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(57) Abstract: Provided is a method for controlling the free
lime content of a clinker. This method comprises controlling
the free lime content of a clinker so as to fall within a spe-
cified range, thereby minimizing cement-quality fluctuations
which are dependent on the fluctuations in the free lime con-
tent. According to the method, the free lime content of a
clinker is controlled by regulating the amount of sulfur triox-
ide resulting from fuel and the amount of a fluorine-contain-
ing mineralizer used in accordance to formulae (1) to (3): f.-
CaO = 0.29xe"*** (A = a x SO3 + b) (1) a = 0.0001 x F +
9.2xt-0.18x HM - 9.2 (2) b=-0.0005 x F - 328 xt-2.9
x HM + 28.4 (3) [wherein SOs; is the amount of sulfur triox-
ide in the clinker, a is a coefficient satistying formula (2), b is
a coefficient satisfying formula (3), F is the amount of fluor-
ine in the clinker; t = X/1450 (wherein X is a firing temperat-
ure (°C)), and HM is a hydraulic modulus]
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DESCRIPTION

Title of Invention

METHOD FOR CONTROLLING FREE LIME CONTENT OF CLINKER

Technical Field

[0001]

The present invention relates to a method for controlling a free lime content of a
clinker in a production method of cement so as to suppress cement quality fluctuation
caused by the fluctuation of the free lime content.

Priority 1s claimed on Japanese Patent Application No. 2012-077525, filed

March 29, 2012, the content of which is incorporated herein by reference.

Background Art

[0002]

In cement plants, a mixed and ground substance consisting of limestone, clay,
silica stone, iron ore, and the like is burned at a high temperature in an SP kiln or in an
NSP kiln, thereby producing a hydraulic clinker. The free lime content of the clinker
exerts an influence on physical properties of cement, and accordingly, the factories
produce the clinker while controlling the free lime content to fall within a certain range.

[0003]

Conventionally, as the method for controlling the free lime content, a method of
varying the mixing ratio of respective raw materials (adjusting chemical components of a
mixture of raw materials), the amount of raw materials put into the kiln, the rotation

speed of the kiln, the length of flames of a burner, the amount of kiln exhaust gas to be
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aspirated, and the like or a method of using a mineralizer is used.

[0004]

For example, in the production method disclosed in PTL 1, the free lime content
of the clinker and the like is controlled to be equal to or smaller than 0.5% by mass.
Moreover, in the method disclosed in PTL 2, the free lime content and the fluorine
content of cement are controlled such that they satisfy a certain relational expression.
Furthermore, PTL 3 discloses a production method which makes it possible to decrease
the cement clinker burning temperature without increasing the amount of fluorine by
causing the burned clinker to contain one or more elements selected from a group
consisting of fluorine, sulfur, chlorine, and bromine as well as one or more metal
elements selected from a group consisting of group 3 to group 12 elements.

[0005]

However, there is a limit to control the free lime content by the above methods,
and in the current situation, a great fluctuation of the free lime content is unavoidable.
When the free lime content fluctuates, the basic physical properties of cement (concrete),

such as setting properties, strength, and fluidity, are influenced.

Citation List
Patent Literature

[0006]

[PTL 1] Japanese Unexamined Patent Application, First Publication No.
2008-285370

[PTL 2] Japanese Unexamined Patent Application, First Publication No.
2001-130932

[PTL 3] Japanese Unexamined Patent Application, First Publication No.
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[0006a]
Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of common

general knowledge in the field.

Summary of Invention
Technical Problem

[0007]

The present invention provides a method for suppressing cement quality fluctuation
caused by the fluctuation of the free lime content by controlling the free lime content of the
clinker to fall within a certain range in a cement production process.

[0007a]

It is an object of the present invention to overcome or ameliorate at least one of the
disadvantages of the prior art, or to provide a useful alternative.

[0007a]

Unless the context clearly requires otherwise, throughout the description and the claims,

)

the words “comprise”, “comprising”, and the like are to be construed in an inclusive sense as
opposed to an exclusive or exhaustive sense; that is to say, in the sense of “including, but not

limited to”.



01 Apr 2015

2013238358

(V)]

3a

Solution to Problem

[0008]

According to the present invention, there is provided a method for controlling a free
lime content that is constituted as below.

[1] A method for controlling a free lime content of a cement clinker, includes regulating
the free lime content (f.CaQ) in the cement clinker using Formulas (1) to (3).

f.Ca0 = 0.29 x " ** (A=a x SO3 +b) (1)

a=0.000l xF+9.2xt-0.18 x HM - 9.2 (2)

b =-0.0005 x F-32.8 xt+2.9 x HM + 28.4(3)

wherein in Formula (1), f.CaO is a free lime content (wt%),

SO3 is an amount (wt%) of sulfur trioxide in the cement clinker,

a is a coefficient satisfying Formula (2),

b is a coefficient satisfying Formula (3),

F is an amount (mg/kg) of fluorine in the cement clinker,

t is a coefficient determined based on a temperature of 1450°C (when a burning
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temperature is X°C, t = X/1450), and

HM is a hydraulic modulus.

[2] The method for controlling a free lime content of a cement clinker according
to [1], the method may further include adjusting an addictive amount of fluorite or
fluorine-containing waste that is a fluorine source in the cement clinker and used as a
mineralizer, an used amount of fuel as an SO5 source in the cement clinker, and an
addictive amount of waste gypsum to control the free lime content (f.CaO) using the

Formulas (1) to (3).

Advantageous Effects of Invention

[0009]

According to the control method of the present invention, it is possible to control
the free lime content (f.Ca0O) of the clinker, by adjusting the used amount of fuel as an
SO; source in the clinker and the addictive amount of waste gypsum, and by adjusting
the addictive amount of fluorite or fluorine-containing waste that is a fluorine source in

the clinker and used as a mineralizer using the Formula (1).

Brief Description of Drawings

[0010]

FIG. 1 is a graph showing the correspondence between a calculated value of a
free lime content and an actual measured value of the free lime content.

FIG. 2 is a graph showing the relationship between the SO; amount and the
fluorine amount at a burning temperature of 1450°C.

FIG. 3 is a graph showing the relationship between the SO; amount and the

fluorine amount at a burning temperature of 1350°C.
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FIG. 4 is a graph showing the relationship between the SO3; amount and the fluorine

amount at a burning temperature of 1300°C.

Description of Embodiments

[0011]

Hereinafter, the control method of the present invention will be described in detail based
on embodiments.

The control method of the present invention is a method for controlling a free lime
content of a cement clinker, in which the free lime content (f.CaO) of the clinker is regulated
using Formulas (1) to (3).

f.Ca0 = 0.29 x " ** (A=a x SO3 +b) (1)

a=0.000l xF+9.2xt-0.18 x HM - 9.2 (2)

b =-0.0005 x F-32.8 xt+2.9 x HM + 28.4(3)

[0012]

In Formula (1), f.CaO is a free lime content (wt%); SOs is the amount (wt%) of sulfur
trioxide in the clinker; a is a coefficient satisfying Formula (2); b is a coefficient satisfying
Formula (3); F is the amount (mg/kg) of fluorine in the clinker; t is a coefficient determined
based on a temperature f 1450°C (when a burning temperature is X°C, t = X/1450); and HM is
a hydraulic modulus.

[0013]

Most of SO3, which represents an amount of sulfur trioxide in the clinker, results from
fuel for burning. Moreover, the SOz amount in the clinker is adjusted by intermixing waste
gypsum board powder with fuel or by putting the waste gypsum board powder into a kiln from

the kiln outlet part. The used amount of fuel or the amount of
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waste gypsum put into the kiln is adjusted, it is possible to control the SO; amount
represented using Formula (1).

[0014]

Moreover, a mineralizer is added to the raw materials of the clinker. Fluorite,
fluorine-containing waste (sludge), and the like are used as the mineralizer. Fluorine
contained in the clinker mainly results from the mineralizer. Accordingly, for example,
by adjusting the addictive amount of mineralizer, it is possible to regulate the coefficients
a and b of Formulas (2) and (3) including the fluorine amount F and to finally control the
SO; amount in the clinker represented by Formula (1).

[0015]

The hydraulic modulus HM is an index represented by HM = CaO/(S10; +
AlLOs + Fe;Os).  The greater the HM is, the amount of calcium oxide or alite in the
clinker increases. As a result, burning reactivity decreases, hence the amount of free
lime content increases. Generally, the hydraulic modulus HM of the raw material of the
clinker is 1.90 to 2.30.

[0016]

Furthermore, Formula (1) is satisfied when the fluorine amount F in the clinker
is equal to or greater than 300 mg/kg. If the fluorine amount F in the clinker is smaller
than this, the correlation between fluorine and SO; tends to be weakened, and the free
lime content (f.CaO) of the clinker tends to increase greater than the value represented by
Formula (1).

Examples

[0017]

Examples of the present invention will be described below.

The SO; amount in the clinker was measured according to JIS R 5202:2010
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“Methods for chemical analysis of cement”. The fluorine amount in the clinker was
measured by X-ray fluorescence analysis (powder briquette method or bead method).

The free lime content (£f.CaO) of the clinker was measured according to JCAS
[-01:1997 “Quantification of free calcium oxide”.

The burning temperature coefticient t is a coefficient determined based on a
temperature of 1450°C. When the burning temperature is 1350°C, t = 1350/1450 = 0.93,
and when the buring temperature is 1450°C, t = 1450/1450 = 1.00.

[0018]

[Example 1]

The SO; amount, fluorine amount, and free lime content (£ CaO) of the produced
dement clinker were measured. The results are shown in Table 1 together with the
hydraulic modulus HM and the burning temperature coefticient t. Moreover, the free
lime content (estimated f.CaO), which is calculated by plugging the hydraulic modulus of
the raw material, the burning temperature coefficient, the measured SO; amount, and the
fluorine amount into Formula (1), is also shown in Table 1. In addition, the relationship
between the free lime content (estimated f.CaO) based on Formula (1) and the actual
measured free lime content (£.Ca0) is shown in FIG. 1.

[0019]

As shown in Table 1, a difference between the free lime content (f.CaO) based
on Formula (1) and the actual measured free lime content (f.Ca0O) is small and within a
narrow range as shown in FIG. 1. This shows that Formula (1) showing the free lime
content (f. CaO) of the clinker is highly reliable, and accordingly, it is possible to reliably
control the free lime content (f.CaO) of the clinker based on Formula (1).

[0020]

[Example 2]



FIG. 2 and FIG. 3 show the relationship between the SO; amount and the
fluorine amount that make the free lime content (f.CaO) at each burning temperature fall
within a range of 0.5 < f.CaO < 1.0 based on Formula (1) when each of the raw materials
of the clinker having the hydraulic modulus HM of 1.9, 2.1, and 2.3 is burned at 1300°C,
1350°C, and 1450°C respectively. In the drawings, the shaded area is in a range of 0.5
<fCaO < 1.0. By adjusting the SO; amount and the fluorine amount, it is possible to

control the free lime content to fall within a range of 0.5 < £.CaO < 1.0.
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Industrial Applicability

[0022]

The present invention can be applied to a method for controlling the free lime
content (f. CaO) of the clinker by adjusting the used amount of fuel as an SO; source in
the clinker, the addictive amount of waste gypsum, and adjusting the addictive amount of
fluorite or fluorine-containing waste that is a fluorine source in the clinker and used as a

mineralizer using the Formula (1).
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CLAIMS

l. A method for controlling a free lime content of a cement clinker, comprising:
regulating the free lime content (f.CaO) of the cement clinker using Formulas (1) to (3).
f.Ca0 = 0.29 x " ** (A=a x SO3 +b) (1)
a=0.000l xF+9.2xt-0.18 x HM - 9.2 (2)
b =-0.0005 x F-32.8 xt+2.9 x HM + 28.4(3)
wherein in Formula (1), f.CaO is a free lime content (wt%),
SO3 is an amount (wt%) of sulfur trioxide in the cement clinker,
a is a coefficient satisfying Formula (2),
b is a coefficient satisfying Formula (3),
F is an amount (mg/kg) of fluorine in the cement clinker,
t is a coefficient determined based on a temperature of 1450°C (when a burning
temperature is X°C, t = X/1450), and

HM is a hydraulic modulus.

2. The method for controlling a free lime content of a cement clinker according to Claim 1,
further comprising:

adjusting an addictive amount of fluorite or fluorine-containing waste that is a fluorine
source in the cement clinker and used as a mineralizer, an used amount of fuel as an SOs source
in the cement clinker, and an addictive amount of waste gypsum to control the free lime content

(f.Ca0) using the Formulas (1) to (3).
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FIG. 1

. Ca0 (ACTUAL MEASURED VALUE) (wt%)

1/4

CONF IDENCE m/ / /

. Ca0 (ESTIMATED VALUE) (wt%)
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