.Heat of hydration Is most  influenced by
3S and C3A In the cement, but IS also

ratureAs each one of | ,ese factors Is increased, heat of

IoN INCreases.

ual range of Portland cements,about one-half of the total
5 liberated between 1 and 3 days, about three-quarters In
and nearly 90 percent in 6 months.

The heat of hydration depends on the chemical
composition of cement.




2roperties of Hydrated

i s Y
C5S Tricalcium silicate | Hydrates & hardens rapidly
(alite) Responsible for initial set and early strength




