Description
Title of Invention: CEMENT COMPOSITION AND MANUFACTURING METHOD

FOR CEMENT CURED BODY USING SAME

Technical Field
[0001] The present invention relates to a cement composition,
and to a manufacturing method for a cement cured body (i.e. a

cementitious hardened product) using the cement composition.

Background Art

[0002] In recent years, there have been proposed various cement
compositions each having satisfactory fluidity before curing (i.e.
being hardened) and being capable of exhibiting high compressive
strength after curing.

Forexample, inPatent Literaturel, thereisdescribeda cement
composition including (A) cement, (B) a fine powder having a BET
specific surface area of from 5 m?/g to 25 m?/g, (C) an inorganic
powder having a Blaine specific surface area of from 3,500 cm’/g
to 10,000 cm?/g, (D) a fine aggregate, (E) a water reducing agent,
and (F) water. The (D) fine aggregate includes a burnt product which
contains 2Ca0-5i10, and 2Ca0-Al1,05-510,, and in which the total amount
of 2Ca0-A1,03:-510; and 4Ca0-Al1,03°Fey03 with respect to 100 parts by
mass of 2Ca0-Si0, is from 10 parts by mass to 100 parts by mass.

When the cement composition is used in a state in which the

burnt product contained in the fine aggregate is under an absolute



dry condition, the cement composition has fluidity allowing its
application before curing and exhibits a high compressive strength
of more than 250 N/mm? after curing. When the cement composition
is used in a state in which the burnt product contained in the fine
aggregate is under a surface dry condition, the cement composition
has satisfactory fluidity before curing and exhibits a high
compressive strength of 200 N/mm? or more and small self-shrinkage

ratio after curing.

Citation List
Patent Literature

[0003] [Patent Literature 1] JP 2009-227574 A

Summary of Invention
Technical Problem
[0004] In the above-described Patent Literature 1, there are
described, as Examples in each of which a flow value is measured
with "O-drop", a cement composition having a mass ratio of water
to a binding material (i.e. mass ratio of water/binding material)
0f0.135, a0-drop flowvalueof from240mmto 242 mm, and a compressive
strength of 280 N/mm?, and a cement composition having a mass ratio
of water to a binding material of 0.135, a O-drop flow value of
from 270 mm to 275 mm, and a compressive strength of 215 N/mm? .
The object of the present invention is to provide a cement

composition that has high fluidity (for example, the O0-drop flow



value is 200 mm or more) before curing and exhibits high compressive

strength (for example, 320 N/mm? or more) after curing.

Solution to Problem

[0005] The inventors of the present invention have made
extensive investigations in order to achieve the above-mentioned
object, and as a result, have found that the above-mentioned object
can be achieved by a cement composition which includes a cement,
a silica fume having a BET specific surface area of from 10 m?/g
to 25 m?/g, an inorganic powder having a 50% cumulative particle
sizeof from0.8 umto 5 um, a fine aggregate having a maximum particle
size of 1.2 mmor less, a water reducing agent, an antifoaming agent,
and water, and in which each ratio of the cement, the silica fume,
and the inorganic powder falls within a particular numerical value
range in the total amount of 100 vol% of the cement, the silica
fume, and the inorganic powder.

[0006] That is, the present invention provides the following
items [1] to [10].

[1] A cement composition, which includes: cement; silica fume having
a BET specific surface area of from 10 m?/g to 25 m?/g; an inorganic
powder having a 50% cumulative particle size (i.e. diameter) of
from 0.8 uym to 5 um; a fine aggregate having a maximum particle
size (i.e. diameter) of 1.2 mm or less; a water reducing agent;
an antifoaming agent; and water,

and in which a ratio of the cement is from 55 vol% to 65 vol%,



a ratio of the silica fume is from 5 vol% to 25 vol%, and a ratio
of the inorganic powder is from 15 vol% to 35 vol% in a total amount
of 100 vol% of the cement, the silica fume, and the inorganic powder.
[2] The cement composition according to the above-mentioned item
[1], in which the cement is a cement which is not subjected to (i.e.
being not yet subjected to; being free from) polishing treatment,
and the BET specific surface area of the silica fume is from 15
m’/g to 25 m?/g.
[3] The cement composition according to the above-mentioned item
[1], in which the cement includes:

coarse particles each having a particle size (i.e. diameter)
of 20 um or more, in which an angular surface portion is deformed
into a rounded shape, obtained by subjecting particles of
moderate-heat Portland cement or low-heat Portland cement to
polishing treatment; and

fine particles each having a particle size (i.e. diameter)
of less than 20 uym generated by the polishing treatment,

and in which the cement has a 50% weight cumulative particle
size (i.e. diameter) of from 10 pm to 18 um and a Blaine specific
surface area of from 2,100 cm’/g to 2,900 cm?/g.
[4] The cement compositionaccording toanyoneof the above-mentioned
items [1] to [3], which includes one or more kinds of fibers selected
fromthe group consistingofmetal fibers, organic fibers, and carbon
fibers, and in which a ratio of the fibers in the cement composition

is 3 vol% or less.



[5] The cement compositionaccordingtoanyoneof the above-mentioned
items [1] to [4], in which the cement composition has a compressive
strength after curing of 320 N/mm® or more.

[0007] [6] Amethod of producing a cementitious cured body made
of the cement composition of any one of the above-mentioned items
[1] to [5], the method including: a molding step of setting (i.e.
supplying or pouring) the cement composition into a mold to provide
(i.e. obtain) an uncured molded body; a room temperature (i.e. an
ordinary temperature) curing step of subjecting the uncured molded
body to sealed curing or atmospheric curing at from 10°C to 40°C
for 24 hours or more, followed by demolding the molded body from
the mold, to thereby provide (i.e. obtain) a cured molded body;
a heat curing step of subjecting the cured molded body to steam
curing or hot water curing at from 70°C to 95°C for 24 hours or
more, to thereby provide a cured body after heat curing; and a
high-temperature heating step of heating the cured body after the
heat curing at from 150°C to 200°C for 24 hours or more, to thereby
provide (i.e. obtain) the cementitious cured body.

[7] The method of producing a cementitious cured body according
to the above-mentioned item [6], further including a water absorbing
step of causing the cured molded body to absorb water between the
room temperature curing step and the heat curing step.

[8] The method of producing a cementitious cured body according
to the above-mentioned item [7], in which the water absorbing step

is done by immersing the cured molded body into water under reduced



pressure.
[9] The method of producing a cementitious cured body according
to the above-mentioned item [7], in which the water absorbing step
is done by immersing the cured molded body into boiling water, and
then cooling the water to 40°C or less while keeping the cured molded
body immersed in the water.
[10] The method of producing a cementitious cured body according
to any one of the above-mentioned items [6] to [9], in which the
room temperature curing step includes demolding the cured molded
body from the mold at a time when the cured molded body exhibits
a compressive strength of from 20 N/mm’ to 100 N/mm?.
[0008] The present invention also provides the following items
[11] to [19].
[11] A cement composition which includes a polished product of
moderate-heat Portland cement or low-heat Portland cement, and
silica fume having a BET specific surface area of from 10 m?/g to
25 m?/g.
[12] The cement composition according to the above-mentioned item
[11], which includes an inorganic powder having a 50% weight
cumulative particle size (i.e. diameter) of from 0.8 um to 5 um.
[13] The cement composition according to the above-mentioned item
[11] or [12], inwhich the polished product of moderate-heat Portland
cement or low-heat Portland cement includes:

coarse particles each having a particle size (i.e. diameter)

of 20 ym or more, in which an angular surface portion is deformed



into a rounded shape, obtained by subjecting particles of the
moderate-heat Portland cement or the low-heat Portland cement to
polishing treatment; and

fine particles each having a particle size (i.e. diameter)
of less than 20 um generated by the polishing treatment.
[14] The cement composition according to any one of the
above-mentioned items [11] to [13], in which the polished product
of moderate-heat Portland cement or low-heat Portland cement has
a 50% weight cumulative particle size (i.e. diameter) of from 10
um to 18 pm and a Blaine specific surface area of from 2,100 cm?/g
to 2,900 cm2/g.
[15] The cement composition according to any one of the
above-mentioned items [11] to [14], which includes one or more kinds
of fibers selected from the group consistingofmetal fibers, organic
fibers, and carbon fibers, and in which a ratio of the fibers in
the cement composition is 3 vol% or less.
[16] The cement composition according to any one of the
above-mentioned items [11] to [15], further including a fine
aggregate, a water reducing agent, and water.
[17] The cement composition according to the above-mentioned item
[16], in which the cement composition has a compressive strength
after curing of 250 N/mm’ or more.
[18] The cement composition according to the above-mentioned item
[16] or [17], in which the cement composition has a flow value before

curing of 250 mm or more as a value measured by a method described



in "JIS R 5201 (Method for physical testing of cement) 11. Flow
Test" without performing 15 falling motions.

[19] The method of producing the cement composition of any one of
the above-mentioned items [11] to [18], which includes the step
of subjecting the moderate-heat Portland cement or the low-heat
Portland cement to polishing treatment in a high-speed airflow
stirring apparatus, to thereby obtain a polished product of the

moderate—-heat Portland cement or the low-heat Portland cement.

Advantageous Effects of Invention

[0009] The cement composition of the present invention has high
fluidity (for example, the O-drop flow value is 200 mm or more)
beforecuringandcanexhibit high compressive strength (for example,

330 N/mm’ or more) after curing.

Brief Description of Drawings

[0010] FIG. 1 is a front view of one example of a high-speed
airflowstirringapparatus, whichpartiallyincludesacross-section
view taken along a direction perpendicular to a rotary shaft of

a rotor.

Description of Embodiments
[0011] A cement composition of the present invention is a cement
composition which includes cement, silica fume having a BET specific

surface area of from 10 HF/g to 25 n@/g (hereinafter sometimes



abbreviated as "silica fume"), an inorganic powder having a 50%
cumulative particle sizeof from0.8 umto 5 um (hereinafter sometimes
abbreviatedas "inorganicpowder"), a fine aggregate having a maximum
particle size of 1.2 mm or less (hereinafter sometimes abbreviated
as "fine aggregate"), a water reducing agent, an antifoaming agent,
and water, and

in which a ratio of the cement is from 55 vol% to 65 vol%,

a ratio of the silica fume is from 5 vol$% to 25 vol%, and a ratio
of the inorganic powder is from 15 vol% to 35 vol% in (i.e. based
on; with respect to) a total amount of 100 vol% of the cement, the
silica fume, and the inorganic powder.
[0012] The kind of the cement is not particularly limited, and
various Portland cements, such as ordinary Portland cement,
high-early-strength Portland cement, wultrahigh-early-strength
Portland cement, moderate-heat Portland cement, sulfate-resistant
Portland cement, and low-heat Portland cement, may be used.

Of those (i.e. especially), moderate-heat Portland cement or
low-heat Portland cement is preferably used with a view to enhancing
the fluidity of the cement composition.

[0013] A polished product of cement (i.e. the above-mentioned
cement) may also be used as the cement used in the present invention.

Each of the case of using a cement that is not subjected to
polishing treatment and the case of using a polished product of
cement is described below.

[0014] [A. Case of using cement that is not subjected to



polishing treatment]

When a cement that is not subjected to polishing treatment
is used, a preferred embodiment of materials other than the cement,
and others is as follows.

The BET specific surface area of the silica fume is from 10
m’/g to 25 m*/qg, preferably from 15 m*/g to 25 m?/g, more preferably
from 17 m*/g to 23 m?/g, and particularly preferably from 18 m?/g
to 22 m?/g. It is preferred that the specific surface area be 15
m?/g’orrnore from the viewpoint of the strength exhibiting property
of the cement composition. When the specific surface area is more
than 25 m?/g, the fluidity of the cement composition before curing
decreases.

[0015] As examples of the inorganic powder having a 50%
cumulative particle size of from 0.8 um to 5 um, there are given
quartz powder (i.e. silica stone powder), volcanic ash, fly ash
(more specifically, classifiedor pulverized fly ash), and the like.

One kind of those inorganic powders may be used alone, or two
or more kinds thereof may be used in combination.

Of those, quartz powder or fly ash is preferably used with
a view to enhancing the fluidity and strength exhibiting property
of the cement composition.

In this Description, the inorganic powder having a 50%
cumulative particle size of from 0.8 uym to 5 um does not mean (i.e.
include) cement.

[0016] The 50% cumulative particle size of the inorganic powder

10



is from 0.8 pym to 5 uym, preferably from 1 uym to 4 um, more preferably
from 1.1 um to 3.5 um, and particularly preferably 1.2 um or more
and less than 3 um. When the particle size is less than 0.8 um,
the fluidity of the cement composition decreases. When the particle
size is more than 5 um, the strength exhibiting property of the
cement composition decreases.

In this Description, the 50% cumulative particle size of the
inorganic powder is based on volume.

The 50% cumulative particle size of the inorganic powder may
be determined through use of a commercially available grain size
distribution measuring apparatus (for example, "Microtrack HRA,
Model 9320-X100" (product name) manufactured by Nikkiso Co., Ltd.).

Specifically, acumulative grain size curve is created through
use of the grain size distribution measuring apparatus, and the
50% cumulative particle size may be determined from the cumulative
grainsizecurve. Inthiscase, measurement isperformedwithrespect
tx>aproductobtain@jbyaddingO.O6gwﬂfasampletx)20cm3ofethanol
serving as a solvent in which the sample is to be dispersed, and
ultrasonically dispersing the sample for 90 seconds through use
of anultrasonicdispersing apparatus (for example, "US300" (product
name) manufactured by Nissei Corporation which has another English
name of Nihonseiki Kaisha Ltd.).

[0017] The maximum particle size of the inorganic powder is
preferably 15 pm or less, more preferably 14 um or less, and

particularly preferably 13 um or less with a view to enhancing the

11



strength exhibiting property of the cement composition.

The 95% cumulative particle size of the organic powder is
preferably 8umor less, more preferably 7umor less, andparticularly
preferably 6 um or less with a view to enhancing the strength
exhibiting property of the cement composition.

An inorganic powder containing Si0O, as a main component is

preferred as the inorganic powder. The content of SiO, in the
inorganic powder is preferably 50 mass$% or more, more preferably
60 mass% or more, and particularly preferably 70 mass% or more,
because the strength exhibiting property of the cement composition
can be enhanced.
[0018] In the cement composition of the present invention, the
ratio of the cement is from 55 vol% to 65 vol% (preferably from
57 vol% to 63 vol%), the ratio of the silica fume is from 5 vol%
to 25 vol% (preferably from 7 vol% to 23 vol%), and the ratio of
the inorganic powder is from 15 vol% to 35 vol% (preferably from
17 vol% to 33 vol%) in the total amount of 100 vol% of the cement,
the silica fume, and the inorganic powder.

When the ratio of the cement is less than 55 vol%, the strength
exhibiting property of the cement composition decreases. When the
ratio of the cement is more than 65 vol%, the fluidity of the cement
composition decreases.

When the ratio of the silica fume is less than 5 vol%, the
strength exhibiting property of the cement composition decreases.

When the ratio of the silica fume is more than 25 vol%, the fluidity

12



of the cement composition decreases.

When the ratio of the inorganic powder is less than 15 vol%,
the strengthexhibiting property of the cement composition decreases.
When the ratio of the inorganic powder is more than 35 vol%, the
fluidity of the cement composition decreases.

InthisDescription, eachvolumeratioof thecement, thesilica
fume, and the inorganic powder is a value in terms of blending design
calculated based on a mass and an absolute specific gravity.

For example, the volume ratio (%) of the cement in the total
amount of 100 vol% of the cement, the silica fume, and the inorganic
powder is calculated by the following formula.

[Volume ratio of cement] (%)={[Mass of cement]/[Absolute specific
gravity of cement]}x100/{[Mass of cement]/[Absolute specific
gravity of cement]+[Mass of silica fume]/[Absolute specificgravity
of silica fumel]+[Mass of inorganic powder]/[Absolute specific
gravity of inorganic powder]}

[0019] Examples of the fine aggregate include river sand, pit
sand, land sand, sea sand, crushed sand, silica sand, a mixture
thereof, and the like.

The maximum particle size of the fine aggregate is 1.2 mm or
less, and preferably 1.0 mm or less. When the maximum particle size
is 1.2 mm or less, the strength exhibiting property of the cement
composition can be enhanced.

Withregardtothegrainsizedistributionof the fine aggregate,

it is preferred that the ratio of a fine aggregate having a particle
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size of 0.6 mm or less be 95 mass% or more, the ratio of a fine
aggregate having a particle size of 0.3 mm or less be from 40 mass$%
to 50 mass$%, and the ratio of a fine aggregate having a particle
size of 0.15 mm or less be 6 mass$ or less with a view to enhancing
the fluidity and the strength exhibiting property of the cement
composition.

The ratio of the fine aggregate in the cement composition is

preferably from 30 vol% to 40 vol%, and more preferably from 32
vol% to 38 vol%. When the ratio is 30 vol% or more, the fluidity
of the cement composition can be enhanced, and the heat generating
amount of the cement composition and the contraction amount of the
cementitious cured body decrease. When the ratio is 40 vol% or less,
the strength exhibiting property of the cement composition can be
enhanced.
[0020] A water reducing agent, an AE water reducing agent, a
high-range water reducing agent, or a high-range AE water reducing
agent, each of which may be naphthalenesulfonic acid-based,
melamine-based, polycarboxylic acid-based, or the 1like, may be used
as the water reducing agent used in the present invention. Of those,
a high-range water reducing agent is preferred, and a polycarboxylic
acid-based high-range water reducing agent is more preferred with
a view toenhancing the fluidity and the strength exhibitingproperty
of the cement composition.

The blending amount of the water reducing agent is preferably

from 0.2 part by mass to 1.5 parts by mass, and more preferably
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from 0.4 part by mass to 1.2 parts by mass in terms of a solid content
with respect to the total amount of 100 parts by mass of the cement,
the silica fume, and the inorganic powder. When the blending amount
is 0.2 part by mass or more, the water reducing performance and
the fluidity of the cement composition are enhanced. When the
blending amount is 1.5 parts bymass or less, the strength exhibiting
property of the cement composition is enhanced.

[0021] A commercially available product may be used as the
antifoaming agent.

The blending amount of the antifoaming agent is preferably
from 0.001 part by mass to 0.1 part by mass, more preferably from
0.01 part by mass to 0.07 part by mass, and particularly preferably
from 0.01 part by mass to 0.05 part by mass in the total amount
0f 100 parts by mass of the cement, the silica fume, and the inorganic
powder. When the blending amount is 0.001 part by mass or more,
the strength exhibiting property of the cement composition is
enhanced. When the blending amount is more than 0.1 part by mass,
the effect of enhancing the strength exhibiting property of the
cement composition reaches a peak.

[0022] The cement composition of the present invention may
contain (i.e. include) one or more kinds of fibers selected from
the group consisting of metal fibers (i.e. a metal fiber), organic
fibers (i.e. an organic fiber), and carbon fibers (i.e. a carbon
fiber) with a view to enhancing the flexural strength (i.e. bending

strength), fracture energy, and the like of a cured body (i.e. a
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cementitious cured body) obtained by curing the cement composition.
The ratio of the fibers in the cement composition is preferably
3 vol% or less, more preferably from 0.3 vol% to 2.5 vol%, and
particularly preferably from 0.5 vol% to 2.0 vol%. When the ratio
is 3 vol% or less, the flexural strength, fracture energy, and the
like of the cured body can be enhancedwithout decreasing the fluidity
and workability of the cement composition.

[0023] Examples of the metal fibers include steel fibers,
stainless fibers, amorphous fibers, and the like. Of those, steel
fibersareexcellent instrengthandarepreferred fromthe viewpoints
of cost and ease of availability.

With regard to the dimensions of the metal fibers, it is
preferred that the metal fibers each have a diameter of from 0.01
mm to 1.0 mm and a length of from 2 mm to 30 mm, and it is more
preferred that the metal fibers each have a diameter of from 0.05
mmto 0.5 mmand a length of from5mmto 25mmwith a view to preventing
thematerial separation of themetal fibers in the cement composition
and enhancing the flexural strength of the cured body. The aspect
ratio (i.e. fiber length/fiber diameter) of each of the metal fibers
is preferably from 20 to 200, and more preferably from 40 to 150.

It is preferred that the metal fibers each have a shape of
imparting some physical adhesive force (e.g., a helical shape or
awave shape) insteadof a straight 1ine shape. When themetal fibers
each have a shape such as a helical shape, the metal fibers and

amatrixensureastresswhilebeingpulledout, andhence the flexural
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strength of the cured body is enhanced.

[0024] As the organic fibers, any fibers that can withstand
heating in a manufacturing method for a cementitious cured body
of the present invention described later may be used. Examples
thereof include aramid fibers, polyparaphenylenebenzobisoxazole
fibers, polyethylene fibers, and polyarylate fibers.

Examples of the carbon fibers include PAN-based carbon fibers
and pitch-based carbon fibers.

With regard to the dimensions of the organic fibers and the
carbon fibers, it is preferred that the fibers each have a diameter
be from 0.005 mm to 1.0 mm and a length of from 2 mm to 30 mm, and
it is more preferred that the fibers each have a diameter of from
0.0l mm to 0.5 mm and a length of from 5 mm to 25 mm with a view
to preventing the material separation of those fibers in the cement
composition and enhancing the fracture energy of the cured body.
The aspect ratio (i.e. fiber length/fiber diameter) of each of the
organic fibers and the carbon fibers is preferably from 20 to 200,
and more preferably from 30 to 150.

[0025] Tap water or the like may be used as the water used in
the present invention.

The blending amount of the water is preferably from 10 parts
by mass to 20 parts by mass, more preferably from 12 parts by mass
to 18 parts by mass, and particularly preferably from 14 parts by
mass to 16 parts by mass in (i.e. with respect to) the total amount

0of 100 parts by mass of the cement, the silica fume, and the inorganic
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powder. When the blending amount is 10 parts by mass or more, the
fluidity of the cement composition is enhanced. When the blending
amount is 20 parts by mass or less, the strength exhibiting property
of the cement composition is enhanced.

[0026] The flow value before curing of the cement composition
of the present invention is defined as a value measured by a method
described in "JIS R 5201 (Method for physical testing of cement)
11. Flow Test" without performing 15 falling motions (hereinafter
sometimes referred to as "O-drop flow value"), and is preferably
200 mm or more, and more preferably 220 mm or more.

The compressive strength of the cementitious cured body
obtained by curing the cement composition of the present invention
is preferably 320 N/mm? or more, more preferably 330 N/mm? or more,
stillmorepreferably350N/mm2ormore,andparticularlypreferably
400 N/mm’ or more.

[0027] [B. Case of using polished product of cement]

The details of the polished product of cement, materials other
than the polished product of cement, and the like in the case of
using the polished product of cement are as follows.

A preferred example of the polished product of cement to be
used in the present invention includes coarse particles each having
a particle size of 20 ym or more, in which an angular surface portion
is deformed into a rounded shape, obtained by subjecting particles
forming moderate-heat Portland cement or low-heat Portland cement

to polishing treatment, and fine particles each having a particle
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size of less than 20 um generated by the above-mentioned polishing
treatment.

[0028] There is no particular limitation on the upper limit
of the particle size of the coarse particles. However, the particle
size i1s generally 200 um or less in consideration of the general
particle size of cement to be used in the present invention, which
is to be subjected to polishing treatment, and is preferably 100
um or less with a view to exhibiting high compressive strength of
the cement composition after curing.

There is no particular limitation on the lower limit of the
particle size of the fine particles. However, the particle size
is preferably 0.1 um or more, and more preferably 0.5 um or more
with a view to enhancing the fluidity of the cement composition
before curing and the ease of manufacturing thereof.

In the present invention, the fluidity of the cement
composition before curing is enhanced through use of the polished
product formed of the coarse particles and the fine particles.
[0029] In order to perform the polishing treatment, a known
polishing treatment apparatus capable of polishing particles of
cement tobe used in the present inventionmaybe used. Asoneexample
of the polishing treatment apparatus, there are given a commercially
available high-speed airflow stirring apparatus (for example,
"Hybridizer NHS-3" (trade name) manufactured by Nara Machinery Co.,
Ltd.) and the like.

Now, the high-speed airflow stirring apparatus is described
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in detail with reference to FIG. 1.

The cement to be used in the present invention, which serves
as a rawmaterial, is loaded from a loading port 5 in an upper portion
of a high-speed airflow stirring apparatus 1 under a state in which
an on-off valve 9 is opened. After loading, the on-off valve 9 is
closed.

The loaded cement entersacirculationcircuit 4 fromanopening

portion formed in the middle of the circulation circuit 4, and then
enters a collision chamber 8, which is a space for accommodating
amaterial tobe treated, froman outlet 4b of the circulationcircuit
4.
[0030] After the raw material (i.e. cement) is loaded, when
a rotor (i.e. rotary body) 2 arranged in a stator 7 serving as a
fixedbodyis rotatedat high speed, ahigh-speedairflow is generated
by the rotor 2 and blades 3 fixed onto the rotor 2, with the result
that the cement in the collision chamber 8 is stirred. During
stirring, particles of the cement enter the circulation circuit
4 fromaninlet 4aof thecirculationcircuit 4 formed in thecollision
chamber 8 and are loaded again into the collision chamber 8 from
the outlet 4b of the circulation circuit 4 formed in a center portion
of the collision chamber 8, to thereby circulate.

In FIG. 1, the arrow represented by the dotted line indicates
a flow of particles (which include the particles of the cement,
and coarse particles and fine particles generated by polishing

treatment) .
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[0031] Due to stirring, the particles of the cement collide
with an inner wall surface of the collision chamber 8, the rotor
2, and the blades 3, and the particles of the cement collide with
each other. By these collisions, the particles of the cement are
polished to generate coarse particles (i.e. particles each having
a particle size of 20 ym or more) in which an angular portion of
the surface of each of the particles is changed into a rounded shape,
and fine particles (i.e. particles each having a particle size of
less than 20 um).
[0032] The rotation speed of the rotor 2 is preferably from
3,000 rpm to 4,200 rpm, and more preferably from 3,500 rpm to 4,000
rpm. When the rotation speed is 3,000 rpm or more, the fluidity
of the cement composition before curing is enhanced. When the
rotation speed is more than 4,200 rpm, the effect of enhancing the
fluidity of the cement composition before curing reaches a peak.
In terms of the performance of the high-speed airflow stirring
apparatus, it is difficult to set the rotation speed to 4,200 rpm
or more.

The time period for the polishing treatment is preferably from
10 minutes to 60 minutes, more preferably from 20 minutes to 50
minutes, still more preferably from 20 minutes to 40 minutes, and
particularly preferably from 20 minutes to 30 minutes. When the
time period is 10 minutes or more, the fluidity of the cement
composition before curing is enhanced. When the time period is more

than 60 minutes, the effect of enhancing the fluidity of the cement
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composition before curing reaches a peak.

The obtained polished product (i.e. the mixture of coarse

particles and fine particles) is discharged from a discharge port
6 by opening a discharge valve 10.
[0033] The polished product of the cement to be used in the
present invention has a 50% weight cumulative particle size of
preferably from 10 um to 18 um, and more preferably from 12 um to
16 um, and has a Blaine specific surface area of preferably from
2,100 cm?’/g to 2,900 cm?/g, and more preferably from 2,200 cm?’/g
to 2,700 cm?/g.

When the 50% weight cumulative particle size is 10 um or more,
the fluidity of the cement composition before curing is enhanced.
When the 50% weight cumulative particle size is 18 uym or less, higher
compressive strength of the cement composition can be exhibited
after curing.

When the Blaine specific surface area is 2,100 cm?/g or more,
higher compressive strength of the cement composition can be
exhibited after curing. When the Blaine specific surface area is
2,900 cm?/g or less, the fluidity of the cement composition before
curing is enhanced.

[0034] The BET specific surface area of the silica fume is from
10 m?’/g to 25 m?/g, preferably from 12 m’/g to 23 m?/g, and more
preferably from 13 m?/g to 22 m*/g. When the BET specific surface
area is more than 25 m?/g, the fluidity of the cement composition

beforecuringdecreases. Itisdifficulttoobtainsilicafumehaving
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the BET specific surface area of less than 10 m?/g.

[0035] The cement composition of the present invention may
contain inorganic powder having a 50% weight cumulative particle
sizeof fromO.8umto5umfromtheviewpoint of the strengthexhibiting
property of the cement composition. When the cement composition
contains such inorganic powder, the strength exhibiting property
of the cement composition, particularly, containing the polished
product of low-heat Portland cement is enhanced.

As the inorganic powder, one or more kinds selected fromquartz
powder (i.e. silica stone powder), volcanic ash, fly ash (more
specifically, classified or pulverized fly ash), and the like may
be used. Of those, quartz powder or fly ash is preferably used from
the viewpoint of the strength exhibiting property of the cement
composition.

The 50% weight cumulative particle size of the inorganic powder
is from 0.8 pym to 5 uym, preferably from 1 um to 4 um, more preferably
from 1.1 pym to 3.5 um, and particularly preferably from 1.3 um to
3 pm. When the particle size is 0.8 um or more, the fluidity of
the cement compositionbefore curing is enhanced. When the particle
size is 5 um or less, the strength exhibiting property of the cement
composition is enhanced.

From the viewpoint of the strength exhibiting property of the
cement composition, themaximumparticle size of the inorganic powder
is preferably 15 um or less, more preferably 14 ym or less, and

particularly preferably 13 um or less, and the 95% weight cumulative
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particle size of the inorganic powder is preferably 8 um or less,
more preferably 7 um or less, and particularly preferably 6 um or
less.

In this Description, the inorganic powder does not mean (i.e.
include) cement (for example, further finely pulverized cement).
[0036] The mass ratio of the silica fume to the total of the
polished product of the cement to be used in the present invention
and the silica fume (i.e. mass ratioof silica fume/ (polished product
of cement to be used in the present invention and silica fume) is
preferably from 0.05 to 0.20, more preferably from 0.07 to 0.18,
and particularly preferably from 0.09 to 0.16 when the cement
composition does not contain the inorganic powder. When the ratio
is 0.05o0rmore, ahigh compressive strength of the cement composition
is exhibited after curing. When the ratio is 0.20 or less, the
fluidity of the cement composition before curing is enhanced.

When the cement composition contains the inorganic powder,
the mass ratio of the silica fume to the powdery raw material (i.e.
the polishedproduct of the cement tobeusedin the present invention,
the silica fume, and the inorganic powder) forming the cement
composition (i.e. mass ratio of silica fume/powdery raw material
forming the cement composition) is preferably from 0.04 to 0.20,
more preferably from 0.05 to 0.18, still more preferably from 0.06
to 0.17, and particularly preferably from 0.06 to 0.16. When the
ratio is 0.04 or more, a high compressive strength of the cement

composition is exhibited after curing. When the ratio is 0.20 or
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less, the fluidity of the cement composition before curing is
enhanced.

[0037] The mass ratio of the inorganic powder to the powdery
raw material (i.e. the polished product of the cement to be used
in the present invention, the silica fume, and the inorganic powder)
forming the cement composition (i.e. mass ratio of inorganic
powder/powdery raw material forming the cement composition) is
preferably from 0.10 to 0.35, more preferably from 0.13 to 0.32,
and particularly preferably from 0.16 to 0.30. When the ratio is
0.10 or more, a high compressive strength of the cement composition
is exhibited after curing. When the ratio is 0.35 or less, the
fluidity of the cement composition before curing is enhanced.
[0038] The 50% weight cumulative particle size and the 95%
weight cumulative particle size of the inorganic powder may be
determined by the same method as the above-mentioned method through
use of a commercially available grain size distribution measuring
apparatus (for example, "Microtrack HRA, Model 9320-X100" (product
name) manufactured by Nikkiso Co., Ltd.), as described in the
above-mentioned [A. Case of using cement that is not subjected to
polishing treatment] section.

In the cement composition of the present invention, the ratio
of thepolishedproductof cement is from55vol% to 65vol% (preferably
from 57 vol% to 63 vol%), the ratio of the silica fume is from 5
vol% to 25 vol% (preferably from 7 vol% to 23 vol%), and the ratio

of the inorganic powder is from 15 vol% to 35 vol% (preferably from
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17 vol% to 33 vol%) in the total amount of 100 vol% of the polished
product of cement, the silica fume, and the inorganic powder.

The definition of the volume ratio and the reasons for the

preferred ranges of the volume ratios are the same as those in the
above-mentioned [A. Case of using cement that is not subjected to
polishing treatment] section.
[0039] As examples of materials other than the polished product
of cement, the silica fume, and the inorganic powder that may be
included in the cement composition of the present invention, there
are given a fine aggregate, a coarse aggregate, a water reducing
agent, water, an antifoaming agent (i.e. air amount adjuster), and
the like.

River sand, pit sand, land sand, sea sand, crushed sand, silica
sand, amixture thereof, or the like may be used as the fine aggregate
used in the present invention.

Of those, it is preferred that silica sand having a maximum
particle size of 1 mm or less be used from the viewpoints of the
fluidity and the strength exhibiting property of the cement
composition.

The maximum particle size of the fine aggregate is 1.2 mm or
less, and preferably 1.0 mm or less. When the maximum particle size
is 1.2 mm or less, the strength exhibiting property of the cement
composition can be enhanced.

Withregardtothegrainsizedistributionof the fine aggregate,

it is preferred that the ratio of an aggregate having a particle
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size of 0.6 mm or less be 95 mass% or more, the ratio of an aggregate
having a particle size of 0.3 mm or less be from 40 mass% to 50
mass$%, and the ratio of an aggregate having a particle size of 0.15
mm or less be 6 mass$ or less with a view to enhancing the fluidity
and the strength exhibiting property of the cement composition.

Themass ratioof the fine aggregate to the powdery rawmaterial
(i.e. the polished product of the cement to be used in the present
invention, the silica fume, and the inorganic powder) forming the
cement composition (i.e. mass ratio of fine aggregate/powdery raw
material forming the cement composition) is preferably from 0.2
to 1.0, morepreferably from0.25t0 0.9, andparticularly preferably
from 0.3 to 0.8. When the ratio is 0.2 or more, the heat generating
amount of the cement composition and the contraction amount of the
cement composition after curing decrease. When the ratio is 1.0
or less, a high compressive strength of the cement composition is
exhibited after curing.

[0040] River gravel, pit gravel, land gravel, crushed stone,
a mixture thereof, or the like may be used as the coarse aggregate
used in the present invention.

When the coarse aggregate is used, the ratio of the fine
aggregate (i.e. the sandpercentage in the total amount of aggregate)
is preferably 30% or more. When the ratio of the fine aggregate
is 30% or more, the workability and the ease of molding of the cement
composition are enhanced.

[0041] A water reducing agent, an AE water reducing agent, a
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high-range water reducing agent, or a high-range AE water reducing
agent, eachofwhichislignin-based, naphthalenesulfonicacid-based,
melamine-based, polycarboxylic acid-based, or the 1like, may be used
as the water reducing agent used in the present invention. Of those,
a high-range water reducing agent is preferred, and a polycarboxylic
acid-based high-range water reducing agent is more preferred with
a view toenhancing the fluidity and the strength exhibitingproperty
of the cement composition. Through blending of the water reducing
agent, the fluidity and workability of the cement composition before
curing, the strength exhibiting property and denseness (i.e.
compactness) thereof after curing, and the like can be enhanced.
The mass ratio of the water reducing agent to the powdery raw
material (i.e. the polished product of the cement to be used in
the present invention, the silica fume, and the inorganic powder)
forming the cement composition (i.e. mass ratio of water reducing
agent/powdery raw material forming the cement composition) is
preferably from 0.001 to 0.04, more preferably from 0.002 to 0.03,
and particularly preferably from 0.003 to 0.01 in terms of solid
content. When the ratio is 0.001 or more, it is easy to knead the
cement composition. When the ratio is 0.04 or less, curing
retardation is unlikely to occur, and cost can be reduced.
[0042] One or more kinds of fibers selected from the group
consisting of metal fibers, organic fibers, and carbon fibers may
be included in the cement composition of the present invention in

the same manner as in the above-mentioned "A. Case of using cement
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that is not subjected to polishing treatment" section.

The details (i.e. material, blending amount, etc.) of the
fibers that may be included in the cement composition are the same
as those in the above-mentioned "A. Case of using cement that is
not subjected to polishing treatment" section.

[0043] Tap water or the like may be used as the water used in
the present invention.

In the present invention, themass ratioof water to the powdery

raw material (i.e. the polished product of the cement to be used
in the present invention, the silica fume, and the inorganic powder)
forming the cement composition (i.e. mass ratio of water/powdery
raw material forming the cement composition) is preferably from
0.08 to 0.18, and more preferably from0.09 to 0.16. When the ratio
is 0.08 or more, it is easy to knead the cement composition. When
the ratio is 0.18 or less, a high compressive strength of the cement
composition is exhibited after curing.
[0044] A method of producing (i.e. manufacturing) a cement
composition of the present invention includes the step of subjecting
the cement to be used in the present invention to polishing treatment
in a high-speed airflow stirring apparatus, to thereby provide a
polished product of the cement.

The cement composition of the present invention can be obtained
by mixing the obtained polished product with the silica fume and
the others. There is no particular limitation on a mixing (i.e.

kneading) method. Thereisnoparticular limitation on an apparatus
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to be used for mixing, either, and a commonly-used mixer, e.g.,
anomnimixer, apan-typemixer, abiaxial kneadingmixer, oratilting
type mixer may be used.

[0045] The cement composition (i.e. mortar) obtained by
kneading the polished product of cement, the silica fume, the
inorganic powder, the fine aggregate, the water reducing agent,
water, and the fibers to be included arbitrarily (i.e. optionally)
has high fluidity before curing and can exhibit high compressive
strength after curing.

When the inorganic powder is not used, the compressive strength
after curing of the mortar is preferably 250 N/mm’ or more, more
preferably 255 N/mm® or more, and still more preferably 260 N/mm?
or more.

When the inorganic powder (i.e. inorganic powder having a 50%
weight cumulative particle size of from 0.8 um to 5 um) is used,
the compressive strength after curing of the mortar is 320 N/mm?
or more, preferably 360 N/mm’ or more, more preferably 380 N/mm’
or more, and still more preferably 400 N/mm’ or more.

The flow value before curing of the mortar is defined as a
value measured by a method described in "JIS R 5201 (Method for
physical testing of cement) 11. Flow Test" without performing 15
falling motions (abbreviated as flow wvalue (0-drop) in this
Description), and is preferably 250 mm or more, more preferably
255 mmor more, still more preferably 260 mm or more, andparticularly

preferably 265 mm or more.
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[0046] It is preferred that the mortar have an air amount of
about 2% from the viewpoints of the strength exhibiting property
and the like. For this reason, the air amount of the mortar may
be adjusted through use of an antifoaming agent (i.e. air amount
adjuster) .
[0047] [Manufacturing method for cementitious cured body]
Next, a manufacturing method for a cementitious cured body
obtained by curing the cement composition of the present invention
(which contains cement that is not subjected to polishing treatment,
or contains a polished product of cement) is described in detail.
An example of the production (i.e. manufacturing) method for
a cementitious cured body (i.e. a cement-based hardened product)
of the present invention includes: a molding step of setting the
cement composition into a mold to provide an uncured molded body;
a room temperature curing step of subjecting the uncured molded
body to sealed curing or atmospheric curing at from 10°C to 40°C
for 24 hours or more, followed by demolding the molded body from
the mold, to thereby provide a cured molded body; a heat curing
step of subjecting the cured molded body to steam curing or hot
water curing at from 70°C to 95°C for 24 hours or more, to thereby
provide a curedbodyafter heat curing; andahigh-temperature heating
step of heating the cured body after heat curing at from 150°C to
200°C for 24 hours or more, to thereby provide the cementitious
cured body.

[0048] [Molding step]
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This step is a step of setting the cement composition into
a mold to provide an uncured molded body.

There is no particular limitation on a method of kneading the
cement compositionof thepresent inventionbefore setting the cement
composition into the mold. There is no particular limitation on
an apparatus to be used for kneading, either, and a commonly-used
mixer, e.g., an omnimixer, a pan-type mixer, a biaxial kneading
mixer, or a tilting type mixer may be used. There is no particular
limitation on a method of setting the cement composition into the
mold (i.e. a method of molding the cement composition), either.
[0049] [Room temperature curing step]

This step is a step of subjecting the uncured molded body to
sealed curing or atmospheric curing at from 10°C to 40°C (preferably
from 15°C to 30°C) for 24 hours or more (preferably from 24 hours
to 72 hours, and more preferably from 24 hours to 48 hours), and
demolding the molded body from the mold, to thereby provide a cured
molded body.

When the curing temperature is 10°C or more, the curing time
period can be shortened. When the curing temperature is 40°C or
less, the compressive strength of the cementitious cured body can
be enhanced.

When the curing time period is 24 hours or more, defects such
as chipping and cracking are less liable to occur in the cured molded
body when the cured molded body is demolded.

In this step, it is preferred that the cured molded body be
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demolded from the mold when the cured molded body exhibits a
compressive strength of preferably from 20 N/mm? to 100 N/mm*, and
more preferably from 30 N/mm? to 80 N/mm?’. When the compressive
strength is 20 N/mm? or more, defects such as chipping and cracking
are less liable to occur in the cured molded body when the cured
molded body is demolded. When the compressive strengthileON/mm2
or less, the cured molded body can be caused to absorb water with
a small amount of labor in a water absorbing step described later.
[0050] [Heat curing step]

This step isastepof subjecting the curedmoldedbody obtained
in the previous step to steam curing or hot water curing at from
70°C to 95°C (preferably from 75°C to 92°C) for 24 hours or more
(preferably from 24 hours to 96 hours, and more preferably from
36 hours to 72 hours), to thereby provide a cured body after heat
curing.

When the curing temperature is 70°C or more, the curing time
period can be shortened. When the curing temperature is 95°C or
less, the compressive strength of the cementitious cured body can
be enhanced.

When the curing time period is 24 hours or more, the compressive
strength of the cementitious cured body can be enhanced.

[0051] [High-temperature heating step]

This step is a step of heating the cured body after heat curing

at from 150°C to 200°C (preferably from 170°C to 190°C) for 24 hours

or more (preferably from 24 hours to 72 hours, and more preferably
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from 36 hours to 48 hours), to thereby provide the cementitious
cured body.

When the heating temperature is 150°C or more, the curing time
period can be shortened. When the heating temperature is 200°C or
less, the compressive strength of the cementitious cured body can
be enhanced.

When theheatingtimeperiodis 24 hoursormore, the compressive
strength of the cementitious cured body can be enhanced.

[0052] [Water absorbing step]

Awater absorbingstepof causing the curedmoldedbody obtained
in the room temperature curing step to absorb water may be inserted
between the room temperature curing step and the heat curing step.

As examples of a method of causing the cured molded body to
absorb water, there is given a method involving immersing the molded
body into water. Examples of the method involving immersing the
molded body into water include: (1) a method involving immersing
the molded body into water under reduced pressure; (2) a method
involving immersing the molded body into boiling water, and lowering
the water temperature to 40°C or less while keeping the molded body
immersed in the water; and (3) a method involving immersing the
molded body into boiling water, taking the molded body out of the
boiling water, and then immersing the molded body into water at
40°C or less with a view to increasing the water absorption amount
in a short time period and increasing the compressive strength of

the cementitious cured body.
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[0053] As one of examples of the method involving immersing
the molded body into water under reduced pressure, there is given
a method involving using a facility such as a vacuum pump, a large
decompression container, or the like.

As one of examples of themethod involving immersing the molded
body into boiling water, there is given a method involving using
a facility such as a high-temperature and high-pressure container,
a heated water tank, or the like.

The time period for immersing the cured molded body into water
under reduced pressure or boiling water is preferably 3 minutes
or more, more preferably 8 minutes or more, and particularly
preferably 20 minutes or more with a view to increasing a water
absorption rate. The upper limit of the time period is preferably
60 minutes, and more preferably 45 minutes with a view to further
increasing the compressive strength of the cementitious cured body.
[0054] The water absorption rate ispreferably 0.2 vol% or more,
morepreferably from0.3vol%to2.0vol%, andparticularlypreferably
from 0.35 vol% to 1.7 vol% as a ratio of water with respect to 100
vol% of the curedmoldedbodyof ¢50x100mm. Whenthewater absorption
rateis 0.2vol% ormore, the compressive strength of the cementitious

cured body can be further increased.

Examples
[0055] Now, the present invention is described in more detail

by way of Examples. However, the present invention is not limited
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to Examples described below.
[A. Experimental example using cement that is not subjected to
polishing treatment]
[Materials used]

Materials used are as follows.
(1) Cement: low-heat Portland cement (manufactured by Taiheiyo
Cement Corporation)
(2) Silica fume A: BET specific surface area: 20 m?/g
(3) Silica fume B: BET specific surface area: 17 m?/g
(4) Inorganic powder A: silica stone powder, 50% cumulative particle
size: 2 um, maximum particle size: 12 um, 95% cumulative particle
size: 5.8 um
(5) Inorganic powder B: silica stone powder, 50% cumulative particle
size: 7 uym, maximum particle size: 67 um, 95% cumulative particle
size: 27 um
(6) Fine aggregate: silica sand (maximum particle size: 1.0 mm,
aggregate havingaparticlesizeof 0.6mmor less: 98mass%, aggregate
having a particle size of 0.3 mm or less: 45 mass%, aggregate having
a particle size of 0.15 mm or less: 3 mass%)
(7) Polycarboxylicacid-basedhigh-rangewater reducingagent: solid
content: 27.4 mass%, manufactured by Flowric Co., Ltd., trade name:
"FLOWRIC SEF500U"
(8) Antifoaming agent: manufactured by BASF Japan Ltd., trade name:
"MasterAir 404"

(9) Water: tap water
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(10) Metal fiber: steel fiber (diameter: 0.2 mm, length: 15 mm)
[0056] [Example 1]

The cement, the silica fume A, and the inorganic powder A were
mixed so that each ratio of the cement and the others reached a
ratio shown in Table 1 with respect to the total amount of 100 vol%
of powdery raw material (i.e. the cement, the silica fume, and the
inorganic powder). The obtained mixture and the fine aggregate in
such amounts that the ratio of the fine aggregate in the cement
composition reached a ratio shown in Table 1 were loaded into an
omnimixer, and the mixture was subjected to dry kneading for 15
seconds.

Then, water, the polycarboxylic acid-based high-range water
reducing agent, and the antifoaming agent were loaded into the
omnimixer in amounts shown in Table 1, and the resultant was kneaded
for 2 minutes.

After kneading, the kneaded product adhering to the side wall
of the omnimixer was scraped off, and the resultant was kneaded
further for 4 minutes.

The flow value of the cement composition after kneading was
measured by a method described in "JIS R 5201 (Method for physical
testing of cement) 11. Flow Test" without performing 15 falling
motions. The flow value is referred to as "O-drop flow value" as
described above.

[0057] The obtained kneaded product was set into a cylindrical

mold of 50x100 mm to provide an uncured molded body. After setting
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the kneaded product into the mold, the uncured molded body was
subjected to sealed curing at 20°C for 48 hours and then demolded
to provide a cured molded body. The molded body during demolding
had a compressive strength of 50 N/mm?.

The molded body was immersed into water in a desiccator under
reduced pressure for a time period shown in Table 2 (described as
"under reduced pressure" in Table 2). The reduction in pressure
was performed through use of "Aspirator (AS-01)" manufactured by
AS ONE Corporation. The masses of the molded body before and after
immersion were measured, and a water absorption rate was calculated
based on the obtained measurement values.

After immersion, the molded body was subjected to steam curing
at 90°C for 48 hours and then decreased in temperature to 20°C.
After that, the resultant was heated at 180°C for 48 hours.

The compressive strength of themoldedbody (i.e. cementitious
cured body) after heating was measured in accordance with "JIS A
1108 (Compressive strength test method for concrete).”

[0058] [Example 2]

A cement composition and a cured body (i.e. a molded body)
thereof were obtained in the same manner as in Example 1 except
that the blending amount of water per 100 parts by mass of the powdery
raw material was changed from 13 parts by mass to 15 parts by mass.

The measurement of the 0-drop flow value of the cement
composition and the like were performed in the same manner as in

Example 1. The molded body during demolding had a compressive
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strength of 45 N/mm?®.
[0059] [Example 3]

A cement composition and a cured body thereof were obtained
in the same manner as in Example 1 except that the molded body after
demolding was immersed into water that was boiling (i.e. boiling
water) for a time period shown in Table 2 and cooled until the water
temperature reached 25°C while the molded body was kept immersed
in the water, instead of being immersed into water in the desiccator
under reduced pressure.

The calculationof awater absorptionrate, and the measurement
of compressive strengthof the cementitious curedbodywere performed
in the same manner as in Example 1.

[Example 4]

A cement composition and a cured body (i.e. a molded body)
thereof were obtained in the same manner as in Example 2 except
that the molded body after demolding was treated (for example, being
immersed into boiling water) in the same manner as in Example 3,
instead of being immersed into water in the desiccator under reduced
pressure.

The calculationof awater absorptionrate, and the measurement
of compressive strengthof the cementitious curedbodywere performed
in the same manner as in Example 1.

[0060] [Example 5]
A cement composition and a cured body (i.e. a molded body)

were obtained in the same manner as in Example 1 except that the
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blending amount of the silica fume A was changed from 10 vol% to
20vol%, and the blending amount of the inorganic powder A was changed
from 30 vol% to 20 vol%.

The measurement of the 0-drop flow value and the like were
performed in the same manner as in Example 1. The molded body during
demolding had a compressive strength of 50 N/mm®.

[Example 6]

Acement compositionandacuredbody (i.e.moldedbody) thereof
were obtained in the same manner as in Example 5 except that the
molded body after demolding was treated (for example, being immersed
into boiling water) in the same manner as in Example 3, instead
of beingimmersedintowater inthedesiccator under reducedpressure.

The calculationof awater absorptionrate, and the measurement
of compressive strengthof the cementitious curedbodywere performed
in the same manner as in Example 1.

[0061] [Example 7]

A cement composition and a cured body (i.e. a molded body)
were obtained in the same manner as in Example 2 except that the
blending amount of the silica fume A was changed from 10 vol% to
20vol%, and the blending amount of the inorganic powder A was changed
from 30 vol% to 20 vol%.

The measurement of the 0-drop flow value and the like were
performed in the same manner as in Example 1. The molded body during
demolding had a compressive strength of 45 N/mm?.

[Example 8]
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A cement composition and a cured body (i.e. a molded body)
thereof were obtained in the same manner as in Example 7 except
that the molded body after demolding was treated (for example, being
immersed into boiling water) in the same manner as in Example 3,
instead of being immersed into water in the desiccator under reduced
pressure.

The calculationof awater absorptionrate, and the measurement
of compressive strengthof the cementitious curedbodywere performed
in the same manner as in Example 1.

[0062] [Example 9]

The cement, the silica fume A, and the inorganic powder A were
mixed so that each ratio of the cement and the others reached a
ratio shown in Table 1 with respect to the total amount of 100 vol$%
of powdery raw material (i.e. the cement, the silica fume, and the
inorganic powder). The obtained mixture and the fine aggregate in
such amounts that the ratio of the fine aggregate in the cement
composition reached a ratio shown in Table 1 were loaded into an
omnimixer, and the mixture was subjected to dry kneading for 15
seconds.

Then, water, the polycarboxylic acid-based high-range water
reducing agent, and the antifoaming agent were loaded into the
omnimixer in amounts shown in Table 1, and the resultant was kneaded
for 2 minutes.

After kneading, the kneaded product adhering to the side wall

of the omnimixer was scraped off, and the resultant was kneaded
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further for 4 minutes. After that, themetal fibers in such an amount
that the ratio of the metal fibers in the cement composition reached
a ratio shown in Table 1 were loaded into the omnimixer, and the
resultant was kneaded further for 2 minutes.

The obtained cement composition was measured for a O-drop flow
value in the same manner as in Example 1.

A cementitious cured body (i.e. molded body) was obtained by
the same method as that of Example 1 through use of the obtained
cement composition as a material.

The obtained cementitious cured body (i.e. molded body) was
measured for a water absorption rate and compressive strength in
the same manner as in Example 1.

The flexural strength of the obtained cementitious cured body
was measured in accordance with "Japan Society of Civil Engineering
Standard JSCE-G 552-2010 (Test method for bending strength and
bending toughness of steel fiber reinforced concrete)."”

[0063] [Example 10]

A cement composition and a cured body thereof were obtained
in the same manner as in Example 9 except that the molded body after
demolding was treated (for example, being immersed into boiling
water) in the same manner as in Example 3, instead of being immersed
into water in the desiccator under reduced pressure.

The cement composition and the curedbody thereof were measured
for various physical properties in the same manner as in Example

9.
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[0064] [Comparative Example 1]

The cement, the silica fume B, and the inorganic powder B were
mixed so that each ratio of the cement and the others reached a
ratio shown in Table 1 with respect to the total amount of 100 vol$%
of powdery raw material (i.e. the cement, the silica fume, and the
inorganic powder). The obtained mixture and the fine aggregate in
such amounts that the ratio of the fine aggregate in the cement
composition reached a ratio shown in Table 1 were loaded into an
omnimixer, and the mixture was subjected to dry kneading for 15
seconds.

Then, water, the polycarboxylic acid-based high-range water
reducing agent, and the antifoaming agent were loaded into the
omnimixer in amounts shown in Table 1, and the resultant was kneaded
for 2 minutes.

After kneading, the kneaded product adhering to the side wall
of the omnimixer was scraped off, and the resultant was kneaded
further for 4 minutes.

A cementitious cured body was obtained in the same manner as
in Example 1 through use of the kneaded product as a material.

The obtained kneaded product (i.e. cement composition) and
the cured body thereof were measured for various physical properties
in the same manner as in Example 1.

The results are shown in Table 2.
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[0065]

[Table 1]

Powdery raw material (100 vol%) High-range
Cement Silica fume Inorganic powder Water! Fine wate.r Antlfoan;)lng Metal
2) reducing agent . 5)
aggregate agent? fiber
Part
(vol%) | Kind | (vol%) | Kind (vol%) k() a;as(ii (vo1%) (Part(s) by [ o ..
Y ° (Part (s) by mass) °
mass)
Example 1 A A 13
Example 2 A A 15
1
Example 3 A 0 A 30 13
Example 4 A A 15
Example 5 A A 13 0.69 -
E 60 35.5 0.02
Example 6 A 20 A 20 13
Example 7 A A 15
Example 8 A A 15
Example 9 A A 15
Example 10 A 10 A 30 15 0.74 2
Comparative 57 B 22 B 21 14 32.5 0.55 0.04 -
Example 1
1) Part(s) by mass with respect to 100 parts by mass of powdery raw material (cement, silica

fume,

and inorganic powder)

2) Ratio in cement composition

3) Part(s)

solid content)

4) Part(s)

5) Ratio in cement composition
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[0066] [Table 2]
Flow value Immersion Waterl Compressive Flexural
(0-drop) Time period absorption strength strength
Method ) rate > >
(mm) (minute (s)) N (N/mm~) (N/mm?)
(vol%)
- 0 350 -
Under 1 0.19 361 -
Example 1 230 reduced 5 0.23 371 -
pressure 10 0.33 380 -
30 0.37 405 -
- 0 350 -
1 0.18 356 -
Under 5 0.34 369 -
Example 2 295 reduced 10 0.39 388 -
pressure 30 0.41 464 -
90 0.42 451 -
120 0.51 453 -
Example 3 230 Boling 30 0.54 411 -
water
Example 4 295 Boling 30 0.36 450 -
water
Under
Example 5 230 reduced 30 0.36 403 -
pressure
Example 6 230 Boling 30 0.37 405 -
water
Under
Example 7 290 reduced 30 0.41 462 -
pressure
Example 8 290 Boling 30 0.42 465 -
water
Under
Example 9 260 reduced 30 0.41 460 40
pressure
Example 10 262 Boling 30 0.36 445 41
water
Comparative Undex
270 reduced - 0 290 -
Example 1
pressure
[0067] It 1is understood from Table 2 that the cement

compositions (i.e. Examples 1 to 10) of the present invention each

have a 0O-drop flow value of 230 mm or more.

It is also understood

that the cementitious cured bodies obtained by curing the cement

compositions of the present invention each have an extremely high

compressive strength of 350 N/mm’ or more.
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It is also understood that the cement compositions (i.e.
Examples 9 and 10) containing metal fibers each have a high flexural
strength of 40 N/mm’ or more.

Meanwhile, it is understood that the cementitious cured body
according to Comparative Example 1 has a compressive strength of
290 N/mm?, which is smaller than those of Examples 1 to 10.
[0068] [B. Experimental example using polished product of
cement]

[Materials used]

Materials used are as follows.

(1) Moderate-heat Portland cement: manufactured by Taiheiyo Cement
Corporation

(2) Low-heat Portland cement: manufactured by Taiheiyo Cement
Corporation

(3) Silica fume A: BET specific surface area: 14 m?/g

(4) Silica fume B: BET specific surface area: 20 m?/g

(5) Inorganic powder: silica stone powder (50% weight cumulative
particle size: 2.0 pm; 95% weight cumulative particle size: 5.8
um; maximum particle size: 12 um or less)

(6) Fine aggregate A: pit sand collected in Kakegawa

(7) Fine aggregate B: silica sand (maximum particle size: 1.2 mm
or less; particle fraction (i.e. ratio of particles) of 0.6 mm or
less: 98mass%; particle fractionof 0.3 mmor less: 45mass%; particle
fraction of 0.15 mm or less: 3 mass%)

(8) Polycarboxylicacid-basedhigh-rangewater reducingagent: solid
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content: 27.4 mass%; manufactured by Flowric Co., Ltd., trade name:
"FLOWRIC SF500U"

(9) Antifoaming agent (i.e. air amount adjuster): manufactured by
BASF Japan Ltd., trade name: "MasterAir 404"

(10) Water: water from waterworks

(11) Metal fiber: steel fiber (diameter: 0.2 mm, length: 15 mm)
[0069] [Manufacturing of each polished product of
moderate-heat Portland cement and low-heat Portland cement]

The moderate-heat Portland cement or the low-heat Portland
cement was subjected to polishing treatment for 30 minutes under
aconditionofarotationspeedof 4,000 rpmthroughuseof ahigh-speed
airflow stirring apparatus ("Hybridizer NHS-3" (trade name)
manufactured by Nara Machinery Co., Ltd.). In the polishing
treatment, the loading amount of the moderate-heat Portland cement
or the low—-heat Portland cement was set to 800 g per batch. The
50% weight cumulative particle sizes and the Blaine specific surface
areas of the moderate-heat Portland cement or the low-heat Portland
cement, and thepolishedproduct of themoderate-heat Portland cement
or the low-heat Portland cement were measured. The resultsare shown
in Table 3.

When a secondary electron image of the polished product was
observed through use of a scanning electron microscope, it was found
that coarse particles (i.e. particles each having a particle size
of 20 uym or more) of the polished product had a few angular surface

portions as compared to particles (i.e. particles before polishing
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treatment) of the moderate-heat Portland cement or the low-heat
Portland cement, and thus the surface portions were deformed into
rounded surface portions. Fine particles (i.e. particles each
having a particle size of less than 20 um) were present in the spaces

between the coarse particles.

[0070] [Table 3]
20% welght Blaine specific
cumulative
Cement ) ) surface area
particle size (cm?/g)
(pm)
Before
lishi 19.4 3,150
Moderate-heat polishing !
treatment
Portland cement ; ;
After polishing
12.8 2,570
treatment
Before
Low—heat polishing 15.7 3,320
treatment
Portland cement . .
After polishing 15.0 5 350
treatment : !
[0071] [Reference Example 1]

The polished product of the moderate-heat Portland cement,
thesilica fume A, the fine aggregate A, the high-range water reducing
agent, and water were loaded into a Hobart mixer in a lump (i.e.
at one time) in blending amounts shown in Table 4. After that, the
mixture was kneaded at low speed for 9 minutes to prepare a mortar.
The antifoaming agent (i.e. air amount adjuster) was added to the
obtained mortar so that the air amount in the mortar reached 2 vol%.

Each volume ratio of the polished product of the cement and

the silica fume, which form the powdery raw material, is shown in
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Table 5. The values of Table 5 are calculated based on the values
of Table 4 and true density.

[0072] The flow value of the mortar after kneading was measured
by a method described in "JIS R 5201 (Method for physical testing
of cement) 11. Flow Test" without performing 15 falling motions.

The mortar after kneading was molded through use of a mold
which has a cylindrical inner space having a diameter of 50 mm and
a height of 100 mm, and was allowed to stand still at 20°C for 72
hours. Then, themortar was demolded to provide a curedmolded body.

The cured molded body was subjected to steam curing at 85°C
for 72 hours, and the compressive strength of the obtained cured
bodywasmeasuredinaccordancewith"JISA 1108 (Compressive strength
test method for concrete)" to be 260 N/mm’.

The cured body was heated at 180°C for 48 hours through use
of a drying furnace. The compressive strength of the cured body
after heating was measured in the same manner as in the cured body
before heating. The compressive strength was measured through use
of a 100 t universal testing machine (hydraulic type) manufactured
by Shimadzu Corporation.

The flow value (0O-drop) and the compressive strength of the
cured body after heating are shown in Table 6.

[0073] [Reference Example 2]

Amortar was prepared in the same manner as in Reference Example

1 except that the blending amount of each material was set to the

blending amount shown in Table 4, and the materials were kneaded
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at low speed for 12 minutes.

The flow value (0-drop) of the mortar after kneading was
measured in the same manner as in Reference Example 1.

A cured body was obtained in the same manner as in Reference
Example 1 through use of the mortar after kneading, and then the
compressive strength of the cured body was measured.

[0074] [Example 11]

The polished product of the low-heat Portland cement, the
silica fume B, the silica stone powder, the fine aggregate B, the
high-range water reducing agent, and water were kneaded in blending
amounts shown in Table 4. The antifoaming agent (i.e. air amount
adjuster) was added to the obtained mortar so that the ratio of
the air amount in the mortar reached 2 vol%.

Specifically, the powdery raw material (i.e. the polished
product of low-heat Portland cement, the silica fume B, and the
silica stone powder) and the fine aggregate B were loaded into an
omnimixer to be subjected to dry kneading for 15 seconds. Then,
the water, the high-range water reducing agent, and the antifoaming
agent (i.e. air amount adjuster) were added to the mixture, and
the resultant was kneaded for 2 minutes. Then, the kneaded product
adhering to the side wall of the omnimixer was scraped off, and
the resultant was further kneaded for 4 minutes.

Each volume ratio of the polished product of the cement, the
silica fume, and the silica stone powder, which form the powdery

rawmaterial, isshowninTable5. ThevaluesofTable5arecalculated
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based on the values of Table 4 and true density.

The flow value (0-drop) of the mortar after kneading was
measured in the same manner as in Reference Example 1.

The mortar after kneading was molded through use of a mold
which has a cylindrical inner space having a diameter of 50 mm and
a height of 100 mm, and was allowed to stand still at 20°C for 72
hours. Then, themortar was demolded to provide a curedmolded body.
The compressive strength of the molded body during demolding was
52 N/mm®.

The cured molded body was subjected to steam curing at 90°C
for 48 hours and decreased in temperature to 20°C. The obtained
cured body was heated at 180°C for 48 hours through use of a drying
furnace. The compressive strength of the cured body after heating
was measured in the same manner as in Reference Example 1.
[0075] [Example 12]

A mortar and a cured body thereof were obtained in the same
manner as 1in Example 11 except that the polished product of
moderate-heat Portland cement was used instead of the polished
product of low-heat Portland cement. In manufacturing of the cured
body, the compressive strength of the cured molded body during
demolding was 55 N/mm”.

The flow value (0-drop) of the mortar and the compressive
strength of the cured body were measured in the same manner as in
Reference Example 1.

[Example 13]
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A mortar and a cured body thereof were obtained in the same
manner as in Example 12 except that the mass ratio of water to the
powdery raw material (i.e. water/powdery raw material) was changed
from 0.12 to 0.15. In manufacturing of the cured body, the
compressive strength of the cured molded body during demolding was
50 N/mm®.

The flow value (0-drop) of the mortar and the compressive
strength of the cured body were measured in the same manner as in
Reference Example 1.

[0076] [Example 14]

A cured body was obtained in the same manner as in Example
11 except that the molded body after demolding was immersed into
water that was boiling (i.e. boiling water) for 30 minutes and then
cooled until the water temperature reached 25°C while the molded
body was kept immersed in the water.

The compressive strength of the cured body was measured in
the same manner as in Reference Example 1. The compressive strength
of the cured body was more than a measurement limit (i.e. 511 N/mm?)
of the measuring apparatus.

The masses of the molded body before and after immersion were
measured, and a water absorption rate was calculated based on the
obtained measurement values.

[Example 15]
A cured body was obtained in the same manner as in Example

11 except that the molded body after demolding was immersed into
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water inadesiccator under reducedpressure for 30minutes (described
as "under reduced pressure" in Table 6) and then subjected to steam
curing.

The measurement of compressive strength of the cured body,
and the calculation of a water absorption rate were performed in
the same manner as in Example 14. The compressive strength of the
cured body was more than the measurement limit (511 N/mm?) of the
measuring apparatus.

[0077] [Example 16]

A mortar and a cured body thereof were obtained in the same
manner as in Example 11 except that the above-mentioned materials
were kneaded in the blending amounts shown in Table 4. In
manufacturing of the cured body, the compressive strength of the
cured molded body during demolding was 51 N/mm”.

The flow value (0-drop) of the mortar and the compressive
strength of the cured body were measured in the same manner as in
Example 11.

[Example 17]

A cured body was obtained in the same manner as in Example
16 except that the molded body after demolding was immersed into
water in a desiccator under reduced pressure for 30 minutes and
then subjected to steam curing.

The measurement of compressive strength of the cured body,
and the calculation of a water absorption rate were performed in

the same manner as in Example 14. The compressive strength of the
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cured body was more than the measurement limit (511 N/Hmf) of the
measuring apparatus.
[0078] [Example 18]

A cured body was obtained in the same manner as in Example
13 except that the molded body after demolding was immersed into
water in a desiccator under reduced pressure for 30 minutes and
then subjected to steam curing.

The measurement of compressive strength of the cured body,
and the calculation of a water absorption rate were performed in
the same manner as in Example 14.

[0079] [Example 19]

The polished product of low-heat Portland cement, the silica
fume B, the silica stone powder, and the fine aggregate B were loaded
into an omnimixer so that each ratio of the polished product of
low-heat Portland cement and the others reached the ratio shown
in Table 4, and the mixture was subjected to dry kneading for 15
seconds.

Then, the water, the polycarboxylic acid-based high-range
water reducing agent, and the antifoaming agent were loaded into
the omnimixer in the amounts shown in Table 4, and the resultant
was kneaded for 2 minutes. The antifoaming agent was added to the
resultant so that the ratio of the air amount in the obtained cement
composition reached 2 vol%.

After kneading, the kneaded product adhering to the side wall

of the omnimixer was scraped off, and the resultant was kneaded
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further for 4 minutes. After that, themetal fibers in such an amount
that the ratio of the metal fibers in the cement composition reached
the ratio shown in Table 4 were loaded into the omnimixer, and the
resultant was further kneaded for 2 minutes. A cured body was
obtained in the same manner as in Example 14 except that the obtained
cement composition was used as a material.

The measurement of the 0-drop flow value of the cement
composition and the like were performed in the same manner as in
Example 14. The compressive strength of the cured body was more
than the measurement limit (511 N/mm?) of the measuring apparatus.

The flexural strength of the obtained cementitious cured body
was measured in accordance with "Japan Society of Civil Engineering
Standard JSCE-G 552-2010 (Test method for bending strength and
bending toughness of steel fiber reinforced concrete)."”

[0080] [Example 20]

A cement composition and a cured body thereof were obtained
in the same manner as in Example 19 except that the molded body
after demolding was immersed intowater in a desiccator under reduced
pressure for 30 minutes and then subjected to steam curing, instead
of being immersed into boiling water for 30 minutes.

The measurement of the flow value (0-drop) of the cement
composition and the like were performed in the same manner as in
Example 19. The compressive strength of the cured body was more
than the measurement limit (511 N/mm?) of the measuring apparatus.

[0081] [Comparative Example 2]
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An attempt was made to load the polished product of
moderate-heat Portland cement, the fine aggregate A, the high-range
water reducing agent, and the water into a Hobart mixer in a lump
in the blending amounts shown in Table 4 to prepare a mortar, but
the materials were not able to be kneaded.

[Comparative Example 3]

An attempt was made to load the moderate-heat Portland cement,
the silica fume A, the fine aggregate A, the high-range water reducing
agent, and the water into a Hobart mixer in a lump in the blending
amounts shown in Table 4 to prepare a mortar, but the materials
were not able to be kneaded.

[0082] [Example 21]

A mortar and a cured body thereof were obtained in the same
manner as in Example 11 except that low-heat Portland cement before
polishing treatment was used instead of the polished product of
low-heat Portland cement.

The flow value (0-drop) of the mortar and the compressive
strength of the cured body were measured in the same manner as in
Reference Example 1.

[Example 22]

A mortar and a cured body thereof were obtained in the same
manner as in Example 11 except that moderate-heat Portland cement
before polishing treatment was used instead of the polished product
of low-heat Portland cement.

The flow value (0-drop) of the mortar and the compressive
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strength of the cured body were measured in the same manner as in
Reference Example 1.

The results are shown in Table 6.
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[0083] [Table 4]
Powdery raw material SF/powdery Fine ) .
Water reducing Inorganic
Portland cement raw Water/powdery aggregate/ Metal
) . . agent/powdery powder/powdery )
) ) 1) Inorganic material raw material powdery raw ) . fiber
) Polishing SF . ) raw material raw material B
Kind powder (mass (mass ratio) material ) . (vol%)
treatment . . (mass ratio) (mass ratio)
ratio) (mass ratio)
Reference Moderate- Present A - 0.12 0.10 0.31 0.012 - -
Example 1 heat
Reference Moderate- Present A - 0.12 0.09 0.30 0.020 - -
Example 2 heat
Example 11 Low-heat Present B Silica stone 0.08 0.12 0.66 0.025 0.26 -
powder
Example 12 Moderate- Present B Silica stone 0.08 0.12 0.66 0.025 0.26 -
heat powder
Example 13 | Moderate- Present B Silica stone 0.08 0.15 0.71 0.025 0.26 -
heat powder
Example 14 Low-heat Present B Silica stone 0.08 0.12 0.66 0.025 0.26 -
powder
Example 15 Low-heat Present B Silica stone 0.08 0.12 0.66 0.025 0.26 -
powder
Example 16 Low-heat Present B Silica stone 0.16 0.12 0.66 0.025 0.18 -
powder
Example 17 Low-heat Present B Silica stone 0.16 0.12 0.66 0.025 0.18 -
powder
Example 18 | Hoderate- Present B Silica stone 0.08 0.15 0.71 0.025 0.26 -
heat powder
Example 19 Low-heat Present B Silica stone 0.08 0.12 0.66 0.027 0.26 2
powder
Example 20 Low-heat Present B Silica stone 0.08 0.12 0.66 0.027 0.26 2
powder
Comparative Moderate=- Present None - - 0.10 0.35 0.015 - -
Example 2 heat
Comparative | Moderate- Absent A - 0.12 0.10 0.35 0.015 - -
Example 3 heat
Example 21 Low-heat Absent B Silica stone 0.08 0.12 0.66 0.025 0.26 -
powder
Example 22 Moderate- Absent B Silica stone 0.08 0.12 0.66 0.025 0.26 -
heat powder
1) SF: silica fume
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[0084]

[Table 5]

Powdery raw material

Inorganic
Portland cement Silica fume lppwder
(silica stone
powder)
. Polishing o . o 5
Kind treatment (vol%) | Kind | (vol%) (vol%)
Reference Moderate-heat Present 85 A 15 0
Example 1
Reference Moderate-heat Present 85 A 15 0
Example 2
Example 11 Low-heat Present 60 B 10 30
Example 12 | Moderate-heat Present 60 B 10 30
Example 13 | Moderate-heat Present 60 B 10 30
Example 14 Low-heat Present 60 B 10 30
Example 15 Low-heat Present 60 B 10 30
Example 16 Low-heat Present 60 B 20 20
Example 17 Low-heat Present 60 B 20 20
Example 18 | Moderate-heat Present 60 B 10 30
Example 19 Low-heat Present 60 B 10 30
Example 20 Low-heat Present 60 B 10 30
Comparative Moderate-heat Present 100 None 0 0
Example 2
Comparative Moderate-heat Absent 85 A 15 0
Example 3
Example 21 Low-heat Absent 60 B 10 30
Example 22 | Moderate-heat Absent 60 B 10 30
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[0085] [Table 6]
Wate? Flow Compressive | Flexural
. absorption value
Immersion rate (0-drop) stren%Fh strenq}h
(2) () (N/mm”) (N/mm”)
Reference
Example 1 - - 333 350 -
Reference
Example 2 B B 270 290 B
Example 11 - - 270 500 -
Example 12 - - 270 420 -
Example 13 - - 330 425 -
Example 14 | S011ing 0.50 270 >511 -
water
Under
Example 15 reduced 0.45 270 >511 -
pressure
Example 16 - - 272 498 -
Under
Example 17 reduced 0.44 272 >511 -
pressure
Under
Example 18 reduced 0.40 330 501 -
pressure
Example 19 | Soiling 0.50 262 5511 40
water
Under
Example 20 reduced 0.45 260 >511 40
pressure
Comparative
Example 2 - - - - -
Comparative
Example 3 - - - - -
Example 21 - - 230 352 -
Example 22 - - 225 351 -

[0086]

It is understood from Examples 11 to 22 that the cement

composition of the present invention has high fluidity in which

the flow value

(O-drop)

is 225 mm or more before curing and has

a high compressive strength of 351 N/mm® or more after curing.

In particular,
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of cement is investigated, it 1is understood that, the cement
compositions (Examples 11 to 20) of the present invention contain
inorganic powder and hence have higher compressive strength after
curing as compared to the cement compositions (Reference Examples
1 and 2) not containing inorganic powder. In particular, it is
understood that, when the cured molded body is immersed into water
under reduced pressure or boiling water in manufacturing of a cured
body (Examples 14 and 15 and 17 to 20), the molded body after the
treatment has particularly high compressive strength.

[0087] The cement compositions (Examples 19 and 20) containing
metal fibers each have a compressive strength of more than 511 N/mm?
and a flexural strength of 40 N/mm?’ after curing. Thus, it is
understood that the cement compositions (Examples 19 and 20)
containing metal fibers have high compressive strength and flexural
strength.

It is understood from Comparative Examples 2 and 3 that, in
the case that the polished product of moderate-heat Portland cement
is used, but silica fume and the inorganic powder are not used (i.e.
Comparative Example 2), and in the case that silica fume is used,
but moderate-heat Portland cement that is not subjected topolishing
treatment is used instead of the polished product of moderate-heat
Portlandcement and the inorganicpowder isnotused (i.e. Comparative

Example 3), kneading cannot be performed.

Reference Signs List
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[0088]

da

4b

10

1 high-speed airflow stirring apparatus
rotor
blade
circulation circuit
inlet of circulation circuit
outlet of circulation circuit
loading port
discharge port
stator
collision chamber
on-off valve

discharge valve
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Claims
[Claim 1] A cement composition, comprising:
cement;

silica fume having a BET specific surface area of from 10 m?/g

to 25 m?/g;

an inorganic powder having a 50% cumulative particle size of

from 0.8 pum to 5 um;

a fine aggregate having a maximum particle size of 1.2 mm or
less;

a water reducing agent;

an antifoaming agent; and

water,

wherein a ratio of the cement is from 55 vol% to 65 vol%, a
ratio of the silica fume is from 5 vol% to 25 vol%, and a ratio
of the inorganic powder is from 15 vol% to 35 vol% in a total amount

of 100 vol% of the cement, the silica fume, and the inorganic powder.

[Claim 2] The cement composition according to claim 1, wherein the
cement is a cement which is not subjected to polishing treatment,

and the BET specific surface area of the silica fume is from 15

m’/g to 25 m?/g.

[Claim 3] The cement composition according to claim 1, wherein
the cement comprises coarse particles each having a particle

size of 20 uym or more, in which an angular surface portion is deformed
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into a rounded shape, obtained by subjecting particles forming
moderate-heat Portland cement or low-heat Portland cement to
polishing treatment, and fine particles each having a particle size
of less than 20 um generated by the polishing treatment; and
the cement has a 50% weight cumulative particle size of from
10 uym to 18 um and a Blaine specific surface area of from 2,100

cm?/g to 2,900 cm?/g.

[Claim 4] The cement composition according to any one of claims
1 to 3, further comprising one or more kinds of fibers selected
fromthe group consistingofmetal fibers, organic fibers, and carbon
fibers, in which a ratio of the fibers in the cement composition

is 3 vol% or less.

[Claim 5] The cement composition according to any one of claims
1 to 4, wherein the cement composition has a compressive strength

after curing of 320 N/mm’ or more.

[Claim 6] A method of producing a cementitious cured body made of
the cement composition of any one of claims 1 to 5,

the method comprising:

a molding step of setting the cement composition into a mold
to provide an uncured molded body;

a room temperature curing step of subjecting the uncuredmolded

body to sealed curing or atmospheric curing at from 10°C to 40°C
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for 24 hours or more, followed by demolding the molded body from
the mold, to thereby provide a cured molded body;

a heat curing step of subjecting the cured molded body to steam
curing or hot water curing at from 70°C to 95°C for 24 hours or
more, to thereby provide a cured body after heat curing; and

ahigh-temperature heating step of heating the curedbodyafter
the heat curing at from 150°C to 200°C for 24 hours or more, to

thereby provide the cementitious cured body.

[Claim 7] Themethod of producing a cementitious cured body according
to claim 6, further comprising a water absorbing step of causing
the cured molded body to absorb water between the room temperature

curing step and the heat curing step.

[Claim 8] The method of producing a cementitious cured body according
to claim 7, wherein the water absorbing step comprises immersing

the cured molded body into water under reduced pressure.

[Claim 9] The method of producing a cementitious cured body according
to claim 7, wherein the water absorbing step comprises immersing
the cured molded body into boiling water, and then cooling the water

to 40°C or less while keeping the molded body immersed in the water.

[Claim10] Themethodof producingacementitious curedbodyaccording

to any one of claims 6 to 9, wherein the room temperature curing
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step comprises demolding the cured molded body from the mold at
a time when the cured molded body exhibits a compressive strength

of from 20 N/mm® to 100 N/mm°.
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