9 MAR 2005 1 DESCRIPTI ON CEMENT COWMPCSI TI ON TECHNI CAL FI ELD The present
invention relates to a cenent 5 conposition which is to be used mainly in
the field of civil engineering and construction. Part(s) and % used igrMaR805
present specification are based on mass unl ess ot herw se specifi ed.
BACKGROUND ART 10 In recent years, environnental problens have been
elicited, and reduction in environnental inpact has been required in each
field. As the proportion of the ampbunt oflcarbon dioxide discharged in the
field of civil engineering and 15 construction is extrenely high based on
that in the entire industries, redietd¢reoiorenvironnental inpact has been
eagerly desired particularly in the field of civil engineering and
construction. Most of carbon di cxMEETdCOMRaSGEdONn t he cenent 20 industry
is derived fromcalcination of |limestone as a material and burning of fuel
used at the THOMNIGIAL dgal®ithati on. Accordingly, in order to reduce the carbon
dioxide emssion, it is the nost effective nethod to reduce the 25 anount
of cal cination dfheamestert i keentbon Telateextoeaetynénportant to pronote
use of various blended cenents having various adm xtures m xed therewith
with a 95MARCRGES iX igdwdeitaripuriio die gercthtmainly in the field of

civil engineering and construction.

Part (s) and % used in the present specification are
, N . e
based on mass unless otherwise specified.

BACKGROUND ART

10 In recent years, environmental problems have been
elicited, and reduction in environmental impact has been
required in each field.

As the proportion of the amount of carbon dioxide
discharged in the field of civil engineering and

15 construction is extremely high based on that in the
entire industries, reduction of environmental impact has
been eagerly desired particularly in the field of civil
engineering and construction.

Most of carbon dioxide discharged in the cement

20 industry 1is derived from calcination of limestone as a
material and burning of fuel used at the time of
calcination.

Accordingly, in order to reduce the carbon dioxide
emission, it is the most effective method to reduce the

25 amount of calcination of cement clinker, and it is
extremely important to promote use of various blended

cements having various admixtures mixed therewith with a



However, there has been such a problemthat the blended cenment is poor in
initial strength-devel opnent. The initial strength is deeply relevant to
the 5 release cycle and therefore is inportant in order to shorten ta®ARI28
for construction, and at present, developnent of a cenent conposition which
provides favorable initial strength-devel opnent, particularly

strengt h-devel opnent equal to that of ordinary Portland 10 cenent even when
an adm xture is used in an amount exceedi ng 30% has been desired. On the
contrary, a slowy cool ed blast furnace slag forned as a by-product in a
steel plantretiscetlii kingedtf oFf cam=@adbed material or a cenent material,
however, the 15 anount treated is very slight relative to the anpunt

gener at ed, and Hbwegkfrecttinegausm hasedieerudin searadl arettha@celpedi ngly, the
present inventors have been conducted extensive studies to overcone the
above probbessdaddcaseatr ésupbort Hey imawe afiownd drivath fdawos ladpreen20 i niti al
strengt h- devel opnent can be obtai ned by use of a cenent conposition

cont ai ni ng Port Tard icenertl adergytah 13CaesOd corterdntoftattheast 60% and a
slowy cooled blast furnace slag powder, and particularly, a cenent

conposi ti onraseageacgkonl pncodhed dilcast ifsurimaoe tsirdag 126 puiwderte n an anount
of from 10 to 50% provides strength- devel opnent equal to that of ordinary
Portl| and cesbkartenThiepkegent oirnvomsitomciaonbeamdacdompidssited on the basis 9
MAR 2095 3 of these discoveries. DI SCLOSURE OF THE | NVENTI ON Nanely, the
present i nveAVESAPPEBYI 8Es daceawaErtt CORPMFesilonondeht At i@ ort | and cenent

havi ng a 3Ca0si Q2 R )
favorable initial strength-development, particularly

strength-development egual te that of ordinary Portland
10 cement even when an admixture is used in an amount
exceeding 30%, has been desired.
On the contrary, a slowly cooled blast furnace slag
formed as a by-product in a steel plant, is utilized for
a roadbed material or a cement material, however, the
15 amount treated 1s very slight relative to the amount
generated, and its effective use has been in search vyet.
Accordingly, the present inventors have been
conducted extensive studies to overcome the above
problems and as a result, they have found that favorable
20 initial strength-development can be obtained by use of a
cement composition containing Portland cement having a
3Ca0:510, content of at least 60% and a slowly cooled
blast furnace slag powder, and particularly, a cement
composition using a slowly cooled blast furnace slag
25 powder in an amount of from 10 to 50% provides strength-
development equal to that of ordinary Portland cement.

The present invention has been accomplished on the basis



5 content of at |east 60% and a slowy cool ed bl ast furnace slag powder,
and the cenent conposition wherein the content of the slowy cool ed bl ast
furnace slag powder is from10 to 50 parts per 100 parts of the CenengNMRZWS
conposi tion. 10 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON Now, the presént
invention wll be explained in further detail. The Portland cenment having a
3Ca0Si 2 (hereinafter referred to as C3S) content of at |east 60%
(hereinafter 15 sonetines referred to as3a cenment substance) used in the
present invention is one having a C3S content of at |least 60% and contents
of 3CaQAl 20%,r 4G 208fad83:1a0Si 2 and gypsum are not particularly
limted. As the Portland cenent, a mxture of at |east two types of
Port |l and 20 pommmsyRRVOMOHE fhersIaonposi ti ons may be used, and in such
a case, the C3S content represents the weighted average of the C3S contents
of the respecti wearRory) atite pep@ntis tondat hed proth@edn xt teeentn general ,
the Portland cenent is conposed of 25 clinker mainly conposed of C2S, C3S,
C3A and CAAkoraiud i Qs wan twhietienCa@r tI /] AMROR: dndr ke B are0 repyesent ed
as C, S, A and F, respectively. 9 MAR 2005 As the cenent substance, use of

hi gh- ear by- staregregtth ofCeatenteasrt W G% aartd gh-selaow v staeingt o kestenfursace
preferred, and they are avail able as commercial products. The particle size
of the cenemtlasulpstvalrse iandhothe Sqpeantt cidrardsi tion tvdtbrdin tlseusual |y
preferably at a level of from3,000 to 8,000 cn2/g as the Blaine specific
surface are&ordlape (Herdinafterly efagrkest s BlEiane Aue)owderiisis | ess

than 3,000 cn®/g, such an effect
from 10 to 50 parts per 100 parts of the cement

composition.

10 BEST MODE FOR CARRYING OUT THE INVENTION

Now, the present invention will be explained in
further detail.
The Portland cement having a 3Ca0°'5i0, (hereinafter
referred to as C3S) content of at least 60% (hereinafter
15 sometimes referred to as a cement substance) used in the
present invention is one having a C3S content of at least
60%, and contents of 3Ca0-Al;03, 4Ca0-°Al;03°Fe03, 2Ca0:Si0;
and gypsum are not particularly limited. As the Portland
cement, a mixture of at least two types of Portland
20 cements having different compositions may be used, and in
such a case, the C3S content represents the weighted
average of the (C3S contents of the respective Portland
cements contained in the mixture.
In general, the Portland cement is composed of
25 clinker mainly composed of C;S, €35, C3;A and C4AF, and
gypsum, where CalO, Si0,, Al;0; and Fe;0; are represented

as C, S, A and F, respectively.



of the present invention that the initial strength 10 devel opnent equal to
that of ordinary Portland cenent is obtained may not be obtained in sone
cases, and even when the cement substance is ground to obtain a Bl ai HMAR 2005
value of 8,000 cnZ/g, no further increase of the effect can be expected.
The above Blaine value is particularly 15 preferably from 3,500 to 6,000
cn2/g. The slowy cool ed bl ast furnace slag powder (hereinafter referred to
as slowy cooled slag) used in the prese@nt invention is a blast furnace
slag crystallized by air-cooling. The slowy cooled slag is 20 obtai ned

usual Iy by pourhggthel temesltagul® tarkeol g Wi thigalded |rye pidgon field,
foll owed by cooling by air cooling and appropriate water spring, and is

obt ai ned ascefieyst akl unerkl ackhskaglyhe rehoper tearne! iGhemomlr«anponent s
inthe slowy 25 cooled slag is not particularly limted, but in general,

Si02 is froand5chey4a¥% €a@ilableoms3Q cintedQ%r 1Ab2@BlUEs from 10 to 20% and
MO is from3 to 10% which are the 9 MAR 2005 mai n conponents. In addition
Na20, K20 Fe2BheMp@rtlicl2, siSeard tthe |lddterar ewondaided s man anount of
at nost 2% respectively, which are trace constituents. The Bl ai ne val ue of
the sl oWy pepktéduskhady5lpméetedabbytexceedsad Q00 refRirgblivt dts anor e
preferably at |east 4,500 cm2/g, nost preferably at |east 5 000 cnz/g. |If
the Bl ai ne Valaé p§ &rompst 040000 8nRL§, cmb/ef #ecthef Blauppr essicng ithe

bl eedi ng nay be obtained in sonme cases. On the other hand, if said Bl aine
val ue i s exgsessagel §re6 kpghe tlhergrvaditest radeereknéaded Bdds ¢ o be | ar ge,
and the strength-devel opnent and durabilitg tend to be poor in some cases,
and it is prefepabl yLatihost 8e890otkan2sgl00 cm®/g, such an effect

of the present invention that the initial strength-

10 development egqual to that of ordinary Portland cement is
obtained may not be obtained in some cases, and even when
the cement substance is ground to obtain a Blaine value
of 8,000 cn@/g, no further increase of the effect can be
expected. The above Blaine value is particularly

15 preferably from 3,500 to 6,000 cm?/g.

The slowly cooled blast furnace slag powder
(hereinafter referred to as slowly cooled slag) used in
the present invention'is a blast furnace slag
crystallized by air-cooling. The slowly cooled slag is

20 obtained usually by pouring molten slag to a cooling vard
called dry pit or field, followed by cooling by air
cooling and appropriate water spring, and is obtained as
crystalline block slag.

The proportion of chemical components in the slowly

25 cooled slag is not particularly limited, but in general,
S10, 1s from 25 to 45%, Ca0 is from 30 to 50%, Al,0; 1s

from 10 to 20%, and MgO is from 3 to 10%, which are the



Further, the percentage of glass content of the slowy cooled slag is not
particularly limted, but it is 15 usually at nost 30% preferably @%MEQﬁ%
10% |If the percentage of glass content exceeds 30% the heat rel eas ate
tends to be high in some cases. The percentage of glass content (X) in the
present invention is obtained fromthe fornmula X(% =(1-S/ So)xl 00. 20 Sis
the area of the main peak of nelilite (a solid solution of gehlenite
2Ca0A12(8Si 02 and akermanite 2CaO- MyQO. 2Si (D2) which is a main crystalline
conpound in the slowy cooled slag, as obtained by a powder X-ray

di ffracti onmaehhodppandnSe .r epn es@di sidhe Baga of,0 he 265 maimo peakopf
nmelilite, with respect to the slowy cooled slag heated at 1,000C for 3
hours and t Beandoohedlakeaareocbnnginatie iaf anCamonnt9 VAR 2005 6 Zfhe
conponents of the slowy cooled slag are simlar to the conposition of the
granul at ed bkapecfuvrage whagh aardtspeei fooaltiyuedit®2, CaO, A1203, MyO and
the like are nain chem cal conponents, and further, TiQ2, MO Na20 5 S,
Cr2Q8, P2Cb, FeZtg &dditie vidilke arte tientsilondd. cdadrgcherlad n a case of
preparation of the slowy cooled slag, it may be granul ated simultaneously
with grindPrgferabhe ekrakes tnOPReckengnt 1substapate, porfehahlymay be

gr anul at ed separatel%. 10, The amount of the slomﬁy cool ed sl ag gsed i's not
particul arl yefphi fe@00bGR (SualP§tiRresehrieivrabl yerebnP 860t 6M609part s,
more preferably from30 to 40 parts, per 100 partsg of the cenent
conposi ti onlEohPri SiAGRPoIEIERd L ScereRPShadir 1§ a e85 coffeRt L6F taffl east 60%

and a slomﬁg 15 cool.ed slag, .If it is Ie%s t han .10 parts, reduction of
uppressing tne bleeding may be obtained 1n some cases.

On the other hand, if said Blaine value 1is excessively
10 high, the amount of water kneaded tends to be large, and
the strength-development and durability tend to be poor
in some cases, and it is preferably at most 8,000 cmz/g.
Further, the percentage of glass content of the
slowly cooled slag is not particularly limited, but it is
15 usually at most 30%, preferably at most 10%. If the
percentage of glass content exceeds 30%, the heat release
value tends to be high in some cases.
The percentage of glass content (X) in the present
invention is obtained from the formula X(%)=(1-S/Sg)x100.
20 S is the area of the main peak of melilite (a solid
solution of gehlenite 2Ca0°Al;03°S1i0; and akermanite 2CaO:-
Mg0+:2Si0;) which is a main crystalline compound in the
slowly cooled slag, as obtained by a powder X-ray
diffraction method, and S; represents the area of the
25 main peak of melilite, with respect to the slowly cooled
slag heated at 1,000°C for 3 hours and then cooled at a

cooling rate of 5°C/min.



environmental inpact tends to be insufficient, and if it exceeds 50 parts,
t he strengt h-devel opnent tends to be poor in sone cases. The particle size
of the cement conposition of the 20 present invention depends on thg l\gﬁR 2805

“ed, but

pur pose of use and application and thus it is not particularly limt
usually it is preferably from 3,000 to 8,000 cnR/g, nore preferably from
4,000 to 6,000 cn2/g as the Blaine value. If it is less than 3,000 cn2/g,
no adequate strength 25 devel opnent nmay be obtained in sonme cases, and if it
exceeds 8,000 cnR/g, workability tends to be poor in sone cases. 9 MAR 2005
7 To prepare thecenreniorconposit itore oflehey peeseadl shegntrensitmhéar
respective materials nay be mxed at the tinme of application or may be
prelimnarilty niheedompostite opr esferitha rouentu o edrb bggr efateasechlag, sand 5
or ballast, a reinforcing fiber material, a water reducing agent, a

hi gh-r ange watlespeeddciosd lagerti0:a ChioghAdafige WP wat@rthhedutkeagangent, a

t hi ckner, a cenent expanding agent, an antirust, an antifreezing agent, a
cl ay ni ner almagoc khgsiiisedt ewmeensn trontanst i uoHiee. B0 Migh- ddecRanger such
as zeolite, hydrotalcite or hydrocalumte, fly ash, |inmestone powder, a
granul ated Shl §5eCfurfrébe ERaep fante fwderke sie ceettien®®- the |ike, may be
used, in addition to the cenent conposition, wthin a range not to

subst anti al |y hiftdéhahe Burphose oot 15 eprr dpren®ti FventFeniyNow, the

present invention will be explained in detail with reference to Exanpl es.
EXPERI MENT EXRngEsiag, 1t may be granulated simultaneously with

grinding of the clinker in the cement substance, or they
may be granulated separately.

10 The amount of the slowly cooled slag used is not
particularly limited, but usually it is preferably from
10 to 50 parts, more preferably from 30 to 40 parts, per
100 parts of the cement composition comprising Portland
cement having a C3S content of at least 60% and a slowly

15 cooled slag. If it is less than 10 parts, reduction of
environmental impact tends to be insufficient, and if it
exceeds 50 parts, the strength-development tends to be
poor in some cases.

The particle size of the cement composition of the

20 present invention depends on the purpose of use and
application and thus it is not particularly limited, but
usually it is preferably from 3,000 to 8,000 cm?’/g, more
preferably from 4,000 to 6,000 cm?/g as the Blaine value.
If it is less than 3,000 cm®/g, no adequate strength-

25 development may be obtained in some cases, and if it
exceeds 8,000 cm?/g, workability tends to be poor in some

cases.



Wth 100 parts of a cenent conposition conprising a 20 cenment substance and
a slowy cooled slag as identified in Table 1, 50 parts of water angjn g‘ﬁmﬁ
parts of sand were nixed to prepare nortar, and the conpressive str
was neasured. The results are also shown in Table 1. Materials used 25
Cenent substance A ordinary Portland cement (CaO 65.29% SiOQ2: 22.14%
Al2C8: 4.91% Fe2(3: 2.96% 303: 1.86%, C3S content: 55% 9 MAR 2005 8
Cement substance B: high-early-strength Portland cenent (Cao: 66.87% Si Q2:
22.34% A1203: 4.11% Fe203: 2.30% S03: 2.33%, C3S content: 65% Cenent
substance C. a Moxbukeacenphiesicrgdbl pan®aftidn tdfe wemeitesethist ance A and
50 parts of the cenent substance B, C3S content: 60% Sl owWy cool ed sl ag:
granul at ed pnoductionf shewrgspectlied bkastiblsnace $cagi(Eab:aB3%d% Si() 2:
31.70% A1203: 14.80% MO 7.20%, Blaine value: 4,500 cm2 1g, 10
speci fic gravmeyof3applipekcent agemafy Peasseddntient:il2miSant: standard sand
used in JIS P. 5201 Water: running water Measuring method Conpressive
strengt h: neasufedthe acesedéncevsinthonls ajl 8oRE200te FUMR 2005331 |1 | O xx
0XO0X
5 or ballast, a reinforcing fiber material, a water
reducing agent, a high-range water reducing agent, a
high-range AE water reducing agent, a thickner, a cement
expanding agent, an antirust, an antifreezing agent, a
clay mineral such as bentonite or montmorillonite, an
10 ion-exchanger such as zeolite, hydrotalcite or
hydrocalumite, fly ash, limestone powder, a granulated
blast furnace slag fine powder, silica fume or the like,
may be used, in addition to the cement composition,
within a range not to substantially hinder the purpose of
15 the present invention.
Now, the present invention will be explained in
detail with reference to Examples.
EXPERIMENT EXAMPLE 1
With 100 parts of a cement composition comprising a
20 cement substance and a slowly cooled slag as identified
in Table 1, 50 parts of water and 300 parts of sand were
mixed to prepare mortar, and the compressive strength was

measured. The results are also shown in Table 1.

Materials used

25 Cement substance A: ordinary Portland cement (CaO:
65.29%, Si0O,: 22.14%, Al503: 4.91%, FeyO3: 2.96%, SO0;3:

1.86%), C3S content: 55%



umuww m >yQ(n0O ro rvQN ~ U 7yON ~ tYr3 111"~InlOLD ?2JNrINN N | ~ 01
bL(1Lflf1C OVH HHHH di Idrl U LA~ 9 MAR 2005

8

Cement substance B: high-early-strength Portland
cement (CaO: 66.87%, Si0,: 22.34%, Al,03: 4.11%, Fe;0;:
2.30%, S03: 2.33%), C3S8 content: 65%

Cement substance C: a mixture comprising 50 parts of

5 the cement substance A and 50 parts of the cement
substance B, C3S content: 60%

Slowly cooled slag: granulated product of slowly
cooled blast furnace slag (CaO: 39.50%, Si0;: 31.70%,
Al,05: 14.80%, MgO: 7.20%), Blaine value: 4,500 cm?/g,

10 specific gravity: 3.00, percentage of glass content: 2%

Sand: standard sand used in JIS R 5201

Water: running water

Measuring method

Compressive strength: measured in accordance with

15 JIS R 5201.
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Il Cd N E 9 MAR 2005 10 EXPERI MENT EXAMPLE 2 The sane operation as in
Experinent Exanple 1 was carried out except that the cenent substance B and
the slowy cooled slag as identified in Table 2 were used. 5 The r&&4R 2685
are also shown in Table 2. 9 MAR 2005 11 a, Op O XXkxXkk U VWYYV Cn

Nrl MH6IWN | (1Ll N 7t MANCO: r-61 G d 061l 7rl CCLfI V'

10
EXPERIMENT EXAMPLE 2
The same operation as in Experiment Example 1 was
carried out except that the cement substance B and the
slowly cooled slag as identified in.Téble 2 were used.

5 The results are also shown in Table 2.
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U- L1 ji OCOOfloO CdO 61COL-1DCCLIii OU 75 N ~" WP~CY1IWCaCr 1C~1 r N
rINMTMLNV LI NNNNPINN X owz N ) 1d9 MAR 2005 12 | NDUSTRI AL
APPLI CABI LI TY By using the cenment conposition of the present g MAR 2005

12

INDUSTRIAL APPLICABILITY

By using the cement composition of the present
invention, initial strength-development equal to that of
ordinary Portland cement can be obtained, and the clinker

5 calcination amount when Portland cement is calcined can
be decreased, and accordingly the cement composition of

an environmental impact reducing type can be obtained.



invention, initial strength-devel opnment equal to that of ordinary Portl and
cenment can be obtained, and the clinker 5 calcination anount when Po h@ nd
cenment is calcined can be decreased, and accordingly the cenent com ﬁ@%&n
of an environnental inpact reducing type can be obtai ned. 9 MAR 2005 13
CLAIMS 1. A cenent conposition containing Portland cenent having a
3Ca0si @2 content of at |east 60% and a;sl oWy cooled blast furnace slag
powder, 5 wherein the above slowy cool ed blast furnace slag powder is
contained in an amount of from 10 to 50 parts in a total anount of 100
parts of the slowy cool ed blast furnac Lﬁ&ﬁ powder and the above Portl and
cenent. 2. The cenent conposition accor o Caiml, wherein 10 the

particle size of the aboyg, o%ritt'i%%dcgﬁrasrﬂgiharhiaspmaf%dOQQmégt 8,000,5n2/ g as

the Bl aine specific surfaceé area value. e cenent conposition according

to O ai m 1;0fcabesi)ershfethes above sl anWgpsceeled Bhast f uokaee sl ag 15
contains, as the main conponents, from25 to 45% of Si02, from30 to 50% of

CaO, fromyladw 20%0fe AI2Q2 pamdichkr,om 3 to 10% of MyO 4. The cenent
conposition according to any one of Clains 1 to 3, wherein the particle
si ze of5 t hehaboire tSleowlbov20 sdoolled cblbdstl blasticEushagei slag peadtr 4, 000
cnZ/g as the Blaine specific surface area value. 5. The cenent conposition
accordi ng 19 Rt iEedfin @raigmeuntt ef4frafet @i hot he adbdbve showl yokkdbl ed
bl ast furnace S|%9 has a percentage of glass content of at 25 nost 30%
amount of 100 parts of the slowly cooled blast furnace slag
powder and the above Portland cement.
2. The cement composition according to Claim 1, wherein
10 the particle size of the above Portland cement is from
3,000 to 8,000 cm’/g as the Blaine specific surface area
value.
3. The cement composition according to Claim 1 or 2,
wherein the above slowly cooled blast furnace slag
15 contains, as the main components, from 25 to 45% of Si0,,
from 30 to 50% of CaO, from 10 to 20% of Al,0; and from 3 to
10% of MgoO.
4, The cement composition according to any one of Claims
1 to 3, wherein the particle size of the above slowly
20 cooled blast furnace slag is at least 4,000 cm?/g as the
Blaine specific surface area value.
5. The cement composition according to any one of
Claims 1 to 4, wherein the above slowly cooled blast

furnace slag has a percentage of glass content of at

25 most 30%.



