SPECIFICATION

Title of the Invention Method for Producing Hydraulic Composition Slurry
Field of the Invention
[0001]

The present invention relates to a method for producing a hydraulic
composition slurry.
[0002]

The present invention relates to a method for producing a hydraulic
composition slurry containing cement clinker, gypsum, limestone, additives, and water.
In particular, the present invention relates to improving the strength development
property of the hydraulic composition by adding a specific additive when mixing the
mixture of cement clinker, gypsum, and limestone with water.

Background Art
[0003]

The cement industry is a mass-production and mass-consumption industry,
and resource and energy savings have been and will be a top priority issue. For
example, for the production of Portland cement, the most mass-produced cement, the
raw materials prepared to have a prescribed elemental composition have to be baked at
a temperature as high as 1450 degree Celsius - 1550 degree Celsius to make cement
clinker, and the energy cost to obtain the temperature is enormous.

[0004]

By the way, the effective utilization of wastes and by-products has become an
important issue in connection with recent global environmental problems. Taking
advantage of the characteristics of the cement industry and cement production
facilities, the effective utilization or processing of wastes as the raw materials or the
fuel for cement production has been considered effective for safe and mass disposal
thereof.

[0005]

The present inventors and so on have proposed a new cement clinker,
containing a high volume of waste-derived minerals, capable of being baked at a
relatively low temperature, and having good physical properties such as strength
(Patent Document 1: JP 5665,638B). The cement clinker has a elemental composition
where the total amount of 3Ca0-Al>O3 (hereinafter referred to as C3A) and 4CaO-

AL O3-Fe 03 (hereinafter referred to as C4AF) is at least 22%, the amount of C3S is at
least 60%, and the iron modulus (I.M.) is 1.3 or less. The cement clinker will be
referred to as "low IM cement clinker."

[0006]

Conventionally, pulverization agents, such as diethylene glycol, have been
used in the pulverization process of Portland cement to improve the pulverization



efficiency of the cement clinker, and triethanol-amine and tri-isopropanol-amine have
been used in some cases (for example, Non-Patent Document 1).
[0007]

The inventors have found that pulverization agents such as diethanol-
isopropanol-amine improve the compressive strength of the cement (Patent Document
2: JP 6825,171B).

Prior Art List

Patent Literature

[0008]

Patent document 1: JP 5665,638B
Patent document 2: JP 6825,171B
Non-patent document

[0009]

Non-patent document 1: "Ceramic Engineering Handbook" (2nd Edition),
Gihodo Shuppan, published March 31, 2002, edited by the Ceramic Society of Japan,
p.- 231, left column.

Summary of the Invention
Problem to be Solved by the Invention
[0010]

The low IM cement clinker is suitable for increasing the content of waste
materials, compared to conventional cement clinkers, and is produced at a lower
baking temperature. And, slurry of hydraulic compositions with better strength
development property has been required.

[0011]

The object of the invention is to improve the strength development property of
the hydraulic composition slurry.
Means for Solving the Problem
[0012]

According to the invention, low IM cement clinker powder, having a total
content of C3A and C4AF not less than 22 mass% and not more than 40 mass%,
calculated according to Bogue's formulae, and iron modulus (I.M.) of 0.8 to 1.3 which
indicates the mass ratio of Al,O3 to Fe2Os in the cement clinker, is mixed with water to
produce hydraulic composition slurry. The low IM cement clinker powder contains at
least limestone powder and gypsum powder, in addition to the low IM cement clinker,
and tri-isopropanol-amine (TIPA) and/or diethanol-isopropanol-amine (DEIPA) is
added when mixing the low IM cement clinker powder with water.

[0013]

According to Patent Document 2, DEIPA was added when the low IM cement

clinker was pulverized, and therefore, DEIPA was a pulverization agent. In contrast,



according to the invention, DEIPA and/or IPA is added when mixing with water.
Asshown in Table 4 and Fig. 2, if DEIPA and/or TIPA is added when mixing with
water and not when pulverizing, and if the low IM cement clinker powder contains
limestone powder, TIPA and DEIPA afford high strength development property, and in
particular, TIPA affords very high strength development property. On the contrary, to
low IM cement clinker powder not including limestone powder, TIPA does not
contribute to the strength development property, and DEIPA contributes to slight
improvement in strength development property (Table 3 and Fig. 1). When TIPA and
DEIPA are mixed during pulverization and no limestone is mixed, the contribution of
DEIPA to strength development property is slight, and TIPA does not contribute to
strength development property (Table 2).

[0014]

TIPA and/or DEIPA may be added into slurry immediately after the mixing of
water and low IM cement clinker powder. However, when they are mixed into water
to be mixed with low IM cement clinker powder, they work uniformly and efficiently.
[0015]

Preferably, water of not less than 30 mass parts and not more than 100 mass
parts is mixed with low IM cement clinker powder of 100 mass parts, and preferably,
water of not less than 40 mass parts and not more than 65 mass parts is mixed. The
temperature of water when mixing is, for example, not lower than 5 degree Celsius and
not higher than 35 degree Celsius. The mixing period, the mixing apparatus, and so
on are determined according to the usual method in the art.

[0016]

Preferably, TIPA and/or DEIPA of not less than 0.01 mass parts and not more
than 0.05 mass parts in total is added to the low IM cement clinker powder of 100 mass
parts. The improvement in strength development property by TIPA and DEIPA
appears with addition of not less than 0.01 mass parts and does not increase more with
addition over 0.05 mass parts. Preferably, TIPA and/or DEIPS is added at an amount
in total of not less than 0.02 mass parts and not more than 0.04 mass parts.

Particularly preferably, TIPA is added at an amount of not less than 0.01 mass parts
and not more than 0.05 mass parts to the low IM cement clinker powder of 100 mass
parts, and most preferably, TIPA is added at an amount of not less than 0.02 mass parts
and not more than 0.04 mass parts. While hydraulic composition slurries often
include aggregates such as sand and gravel, the aggregates have a small specific
surface area and a low reactivity. Since TIPA and DEIPA work on the low IM
cement clinker powder, the amount of them is determined based upon the amount of
the low IM cement clinker powder.

[0017]

Preferably, the low IM cement clinker powder contains limestone powder at a
concentration of not less than 2 mass% and not more than 10 mass%, in particular, not



less than 3 mass% and not more than 8 mass%. At the same time, the low IM cement
clinker powder contains gypsum powder at a concentration of not less than 1.5 mass%
and not more than 5 mass%, in particular, not less than 1.8 mass% and not more than
3 mass%.
Advantageous Effects of the Invention
[0018]

The hydraulic composition slurry produced according to the present invention
has very good strength development property (Table 4 and Fig. 2).

Brief Description of the Drawings

[0019]

Fig. 1: A characteristic diagram indicating the results of strength test to comparative
examples.

Fig. 2: A characteristic diagram indicating the results of strength test to embodiments.

Features for Carrying out the Invention
[0020]

The C3A, C4AF and CsS contents are calculated according to Bogue's
formulae in the invention.
[0021]

The Bogue's formulae have been used, along with indices and moduli, to
calculate the approximate composition of a cement clinker according to the values of
elemental compositions of major elements and have been well known to those skilled
in the art. For the sake of clarity, the following indicates how to determine the
contents of minerals in cement clinker in mass% unit according to the Bogue's

formulae.

CsS content =(4.07 x Ca0) - (7.60 x Si02) - (6.72 x ALLO3) - (1.43 x Fe203)
CaS content =(2.87 x Si02) - (0.754 x C3S)

CsA content =(2.65 x Al,03) - (1.69 x Fe;03)

C4AF content  =3.04 x FexOs

[0022]

The values of iron modulus (I.M.), the hydraulic modulus (H.M.), silica
modulus (S.M.), activity index (A.l.), and lime saturation degree (L.S.D.) are
determinable according to the elemental composition of major elements. These
moduli and indices are used as characteristic values for cement clinker production
control and used as indices and moduli for the production control. While they have
been well known to those skilled in the art, for the sake of clarity, the calculation
method of iron modulus and so on is described below in mass ratio unit. "CaO",
"Si0,", "Al,0O3", and "Fe»03" in the below equations are measurable in accordance
with JIS R5202 "Methods for Chemical Analysis of Portland Cement" and JIS R5204



"Chemical Analysis Method of Cement by X-ray Fluorescence."

[0023]

Hydraulic modulus (H.M.) = CaO/(SiO2 + AlbO3 + Fe;03)

Silica modulus (S.M.) = Si02/(Alx03 + Fe203)

Activity index (A.L) = Si02/Al,03

Iron modulus (I.M.) = AlLO3/Fex03

Lime saturation degree (L.S.D.) = CaO/(2.8 x SiOz + 1.18 x Al,03 + 0.65 x Fe203)
[0024]

In this specification, when the upper and lower limits of a range are indicated
as in "A to B" or the like, the upper and lower limits are inclusive. When a
composition or a content is expressed by % unit, it means mass percent. Powders
containing cement clinker and at least limestone and gypsum are referred to as cement
clinker powders. The amount of water to be mixed means, in mass parts, one to be
mixed with 100 mass parts of cement clinker powder. The ratio of water and the
cement clinker powder is referred to as the water-cement ratio (W/C). When the
cement clinker powder contains blast furnace slag, fly ash, and so on, in addition to
cement clinker, limestone, and gypsum, their mass is included. However, the mass of
cement clinker powder does not include aggregate such as sand or gravel.

[0025]

As mentioned above, in the low IM cement clinker used in the present
invention, the total content of C3A and C4AF is at least 24%. When the content of
them is less than 24%, it is difficult to obtain the cement clinker with good properties
such as strength development property with baking at a temperature of 1300 -
1400degree Celsius. As will be described, in order to obtain high strength
development property, the C3S content of 63% or more is needed. Therefore, the total
content of C3A and C4AF is at least 24% and at most 37%, preferably at least 24% and
at most 35%, more preferably at least 24% and at most 32%, and most preferably at
least 24% and at most 28%.

[0026]

Regarding C4AF and C3A, C4AF is effective for the low temperature baking
and for reducing the content of f-CaO in the cement clinker. Therefore, C4AF is
preferably present at least 15% by itself.

[0027]

CsS content is very important to the strength development property of the
cement compositions (hereafter simply "cement"). When CsS content is under 63%, a
good strength development property is not obtained, even when the total content of
C3A and C4AF is within the specified range and the iron modulus is also within the
specified range. Since the total content of C3A and C4AF is at least 24%, the upper
limit of C3S content is 76%. In order to ensure some period from the start to the end
of setting, the content of CsS is preferably not less than 63% and not more than 70%



and is more preferably not less than 63% and not more than 65%.
[0028]

The low IM cement clinker used in the present invention may include CaS.
The C>S content is 15% or less and preferably 3% or more. For obtaining long-term
strength, the total content of C2S and CsS is preferably at least 69% and at most 76%.
[0029]

The most important feature for the cement clinker used in the present
invention is the iron modulus (I.M.) of not less than 0.8 and not more than 1.3 and
preferably not less than 1.14 and not more than 1.27. When the iron modulus exceeds
1.3, sufficient strength development property (more specifically, for example, mortar
strength development property) cannot be obtained even when the cement clinker
satisfies the other conditions. Furthermore, when the iron modulus exceeds 1.3, the
period from the start of setting to the termination tends to be too long, and accordingly,
the iron modulus is not more than 1.3. The iron modulus is preferably 1.14 to 1.27.
[0030]

The hydraulic modulus and silica modulus are not particularly limited.
However, for the good balance of various properties, the hydraulic modulus is
preferably 1.8 to 2.2, more preferably 1.9 to 2.1, and the silica modulus is preferably
1.0 to 2.0, more preferably 1.1 to 1.7.

[0031]

The production method of the low IM cement clinker is not particularly
limited. Known cement clinker raw materials are prepared and mixed in a
predetermined composition such that the moduli and indices regarding the mineral
composition are in the prescribed range, and are then baked according to a known
method (e.g. in a SP kiln or in a NSP kiln). Then, the clinker is easily obtained.
[0032]

The preparation and mixing methods of the cement raw materials are adopted
from various known methods. For example, the elemental compositions of the raw
materials: wastes, by-products, and other raw materials; (CaO sources such as
limestone, quick lime, slaked lime, SiO> sources such as silica stone, Al>O3 sources
such as clay, iron sources such as FeO3 containing materials) are measured in advance,
the mixing ratios of the raw materials are calculated such that the desired elemental
composition is obtained, and then the raw materials are mixed in the ratios.

[0033]

The raw materials for the production of the low IM cement clinker are the
same as those for the production of conventional cement clinkers and are without
particular restrictions. Waste materials, by-products, and so on are usable.

[0034]

The use of one or more wastes and by-products in the production of the low

IM cement clinker is desirable for promoting the effective use of wastes and by-



products. More specific examples of usable wastes and by-products include blast
furnace slag, steelmaking slag, nonferrous slag, coal ash, sewage sludge, water
purification sludge, paper sludge, construction waste soil, casting sand, soot,
incineration fly ash, molten fly ash, chlorine bypass dust, wood chips, waste white
clay, waste coal, waste tires, shells, municipal waste and its incinerated ash, and so on.
They include cement raw materials and also thermal energy source.

[0035]

The low IM cement clinker includes plenty of C3A and C4AF in which
aluminum is a constituent element. ~ Therefore, compared to conventional cement
clinkers, it consumes more wastes and by-products having high aluminum content.
[0036]

In the present invention, the low IM cement clinker powder contains gypsum
and limestone, in addition to the low IM cement clinker itself.

[0037]

Usable gypsum compounds include dihydrate gypsum, hemihydrate gypsum,
anhydrite gypsum and so on; known gypsum compounds for cement production are
usable without particular restrictions. The amount of gypsum in the low IM cement
clinker powder is preferably 1.5 to 5.0 mass% in SO3 reduction and more preferably
1.8 to 3 mass%.

[0038]

Various species of limestone known as cement additives are usable. For
example, natural limestone and synthetic calcium carbonate are usable. The addition
of limestone improves the strength development property, compared to a case without
limestone.

[0039]

The limestone content is preferably 2 to 10 mass% in the low IM cement
clinker powder. When the limestone content is less than 2%, the synergetic effect
with the additive is not sufficient. For the better strength improvement effect, the
limestone content of 3 to 8 mass% is more preferable.

[0040]

In addition to limestone, the low IM cement clinker powder may contain one
or more of fly ash, blast furnace slag, siliceous admixture, and so on. In the case, the
total content of limestone, blast furnace slag, fly ash, and siliceous admixture is not
more than 10 mass% of the low IM cement clinker powder.

[0041]

The cement clinker, gypsum, limestone, and other admixtures are preferably
adjusted in the fineness to have specific surface area of 2800 to 4500 cm?/g in Blaine
specific surface area.

[0042]
For adjusting the fineness, various known pulverization methods are usable



without particular restrictions. Respective components may be pulverized
respectively, or their mixture may be pulverized. Pulverization apparatuses such as a
ball mill and a vertical mill are usable.

[0043]

The hydraulic composition slurry produced according to the present invention
is usable as a Portland cement slurry, in particular one which is in agreement with JIS
standards. Portland cement includes ordinary Portland cement, early strength
Portland cement, and ultra early strength Portland cement, and so on. The slurry is
usable as a component of mixed cements and solidifiers such as soil solidifiers.
Aggregates such as sand and gravel may be added when producing Portland cement,
mixed cement, soil solidifiers, and so on.

[0044]

According to the production method of hydraulic composition slurry
according to the invention, tri-isopropanol-amine (TIPA) and/or diethanol-isopropanol-
amine (DEIPA) is added when mixing the low IM cement clinker powder with water.
The low IM cement clinker powder contains limestone powder and gypsum powder in
addition to the cement clinker powder itself. High strength development property is
achieved when TIPA and or DEIPA, and limestone powder are included. The
strength development properties without limestone are shown in Table 3 and Fig. 1,
and those with limestone are shown in Table 4 and Fig. 2.

[0045]

The kneading method is not particularly restricted, and known methods with
usage of a cement mixer, a propeller mixer, and so on may be adopted. It is
preferable to mix TIPA and/or DEIPA uniformly with water in advance before the
mixing. However, TIPA and/or DEIPA may be added to the slurry immediately after
the mixing of water and the low IM cement clinker powder, for example.

Embodiments
[0046]

The invention will be described in more detail with reference to embodiments;
however, the invention is not limited to the embodiments.
[0047]

Industrial raw materials, including limestone, coal ash, construction waste
soil, and so on were mixed and baked in an electric furnace at 1350 degree Celsius for
90 minutes to obtain the low IM cement clinker having a mineral composition
according to the Bogue's formulae and index values shown in Table 1.

[0048]

To 100 mass% of the low IM cement clinker, 2+0.2 mass% of gypsum in SO3
reduction was added, and limestone was further added. The mixture was pulverized
to a specific surface area of 3200+50 cm?/g according to Blaine specific surface area to



produce cement (hydraulic composition). The mortar compressive strengths of the
cement were measured.
[0049]

The measurement methods for various parameters were as follows.
[0050]

Measurement of elemental compositions of raw materials and cement clinker:
measured by X-ray fluorescence analysis according to JIS R5204.
[0051]

Measurement of compressive strengths of mortar: measured according to JIS
R5201. The compressive strength of one with DEG, a conventional common
pulverization agent, was set at 100 and compared with others.

[0052]
[Table 1]
Minerat Compaosition )
according to Bogue's Formulae % Three Modul
Baking
Temperature C3s c2s C3A CAAF HM SM M
of Clinker
Clinker 1350°C 64.3 8.9 7.8 164 2.06 1.69 1.18
[0053]

<Production of hydraulic composition slurry using the additives as pulverization
agents>

To 100 mass% of the cement clinker obtained as described above, gypsum of
2.0+0.2 mass% in SOz reduction (a mixture of dihydrate gypsum and hemihydrate
gypsum: 1:1 by weight) was added. To the mixture of 100 mass% of the cement
clinker and gypsum, 0.03 mass parts of an additive was added, and then pulverized in a
ball mill such that the resultant Blaine specific surface area was 3200+50 cm*/g. The
resulting low IM cement clinker powder was mixed and kneaded with water to produce
a hydraulic composition slurry; the water-cement ratio was 50%.

[0054]

The additives used were diethylene-glycol ("DEG"), tri-isopropanol-amine
("TIPA"), diethylene-isopropanol-amine ("DEIPA"), and triethanol-amine ("TEA").
[0055]

The compressive strengths of the hydraulic composition slurries where the
additives were used as pulverization agents were measured according to JIS R5201.
The results are shown in Table 2.



[0056]

[Table 7]
Sample | Additive | Limestone Addition 1 Day 3 Days 7 Days
Pulverization
Comp.1 DEG 0%
Agent 1400 100.0 100.0
Pulverization
Comp.2 TIPA 0%
Agent 83.5 255 898.5
, Pulverization
Comp.3 DEIPA 0%
Agent 87.3 92.9 106.7
Pulverization
Comp.4 TEA 0%
Agent 1058 1047 1022
[0057]

<Production of hydraulic composition slurry where the additives were mixed with
kneading water>

To 100 mass% of the cement clinker produced as above, 2.0+0.2 mass% of
gypsum in SO3 reduction (a 1:1 mixture of dihydrate gypsum and hemihydrate gypsum
in weight) was added and then pulverized in a ball mill such that its Blaine specific
surface area was 3200+50 cm?/g to produce low IM cement clinker powder.

[0058]

Additives were mixed respectively in water for kneading with the cement
clinker powder, in a ratio of 0.03 mass parts of additives to 100 mass parts of the
cement clinker powder.

[0059]

The water mixed with the additives and the cement clinker powder were mixed
to produce hydraulic composition slurries.  Their compressive strengths were
measured, and the results are shown in Table 3.

- 10 -



[0060]

[Table 3]
Sample | Additive |Limestone Addition 1 Day 3 Days 7 Days | 28 Days
Added with
Comp.5 DEG 0%
Water 100.0 100.0 100.0 100.0
Added with
Comp.6 TIPA 0%
Water 88 4 78.0 9258 1041
Added with
Comp.7 | DEIPA 0%
Water 91.2 840 104.0 102.6
Added with
Comp.8 TEA 0%
Water 107.4 1021 104.4 105.2
[0061]

<Production of hydraulic composition slurry by mixing the low IM cement clinker
powder containing limestone, and water containing the additives>

To the low IM cement clinker of Table 1, gypsum and limestone were added.
The added gypsum was 2.0+0.2 mass% in SOs reduction (a 1:1 mixture of dihydrate
gypsum and hemihydrate gypsum in weight, 3.42g in total). The added limestone was
5.26 mass parts to 100 mass parts of cement clinker. The mixture was pulverized in a
ball mill such that its Blaine specific surface area was 3200+50 cm?/g to produce low
IM cement clinker powder. The limestone concentration in the low IM cement
clinker powder was 4.84 mass% and the gypsum concentration was 3.15 mass%.

[0062]

In the water for kneading with the cement clinker powder, the additives were
mixed. The content of the additives was 0.03 mass parts for 100 mass parts of the
cement clinker powder, respectively. Hydraulic composition slurries were prepared by
kneading the water with the cement clinker powder, and the compressive strengths of
the slurries were measured according to JIS R5201. The results are shown in Table 4.

- 11 -



[0063]

[Table 4]
Sample | Additive |Limestone Addition 1 Day 3 Days 7 Days | 28 Days
Added with
Comp.9 DEG 5%
Water 100,0 100.0 1600 1000
) Added with
Emb.1 TIPA 5%
Water 629 109.1 131.4 1249
Added with
Emb.2 DEIPA 5%
Water 883 102.0 1154 1138
) Added with
Comp.10 TEA 5%
Water 808 93.3 101.4 96.3
[0064]

In Comparative Examples 1 to 4, the various additives were used as
pulverization agents during cement clinker pulverization. Compared to Comparative
Example 1 where a general-purpose additive DEG was added, Comparative Examples
2, 3, and 4 showed no significant improvement in strength development property.
[0065]

In Comparative Examples 5 to 8, the various additives were mixed in the
water for kneading the mortars. Compared to Comparative Example 5 where a
general-purpose additive DEG was added, Comparative Examples 6, 7, and 8 showed
no significant improvement in strength development property.

[0066]

In Comparative Examples 9 and 10, and in Embodiments 1 and 2, the various
additives were mixed in the kneading water to produce hydraulic composition slurries,
and the cement clinker powder contained limestone. Compared to Comparative
Example 9 where a general-purpose additive DEG was used, Embodiments 1 and 2
containing the additives according to the invention showed good compressive strengths
at day 3 and remarkable improvement in compressive strengths at day 7 and day 28.
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What is claimed is:

A production method of hydraulic composition slurry; mixing with water low
IM cement clinker powder having a total content of C3A and C4AF, not less than 22
mass% and not more than 40 mass%, calculated according to Bogue's formulae, and
iron modulus (I.M.) of 0.8 to 1.3 which indicates the mass ratio of A1>O3 to Fe2Os in
the cement clinker, to produce the hydraulic composition slurry;

wherein said low IM cement clinker powder contains at least limestone
powder and gypsum powder, in addition to the low IM cement clinker,

and

wherein tri-isopropanol-amine (TIPA) and/or diethanol-isopropanol-amine
(DEIPA) is added when mixing the low IM cement clinker powder with water.

The production method of hydraulic composition slurry according to claim 1;
wherein tri-isopropanol-amine (TIPA) and/or diethanol-isopropanol-amine (DEIPA) is
added to water to be mixed with the low IM cement clinker powder.

The production method of hydraulic composition slurry according to claim 2;
wherein water of not less than 30 mass parts and not more than 100 mass parts is mixed
with said low IM cement clinker powder of 100 mass parts.

The production method of hydraulic composition slurry according to claim 3;
wherein tri-isopropanol-amine (TIPA) and/or diethanol-isopropanol-amine (DEIPA),
of not less than 0.01 mass parts and not more than 0.05 mass parts in total, is added to
said low IM cement clinker powder of 100 mass parts.

The production method of hydraulic composition slurry according to claim 4;
wherein tri-isopropanol-amine (TIPA) of not less than 0.01 mass parts and not more
than 0.05 mass parts is added to said low IM cement clinker powder of 100 mass parts
when mixing the low IM cement clinker powder with water.

The production method of hydraulic composition slurry according to claim 4
or claim 5; wherein said low IM cement clinker powder contains limestone powder at a
concentration of not less than 2 mass% and not more than 10 mas%, and gypsum
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powder at a concentration of not less than 1.5 mass% and not more than 5 mass% in
SOs3 reduction.
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