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Abstract

Cement is prepared by firing a mixture of raw materials, one of which is mainly composed of calcium carbonate and the other of alu-
minium silicate. The most familiar materials answering to this description are limestone and clay, both of which occur in nature in a
great number of varieties. Marls, which are a mixture of clay and shales, are also common raw materials for cement. The production
of cement is an energy-intensive process. The typical energy consumption of a modern cement plant is about 90-120 kWh per ton of
produced cement.

The service properties of cement such as workability and strength development are affected not only by the chemical and mineralogical
composition but also to a great extent by the fineness and particle size distribution of the cement produced; in practice often only the
strength development of cement is of primary interest. Yet the effect on workability is just as important. Moreover, the surface area
and granulometric parameters may also directly or indirectly affect the frost resistance and other durability-related properties of con-
crete. There are process engineering options for controlling fineness and particle size distribution of the cement by changing the mode
of operation of the mill and the separator.

This paper describes a study of the relationship between cement strength and separation cut size (d,,). The separation cut size (d,,) of
air separator products obtained by different days was ascertained by using particle size analysis. It was found that the cement fineness

and separation cut size (d.) are very effective on the strength of cement.
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Introduction

Cement production has undergone a tremendous
development over 2000 years. While the usage of
cement in concrete has a very long history, the in-
dustrial production of cements started in the mid-
19th century, first with shaft kilns, which were later
on replaced by rotary kilns as standard equipment
worldwide. Today's annual global cement produc-
tion has reached 2.8 billion tones, and is expected
to increase about to 4 billion tons per year. Major
growth is foreseen in countries such as China and
India as well as in regions like the Middle East and
Northern Africa (IEA & WBSCD, 2009).

Grinding is a high-cost operation consuming
approximately 60% of the total electrical energy
expenditure in a typical cement plant and 40% of
this energy is for raw material grinding. During the
last decade, there have been considerable improve-
ments in comminution efficiency not only due to
the development of machines with the ability to en-
hance energy utilisation, but also due to the optimal
design of grinding systems and operating variables
that enable more efficient use of existing machines
(Deniz, 2003; Deniz, 2004; Deniz, 2012).

Grinding efficiency is essential for all commi-
nution processes as raw material, coal and cement

grinding. While the requirements are basically
the same in all cases, cement grinding has a spe-
cial additional focus, which is workability of the
final product and its strength development. Both
parameters not only depend on the particle size
but also to a large degree on the size distribution.
Even though technological development drastical-
ly increases in cement plant, grinding remains the
biggest source of energy consumption in cement
production. While total electrical energy consump-
tion for cement production is about 100 kWh/t of
cement, roughly two thirds are used for particle size
reduction (Tsakalakis and Stamboltzis, 2008; VDZ,
2008; VDZ, 2012).

Ball mills have been used for over 100 years for
milling processes in cement production. This mill
type has prevailed due to its reliability and the favor-
able properties of the cement ground with ball mills.
Primary ball mills were operated as open-circuit
mills, later; separators were added to produce im-
proved cement qualities in a closed circuit. Cement
grinding process in the ball mill generates a relative-
ly broad particle size distribution. The selected fresh
material feed, the rotational speed of the separator,
and the separation air volume flow, can adjust the
cement fineness (Schneider et al., 2011).

Inzynieria Mineralna — LIPIEC - GRUDZIEN <2015> JULY - DECEMBER — Journal of the Polish Mineral Engineering Society 189



The particle size distribution of cement and/or
its components has an important influence on water
demand, the setting behavior, and the strength de-
velopment of cement in mortar and concrete.

The particle size distribution of the product de-
pends significantly on the mill system used for ce-
ment grinding and therefore especially affects the
choice of cement mills (Ellerbrock et al., 1990).

Non ground clinker does not have the qualities
of cement. Clinker must be ground finely to be able
to react with normal water. More finely ground ce-
ment has a larger specific surface and the reactive
area with water is thus larger. Contact with both fine
additives and gravel and sand surfaces is improved,
the initial hydration of clinker minerals is made
easier, and the distribution of hydration products
1s accelerated. On the other hand, if cement is too
fine, it will get wet and will clot more easily when
stored. If it is used in concreting, it displays the ten-
dency to segregate by water erosion, the onset of
hardening gets shorter, and the hardening time gets
longer. Despite the higher initial firmness of cement
that is too fine (less than 20 um), its final firmness
is not higher. The increase of grinding fineness in-
creases the intensity of hydration-heat generation;
shrinkage and the consequent tendency to form fine
cracks grows. This is reflected by the loss of the
mechanical properties of the final products. Thus,
over-grinding of clinker results in an increase in en-
ergetic demands and consequently in the final price
of the cement as well as in other adverse attributes
(Sverak et al, 2013).

To achieve the workability of the cement, suffi-
cient water must be added so that the particles can
move against each other. The required amount of
water is particularly influenced by the particle size
distribution. Consequently, the water demand of
cements from more comminution is higher, since
cements have narrower the particle size distribution
and thus there is a larger gap volume to be filled.

The strength of cements with the same specific
surface area increases with narrowing of the parti-
cle size distribution. This is caused by an increase
of completely hydrated fines as a result of the de-
creasing average particle size. This position param-
eter represents the fine particle fraction, which is
responsible for the strength behavior of the cement
(Schneider et al., 2011).

Several different techniques are available to
control the fineness of cement-based materials.
These include a series of non-destructive approach-
es (i.e., sieving (Erdogdu and Turker, 1998; Paya
et al., 2002; Chindaprasirt et al., 2004), air clas-
sifying (Paya et al., 2002) or magnetic-extraction
(Chindaprasirt et al., 2004) methods as well as
destructive approaches (i.e., mechanical grinding
(Osbaeck and Johansen, 1989; Paya et al., 1996;
Kakali et al, 2000; Kiattikomol et al, 2001; Paya
et al., 2002; Jaturapitakkul et al., 2004; Sakai et
al., 2009; Sengul and Tasdemir, 2009; Sezer et al.,
2010) methods). The cement industry typically uses
ball-mill grinding as the preferred method to reduce
the size of clinker in cement manufacturing (Paya
et al., 1996).
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Fig. 1. Observed Tromp curves as experimental determined in air separator

Rys. 1. Krzywa wzbogacalno$ci Trompa dla separacji powietrznej

190

Inzynieria Mineralna — LIPIEC - GRUDZIEN <2015> JULY - DECEMBER — Journal of the Polish Mineral Engineering Society



Air separator or dynamic separators are used
in a variety of industrial applications such as food,
chemical, minerals, building materials and other
fields that need to mass-produce fine particles in a
limited size range of controlling powder properties
including homogeneity and high quality.

The main performance characteristics to be con-
sidered in the design of dynamic air separators are
the pressure drop and the separation efficiency. The
pressures drop across the cyclone air separators a
significant characteristic since it is directly relat-
ed to the operating costs. The pressure drop over
a cyclone separator can be calculated when the
difference of the static pressure between the inlet
and outlet. The confidences in the dynamic sep-
arator flow-field predictions can only be obtained
by industrial experiment validation. The separator
efficiency can also be illustrated by the selectivity
curve or the Tromp curve. This curve shows, for
each cement grain size what percentage of the sep-
arator feed is selected as fines or retained as coarse
particles.

Separation cut size (d)) has been indicated di-
rectly from changes of the particle size distribution
of cement products in many studies. However, sep-
aration cut size between the compressive strength
important points of the cement quality has not been
investigated. In this study, the relationships be-
tween the separation cut size (d ) with compres-
sive strength of cement (as 2, 7 and 28 days) were
investigated.
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Material and methods

The separation performance of a separator de-
vice depends on its structure, operating conditions,
separation cut size, feed amount, and cement parti-
cle size. The Tromp distribution curve shape relies
on the operating conditions of the used device than
the feeding material properties. The Tromp curves
were plotted using the samples taken at different
time periods for the same separator device.

Determination of separation cut size (d,)) with
Tromp distribution curves

For this study, first, the particle size analyses
for the samples obtained from GOLTAS Co. (Is-
parta/Turkey) air separator unit were performed.
The samples (separator feed, over flow and under
flow) were taken from the separation device (air
separator) at different time intervals. Afterwards,
the Tromp distribution curves were plotted for air
separator from the sieve size data of the products.
Following this study, both observed separation cut
size (d,)) and corrected separation cut size values
were determined because of by-pass product for
the air separator, and efficiency curves were drawn
(Figure 1).

Material experiments were conducted at the ro-
tor cage rotary speeds of 130 rpm when the air inlet
velocity is 56.25 m3/second and the amount of sep-
arator feed is approximately 200t/h. Density of ce-
ment powder is 3150 kg/m?3. The separation cut size
(d,,) are not closer from as depending on the time
they obtained both observed Tromp curves (Figure
1) and corrected Tromp curves (Figure 2).
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Fig. 2. Corrected Tromp curves derived from observed Tromp curves

Rys. 2. Korekta krzywej Trompa dla wynikow rzeczywistych
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Changes of the separation cut size (d)) as de-
pending on the time.

In the actual classification process, the separation
cut size (d,) is defined as the diameter of a particle
whose partial classification efficiency is 50%. As
shown in Figure 3, the separation cut size (d,) is ob-
tained by experiments is between 78 pm and 38 pm.

Determination of compressive strength for ce-
ment quality

All mortars were prepared in a Toni technique
mixer according to ASTM C 305 (1996). After cast-
ing, the specimens were prepared for testing. The
compressive strength was measured using a To-
ni-Troll with cylindrical specimens (approximate-
ly 40 mm diameter and 150 mm height) in accor-
dance with ASTM C-39 (2003). Each test results

were consisted of the average of four samples made
experimental. All specimens were sealed until the
desired age of testing, which were 2, 7, and 28 days
for the cement.

The analysis conducted according to TSEN 196-
1 (2009) and TSEN196-6 (2010) standards, the ef-
fect of the separation cut size (d,) on the quality of
the cement are shown in Figure 4. The cement fine-
ness is very effective on the strength and optimal
fineness of cement must be specific for maximum
strength.

The biggest factors affecting the compressive
strength of cement are the heat of hydration. The
important factor is the particle size distribution and
the d, values (mm) for cement.
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Fig. 3. Relationship the separation cut size (d,)) with hours on different days
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60

50 i NT“"‘*.\‘.\A_.\A

40

¥ =28.74x01°
R>=0.838

y=18.79x022

30

20

*
r |
y=36.779¢7282x |

R>=0.842

Compressive Strenght (MPa)

42 Days

B 7 Days

R>=0.8185

10 —
A28 Days

0

0.020 0.030 0.040 0.050

0.060

0.070 0.080 0.090 0.100

d50 (mm)

Fig. 4. Relationship compressive strength with the separation cut size (d,)
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Conclusion

One of the most important factors in determining
the quality of the produced cement is the particle size.
The most important factors that determine the parti-
cle size distribution or the separation cut size (d,)
are the grinding circuit. In this study, the relationship
was shown that between separation cut sizes of air
separator and the compressive strength obtained on
different days with high correlation (> 80%). The
separation cut size (d,)) is between 38 um and 78
um. The separation cut size (d, ) are expressed, the
importance of determining the quality of cement.

It was observed that the separation cut sizes are
continuously varies. The reason for this was that the

separator feeding sizes were variable. Additionally,
the reason for this disorder could be attributed to
either the feeder was not arranged according to the
particle size of the feeding cement or carelessness
of the labourer during those hours.

It could be suggested that the feeding particle
size at the closed grinding-separator plant should
be note homogenous. Additionally, the variations
found in the process are caused by the automatic
measurement system not used in the plant. There-
fore, if there were established an automatic particle
size analysis system in the grinding-separator sys-
tem than the process would be improved.
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Zaleznos¢ pomigdzy jakoscig cementu a ziarnem podziatowym
Cement jest wylany z mieszanek surowcéw, zawierajgcych weglan wapnia i glinokrzemiany. Najpowszechniejszymi surowcami sq
wapien i glina. Oba wystepujg w naturze w duzych ilosciach i wielu odmianach. Margle bedgce mieszaning gliny i tupka ilastego,
réwniez sq surowcem uzywanym do produkcji cementu. Proces produkcji cementu wymaga duzego nakladu energii. Standardowe
zuzycie energii w nowoczesnej fabryce wynosi okoto 90-120kWh na toneg wyprodukowanego cementu.
Wiasciwosci uzytkowe cementu, takie jak urabialnos¢ czy wytrzymatos¢ sq zalezne nie tylko od sktadu chemicznego i mineralog-
icznego, lecz réwniez w duzej mierze od rozdrobnienia i rozktadu wielkosci czgstek wyprodukowanego cementu; w praktyce czesto je-
dynie wytrzymatos¢ cementu jest brana pod uwage, jednakze, wplyw urabialnosci jest réwnie istotny. Ponadto, wielkos¢ powierzchni
i parametry granulometryczne mogg réwniez bezposrednio lub posrednio wplywac na mrozoodpornosc i inne wlasciwosci cementu
zwigzane z jego wytrzymaloscig. Istniejg sposoby metody sterowania rozdrobnieniem i rozktadem wielkosci czgstek cementu za
pomocq zmiany trybu pracy milyna i separatora.
Praca opisuje badania nad zwigzkiem miedzy wytrzymaloscig cementu, a wielkoscig ziarna podziatowego (d, ). Ziarno podziatowe
(d,,) produktéw separatora powietrznego, uzyskane w roznych warunkach okreslono na podstawie analizy granulometrycznej. Wyka-
zano, ze uziarninie cementu oraz (d,,) majq istotny wplyw na wytrzymatosc cementu.

Stowa kluczowe: produkcja cement, jakosé cement, separacja, wzbogacalnik powietrzny
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