SPECIFICATION
Title of the Invention Hydraulic Composition and Production Method thereof
Field of the Invention
[0001]

The present invention relates to a hydraulic composition containing cement clinker,
gypsum, blast furnace slag, and limestone. The total content of gypsum, blast furnace slag, and
limestone is more than 5 mass%, and the total content of blast furnace slag and limestone is 14
mass% or less. The contents indicate those per total hydraulic composition. More particularly,
the present invention relates to a hydraulic composition that exhibits good long-term strength
development and contains cement clinker baked at a relatively low temperature. The present
invention also relates to a method for producing the hydraulic composition.

Background Art
[0002]

The cement industry is a mass-production, mass-consumption industry. Resource
saving and energy saving have been and will be the most important issue. For example, to
produce Portland cement, the most mass-produced cement, raw materials prepared to a specified
chemical composition must be baked at a high temperature of 1450-1550 degree Celsius. The
energy cost to obtain this temperature is enormous.

[0003]

Effective utilization of wastes and by-products is an important issue about recent global
environmental problems. The cement industry and cement manufacturing facilities have unique,
characters suitable for the effective use or treatment of waste as raw materials or fuel during
cement production for the safe and large-volume disposal of wastes.

[0004]

Among wastes and by-products, municipal solid waste incineration ash, granulated blast
furnace slag, blast furnace slow-cooled slag, etc., especially coal ash, have higher Al,O3 content
than the normal cement clinker composition. Their usage increases 3CaO-AlO3 (hereafter
C3A) content.

[0005]

C3A and 4Ca0-Al,03-Fe;Os (hereafter C4AF) are called an interstitial phase, and C3A
and C4AF lower the clinker baking temperature.  On the other hand, they affects the content of
other minerals that make up clinker (3Ca0-SiO> (C3S) and 2Ca0O-SiO2 (C2S) ), which are
important for the strength of cement and affect cement properties.

[0006]

The present inventors have proposed a cement clinker with a high content of the
interstitial phase to enable low-temperature baking and good physical properties such as strength
(Patent Document 1). In this cement clinker, the total content of C3A and C4AF is 22 mass%
or more, C3S is 60 mass% or more, and the iron modulus (I.M.) is 1.3 or less.



[0007]

When low LM. clinker is used, it has been known that using a specific mixture (blast
furnace slag and limestone) of 5 mass% or less can promote the initial strength development
properties (Patent Document 2). By the way, in the case of conventional ordinary Portland
cement, the use of a mixture of materials (limestone fine powder, blast furnace slag fine powder,
and fly ash) with more than 5 mass% and not more than 10 mass% has not been confirmed to
promote long-term strength development in a single mixture (Non-Patent Document 1).
However, it has been reported that when limestone fine powder and fly ash are used together, the
promotion of long-term strength development can be achieved (Non-Patent Document 2) .
[0008]

However, according to the inventor's study, when a single small content of mixed
component or a mixture of limestone powder and fly ash, as described in the non-patent literature,
is applied to low-LM. clinker, the long-term strength development is not sufficient.

Prior Art Documents
Patent Documents
[0009]

Patent Document 1:JP 2012-224504A

Patent Document 2:  JP 2014-097918A
Non-Patent Documents
[0010]

Non-Patent Document 1:  Nakaguchi et al., "Quality Evaluation of Cement with Increased
Small content of Mixing Components," Abstracts of the 72nd Cement Technology Conference,
2018, p. 270-271.

Non-Patent Document 2: Kadota et al., "Influence of C3S of base cement on compressive
strength of cement with increased small content of mixed component up to 10 mass%," Abstracts
of the 74th Cement Technology Conference, 2020, p. p. 186-187

Summary of the Invention
Problem to be Solved by the Invention
[0011]

The use of low-L.M. clinker increases the content of waste material used compared to
conventional cement and requires the reduced baking temperature when manufactured.
However, there is a need for a hydraulic composition that exhibits better long-term strength
development.

Means for Solving the Problem
[0012]

The inventors have completed the present invention after conducting a diligent study to
solve the problem.  The inventors have completed the present invention by adding limestone
and blast furnace slag to the low-1.M. clinker as a mixture in specific proportions and has found



that better strength development properties is obtained than the clinker without mixture and the
clinker with a single mixture.
[0013]

The hydraulic composition according to the invention comprises: a cement clinker having
the total content of C3A and C4AF of 24 mass% or more, a C3S content of 63 mass% or more,
and an iron modulus (I.M.) not less than 1.14 and not more than 1.27; calculated by the Bogue's
formulae; gypsum; blast furnace slag; and limestone, and is characterized in that the total
content of blast furnace slag and limestone is more than 5 mass% and not more than 14 mass% in
the hydraulic composition.

[0014]

The production method of the hydraulic composition according to the invention
comprises: producing a cement clinker by baking a mixture of a CaO source; an SiO2 source; an
AlO; source; and a Fe,Os source at a temperature not less than 1300 degree Celsius and not
more than 1400 degree Celsius such that the resultant cement clinker has the total content of C3A
and C4AF of 24 mass% or more; a C3S content of 63 mass% or more; and an iron modulus
(LM.) not less than 1.14 and not more than 1.27, calculated by the Bogue's formulae,  and

adding gypsum; blast furnace slag; and limestone to the cement clinker after cooling such
that the total content of blast furnace slag and limestone is more than 5 mass% and not more than
14 mass% in the total composition. The descriptions regarding the hudraulic composition in the
specification apply to its production method as they are.

[0015]

Preferably, the cement clinker consists of: C3A; C4AF; C3S; and C2S and

has a composition of: calculated by the Bogue's formulae,

the total content of C3A and C4AF not less than 24 mass% and not more than 32 mass%o;
the content of C4AF not less than 15 mass%;

the C3S content not less than 63 mass% and not more than 65 mass%; and

a C2S content is not less than 3 mass% and not more than 13 mass%.

Advantageous Effects of the Invention
[0016]

According to the present invention, a hydraulic composition is provided. The hydraulic
composition uses more wasted materials than conventional cement clinker for the production,
has a reduced the baking temperature about from 1300 to 1400 degree Celsius, and has very
good long-term strength development properties.

Means for Carrying out the Invention
[0017]
The contents of C3A, C4AF and C3S, in the present invention, are determined by the
Bogue's formulae.
[0018]
The Bogue's formulae have been used along with indices and moduli, and are formulae



for calculating the approximate contents of major minerals from the major chemical composition,
and have been well known to those skilled in the art.  For the sake of clarity, here is how the
Bogue'sg formulae are used to determine the content of minerals in clinker.

CsS content = (4.07 x CaO) - (7.60 x Si0z) - (6.72 x AL,O3) - (1.43 x Fe;03)

C2S content = (2.87 x Si0y) - (0.754 x C38)

CsAcontent=  (2.65 x A,O3) - (1.69 x Fe,03)

C4AF content = 3.04 x Fe20O3

[0019]

The iron content (I.M.), along with hydraulic modulus (H.M.), silicon modulus (S.M.),
activity index (A.L), and lime saturation degree (L.S.D.), are obtained from major chemical
composition and have been used as characteristic values for clinker production control along
with other auxiliary indices and moduli and have been well known to those skilled in the art.

For the sake of clarity, the calculation for the iron modulus is described below, along with the
calculations for the other indices.

Hydraulic Modulus (HM.)= Ca0 / (SiO2 + Al,03 + Fex03)
Silicon Modulus (SM.)=  SiO2/ (ALLOs3 + Fe03)
Activity Index (AL)= SiO2 / Al,O3

Iron Modulus (IM.)=  AlLO3/FexO3

Lime Saturation Degree (L.S.D.)= CaO/ (2.8 x SiO2 + 1.18 x Al,03 + 0.65 x Fe,03)
[0020]

"Ca0", "Si02", "Al,03" and "Fe>O3" in the equations are measured according to JISR
5202 "Chemical Analysis Method for Portland Cement" and JISR 5204 "X-ray Fluorescence
Analysis Method for Cement", respectively. When a range is specified in this specification,
such as A to B, the upper and lower limits are included. "%" represents mass % unless
otherwise specified.

[0021]

As mentioned above, in cement clinker used in the present invention, the content of C3A
and C4AF in total has to be at least 24 mass%. When the content is less than 24 mass%o, it
becomes difficult to obtain cement clinker with good physical properties such as strength
development by baking at a temperature of 1300-1400°C. In addition, as described below, at
least 63 mass% of CsS is required to obtain high-strength development properties. Therefore,
the total content of C3A and C4AF is limited to 37 mass% or less. Preferably, it is 35 mass% or
less, more preferably 32 mass% or less, and especially 28 mass% or less.  Of these two
components, C4AF is preferably present at 15 mass% or more by itself, for baking at a relatively
low temperature and for reducing f-CaO content (free-CaO content) in the clinker.

[0022]

The content of C3S is very important for the strength development of the cement
composition (hereinafter simply "cement") of the present invention. If this content is less than
63 mass%, good strength development cannot be obtained even if the total content of C3A and
C4AF and the iron modulus described below are within the specified range.  Since the total



content of C3A and C4AF is at least 24 mass%, the upper limit of the C3S content is 76 mass%o.
To secure some period from the start to the end of setting, 70 mass% or less is preferable, and 65
mass% or less is more preferable.

[0023]

The cement clinker used in the present invention may further contain C2S. The content
is 13 mass% or lower, and preferably, 10 mass% or lower and the content is preferably 3 mass%
or more. From the viewpoint of obtaining long-term strength, the total content of C3S and C>S
is preferred to be 69 mass% or more.

[0024]

Regarding the cement clinker used in the present invention, it is important to have an iron
modulus (I.M.) of 1.14 to 1.27. If the iron modulus exceeds 1.3, sufficient strength
development (more specifically, for example, mortar strength development) in the cement
clinker used in the present invention cannot be obtained, even if other requirements are satisfied.

Furthermore, if the iron modulus exceeds 1.3, the period from the start of the setting to its
termination tends to be too long. In the present invention, the iron modulus is 1.3 or lower and
is 1.14 to 1.27.

[0025]

The hydraulic modulus and silica modulus are not particularly limited. ~ Still, to make
cement clinker with an excellent balance of various properties, the hydraulic modulus is
preferably 1.8 to 2.2, especially 1.9 to 2.1.  The silica modulus is preferably 1.0 to 2.0,
especially 1.1 to 1.7.

[0026]

The method of producing the cement clinker used in the present invention is not
particularly limited and the clinker according to the invention is easily obtained by preparing and
mixing known cement (clinker) raw materials in predetermined proportions to achieve the
mineral indices and moduli and baking them by known methods (such as SP kilns and NSP
kilns) .

[0027]

For the preparation and mixing method of cement raw materials, any known method can
be adopted. For example, the composition of wastes, by-products, and other raw materials
(CaO sources such as limestone, quicklime, and slaked lime, SiO> sources such as silica stone,
Al O3 sources such as clay, and Fe>O3 sources such as steel slag) can be measured in advance,
and the mixing ratio of the raw materials is calculated from the component ratio in these
materials. The raw materials are then blended according to the above ratio.

[0028]

The raw materials used in the manufacture of cement clinker in the present invention may
be any raw materials having been used in the manufacture of cement clinker. Waste materials,
by-products, etc. are of course usable.

[0029]
The use of one or more types of wastes, by-products, etc. in the manufacture of cement



clinker used in the present invention is desirable from the viewpoint of promoting the effective
use of wastes, by-products, etc. More specific examples of preferable wastes and by-products
include blast furnace slag, steelmaking slag, nonferrous slag, coal ash, sewage sludge, water
purification sludge, paper sludge, construction soil, foundry sand, dust, incineration fly ash,
molten fly ash, chlorine bypass dust, wood chips, waste white soil, bota, waste tires, shells,
municipal waste and its incinerated ash, etc.  (In addition, some of these can be used as raw
materials for cement as well as a source of heat energy.)

[0030]

In particular, the cement clinker used in the present invention contains a large content of
C3A and C4AF containing aluminum as the constituent element. Therefore, it has the advantage
over conventional cement clinker that it is produced from more waste and by-products with a
high aluminum content.

[0031]

In addition to the cement clinker, the hydraulic composition of the present invention
contains gypsum, limestone, and blast furnace slag.
[0032]

As for the gypsum to be used, any known cement manufacturing raw material such as
dihydrate gypsum, hemihydrate gypsum, anhydrate gypsum, etc. can be used without any
particular restrictions. The content of gypsum is preferably determined such that the SO3
content in the hydraulic composition is 1.5 to 5.0 mass% and more preferably 1.8 to 3 mass%.
[0033]

According to the hydraulic composition of the invention, any limestone known as a
cement mixing material can be used. For example, natural limestone or synthetic calcium
carbonate can be used.  The inclusion of limestone in the composition results in better strength
development compared to one without limestone.  This is surprising since the strength of
clinker having a total content of C3A and C4AF of 18 to 20 mass%, having been widely used,
tends to decrease with the addition of limestone.

[0034]

In order to better express the effect of the invention, limestone content of 5 mass% or
more is preferred.
[0035]

The composition according to the present invention further contains blast furnace slag
known as a cement mixing material. When including both blast furnace slag and limestone,
better long-term strength development is obtained compared to those including only blast furnace
slag or limestone, in particular, when the content of blast furnace slag and limesone is equivalent.

The total content of limestone and blast furnace slag is more than 5 mass% and not more than
14 mass%, preferably not less than 8 mass% and not more than 12 mass% in the total
composition.  Further, the ratio of blast furnace slag to the total content of limestone and blast
furnace slag is preferably from 30 to 70 mass%.

[0036]



In addition to the limestone and blast furnace slag, the hydraulic composition may also
contain fly ash and/or siliceous mixture. In this case, the total content of limestone and blast
furnace slag, fly ash and/or siliceous mixture should be not more than 14 mass% in the total
composition. The total content of fly ash and silica mixture should preferably be not more than
5 mass%, and more preferably not more than 3 mass%. The content of fly ash is preferably 1
mass% or less, and especially preferably no fly ash is included.

[0037]

The mixture of cement clinker, gypsum, limestone, blast furnace slag, and other materials
should preferably be adjusted to a powder degree of 2800 to 4500 cm?/g in terms of Blaine's
specific surface area.

[0038]

For the milling method to prepare the powder degree to an appropriate level, known
techniques can be used without any restrictions. Each component can be milled individually
and then mixed, or the mixture can be milled after mixing. Ball mills, vertical mills, etc. can be
used as the milling machine.

[0039]

The hydraulic composition according to the invention can be used as Portland cement,
especially Portland cement conforming to JIS standards. The Portland cement includes
ordinary Portland cement, early-strength Portland cement, and super early-strength Portland
cement. In addition to Portland cement, it can be used as a component of various mixed
cements and solidifiers such as soil solidifiers.

Embodiments
[0040]

The present invention will be described in detail with reference to embodiments, but the
invention is not limited to these embodiments.
[0041]

Clinker was obtained from industrial raw materials including limestone, coal ash, and
waste materials such as construction soil. The clinker had the composition shown in Table 1
where the mineral composition and indices were calculated according to the Bogue's formulae.
The clinker raw materials were baked in an electric furnace at a relatively low temperature of
1350 degree Celsius for 90 minutes to obtain the cement clinker used in the present invention.
[0042]

To this cement clinker, gypsum was added by an amount of 2 0.2 mass% in reduction
to SO;3 (4.3 £0.43 mass% in reduction to dihydrate gypsum), and the predetermined mixed
materials (limestone and blast furnace slag) were further added. The mixture was then ground
to a specific Blaine's surface area of 3200 = 50 cm%g. The mortar compressive strength of
the resulting cement was measured. Table 2 shows the content of mixing materials and mortar
compressive strength of the embodiments.

[0043]



The method used for measuring were as follows.

(1)

Measured by X-ray fluorescence analysis method according to JISR5204.

(2)

Measurement of the chemical composition of raw materials and cement clinker:

Mortar compressive strength: Measured by the method according to JISR5201.

[0044]

Table 1

Moduls- Index Mineral Composition
by Bogue's Formulae
HM SM IM C,S C,S C5A C,AF
Clinker 2.04 1.49 1.21 64 6 8.7 17.6

[0045]

Table 2

Corfent % Compressive Mortar
SEntmassce) Slag Content (%) Strength (N/mm?)
limestone | slag | limestone+slag Day 3 Day 7 | Day 28

Comp. 1 0 0 0 - 30.3 42.4 56.4
Ref. 1 5.0 0 0 29.7 44.8 59.0
Ref. 2 2.5 2.5 5.0 50 27.4 42.3 57.0
Comp. 2 0 5.0 100 27,2 38.4 54.8
Comp. 3 10.0 0 0 30.8 43.6 55.0
Emb. 1 5.0 5.0 10.0 50 27.4 42.0 59.2
Comp. 4 0 10.0 100 24.5 35.6 50.1
Emb. 2 6.0 6.0 12.0 50 2l 41.9 57.6
Comp. 5 1.5 7.5 15.0 50 27.1 41.0 56.8
Comp. 6 10.0 10.0 20.0 50 27.0 40.6 55.2
[0046]

The day 28 compressive strength of mortars will be described as the indicator of

long-term strength development.

[0047]

Among Comparative Example 1, Reference Example 1, and Reference Example 2, in
which the total content of blast furnace slag and limestone is 5 mass% or lower, Reference

Example 1 without blast furnace slag had the highest compressive strength at day 28.
Reference Example 2 with

Comparative Example 2 with only blast furnace slag had the lowest.
The day 28 compressive strength of

50 mass% blast furnace slag had a middle value.

Reference Example 2 containing a total of 5.0 mass% of limestone and blast furnace slag was
better compared to Comparative Example 1 without any mixture but was not sufficient.



[0048]

In Comparative Example 3, Embodiment 1, and Comparative Example 4, with the total
of blast furnace slag and limestone of 10 mass% per total composition, more than 5.0 mass%, the
day 28 compressive strength is highest in Embodiment 1 where the ratio of blast furnace slag to
the total blast furnace slag and limestone was 50 mass%. The compressive strength was
sufficiently higher than that of Comparative Example 1. In contrast, Comparative Examples 3
without blast furnace slag and Comparative Example 4 with only blast furnace slag had lower
values. These indicate that if both blast furnace slag and limestone are used and if the total
content of blast furnace slag and limestone exceeds 5 mass% of the total composition, very good
long-term strength development is resultant.

[0049]

In Comparative Examples 5 and 6, limestone and blast furnace slag were added more
than 14 mass% in total. Compared to Embodiment 2 with a total of 12.0 mass%, the day 28
compressive strength of Comparative Examples 5 and 6 was lower; equal to or lower than that of
Comparative Example 1.

[0050]

A CaO source, an SiOz, an Al>O3 source, and a Fe>Oj3 source were baked at a maximal
temperature of 1500 degree Celsius in a rotary kiln to an ordinary Portland cement clinker. The
hydraulic compositions of Comparative Examples 7-13 were prepared using the ordinary
Portland cement clinker. The composition of the ordinary Portland cement clinker was 64
mass% Cs3S, 16 mass% CzS, 10 mass% C3A, and 9 mass% CsAF.

[0051]

To 91 mass% of the cement clinker, a total of 5 mass% of limestone, fly ash, and blast
furnace slag, and 4 mass% of dihydrate gypsum were added and ground to obtain hydraulic
compositions (Comparative Examples 7 to 11). In addition, a total of 10 mass% of limestone,
fly ash, and blast furnace slag and 4 mass% of dihydrate gypsum were added to 86 mass% of
cement clinker, and the mixture was ground to hydraulic compositions (Comparative Examples
12,13). Mortar compressive strength was measured at day 28 in the same manner as in
Embodiments 1, 2, etc. The results are shown in Table 3.

[0052]

Table 3.
Compressive Strength of Ordinary Portland Cement Clinker
Limestone Fly Ash Slag Mortar Compressive Strength (N/mm?)

at day 28 (relative to Comparative Example 7)

Comparative example 7 5 0 0 100%

Comparative example 8 0 5 0 98%

Comparative example 9 0 0 5 94%

Comparative example 10 2.5 2.5 0 104%

Comparative example 11 0 2.5 2.5 98%

Comparative example 12 5 5 0 106%



Comparative example 13 5 5 0 99%
* Contents of additives are in mass% unit.
[0053]

Regarding ordinary Portland cement clinker, there is no indication that the combination
of limestone and blast furnace slag (Comparative Example 13) is effective for day 28 strength.
Rather, the combination of limestone and fly ash (Comparison Examples 10 and 12) resulted in
higher day 28 strength.

- 10 -



Claims

1. A hydraulic composition comprising: a cement clinker having the total content of C3A
and C4AF of 24 mass% or more, a C3S content of 63 mass% or more, and an iron modulus
(I.M.) not less than 1.14 and not more than 1.27; calculated by the Bogue's formulae; gypsum;
blast furnace slag; and limestone,

characterized in that the total content of blast furnace slag and limestone is more than 5
mass% and not more than 14 mass% in the hydraulic composition.

2. The hydraulic composition according to claim 1, characterized in that blast furnace slag
is not less than 30 mass% and not more than 70 mass% and limestone is not more than 70 mass%
and not less than 30 mass%, to the total content of blast furnace slag and limestone.

3. The hydraulic composition according to claim 2, characterized in that the total content of
blast furnace slag and limestone is not less than 8 mass% and not more than 14 mass% in the
hydraulic composition, and that

the content of limestone is not less than 5 mass%.

4. The hydraulic composition according to one of claims 1 to 3, characterized in that the
content of fly ash is not more than 1 mass%.

5. The hydraulic composition according to claim 4, characterized in that the hydraulic
composition comprises: the cement clinker; gypsum; blast furnace slag; and limestone without
fly ash.

6. The hydraulic composition according to one of claims 1 to 5, characterized in that the
cement clinker consists of: C3A; C4AF; C3S; and C2S and

has a composition of: calculated by the Bogue's formulae,

the total content of C3A and C4AF not less than 24 mass% and not more than 32 mass%;
the content of C4AF not less than 15 mass%;

the C3S content not less than 63 mass% and not more than 65 mass%; and

a C3S content is not less than 3 mass% and not more than 13 mass%.

7. The hydraulic composition according to one of claims 1 to 6, characterized in that the
content of gypsum is determined such that the content of SOs is from 1.5 to 5.0 mass% in the
hydraulic composition.

8. A production method of a hydraulic composition comprising: producing a cement clinker

by baking a mixture of a CaO source; an SiO2 source; an Al2Os source; and a Fe2O3 source at a
temperature not less than 1300 degree Celsius and not more than 1400 degree Celsius such that

- 11 -



the resultant cement clinker has the total content of C3A and CsAF of 24 mass% or more; a C3S
content of 63 mass% or more; and an iron modulus (I.M.) not less than 1.14 and not more than
1.27, calculated by the Bogue's formulae,  and

adding gypsum; blast furnace slag; and limestone to the cement clinker after cooling such
that the total content of blast furnace slag and limestone is more than 5 mass% and not more than
14 mass% in the total composition.

9. The production method of the hydraulic composition according to claim 8, characterized
in that gypsum; blast furnace slag; and limestone are added to the cement clinker without adding
fly ash.

10. A production method of the hydraulic composition according to claim 8 or 9,
characterized in that the cement clinker is produced such that the cement clinker consists of:
C3A; C4AF; C3S; and CoS and

has a composition of: calculated by the Bogue's formulae,

the total content of C3A and C4AF not less than 24 mass% and not more than 32 mass%o;
the content of C4AF not less than 15 mass%;

the C3S content not less than 63 mass% and not more than 65 mass%o; and

a C2S content is not less than 3 mass% and not more than 13 mass%.
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