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Joseph Aspdin
Patented Portland Cement
in 1824

Figure 1.1.4. The Patent Portland
Cement Works of Ed. Fewer at
Ligerdort in Holstein. This factory
was founded in 1862 by English
expatriates Edward Fewer and

William Aspdin.
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Dual Line Preheater
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Planetary Cooler
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H View of Tower System
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B \What we will discuss

« Cement making process
— Raw materials, clinker, cement
e Cement Chemist’ Language
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_ CEMENT NOTATION

 ISASHORT HAND WAY TO GIVE THE PHASE
COMPOSITION OF A CEMENT
e |S BASED ON MODEL COMPOUNDS

ACTUAL CEMENT PHASES ARE MORE OR LESS CLOSE
TO THIS IDEAL VIEW
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CEMENT INDUSTRY SYMBOLS
Cement
Name of substance Chemical | industry | Molar
symbol symbol mass
Calcium oxide or lime CaO C 56
Silica SiO, S 60
Alumina Al,O; A 106
Iron oxide Fe,O3 F 160
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il TYPICAL COMPOUND COMPOSITION OF ORDINARY PORTLAND CEMENT

CHEMICAL NAME CHEMICAL CEMENT WEIGHT

FORMULA NOTATION? (%)
Tricalcium silicate 3Ca0-SiO, CsS 50
Dicalcium silicate 2Ca0-SiO, C2S 25
Tricalcium aluminate 3Ca0-Al, O, C;A 12
Tetracalcium aluminoferrite| 4CaOe°Al,O5°Fe,04 C,AF 8
Calcium sulfate dihydrate | CaS0O,*2H,0 C_SH2 3.5
(Qypsum)

a C=Cao0, S = Si0,, A = Al,O,, F = Fe,0, S = SO, H = H,0
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- Cement Manufacturing Process
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Chale Sand  Tron Ure

Quarry

Primary Crusher

Secondary Crusher
Raw Material Storage
Rock mined from a quarry is crushed m either one 6 bwo sta s, then >
stored with other raw materials to await further processing, To Proportioning and Grinding
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- Cement Manufacturing Process

Raw Materials Froportioning
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After analysis, the raw materials are proportioned, ground to fine Blending and Raw
pewder, anc blended. Some coment plants add water to the material Dlarage Silos Meal
during grinding, then blend and store i+ 2 a shurry. Fump
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- Cement Manufacturing Process
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Onee epoled, the eiinker is ground with a small amouns of Sypsum.
[t's now portland cement ready to be bagged or shipaed in bulk.
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] TYPICAL COMPOSITION OF RAW MATERIALS

CaO SiO, Al,O4 Fe,O4 MgO Loss
Limestone (chalk) 52.0 5.7 0.8 0.3 0.4 40.4
High-silica limestone 33.6 36.8 1.8 0.6 0.5 26.4
Cement rock 40.0 18.0 5.0 1.5 2.0 32.0
Blast-furnace slag 35.5 33.1 9.1 0.9 16.4 2.1
Shale 3.2 53.8 18.9 7.7 2.2 13.1
Sand 0.8 70.0 15.0 5.0 0.2 8.6
Clay 0.5 61.0 16.9 12.4 0.4 7.8
Iron ore - 6.7 1.4 89.7 0.4 0.2
Steel-mill scale - 2.5 1.1 89.9 - 4.0
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Kiln Process Thermochemical Reactions

Kiln Process

Process Reactions Temperature °C
free water evaporates 20 - 100
crystallization water 100-300
Dryi ng/ driven out
Pre-heat
chemical water driven 400 - 900
out
calcining CO, Driven out 600 - 900
CaCO3 --> CaO+CO,
sintering Formatli)%r;so;‘ Liquid 1450 exothermic
Clmkermg Formation of étlite and
belite
cooling Cryst_allization of _ 1300 - 1240
aluminates and ferrites

English Units

68 — 212 deg F
212 -572 deg F
752 -1652 deg F
1112-1652 deg F
2642 deg F
(2440-2642 degF)

2264 -2372 deg F

Carbon Steel Temp — 800 deg F, Refractory needed after that.
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Porticns by weight
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H Generalized Diagram of a Long Dry Process Kiln

Formation
of initial Formation
Clay compounds  of melt
decomposition Initial
Free Limestone formation | Formation
water Idecomposition of C,S of C;S
| T | T | T | T Kiln hood
= = =
\ Exit gases <>
Kiln feed ——> —— Clinker Burner
The kiln exit gas temperature \
will depend on the process. < > < > < > < >
\ Dehydration Calcination Clinkering Cooling
zone Zone zone zone Clinker cooler
450°C 800°C 1200°C  1500°C  1750°C
840°F 1470°F 2190°F 2730°F 3180°F
Gas Temp | | | | |
Matltemp 55 600°C 1000°C  1350°C  1450°C
120°F 1110°F 1830°F 2460°F 2640°F
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General Diagram of Preheater Reactions

is Material

In the tower,
Preheaters do 40-80% calcination.
Precalciners do 70 to 96% calcination.

Drying

Preheating

The difference is the no. of stages, type of calciner,

5 - and often the available length of kiln.
recalcining
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Cement

« Cement = Clinker+sulfate+water+processing
addition+limestone

— Controlled fineness, chemistry
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] Questions?
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