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Cement Definition

|s defined as the product obtained from
Limestone and Clay raw materials burned at

temperature 1450 C and grinding the resulting clinker



Corrective Materials
1 lron Ore
] Silica Sand

Bauxite
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Stages of Clinker Manufacturing
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Stages of Clinker Manufacturing
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Process Flow and Sampling points

Blast holes

E ﬂeg@n Material Mix
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Clinker Process Formation
Production Steps

Zone 1: dehydration

/one 2: chemical reactions

Zone 3: clinkering

Zone 4: cooling

Quality — QC trough production line
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Clinker Process Formation

Zone 1 - Dehydration

e about 100°C:

Free water evaporation

* Dry process: 1-3%

e 350-600°C:

clays dehydration

high reactive component

Quality — QC trough production line
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Clinker Process Formation
Zone 2 - Decarbonation

* 600-800°C:

MgCO; Bl MgO + CO,

* 800-1050°C:

CaCO; I Ca0 + CO,
* From 700°C,

Formation of alkaline sulfates (Na,O, K,0O, CaO — S0O;)

Quality — QC trough production line
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Clinker Process Formation
Zone 3 - Clinkering

e >800°C
- Iron oxide combines with alumina & lime to form C,AF

- Then, the remaining alumina will react with lime to form C;A
- Silica and lime start to form C,S

e >1200°C
- Formation of C;S (C,S reacts with remaining lime)

e >1338°C:
C,AF and C;A generate the liquid phase
[ accelerates solid/solid chemical reactions (silica/
lime)
[ contributes to burnability

Quality — QC trough production line 13



Clinker Process Formation
Zone 4 - Cooling

* Precipitate the liquid phase B small reactive crystals

* MgO < 2%, magnesia gets into silicate and aluminate crystal networks

(MgO> 2% [ periclase formation)

 Quenching to set clinker reactions:
— prevent C;S reversionto C,Sy + C
— prevent C,S transformation into non-hydraulic C,S Yy (powdery)

— smaller MgO periclase crystals

Quality — QC trough production line
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Chemical Reactions
1st stage: evaporation

/...,—\/\_,\

Moisture >h<

SiO,

Al,O,
Fe,O,

K,O
Na,O

Clay

N

H20 HZO

J

\(HTZ’)

S+A+F
)

Combined
water

Alkalies

Evaporation of free water
H20 + 536 kcal/kg

CO,

J\

/

Limestone

 —

Moisture

MgCO,

CaCoO;
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Chemical Reactions

2nd stage: dehydration

o \

Mg
Sio, S+A+F ((:)02 MgCO,
ot S
xI
A|203 :_‘,: C o
d
Fe,0, | CaCo,
K,O .
Na,O , Alkalies CO, )
250° . The combined water of
o clay goes away

s H20 + 20 kcal/kg rawmix g



Chemical Reactions

3rd stage: decarbonation

\ A
Mg
: S+A+F &—— | | MmgcoO,
SiO,
Cco,
<
Al,O,
CaOo
Fe,0; CaCo,
~ =
K0 i CO,—
Na,O Alkalies 9 )
ﬁo \ -
; keal/k ; e + @
650/700 °C MgCO, + 310 kcal/kg de MgCO MgO .

L.O.l

- 820t0950
°C CaCO, + 423 kcal/kg de CaCO, m—— Ca +
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Chemical Reactions

Loss of ignition

H.O
CO,
(RA) A '9
Fe,O0; (F) : /

AlLO,

A
F

H,0 combined IH)
[

Components ready
to recombine with
each other

J

!

decarbonation
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Chemical Reaction

4th stage: clinkerisation

MA»

From quarry Prepared

] Physice
Basic transformations
elements

v—

v
.
minerals C,S

} Clinker
I

Resulting
minerals

Iron (Fe203) F
Alumina (Al203) A



Chemical Reactions

4th stage: clinkerisation

Decarbonated raw mix

Clinker

An inert product

Clinkerization

20

A hydraulic binder
An active product

>

[0 Appearance of the liquid phase

e Formation of C,S and C;S



Chemical Reactions

o5th stage: cooling
To transport
Why? < Quenching

To save energy

AF >

ﬁ Cooling 3

At 1500° C

At 150° C



From raw mix to clinker...

Temperatures

950°
C ql—_ot?omposition of raw mix elements Y
o+ M, + QoD

1300°
C Appearance of liquid phase CIntereoaon

Formation of CBS and CZS

1450°

%c B A A A A

C3S Cég Cs CaA o

100° Cooling o
C Clihker r

22



Clinker Minerals

SHORT
SYMBOL CHEMICAL FORMULA NAME %
CsS (Ca0),Si0, Tricalcium silicate or alite f’g
3"
Ca2S (Ca0),Sio, Bicalcium silicate or belite to
20%
Cs (Ca0); Al O, Tricalcium aluminate or celite %Sto
%
E4A (Ca0),Al,O; Fe,0, Tetracalcium aluminoferrite Oto
E or felite }5
%
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Clinker Minerals

Decarbonated
kiln raw mix Clinker

!/
Any changes in the 4 raw mix elements The type of clinker required
will change the proportions of the 4 determines what the proportions
clinker minerals, and thus the clinker of the 4 minerals should be
quality

25



Estimate of the

crystalline composition

The Bogue formulas
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Clinker Minerals

Combined

CASF

percentage

Elementary chemical
analysis



Fe=56g¢g
O =16¢g
C=12g
Ca=40g
Al=27g
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Clinker Minerals

Bogue Equations

Try to find the 1st Bogue formulae, giving
the quantity of

1 mole Fe,0, CsAF
'— Fe,0,
Al,O,
> Ca
1608 486 g 0

i.e. C4aAAF =304 F



Clinker Minerals

Bogue Equations

CAF =304F

CGA =265A-169F
C:5-860S5 +1,08F +5,07A -3,07C
CsS=4207C-760S-1,43F - 6,72 A

with
C =ca0-fCa0-0.750,
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Clinker Minerals

C.S (Alite)

Final and initial strengths

Rapid hydration

Contains impurities: Mg, Al, Fe

Typically 50 to 66% of clinker (opt. 62 - 65)
Difficult to burn if C3S > 65%

Ring problems if C;S is too low
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Clinker Minerals

Influence of C;S on compressive strength

MFe

Mg

70 ?aj

£0_] &0
MPa MPa 7 days /
50_] 50 50 50
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Clinker Minerals

C,S (Belite)

Low early strength but good final strength
Slow hydration

Contains impurities: alkalis, Al, Fe, fluorides
Typically 20 to 24% of clinker

Clinker grindability adversely impacted by higher C»>S
Important effects on the clinker grindability



Clinker Minerals
C:A

Rapid hydration

— gypsum added to control rate
Early strengths
Typically 8 to 15% of clinker

Important effects on concrete quality and
durability

— workability

— resistance to sulfates



Clinker Minerals

C.AF

§ Very slow hydration
§ No strengths
§ Typically 0.5 to 10% of clinker

Cement color

more C4AF = darker cement
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Clinker Minerals

Compressive strength

§ Evolution of the clinker compressive strength

A Sc (MPa)

o~

[ I B C——

o N NS~ OO,

9 18 36 Time
0 0 0 (Days
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Clinker Minerals

C;A and flash setting

His hydration needs to be controlled

Short term

Sc (MPa)
A C3

(. S

28 —

47 Cs
L A,
1 2 3
It’s very reactive with water CG +C+n" — CsAHiito1s

A H

35



Significance of Clinker Minerals for ASTM Cement Types

Type |  Portland no restrictions regarding clinker minerals

Type Il Portland with moderate sulphate resistance (and
moderate heat of hydration)

C;A max. 8 %
(C5S + C;A max. 58% for moderate
heat of hydration)

Type Il Portland with high early strength

C;A max. 15% (C5A max. 8% for
moderate sulphate resist. C;A max. 5% for high sulphate resist.)



Significance of Clinker Minerals for ASTM Cement Types

* TypelV Portland with low heat of hydration

C5S max. 35%
C,S min. 40%
C;Amax. 7%

« TypeV Portland with high sulphate resistance

C;A max. 5.0 %
C,AF + 2 C;A max. 25%
or C,AF + 2 C,F max. 25%



Quality Control

Raw Mix Stockpile

il

On-line Stockpile Monitoring by Gamma Metrics Technology

Q

@ ’i] Cross Belt Analyzer
.//
/ - a

Electroni

e e e e e :
Quarry Control , :

Room
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