
UB-7318 -1-                2219987 HEAT-CURING CEMENT COMPOSITION, METHOD
OF HARDENING SAME, AND HARDENED   .BODY FORMED THEREFROM BACKGROUND OF THE
INVENTION (1) Field of the Invention The present invention relates to a
heat-curing cement composition, a method of hardening this 5
composition, and a hardened body formed from this composition. More
particularly, the present invention relates to a material in which an
amount of mixing water necessary for obtaining a predetermined workability
is small, and a strength-manifesting property under a 10    heating
condition is excellent, and which can be used for the production of cement
secondary products (piles, Hu e concrete pipes, panels and the like),
construction materials, fiber-reinforced composite products and the like,
and to a method of hardening this material and a 15    hardened product
formed therefrom. (2) Description of the Related Art As the material for
obtaining a high-strength product by mixing and molding at a normal
temperature and curing at a high temperature, a composition 20
comprising ordinary Portland cement or blended cement, a water-reducing
agent and, if necessary, anhydrous gypsum, amorphous or crystalline silica
and an expansive admixture is used, and no special consideration is paid to
the clinker or cement used as the base. 25              As the means for
promoting the manifestation of strength in a heat-cured product, a method
in which the powder fineness of the cement is increased and a method in
which a curing promoter or the like additive is added are adopted singly or
in combination. But, 



30    when an ordinary cement is used, the workability of a paste, mortar
or concrete after mixing is greatly reduced, and the physical properties of
the hardened    2 mortar or concrete are remarkably reduced.  Therefore,
the development of a cement having an excellent workability,
strength-manifesting property, and adhesiveness is urgently desired. 5
Therefore, the present invention seeks        to provide a cement
composition for preparing a high-strength cement product by heat-curing,
which has an excellent workability and strength- 10   manifestion property.
Namely, the present invention has been completed as the result of research
made with a view to developing a cement composition capable of maintaining
a required workability with a much reduced amount of mixing water, compared
with the amount of 15   mixing water used in the conventional technique,
regardless of the presence or absence of a water-reducing agent, a
fluidizing agent, and a promoter, and manifesting a high strength under a
heat-curing temperature of 35 to [err] 20        More specifically, in
accordance with the present invention, there is provided a heat-curina
cement composition curable under a temperature of 35 to [err] comprising 60
to 75% by weight of [err] (hereinafter referred to as "C3S"), in which the
total content of [err] (hereinafter referred to 25   as [err]) and [err]
(hereinafter referred to as "C.AF") is lower than 9 % by weight, the alkali



content is lower than 0.2% by weight as the [err] equivalent, and the
balance is composed mainly of [err] (hereinafter referred to as [er]r) and
gypsum, 30   the gypsum being preferably added so that the content of [er]r
in the cement is 1.0 to 2.0%, and the cement composition being pulverized
so that the Blaine specific 2 surface area is 3500 to 5500 [err].
Furthermore, in accordance with the present invention, there are 35
provided a hardening method in which this cement composition is heat-cured
under a high temperature of 35 to [err], and a hardened paste, mortar or
concrete    obtained from this cement composition by using this hardening
method. DESCRIPTION OF THE PREFERRED EMBODIMENTS The heat-curing cement of
the present invention 5     comprises 60 to 75% by weight of [err] in which
the total content of [err] and [err] is lower than 9 % by weight, the
alkali content is lower than 0.2% by weight as the [err] equivalent, and
the balance is composed mainly of [err] and gypsum. 10           If the
[err] content is lower than 60% by weight, the strength-manifesting
property after heat-curing is reduced. A characteristic feature of the
cement of the present invention is that the total content of [err] and
[err] i.e., the content of the interstitial phase, is very low.  If the
[err] content in the cement exceeds 75% by weight, granulation in a kiln
becomes difficult at the calcination step and an abnormal increase of free
lime in the clinker occurs, and thus, problems arise in connection with the
calcination and physical properties. 



20          The total content of [err] and [err] must be lower than 9 % by
weight. If the total content of C3A and [err] is higher than 9 % by weight,
the amount of mixina water necessary for obtaining a predetermined
workability is increased, with the result that the 25     manifestation of
a high strength is inhibited. In the present invention, the alkali content
must be lower than 0.2% by weight as the [err] equivalent [0.658 x [err]
(%) + [err] (%)] (hereinafter referred to as "[err]").   In an ordinary
cement, if the alkali content is 30     reduced, the strength-manifesting
property is lowered, but if a small-interstitial-phase clinker is used as
in the present invention, a reduction of the alkali content is necessary
for increasing the strength-manifesting property at the heat-curing step.
This effect is 35     enhanced by limiting the amount of gypsum added. The
balance is composed mainly of [err] and gypsum. Preferably, the amount of
gypsum is such that the    -4- content of [err] in the cement is 1.0 to
2.0% by weight. The form of the gypsum is not particularly critical, and a
dihydrate (gypsum) and an anhydrate can be used. In view of the
strength-manifesting property under 5   heat-curing conditions, most
preferably the gypsum content is 1.0 to 2.0% by weight as [err]. 10 15
The grain size of the cement composition of the present invention is
such that the Blaine specific surface area is 3500 to 5500 [err] If the
Blaine specific surface area is smaller than 3500 [err] the manifestation
of the strength is delayed, and to 



20 obtain a desired high strength, the curing temperature must be raised or
the curing time prolonged. If the 2 Blaine specific surface area exceeds
5500 cm /g, the reduction of the workability becomes conspicuous and an
addition of a set regulator (retarder) becomes 25   necessary, and in any
case, the amount of mixing water must be increased to obtain a
predetermined workability, and thus the strength of the hardened mortar or
concrete is inevitably reduced. The cement composition of the present
invention is 30   mixed with water and, if necessary, materials customarily
used for the production of a mortar or concrete, such as an ordinary
aggregate or light aggregate (fine aggregate and/or a coarse aggregate; the
aggregate/cement ratio is from 0.1 to 6) and various 35   concrete
admixtures (a water-reducing agent, an AE water-reducing agent, a
superplasticizer, an accelerator, a retarder, a shrinkage-reducing agent, a
5 fiber reinforcer and the like), whereby a paste, mortar or concrete is
prepared.  From the viewpoint of the manifestation of the strength,
preferably the amount of mixing water is as small as possible within the
range capable of maintaining the necessary workability. The 5   formed
paste, mortar or concrete is heat cured to effect hardening, and
the heat curing temperature is 35 to [err].  If the heat curing temperature
is lower than [err] a long time is required to obtain a high strength, and
even if the heat curing temperature is 10   higher than [err], a
substantial improvement of the 



strength or the strength-manifesting property cannot be obtained.  The heat
curing is accomplished by immersion in warm water or by steam curing, but
the curing method is not particularly critical. The curing time differs 15
according to the curing temperature, but from the practical viewpoint,
preferably the curing time is about 3 to about 50 hours. The hardened
paste, mortar or concrete of the present invention can be obtained by
mixing the cement 20   composition of the present invention with water and,
if necessary,  an ordinary aggregate or a light aggregate (a fine aggregate
and/or a coarse aggregate; the aggre- gate/cement ratio is from 0.1 to 6)
and various concrete admixtures (such as a water-reducing agent, an AE 25
water-reducing agent, a superplasticizer, an accelerator, a retarder, an
expansive additive, a shrinkage-reducing agent and a reinforcing fiber),
and curing the mixture under a high temperature of 35 to [err]. 30
In the cement of the present invention, the contents of [err] and [err] and
the alkali content, and preferably the gypsum content and furthermore the
fineness, are limited, and by the synergistic effect of these limitations,
it becomes possible to manifest a 35   high strength by the
high-temperature curing.  Moreover, the effect of the present invention is
promoted by an    -6- appropriate use of various admixtures (materials)
customarily used for the production of concrete, and therefore, the present
invention is advantageous over the conventional techniques in that the
strength is 



5     increased, the size of the product is diminished, and the weight is
reduced. The present invention will now be described in detail with
reference to the following examples, that by no means limit the scope of
the invention. 10          Examples 1 through 3 and Comparative Examples 1
through 7 To 100 parts of a cement (Blaine specific surface area = 4300 +
150 cm /g) having a composition shown in Table 1 were added 0.1 part by
weight of a commercially 15     available water-reducing agent (main
component = hydroxycarboxylic acid salt), 50 parts by weight of Toyoura
standard sand, and a predetermined amount of water, and the mixture was
mixed to obtain a mortar in which the table flow value according to JIS
R-5201 was 20     220 + 10 mm.  This mortar was packed in a mold (inner
size = 4 cm x 4 cm x 16 cm), curing was carried out at [err] for 24 hours,
and the obtained hardened mortar was subjected to the compression strength
test. The composition of the sample cement is shown in Table 1, 25     and
the mortar compression strength is shown in Table 2.    -7- Table 1
Composition (% by weight) [err]   [err]   CA   [err]   [err]   [err]
Example 1        67    21    6       1    1.6   0.11 Example 2        72
15    1       7    1.3   0.15 Example 3        69    17    5       2    1.5
0.19 Comparative      58    27    8       2    1.8   0.49 Example 1
Comparative      66     9    9       9    2.8   0.58 



Example 2 Comparative      63    14    0      17    1.9   0.52 Example 3
Comparative      49    33    4       9    1.7   0.42 Example 4 Comparative
71    20    5       1    1.5   0.38 Example 5 Comparative      68    22
6       2    1.4   0.58 Example 6 Comparative      70    20    5       2
1.5   0.77 Example 7    Table 2 Water/Cement   Flow Value   Compression
Ratio                    Strength 2 -  (%)       (mm)        [err] Example
1          34             228          963 Example 2          33
225          940 Example 3          33             226          955
Comparative        36             212          805 Example 1 Comparative
41             218          722 Example 2 Comparative        38
214          783 Example 3 Comparative        39             211
693 Example 4 Comparative        34             224          861 Example 5
Comparative        34             219          844 Example 6 



Comparative        35             217          803 Example 7 As apparent
from the results obtained in Examples 1 through 3 and Comparative Examples
1 through 7, the cement composition in which the [err] content is increased
and the contents of the interstitial phase [err] and [err] and the alkali
are controlled has a superior 30    strength-manifesting property. In the
conventional cements (the alkali content is lower than about 1% as [err]
the strength is generally improved with an increase of the amount of the
alkali, but in case of a high-[err] and low-interstitial-phase cement as in
the present invention, for the manifestation of the strength under
high-temperature    curing conditions, calcium silicate hydrate as the main
hydrate exerts a more important function than in the conventional cements,
and to optimize the speed of formation of this hydrate and the crystal form
of the 5   hydrate, the alkali content (as [err] must be controlled to a
level lower than 0.2% by weight. Examples 4 and 5 A mortar was prepared in
the same manner as described in Example 1 except that calcium chloride was
further added in an amount of 1.0% by weight or 2.0% by 10   weight to the
cement, and the compression strength was measured in the same manner as
described in Example 1. The results are shown in Table 3. Table 3 Amount (Z
Water/Cement  Flow   Compressive by weight) of    Ratio     Value
Strength Added Calcium 



Chloride          (%)       (mm)    [err] ) Example 1    not added       34
228      963 Example 4       1.0          35         219     1052 Example 5
2.0          35         222     1095 Examples 6 through 11 and Comparative
Examples 8 through 11 A mortar was, prepared and tested in the same manner
as described in Example 1, except that the fineness of the cement was
changed to 3320 to 7710 cm /g and the 30  amount of gypsum added was
changed to 0.5 to 2.6% by weight as [err] in the cement.  Note, the
contents of [err] [err] and [err] in the sample cement were adjusted to 64
to 69% by weight, 20 to 22% by weight, 4 to 7% by weight, 0 to 2% by
weight, and 0.09 to 0.12% by    - 10 - weight, respectively.  The results
of the measurement of the compression strength are shown in Table 4. Table
4 Blaine     so     Water/   Flow  Compressive Specific             Cement
Value  Strength Surface   Content   Ratio Area      (Z by
2 [err]   weight)    (%)    (mm)   [err] ) Example 6     3980       1.6
32      215      943 Example 7     4530       1.5       34      214
937 Example 8     5210       1.4       36      212      963 Comparative
3320      1.3       31      223      787 Example 8 Comparative    7710
1.5       39      228      635 Example 9 Example 9     4520       1.3
33      227      923 



Example 10    4320       1.5       33      226      942 Example 11    4010
1.8       33      211      956 Comparative    4630      2.6       33
214      823 Example 10 Comparative Exam le 11    4210       0.5       36
218      742 Examples 12 through 14 and Comparative Examples 12 through 15
To 100 parts by weight of the cement of Example 1 or Comparative Example 2
were added 0.1 part by weight 30    of a commercially available
water-reducing agent (main component = hydroxycarboxylic acid salt), 1.0
part by weight of calcium chloride, and 50 parts by weight of Toyoura
standard stand, and water was added to the mixture so that the flow value
was 220 + 10 mm. Then it 35    was mixed and the formed mortar was cured
for 24 hours at a temperature shown in Table 5. The compressive    strength
of the hardened mortar was tested, and the results are shown in Table 5.
Table 5 Curing      Compressive Tested       Temperature    Strength Cement
[err]         [err] Example 12    Cement of           45            1103
Example 1 Example 13                        65            1230 Example 14
80            1425 Comparative                       30             820
Example 12 Comparative    Cement of          45             977 



Example 13    Comparative Example 2 Comparative                       65
1052 Example 14 Comparative                       80            1124
Example 15 With respect to each of the hardened mortars obtained by the
heat curing in Examples 12 through 14, glass plates were bonded to both
ends and score lines were formed. The mortar was stored for 1 day in a
moisture box and the base length was measured.  Then the mortar was allowed
to store under the conditions of a temperature of [err] and a relative
humidity of 50%, and the change of the length was measured.  As a result,
it was confirmed that the dry shrinkage (length change ratio) was
considerably reduced as the curing temperature was raised.    12 CLAIMS 1.
A heat-curing cement composition curable under a temperature of 35 to [err]
comprising 60 to 75% by weight of 5      [err] in which the total content
of [err] and [err] is lower than 9 % by weight, the alkali content is lower
than 0.2% by weight as the [err] equivalent, the balance is composed mainly
of [err] and gypsum, and the Blaine specific surface area is 3500 to 5500
[err] 10 2.   A heat-curing cement composition as set forth in claim 1,
wherein the [err] content in the cement is 1.0 to 2.0% by weight. 15
3.   A  method  of hardening  a heat-curing  cement 



composition comprising 60 to 75% by weight of [err] in which the total
content of [err] and [err] is lower than 9 % by weight, the alkali content
is lower than 0.2% by weight as the [err] equivalent, the balance is 20
composed mainly of [err] and gypsum, and the Blaine specific surface area
is 3500 to 5500 [err] said process comprising curing said cement
composition under a temperature of 35 to [err] 25           4.   A method
according to claim 3, wherein the curing is effected by immersion in warm
water or by steam curing. 5.   A method according to claim 3, wherein the
curing time is 3 to 50 hours.. 30 6.   A hardened paste, mortar or concrete
formed by curing under a     temperature of 35 to 85 C a heat-curing cement
composition comprising 60 to 75% by weight of [err] in which the total
content of 35    - 13- [err] and [err] is lower than 9 % by weight, the
alkali content is lower than 0.2% by weight as the [err] equivalent, the
balance is composed mainly of [err] and gypsum, and the Blaine specific
surface 5    area is 3500 to 5500 [err].    


