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Abstract:

QUICK-SETTING ADMIXTURE AND SPRAYING METHOD

USING IT ABSTRACT: To provide a quick-setting admixture for
spraying and a spraying method, which are effective to prevent
solidification of a quick-setting admixture slurried in a quick-
setting admixture-adding tool. A slurry quick-setting admixture
comprising an alkaline earth metal carbonate, a water-soluble
acidic substance, calcium aluminate, an alkali metal sulfate, and
water; and a quick-setting cement concrete comprising such a
slurry quick-setting admixture and cement concrete. The slurry
quick-setting admixture may further contain calcium sulfate,
calcium hydroxide and/or aluminum hydroxide, a retarder,
etc. The spraying method comprises mixing water and a
powder quick-setting admixture comprising an alkaline earth
metal carbonate, a water-soluble acidic substance, calcium
aluminate and an alkali metal sulfate, to form a slurry quick-
setting admixture, mixing this slurry quick-setting admixture
with cement concrete to form a quick-setting cement concrete,
and spraying this quick-setting cement concrete. Further, a
quick-setting admixture for spraying which comprises a liquid
quick-setting admixture, and a powder admixture comprising
a blowing agent such as an alkaline earth metal carbonate,
and calcium aluminate, wherein the powder admixture further
contains calcium sulfate or an alkali metal-containing substance,
and wherein the liquid quick-setting admixture further contains
an alkali metal element or a compound having a fluorine
element. The quick-setting admixture for spraying wherein the
liquid quick-setting admixture and the powder admixture are
joined and mixed in a slurry form.
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QUICK-SETTING ADMIXTURE AND SPRAYING METHOD USING IT

ABSTRACT:

To provide a quick-setting admixture for spraying and a
spraying method, which are effective to prevent solidification of
a quick-setting admixture slurried in a quick-setting admixture-—
adding tool.

A slurry quick-setting admixture comprising an alkaline
earth metal carbonate, a water-soluble acidic substance, calcium
aluminate, an alkali metal sulfate, and water; and a quick-
setting cement concrete comprising such a slurry quick-setting
admixture and cement concrete. The slurry quick-setting admixture
may further contain calcium sulfate, calcium hydroxide and/or
aluminum hydroxide, a retarder, etc. The spraying method
comprises mixing water and a powder quick-setting admixture
comprising an alkaline earth metal carbonate, a water-soluble
acidic substance, calcium aluminate and an alkali metal sulfate,
to form a slurry quick-setting admixture, mixing this slurry
quick-setting admixture with cement concrete to form a quick-
setting cement concrete, and spraying this quick-setting cement
concrete.

Further, a quick-setting admixture for spraying which
comprises a liquid quick-setting admixture, and a powder
admixture comprising a blowing agent such as an alkaline earth
metal carbonate, and calcium aluminate, wherein the powder
admixture further contains calcium sulfate or an alkali metal-
containing substance, and wherein the liquid quick-setting
admixture further contains an alkali metal element or a compound
having a fluorine element. The quick-setting admixture for
spraying wherein the liquid quick-setting admixture and the

powder admixture are joined and mixed in a slurry form.

Fig. 2
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DESCRIPTION

QUICK-SETTING ADMIXTURE AND SPRAYING METHOD USING IT

TECHNICAL FIELD

The present invention relates to a quick—setting
admixture for spraying or a spraying material to be used
for exposed wall surfaces at slopes, pits, underground
spaces or tunnels such as road tunnels, railway tunnels

or channel tunnels, and a spraying method using it.

BACKGROUND ART

Heretofore, methods of spraying a quick-setting
concrete obtained by mixing a concrete with a powder
quick-setting admixture were employed to prevent break
and fall of ground exposed in excavation works of tunnels
or the like (cf. Patent Document 1 and 2).

As the quick-setting admixture for such spraying
methods, one having an alkali metal aluminate, an alkali
metal carbonate or the like admixed with calcium
aluminate was used, as it was excellent in the quick-
setting property.

However, there has been an increasing demand for a
quick-setting admixture having a pH-value lower than that
of the quick-setting admixture having an alkali metal
aluminate, an alkali metal carbonate or the like admixed

with calcium aluminate, and being weakly alkaline to
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acidic, preferably neutral or weakly acidic.

Further, as a tool to add the quick-setting
admixture to concrete, it was common to use a Y-tube. In
such a case, in order to increase the mixing efficiency,
it was common to employ a method wherein concrete was
once disintegrated by means of compressed air and then
the quick-setting admixture was added. As a result, the
amount of compressed air to be used for spraying tended
to increase, and the amount of dust formed tended to
increase sometimes. Accordingly, at the time of spraying,
it was necessary to take some measure to cope with such
dust.

In order to solve such problems, as a liquid quick-
setting admixture, one containing a basic aluminum salt
or an organic carboxylic acid as the main component
(Patent Document 3), one containing aluminum sulfate or
an alkanolamine as the main component (Patent Document 4),
or one containing a basic aqueous solution of aluminum,
and lithium silicate and lithium aluminate as the main
components (Patent Document 5) was, for example, used.

However, with this liquid quick-setting admixture,
the initial strength was hardly obtainable, and as
compared with a conventional powder quick-setting
admixture, there was a danger of falling when sprayed
thickly in a tunnel.

In order to solve such problems, a technique was

developed to mix water to a quick-setting admixture
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comprising calcium aluminate and aluminum sulfate to form
a slurry, which was added to concrete (Patent Documents 6,
7 and 8).

This technique is to reduce a damage by alkali
reagents by a combined use of aluminum sulfate and
calcium aluminate. Further, it is a technique to attain
a low dusting property by mixing the powder quick-setting
admixture with water to form a slurry. Further, these
patent documents describe about an AE agent and a blowing
agent, but they are mentioned as substances to reduce the
amount of dust by adding them preliminarily to concrete,
and there is no mention about using a blowing agent in a
quick-setting admixture.

As a tool to add such a slurry quick-setting
admixture to concrete, a Y-tube or a showering ring to
add a quick-setting admixture in the form of a shower
into a concrete piping, was, for example, used.

In the case of the Y-tube, in order to improve the
mixing property, a technique was used to once
disintegrate concrete by means of compressed air and then
add the quick-setting admixture, and as a result, the
amount of compressed air used for spraying tended to
increase, and the amount of dust formed tended to
increase sometimes.

On the other hand, in a case where the showering
tube is used, the mixing property of the slurry quick-

setting admixture and concrete will be good, whereby low
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dust spraying will be possible without requiring air for
disintegration. On the other hand, the structure is
complicated, and the frequency of solidification of the
slurry inside was more than the case of Y-tube, whereby
the showering tube was not practically useful.

Accordingly, in spraying by means of a showering
tube, a liquid quick-setting admixture is mainly used,
but the components of a liquid quick-setting admixture
are only components to accelerate a hydration reaction of
cement and do not have a self-curing property whereby
they are cured by themselves to impart a quick-setting
property. Thus, there was a problem that it was inferior
in the quick-setting property as compared with a slurry
quick-setting admixture containing calcium aluminate.

As a liquid quick-setting admixture having the
quick-setting property more improved than ever, one
having a fluorine element incorporated to aluminum
sulfate was developed (Patent Documents 9, 10 énd 11).

However, for practical application, further
improvement of the quick-setting property, improvement of
the adhesive property at a spring water area, etc. have
been desired.

Further, a technique for combining a liquid quick-
setting admixture and a powder quick-setting admixture
has also been published (Patent Documents 12 and 13).
However, in a case where at the time of spraying, a

ligquid quick-setting admixture and a powder quick-setting
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admixture are mixed to form a slurry, there has been a
case where the slurry undergoes solidification in the
same manner as the above-mentioned slurry quick-setting
admixture. Accordingly, it has been desired that the
slurry will not solidify at the portion of the quick-
setting admixture~adding tool and that the replacing
cycle of such a tool is long.

Further, a technique of adding a liquid quick-
setting admixture comprising aluminum sulfate, a calcium
aluminate, a water-reducing agent and water, to cement
concrete containing an inorganic powder (Patent Document
14), a technique of adding a liquid gquick-setting
admixture to concrete employing cement containing calcium
carbonate (Patent Document 15) and a technique of
incorporating calcium carbonate to a cement composition
and using a liquid quick-setting admixture in combination
therewith (Patent Documents 16, 17 and 18) have been
published. However, in these techniques due to alkali of
the cement component contained in a large amount, calcium
carbonate will not be an acidic atmosphere, and the
slurry quick-setting admixture tends to form bubbles, and
they are neither techniques to prevent solidification nor
techniques to obtain a low dusting property by means of a
showering tube.

Further, with a mixture having a quick-setting
admixture preliminarily incorporated to a cement

composition, it is not possible to obtain a fluidity
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retention of concrete. Accordingly, it was necessary to
mix immediately before spraying, an aggregate, a cement
composition and a liquid quick-setting admixture, and
there was a problem such that a spraying concrete having
a uniform composition was hardly obtainable. Further, no
mention was made with respect to the effectiveness of an
alkali metal sulfate in a gquick-setting admixture wherein
an acidic substance and a blowing agent are used in
combination.

In recent years, it has been desired to develop a
quick-setting admixture which is less influential to a
human body as compared with a conventional basic quick-
setting admixture, which is excellent in providing
initial strength and which is scarcely solidified at the
portion of the quick-setting admixture-adding tool.

Patent Document 1: JP-B-60-004149

Patent Document 2: JP-A-09-019910

Patent Document 3: JP-A-2001-509124

Patent Document 4: JP-A-10-087358

Patent Document 5: JP-A-2001-130935

Patent Document 6: JP-A-2000-302505

Patent Document 7: JP-A-2000-302506

Patent Document 8: JP-A-2001-302323

Patent Document 9: JP-A-2002-080250

Patent Document 10: JP-A-2002-047048

Patent Document 11: JP-A-2004-035387

Patent Document 12: JP-A-2002-220270
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Patent Document 13: W02005/019131
Patent Document 14: JP-A-2001-270768
Patent Document 15: JP-A-2003-321263
Patent Document 16: JP-A-11-79818
Patent Document 17: JP-A-2001-270768

Patent Document 18: JP-A-2007-119263

DISCLOSURE OF THE INVENTION
OBJECT TO BE ACCOMPLISHED BY THE INVENTION

Under the above-described circumstances, it is an
object of the present invention to provide a quick-
setting admixture which is less influential to human body
as compared with a conventional basic quick-setting
admixture and which is excellent in performance of the
initial strength and is scarcely solidified at the

portion of a quick-setting admixture-adding tool.

MEANS TO ACCOMPLISH THE OBJECT

The present invention provides the following:
(1) A slurry quick-setting admixture which comprises
water and a powder quick-setting admixture comprising an
alkaline earth metal carbonate, a water-soluble acidic
substance, calcium aluminate and an alkali metal sulfate.
(2) The slurry quick-setting admixture according to
Claim 1, which further contains calcium sulfate.
(3) The slurry quick-setting admixture according to the

above (1) or (2), which further contains calcium



10

15

20

25

8

hydroxide and/or aluminum hydroxide.

(4) The slurry quick-setting admixture according to any
one of the above (1) to (3), which further contains a
retarder.

(5) A quick-setting cement concrete comprising the
slurry quick-setting admixture as defined in any one of
the above (1) to (4), and cement concrete.

(6) A spraying method which comprises mixing water and a
powder quick-setting admixture comprising an alkaline
earth metal carbonate, a water-soluble acidic substance,
calcium aluminate and an alkali metal sulfate, to form a
slurry quick-setting admixture, mixing this slurry quick-
setting admixture with cement concrete to form a quick-
setting cement concrete, and spraying this quick-setting
cement concrete.

(7) A spraying method which comprises joining and mixing,
in a slurrying nozzle, water transported in a water
supply line and a powder quick-setting admixture
transported in a powder quick-setting admixture supply
line and comprising an alkaline earth metal carbonate, a
water-soluble acidic substance, calcium aluminate and an
alkali metal sulfate, to form a slurry quick-setting
admixture, introducing this slurry quick-setting
admixture via a slurry quick-setting admixture inlet port
to a showering tube to mix it with cement concrete via
slurry quick-setting admixture-adding holes to form a

quick-setting cement concrete, and spraying this quick-
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(8) The spraying method according to the above (7),
wherein the showering tube has a double structure
composed of an outer tube and an inner tube, and the
inner tube has the slurry quick-setting admixture-adding
holes.

(9) The spraying method according to any one of the
above (6) to (8), wherein the powder quick-setting
admixture contains calcium sulfate.

(10) The spraying method according to any one of the
above (6) to (9), wherein the powder quick-setting
admixture contains calcium hydroxide and/or aluminum
hydroxide.

(11) The spraying method according to any one of the
above (6) to (10), wherein the powder gquick-setting
admixture contains a retarder.

(12) A quick-setting admixture for spraying which
comprises a liquid quick-setting admixture, and a powder
admixture comprising a blowing agent and calcium
aluminate.

(13) The quick-setting admixture for spraying according
to the above (12), wherein the blowing agent is an
alkaline earth metal carbonate.

(14) The quick-setting admixture for spraying according
to the above (12) or (13), wherein the powder admixture
further contains calcium sulfate.

(15) The quick-setting admixture for spraying according
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to any one of the above (12) to (14), wherein the powder
admixture further contains an alkali metal sulfate.
(16) The quick-setting admixture for spraying according
to any one of the above (12) to (15), wherein the liquid
quick-setting admixture further contains an alkali metal
element.
(17) The quick-setting admixture for spraying according
to any one of the above (12) to (16), wherein the liquid
quick-setting admixture contains a compound having a
fluorine element.
(18) The quick-setting admixture for spraying according
to any one of the above (12) to (17), which comprises, in
100 parts of the powder admixture, from 2 to 30 parts of
an alkaline earth metal carbonate, from 30 to 70 parts of
calcium aluminate, from 2 to 50 parts of an alkali metal
sulfate and from 5 to 40 parts of calcium sulfate.
(19) The quick-setting admixture for spraying according
to any one of the above (12) to (18), wherein the ratio
of the liquid quick-setting admixture to the powder
admixture is from 95:5 to 30:70 by mass ratio.
(20) The guick-setting admixture for spraying according
to any one of the above (12) to (19), wherein the liquid
quick-gsetting admixture and the powder admixture are
mixed in a slurry form.
(21) The quick-setting admixture for spraying according
to any one of the above (12) to (20), which has a pH of

from 3 to 9 upon expiration of one minute after mixing
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the liquid quick-setting admixture and the powder
admixture.
(22) A spraying material which comprises cement, an
aggregate and the quick-setting admixture for spraying as
defined in any one of the above (12) to (21).
(23) The spraying material according to the above (22),
wherein the amount of the quick-setting admixture for
spraying comprising the liquid quick-setting admixture
and the powder admixture, is from 5 to 25 parts, per 100
parts of the cement.
(24) A spraying method which comprises using the spraying

material as defined in the above (22) or (23).

EFFECTS OF THE INVENTION

By adopting the quick-setting admixture for spraying,
the spraying material and the spraying method using it
according to the present invention, it is possible to
control solidification of the quick-setting admixture in
the quick-setting admixture-adding tool, and the effects
to impart a highly quick-setting property and durability

to cement concrete, can be obtained.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is an external view of a slurrying
nozzle/showering tube.

Fig. 2 is a cross-sectional view showing an internal

structure of the slurrying nozzle/showering tube.
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Fig. 3 is a cross-sectional view showing an internal

structure of the showering tube.

MEANINGS OF SYMBOLS

1l: Water or liquid quick-setting admixture supply
line

2: Powder quick-setting admixture or powder
admixture supply line

3: Slurrying nozzle

4: Slurry quick-setting admixture inlet

5: Showering tube

6: Slurry quick-setting admixture-adding holes

BEST MODE FOR CARRYING OUT THE INVENTION

Now, the present invention will be described in
detail. In the following description, percent (%) and
parts are based on mass unless otherwise specified.

The term “cement concrete” in the present invention
is a generic term for a cement paste, mortar and concrete.
Further, “parts” or “%” in the present invention is based
on mass unless otherwise specified.

The slurry quick-setting admixture of the present
invention comprises water and a powder quick-setting
admixture comprising an alkaline earth metal carbonate, a
water-soluble acidic substance, calcium aluminate and an
alkali metal sulfate. Further, it preferably comprises

an alkaline earth metal carbonate, a water-soluble acidic
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substance, calcium aluminate, an alkali metal sulfate,
calcium sulfate, calcium hydroxide and/or aluminum
hydroxide, an alkali metal carbonate, an aluminate and a
retarder.

Further, the powder admixture of the present
invention comprises a blowing agent and calcium aluminate.
Further, it preferably comprises an alkaline earth metal
carbonate, calcium aluminate, calcium sulfate and an
alkali metal sulfate. By using the powder qguick-setting
admixture in combination with the liquid quick-setting
admixture, it is possible to obtain the effect to prevent
solidification of the slurry in the quick-setting
admixture-adding tool.

The alkaline earth metal carbonate to be used in the
present invention, is used for the purpose of solving
golidification of the slurry in the quick-setting
admixture-adding tool. As such an alkaline earth metal
carbonate, calcium carbonate or magnesium carbonate is,
for example, preferred. By using the alkaline earth
metal carbonate in combination with a water-soluble
acidic substance, it is possible to prevent deposition of
a solidified product of slurry in the tool, since carbon
dioxide gas is generated to cause bubbling in the slurry
when a slurry quick-setting admixture is prepared by
mixing with water.

The alkaline earth metal carbonate has an effect to

readily adjust the slurry to a neutral region and to
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improve neutralization resistance of the spray cured
product. The alkaline earth metal carbonate exhibits
such effects when incorporated to the slurry quick-
setting admixture, and the effect is different from the
same substance preliminarily mixed to cement concrete.

The particle size or the particle size distribution
of the alkaline earth metal carbonate is not particularly
limited. The Blaine specific surface area value
(hereinafter referred to simply as the Blaine value) is
preferably from 500 to 10,000 cm?/g, more preferably from
1,000 to 5,000 cm?/g, from the viewpoint of the effect to
prevent solidification of the slurry. If the Blaine
value is less than 500 cm?/g, it will not be uniformly
dispersed in the powder quick-getting admixture, and the
prescribed effect may not sometimes be obtainable.

The alkaline earth metal carbonate is preferably
from 2 to 30 parts, more preferably from 5 to 20 parts,
most preferably from 7 to 15 parts, in 100 parts of the
powder quick-setting admixture. If the amount is less
than 2 pafts, an excellent effect to prevent
solidification of the slurry may not sometimes be
obtained, and if it exceeds 30 parts, an excellent quick-
setting property may not sometimes be obtained.

Further, the alkaline earth metal carbonate is
preferably from 2 to 50 parts, more preferably from 5 to
30 parts, most preferably from 8 to 30 parts, in 100

parts of the powder admixture. If the amount is less
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than 2 parts, an excellent effect to prevent
solidification of the slurry may not sometimes be
obtained, and if it exceeds 50 parts, an excellent quick-
setting property may not sometimes be obtained.

The water-soluble acidic substance to be used in the
present invention is a generic term for a substance
showing acidity when dissolved in water. Any substance
may be used so long as it 1s a substance which readily
dissolves in water to bring the pH of the slurry quick-
setting admixture comprising a powder quick-setting
admixture and water to an acidic region and to react with
an alkaline earth metal carbonate to generate carbon
dioxide gas bubbles. After such a slurry gquick-setting
admixture is mixed with cement concrete, the atmosphere
tends to be alkaline, whereby the bubble forming reaction
will be terminated, and the cured product will be free
from expansion or breakage by bubbled gas. The water-
soluble acidic substance may, for example, be a sulfate,
alum, a nitrate, a chloride, a phosphate or a hydroxylate.
Among them, aluminum sulfate is preferred as the sulfate,
and oxalic acid is preferred as the hydroxylate, since
they are excellent in providing the initial strength.
Among them, aluminum sulfate is most preferred.

The aluminum sulfate may be anhydrous or hydrated.
The above water-soluble acidic substances may be used
alone or 'in combination as a mixture of two or more of

them.
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With respect to the particle size or particle size
distribution of the water-soluble acidic substance, the
Blaine value is preferably at least 500 cm®’/g, more
preferably at least 1,000 cmz/g, whereby its solubility
is fast when mixed with water, and it quickly reacts with
the alkaline earth metal carbonate to form bubbles.

The amount of the water-soluble acidic substance is
preferably from 3 to 50 parts, more preferably from 5 to
40 parts, in 100 parts of the powder quick-setting
admixture. If the amount is outside this range, an
excellent performance to prevent solidification may not
sometimes be obtained.

Calcium aluminate to be used in the present
invention is a substance which is cured when contacted
with water and which is capable of increasing the
performance of the initial strength when mixed with
cement concrete. It is one obtainable by subjecting a
mixture of CaO material, Al,0O; material, etc., to thermal
treatment such as firing in a kiln or melting in an
electric furnace, followed by pulverization. When CaO is
abbreviated as C, and Al,0; is abbreviated as A, the
mixture may, for example, be C;A, Ci3A;, CiiA,°CaF,, CiAq
CaCl,, CA or CA,. They may be used alone or in
combination as a mixture of two or more of them. (Here,
CaF, 1s calcium fluoride, and CaCl, is calcium chloride.)

Further, calcium aluminosilicate may also be used,

wherein alkali metals such as Na, K and Li are solid-
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solubilized in an amount of from 0.05 to 10% as
calculated as R;0 (wherein R is an alkali metal element)
(e.g. 8Ca0*Na,0°3A1,03), or Si0; is contained in an amount
of less than 30%.

Further, the calcium aluminate to be used in the
present invention may further contain one or more of
ferrous oxide, ferric oxide, manganese oxide, magnesia,
phosphoric acid and an alkali in an amount of less than
30%.

The calcium aluminate may be amorphous or
crystalline, or a mixture thereof. However, it
preferably contains at least 80%, more preferably at
least 90%, of amorphous one, whereby the quick-setting
property is excellent.

The molar ratio of CaO/Al,0; in the calcium aluminate
is not particularly limited, but it is preferably within
a range of from 1.5 to 3.0, more preferably from 1.7 to
2.3. Outside this range, an excellent quick-setting
property may not sometimes be obtained.

The particle size or particle size distribution of
the calcium aluminate is not particularly limited, but
the Blaine value is preferably at least 3,000 cm?/g, more
preferably at least 5,000 cm®/g, from the viewpoint of
the development of the initial strength. If the Blaine
value is less than 3,000 cm®’/g, an excellent quick-
setting property may not sometimes be obtained.

The calcium aluminate is preferably from 20 to 70
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parts, more preferably from 35 to 60 parts, in 100 parts
of the power quick-setting admixture. Outside this range,
an excellent quick-setting property may not sometimes be
obtained. Further, the calcium aluminate is preferably
from 30 to 70 parts, more preferably from 40 to 60 parts,
in 100 parts of the powder admixture. Outside this range,
an excellent quick-setting property may not sometimes be
obtained.

The alkali metal sulfate to be used in the present
invention is used for the purpose of improving the quick-
setting property or development of the strength and is a
suitable substance to be used in a composition wherein an
acidic substance and a blowing agent are used in
combination, and it 1is different in effects from an
alkali metal-containing substance which has been used in
a conventional quick-setting admixture and which shows
alkalinity when dissolved in water. The alkali metal may,
for example, be an alkali metal element such as lithium,
sodium or potassium.

With respect to the particle size or particle size
distribution of the alkali metal sulfate, the Blaine
value is preferably at least 500 cm®’/g, more preferably
at least 1,000 cm®/g, from the viewpoint of development
of the initial strength. If the Blaine value is less
than 500 cm®’/g, an excellent quick-setting property may
not sometimes be obtained.

The alkali metal sulfate is preferably within a
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range of from 2 to 30 parts, more preferably from 5 to 20
parts, in 100 parts of the powder quick-setting admixture.
Outside this range, an excellent quick-setting property
may not sometimes be obtained. Further, the alkali metal
sulfate is preferably within a range of from 2 to 50
parts, more preferably from 5 to 30 parts, in 100 parts
of the powder admixture. Outside this range, an
excellent quick-setting property may not sometimes be
obtained.

As elements to be contained, the liquid quick-
setting admixture of the present invention contains in
addition to aluminum and sulfur, if necessary, one or
more elements such as fluorine and an alkali metal.

A raw material to supply the aluminum element of the
present invention is not particularly limited, and may,
for example, be a compound such as amorphous or
crystalline aluminum hydroxide, an aluminum sulfate, an
aluminate, other inorganic aluminum compounds, an organic
aluminum compound or an aluminum complex. Among these
compounds, one or more may be used. In the present
invention, it is preferred to use an aluminum sulfate
which will also be a raw material to supply sulfur
element.

The raw material to supply the sulfur element of the
present invention is not particularly limited. It may,
for example, be elemental sulfur such as sulfur or

sublimed sulfur, a sulfide, sulfuric acid or a sulfate,
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sulfurous acid or a sulfite, thiosulfuric acid or a
thiosulfate, or an organic sulfur compound. Among them,
one or more may be used. Particularly preferred is
sulfuric acid or a sulfate, since the solubility in water
is high, the production cost is low, and the quick-
setting property is excellent. Among sulfates, a
compound which is an alum and which contains an aluminum
element and an alkali metal element, is more preferred.

The raw material to supply the fluorine element of
the present invention is not particularly limited so long
as it is soluble or dispersible in a solvent or water.

It may, for example, be hydrofluoric acid, an organic
fluorinated compound, a fluorinated salt, silicon
fluoride or borofluoride. Among them, one or more may be
used. Particularly, hydrofluoric acid, a fluoride,
silicon fluoride or borofluoride is, for example,
preferred, since it is free from a danger such as
toxicity or explosion, the production cost is low, and
the quick-setting property is excellent.

The raw material to supply the alkali metal element
of the present invention is not particularly limited. It
may, for example, be a water-soluble compound containing
an alkali metal element such as lithium, sodium,
potassium, rubidium or cesium. Among them, one or more
may be used. As such a compound, it is possible to use
an oxide, a peroxide, a chloride, a hydroxide, a nitrate,

a nitrite, a phosphate, a silicate, an aluminate, a
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sulfate, a thiosulfate, a persulfate, a sulfide, a
carbonate, a hydrogencarbonate, an oxalate, a borate, a
fluoride, a silicate, silicon fluoride, alum or a metal
alkoxide, of an alkali metal element. Among them, one or
more may be used.

Further, in order to improve the performance of the
liquid quick-setting admixture, it is possible to use an
alkanolamine. Further, in order to stabilize the
performance of the liquid quick-setting admixture for a
long period, it is possible to use an organic acid such
as an oxycarboxylic acid.

A method for mixing a raw material to supply an
aluminum element, a raw material to supply a sulfur
element, a raw material to supply a fluorine element and
a raw material to supply an alkali metal element, an
alkanolamine raw material and an oxycarboxylic acid raw
material, is not particularly limited.

The contents of the aluminum element, the sulfur
element, the fluorine element, the alkali metal element,
the alkanolamine and the oxycarboxylic acid in the liquid
quick-setting admixture are not particularly limited.
Per 100 parts of the sulfur element as calculated as SO0,,
it is preferred to contain from 25 to 110 parts of the
aluminum element as calculated as Al,0;, from 2 to 50
parts of the fluorine element, and from 2 to 50 parts of
the alkali metal element as calculated as R,0O (wherein R

is an alkali metal element), and it is more preferred to
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contain from 30 to 70 parts of the aluminum element as
calculated as Al,0;, from 5 to 30 parts of the fluorine
element, and from 5 to 30 parts of the alkali metal
element as calculated as R;0. The reason for defining
the upper limits of the contents is that the viscosity of
the liquid tends to be high, or the long term stability
tends to be poor.

In a case where a raw material containing an alkali
metal element is used for the liquid quick-setting
admixture, the content of the alkali metal element in 100
parts of the liquid quick-setting admixture preferably
exceeds 1% as calculated as R;0 (wherein R is an alkali
metal element), more preferably at least 2%. The upper
limit of the content of the alkali metal element is at
most 5%.

From such a nature that various types of materials
are used in combination, the liquid quick-setting
admixture of the present invention may use those other
than the elements and components contained in the liquid
quick-setting admixture of the present invention, within
a range not to substantially deteriorate the effects of
the present invention.

Further, it is also possible to use a known water-
soluble hydration accelerator in combination with the
ligquid quick-setting admixture of the present invention.

The concentration of the solid content in the liquid

quick-setting admixture is preferably from 20 to 60%,



10

15

20

25

23
more preferably from 25 to 50%. If it is less than 20%,
an excellent quick-setting property may not sometimes be
obtained, and if it exceeds 60%, the viscosity of the
liquid tends to be high, and the pneumatic transportation
by a pump may sometimes tend to be poor.

The liquid quick-setting admixture of the present
invention is preferably acidic, and its pH is preferably
from 1 to 5, more preferably from 2 to 4.

The form of the liquid quick-setting admixture of
the present invention is liquid and includes one in the
form of a suspension. The size of the suspended
particles in the suspension is not particularly limited,
but it is preferably at most 5 pm, more preferably at
most 3 pm, from the dispersibility of the suspended
particles.

For the powder quick-setting admixture or powder
admixture, it is possible to use, in addition to the
materials used for the above-mentioned liquid quick-
setting admixture, calcium sulfate, calcium hydroxide
and/or aluminum hydroxide, an alkali metal carbonate, an
aluminate, a retarder, etc.

The calcium sulfate to be used in the present
invention, is used for the purpose of improving
development of the strength of the cured product. The
calcium sulfate may, for example, be anhydrite, gypsum
hemihydrate or gypsum dihydrate. Among them, one or more

may be used.
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The form of crystal of the calcium sulfate is not
particularly limited, and an o-type gypsum hemihydrate, a
B-type gypsum hemihydrate, a I-type anhydrite, a II-type
anhydrite or a III-type anhydrite may, for example, be
used.

Further, the above calcium sulfate includes
naturally produced one, or stack gas desulfurization
gypsum or fluorogypsum obtained as an industrial
byproduct. The particle size of the calcium sulfate is
preferably at least 2,000 cmz/g, more preferably at least
3,000 cm’/g, by Blaine value, from the viewpoint of
development of the strength. The calcium sulfate is
preferably from 4 to 50 parts, more preferably from 8 to
30 parts, in 100 parts of the powder quick-setting
admixture. Outside this range, an excellent quick-
setting property may not sometimes be obtained. Further,
the calcium sulfate is preferably from 5 to 40 parts,
more preferably from 10 to 30 parts, in 100 parts of the
powder admixture. Outside this range, an excellent
quick-setting property may not sometimes be obtained.

In order to improve the quick-setting property or
the adhesion to the ground at the time of spraying,
calcium hydroxide and/or aluminum hydroxide may be
incorporated.

The calcium hydroxide includes quicklime or slaked
lime to be formed when carbide is hydrated. The reason

is such that water is used for cement concrete, and
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therefore, it is possible to use quicklime or the like
which forms calcium hydroxide in a large amount by a
reaction with water, or to use it in combination with
calcium hydroxide.

The form of crystal of calcium hydroxide is not
particularly limited.

Aluminum hydroxide is a substance represented by a
chemical formula of e.g. A1(OH); or AlO(OH) *nH,O0. The
aluminum hydroxide includes crystalline or amorphous one,
and either one may be used. However, it is preferred to
use amorphous aluminum hydroxide.

The powder of calcium hydroxide or aluminum
hydroxide is not particularly limited, but the Blaine
value is preferably at least 4,000 cmz/g, more preferably
at least 8,000 cm®?/g. If the Blaine value is less than
4,000 cmz/g, an excellent adhesion to the ground at the
time of spraying may not sometimes be obtained.

The calcium hydroxide and/or aluminum hydroxide is
preferably from 2 to 30 parts, more preferably from 3 to
20 parts, in 100 parts of the powder gquick-setting
admixture. If the amount is less than 2 parts, no
adequate adhesion to the ground at the time of spraying
may be obtained, and if it exceeds 30 parts, the quick-
setting property or development of a long term strength
tends to be impaired. Further, the calcium hydroxide
and/or aluminum hydroxide is preferably from 2 to 30

parts, more preferably from 3 to 20 parts, in 100 parts
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of the powder admixture. If the amount is less than 2
parts, an excellent adhesion to the ground at the time of
spraying may not sometimes be obtained, and if it exceeds
30 parts, development of a long term strength may
sometimes be impaired.

In the present invention, in the powder quickF'
setting admixture or the powder admixture, an alkali
substance such as an alkali metal carbonate or an
aluminate may be contained.

The retarder may, for example, be an oxycarboxylic
acid such as citric acid, tartaric acid, malic acid or
gluconic acid, or an alkali metal salt such as a sodium
or potassium salt of such an oxycarboxylic acid. They
may be used alone or in combination as a mixture of two
or more of them. Among them, from the viewpoint of
development of the strength, an oxycarboxylic acid and/or
an alkali metal salt of an oxycarboxylic acid is
preferred, and citric acid and/or an alkali metal salt of
citric acid is more preferred.

The amount of the retarder is preferably from 0.05
to 5 parts, more preferably from 0.1 to 2 parts, per 100
parts of the powder quick-setting admixture or the powder
admixture. Outside this range, the quick-setting
property or the adhesion to the ground at the time of
spraying may not sometimes be obtained.

Now, a method for using the slurry quick-setting

admixture of the present invention will be described.



10

15

20

25

27

It is preferred to mix water and the powder quick-
setting admixture to obtain a slurry quick-setting
admixture immediately before addition of cement concrete,
with a view to improvement of the mixing property with
the cement concrete.

In the present invention, in order to adjust the
setting time, a retarder may be incorporated. In a case
where the amount of slurrying water to be mixed for the
slurry quick-setting admixture is small, for example, in
a case where the proportions of the slurrying water and
the powder quick-setting admixture are such that the mass
ratio of water and the powder quick-setting admixture is
from 30:70 to 40:60, if a retarder is incorporated, the
quick-setting property will be improved. The proportions
of water and the powder quick-setting admixture are
preferably from 40:60 to 60:40, more preferably from
45:55 to 55:45, by mass ratio. Outside this range, an
excellent quick-setting property or development of the
strength may not sometimes be obtained.

The amount of the slurry quick-setting admixture
comprising water and the powder quick-setting admixture
is preferably from 4 to 20 parts, more preferably from 6
to 12 parts, as calculated as the solid content, per 100
parts of cement concrete. If the amount is less than 4
parts, an excellent quick-setting property may not
sometimes be obtained, and if it exceeds 20 parts, no

further improvement in the quick-setting property will be
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obtained, and the amount of use becomes large, such being
economically undesirable.

Now, a method for using a quick-setting admixture
for spraying of the present invention will be described.

The quick-setting admixture for spraying of the
present invention is one obtained by mixing the liquid
quick-setting admixture and a powder admixture comprising
a blowing agent and calcium aluminate.

The proportions of the liquid quick-setting
admixture and the powder admixture of the present
invention are not particularly limited, but they are
preferably from 95:5 to 30:70, more preferably from 90:10
to 50:50, by mass ratio. Outside this range, an
excellent quick-setting property or development of
strength may not sometimes be obtained. In the present
invention, the amount of the liquid quick-setting
admixture means the amount as the liquid.

In the present invention, it is preferred to mix the
liguid quick-setting admixture and the powder admixture
to obtain a slurry immediately before addition to cement
concrete, with a view to improvement of the mixing
property with the cement concrete.

For example, in a case where the ligquid quick-
setting admixture is added alone to cement concrete, the
neutralization resistance of the cured product may
sometimes be deteriorated. With a spray cured product

obtained by using a quick-setting admixture for spraying
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slurried by mixing the liquid quick-setting admixture and
the powder admixture as in the present invention, the
resistance against neutralization will be improved over
the neutralization resistance in a case where only the
liquid quick-setting admixture is used.

This is considered to be attributable to the fact
that the pH of slurry is readily adjusted to a neutral
region by the blowing agent such as a carbonate contained
in the powder admixture. With a view to improvement of
the resistance against neutralization, it is preferred to
mix the liquid quick-setting admixture and the powder
admixture to bring the pH upon expiration of one minute
from the mixing to a level of from 3 to 9, more
preferably from 4 to 6.

Accordingly, use of the powder admixture containing
a blowing agent, and the liquid quick-setting admixture
in combination, is not only effective for preventing
solidification of the slurry in the quick-setting
admixture-adding tool, but also effective for improvement
in the spray cured product.

The amount of the quick-setting admixture for
spraying comprising the liquid quick-setting admixture
and the powder admixture of the present invention is not
particularly limited, but it is preferably from 5 to 25
parts, more preferably from 8 to 15 parts, per 100 parts
of cement. If the amount is less than 5 parts, the

quick-setting property may not sometimes be obtained, and
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if it exceeds 25 parts, no further improvement in the
quick-setting property will be obtained, and the amount
tends to be large, such being economically undesirable.

As the tool for adding the quick-setting admixture
for spraying, any tool may be used so long as the
spraying performance will not substantially be
deteriorated in a case where the quick-setting admixture
is added to cement concrete. For example, Y-tube or an
inlet piece (hereinafter referred to also as a showering
tube) may, for example, be used. However, it is
preferred to use a showering tube, since the mixing
property with cement concrete will thereby be excellent,
and spraying will be possible with small compression air
amount. It is particularly preferred to use a tool (a
slurrying nozzle) to mix water or a liquid quick-setting
admixture with a powder quick-setting admixture or a
powder admixture to form a slurry prior to introduction
to the showering tube.

As the slurrying nozzle/showering tube to be used in
the present invention, one shown in Figs. 1 to 3 may, for
example, be used. A water or liquid quick-setting
admixture supply line 1 and a powder quick-setting
admixture or powder admixture supply line 2 are joined at
a slurrying nozzle 3, where the supplied raw materials
are mixed and slurried. Further, the slurried quick-
setting admixture is introduced into a showering tube 5

by a slurry quick-setting admixture inlet 4 and added to
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cement concrete via a slurry quick-setting admixture-
adding holes 6.

Compressed air to be use for spraying will be
supplied from the water or liquid quick-setting
admixture-supply line 1 or from the powder quick-setting
admixture or powder admixture supply line 2. The amount
of the compressed air to be used for spraying is
preferably from 2 m’/min to 10 m?’/min, more preferably
from 3 m®/min to 7 m*/min.

The showering tube 5 to be used in the present
invention may, for example, have a double structure
comprising an outer tube and an inner tube. The diameter
of the inner tube in which cement concrete is
pneumatically transported, is usually from about 1.0 to
3.5 inches, preferably from 2.5 to 3.2 inches, and the
inner tube has at least two slurry quick-setting
admixture-adding holes 6.

The number of slurry quick-setting admixture-adding
holes 6 of the inner tube is preferably from 2 to 15,
more preferably from 4 to 10. If the slurry quick-
setting admixture-adding hole 6 is only one, uniform
mixing of cement concrete with the slurry quick-setting
admixture may not be obtained, and an excellent adhesion
or dust-reducing property may not sometimes be obtained.
If the number of such holes is 16 or more, the slurry
guick-setting admixtufe—adding holes 6 may sometimes be

clogged.
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Further, the length of the showering tube 5 is not
particularly limited, but it is usually from about 5 to
50 cm, preferably from 20 to 40 m. Other dimensions, etc.
are not particularly limited.

The material of the showering tube 5 is not
particularly limited, but one made of metal, resin or
plastic may be used, or a combination of these materials
may also be used.

The shape of the slurry quick-setting admixture-
adding holes 6 to be used in the present invention is not
particularly limited. Further, it is also preferred to
provide them to be perpendicular to the flow of cement
concrete or to have an angle towards the outlet of the
cement concrete.

The total area of the slurry quick-setting
admixture-adding holes 6 is not particularly limited, but
it is preferably from 2 to 30 cm?, more preferably from 4
to 20 cm®. If it is less than 2 cm?, the slurry quick-
setting admixture-adding holes 6 may sometimes be clogged,
and if it exceeds 30 cm?, uniform mixing of cement
concrete with the slurry quick-setting admixture tends to
be difficult, and an excellent adhesion or dust-reducing
performance may not sometimes be obtained.

The water or ligquid quick-setting admixture for
slurrying of the present invention is heated within a
range of from 20°C to 90°C, preferably from 10°C to 50°C,

more preferably from 15°C to 45°C and then mixed with a
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powder quick-setting admixture or powder admixture,
whereby the quick-setting property can be improved.

In a case where the slurry quick-setting admixture
of the present invention is to be mixed with cement
concrete, it is preferred to carry out the mixing
immediately before spraying the slurry quick-setting
admixture. Specifically, the slurry quick-setting
admixture is added to pneumatically transported cement
concrete to obtain a quick-setting cement concrete. The
time until the quick-setting cement concrete is
discharged, is adjusted to be preferably within 5 seconds,
more preferably within 2 seconds.

The cement to be used in the present invention is
not particularly limited. For example, any one of
various types of portland cements such as early-strength,
ultrahigh-early-strength, moderate-heat and low-heat
cement, and various mixed cements having blast-furnace
slag, fly ash or limestone powder mixed to such portland
cements, may be used. In the mixed cements, the
proportions of such an additive and cement are not
particularly limited. Even one having an additive mixed
beyond the value stipulated in JIS may be used.

The amount of cement is not particularly limited,
but it is preferably at least 350 kg/m’, more preferably
at least 400 kg/m’, whereby development of the strength
will be excellent.

The percentage of W/C (water/cement ratio) of cement
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concrete is preferably from 40 to 70%, more preferably
from 45 to 60%.

In the present invention, in addition to the above-
mentioned various materials and an aggregate such as sand
or gravel, a water-reducing agent, fiber, etc. may be
used in combination.

The water-reducing agent may be any known water-
reducing agent of ligninsulfonic acid type,
naphthalenesulfonic acid type or polycarboxylic acid type.
The amount of the water-reducing agent is preferably from
0.2 to 2.0%, more preferably from 0.5 to 1.5%, based on
the amount of cement.

The spraying method to a slope or tunnel according
to the present invention may be any spraying method of
dry or wet system, which is commonly employed. It is
particularly preferred to employ a wet spraying method,

whereby the amount of dust to be formed is little.

EXAMPLES

Now, the present invention will be described in
further detail with reference to Examples, but it should
be understood that the present invention is by no means
restricted thereto.

Further, Examples were all carried out at room
temperature (20°C) unless otherwise specified.
EXAMPLE 1

Water for slurrying and a powder quick-setting
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admixture comprising an alkaline earth metal carbonate, a
water-soluble acidic substance, calcium aluminate,
calcium sulfate, an alkali metal sulfate and calcium
hydroxide in the amounts as shown in Table 1, were joined
and mixed in a mass ratio of 50:50. The powder quick-
setting admixture was transported in a pneumatic
transportation amount of 5 kg/min together with air in an
amount of 4 m?/min by means of a pneumatic transportation
hose of 1 inch (2.54 cm). On the other hand, the water
for slurrying was pumped at a rate of 5 kg/min. The two
were joined and mixed at the slurrying nozzle (the one
shown in Figs. 1 and 2) and introduced in the form of a
slurry to the showering tube (the one shown in Figs. 1 to
3, hole size: diameter of 8 mm x 6 holes, inner diameter
of 3 inch (7.62 cm) x length of 30 cm, material: steel).
This state was maintained for a predetermined time, and
the showering tube was disassembled, and the internal
gsituation was confirmed. Further, for the purpose of
comparison, a case wherein no alkaline earth metal
carbonate was used, was tested as a Comparative Example.
The results are shown in Table 1.
PHYSICAL PROPERTIES OF MATERIALS USED

Alkaline earth metal carbonate: Calcium carbonate,
pulverized product of natural ore, Blaine value: 3,000
cm®/g

Water-soluble acidic substance (A): Aluminum sulfate

octahydrate, Blaine value: 1,000 cmz/g, commercial
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product

Water-soluble acidic substance (B): Oxalic acid
dihydrate, Blaine value: 500 cm®’/g, commercial product

Calcium aluminate: Amorphous, CaO 50%-Al1,0; 45%-SiO,
5%, Ca0O/Al,0; molar ratio: 2.0, vitrification ratio: 98%,
Blaine value: 6,000 cm?/g

Calcium sulfate: Natural anhydrite, Blaine value:
4,000 cm®’/g, commercial product

Alkali metal sulfate: Sodium sulfate, Blaine value:
2,000 cm’/g, commercial product

Calcium hydroxide: Blaine value: 12,000 cm?/g,
commercial product

Water: Tap water
MEASURING METHODS

Blaine value: Measured in accordance with JIS R5201

Vitrification ratio: Measured by XRD (X-ray
diffraction)
METHOD FOR EVALUATION OF SLURRIED CONDITIONS

After the predetermined time shown in Table 1, the
showering tube was disassembled, and the slurried
condition was evaluated by the internal inspection. The
evaluation was carried out under the following standards.

©: No deposition of a solidified substance is
observed.

O: Deposition is partially observed, but all of six
slurry quick-setting admixture-adding holes are

penetrating, and no clogging is observed.



37
/A: Among six holes, at most two are clogged.

X : Among six holes, three or more are clogged.
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From Table 1, it is evident that when a blowing
agent was used, it was possible to obtain the effect for
preventing solidification of the slurry.
EXAMPLE 2

A mortar was prepared by using cement having a blend
ratio of cement/sand of 1/3 and W/C (water/cement ratio)
of 50%, and a water-reducing agent in an amount of C
(amount of cement)x1.0%. Relative to 100 parts of the
cement in this mortar, 10 parts, as calculated as a golid
content, of a slurry quick-setting admixture (one having
the powder quick-setting admixture shown in Table 2 and
the slurrying water mixed in a mass ratio of 50:50) was
mixed, and the mixture was packed into a framework. The
protector penetration resistance value was measured at a
test ambient temperature of 20°C. Further, for the
purpose of comparison, using 10 parts, as calculated as a
solid content, of a commercially available liquid quick-
setting admixture, the test was carried out in the same
manner (Test No. 2-1). The results are shown in Table 2.
MATERIALS USED

Cement: Ordinary portland cement, commercial
product, specific gravity: 3.16

Sand: River sand produced in Himekawa, Niigata
prefecture, specific gravity: 2.62

Water-reducing agent: Polycarboxylic acid type high
performance water-reducing agent, commercial product

Liquid quick-setting admixture: Water-soluble
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aluminum salt, pH 2.6, commercial product
Water: Tap water
MEASURING METHOD
Protector penetration resistance value: Measured in
accordance with JSCE D-102-1999 (measured at material

ages of 5 minutes and 15 minutes).



41

TXH 9'¢T | T CT - 0¥ 0" 7% 0°0L 0°2T 0°0T LT-C
TXH T°LC | 87491 - 0°9 0°9 0°09 0°8T 0°0T 9T-¢
TXH $°9C | T°%1 - 0°TT 0°'TT 0°S¢ 0"¢t¢g 0°0T ST-¢
JRC! 6°¢T | 2°CT - 0" %1 0°%T 0-02 0°¢¥ 0°0T ¥y1-¢
TXH S'%Z | #°8T1 - L9 L9 9°9¢ 0°0S 0°0T €T-¢
TXH 9°8C | 2791 - £ 8 £°8 et 0°07% 0°0T ZT-2
T XH 2°'9C | T°F%1 - 2°vT 2%l 9°9¢ 0°S 0°0T IT-2
" XH 7°ST | 8°0T - S°vT S°PT 0°8%9 0°¢ 0°0T 0T-¢
TXH T 9T 9°6 - 8°'L 8 L T°T¢ [ X 0°0¢ 6-¢
TXH 7'9C | T €T - 6°8 6°'8 9° 8¢ 9°9¢ 0-02 8-¢
TXH L LZ | 9°FT - S°6 S'6 L LE £°8¢ 0°ST L-T
TXH 9°8Z | €°91 - 0°'0T 0°0T 0°0% 0°0¢ 0°0T1 9-¢
‘XH 2'6C | T LT - €°0T £° 0T IV 0°1¢ 0°L S-¢
TXH 70 | 9°LT - 9°0T 9°0T T°2% L Tt 0°S v-¢
TXH £€°¢¢ | 9°8T - 6°01 6°0T S ed LTt 0°¢ €-¢
.QHWU g'0C | S°C1 - - - 7 = 9°8¢ 0°0T Z-¢
.mwwo T°S | €°¢ - - - - - - -2

() 23euoqIed

o3eJyINns soue3sqns

utw Ut | SpTXOIPAY Teg0u 93eJIns | ejeUTWNTE STpTOE Teasw

ST S untoTed ITeNTY wntoTes untoTed STqnTos mﬂaﬂwmmm
-I33eM ’ *ON
(uw/N) 3saL

anyTea
SS]Q0ON | °eoue3sTISaI SInjxiuwpe butijass
votser3ouUsd -3oTnb xepmod BuTaInN]TISUOD STETIS3RW MBI JO SOTIRY
I0309301d

¢ dTdY.L




42

butjiss-yoInb ptnbiT ®©

‘1-¢

"ON 3ssL url

("pesSn sem sInIiIXTWpPE
‘oanaxTwpe burizes-yotnb xopmod sya yo s3ixed
00T uT s3ixed jussaxdsaa aanixTwpe HBurjzlzes-yOTnb Iomod HBUTIN]ITISUOD STRTISJEW MBI JO SOTIEY)

"XH $°8T | S°CT 0°0¢ T°L 14 ¢ 8c 97 LT 0°0T Te-¢
"XH S°SC | 6°LT 0°o0¢ 28 2’8 0°'tce 9°0¢ 0°0T 0t-¢
‘Xd P'ce | 9°8T1 0°0T v'6 76 9°'LE 9°¢c 0°0T 62-C
‘XdH €T | 2°8T 0°S 0°0T 00T 0°0% 0°S¢ 0°0T 8C-¢
' Xd 70t | €°LT 0°¢€ 20T 2°0T 0TV 9°§¢ 0°0T LZT-2T
"XH T°%2 | € 9T 0°¢ 7 0T ¥ 0T VIV 8°GC 0°0T 9¢-¢
‘Xd S'8T | P'TT - 0°0¢ S L 0'0¢t s-cc 0°0T 9¢-2
"Xd 1°S2 | T°%1 - 0-oc 88 0"g9¢t ¢ 92 0°0T vc-2
"XH 1°8C | 8°9T1 - 0°Ss 9°0T S °CV 6°1¢ 0°0T £€C-¢C
"XH T°%2 | 97 €T - 0°¢ 0'TT O 47 0°¢g¢g 0°0T Ze-¢
"XH L6 £°9 - 0°9 0° 0§ 0°0c 0°ST 0°0T 1C-¢
‘XH v'gz | 2T°CT - S°L 0°0¢€ 0°0¢ s c¢c 0°01 0Z-¢
"XH T°LZ | 8°91 - £°0T 0°8 0TV L 0¢€ 0°0T 6T-C
"XH 2% | T'LT - 8°0T 0" ¥ 0" €¥ (AR A 0°0T 8T1-¢C

(Y) a3e'UOqILD

s3eJyIns souelsqns

utw UTW | 9P TIXOIPAY Tezem 23eJ NS | 8jeuTWNT®R STpTOE. Te3su

ST 9 untoTed TTENTY untoTen untoTes sTqnios mcaﬂwmmm
-I93eM ’ *ON
(uw/N) 1S9L

anTea
S©30N | °odoue3sIsax SInNIXTWpe BUT33as
woTaeI30usd -}otnb Jopmod BUTINITISUOD STETISJBW MBI JO SOT3ey
I0309301d

(PpSnut3juod) 7 HTIAVY.L




10

15

20

43

From Table 2, it is evident that excellent quick-
setting properties were obtained by using proper amounts
of an alkaline earth metal carbonate, a water-soluble
acidic substance, calcium aluminate, calcium sulfate, an
alkali metal sulfate and calcium hydroxide, etc. in the
powder quick-setting admixture.
EXAMPLE 3

A test was carried out in the same manner as in
Example 2 except that the mixing ratio of slurrying water
and the powder quick-setting admixture of Test No. 2-6 in
Example 2 was changed as shown in Table 3 to obtain a
slurry, and the slurry quick-setting admixture was added
in an amount of 10 parts as calculated as a solid content
per 100 parts of the cement. In Test No. 3-2, the mass
ratio of slurry water/powder quick-setting admixture was
the same as in Test No. 3-1, but a retarder was further
used in an ambunt of 0.6 part per 100 parts of the powder
quick-setting admixture. The results are shown in Table
3.
MATERIAL USED

Retarder: Sodium citrate, commercial product
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TABLE 3
Protector penetration
Mixing ratio resistance value
(N/mm?)
Test No. Powder
Slurrying qulck— 5 min 15 min
water setting
admixture
3-1 35 65 9.7 14.3
3-2 35 65 17.3 27.3
3-3 40 60 13.4 24 .4
3-4 45 55 18.2 30.3
2-6 50 50 16.2 28.6
3-5 55 45 15.0 25.3
3-6 60 40 12.6 22.1
3-7 65 35 5.7 18.7

(In Test No. 3-2, 0.6 part of the retarder was further
used per 100 parts of the powder quick-setting
admixture.)

(The mixing ratio represents a mass ratio.)

From Table 3, it is evident that excellent guick-
setting properties can be obtained by adjusting the ratio
of slurrying water and the powder quick-setting. admixture
to be proper by mass ratio. In Test No. 3-1, the amount
of slurry water mixed was small, whereby slurrying was
not adequate, and the quick-setting property was low, but
it is evident that the quick-setting property was
improved in Test No. 3-2 wherein the retarder was used in
combination.

EXAMPLE 4

A test was carried out in the same manner as in
Example 2 except that evaluation was carried out by
mixing slurrying water and the powder quick-setting
admixture of Test No. 2-6 in Example 2 in a mass ratio of

50:50, and the slurry quick-setting admixture was used in
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an amount shown in Table 4 as calculated as a solid
content per 100 parts of the cement. In Test No. 4-2,
the mass ratio of the slurrying water/powder quick-
setting admixture was the same as in Test No. 4-1, but
0.6 part of the retarder was further used per 100 parts
of the powder quick-setting admixture. The results are
shown in Table 4.
MEASURING METHOD

Compression strength: Strength after 1 hour was
measured in accordance with JIS R5201-2002. Further, the
strength after 28 days was measured in accordance with

JIS R5201-2002 by aging in water at 20°C.

TABLE 4
Protector
Amount penetration Compression
Test No. resistance value strength (N/mm?)
used 5
(N/mm*)
5 min 15 min 1 hr 28 days
4-1 4 10.9 14.2 0.3 43 .5
4-2 6 14 .4 25.1 0.7 42 .4
2-6 10 16.2 28.6 1.2 40.5
4-3 12 23.5 38.5 1.5 38.3
4-4 20 33.1 45.6 2.1 36.2
3-1 10 9.7 14.3 0.5 35.0
3-2 10 17.3 27.3 0.3 40.5

(The amount used is the amount of the slurry quick-
setting admixture used and represents parts (calculated
as a solid content) per 100 parts of the cement. In Test
No. 4-2, 0.6 part of the retarder was further used per
100 parts of the powder quick-setting admixture.)

From Table 4, it is evident that excellent quick-
setting properties were obtained by adding the quick-

setting admixture. In Test No. 3-1, the amount of
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slurrying water mixed was small, whereby slurrying was
inadequate, and the quick-setting property or development
of the long term strength was low, but it is evident that
the quick-setting property and the development of the
long term strength were improved in Test No. 3-2 wherein
the retarder was used in combination.

From the foregoing Examples, the following was found.
By using the powder quick-setting admixture comprising an
alkaline earth metal carbonate, a water-soluble acidic
substance, calcium aluminate and an alkali substance,
which forms bubbles in the acidic atmosphere of the
present invention, it was possible to prevent
solidification in a showering tube and to obtain a quick-
setting property higher than the conventional quick-
setting admixture.
EXAMPLE 5

A powder admixture comprising 50 parts of calcium
aluminate, 20 parts of an alkali metal sulfate, 20 parts
of calcium sulfate and 10 parts of an alkaline earth
metal carbonate, and the liquid quick-setting admixture
shown in Table 1, were joined and mixed in a mass ratio
of 2:1. The powder admixture was transported at a rate
of 3 kg/min together with air in a pneumatic
transportation amount of 4 m’/min by means of a pneumatic
transportation hose of 1 inch, while the liquid quick-
setting admixture was pumped at a rate of 6 kg/min. The

two were joined and mixed at a slurrying nozzle (one
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shown in Figs. 1 and 2). Then, the mixture was, in the
slurry form, introduced to the showering tube (the one
shown in Figs. 1 to 3, hole size: 8 mm in diameter x 6
holes, inner diameter of 3 inch x length of 30 cm,
material: steel). For a predetermined time, this state
was maintained, and then the showeriﬁg tube was
disassembled, and the internal situation was confirmed.
Further, for the purpose of comparison, a case wherein no
alkaline earth metal carbonate was used, and a case
wherein calcium hydroxide was used, were tested as
Comparative Examples. The results are shown in Table 5.
MATERIALS USED

Calcium aluminate: Amorphous composition of 12CaO:
721,05, Blaine value: 6,000 cm?/g.

Alkali metal sulfate: Sodium sulfate, Blaine wvalue:
at least 1,000 cm’/g, commercial product

Calcium sulfate: Natural anhydrite, Blaine wvalue:
4,000 cm?/g, commercial product

Alkaline earth metal carbonate: Calcium carbonate,
Blaine value: 3,000 cm?/g, commercial product

Calcium hydroxide: Blaine value: 12,000 cmz/g,
commercial product

Liquid quick-setting admixture(E1l): Al,0;: 8.0%, SO;:
18.8%, Na,O: 0%, pH 2.3, aluminum sulfate solution, solid
content concentration: 26.8%, commercial product.
Aluminum is contained in an amount of 42.6 parts as

calculated as Al,0; per 100 parts of sulfur as calculated
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as S0;.

Liquid quick-setting admixture (E2): Al,O0;: 8.0%,
SO5;: 18.8%, Na,O0: 3.0%, pH 2.9, an aluminum sulfate
solution, wherein powder aluminum sulfate and sodium
carbonate were mixed in predetermined amounts and
dissolved at 80°C. Solid content concentration: 26.8%,
the aluminum element is contained in an amount of 42.6
parts as calculated as Al,0; per 100 parts of the sulfur
element as calculated as S0;, and the alkali metal
element is contained in an amount of 16 parts as
calculated as R;O0 (wherein R is an alkali metal element).

Liquid quick-setting admixture (E3): Al,0;: 8.0%,
S0O;: 18.8%, Na,0: 3.0%, F: 3.0%, pH 2.7, an aluminum
sulfate solution wherein powder aluminum sulfate, sodium
carbonate and hydrofluoric acid were mixed in
predetermined amounts and dissolved at 80°C. Solid
content concentration: 26.8%, comprising 42.6 parts as
calculated as Al.;0; of the aluminum element, 16 parts of
fluorine, and 16 parts as calculated as R;O (wherein R is
an alkali metal elément) of the alkali metal element, per
100 parts of the sulfur element as calculated as SO;.
MEASURING METHODS

pH: Measured by using a pH meter (manufactured by
HORIBA, Ltd.)

Blaine value: Measured in accordance with JIS R5201
METHOD FOR EVALUATION OF SLURRIED CONDITIONS

After the predetermine time shown in Table 1, the
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showering tube was disassembled, and the slurried
condition was inspected by the internal observation. The
evaluation was carried out under the following standards.
©: No deposition of a solidified substance is
observed.

O: Deposition is partially observed, but all of six
slurry quick-setting admixture-adding holes are
penetrating, and no clogging is observed.

/A : Among six holes, at most two are clogged.

X: Among six holes, three or more are clogged.
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From Table 5, it is evident that when the alkaline
earth metal carbonate was used, the effect to prevent
solidification of the slurry was obtained.

EXAMPLE 6

A mortar was prepared by using cement having a blend
ratio of cement/sand of 1/3 and W/C (water/cement ratio)
of 50%, and a water-reducing agent in an amount of C
(amount of cement)x1.0%. Relative to 100 parts of the
cement in this mortar, 12 parts of a slurried quick-
setting admixture for spraying (one having the powder
quick-setting admixture and the liquid quick-setting
admixture shown in Table 6, mixed in a mass ratio of 2:1)
was mixed, and the mixture was packed into a framework.
The protector penetration resistance value was measured
at a test ambient temperature of 20°C. The results are
shown in Table 6.

MATERIALS USED

Cement: Ordinary portland cement, commercial
product, specific gravity: 3.16

Sand: River sand produced in Himekawa, Niigata
prefecture, specific gravity: 2.62

Water-reducing agent: Polycarboxylic acid type high
performance water-reducing agent, commercial product

Water: Tap water
MEASURING METHOD

Protector penetration resistance value: Measured in

accordance with JSCE D-102-1999 (measured at material
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ages of 5 minutes and 15 minutes).

TABLE 6
Protector
penetra-
. . Ratios of raw materials constituting | tion
Liquid . . , .
; powder quick-setting admixture resist-
quick-
Test settin ance value
No. -+hg (N/mm?)
admix- ;
ture Alkaline Alkali
earth Calcium Calcium |5 15
) metal . ,
metal aluminate sulfate |min min
sulfate
carbonate
6-1 (E3) 1.0 55.0 22.0 22.0 22.7 | 35.6
6-2 (E3) 2.0 54 .4 21.8 21.8 21.2 | 33.4
6-3 (E3) 5.0 52.8 21.1 21.1 19.5 | 31.2
5-3 (E3) 10.0 50.0 20.0 20.0 18.3 [ 30.5
6-4 (E1) 10.0 50.0 20.0 20.0 S.4 15.3
6-5 (E2) 10.0 50.0 20.0 20.0 14.4 | 23.4
6-6 (E3) 30.0 38.8 15.6 15.6 15.2 | 27.6
6-7 (E3) 50.0 27.8 11.1 11.1 13.4 | 24.6
6-8 (E3) 60.0 22.2 8.9 8.9 11.6 { 16.4
6-9 (E3) 14.0 30.0 28.0 28.0 14.3 | 25.5
6-10 (E3) 12.0 40.0 24.0 24.0 16.3 | 28.2
6-11 (E3) 8.0 60.0 16.0 16.0 23.4 [ 37.2
6-12 (E3) 6.0 70.0 12.0 12.0 28.5 | 36.5
6-13 (E3) 12.3 61.2 2.0 24 .5 1.7 | 32.2
6-14 (E3) 11.8 56.3 5.0 23.8 21.2 | 34.4
6-15 (E3) 8.8 43 .7 30.0 17.5 17.2 | 30.3
6-16 (E3) 6.3 31.2 50.0 12.5 14.0 | 26.2
6-17 (E3) 11.9 59.3 23.8 5.0 24 .4 [ 33.2
6-18 (E3) 11.3 56.2 22.5 10.0 23.2 | 34.8
6-19 (E3) 8.8 43 .7 17.5 30.0 21.2 1 29.1
6-20 (E3) 7.5 37.5 15.0 40.0 15.4 | 26.1
6-21 (E3) 9.0 45.0 18.0 18.0 21.4 | 34.4

10

(Ratios of raw materials constituting power quick-setting
admixture represent parts in 100 parts of the powder
quick-setting admixture. In Test No. 6-21, 10.0 parts of

calcium hydroxide is further contained in power
admixture.)

From Table 6, it is evident that excellent quick-

setting properties were obtained by using proper amounts

of an alkaline earth metal carbonate, calcium aluminate,
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an alkali metal sulfate and calcium sulfate in the power
admixture.
EXAMPLE 7

A test was carried out in the same manner as in
Example 6 except that evaluation was carried out by using
the liquid quick-setting admixture (E3) and the powder
admixture of Test No. 5-3 in Example 5, and using the
slurried quick-setting admixture for spraying in the

ratio shown in Table 7. The results are shown in Table 7.

TABLE 7
Protector
Mixing ratio pengtratlon
resistance value
2
Test No. |——— (N/mm”) Notes
Liquid
quick- Power . .
setting admixture > min 15 min
admixture
7-1 100 0 4.9 9.7 comp .
Ex.
7-2 95 5 7.1 13.6 Ex.
7-3 90 10 9.9 15.7 Ex.
5-3 67 33 18.3 30.5 Ex.
7-4 50 50 20.3 32.2 Ex.
7-5 30 70 16.7 26.7 Ex.

(The mixing ratio represents a mass ratio.)

From Table 7, it is evident that excellent quick-
setting properties were obtained by adjusting the ratio
of the liquid quick-setting admixture and the powder
admixture to be proper by mass ratio.

EXAMPLE 8
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Using the liquid quick-setting admixture (E3) and
the powder admixture of Test No. 5-3 in Example 5, a
slurry was prepared by mixing in a ratio shown in Table 8,
and the pH upon expiration of 1 minute from the mixing
was measured by a litmus paper. The results are shown in
Table 8.
EVALUATION METHOD

pH: The liquid quick-setting admixture and the
powder admixture were mixed, and the pH after stirring
for 1 minute was measured by means of a litmus paper

manufactured by Toyo Roshi Kaisha, Ltd.

TABLE 8

Mixing ratio
Test No. Liquid gulck— Powder pH

setting .

, admixture
admixture

8-1 95 5 3
8-2 90 10 4
8-3 67 33 6
8-4 50 50 )
8-5 30 70 7

(The mixing ratio represents a mass ratio.)

From Table 8, it is evident that by adjusting the
ratio of the liquid quick-setting admixture and the
powder admixture to be proper by mass ratio, the pH upon
expiration of 1 minute from the mixing of the liquid
quick-setting admixture and the powder admixture, would
be within a range of from 3 to 9.

EXAMPLE 9
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A test was carried out in the same manner as in
Example 6 except that evaluation was carried out by using
the quick-setting admixture for spraying obtained by
mixing the liquid quick-setting admixture (E3) and the
powder admixture of Text No. 5-3 in Example 5 in a mass
ratio of 2:1, followed by slurrying, in an amount shown

in Table 9 relative to 100 parts of the cement.

TABLE S
Protector penetration
Test No. Amount used resistance value (N/mm®)
5 min 15 min
9-1 5 3.2 5.5
9-2 8 6.4 10.9
5-3 12 18.3 30.5
9-3 15 28.4 41 .2
9-4 25 36.2 50.3

(The amount used is the amount of the slurried quick-
setting admixture for spraying used and represents parts
per 100 parts of the cement.)

From Table 9, it is evident that excellent quick-
setting properties were obtained by adding the quick-
setting admixture.

EXAMPLE 10

A mortar was prepared by using cement having a blend
ratio of cement/sand of 1/3 and W/C (water/cement ratio)
of 50%, and a water-reducing agent in an amount of Cx1.0%.
Relative to 100 parts of the cement in the mortar, the
liquid quick-setting admixture (E3) and the powder
admixture Qf Test No. 5-3 in Example 5 were mixed in a

weight ratio of 2:1 and slurried. Then, 12 parts of the
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slurried quick-setting admixture for spraying was mixed,
and the mixture was packed into a framework, then aged at
a test ambient temperature of 20°C for 1 day and then
taken out from the framework to obtain a cured product.
The obtained cured product was aged in water of 20°C for
28 days and then dried for 7 days in an environment of
20°C under relative humidity of 60%. Then, an
accelerated neutralization test was carried out. Further,
for the purpose of comparison, the evaluation was carried
out with respect to a cured product obtained by using
only the liquid quick-setting admixture. The results are
shown in Table 10.
MEASURING METHOD

Accelerated neutralization test: The acceleration
neutralization test was carried out in an environment at
a temperature of 30°C under relative humidity of 60% at a
CO, concentration of 5%. At the prescribed material ages,
the cured product to be subjected to the test (4x4x16 cm)
was cut, and phenolphthalein was sprayed on the cut

surface to ascertain the neutralized depth.
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TABLE 10
Compression Neutralized depth
Type of gtrength (mm)
. immediately
Test | quick-
. before Notes
No. setting 2 4 8
, accelerated
admixture ) , weeks | weeks | weeks
neutralization
test (N/mm?)
Liquid
quick-
10-1 | setting 49.7 4.3 | 7.5 | 13.1 | COmP-
. Ex.
admixture
only
Slurry
10-2 | Fuick- 45.7 3.6 6.1 9.8 | Ex.
setting
admixture

(Each quick-setting admixture was used in an amount of 12
parts to cement.)

From Table 10, it is evident that by using a
slurried quick-setting admixture for spraying obtained by
mixing the liquid quick-setting admixture and the powder
admixture, the resistance against neutralization was
improved.

From the foregoing Examples, the following is
evident.

Namely, by using the quick-setting admixture for
spraying of the present invention prepared by mixing the
liquid quick-setting admixture and the powder admixture,
it is possible to obtain a low dusting property and a
quick-setting property higher than the conventional
quick-setting admixture. In the slurried quick-setting
admixture for spraying of the present invention, the
liguid quick-setting admixture accelerates the hydration

reaction of cement, and the powder admixture has a self-
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curing property. By using the two as mixed, it is
possible to impart a quick-setting property more

efficient than the conventional quick-setting admixture.

INDUSTRIAL APPLICABILITY

The present invention is excellent in the following
respects and is useful, as a quick-setting admixture for
spraying, in e.g. an underground space or in a tunnel.

(1) To prevent solidification of a quick-setting
admixture slurried in a quick-setting admixture-adding
tool.

(2) By using a liquid quick-setting admixture and a
powder admixture as mixed, it is possible to obtain a
quick-setting property higher than a conventional quick-
setting admixture.

(3) As compared with a case where only a liquid
quick-setting admixture is used, the neutralization

resistance will be improved.

The entire disclosures of Japanese Patent
Application No. 2006-304597 filed on November 9, 2006 and
Japanese Patent Application No. 2007-188759 filed on July
19, 2007 including specifications, claims, drawings and
summaries are incorporated herein by reference in their

entireties.
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CLAIMS:
1. A slurry quick-setting admixture which comprises
water and a powder quick-setting admixture comprising an
alkaline earth metal carbonate, a water-soluble acidic
substance, calcium aluminate and an alkali metal sulfate.
2. The slurry quick-setting admixture according to
Claim 1, which further contains calcium sulfate.
3. The slurry quick-setting admixture according to
Claim 1 or 2, which further contains calcium hydroxide
and/or aluminum hydroxide.
4. The slurry quick-setting admixture according to any
one of Claims 1 to 3, which further contains a retarder.
5. A quick-setting cement concrete comprising the
slurry quick-setting admixture as defined in any one of
Claims 1 to 4, and cement concrete.
6. A spraying method which comprises mixing water and a
powder quick-setting admixture comprising an alkaline
earth metal carbonate, a water-soluble acidic substance,
calcium aluminate and an alkali metal sulfate, to form a
slurry quick-setting admixture, mixing this slurry quick-
setting admixture with cement concrete to form a quick-
setting cement concrete, and spraying this quick-setting
cement concrete.
7. A spraying method which comprises joining and mixing,
in a slurrying nozzle, water transported in a water
supply line and a powder quick-setting admixture

transported in a powder quick-setting admixture supply
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line and comprising an alkaline earth metal carbonate, a
water-soluble acidic substance, calcium aluminate and an
alkali metal sulfate, to form a slurry quick-setting
admixture, introducing this slurry quick-setting
admixture via a slurry quick-setting admixture inlet port
to a showering tube to mix it with cement concrete via
slurry quick-setting admixture-adding holes to form a
quick-setting cement concrete, and spraying this quick-
setting cement concrete.

8. The spraying method according to Claim 7, wherein
the showering tube has a double structure composed of an
outer tube and an inner tube, and the inner tube has the
slurry quick-setting admixture-adding holes.

9. The spraying method according to any one of Claims 6
to 8, wherein the powder quick-setting admixture contains
calcium sulfate.

10. The spraying method according to any one of Claims 6
to 9, wherein the powder quick-setting admixture contains
calcium hydroxide and/or aluminum hydroxide.

11. The spraying method accdrding to any one of Claims 6
to 10, wherein the powder quick-setting admixture
contains a retarder.

12. A quick-setting admixture for spraying which
comprises a liquid quick-setting admixture, and a powder
admixture comprising a blowing agent and calcium
aluminate.

13. The quick-setting admixture for spraying according
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to Claim 12, wherein the blowing agent is an alkaline
earth metal carbonate.
14. The quick-setting admixture for spraying according
to Claim 12 or 13, wherein the powder admixture further
contains calcium sulfate.
15. The quick-setting admixture for spraying according
to any one of Claims 12 to 14, wherein the powder
admixture further contains an alkali metal sulfate.
16. The quick-setting admixture for spraying according
to any one of Claims 12 to 15, wherein the ligquid quick-
setting admixture further contains an alkali metal
element.
17. The quick-setting admixture for spraying according
to any one of Claims 12 to 16, wherein the liquid quick-
setting admixture contains a compound having a fluorine
element.
18. The quick-setting admixture for spraying according
to any one of Claims 12 to 17, which comprises, in 100
parts of the powder admixture, from 2 to 30 parts of an
alkaline earth metal carbonate, from 30 to 70 parts of
calcium aluminate, from 2 to 50 parts of an alkali metal
sulfate and from 5 to 40 parts of calcium sulfate.
19. The quick-setting admixture for spraying according
to any one of Claims 12 to 18, wherein the ratio of the
liquid quick-setting admixture to the powder admixture is
from 95:5 to 30:70 by mass ratio.

20. The quick-setting admixture for spraying according
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to any one of Claims 12 to 19, wherein the liquid quick-
setting admixture and the powder admixture are mixed in a
slurry form.
21. A spraying material which comprises cement, an
aggregate and the quick-setting admixture for spraying as
defined in any one of Claims 12 to 20.
22, The spraying material according to Claim 21, wherein
the amount of the quick-setting admixture for spraying
comprising the-liquid quick-setting admixture and the
powder admixture, is from 5 to 25 parts, per 100 parts of
the cement.
23. A spraying method which comprises using the spraying

material as defined in Claim 21 or 22.
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