;e3e74]l 4H6~T) 11 DESCRI PTI ON CEMENT COWVPCSI 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. Parts) and o
-used in the present specification are based on nass unl ess ot herw se
speci fi ed. BACKGROUND ART 10 In recent years, environnentaQMﬁMH@Mﬁ”ﬁMMMve
been elicited, and reduction in environnETtaI i npact has b in
each field. As the proportion of the anount of carbon dioxi de dasghrarged in

the field of civil engineering and hgﬁéﬁﬁgiiﬁﬁtion is extrenely high based
r

on that in the entire industries,

been eagerly desired particul ar Iﬁﬂ@%@ﬁﬁg@ﬁ%ggprgagl ummﬁmmmmnmm

construction. Mst of carbon dio the cenment 2Qgipdustry
is derived fQQEhﬁgkﬁinﬁiﬁﬂﬂ of limestone as a material and burning of fuel
used at the tion. Accordingly, in order to reduce the carbon
di oxi de em ssi ongpit Jackie g&§gnggggcggggtggtdiatge&gggce t he 25 anount
of cal cination OF ceﬁent clinker, and it I's extrenmely Inportant to pronote

use of vayiodgmBbendednCEAERLS RavbNBe VAELQURa I XL H e TEXEH t Berew th
with a 2 reduced anount of cenment. However, there has been such a probl em

that the bl epgedl cCeAghebsiNgOanENcbAttaktsbhengt h-devel opnent. The
initial strength is deeply relevant to the 5 release cycle and therefore is
i mportant in ordeart@sshanties tibedt ifmether peesshruepeenfiandiah piresent,
devel opment of a cenent conposition which provides favorable initial

st rengt h- deveéspdeant, mpast iclkas| yteerengehsdevieEdpdent equal to that of
ordinary Portland 10 cenent even when an adm xture is used in an anount
exceedi ng 30BECKEGROBNBNAREsired. On the contrary, a slowy cool ed bl ast
furnace slag fornmed as a by-product in a steel plant, is utilized for a
roadbed Yfat eri al 18r *§CEBieNEANE e PREL T OCRBREGEL, PERELENSaRBURL PEFBat ed i s
very slight rﬁlativ to the gnount generated, and iis,effect've use has
been in searBhlGeESAaceBrdFAGEGELPRel Br BREATOTHEBREOr $MRAGE BREnPEBRduUct ed
extensive studies tq overcope.the.above problens and as a result, they have
found that f5$8?éﬁ?§ 28 FﬁFH?SFeggrength-developnent can be obtained by use
of a cenment conpg@sitign ini.ng Rortla i . i 02
content of at Ieggtgggwygﬁgggkékgwfg §§8|§§°§ﬁ§§?Ef§?%§§§ gﬁéggggwder, and
particul arlyg; acR§PERE €AMPASI EiaDquskNgidis! ewbyneaeisd bhast furnace slag
25 powder in an anmount of from 10 to 50% provi des strength devel opnent

equal tad hatonbrondtnanyiRoektasfleteneiyh Hheefpr efeBhatnygnthen has been
acconpl i shed on the basis 3 of these discoveries. DI SCLOSURE OF THE

| NVENTI ON Naaetyret hedpseséas, | ngdnttbonpodvedesrannenecal topposi hasn
contai ning Portland cenent having a 3Ca0Si 02 5 content of at |east 60% and
a slow y coobe@nbpagerivrdgeersfagapbidetardrdinheheeféaldcofposiviion
wherein the content of the slowy cooled blast furnace slag powder is from
10 to 50 par?§gb€?eieﬂgpéﬁﬂsC@F5¥ﬁécééﬁ§nt conposition. 10 BEST MODE FOR
CARRYI NG QUT THE INVEN}ICN W, the,%re ent _invention will be explained in
further detail. YRETPOFt FARGPeMERTIRSY Ph§cRazER0SI 2 thReFEMRARtt er referred
to as C% conéené of.atdgegst 68@6 herfimaf%er 1g sgmetiﬁes referred to as
a cenment’ subdFAHEEFYusBdPRYRE pF 8Reht I FAUBRE PBn s T oREShRUFNgSac3s
content of 60% cQQt ent 0 4 1203Fe203,

2Ca0Si 02 an3ﬁ3§§gﬁﬁ%ag§%ngpgﬁgggi§g|g??% ﬁ%%?f%g.gkg gﬁgéPégtland cenment, a
m xture of atjheastrtwn. types of Portland 20 cenents having different
conpositions may be used, and in such a case, the C3S content represents
the wei ghted avempagerdinble,C3a eedkents ebduke raspestkbva Bebkliaed cenents
contained in the mxture. In general, the Portland cenment is conposed of 25
clinker mai nepieptpasedtolisC2he fid5t E€BAcandveAAErhandtgypsdurewbree Cal,

Si @2, A1203 and Fe203 are represented as C, S, A and F, respectively. 4
As the c&renamsuhst aficealusraatohi ghi- eamkyitstiénieh, camdntitotsul tra

hi gh-early-strength cenent is preferred, and they are avail able as
commer ci al pestuemelyTheppateht| Eospzemotet heeceffemarsabst hherded not 5
particularly limted, but is usually preferably at a level of from 3,000 to
8,000 cnR/ g asmepssBhavhnospecipie sdmizcurapenivefushehevéthavish peferred
to as Blaine value). If it is less than 3,000 cnR2/g, such an effect of the
present invention that the initial strength 10 devel opnent equal to that of
ordinary Portland cenment is obtained may not be obtained in sone cases, and
even when the cenent substance is ground to obtain a Blaine value of 8,000
cn2/ g, no further increase of the effect can be expected. The above Bl ai ne
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 cool ed

o S - o, o,




To prepare the cenent conposition of the present invention, the respective
Mmaterials my be mxed at the tine of application or may be prelimnarily
m xed. In the present invention, an aggregate such as sand 5 or ballast, a
-reinforcing fiber material, a water reducing agent, a high-range water
reduci ng agent, a high-range AE water reducing agent, a thickner, a cenent
expandi ng agent, an antirust, an antifreezing agent, a clay mneral such as
bentonite or nmontnorillonite, an 10 ion-eXchanger such as zeolite,

hydrotal cite Oé h grocalunitg, fl¥ ash, |imestone powder, a granul ated

bl ast furnack® T%% FFRRUBowdEer C®8F Fca fume or the like, may be used, in
addition to the genent coppositjon,.within r ange, not ubstantially

hi nder the purpo§8W8YeE5 SrﬁréggnFe?ﬁv%Hfﬁoﬁ.pgﬁage?hggﬁgeggﬁt i nvention
wi |l be explgj kN L efere : . . EX EXAMPLE
1 Wth 100 p%#%@g% %ggéﬁgn%ggéﬁ%%sifi%ﬁfg%%%rggfﬁy gﬁi%e%%ﬁgé%g%%bstance
and a slowl y cookgd shagias Ldeshbthedsi Bedghlerdichlnpaghsenl vater and
300 parts of sand were m xed to prepare nortar, and the conpressi ve

strengt h onas, JeasHE ey cTheafigSths fe A6 Le 8l $0; ah8 Tabbeady Materials
used 25 Cenment substance A: ordinary Portland cenent (CaO 65.29% Si02:
22.14% Al203hoAt8d % h&e2dRe BoB6donSO3ucidi S8 an&3sk conéeaht, 55% 8
Cement substance B: high-early-strength Portland cenent (CaO 66.87% Si02:
22.34% Al208evdldgiente@fN3a et SHEpoi 83880 , wkB&h condendies 65% Cenment
substance C. a m xture conprising 50 parts of 5 the cenent substance A and
50 parts of faeorahktatisibidanser&ngtBSieoala@menb0%&toitylaobyed sl ag:
granul at ed product of slowy cool ed blast furnace slag (CaO 39.50% Si02:
31.70% Al1208tradggoslewgbrrmeropaualbl b nehyhl @f: oudingoy chergland
specific gravity: 3.00, percentage of glass content: 2% Sand: standard sand
used i nlP 'S rEBoBY FHERr WhERNATR g NEX BRI ReAS URFRY HRt HOdeXWRE essi ve
strength: neasure%ain 2 gordance with 15 JLS R 5201. vOo ~Co ~U WJ
WA~y OV 1Or P9 TS Qﬂu~§ﬁzd‘kﬁ§fbﬁﬂ*o SARERNMLL1~MDO~t . . | O~M/-1 ~rl~-iri,
Qblr-tovw -1 I x ~ . 100 .~ . r1 OVl N_~ UVYNJ Np ~ 2?2r_ ~ "' C Pa
UUE- IN. y-1 I N | MPP-SPEr TEF5aEK | £ BLowly Bsidm BrisERRPiecs Shadsams
operation asgj p ig§F§_ - S i t C cement
substance B g%§m§§e§§|o y %%gﬁgggs aggagegégnﬁg?ﬁgd ?% gg%}%anm£§g used.
5 The resultg ar83BLEOMSPEOWIal NoFaf! Eeent Rdt&FPaTCHEHESLr the
VAAANAARSY N TVET OLMNF t * * (~Md~c- T L~d~d~M [ T LI'T C~L~ t J1TMNNOOd~[ 101~ O d1 10
c-1 1<I18 1 gm8chVVANBAALGINs Ulery0311ht MM M1i0Pe to the amount

| Ot | ~r 1 OLOOLf IMN~-INrlrlrlrlv--1c-10U0000llio ~Orl NMMdul3 rl .~ ~1O O ~
ra-1 o o ~., ghnérakcedl-' atidUit=0806fa00tV e ~usd-~hasCheddUD Peatkkrh vet.
V+~NP~P~P4P~PAPAPCI UE' r1 IN IMId~ IMI111 ITOINNNNPINNOv z Nr~ N 12

| NDUSTRI AL APPLI| &ABPERTRIBY . ushRgPrRecBEmenvesbApeshavenbeent he present

invention, initial strength-developnent equal to that_ of ordinary Portland
cenent can becBBrarRedexhRBSiNE EFPAkEF 5OcaYerAame ok andbAYewhen Port! and

t i | ci pned d d dipgly._t t iti
of o envi 1 GRFRRLERS| APACEEr BULEPRLC ) pERaRoEe DOYAAnERRE TRSOERARG 1 A
t Pt taini P | and t, havi pg. 0Si 2 tent of
ot T oast bbos AN LS i yE LR e bPAREnF Lk RACRS oF AE-boTach? B3, STe. cement
st 505 Hna i he ce
Contai ned | noRCh b RbDSr TPRR, S0RTRYRbRELFrLtLARY CHhaRE R RRo 07 100 |

parts of thesghewkyoCoRladll at funnace woag pewder1and t keakeve Portland
cenent. 10 3. The cenment conposition according to daim1 or 2, wherein the

particle sizgloktt herabexesPagt bandeeenenl part1ed183rDP0 £0c8mRO cn2/ g as
the Bl ai ne specific surface area value. 4. The cenment conposition according
to Caiml, 2ompoditibnwhetigignat btorboveosiow 1860l edrhhast sfagnace sl ag
contains, as the main conponents, from25 to 45%of Si02, from30 to 50% of
CaO, fr@f 10pbwd@n%nf aAl2fduandofr froB 10 t0% 0% MOvides Thereegeht
conposition according to any one of Clains 20 1 to 4, wherein the particle
si ze of the dbueéophentyequsletobthst 6hraadénstwugPostianfieasnerdt 000 cn/ g
as the Bl anme specific surface area value. 6. The cenment conposition
accordi ng t oThaypsasest thupptiont bas, baper efaomheéiphedi enetbpzbasist he
above 25 slowly cool ed bl ast furnace slag has a percentage of glass content
of at |east 30%

. A35. Au. A A. AL A& Al . Au. Ay] . AO. Ayb. A, . A"#3] & F?p} T~ytoj e [ V] ca] ca] ca] ca] ca] c
aJ cal cal ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calcalcalc”halcalcalcalcalcalc”talc:alc
aljc”al]cRaUl ca! CzM G
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Si0, is from 25 to 45%, CaO is from 30 to 50%, Alx03 is

from 10 to 20%, and MgO is from 3 to 10%, which are the
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If the Blaine value is at most 4,000 cn1/g, no effect of
suppressing the bleeding may be obtained in some cases.
On the other hand, if said Blaine value 1s 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 cm?/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
percentége 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/S;)x100.
20 S is the area of the main peak of melilite (a solid
solution of gehlenite 2Ca0*Al,03'Si0; and akermanite 2CaO:*
Mg0+25810;) which is a main crystalline compound in the
slowly cooled slag, as obtained by a powder X-ray
diffraction method, and Sy 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.



G&'() 3b.c.d.ef.ghfl,0[TVIO%G G & ()-3[TVI0%G "G & ()-3[TVI0% G ' G
& ()-3[TVI0% G ' G & ()- 3A0 hVR[TV10% G ' G & ()-3h.i.j.k.1. mn.n, 0Ao
hVR{TVI0% G ' G & ()-3[ TVI0% G ' G & ()-3[TVL0% G ' G & ()- 3[TV10% G ' G
& ()-3[TV10% G ' G & ()-3n.0.p.q.T.5.1.u NQHAO[TVI0% G ' G & ()-3[TV10% G ' G
& ()-3[TVI0% G ' G & ()-3[ TVIO% G ' G&'() 3[TVIO% G ' G & ()-3[TVI0% G ' G
-&'() 3[TVI0% G ' G & ()-3u.v.w.x.y.z.{.fl,4[TVI0% G ' G & ()-3[TVI0% G ' G
& ()- 3[TV10%G G & ()-3A0 hVR[TVlO%G G& ()- 3[TV10%G G

()-
@ ()3t Tvivwn o ER PPIRPTORoR G5 ETE 0 DAL WAGMAES GLEN TR VDU -
| B sA BlR %eégﬁ%ﬁ%sfo&agu
G 3&' ()-3.. R‘%E %%%F‘cr%/%i/‘}%zrv% &&'% # () gg%ﬁ %98 g;%a( éFF[Tvm%O
‘G & ()-3! [ TH10%0 ghelgﬁlé‘?é céhgyﬂgr{%r@w%% %br%[eIW@ ﬁfaz ----- X

94[ TVI0% [ TVIOB G ' G & AVR(! G G&( (? TV10%

&' ()-3'[ B/10% Gorfo& ©,03; -Fey0 - af@] TNLOY [ ] £¥é0n{‘é§t1§néd() 3! [TVlO%G G
& ()-3[TVI0% G "G & ()-3I[TVI0% G ' G & ()-3[ TVIOB G ' G & ()-3![TV10% G ' G

& ()-3....... CAFLYEO% ] TEAVEO%aGe Gf&plepdrbtYE2%0E the&slbwdlyTVI0% G ' G
& ()-3I[TVIO% G "G & ()-3[TVIO% G ' G

cooled slag, it 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 tendg 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 cn@/g, more
preferably from 4,000 to 6,000 cn@/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 1if it

exceeds 8,000 cm?/g, workability tends to be poor in some

cases.
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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%, Si0,: 22.14%, Al,03: 4.91%, Fey03: 2.96%, SOi:

1.86%), C3S content: 55%
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A1,03: 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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from 30 to 50% of Ca®, from 10 to 20% of Al,0; and from 3
to 10% of MgO.
5. The cement composition according to any one of Claims
20 1 to 4, wherein the particle size of the above slowly

cooled blast furnace slag is at least 4,000 cm?/g as the

Blaine specific surface area value.

6. The cement composition according to any one of
Claims 1 to 5, wherein the particle size of the above
25 slowly cooled blast furnace slag has a percentage of

glass content of at least 30%.



