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years, 2 the performance require concre I'VErs
a cement composition and cement concrete made thereof,

which are to be used mainly in the field of civil
engineering and construction. Here, cement concrete used
in the present invention generally refers to cement

10 paste, mortar and concrete. Further, parts or $ in the

present invention are by mass unless otherwise specified.

BACKGROUND ART

With respect to carbon dioxide emiséion, the
proportion of civil engineering and construction in
15 overall industry is very large, and it is desired to
reduce its environmental load. On the other hand, carbon
dioxide discharged from cement industry derives mostly
from fuel during calcination or from deéarboxylation of
limestone as the starting material. Accordingly, in
20 order to reduce the carbon dioxide emission, it is the
most effective method to reduce the calcination amount of
cement clinker, and it is extremely important to promote
utilization of various mixed cements.
Further, with a view to constructing durable
25 concrete structures, it is desired to prevent bleeding
resulting from segregation and to suppress heat

generation by hydration. Particularly, in recent years,



for the purpose of rationalization of application, various types of high ™
fluidity concrete have been proposed which require no conpaction and which
have self 5 filling properties ("Report | of JCI Utra Fluidity Concrete
Research Committee" (May 1003) and "Report |l of the same" (May 1994),
publ i shed by Japan Concrete |Institute). Such high fluidity concrete tends
to undergo 10 segregation if the unit quantity of a binder such as cenent
is less than about 500 kg/n8, and accordi?gly, it wusually has a unit

bi nder quantity of at |east about 500 kg/nB8. And, high fluidity concrete
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15 value is large and the environnental |oad 1S also n‘order to

sol ve such a ppebLed phighsd |4 didesont@ichelenhas bssm ddopgsed in which
fine powder of Iines?oﬁgﬂ?s used i€n$ubstitu?ion for a part of the binder

(JP- A-5-319889%xriolbetipee epwiegh Gluliidiest 66820t & Newge eglibst ant i al
hydraul icity, and accordingly, the high fluidity concrete in which fine
powder of |inpsbpoeedighickdrequisnghsio cotmpention angpavhicd Hewe lelder, has
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Such high fluidity concrete tends to undergo

10 segregation if the unit quantity of a binder such as
cement is less than about 500 kg/m’, and accordingly, it
usually has a unit binder guantity of at least about 500
kg/m®. and, high fluidity concrete.having a large unit
binder quantity has a problem that the hydration heat

15 value is large and the environmental load is also large.

| In order to solve such a problem, high fluidity

concrete has been proposed in which fine powder of
limestone is used in substitution for a part of the
binder (JP-A-5-319889). The fine powder of limestone

20 shows no substantial hydraulicity, and accordingly, the
high fluidity concfete in which fine powder of limestone
is used in substitution for a part of the binder, has a
merit such that it imparts segregation resistance without
bringing about unnecessary heat of hydration. However,

25 limestone is a valuable natural resource for our country
having sméll resources, and its utilization merely for

admixing it to concrete, is likely to lead to depletion



it islikely to be neutralized, and it is poor in 5 providing initial
strength. Neutralization is inportant since it relates to durability of a
ferroconcrete structure, and the initial strength is inportant, since it
deeply relates to unnold cycle and thus is inportant for shortening the
application period. Further, the to neutralization is an inportant
deterioration factor influential over the durability of ferroconcrete, and
in neutralized concrete, the reinforcing_steel will be corroded, and
there will be a danger of falling of conérete fragments. At present, it is

desired to dev og cenent conggslt é@lch is excellent in providing
durability an8%ih ?lﬁ?s%‘ﬁ%%gt RCSRGIWRT th | S 1% PFPSeREYi BRRY strengt h

equal to one u I tland, .cement sed ven if the
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plants is MAder used in th cenent concrete furnace sl ag
is generallyiel assi{kedyitd wLurnehediaed, vihai {t etk S%oxcald ed granul at ed
bl ast furnace slag and air-cooled and 25 crystalllzed so-called slowy

cool ed bl ast pupwadeng! figit iddnengengem. tMeutgralndatieh Hisasmpbucaace sl ag

has al kali latent hydraulicity, and one pulverized to the sane |level 4 as
cement, or m)ﬁénf:?ne!:yrﬂmt'rﬁste‘mrﬂuralbsl%woasaafelsltemncngetrmter|aI for

bl ast furnace cenent. fled nulated bl ast , furnace sl ag has
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armunt to Cenggtdggbf§ elAEé%lto n%%&glcycle and thus is important

for shortening the application period. Further, the

10 neutralization is an important deterioration factor
influential over the durability of ferroconcrete, and in
neutralized concrete, the reinforcing steel will be
corroded, and there will be a danger of falling of
concrete fragments. At present, it is desired to develop

15 a eement composition which is excellent in providing
durability and initial strength and which is capable of
providing strength equal to one where usual Portland
cement is used alone, even if the admixture is used in
combination in an amount exceeding 30%.

20 On the other hand, blast furnace slag discharged as
industrial waste from steel plants is widely used in the
cement concrete field. The blast furnace slag is
generally classified into quenched and vitrified so-
called granulated blast furnace slag and air-cooled and

25 crystalllzed so-called slowly cooled blast furnace slag.
Among them, the granulated blast furnace slag has alkali

latent hydraulicity, and one pulverized to the same level



strength will not decrease, and its studies are being nade in various
fields of e.g. high strength concrete and high fluidity concrete
("Applicability of Fine Powder of Blast Furnace Slag to H gh Strength
Concrete", Kenichi 10 Yasudo et al., papers reported at the 45th Cement
Technol ogy Convention, pp.184-189, 1991, etc.). The vitrified granul ated

bl ast furnace slag has excellent |atent hydraulicity whereby the strength
will not decrease for a long period of tiime even when it is 15 adm xed in
a large amount to cenent clinker. However, on the other hand of exhibiting

such high strg?gg%n%ﬁ@e ogirﬁgli%iqulegi E%rgt?gmgﬁgagi%ursgegge sl.,ag has had a

probl em such eat generation b atron a f6us shri nkage

tend to be suBskapth@lmaRicih ey BARSEAEPHaCO Atk AUl 0genous shrinkage
are factors which induce cracking, and they are phenonena not desirable

when durable feryoeoneied egsdilciddeplace FQrheceossig uedLd. On the ot her
hand, slowy cooled blast furnace slag is called also by another nane i.e.
crystallized skaglbent 2batrait dydurailiisiomewbaoabygeven hwiehira widimd ixiey.
Accordingly, it was used nainly as a roadbed material, but recently,
recl ai ned aggiBgat L2FEe FeBHe 10 dsaepteféinher al 155 s Fergs a roadbed
material. Thus, i onventi opal application, and its

it isljkely to |ose the
usef ul applicﬁFFBﬂgFE W%{?Iﬁgix§%ﬁ§e§8§gthg"%bﬁl?E%@%?ﬁ}iﬂe Be38€ Fur nace
o000, AeBhaSOE ey AR YO oL R I el R
Resource, so-gabhed §88YES) &cdriWete ©BapReLcdBPlity of Fine Powder of
Blast Furnace Slag to High Strength Concrete”, Kenichi
10 Yasudo et al., papers reported at the 45th Cement
Technology Convention, pp.184-189, 1991, etc.).

The vitrified granulated blast furnace slag has
excellent latent hydraulicity whereby the strength will
not decrease for a long period of time even wheh it is

15 admixed in a large amount to cement clinker. However, on
the other hand of éxhibiting such high strength, the
vitrified granulated blast furnace slag has had a problem
such that heat géneration by hydration and autogenous
shrinkage tend to be substantial. Such heat generation

20 and autogenous shrinkage are factors which induce
cracking, and they are phenomena not desirable when
durable ferroconcrete structures are to be constructed.

On the other hand, slowly cooled blast furnace slag
is called also by another name i.e. crystallized slag or

25 ballas and is one showing no hydraulicity. Accordingly,
it was used mainly as a roadbed material, but recently,

reclaimed aggregate has become to be preferentially used



In recent years, a problemrelating to durability of concrete has been
taken up as a serious problem and 10 guidelines, principles for

standardi zation, etc., relating to durable concrete have been published by
various acadenmic societies. Particularly, the water/cenent ratio of
concrete is substantially influential over the durability, and
accordingly, for the 15 purpose of reducing the unit quantity of water,
frequency of use of a high performance ter reducing agent or a high
performance AE water reduci ng agent has rdapidly increased, and guidelines

t heref or have SO i,ssued., Howeyer . there is,.a problemsuch that as
the unit 20 c?ﬁgar?t ir{%%ﬁggdm}g?té?r%agﬂ e?ﬁ&éd, s cﬁﬁ?ﬁglé’ wid ﬁ'oﬁerré? f

consi stency tends,heiBgahak 1'%9% e fluidit S . decr ease, and at
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25 fluidity decrease is taken up as a serious problem

concrete i s aCemeeitetendegetopexkitiiko tvodhe susegahidl Bat&radn | Nfduence due
to the quality of 6 workmanship, and its self-filling property is the nost
i nportant Eharfacer.ibgtpd, PRIt 'lsmw pliatédgt bonBromationtdie fluidity
during the transpaortation fromthe ready- m xed concrete plant to the

appl i cation si%tteéldfdnguRererimed diespurserasp-patied ﬁ@cl{(ﬁﬁe appt'icati on
site. However,O t%%p tg ggge troubles at the application site or a traffic
jam during thESFRTEpstation, it may frequently take time over the

pr escr! bed tine, Vfi'lerrpe@éntth9eg£é'§ détgr&;lémc%ﬁ"a%&ﬁgt €9d3u£§)bpfi&ytostj de the
prescri bed standard.
concrete has been taken up as a serious problem, and
10 guidelines, principles for standardization, etc.,
relating to durable concrete have been published by
various academic societies. Particularly, the
water/cement ratio of concrete is substantially
influential over the durability, and accordingly, for the
15 purpose of reducing the unit quantity of water, freguency
of use of a high performance water reducing agent or a
high performance AE water reducing agent has rapidly
increased, and guidelines therefor have also been issued.
However, there is a problem such that aslthe unit
20 quantity of water is reduced, the change with time of
consistency tends to be large, and the fluidity téndé to
decrease, and at present, there is no fundamental
solution to this problem. It is particularly in the case
of high fluidity concrete that the problem of the
25 fluidity decrease is taken up as a serious problem.

High fluidity concrete is a concrete developed not

to be susceptible to an influence due to the quality of



10 I n such a case, there is no other means than carrying out so-called
re-fluidizing treatnment i.e. by additionally adding a high perfornmance AE
wat er reducing agent or the like to have it re-fluidized. However, at
present, such re-fluidizing treatment can be done only by 15 a skilled
hand. Accordingly, it is strongly desired to develop concrete excellent in
the fluidity-maintaining perfornmance. On the other hand, fromthe

vi ewpoi nt of an environnent problem a |grge expectation is present with
20 respect to reduction of hexaval ent chrom um which presents adverse

effects agal nbriAREnBOd &3 AIHh0d2ihasnlepRoREPRPSRS L hbice L he

anount of elution of xaval ent rom um g agent or adsorbent

thereof. Howey@porSHED ensBd&tdAlsdi% .t OBnEXPENsd Wedil e 2% Hagdchint he
field of cement concrete and is not substantially practically used. Under

t hese circunstaecéinidbeypdesitd thweniadsportabiye £ontlutie drasayi-ous
studies on effective utilization of slowy cooled blast furnace slag and
as a result, maxed fonpdetdaplants|tonthecopbédchbtasn $ireavel Slvughsowder has
a function of suppressing neutralization, is excellent in 5 the performance
in nai ntai Ai NGO gi BFFF2ERPILRT Gt TP PRIisphheR, SHeR: sHEWEYVEEHt ogenous

shrinkage and can_be ngde t e h%gﬁﬂjluid't goncretgahavin | qw heat
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time over the prescribed time, whereby the fluidity of
concrete tends to be outside the prescribed standard.
10 In such a case, there is no other means than
carrying out so-called re-fluidizing treatment i.e. by
additionally adding a high performance AE water reducing
agent or the like to have it re-fluidized. However, at
present, such re-fluidizing treatment can be done only by
15 a skilled hand. Accordingly, it is strongly desired to
develop concrete.excellent in the fluidity-maintaining
performance.
On the other hand, from the viewpoint of an
environment problem, a large expectation is present with
20 respect to reduction of hexavalent chromium which
presents adverse effects against human bodies. A method
has been proposed to reduce the amount of elution of
hexavalent chromium by a réducing agent or adsorbent
thereof. However, such a material is too expensive to be
25 used in the field of cement concrete and is not

substantially practically used.

Under these circumstances, the present inventors



a slowy cool ed blast furnace slag powder, it is possible to nmake a cenent
conposition excellent in the initial strength-providing property and
having little 15 environnmental |oad, whereby the conventional problens can
be solved, and the present invention has been acconplished. DI SCLOSURE OF
THE | NVENTI ON Nanely, the present invention has the followng 20
construction. (1) A cenent adm xture characterized by conprising a slowy
cool ed bl ast furnace slag powder which coptains nelilite as the main
conponent and has a carbon di oxi de absorption of at |east 2% when
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of 5% a tenperature o arelative humdity o cenent

admi xture chapackeshZLdYLLPMIEHsH FraaBe SLoW yngopd ed Llast fuugace sl ag
powder which contains nelilite as the main conponent and has a | 0oss on

ignition of abun@sthda wissly covled phbsteduchaod sthen gowidrehasat
1,000C for 30 mnutes. 5 (3) A cenent adm xture characterized by conpri sing
a slowy cookefubttsen fef rarmrsissd ngondetrahi zht tomt ai nexawdllienitt énas t he
mai n conponent and contains at |east 0.5% of sulfur present as
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generation by hydration, and shows an effect to reduce
hexavalent chromium under a prescribed condition, and

10 further, by using a cement composition comprising a
Portland cement having a C3S content of at least 60% and
a slowly cooled blast furnace slag powder, it is possible
to maké a cement composition excellent in the initial
strength-providing property and having little

15 environmental load, whereby the conventional problems can
be solved, and the present invention has been
accomplished.

DISCLOSURE OF THE INVENTION

Namely, the present invention has the following

20 construction.

_(1) A cement admixture characterized by comprising a
slowly cooled blast furnace Slag powder which contains
melilite as the main component and has a carbon dioxide
absorption of at least 2% when carbonated for 7 days in

25 the air having a carbon dioxide concentration of 5%, a
temperature of 30°C and a relative humidity of 60%.

(2) A cement admixture characterized by comprising a



(5) The cenent adm xture according to any one of (1), 15 (3) and (4),

whi ch ‘conprises the slowy cool ed blast furnace slag powder which contains
nelilite as the main conponent and has a loss on ignition of at nost 5%
which 1is a weight reduction when ignited at 1,000C for 30 mnutes. 20 (6)
The cenment admi xture according to any one of (1), (2), (4) and (5), which
conprises the slowy cool ed blast furnace slag powder which contains
nelilite as the main conponent and contaighs at | east 0.5% of sulfur
present as non-sulfuric acid formsulfur. 25 (7) The cenent adm xture

according to anywdfecodléd)blddt (Rrnac?) sand HEvdehiietcie BN IS8% t he
slowy cooled blast furnace slag powder which contains nelilite as the 9

mai n conponenmeantibasaa conoenir atomponehtnandsha$ us i Tosaard foerimisul fur to

elute, of at least 100 ng/1. (8) The cenent adm xture according to any one

of Cdains 1 p§ It mpsehStonpricded st ke wshohkyredotetom|wwen igrfigedace sl ag

powder having a degree of vitrification of at nost 30% (9) The cenent

adm xture accéFdﬂn80933éﬁy'éﬁeméﬂu€§§ "to (8), which conprises the slowy

cool ed bl ast furn?SS slag haV|n anelilite lattice constant a of
24

from 10 7°73 to @mrfﬁﬁﬁglaeéom%m%lw éne of
(1) to (9), magalgog&iésur Aget FtCeoLEdBlast fuunace sliag povder
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melilite as the main component and contains at least 0.5%
of sulfur present as non-sulfuric acid form sulfur.
(4) A cement admixture characterizéd by comprising,a

10 slowly cooled blast furnace slag powder which contains
melilite as the main component and has an ion
concentration of non-sulfuric acid form sulfur to elute,
of at least 100 mg/1l.

(5) The cement admixture according to any one of (1),

15 {3) and (4), which comprises the slowly cooled blast
furnace slag powder which contains melilite as the main
component and has a loss on ignition of at most 5%, which
is a weight reduction when ignited at 1,000°C for 30
minutes.

20 (6) The cement admixture according to any one of (1),
(2), (4) and (5), which comprises the slowly cooled blast
furnace slag powder which contains melilite as the main
component and contains at least 0.5% of sulfur present as
non-sulfuric acid form sulfur.

25 (7) The cement admixture according to any one of (1)
to (3), (5) and (6), which comprises the slowly cooled

blast furnace slag powder which contains melilite as the



15 (11) The cenent adm xture according to any one of (1) to (10), which
has am oxygen consunption of "at |east 2.5x10-3mp102/g. (12) The cenent
adm xture according to any one of (1) to (10), which has an

oxi dati on-reduction potential 20 of at least 100 nmV. (13) A cenent
conposition containing the cenent adm xture as defined in any one of (1)
to (12). (14) The cenent conposition according to (13), wherein the cenent
is Portland cenent having a 3CaCsi2 25 gontent of at |east 60 wt% (15)
Cenent concrete nmade of the cenent conposition as defined in (13) or (14).

10 (16) The aeiBntofpsLeet Cardd tLian@oheentbhtivhi 65 hes-fuisdurir fl ow of
65050 mm BEST MODE FOR CARRYI NG OUT THE | NVENTI ON Now, the present

invention wl bchd flesnrsbefiur nco ®ldeteqi lof &helsbswl yoTand £d. bl ast furnace
sl ag powder (hereinafter referred to also sinply as the slowy cool ed
sl ag powder) to bd8lsE&Hei pemeért pdwisrttutianvecordangstananyi oneonf ed and
crystallized blast furnace sl ag powder. 10 The conponents of the slowy
cool ed sl ag p&k@émshavecthe Whikihe compdsiesi 6heaglobby remiadtdd st ast
furnace slag, . and specifically, it conmprises Si02, CaQ _A1203 and MO as
the main cﬁen#&éPaESnﬁiﬁ%d?%w Neel "ot SEATSROPT BxkEnplEeatiam o fwvno,
Na20O, S, P2C5a n%o§§2§§%as ot her 15 conponents. Further, the slowy cool ed
sl ag powder contarns 30-°

(9) The cement admixture according to any one of (1)
to (8), which comprises the slowly cooled blast furnace
slag powder having a melilite lattice constant a of from

10 7.73 to 7.82.

(10) The cement admixture according to any one of
fl) to (9), which comprises the slowly cooled blast
furnace slag powder having a Blaine specific surface area
of at least 4000 cmz/g.

15 ' (11) The cement admixture according to any one of
(1) to (10), which has an oxygen consumption of at least
2.5%1073mmol0;/g.

(12) The cement admixture according to any one of
(1) to (10), which has an oxidation-reduction potential

20 of at least 100 mV.

(13) A cement composition containing the cement
admixture as defined in any one of (1) to (12).

(14) The cement composition according to (13),
wherein the cement is Portland cement having a 3Ca0-Si0;

25 content of at least 60 wt%.

(15) Cement concrete made of the cement cbmposition

as defined in (13) or (14).



called nelilite as the main conponent which is mxed crystal of gehlenite
2Ca0A12BSi 2 and akermanite 2CaOw0O 2Si 2 and further may contain others
i.e. 20 calciumsilicates such as dicalciumsilicate 2Ca0Si 2, rankinite
3Ca0. 2Si @2 and wol l astonite CaCSi 2, cal cium nmagnesiumsilicates such as
merw nite 3CaOMyO. 2Si Q2 and nonticellite CaOWOSI @2, anorthite
CaQAl1203.2Si 2, leucite (K20, Na20) Al 203Si @2, spinel MgOA1203, magnetite
25 Fe304, and a sul fide such as calciun1sybfide CaS or iron sulfide FeS.
The slowy cool ed sl ag powder to be used in the 11 present invention
contains nelilite t [ o] d . if.s carb i 0xJ de_absorption
(hereinafter refe@%@dqﬁgnggﬁfﬂg gﬁggéﬁé%fb fgﬁ§%ﬁé%§tqﬁgg$tW%§§hThe 602
absorption Of}kﬂﬁaSEQWhP ¢ogledr SéagPWeer is at 5 least 2% preferably at
| east 3% nore preferably at least 4% If the CO2 absorption is | ess than
2% the effe@ESOMODEPPORSSARRYINEG aentTHE izx@kivemoni | | not be adequate,
and there may be a case where no adequate effects of the present invention
can be obtai ned. IM®Wihéh€ORrabsnt pinvenneansitlie beadbenrdbedi the absorpti on
when carboni zation is carried out for seven days in the air having a
carbon di oRi dé&l€fas-lconcentration of 5% a tenperature of 30C and a
relative humdity of ti 0% In such a case, there may be a case where the
15 sanpl e prior t&gfhﬁﬁfwa§ SHP?EQrB%ﬁﬁEeﬁqﬁﬂ?cﬁré&?ﬂeﬁ?wﬁﬁ§ contai n carbon
0 Ox1 02 aond 2eREduetty LLeORYeR%o ALIINETY BY LRE LRI Afhidfaroon

di oxi de absor
slag powder) to be used in the present invention is an

air-cooled and crystallized blast furnace slag powder.

10 The components of the slowly cooled slag powder have the
same composition as the granulated blast furnace slag,
and specifically, it comprises Si0;, CaO, Al;0; and MgO as
the main chemical components and may contain, for
example, TiO,;, MnO, Na0, S, P;05 and FeyO; as other

15 componernts.

Further, the slowly cooled slag powder contains so-
called melilite as the main component which is mixed
crystal of gehlenite 2CaO-A1203-Si02 and akermanite
2Ca0-Mg0-25i0,; and further may contain others i.e.

20 calcium silicates sﬁch as dicalcium silicate 2Ca0-:Si0,,
rankinite 3Ca0-25i0; and wollastonite Ca0-8i0;, calcium
magnesium silicates such as merwinite 3Ca0O:Mg0-:28i0, and
monticellite Ca0-MgO:Si0;, anorthite Ca0:Al;0;-2S5i0;,
leucite (K30, Nay0)-Al;03-8i0;, spinel MgO-:Al,0;, magnetite

25 Fej304, and a sulfide such as calcium sulfide CaS or iron
sulfide FesS.

The slowly cooled slag powder to be used in the



(the carbon di oxi de amount of the sanple after the carbonization
treatment) - (the carbon di oxi de anmount of 20 the sanple prior to the
carboni zation treatnent). The CO2 absorption can be obtained by quantifying
the anount of carbon by the total carbon analysis and converting it to
the CO2 amount. Otherw se, it can be obtained also by e.g. a thernal
analysis (TG DTA or DSC). 25 Further, the loss on ignition (hereinafter
referred to also as the bound water anount) of the slowy cooled slag
powder is at nost 5% The bound water anount of the 12 slowy cooled slag

powder is at Rl imsheﬁaﬁlef%rgé%%weﬂ%it@g% gpgf gLaply at most 3%

I f the bound anpunt excee excess stren 3"t he acconpanyi ng

heat generati QbrRbrRWEr ahhani 08 AL ria@%@QEFitéﬂt PRGOS £.04 ¢ (15 €ase,

and there may be a case where no adequate effects © e present 1nvention

will be obtaimgdrrEde tboss ORel @by bbeBrpysishl yigeans endweight preduction
when a sanple is ignited at 1,000C for 30 mnutes and is regarded as a

bound wat er arfifunebebrptidi) dfydiwt edogdgpbeol & esiantpmntenfisaazanpl e is
carried out by renoving excess water froma hydrated sanple by a | arge
amount of SacetSG®E 23n BFE8RBAPLY athelddske 3% oMPsReBrdferrIngt The drying

is carried out, under, .such_a drying conditjon that 15 a part of the bound
wat er of the g‘[él%wiﬁfn e§@2r@%‘?/’é%'?l%rl%§’§rﬁﬂ &hagr ¢gngthfider reduced

i s A N TR S L
(hereinafter refRffz@d,t@nd there may be a case where no adequate
effects of the present invention can be obtained.

10 The CO; absorption means the carbon dioxide
absorption when carbonization is carried out for seven
days in the air having a carbon dioxide gas concentration
of 5%, a temperature of 30°C and a relative humidity of
60%. In such a case, there may be a case where the

15 sample prior to carrying out carbonization treatment may
contain carbon dioxide, and accordingly, it may be
represented by the formuia of (carbon dioxide absorption)
= (the carbon dipxide amount of the sample after the
carbonization treatment) - (the carbon dioxide amount of

20 the sample prior to the carbonization treatment) .

The CO,; absorption can be obtained by quantifyiﬁg the
amount of carbon by the total carbon analysis and
converting it teo the CO; amount. Otherwise, it can be
obtained also by e.g. a thermal analysis (TG-DTA or DSC).

25 Furthef, the loss on ignition (hereinafter referred

to also as the bound water amount) of the slowly cooled

slag powder is at most 5%. The bound water amount of the



20 sinmply as non-sulfuric acid formsulfur) is at |least” 0.5% Here, the
non-sul furic acid formsulfur is neant for sulfur in a non-sulfuric acid
form such as a sulfide, a polysulfide, sulfur, thiosulfuric acid and
sul furous acid. The non-sulfuric acid formsulfur is at 25 |l east 0.5%
preferably at least 0.7% nore preferably at least 0.9% If the

non-sul furic formsulfur is less than 0.5% there nay be a case where no
adequate effect of the 13 present inventlizon i.e. no adequate
fluidity-maintaining performance or hexaval ent chrom umreduci ng

f bt.ai .. Th ; h -sul furi id f
o fur my 5o Rarbn SR B3 e d GeliRg LPna ROt bt BTSRRI YaE D sul f ur
(sulfur trioxide) fgomdhe Laldl-alf Ut AGOUNSs Ofre ichaMBYA8 gbLal ned as

the sum of anounts of non-sulfuric "acid formsu S sucC 1osul furic

acid form sul dbun@nek&edddirgms 3eiedsSuktbhgtSUChH: AhaRWnpARY ihg 10
obt ai ned by quantifying by a nethod of Yamaguchi and Ono ("State Anal ysis

of Sul fur in Beastgéngrstciorbliaghydridadbar vr Yamegyedidu aghriikaigeo Ono; St udy
on Steel Making, No. 301, pp.37-40, 1980) or by quantifying by the nethod
prescri bed i ntgnd&s RG220 reeThars] ¢heyecval ede st azpgowdereexioi bits t he
fluidity- maintaining performance and the effect of reducing hazardous

heavy netals PR A ¢ Hescigord tgl?ﬁr Bl‘i’\eﬁﬁ‘ﬁtb?n‘_’%ﬁ% r‘ﬂirild-_ % non-sul furic
?ﬁ: gsLIO; ?t Z?l faﬁéaérlﬂ%%egﬁ{hﬁ tlgjéggf’g i%‘ggl sg‘%si}}aiga’e%e%gllsg}agg'éﬁ%?tcont ai ni ng
non-sul furic aghgef PEM Gl W 1sdnfpileS 1804 gRPBSAPLE 1 Boo°c for 30
minutes and is regarded as a bound water amount of a
10 hydrated sample.

Pretreatment of a sample is carried out by removing
excess water from a hydrated sample by a large amount of
acetone, an alcohol or the like, followed by drying. The
drying is carried out under such a drying condition that

15 a part of the bound water of the hydrate will not be
removed. For example,. drying under reduced pressure is
carried out by an aspirator to a constant weight.

Sulfur present as non-sulfuric acid form sulfur in
the slowiy cooled slag powder (hereinafter referred to

20 simply as non-sulfuric acid form sulfur) is at least
0.5%. Here, the non-sulfuric acid form sulfur is meant
for sulfur in a non-sulfuric acid form, such as a
sulfide, a polysulfide, sulfur, thiosulfuric acid and
sulfurous acid. The non-sulfuric acid form sulfur is at

25 least 0.5%, preferably at least 0.7%, more preferably at
least 0.9%. If the non-sulfuric form sulfur is less than

0.5%, there may be a case where no adequate effect of the



obtain the fluidity-maintaining effect excellent in durability or the

ef fect for reduci ng hazardous heavy netals such as hexagonal chrom um of
the present 25 invention. The hazardous heavy netals neant by the present
i nvention include, for exanple, hexagonal chromum |ead, cadm um nickel,

mercury,

arsenic, 14 selenium nolybdenum etc. The anmpbunt of the reducing

agent to be used is preferably from1l to 50 parts by weight, particularly
preferably from5 to 40 parts by wei ght, r 100 parts by 5 weight of the
total of the slag powder and the reducing “agent. If it is less than 1 part

o) port Bty "OpRBsaHEt Sovel B Lle ! S SATALAEE KIS ALY -RE AR o "

ot her hand,

exceeds parts b

bei ng undesi 1 8al- g6, ABnEHOVGY Hexa Ul 2BRIENNOLALOIATAALI £ i P POSE Of

i the present invention, It 1s preferred to use in ¢

I on vari ous

rel easi ng agenakts whi ehtaigeg€ommonly wused as hexagonal chrom um reducing
materials. Specifically, sulfides such as amoni um sul fi de, cal cium 15

sul fi de,

copper sahki depuntckel tisall fordesulfiurd csukblddeéormagtil fmnymasul fi de,

zirconium sul fide, sodium hydrogen sulfide, Iithium hydrogen sulfide and
ammoni um pol PsuPbrdéned by | deduahicly adiepemasstuaf seifuwic amishi um

sul fite,

sodiunl%ulfite calciumsulfite, sodiumsulfite 20 and potassi um

hydr ogen sul f FP&EUEN(BYLF PRt Eet FHER)ad T8 ANt PRR bt Hile aBRIBot £Fsi um
t hi osul f at e, EglRide conpound suqﬂbas sul f.ur di oxi de_or sulf%g,,and
a}se, §\ lturic

f errous

sul f afe™Habe PRFEEYE Se SN P oRBR WG THEHY
acid form sulfurs such as thiosulfuric acid form sulfur
and sulfurous acid sulfur. Such an amount may be

10 obtained by quantifying by a method of Yamaguchi and Ono
(“*State Analysis of Sulfur in Blast Furnace Slag”,
Naoharu Yamaguchi and Akihiro Ono; Study on Steel Making,
No. 301, pp.37-40, 1980) or by quantifying by the method
prescribed in JIS R 5202,

15 The slowly cooled slag powder exhibits the fluidity-
maintaining performance and the effect of reducing
hazardous.heavy metals including hexagonal chromium, by
containing the non-sulfuric acid form sulfur. However,
even if a polysulfide, a sulfide, a thiosulfate, and a

20 sulfite, etc. aré mérely added to slag not containing
non-sulfuric acid form sulfur, it is not possible to
obtain the fluidity-maintaining effect excellent in
durability or the effect for reducing hazardous heavy
metals such as hexagonal chromium, of the present

25 invention. The haza?dous heavy metals meant by the
present invention include, for example, hexagonal

chromium, lead, cadmium, nickel, mercury, arsenic,



ferrous sulfate is particularly effective. 25 Further, in the present

i nventiion, the ion concentration of non-sulfuric acid form sulfur which
elutes fromthe slowy cool ed sl ag powder (hereinafter 15 referred to as

t he sol ubl e sul fur concentration) is‘at |east 100 ng/1. The sol uble sulfur
concentration is particularly preferably at |least 150 ng/1l. If the

sol ubl e sul fur concentration is less than 100 ng/l, there 5 may be a case
where no adequate fl uidity-nmaintaining pygperty or hexaval ent _
chrom umreduci ng effect of cenment concréfe can be obtained. 1ons of

non-sul furic d_f.arm , for exanple, be sulfur ions (S2-),
pol ysul fide i%%%%Féﬁ51,ﬁ§g§ﬁé%§&xtﬁ?ﬁ%nlfate ions (S2032-) , sulfite ions

(5032-) and sul f atR 2RBHNESO#2ehe %@ghégﬂqﬁ%%%niuk%uBecggggnggation is the

concentration of non-sulfuric acid form su ions contarned in the

liqui d phase, prageraByyofrbiel stoOWMy p£ae ef %QBhEQ"‘HgftiéuPéE]a} nto 100 mi
of water at 20C 15 and stirred for 30 mnutes, followed by solid-liquid

separation. Spoiefersblfufroontets rad iper wabybeeighant péi edodypartd G

em ssion spectronmetry or by an ion chromatography. The degree of
vitrificatBPonwsiohiheof| bheyteonl eof 2hes|sdgopondderi sngr eheraddyciatg nost
30% nore preferably at . nobst 10% |f the degree of vitrification exceeds

30% the heaf96Pthydtatitonts dasskéhpnt & PAEE e eveigity eip adeshateay be a

case wher e Ungdesscoibog! Ll T iainao el sene, foreval en
effects other hand, if it exceeds 50 parts by weight, the cost
increases, such being undesirable.

10 However, within a range not to impair the purpose of
the present invention, it is preferred to use in
combination various releasing agents which are commonly
used as hexagonal éhromium-reducing materials.
Specifically, sulfides such as ammonium sulfide, calcium

15 sulfide, copper sulfide, nickel sulfide, zinc sulfide,
antimony sulfide, zircénium sulfide, sodium hydrogen
sulfide, lithium hydrogen sulfide and ammonium
polysulfide, sulfites such as potassium sulfite, ammdnium
sulfite, sodium sulfite, calcium sulfite, sodium sulfite

20 and potassium hydrogen sulfite, thiosulfates such as
sodium thiosulfate and potassium thiosulfate, sulfide
compounds such as sulfur dioxide or sulfur, and ferrous
sulfate, may, for example, be mentioned. Among them,
ferrous sulfate is particularly effective,

25 Further, in the present invention, the ion

concentration of non-sulfuric acid form sulfur which

elutes from the slowly cooled slag powder (hereinafter



to suppress heat generation by hydration cannot be obtained. 16 |If the
degree of vitrification is high, even if substantially the sane anount of
non-sul furic acid form sulfur is contained, elution of e.g. thiosulfate
sulfur is extrenely little as conpared with the crystalline 5 slowy
cool ed slag, and the fluidity-mintaining performance or the hexaval ent
chrom umreducing effects are small. Further, as the degree of
vitrification increases, there nay be a gase where heat generation
acconpani ed by hydration will result. 10 rther, the\
neutralizatiog- ressing_ef.fect rre also_a nature characteristic to a
crystalline sg%ggg%%g EOA%%OWE nsgcfﬁ}}’ %o s?&?ﬁre??ﬁﬁ?%tﬁ?%lcf’? kel &% be
observed as e Vi thif i L0 S iLtrification
degree (X isﬁggfgi%gge%§;&K@§%§ %§?§?§§)é&f§§%fﬁﬁﬁ¥%gﬁéxlf i'S the area of
the main peakpgktiBLibiif goctBB BcCh¥akal hspengpipound g the slowy
cool ed sl ag powder, as obtained by the powder X-ray diffraction nethod,
and So is theoanbaeobul fer neomcqraalatdonmeki lese thah heo Pmeduct thebieai ned
by heating the slowy cool ed sl ag powder at 20 1,000C for 3 hours, followed
by cool i ng5 at maycbel angase avkexsf rgCladiequaker fheidithend atttdicsingonst ant a of
melilite of the slowy cooled slag powder is preferably from7.73 to
7.82. The sl oRF§PEBEY bt PP oM SRaPrAy™r hednaing cef barte fscamens of
melilite withiin this ran is.particularly preferred, since the

SFRPErEd e

neutralizatioﬁPgﬁﬁﬁﬁgs fPERE®%re remarkable. It is particularly

preferred that theong of non-sulfuric acid form sulfur may, for

example, be sulfur ions (S?7), polysulfide ions (Sp?,
10 n>2), thiosulfate ions (S;03*"), sulfite ions (S03;®") and
sulfate ions (SO.%"). The soluble sulfur concentration ié

the concentration of non-sulfuric acid form sulfur ions
contained in the liquid phase, when 20g of the slowly
cooled slag powder is put into 100 ml of water at 20°C

15 and stirred for 30 minutes, followed by solid-liquid
separation. Such a sulfur concentration can be
quantified by an ICP emission spectrometry or by an ion
chromatography.

The degree of vitrification of the slowly cooled

20 slag powder is preferably at most 30%, more preferably at
most 10%. If the degree of vitrification exceeds 30%,
the heat of hydration is likely to increase, whereby
there may be a case where the prescfibed fluidity-
maintaining performance, hexavalent chromium-reducing

25 effects, neutralization-suppressing effects and effects
to suppress heat generation by hydration cannot be

obtained.



17 lattice constant ais from7.75 to 7.80. The Bl aine specific surface
area value (hereinafter also referred to sinply as the Bl aine value) of
the slowy cooled slag powder is not particularly limted, 5 but it is
preferably at |east 4,000 cn2/g, nore preferably from4,500 cn2/g to 8,000
cn2/g, nost preferably from5,000 cn2/g to 8,000 cn/g. If the Bl aine
value is less than 4,000 cn2/g, there nay be a case where the segregation
resi stance tends to be hardly obtainable, &O no adequate
neutralization-suppressing effects can bé‘ obt ai ned, or no adequate

fl dit t I, ent d

per for mance. can beZ BEARRBHES 1Tt (L 55g B3arrepnzbh PoThxCRER 81000 cne/ g,
th | ) h

e comont onl - SLEAPREYET1Y S AL DRI drbnloak e AL RO al Borm o
and there rraysgﬁfar%éecméxﬁqedﬂeteq Lt Qbat b@ne"‘{:jthtﬁié@uﬁatté"‘%lﬂlfﬂlr' ty tends

to increase. By this particle size, it is possible to control the anount

of elution of igheasubhatle BIIY asSWohipheeaUivitli t1RO @Fydtha liidee. By
increasing the fineness, the initial fluidity, the hexaval ent

chrom um redusilnglef eclad asithg neutdr ahiez 4L oAl syppe st ingimaf f ect s can be
i ncreased, and inversely, by decreasing the fineness, it becones possible
to present th@efﬁerﬁﬁﬂ9erﬁﬁrﬁhﬁIHQﬂjVﬁéﬁFGrﬁﬁﬁ@@lu@§¥Q¢R?4ﬂ9«ﬁﬁﬁa§ﬁﬁ

chrom um reduci ng_ef t he lizatiog reventing effects over a
ong per | od ofTeuFRBL L 16 FURRGSGy §8n CHO/ TR OIF SR HELEREIPY cool od o) g

increases, there may be a case where heat generation
accompanied by hydration will result.

10 Further, the neutralization-suppressing effects are
also a nature characteristic to a crystalline substance.
Accordingly, no such effects are likely to be observed as
the degree of vitrification inéreases. The vitrification
degree (X) 1is obtained by X(%) = (1-S/Sg) x iOO. Here, S

15 is the area of the main peak of melilite as the main
crystalline compound in the slowly cooled slag powder, as
obtained by the powder X-ray diffraction method, and S,
1s the area of the main peak of melilite in thé éroduct
obtained by heating the slowly cooled slag powder at

20 1,000°C for 3 hours, followed by cooling at a cooling
rate of 5°C/min.

Further, the iattice constant a of melilite of the
slowly cooled slag powder is preferably from 7.73 to
7.82. The slowly cooled slag powder having the lattice

25 constant a of melilite within this range is particularly
preferred, since the neutralization-suppressing effects

are remarkable. It is particularly preferred that the



powder is preferably at least 2.5 x 10-3 mplQ2/g, nore preferably at

| east *3.0 x 10-3 mmpl2/g. If it is less than 2.5 x 10-3 mobl®2/ g, there
may be a case where no 5 adequate fluidity of cenment concrete or hexaval ent
chrom umreduci ng effects can be obtained. The oxygen consunption is an
index to show the reducing ability of the slag powder. For exanple, 2 g of
a slag powder and 40 m of distilled water are m xed, 10 shook for 2 hours
and then subjected to filtration. To 10 of the filtrate, 10 mM of a 0.1
nmol /1 tetravalent ceriumsulfate aqueous solution and a few drops of a

1/40 nol /| é%gtlon-redtj ton:n rcat& 5 ron re added, and
tetraval ent cefi-um-FefBl %@ ih the "Ha ég 8U|d § 15 titrated with 0.1

nmol /1 ferrous sulf EHE‘EBéé £ @l %?é aqggugg g YELESY fggrcerlun1
i t

(unit: mmol/Q) uce to trival ent | 'ag po I's obtalned, and

one divi di ng Ta'l's_% vakderby ﬁ‘ol§1rﬁp@.|ﬁﬁ%sa&hbh§lalﬁgeﬂal@@ﬂScblfmil'lé)n (unit:
nmoplQ2/g). 20 The oxidation-reduction potential of the slowy cooled slag

powder is prefsdéoallycable@astiad Gfbwdér s @otppetetiablyrhy 1iwisted,50 nV. |f
it is less than 100 nV, there may be a case mhere no adequat e hexaval ent
chrom um r edudiug 1&f flecpsefaralbly oift diessd. 4TRE028mbAd datdren- r educt i on
potential is one of indices show ng .the redUC|ng ability of the slag
powder. For e%&ﬁﬁﬁ€abéﬁ f§°%f4a5%Qé§“é6mB@r a0 190 /& BPSHi stilled water
are 19 m xed, ook

oxi dati on-r edﬁ’d’tl Sﬁaﬁg%’eﬁf?rﬁ ltﬁ&q anq/t?ihg?rgt Qéfgé'??é%ur%g e ?%%g?c;rrged

ORP eIeCtrode%ah%e is less than 4,000 cn@/g, there may be a case where
the segregation resistance tends to be hardly obtainable,
10 no adequate neutralization-suppressing effects can be
obtained, or no adequate fluidity-maintaining performance
or hexavalent chromium-reducing performance can be
obtained. If it is pulverized to exceed 8,000 cm?/g, the
pulverization power is required to be large, such being
15 uneconomical, and the slowly cooled slag powder is likely
to be weathered, and there may be a case where
deterioration with time of the quality tends to increase.
By this particle size, it is possible to control the
amount of elution of thiosulfate sulfur, sulfite sulfur
20 or the like. By increasing the fineness, the initial
fluidity, the hexavalent chromium-reducing effects and
neutralization-suppressing effects can be increased, and
inversely, by decreasing the fineness, it becomes
possible to present the fluidity-maintaining performance,
25 the hexavalent chromium-reducing effects and the
neutralization-preventing effects over a long period of

time.



obtain ORP1. Then, the pH of this filtrate is neasured, 5 and the

oxi dati on-reduction potential ORP2 of distilled water adjusted to the sane
pH, is measured. The difference between ORP2 and ORP1 (CORP2-ORP1) is taken
as the oxidation-reduction potential (unit: nV). The cenent adm xture of
the present invention 10 (hereinafter referred to sinply as the present

adm xture) conprises a slowy cool ed slag powder which contains nelilite
as the main conponent and has a carbon dipxide absorption of at |east 2%
and a loss on ignition of at nost 5% contains at |east 0.5% of sulfur

present as non 15Tﬁglggg%§?3§$§%ﬁé§%?€§n{)qﬂ¥gggggﬁ§l Bgf%%f%%ration of

non-sul furic acidform a a3 urt her

preferabl v, apslapkyscootete shag, pandehscihi. shyhag-2a fegiEo qof

. . . ] mor
vitrification 30% a  lattice constant a of melilite o? from

7.73 to 7.82, p2@rapdbdy & Bladde specd fiioc® swidiacegar e afc ak heast 4, 000
cn2/g. The Bl aine value of the present adm xture Is not particularly

limted, but khahs2pBekel@Bl ymalO}/mpstthéreOfaych@/ g, cams avtpsaf etcabl y from
4,500 cn2/g to 8,000 cnk/g, 25 nost preferably from5,000 cn2/g to 8,000
cnm2/g. |f $headBRaRrhe §ThniRity dfesremendn congoetener ghexaierkentay be a case
where no adequate effec resent invention 20 can be obtained, and

ts of the
if it is puIv@PFE@aqur%é%%%Rﬁif tr@RgPet RREALNSRr i zati on power is
required to be Ia&%%,oxsugh QSAQ UQPCOQQFE%?Lhdan ghe S&O&A cool ed sl ag
powder is likely t0 be Wegt het ed, and t Het & miy 58 5 031%% 5 v%ere
deteriorati Onr\é‘-ﬁhéihbn?bf?iiﬁpeoﬂ%é- ts\d.atgeﬁg%dte?. bEi“or example, 2 g of
a slag powder and 40 ml of distilled water are mixed,
10 shook for 2 hours and then subjected to filtration. To
10 ml of the filtrate, 10 ml of a 0.1 mol/l tetravalent
cerium sulfate aqueous solution and a few drops of a 1/40
mol/l oxidation-reduction indicator ferroin are added,
and tetravalent cerium remaining in the shaken liquid is
15 titrated with 0.1 mol/l ferrous sulfate. From this
value, the amount of tetravalent cerium (unit: mmeol/g)
reduced to trivalent by the slag powder is obtaiﬁed, and
one dividing this value by 4 is taken as the oxygen
consumption (unit: mmolO./g) .
20 The oxidation-reduction potential of the slowly
cooled slag powder_is preferably at least 100 mV, more
preferably at least 150 mv. If it is less than 100’mV,
there may be a case where no adequate hexavalent
chromium-reducing effects can be obtained. The
25 oxidation-reduction potential is one of indices showing

the reducing ability of the slag powder. For example, 50

g of a slag powder and 100 ml of distilled water are



substantial. The amobunt of the present adm xture to be used, is not
particularly limted, but it is usually preferably from3 to 60 parts,
more preferably from5 to 50 parts, 10 nost preferably from 10 to 40 parts,
in 100 parts of the cenent conposition conprising cenent and the present
adm xture. If it is less than 3 parts, no adequate effects of the present
i nvention such as to reduce the heat of hydration or to inprove the
fluidity-maintaining 15 property, and if j§ is used in excess of 60 parts,
there nmay be a case where the strength-providing property tends to be

poor. Here, ag. &gg CSHF? ea?ﬁgg%%EPQh%g ﬁ£§?§yg é%$s ordi nary,

hi gh-earl y- strength streng and

moder at e- heat £3RerLtapd, CefH’é‘toscylda\éé‘BhQHédQé@ﬂ&?%&l%Mﬂ havicpg granul ated
bl ast furnace slag, fly ash or silica blended to such Portland cenents,

and a filler genephtbayvsngedsiBsd Aie Ppmdecribsadormbylectosdaxaiyl e, be
mentioned. One or nore of them my be 25 used. In the present invention, it

i s possible tobthtai ARAL. ceflmmt, ¢chepodi bEobhieschllterdte nig hheasniredal
strength 21 devel oping property by conbining the present adm xture wth a
Port | and céneﬁﬂdh&bﬁngxadQEbQEHKEﬂ%Q§¥QP Poveanial oPREE ¢@a%tS¥Xihﬁd%

Usual Iy, the Portland, cene constituted b y | i nker conposed
mai nly of 5 2WAG°*SP uEE:?‘%)t s sale; BH fAj‘:?%‘ gégﬁ? anc’F O Al2M

Fe2@B  (CAAR) 41 ERe BRLL! BB %QSMPJ‘%J‘%R%C%REB%EH [s HakPHs

the oxidation-reduction potential (unit: mv).
The cement admixture of the present invention

10 (hereinafter referred to simply as the present admixture)
comprises a slowly cooled slag powder which contains
melilite as the main component and has a carbon dioxide
absorption of at least 2% and a loss on ignition of at
most 5%, contains at least 0.5% of sulfur present as non-

15 sulfuric acid form sulfur, and has a concentration of
non-sulfuric acid form sulfur to elute, of at least 100
mg/l, further preferably, a slowly cooled slag powdér
which has a degree of vitrification of at most 30%, a
lattice constant a of melilite of from 7.73 to 7.82,

20 and/or a Blaine specific surface area of at least 4,000
cm?/g.

The Blaine value of the present admixture is not
particularly limited, but it is preferably at least 4,000
cmz/g, more preferably from 4,500 cmz/g to 8,000 cmz/g,

25 most preferably from 5,000 cm?/g to 8,000 cm?/g. If the
Blaine value is less than 4/000 cm?/g, there may be a

case where no adequate effects of the present invention



60% of the present invention is not particularly limted, and a
commerci al |y avail abl e hi gh-early-strength cenent 10 or

ul trahi gh-early-strength cenent may, for exanple, be wused. Further, the
particle size of the Portland cenent having a C3S content of at |east 60%
is not particularly limted, but it is usually preferably at a | evel of
from 3,000 to 8,000 cn2/g by a Blaine value. If the Blaine 15 value is

l ess than 3,000 cn®/g, no adequate early ,gtrength devel opi ng property may
soneti nmes be obtainable, and for pulverization to exceed 8,000 cn2/g, the

D er e 2t L 00 AR, LE0ASnLa, DEne Kl SIEl ANGRy i SHEN o DEk DA AN cal

and the operation efficrency may be € poor- c'enent

composi ti on Olerhg, PERSNILYEMAMILION bouepNEs CPURE| 5% Y Na Riad the

present adm xture. For the cenent conposition o e present |

the respectiwaichibeingl Snadynbeidaxetrd tHee stb®yokobhea 251 a4ppl i cati on,
or a part or whole thereof may be prelimnarily mxed. For exanple, a

sl oW y cool ed sivdgr pewllekelgenente ovdathmrednd agyipsher aayag aparatalsge be 22
pul veri zed and m xed, or a part or whole of themnay be m xed and

pul veri zeds THESFSEr CREPELSF2E1IOT WHE dedmentofchpoghal bRy otendre trasent
invention is not particularly limted, since it 5 depends on the
particul ar purd §§a8Flﬁgplication. Usual ly, it is preferably from 3,000 to

;000 B 9, e ol SHELADL XS0 S0 D00, STl gl e vl v
strengt h-develRpi parRieASAEYy CRMPELPIRNEY, is usually preferably
from 3 to 60 parts, more preferably from 5 to 50 parts,

10 most preferably from 10 to 40 parts, in 100 parts of the
cement composition comprising cement and the present
admixture. If it is less than 3 parts, no adequate
effects of the present invention such as to reduce the
heat of hydration or to improve the fluidity-maintaining

15 property, and if it is used in excess of 60 parts, there
may be a case where the strength-providing property tends
to be poor. | _ '

Here, as the cement, various Portland cements such
as ordinary, high-early-strength, ultra high-early-

20 strength, low heat and moderate-heat, Portland cements,
various blended cements having granulated blast furnace
slag, fly ash or silica blended to such Portland cements,
and a filler cement having limestone powder mixed, may,
for example, be mentioned. One or more of them may be

25 used.

In the present invention, it is possible to obtain a

cement composition excellent in the initial strength-



10 and if it exceeds 8,000 cnk/g, there may be a case where the operation "
efficiency tends to be poor. The cenent conposition of the present
invention has a self-filling property requiring no conventional shaking
conpaction and can be used as high fluidity concrete free 15 from
segregati on, whereby the slunp flow value as an index of fluidity is
preferably 65050 mm If the slunp flow value is |ess than 600 mm the

self-filling property is likely to be ingdequate due to a change with tine
when the time required for the appllcatl or transportation 20 is taken
into account, .and. if,it exceeds there

seqregat | on | SETPREPIY SRGRHRY, PYMRBMOARORS! o TSP Rtn P EEtPE= o be
prepared, it r ef y e C Hﬁh a usua
wat er redUC|ng§a§e%tﬁgf re uc%n&gggg%tg ﬁéﬂ& %ﬂﬂﬁgg eif%rnaﬁ@g reduci ng

agent or a high perfossmnas Wy, reggﬁamﬁ/am pof&rlaaugeemeﬂtdagy The wat er
reducing agent is commercially avail einthe formof aliquid 23 or

powder, and etbhetioneeduyy f/pisad andateinkeducomsbsaerfinlymytbe general |y
classified into a naphthal ene type, a nelam ne type, an am no sul fonic
acid type and2@a0psi@cathbkyl €1S,adiCaot ppeQ; SChaA) tdred sl OmEndion, it
is particularly referred to use a high performance AE reduci ng agent,

and its speC|ﬂFeK£&anples include for exanple, a naphthal ene type, such
as "Rheobuild SP-9 Series

fact d
"M ahty 3600 10 SipPoReEe endSent Wi nl B ERC A B Reastr L
" Sunflow HS- 198 Erégg £¥£E%n€“¥HU€ﬂ€EBEGQSbMog“§§¥Hhcu1ar1y limited,

and a commercially availlable high-early-strength cement

10 or ultrahigh-early-strength cement may, for example, be
used. Further, the particle size of the Portland cement
having a C3S content of at least 60%, is not particularly
limited, but it is usually preferably at a level of from
3,000 to 8,000 cm?/g by a Blaine value. If the Blaine

15 value is less than 3,000 cm?/g, no adequate early
‘strength developing property may sometimes be obtainable,
and for pulverization to exceed 8,000 cm?/g, the
pulverization power tends to be extremely large, such
being uneconomical, and the operation efficiency may be

20 likély to be poor.

The cement composition of the present invention is
one comprising cement and the present admixture. For the
cement composition of the present invention, the
respective materials may be mixed at the time of the

25 application, or a part or whole thereof may be
preliminarily mixed. For example,.a slowly cooled slag

powder, cement clinker and gypsum may separately be



Y Peon Paper Industries Co., Ltd. Further, as a nelamne type, "Sikanent
1000 Series", trade nanme, manufactured by Sika Ltd., or "Sunflow HS-40",
trade nane, manufactured by 15 N ppon Paper Industries Co., Ltd., may, for
exanple, be nentioned. Further, as the am nosulfonic acid type, "Palic FP-
200 Series", trade nane; manufactured by Fujisawa Pharmaceutical Co.,
Ltd., may, for exanple, be nentioned. 20 And as the pol ycarboxylic acid
type, "Rheobuild SP-8 Series", trade nang, manufactured by NvB Co., Ltd.,
"Darex Super 100PHX", trade nane manuf actured by W R Gace & Co., and

rakenoto G| BUrRE beS e fied of e, BREL T8 SR B4 TR HERBRT! 1107 BV

pr esent |nvenﬁhﬁg 4 0E ﬁﬁlJEy' 5@ these wat er reduci ng agents can be used.
The anmount of e water ucing agent to be used, is not particularly

limted. However Théspaﬂ:yclé ts IRy dFe cisedembhBi BopseNgomhy £ i Hes
specified by each manufacturer, and specifically, it is at a level of from

0.5 to 3.0 paptespet ILO@empairdrs ief nbhepdrtiewkatly drposidd ok ic@rpiitsi ng
cenent and the present adm xture. In the present invention, the anount of
water to b® dgedndssommﬁh%xnﬁﬁuyﬂwéﬁrypurnﬂﬁédorFQREARQﬁtJG§UaIIy, it is

preferably from 125 to, 225 kg, nore _preferably from 10 140 to 185 k per 1
n8 of the cenBAt@¢d¥critels IHrqfterla@l | 658™t Haf04 25 1&y, Ooconémbﬁgra‘f‘?ﬁ

efficiency is |iLkel ¥, 10 £D& PPYoo 306! bobt cf¥4FeLR 18B1K9net D1 JLMENSI ONal

If it is less than 3,000 cm?/g, there may be a case where
no adequate strength-developing property can be obtained,

10 and if it exceeds 8,000 cm?/g, there may be a case where
the operation efficiency tends to be poor.

The cement composition of the present invention has
a self-filling property requiring no conventional shaking
compaction and can be used as high fluidity concrete free

15 from segregation, whereby the slump flow value as an
index of fluidity is preferably 650+50 mm. If the slump
flow value is less than 600 mm, the self—fiiling property
is likely to be inadequate due to a change with time when
the time required for the application or transportation

20 is taken into account, and if it exceeds 700 mm, there
may be a case whefe segregation is likely to result.

When high fluidity.concrete is to be prepared, it is
preferred to employ a water reducing agent such as a
usual water reducing agent, an AE reducing agent, a high

25 performance reducing agent or a high performance AE
reducing agent, for high fluidity. The water reducing

agent is commercially available in the form of a liquid



stability, strength-devel oping property and durability are likely to be
poor. '15 In the present invention, in addition to the cenent, the present
adm xture, aggregates such as sand or gravel, and the water reducing
agent, one or nore may be used wthin a range not to substantially inpair
. the purpose of the present invention, anong additives such as granul ated
' 20 blast furnace slag powder, fine |inestone powder, fly ash and silica
fume, a defoam ng agent, a thickener, a rgft- preventive agent, an
antifreezer, a shrinkage-reducing agent,“a polynmer emulsion, a setting

nodi fier, a clay Lneral such.as bentonit and _.an i an _exchanger such as
25 hydrotalci?g,paﬂbg ' ugR ?{¥Qﬁ§(§%ﬁ 8?@6%F0P58¢g. ﬁ%ﬁﬁf I o (2 Y,

concrete. In BB@nEEeﬁQQt?é 4N %g%%%?%é EHEongxﬁgﬁbéﬁg i ous

materials is not particularTy i mted, respective materials my be

. mxed at-the tiypge,of hEBamaPPld Al G aBind BALEoRIc W& ¢ RRa a
‘ prelimnarily mxed. As the m xing apparatus, any conventional 5 apparatus

may be used. bolyesabpkelidtadisi pogsi.ble to wuse a tilting mxer, an om ni
| m xer, a Henschel mxer, a V-formm xer and Nauta m xer. Now, the present
invention ill beIdesbei bedseémt deteridioni .t Htr ébepentécubaEkanpl es. 10 TEST
EXAMPLE 1 Concrete having an air amount of 4.51.5% and s/a=46% was
prepared by uSFRGSFRBICHNCHER & BH&hd PeCSRBBEPER oRE keSO ia9erdhl e 1

conprising ceqpnt;fy <¥alLksc AN 1 Y24 138d VELLOR,JIAY Rowders as the

naphthalene type, such as “Rheobuild SP-9 Series”, trade
name, manufactured by NMB Co., Ltd., “Mighty 2000

10 Series”, trade name, manufactured by Kao Corporation and
*Sunflow HS-100", trade name, manufactured by Nippon
Paper Industries Co., Ltd. Further, as a melamine type,
*Sikament 1000 Series”, trade name, manufactured by Sika
Ltd., or “Sunflow HS-40", trade name, manufactured by

15 Nippon Paper Industries Co., Ltd., may, for example, be
mentioned.

Further, as the aminosulfonic acid type, “Palic FP-

200 Series”, trade name, manufactured by Fujisawa
Pharmaceutical Co., Ltd., may, for example, be mentioned.

20 And as the polycarboxylic acid type, “Rheobuild SP-8
Series”, trade name, manufactured by NMB Co., Ltd.,
“Darex Suber 100PHX", trade name, manufactured by W. R.
Grace & Co., and “Chupol HP-8 Series” or “Chupol HP-11
Series”, trade name, manufactured by Takemoto 0il & Fat

25 Co., Ltd., may, for example, be mentioned.

In the present invention, one or more of these water

reducing agents can be used. The amount of the water



15 cenent adm xture, and the slunp |oss, conpression strength, adiabatic
tenperature increase and neutralization depth were neasured. Further,
canparison was carried out with a blend conposition by m xing fine

| i mest one powder instead of 20 the slag powder to obtain an equal
conpression strength with the sane bl end proportions. The results are shown
also in Table 1. Further, a water reducing agent was used so that the

sl unp val ue of the concrete would be 18 %ECW] 25 Materials used Cenent A
Ordinary Portland cenment manufactured by nki Kagaku Kogyo 26 Kabushi ki
Kai sha, C3S cgntent: 55%. Bl ai.ne value: 3. 200 cnp{ nsity: 3. 15 g/cnB
Sl ag powder (IyHSHo% ?}g%%%ﬁ"eod R A SSowdEr PO%)@aggl‘g%Js%&éf ﬁdﬁ% % amount

of bound watgL;, a2 f s vitr) kicatign:,; P2 i1 ahti.ce
constant a: 7%%&% é?ﬁ%ﬁggla ue:* Aﬁar o?ec%%g, ‘”ég}r{%??%%‘\%‘% Wf%)lactgh/ cl(r%B Sl ag
powder (2): Skpukyreeglwy siay mowdRIctueS?2, aRgosphé PR ca3lhy ammunts of bound

water: 2.5% degree of wvitrification: 5% nelilite 15 lattice constant a:
7.78, Bl ai ne avahutevd] 500 fadi ). deansi3t.P: pdrB6 per 100 parts of the
5. cement composition comprising cement and the present
admixture.

In the present invention, the amount of water to be
used, is not particularly limited. However, usually, it
is preferably from 125 to 225 kg, more preferably from

10 140 to 185 kg, per 1 m® of the cement concrete. If it is
less than 125 kg, the operation efficiency is likely to
be poor, and if it exceeds 185 kg, the dimensional
stability, strength-developing property and durability
are likely to be poor.

15 In the present invention, in addition to the cement,
the present admixture, aggregates such as sand or gravel,
and the water reducing agent, one or more may be used
within a range not to substantially impair the purpose of
the present invention, among additives such as granulated

20 Dblast furnace slag powder, fine limestone powder, fly ash
and silica fume, a defoaming agent, a thickener, a rust-
preventive agent, an antifreezer, a shrinkage-reducing
agenﬁ, a pol?mer emulsion, a setting modifier, a clay
mineral such as bentonite, and an anion exchanger such as

25 hydrotalcite, which used to be employed for e.g. high

fluidity concrete.

In the present invention, the method for mixing



g /cnB Slag powder (3) Slowy cool ed slag powder, CO2 absorption: 3.5%
anount of bound 20 water: 2.7% degree of vitrification: 5% nelilite

| attice constant a: 7.78, Blaine value: 5,000 cn2/g, density: 3.00 g /cnB
25 Sl ag powder (4): Slowy cool ed sl ag powder, CO02 absorption: 4% anount
of bound water: 3% degree of 27 wvitrification: 5% nelilite lattice
constant a: 7.78, Blaine value: 6,000 cnR/g, density: 3.00 g/cnB 5 Slag

powder (5): Slowy cool ed sl ag powder, C% absorption: 4.5% anount of
bound water: 4% degree of wvitrificati 5% nelilite lattice constant

a: 7.78, Blaine 10 val ue: 8,00Q cn?/g, density:.3.00 . g/cm .Sl wd
(6): Slowy cB%Fb‘EIu%II%\%t ,lS(C::B?th@BEgg\!“%%ﬂ%.%%“%ﬁ%ur?ﬂ"doft%%oggd °

water: 3% degLescof; 40 MILILhGAEON o 10% HELLlife il gpgonstant &
7.76, Blaine “valuée: o, cr%f/g, & nsrty: 9 g cht—B1
application, or a part or whole may be preliminarily
mixed. As the mixing apparatus, any conventional
5 apparatus may be used. For example, it is possible to
use a tilting mixer, an omini mixer, a Henschel mixer, a
V-form mixer and Nauta mixer.
Now, the present invention will be described in
detail with reference to Examples.
10 TEST EXAMPLE 1

Concrete having an air amount of 4.5%1.5% and

s/a=46% was prepared by using the concrete blend

composition as shown in Table 1 comprising cement A,
water, sand, gravel and various slag powders as the
15  cement admixture, and the slump loss, compression
strength, adiabatic temperature increase and
neutralization depth were measured.
Further, comparison was carried out with a blend
composition by mixing fine limestone powder instead of
20 the slag powder to obtain an equal compression strength
with the same blend proportions. The results are shown
also in Table 1. Further, a water reducing agent was
used so that the slump value of the concrete would be
18x1.5 cm.

25 Materials used

Cement A: Ordinary Portland cement

manufactured by Denki Kagaku Kogyo



Sl ag powder (7):
of bound water: 5% degree of

constant a: 7.74, Blaine value:
powder (8):
28 water: 9.5% degree of
density: 2.90 g/cnB Water:
Pref ect ure;
Prefecture; crushed stone, densit
Hi gh performance AE water reducing
commerci al product Measuring netho
in 15 accordance with JIS A 1101,
after m xing, the slunp val ue upon
to obtain the slunp |oss 20 val ue.

Vi
6

vitrif

Slag powder (1):
5
10

Slag powder (2):
15

Slag powder (3)
20
25 Slag powder (4):

Slowy cool ed sl ag powder,

Slowl y cool ed sl ag powder,

CO2 20 absorption: 3% anount

trification: 30% nelilite lattice

, 000 cn2/g, density: 2.94 25 g/cnB8 Sl ag

CO2 absorption: 1% anmount of bound
ication: 95% Bl aine value: 6,000 cn?/g,

Tap water 5 Sand: Produced in H nekawa, N igata
density: 2.62 g/cnB G avel:

broduced in H nekawa, N igata
g/ cnB8 10 Water reduci ng agent:
ent.. pal y.carbo ic acid type,

52 ﬁr}lrrlpkll gésagl:S%R's?g%pc?/% %rgc Wwas measur ed
a6¢l, A1 omd %fl%eu"@_,%buemumed' ately

I
expiration of 90 m nutes was deducted
density: 3.15 g/cm’

y: 2.6

Slowly cooled slag powder, CO;

absorption: 2%, amount of bound

water: 2%, degree of
vitrification: 5%, melilite
lattice constant a: 7.78, Blaine

value: 4,000 cm?/g, density: 3.00
g/cm3

Slowly cooled slag powder, CO;

absorption: 3%, amount of bound

water: 2.5%, degree of

vitrification: 5%, melilite

lattice constant a: 7.78, Blaine

value: 4,500 cmz/g, density: 3.00
g/cm’®

Slowly cooled slag powder, CO;
3.5%,

absorption: amount of bound

water: 2.7%, degree of

vitrification: 5%, melilite

lattice constant a: 7.78, Blaine

value: 5,000 cm?/g, density: 3.00
g/cm3
Slowly cooled slag powder, CO;

absorption: 4%, amount of bound

water: 3%, degree of



Conmpressing strength: A sanple of 10cp x 20 cmwas prepared, and the

conpression strength of the material age of 29 days was neasured in

accordance 25 with JIA A 1108. Diabatic tenperature increase: Masured by

means of an adiabatic 29 tenperature increase neasuring apparatus

manuf actured by Tokyo Ri ko K K. under a condition of a working 5

tenperature of 20C. Neutralization depth: A sanple of 10cp x 20 cm was

prepared and aged in water of 20C till mat eri al age of 28 days,

wher eupon accel erated 10 neutralization s carried out in an environnment

having a tenperature of 30C, a relative,K hunmidity_of 60% and a carbon

di oxi de gas concentration of 5% 15V4i¥d G356 1eRpi )lg%ti_’aﬁ?bi”ﬁe mont hs, the

sanple was cut into round slices, r.eby a_phenol pht i al cohol
G BBt B 28780 mad

sol uti on was coated on the Ccross- 017 { irmt AeLtral i zation
depth. 30 Table 1 value: 6,000 an/g, density: 3.00

g/cm?

ur

Slag powder (5): Slowly cooled slag powder, CO;
absorption: 4.5%, amount of bound
water: 4%, degree of
vitrification: 5%, melilite

lattice constant a: 7..78, Blaine

10 value: 8,000 cm?/g, density: 3.00
g/cm3
Slag powder (6): Slowly cooled slag powder, CO3

absorption: 3.5%, amount of bound
water: 3%, degree of

15 vitrification: 10%, melilite
lattice constant a: 7.76, Blaine

value: 6,000 cm?/g, density: 2.97

g/cm3
Slag powder (7): Slowly cooled slag powder, CO;
20 absorption: 3%, amount of bound

water: 5%, degree of
vitrification: 30%, melilite
lattice constant a: 7.74, Blaine
value: 6,000 cm®’/g, density: 2.94
25 g/cm’
Slag powder (8): Slowly cooled slag powder, CO;

absorption: 1%, amount of bound



Unit weight (kg/cnB) Adia- batic Conpres- Neutral Test Slunp tenper Slag
sion ization Notes No. Cenent :Water Sand G avel |oss ature powder
strength in- depth crease 1-1 245 175 804 951 (1)105 9.5 24.0 34.0 27.0 Ex.
1-2 245 175 804 951 (2)105 8.5 24.2 34.3 23.5 Ex. 1-3 245 175 804 951
(3)105 7.5 24.3 34.5 19.5 Ex. 1-4 245 175 804 951 (4)105 7.0 24.4 34.8
18.5 Ex. 1-5 245 175 804 951 (5) 105 6. 0 24.9 34.9 16.0 Ex. 1-6 245 175
804 951 (6)105 8.0 25.1 35.3 17.0 Ex. 1-4,245 175 803 950 (7)105 9.5 26.2
37.0 17.5 Ex. 1-8 245 175 803 950 (8)105 %1 533.9 44.2 - Conp. Ex. 1-9

350 175 806 954 - 0 12.0 33.5 45.5 339 175 806 954 (4) 11

11.5 33.2 44.1 - Ex. 1-11 332 175 §6gggg4 (§§ f%g%%e5%%z 8 43.5 - Ex? :

1-12 315 175 805 953 (4) 35 9.5 30. ;41 #; caBon: beh3 %§91525V§Q§e952 (4)
EX.

70 8.5 27.5 37.8 - Ex. 1-14 210 175 803 950 (4)140 6.0 22.3 31.0 -

1-15 175 175 803 950 (4)175 5.0 20. 3, 880 2cm®/B%. dehsiby149. @65gﬂ§? 949
(4)210 4.0 18.0 25.0 - Ex. 1-17 245 175 804 951 * 105 11.5 24.8 34.5 42.5

Conp. Ex. Symhaler* for slag powder Tapawstérx ne |inestone powder, and the
slunp loss is represented by "cnt, the conpression strength by "N /mm 2",
t he adi abafi c Se&dper at ure i ncrease Byod@ed ai Himekseiat r Hiigathon

Prefecture; density: 2.62 g/cm’
Gravel: Produced in Himekawa, Niigata
Prefecture; crushed stone,
density: 2.64 g/cm’
10 Water reducing agent: High performance AE water reducing
agent, polycarboxylic acid type,
commercial product '

Measuring methods

Slump loss: A slump value was measured in
15 accordance with JIsS A 1101, and
from the slump value immediately
after mixing, the slump value upon
expiration of 90 minuﬁes was
deducted to obtain the slump loss
20 value.
Compressing strength: A sample of 10¢ x 20 cm was
prepared, and the compression
strength of the material age of 29
days was measured in accordance
25 with JIA A 1108.
Diabatic température

increase: Measured by means of an adiabatic



depth by "mmi'. 31 TEST EXAVPLE 2 The test was carried out in the same
manner as in Test Exanple 1 except that concretes having concrete blend
conpositions as shown in Table 2 were prepared by 5 using slowy cool ed

sl ag powders shown in Table 2, which are the sane in the Bl aine val ue and
the degree of wvitrification and which are different only in the nelilite
| attice constant a. The results are also shown in Table 2. 10 Materials
used Sl ag powder (9): Slowly cool ed sl ag wder, CO2 absorption: 4%
anount of bound water: 3% degree of vittification: 5% nelilite lattice
15 constant a: 7.73, Blaine value: 6,000 cnP/g, density: 3.03 g/cnB Slag
powder (10): Slowly cool ed sl ag pomﬁ%rf]?ewreag‘ggfﬁtaisgﬁ: 4.5% anount of

bound water: 3% degree of vitrifi L.00; 9 i | i const ant
a. 7.75, Blaine value: 6,000 cn®/ gﬁg%%%?%%&ﬁr&%%& @%ﬁ%‘ﬁgkggﬁ%‘gﬁder (11):

Slowy cool ed sl ag powpler_, c2 _absg%pfd,%_ﬂk@/q(_aqmuﬁaegf abound 25
water: 3% degree of vitrification: 5% nelilite lattice constant a: 7.80,
Bl ai ne val ue: 6,000 cnR/g, density:c32dition of a working

5 temperature of 20°C.

Neutralization depth: A sample of 10¢ x 20 cm was
prepared and aged in water of 20°C
till a material age of 28 days,
whereupon accelerated.

10 neutralization was carried out in
an environment having a
temperature of 30°C, a relative
humidity of 60% and a carbon
dioxide gas concentration of 5%,

15 and upon expiration of 6 months,
the sample was cut into round
slices, whereby a phenolphthalein
alcchol solution was coated on the

cross-section to confirm the

20 neutralization depth.



2.98 g/cnB Sl ag powder (12):

Slowy cool ed sl ag powder,

CO2 absorption:

4% anount of bound water: 3% degree of vitrification: 5% s nelilite
| attice constant a: 7.83, Blaine value: 6,000 cn2/g, density: 3 2.96 g/cm
33 Table 2 Unit weight (kg/cnB) Adia- batic Neu Test tem Slunp tral- No.

Cenent Water Sand G avel
ature depth 1in crease

2-2 245 175 804 951 (10)105 7.5 24.2 34.7 20.5 Ex.
105 7.0 24.4 34.8 18.5 EX.
Ex. 2-4 245 175 804 951 (12)105 7.0 24.9 34.9 19.5
951 * 105 7.0 24.9 34.9 42.5 Conmp. Ex. Synbol
| i mest one pomder and the slunp

Slag | oss sion per-

| zati on Notes powder strength
2-1 245 175 804 951 (9) 105 7.5 24.5 34.8 22.0 Ex.

1-4 245 175 804 951 (4)

Ex.

* for slag powder
|l oss is represented by "cni,

t he

2-3 245 1753804 951 (11)105 7.0 24.7 34.8 19.0
2-5 245 175 804
means fine

conpr essi BAL ?r%nnth by "Nmm 2" _the adiabatic tenperature increase hy
"OC', and thd neutwald zatdnendept’h Adia-
batic
Test STump Compres- temper- Neutral-
No. Cement?Water Sand | Gravel Slag loss sion ature ization Notes
powder strength | depth
in-
crease
1-1 245 175 804 951 (1)1054} 9.5 24.0 34.0 27.0 Ex.
1-2 245 175 804 951 (2)105| 8.5 24.2 34.3 23.5 Ex.
1-3 245 175 804 951 (3)105| 7.5 24.3 34.5 19.5 Ex.
1-4 245 175 804 951 (4)105] 7.0 24.4 34.8 18.5 Ex.
1-5 245 175 804 951 (5105} 6.0 24.9 34.9 16.0 Ex.
1- 245 175 804 951 (6)105 8.0 25.1 35.3 17.0 Ex.
1-7 245 175 803 950 (7)105] 9.5 26.2 37.0 17.5 Ex.
1-8 245 175 803 950 (8)105) 11.5 33.9 44.2 -~ Comp.
. EX.
1-9 350 175 806 954 - 0 12.0 33.5 45.5 - Comp.
EX.
1-10 339 175 806 954 (4) 11! 11.5 33.2 44.1 - Ex.
1-11 332 175 806 954 (4) 18 10.5 32.8 43.5 - Ex.
1-12 315 175 805 953 (4) 35} 9.5 30.7 41.4 - Ex.
1-13 280 175 805 952 (4) 70 8.5 27.5 37.8 - Ex.
1-14 210 175 4 803 950 (4)140( 6.0 22.3 31.0 - Ex.
1-15 175 175 803 950 (4)175( 5.0 20.3 28.2 - Ex.
1-16 140 175 802 949 (4)210( 4.0 18.0 25,0 - Ex.
1-17 245 175 804 951 * 105 | 11.5 24.8 34.5 42.5 Comp.
Ex.

Symbol * for slag powder means fine limestone powder, and the slump

loss is represented by “cm”,
the adiabatic temperature increase by “°C”,
depth by “mm”.

the compression strength by "N/mm

2”

and the neutralization



by "mm" 34 TEST EXAMPLE 3 50 parts of water and 300 parts of sand were™
m xed ™ to 100 parts of a cenent conposition conprising 65 parts of

Partl and cenent shown in Table 3 and 35 parts of slag 5 powder (2), to
prepare a nortar, whereupon neasurenment of the conpression strength was
carried out. The results are also shown in Table 3. Materials used Cenent
B: H gh-early-strength Portland cenent 10 manufactured by Denki Kagaku
Kogyo Kabushi ki Kai sha, C3S content: 65%. Bl aine value: 4,400 cnR/g
Cement C. M xture corrpri sing 50 parts of éenent A and 50 parts of Cenent
B, C3S content: ﬁ%% | ai ne val ue: 3,800 cn2/g Sand: JI S standard sand
(|n accordanc@E%Wt$F Measuri ng net hod Cbnpressing strengt h:

sy 11 oo dopce LR 089 T S S
3-1 AN 10. PedS- é&éﬁbf% 1 except that concretes having concrete
blend compositions as shown in Table 2 were prepared by
5 using slowly cooled slag powders shown in Table 2, which
are the same in the Blaine value and the degree of
vitrification and which are different only in the
melilite lattice constant a. The results are also shown
in Table 2.

10 Materials used

Slag powder (9): Slowly cooled slag powder, COj
absorption: 4%, amount of bound water:
3%, degree of vitrification: 5%,
melilite lattice

15 constant a: 7.73, Blaine value: 6,000
em?/g, density: 3.03 g/cm?

Slag powder (10): Slowly cooled slag powder, CO;
absorption: 4.5%, amount of bound
water: 3%, degree of vitrification:

20 5%, melilite lattice constant a: 7.75,
Blaine value: 6,000 cm?’/g, density:
3.01 g/cm’

Slag powder (1ll): Slowly cooled slag powder, CO;

absorptipn: 4,5%, amount of bound
25 water: 3%, degree of vitrification:
5%, melilite lattice constant a: 7.80,

Blaine value: 6,000 cm?/g, density:



Ex. 3-2 A357.916.2 29.3 Ex. 3-3 B 35 13.3 26.4 44.9 Ex. 3-4 C 35 11.8
24.7 43.0 Ex. The slag powder is represented by "parts” per 100 parts of

t he powder, and the conpression strength is 5 represented by "N mm 2" TEST
EXAMPLE 4 This test was carried out in the sane manner as in Test Exanple
3 except that using Cenent B, the slowy 10 cooled slag powder (2) shown
in Table 4 was used in 100 parts of a cenent conposition conprising Cenent
B and the slag powder. The results are so shown in Table 4. 36 Table 4
Test Sl ag Conpression strength Cenent Not¥s  No. powder 1 day 3 days 7 days
Conp. 3-1 AN 10.5 23.0 41.0 Eﬁé 4-3 B 10 19.5 39.2 54.1 Ex. 4-2 B 20
18.3 36.2 51.3 Ex. 4-3 B 30 15 B/6™M7.1 Ex. Conp. 3-3 B 35 13.3 26.4

44.9 Ex. 4-4.B 40 12 %,4 1%g§§.E8§1§%E%gggjﬂo§%é¥%.QKQS.2 Ex. The sl ag

625,
; 2)
powder is rep%e%%n?edd%li/ ('Elparts
absorption: 4%, amount of bound water:
3%, degree of vitrification: 5%,
5 melilite lattice constant a: 7.83,

Blaine value: 6,000 cm?/g, density:

2.96 g/cm’



of the powder,

TEST EXAMPLE 5 The test was carried out

Exanpl e 1 except that using Cenment A, high fluidity

and the conpression strength is

in the sanme nanner

as

represented by "N m2" 5
in
concretes havi ng

Test

concrete blend conpositions as 10 identified in Table 5 were prepared, and

t he segregation,

i ncrease,
Furt her,

a water

sl unp | oss,

slunmp fl ow value of the concretes

aut ogenous shri nkage,

adi abatic tenperature
conpression strength and neutralization depth were neasured.

reduci ng agent was used in 15 conbination so that the

woul @3be 60050 mm The results are al so

shown in Jabj e 37 5. Nbasurlng met hods Segregatlon Visually observed. A

case where HcglegdlIUH IEbUILEU,3IS repyesented by 2 A, @ Case ere
sl i ght ngrefﬂf'ﬂn‘“ﬁgvﬁﬁwg*&gﬁcm s—represent pd by A|*¥fI a case | where no
segregatiion riesulted, i$ represented by 0. S| unp flchpUSprgqging of
concrete|was |neasurred at twp 10 points jn ri;ﬂﬁpaagleeﬂjrec?lons in
accordanceessi|t h " Under wat er | Non- separ abl gslw@ncr et e Nanual ,tﬁ}penqj Xod
n h ~ 68 'I-Slo p%ﬁ-— \ 1 ote
Test On | pdnderyat ehad¥onssanarabl £ Concr elogs TEST O~ Sl unpidddcah |
publ i shed by [Foundation| 15|Coast gtowBewe| opmepttrFestinpeae Og(_ppttgr and
in-
crease
2-1| 245 175 | 804 | 951 | (9) 105| 7.5 24.5 34.8 | 22.0 EX.
2-2 | 245 175 |'804 | 951 | (10)105| 7.5 24.2 34.7 20.5 EX.
1-4 | 245 175 | 804 | 951 | (4) 105| 7.0 24.4 34.8 18.5 Ex.
2-3 245 175 804 951 (11)105 7.0 24.7 34.8 19.0 Ex.
2-4 | 245 175 | 804 | 951 | (12)105| 7.0 24.9 34.9 | 19.5 EX.
2-5 | 245 175 | 804 | 951 |[* 105| 7.0 24.9 34.9 | 42.5 |comp.
Ex.

Symbol * for slag powder means fine limestone powder, and the slump
the
and the neutralization depth

loss is represented by ‘cm”, the compression strength by “N/mm*#
adiabatic temperature increase by “°C”,

by “mm”.



t he Japanese Institute of Technology on Fishing Ports and Communities, and
the average value was taken as the slunp flow. 20 Autogenous shrinkage:
Measured in accordance with the report by JC autogenous shrinkage study
commttee. It is represented as an autogenous shrinkage strain at a
material age of 56 25 days. 38 U U 44 0ZWWWWWWWORWOA 0
roHb LnoolLhoolool1ll? rd 41 -0 P4 a dMMNNTITI Or I NUO 4J
4 rd 1 N QL F+ 01 OLn OLn OLn HOO)C(:Q o H ONNM4dl Ln OOO, LI)
Of OU )1 U) U) LIl Lo Ln LONNLn Yrnv .rq Il NH A Na MO0 00

I N 9 )
dl O OMLnTEnS %XMPLE 3rd 4] C 4 Cg w

50 parts of water and 300 parts of sand were mixed
to 100 parts of a cement composition comprising 65 parts
of Portland cement shown in Table 3 and 35 parts of slag

5 powder (2), to prepare a mortar, whereupon measurement of
the compression strength was carried out. The results
are also shown in Table 3.

Materials used

Cement B: High-early-strength Portland cement
10 manufactured by Denki Kagaku Kogyo
Kabushiki Kaisha, C3S content: 65%, Blaine
value: 4,400 cm®/g
Cement C: Mixture comprising 50 parts of Cement A
and 50 parts of Cement B, C3S content:
15 60%, Blaine value: 3,800 cm?/g
Sand: JIS standard sand (in accordance with IS0679)

Measuring method

Compressing strength: Measured in accordance with JIS R
5201.

20
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Table 3
Test Slag Compression strength
Cement Notes

No. powder 1 day 3 days | 7 days

Comp.
3-1 A Nil 10.5 23.0 41.0

Ex.
3-2 A 35 7.9 16.2 29.3 Ex.
3-3 B 35 13.3 26.4 44.9 Ex.
3-4 C 35 11.8 24.7 43.0 Ex.

The slag powder is represented by “parts” per 100 parts
of the powder, and the compression strength is

5 represented by “N/mm?*

TEST EXAMPLE 4
This test was carried out in the same manner as in
Test Example 3 except that using Cement B, the slowly
10 cooled slag powder (2) shown in Table 4 was used in 100
parts of a cement composition comprising Cement B and the

slag powder. The results are also shown in Table 4.



Ncl.L J..) 0 0 0 0 0 L- LDLn NU AIO0O10I'DCOIO IO LOI"DLn
a) >1'f-1 Im.V) NNNNNNNNNaAO 4J Ln Lnv) Lnu) Ln Ln Ln Ln U)

Q. ro lL.7CcOLocololI'ptbwtiblio*'~tdr I r-1 ¢c2 .-l r-I r 1 r 1l r-L
u 0-H 4JH44a 000000C 0O0O~1 0OOOO0O0OOO0OOO0Oa@a MMMMmM
MMMMr, U a NHNMI10 Ln LONOO) a P4 1 I I T 11 1 11 ,C a) a)

OF EIl zLhnLnLnLnLnolLnLnlLnE .J.Lro 39 TEST EXAMPLE 6 This test
was carried out in the same nanner as in %est Exanpl e 5 except that using
the slag powder (4), the concrete blend ¢ nposition as shown in Table 6
was used. 5 The \iesHIts are al so shown in Table 6. 40 u r1 11 ~ r r r w

ryor ou r M/M/r Q
Test Slag Compression strength
Cement Notes
No. powder 1 day 3 days | 7 days
Comp.
3-1 A Nil 10.5 23.0 41.0
EX.
4-1 B 10 19.5 39.2 54.1 EX.
4-2 B 20 18.3 36.2 51.3 Ex.
4-3 B 30 15.3 31.8 47.1 EX.
Comp.
3-3 B 35 13.3 26.4 44.9
Ex.
4-4 B 40 12.6 25.7 44,3 Ex.
4-5 B 50 11.6 24.9 43.2 Ex.

The slag powder is represented by “parts” per 100 parts
of the powder, and the compression strength is

represented by “N/mm@’

TEST EXAMPLE 5

The test was carried out in the same manner as in
Test Example 1 except that using Cement A, high fluidity
concretes having concrete blend compositions as

10 identified in Table 5 were prepared, and the segregation,

slump loss, autogenous shrinkage, adiabatic temperature
increase, compression strength and neutralization depth
were measured.

Further, a water reducing agent was used in

!
|
15 combination so that the slump flow value of the concretes
would be 600+50 mm. The results are also shown in Table
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Measuring methods

Segregation: Visually observed. A case where
segregation resulted, is represented by
5 X, a case where slight segregation was
observed, is represented by A, and a case
where no segregation resulted, is
represented by o.
Slump flow: Spreading of concrete was measured at two
10 | points in right angle directions in
accordance with “Underwater Non-separable
Concrete Manual, Appendix 1 “Test On
Underwater Non-separable Concrete, Test
dn Slump Flow”, published by Foundation,
15 Coastal Development Technical Center and
the Japanese Institute of Technology on
Fishing Ports and Communities, and the
average value was taken as the slump
flow.
20 Autogenous
shrinkage: Measured in accordance with the report by
JCI autogenous shrinkage study committee.
It is represented as an autogenous
shrinkage strain at a material age of 56

25 days.
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ad 000001 499U LnNONLNINLnhnOOOOOOO
MMMMMMMMA4-3rd Url A4-) a) (na , r-1 H
nL7, 1J pU HNdALl mdl Ln LDL 00 mr-I Hrl Hrl Ha)
) 2111112011111 ,CIDLDLnLDOLfl LDLDIO LD
LD L DLDLDLDE 41 1'd F1 41 TEST EXAMPLE 7 Using Cenent A, concrete
havi ng a concrete blend conposition as identified in Table 5 was prepared,
and neasurenent of the slunp |oss was carried out and the 5 hexaval ent
chromi umreducing ability of the slag powfer was eval uated by neasuring
t he hexaval ent chromium remaining concentration. The results are al so
shown in TalbtRST EXAYRLFe6, a water reducing agent was used so that the 10
sl unp val ue of the concrete would be _181.5 cm., Materials used Sl ag powder
(13): Slowy cool Bei S| RpHdRFeCarhaRd QUFf R i PGS SARRET AGr 270, 9%
degree of vitrification: 5% Blaine 15 value: .4 Q C d ity 3.00
g/cnB Sl ag p%?\'ﬁterﬂiai% € 3 SREYP OEP%% Y HY ptc%l\/\%es(r:i%gn an%er ?gffcyg%i d form

a sul f

sul fur: 0.9% e,9f. W Lot heatt QR 2 S %Ki R Ta¥R U wad, 388acn/ g,

density: 3. Oocogr}j%%@te%dﬂ§n\§gtcggn\%g? %15)??l S% oﬁy lcoolaed esI agapowder, non-
5 The results are also shown in Table 6.
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sul furic acid formsulfur: 0.9% degree of vitrification: 5% Bl aine

val ue: 5,000 cn/g, density: 3.00 g/cnB Sl ag powder (16): Slowy cool ed
sl.ag powder, non- 25 sulfuric acid formsulfur: 0.9% degree of
vitrification: 5% Blaine value: 6,000 cn2/g, density: 3.00 g/cnB 42 Sl ag
powder (17): Slowly cool ed slag powder, non sulfuric acid formsulfur:

0.9% degree of vitrification: 5% Blaine value: 8 000 cnR/g, density:
3.00 g/cnB 5 Slag powder (18): One obtained by i mrersing slag powder (16)
in water for aging to bring the non-sul4Qric acid formsulfur to be 0.7%
degree of vitrification: 5% Bl aine value: 6,000 cn2/g, density: 10 3.00
g/ cnB Sl ag pomder (19) Cne obt ai ned by |nner5|ng sl ag pomdero (16) in

wat er for agi-rg—te—brtrg—the—nonysttfurteractd—formsutfurt® be 0.5%
degree of v{trifdcatjon:. 5% .15 Bl @i ng wal:ue: .6, 000 ¢n@/ ehsitg 3.00
g/cn8 Slag powdeg (2335mﬁ%:ﬁhﬁaﬁw-éd&yéuzﬁwﬁréurﬁb&légrﬁp%\/\&rg (18) in
water for aging®o bfing the noniSulfiificlacid forlmsulfur |t be20 0.3%
degree of v tLdecat on: 5% Bl aine valuel 6,000 cn?/g, densjtyg: 9 3.00
g/ cnB H,.;.» o o oo o o | ommcfmomousg,
gg@'w;w;mmmoo omxof_‘_‘iNN-—cH g%
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Sl ag powder (21): Slowy cool ed sl ag powder, non- sulfuric acid form

sul fur: 0.7% 25 degree of vitrification: 10% Bl aine value: 6,000 cn¥ g,
density: 2.97 g/cnB Slag powder (22): Slowy cool ed sl ag powder, non 43
sul furic acid formsulfur: 0.5% degree of vitrification: 30% Bl aine

val ue: 6,000 cnR/g, density: 2.94 g/cnB Sl ag powder (23): G anul ated bl ast
furnace slag powder, 5 non-sulfuric acid formsulfur: 0.1% degree of
vitrification: 95% Blaine value: 6,000 cn2/g, density: 2.90 g/cnB
Measuri ng met hod Hexaval ent chronlun}rewé ing concentration: 10 In order
to conflrn1the hexavale hronlun}redu0|ng ability of the cenent

adni xture, a he Hromi um st andard solutlon was dil uted to pr epare

a solution haV| ng &Qe&&x&{te% % %rpe%@ Q(_;g %&?%ég%exav ent and 10

g of each cenent adnixture was ‘put 1to 5

chrom um sol uLb@flns €1 dpved 1%&&'51%6”% Tyspél @%g PiYha, samen days,
solid-liquid separation was carried out, and the renaining hexaval ent

chrom um Conﬁéaéuf@méﬂtldftﬂﬁk|§D@mpdlabaSﬁaMBSaf&Eédeﬂi.&m@.Q%&luated
Here, the remaining concentration of 20 hexagonal chrom um was neasured by
an | CP enissi baxaspkett odhem ical-radalcisgsabinl dty ov Hartee sdiach ppwdek 0102. 44
Table 7 Unit weight (kg/cnB) Hexaval ent

was evaluated by measuring the hexavalent chromium-

remaining concentration. The results are also shown in

Table 7.

Further, a water reducing agent was used so that the
10 slump value of the concrete would be 18x1.5 cm.

Materials used

Slag powder (13): Slowly cooled slag powder, non-
sulfuric acid form sulfur: 0.9%,
degree of vitrification: 5%, Blaine

15 . value: 4,000 cm?/g, density: 3.00 g/cm’

Slag powder (14): Slowly cooled slag powder, non-
sulfuric acid form sulfur: 0.9%,
degree of vitrification: 5%, Blaine
value: 4,500 cm?/g, density: 3.00 g/cm’

20 Slag powder (15): Slowly cooled slag powder, non-
sulfuric acid form sulfur: 0.9%,
degreé of vitrification: 5%, Blaine
value: 5,000 cm?/g, density: 3.00 g/cm’

Slag powder (16): Slowly cooled slag powder, non-

25 sulfuric acid form sulfur: 0.9%,
degree of vitrification: 5%, Blaine

value: 6,000 cm?/g, density: 3.00 g/cm’



Test Slunp chrom um Slag Notes No. Cenent Water Sand G avel |oss remaining
powdef concentration 7-1 245 175 804 951 (13)105 8.5 9 Ex. 7-2 245 175
804 951 (14)105 7.5 6 Ex. 7-3 245 175 804 951 (15)105 6.5 3 Ex. 7-4 245
175 804 951 (16)105 6.0 ND Ex. 7-5 245 175 804 951 (17)105 5.0 ND Ex. 7-6
245 175 804 951 (18)105 7.0 17 Ex. 7-7 245 175 804 951 (19)105 8.0 35 Ex.:
7-8 245 175 804 951 (20)105 10.0 68 Conp. Ex. 7-9 245 175 804 951 (21)105
7.0 19 Ex. 7-10 245 175 803 950 (22)105 8 5 38 Ex. 7-11 245 175 803 950
(23)105 11.5 82 Conp. Ex. 7 12 245 175 946 * 105 11.5 100 Conmp. EXx.
t.he hexavalent chrom um

The slunmp lossg. is represent m' an
renarnrng coageﬁQrQﬁiﬁﬁFbyl Lmﬁ%ﬁ §aﬁgoﬁlagf8ngﬁ5 sTH¥Y neans fine
i mest one powder, and ND for the val
concentration neans "not detectedﬂ?§%§ a%ggT%E§&KEEEk@§Th|gé?est was
carried out in the same manner gs;ide &e%@mgeﬁnexgeptsrme using the

slag powder (16) as identified in Table 8, concretes having concrete bl end
5 conpositions as identified |nvar&éfaéiom@ren@y@padéﬁhlﬁyuj3 00 g/cm’

5 Slag powder (18): One obtained by immersing slag powder
(16) in water for aging to bring the
non-sulfuric acid form sulfur to be
0.7%, degree of vitrification: 5%,
Blaine value: 6,000 cm?’/g, density:

10 3.00 g/cm®
Slag powder (19): One obtained by immersing slag powder
(16) in water for aging to bring the
non-sulfuric acid form sulfur to be

0.5%, degree of vitrification: 5%,

15 Blaine value: 6,000 cm?/g, density:
3.00 g/cm’
Slag powder (20): One obtained by immersing slag powder

(16) in water for aging to bring the
non-sulfuric acid form sulfur to be

20 0.3%, degree of vitrification: 5%,
Blaine value: 6,000 cm?/g, density:
3.00 g/cm’

Slag powder (21): Slowly cooled slag powder, norn-

sulfuric acid form sulfur: 0.7%,

25 degree of vitrifieation: 10%, Blaine
value: 6,000 cm?/g, density: 2.97 g/cm’

Slag powder (22): Slowly cooled slag powder, non-



the slump loss was neasured. The results are also shown in Table 8. Table
8 Unit weight (kg/cnB) Test Slunp Slag No. Cenent Water Sand G avel | oss
powder 8-1 339 175 806 954 11 11.5 8-2 332 175 806 954 18 10.5 8-3 315
175 805 953 35 9.5 8-4 280 175 805 952 70 8.5 8-5 210 175 803 950 140 5.0
8-6 175 175 803 950 175 4.0 8-7 140 175 802 949 210 3.0 10 Slump loss is
represented by "cnt TEST EXAMPLE 9 This test was carried out in the sane
manner as in Exanple 7 except that using cenent A as identified in 15
Table 9, high fluidity concretes having géncrete bl end conpositions as
identified in Table 9, were prepared, and segregation and a change with
time of slunp flow were 46 neasdfegicTrReideEor® sSWridi% Jbo 5%&hown in Table

9. Further, a water reducing agent was used in, conbinq;'on o.that the
slunp flow val ue of the concret reﬁoﬁ#dvbérhgh%ﬁﬁ¥ﬁﬁ’SChBa§ﬁPﬂH§ net hods

Segregation: Visuall b ) i i
Segregatl on: Ly SUal Y observed. 4,Gasg W8T & ALORAALLYY 58K bPthi o

Slag powder (23): Granulated blast furnace slag powder,
5 non-sulfuric acid form sulfur: 0.1%,
degree of vitrification: 95%, Blaine
value: 6,000 cm?/g, density: 2.90 g/cm’®

Measuring method

Hexavalent chromium-remaining concentration:

10 In order to confirm the hexavalent chromium-reducing
ability of the cement admixture, a hexavalent chromium
standard solution was diluted to prepare a solution
having a hexavalent chromium concentration of 100 mg/l,
and 10 g of each cement admixture was put into 50 cc of

15 this hexavalent chromium solution, followed by stirring.
Upon expiration of seven days, solid-liquid separation
was carried out, and the remaining hexavalent chromium
concentration in the ligquid phase was measured and
evaluated. Here, the remaining concentration of

20 hexagonal chromium was measured by an ICP emission

spectrochemical analysis in accordance with JIS K 0102.



X, a case where slight segregation was observed, is represented by A and
a caseé 10 where no segregation resulted, is represented by o. Slunmp flow
Spreadi ng of concrete was neasured at two points in right angle directions
in accordance with "Underwater Non-separable 15 Concrete Manual, Appendi x
1 "Test On Underwat er Non-separable Concrete, Test On Slunp Fl ow',
publ i shed by Foundation, Coastal Devel opnment Technical Center and the
Japanese Institute of Technol ogy on 20 Fishing Ports and Conmunities, and
the average value was taken as the slumg flow. 47 Table 9 Test Unit
wei ght (kg/cnB) Segre Slunp flow - No. Slag O 60 120 Notes Cenent Water
Sand G avel gation powder mn mn mn 9-1 300 165 769 839 (13)250 8 665 680
550 Ex. 9-2 300 165 769 839 (14)250 0 670 680 560 Ex. 9-3 300 165 769 839
(15)250 0 675 685 570 Ex. 9-4 300 165 769 839 (16)250 0 675 685 605 Ex.

-5 300 lgghi§g7839 (17)250 0 670 685 625 Ex. 9-6 300 165 769 839 (18)250

0 680 675 7300165769839 (19 45ﬁ"ﬁ‘6“0‘66@“§?5 EX 9-3 Co
Unlt weight (kg/c ‘3) (19) Hexavalent mp.
Slum chromium :
Test Slag P L Notes
No. | Cement [Water | Sand | Gravel loss remaining
: powder )
concentration
7-1 245 175 804 951 (13)105| 8.5 9 Ex.
7-2 245 175 804 951 (14)105| 7.5 6 Ex.
7-3 245 175 804 951 (15)105) 6.5 3 Ex.
7-4 245 175 804 951 (16)105| 6.0 ND Ex.
7-5 245 175 804 951 (17)105| 5.0 ND Ex.
7-6 245 175 804 951 (18)105( 7.0 17 Ex.
7-7 245 175 804 951 (19)105] 8.0 35 Ex.
Comp.
7-8 245 175 804 951 (20)105] 10.0 68 Bx
7-9 245 175 804 951 (21)105¢ 7.0 19 Ex.
7-10 245 17% 803 950 (22)105| 8.5 38 Ex.
Comp.
7-11 245 175 803 950 (23)105| 11.5 82 Ex
Comp.
7-12 245 175 799 246 * 105 | 11.5 100 Ex
, .

The slump loss is represented by “cm” and the hexavalent.chromium
remaining concentration by “mg/l”, and symbol * for the slag means
fine limestone powder, and ND for the hexavalent chromium remaining
concentration means “not detected”.




300 165 769 839 (20)250 o 670 550 370 Ex. 9-9 300 165 767 837 (21)250 O
675 670 560 Ex. 9-10 300 165 766 836 (22)250 0 675 655 510 Ex. 9-11 300
165 765 835 (23)250 0 685 390 - Conp. Ex. 9-12 Conmp. 300 165 757 826 *
250 0 680 410 Ex. Synbol * for slag neans fine |inestone powder, and
synmbol - for slunp flow neans "not neasurable". 48 TEST EXAMPLE 10 This
test was carried out in the same manner as in Test Exanple 1 except that
concretes having concrete blend conpositEQns as identified in Table 10
were 5 prepared, and the slunp |oss, conptession strength, adiabatic
tenperature increa neutralization depth, further, effects of the
pr esent cenen?Eﬁangg%%ﬁ%#f%r reduci ng hexaval ent chrom um were neasured
by prescribed net ) r ; L. sq.s in. T 10
Mat erial s used Sl ggg%oﬁggf Y%%)Lgé%%r\ﬂefﬁgogpe ﬂglnsagﬂ%oﬂ%ke%rl%& i
absorption: 200% aAgptte Of LU MREEHsiRg0the NONaS Wduddre @) dalor m
sul fur: 0.9% soluble sulfur 15 concentration: 300 ng/l, oxygen
consunption: 7dén¥iffed MAUI{DRUeg,8, @vndaties- hedied i edhd@aimntdland 225 nV,
degree of vitrification: 5% nelilite

5 compositions as identified in Table 8 were prepared, and

the slump loss was measured. The results are also shown

in Table 8.
Table 8
Unit weight (kg/cm?)
Test Slump
Slag
No. Cement Water Sand Gravel loss
powder
8~1 339 175 806 954 11 11.5
8-2 332 175 806 954 18 10.5
8-3 ' 315 175 805 953 35 9.5
8-4 280 175 805 952 70 8.5
8-5 210 175 803 950 140 5.0
8-6 175 175 803 950 175 4.0
8-7 140 175 802 949 210 3.0

10 Slump loss is represented by “cm”

TEST EXAMPLE 9
This test was carried out in the same manner as in
Example 7 except that using cement A as identified in
15 Table 9, high fluidity concretes having concrete blend
compositions as identified in Table 9, were prepared, and

segregation and a change with time of slump flow were



| attice constant a: 7.78, Blaine 20 specific surface area: 4,000 cn?/g,
densify: 3.00 g/cnB. Slag powder (25): Slowy cool ed sl ag powder, CO2
absorption: 3.0% anount of bound water: 2.5% non-sulfuric acid form 25
sul fur: 0.9% soluble sulfur concentration: 340 ng/l, oxygen consunption:
9.2 x 10-3 mmol2/ g, 49 oxidation-reduction potential: 246 nV, degree of
vitrification: 5% nelilite lattice constant a: 7.78, Blaine specific
surface area: 4,500 cn2/g, 5 density: 3.00.g/cnB. Slag powder (26): Slowy
cool ed sl ag powder, CO2 absorption: 3.5% anount of bound water: 2.7%
non-sul furic acid form | fur: 0.9% .S I f, opcentration: 380
ng/ 1, oxygen Edn ﬂﬁétigﬁ% §%§u%gf0é%en%%%€ﬁﬁasul8¥{3%8P%ngfeduction
potential: 270 nV. ee itrifd i0n: () li,Lige;n | atti ce constant
a. 7.78, Blaine 1 “Egggffi%qﬁig %ﬁ%&%ﬁgg?og?ggg gﬁglg%éad%%sity: 3.00
g/cnB. Sl ag pewkBEin&2¥dn $Hoat aoR edusbadlpeWiglue &2 rlabsyrdredrs 4. 0%
anount of bound water: 3.0% non-sulfuric acid form 20 sulfur: 0.9%

sol ubl e sul f uould be 600+50 mm.

5 Measuring methods

Segregation: Visually observed. A case where
segregation resulted is represented by
X, a case where slight segregation was
observed, 1lg represented by A, and a case

10 where no segregation resulted, is
represented by ©.

Slump flow: Spreading of concrete was measured at two
points in right angle directions in
accordance with “Underwater Non-separable

15 _ Concrete Manual, Appendix 1 “Test On
Underwater Non-separable Concrete, Test
On Slump Flow”, published by Foundation,
Coastal Development Technical Center and
the Japanese Institute of Technology on

20 Fishing Ports and Communities, and the
average value was taken as the slump

flow.



concentration: 418 ng/1l, oxygen consunption: 10.3 x 10-3 mmo102/ g,

oxi dation-reduction potential: 290 nV, degree of vitrification: 5%
nelilite 25 lattice constant a: 7.78, Blaine specific surface area: 6,000
cn2/g, 3 density: 3.00 g/cm 50 Slag powder (28): Slowy cool ed sl ag
powder, C02 absorption: 4.5% anount of bound water: 4.0% non-sulfuric
acid form sulfur: 0.9% soluble sulfur 5 concentration: 508 ng/1l, oxygen
consunption: 12.2 x 10-3 nmol 2/ g, oxidation-reduction potential: 350 nV,
degree of vitrification: 5% nelilite #attice constant a: 7.78, Blaine 10
specific surface area: 8,000 cn2/g, density: 3.00 g/cnB. Slag powder (29):
Slowy cool ed sl ag powder, C02 absorption: 4.0% anmount of bound water:
3.0% non-sulfuric acid form15 sulfur: 0.7% soluble sulfur

concentration: 325 ng/l, oxygen consunption: 7.7 x 10-3 mvl102/ g,

oxi dati onpga@ueti on potential: 230 nV, degree of vitrification: 5%

melilitel ZUTattice, conelanh, dxslchBy Bl aine speciidignupigaseg area: g, 000

cnk/ g, Segre-

No. Slag T 0 {60 |120 Notes
Cement | Water | Sand | Gravel gation ) ] ]
powder min (min {min

9-1 300 165 769 839 (13)250 Ay 665|680 {550 Ex.
9-2 300 165 769 839 (14)250 o 670|680 | 560 Ex.
9-3 300 165 769 839 {15)250 o] 675 | 685|570 Ex.
9-4 300 165 769 839 {16)250 0 675 (685|605 Ex.
9-5 300 165 769 839 (17)250 0 670 | 685|625 Ex.
9-6 300 165 769 839 (18)250 o} 680 | 675|580 Ex.
9-7 300 165 769 839 (19)250 o] 6706601525 Ex.
9-8 Comp.

300 165 769 839 (20) 250 o] 670 (550|370 Ex

9-9 300 165 767 837 (21)250 o 675|670 (560 Ex.

9-10 300 165 766 836 (22)250 o] 675 655|510 Ex.
- Comp.

9-11 300 165 765 835 (23)250 o 685 (3%0| - x

- Comp.
9-12 300 165 757 826 * 250 o 6801|410 -~ Ex

Symbol * for slag means fine limestone powder, and symbol - for
gslump flow means “not measurable”.



density: 3.00 g/cnB. Slag powder (30): Slowy cool ed sl ag powder, C02
absorption: 4.0% anount of bound 25 water: 3.0% non-sulfuric acid form
sul fur: 0.5% soluble sulfur concentration: 229 ng/1l, oxygen 51
consunption: 6.3 x 10-3 mMmvbl1lQ2/ g, oxidation-reduction potential: 218 nvV,
degree of vitrification: 5% nelilite lattice constant a: 7.78, Blaine 5
specific surface area: 6,000 cn2/g, density: 3.00 g/cnB. Slag powder (31):
Slowy cool ed sl ag powder, CO2 absorpti 4. 0% anount of bound water:
3.0% non-sulfuric acid forn110 sul fur: Q%@b sol ubl e sul fur
concentration: 138 [1, gen consunption: 4.2 x 10-3 mvblQ2/ g,

oxi dati on- redE%%Td%K Qﬁn 178 nV, degree of vitrification: g@b

lilit 15 latt k L
cnel g, density: 0D grar %rgss?cégrzfﬁgﬁdgrﬁkaéﬁf DGPTSR AT powder,

CO2 absor pti@gs. 402, Pé‘qurgxdéfptb%a@ cRc Bt &8 ‘hadra% JwreMlef uric acid
formsulfur: 0.7% soluble sul fur concentration: 375 ng/l, oxygen

consunption: B1én& dOnpodMMiY Gs identified in Table 10 were
5 prepared, and the slump loss, compression strength,
adiabatic temperature increase, neutralization depth,
further, effects of the present cement admixture for
reducing hexavalent chromium, were measured by prescribed

methods. The results are also shown in Table 10.

10 Materials used

Slag powder (24): Slowly cooled slag powder, CO;
absorption: 2.0%, amount of bound
water: 2.0%, non-sulfuric acid form
sulfur: 0.9%, soluble sulfur

15 concentration: 300 mg/l, oxygen
consumption: 7.5 X 107 mmol0,/g,
oxidation-reduction potential: 225 mV,
degree of vitrification: 5%, melilite
lattice constant a: 7.78, Blaine

20 specific surface area: 4,000 cm?/g,
density: 3.00 g/cm’.

Slag powder (25): Slowly cooled slag powder, CO;
absorption: 3.0%, amount of bound
water: 2.5%, non-sulfuric acid form

25 sulfur: 0.9%, soluble sulfur
concentration: 340 mg/1l, oxygen.

consumption: 9.2 x 107 mmolO;/g,



oxi dati on-reduction potential:
melilite

cne/ g,
powder ,

consunpti on:

C02 absorption: 3.0%

223 mV, 25 degree of vitrification:

| attice constant a: 7.76, Blaine specific surface area:
52 density: 2.97 g/cnB. Slag powder (33):

10%
6, 000

Slowly cool ed sl ag

amount of bound water: 5.0% non-sulfuric
acid form5 sulfur: 0.5% soluble sulfur concentration: 291 ng/1,

oxygen

3.0 x 10-3 mmmo102/ g, oxidation-reduction potential: 143 nv,

degree of vitrification: 30%

specific surface area: 6,000 cn?/g,

G anul ated bl ast furnace sl ag,

wat er :

9. 5%

non-sul furic acid

concentration: 10 ng/1l, oxygen
oxi dati on-reduction potential:

Bl ai ne
X r

9

K9 KK K.

10

15

20

25

Slag powder (26):

Slag powder (27):

melilite %Q | attice constant a: 7.74, Bl aine

densi'ty: 2.94 g/cnB. Slag powder (34):

cQ b ion: 1.0% . t of d 15
R

dge%%%%u%%bge'rigwa 130 BYMakiang e

‘ egree of vitrification: 95%
specific surface area: 1§{}QeCrEBhGcandeasi1y78 2.Blhiglecn8. 53 vu aC

11 z WWW ruwuwWrrwwrrwr or

specific surface area: 4,500 cm?/g,
density: 3.00 g/cm’.

Slowly cooled slag powder, CO;
absorption: 3.5%, amount of bound
water: 2.7%, non-sulfuric acid form
sulfur: 0.9%, soluble sulfur
concentration: 380 mg/l, oxygen
consumption: 9.6 X 107? mmolO,/g,
oxidation-reduction potential: 270 mV,
degree of vitrification: 5%, melilite
lattice constant a: 7.78, Blaine
specific surface area: 5,000 cm?/g,
density: 3.00 g/cm’.

Slowly cooled slag powder, COq
absorption: 4.0%, amount of bound
water: 3.0%, non-sulfuric acid form
sulfur: 0.9%, soluble sulfur
concentration: 418 mg/l, oxygen
consumption: 10.3 X 107 mmolO,/g,
oxidation-reduction potential: 290 mV,
degree of vitrification: 5%, melilite
lattice constant a: 7.78, Blaine
specific surface area: 6,000 cmz/g,_

density: 3.00 g/cm’.
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absorption: 4.5%, amount of bound
water: 4.0%, non-sulfuric acid form
sulfur: 0.9%, soluble sulfur

5 concentration: 508 mg/l, oxygen
consumption: 12.2 x 107 mmolO;/g,
oxidation-reduction potential: 350 mv,
degree of vitrification: 5%, melilite
lattice constant a: 7.78, Blaine

10 specific surface area: 8,000 cm?/g,
density: 3.00 g/cm®.

Slag powder (29): Slowly cooled slag powder, CO;
absorption: 4.0%, amount of bound
water: 3.0%, non-sulfuric acid form

15 sulfur: 0.7%, soluble sulfur
concentration: 325 mg/l, oxygen
consumption: 7.7 x 107 mmolO;/g,
oxidation-reduction potential: 230 mV,
degree of vitrification: 5%, melilite

20 lattice constant a: 7.78, Blaine
specific surface area: 6,000 cm?/g,
density: 3.00 g/cm®. |

Slag powder (30): Slowly cooled slag powder, CO;
absorption: 4.0%, amount of bound

25 water: 3.0%, non-sulfuric acid form
sulfur: 0.5%, soluble sulfur

concentration: 229 mg/l, oxygen
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lattice constant a: 7.78, Blaine
5 specific surface area: 6,000 cm?/g,
density: 3.00 g/cm’.

Slag powder (31): Slowly cooled slag powder, CO;
absorption: 4.0%, amount of bound
water: 3.0%, non-sulfuric acid form

10 sulfur: 0.3%, soluble sulfur
concentration: 138 mg/l, oxygen
consumption: 4.2 x 107° mmolO,/g,
oxidation-reduction potential: 178 mv,
degree of vitrification: 5%, melilite

15 lattice constant a: 7.78, Blaine
specific surface area: 6,000 cm?/g,
density: 3.00 g/cm’.

Slag powder (32): Slowly cooled slag powder, CO;
absorption: 4.0%, amount of bound

éo water: 3.5%, non-sulfuric acid form
sulfur: 0.7%, soluble sulfur
concentration: 375 mg/l, oxygen
consumption: 6.3 x 1073 mmolO,/g,
oxidation-reduction potential: 223 mV,

25 degree of vitrification: 10%, melilite
lattice constant a: 7.76, Blaine

specific surface area: 6,000 cm®/g,
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54 TEST EXAMPLE 11 This test was carrie%zout in the sane manner as in
Test Exanple 10 except that concretes havi'ng blend conpositions as

identified in Table 11 were prepared by .5,ysi various slowly cool ed sl ag
powders which are the sane in CFEH'ESJ% o'wr%'ggl Fngllnc' acid formsul fur anount,

sol ubl e sul fug, ¢ n ti-pn,. it LfLcat n rain val ue and
Jé?gzé:&éc%rs 1$t'hg§%e & Yootielr shhgabbRdeANdc0I

which are dif ilite lattice constant a. The results

are also shown in Table 10 11.;0.84didns dsed, ShaguREWSEbddER) Sl owly
cool ed sl ag powder, CO2 absorption: 4.0% anount of bound water: 3%

non-sul furic acid form 15 sul fute: Phossonhovhl-eudfhtic soihtefdrmati on: 508
ng/ 1, degree of
5 sulfur: 0.5%, soluble sulfur
concentration: 291 mg/l, oxygen
consumption: 3.0 x 107° mmolO;/g,
oxidation~-reduction potential: 143 mV,
degree of vitrification: 30%, melilite
10 lattice constant a: 7.74, Blaine
| specific surface area: 6,000 cm’/g,
density: 2.94 g/cm’.
Slag powder (34): Granulated blast furnace slag, CO;
absorption: 1.0%, amount of bound
15 water: 9.5%, non-sulfuric acid form
sulfur: 0.9%, soluble sulfur
concentration: 10 mg/l, oxygen
consumption: 2,0 x 1073 mmolOz/g,
oxidation-reduction potential: 99 mV,
20 degree of vitrification: 95%, Blaine

specific surface area: 6,000 cm?/g,

density: 2.90 g/cm’.



Sl ag

anount of

sol ubl e sul fur

nelilite

(36):
|attice

anount of bound water:

sol ubl e sul fur

nelilite

constant a: 7.75,
3.01 g/cnB

25 concentrati on:
4.5%

Bl ai ne specific

20 3.03 g/cnB. Sl ag powder

absorption:

non-sul furic acid form sulfur:

lattice
density:
absorption:
0. 9%
5%

4. 5%
5§O2

constant a: 7.73,
non-sul furic acid form sul fur:

vitrification:

0. 9%
3%

lattice
density:

Cco2

degree of

vitrification:
surface area: 6,000 cn2/g,

nelilite
Slowl y cool ed sl ag powder,

3%
508 ng/ 1,

5%
surface area: 6,000 cn?/g,
Slowl y cool ed sl ag powder,
degree of

3%
Bl ai ne specific 55

vitrification:
powder (37):

bound 5 water:
concentrati on:

508 g/ |,
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surface area: 6,000 cn2/g, density:
rro( P~ r., 43 rc rl 43
04 loaomb z z NN N |
ri ~Ll 1 C rl

41 | AN ¢cn4.Jr ~r

TEST EXAMPLE 11

OUN NO 44
r-1 N=b >1
a-1a~~r Q d~ d~ cMd~ d~ (ti'
10 N co N O Pi

20 2.96 g/cnB. 56 0 WWWWz U 4]
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U~4 - u- oo mO01 Lrl 43 -~
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This test was carried out in the same manner as in

Test Example 10 except that concretes having blend

compositions as identified in Table 11 were prepared by

5 using various slowly cooled slag powders which are the

same in the known sulfuric acid form sulfur amount,

soluble sulfur concentration,

degree of vitrification and

grain value and which are different only in the melilite

lattice constant a.
10 11.

Materials used

Slag powder (35):

absorption:

Slowly cooled slag powder,

The results are also shown in Table

CO,

4.0%, amount of bound

water: 3%, non-sulfuric acid form

15

concentration:

sulfur:

0.9%, soluble sulfur

508 mg/l, degree of

vitrification: 5%, melilite lattice

constant a: 7.

73, Blaine specific

surface area: 6,000 cm?/g, density:

20

Slag powder (36):

absorption: 4.5%,

water:

sulfur:

25

vitrification:

concentration:

3.03 g/cm’.

Slowly cooled slag powder, CO;

amount of bound
3%, non-sulfuric acid form
0.9%, soluble sulfur

508 mg/l, degree of

5%, melilite lattice

constant a: 7.75, Blaine specific

(d
0

O
J
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Slag powder

Slag powder

(37) :

(38) :

55

surface area: 6,000 cm?/g, density:
3.01 g/cm’.

Slowly cooled slag powder, CO;
absorption: 4.5%, amount of bound
water: 3%, non-sulfuric acid form
sulfur: 0.9%, soluble sulfur
concentration: 508 mg/l, degree of
vitrification: 5%, melilite lattice
constant a: 7.80, Blaine specific
surface area: 6,000 cm?’/g, density:
2.98 g/cm’.

Slowly cooled slag powder, CO;
absorption: 4.0%, amount of bound
water: 3%, non-sulfuric acid form
sulfur: 0.9%, soluble sulfur
concentration: 508 mg/l, degree of
vitrification: 5%, melilite lattice
constant a: 7.83, Blaine specific
surface area: 6,000 cm?/g, density:

2.96 g/cm’.
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12-3 C 35 11.9 24.0 43.3 Ex. The slag pomder is represented by "parts" per
100 parts to of the powder, and the conpression strength is represented
by "N m®2". TEST EXAMPLE 13 This test was carried out in the same nanner as
in 15 Test Exanpl e 4 except that cenent B was used, and the slowy cooled
sl ag powder (25) as identified in Table 13 was used in 100 parts of the
cenent conposition conprising the cenent and the slag powder. The results
are also shown in Table 13. 20 58 Table Test Sl ag Conpression strength

Cenent hbtes hb powder 1 day 3 days 7 s Comp. 3-1 AN 10.5 23.0

41. 0 EX. - gX%§P4 39,1 54.3 Ex. 13-2 B 20 18.0 35.8 50.5 Ex. 13-3
B 30 15.5 32 12-2 B 35 13.0 26.6 45.0 Ex. 13-4 B 40 12.5
24.9 44.2 Ex.

par ?gsg‘ler;? 2 ;\L% %u@éﬁ.& ?EeSLQ‘He ROYESL, | s represent ed

, by "parts" per he po conpr essi on rength is
: Test Example 3 except that 65 parts of the Portland

cement as identified in Table 12 and 35 parts of the slag

5 powder (25) were used. The results are also shown in

Table 12.
Table 12
Test Slag Compression strength
Cement Notes
~ No. powder 1 day 3 days | 7 days
Comp.
3-1 A Nil 10.5 23.0 41.0
Ex.
12-1 A 35 8.0 16.6 29.9 Ex.
12-2 B 35 13.0 26.6 45.0 Ex.
12-3 C 35 11.9 24.0 43.3 Ex.

The slag powder 1s represented by “parts” per 100 parts
10 of the powder, and the compression strength is

represented by “N/mm? #

TEST EXAMPLE 13
This test was carried out in the same manner as in
15 Test Example 4 except that cement B was used, and the

slowly cooled slag powder (25) as identified in Table 13
was used in 100 parts of the cement composition
comprising the cement and the slag powder. The results
are also shown in Table 13.

20



represented by "N mR". 5 TEST EXAMPLE 14 This test was carried out in the
sanme manner as in Test Exanple 5 except that the slowy cool ed sl ag powder
as identified in Table 14 was used. The results are also 10 shown in Table

14. 59 Uw 2wwwuOr, '"O-OLnooinoOoonmLnU) rt 4J 4
04rdwN4MMNNNNNriOrlr-IQ)Oz H1.11Jrot N NJ) H ~O
O MLONwWTI- Ln o OMOs Ooit Q rli NMd~dLLndeLdLOOO
Ln HUN WLn Ln LU Lo u) In Ln Ln LON:})E%:{UX4-1 rori Q FI I U Ln Ln
oo rl MOQ rl rI OO Mq roroQ H NNHrHNMNLONU 41 A al
rd ~t ~r I;v ##4411101411Wrqu E-1ro3 A, 0l 004 0Q O OO
0 C 0Q O HN Pl t71 MMMMMMMOOO00 4-3 0
Test Slag Compression strength
' Cement Notes
No. powderxr 1 day 3 days | 7 days
Comp.
3-1 A Nil 10.5 23.0 41.0
Ex.
13-1 B 10 19.4 39.1 54.3 Ex.
13-2 B 20 18.0 35.8 50.5 Ex.
13-3 B 30 15.5 32.0 47.0 Ex.
Comp.
12-2 B 35 13.0 26.6 45.0
EX.
13-4 B 40 12.5 24.9 44 .2 Ex.
13-5 B 50 11.7 24.5 43.0 EX.

The slag powder is represented by “parts” per 100 parts
of the powder, and the compression strength is

represented by “N/mm?"”

TEST EXAMPLE 14

This test was carried out in the same manner as in
Test Example 5 except that the slowly cooled slag powder
as identified in Table 14 was used. The results are also

10 shown 1in Table 14.
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H HHri HHUHZ1J 'U60 TEST EXAMPLE 15 This
test was carried out in the sane manner as in Test Exanple 6 except that
the slowy cool ed sl ag powder (36) was ged The results are al so shown in
Table 15. 61 rd v M wxx x~(x k ~( x }~x O( WWf WWOOW
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This test was carried out in the same manner as in
Test Example 6 except that the slowly cooled slag powder

(36) was used. ‘The results are also shown in Table 15.
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Test Example 7 except that the hexavalent chromium-
reducing effect of the slag was evaluated by mixing a

5 reducing agent (ferrous sulfate, guaranteed reagent,
manufactured by Kanto Chemical Co., Inc.) as identified
in Table 8 to the above slag powder (14). The results

are shown in Table 16.

10 Table 16

Hexavalent
Slag Reducing chromium
- Test No. powder aent remaining Notes
(parts by | (parts by concentration
weight) weight) (mg/1)
16-1 50 50 ND Ex.
16-2 90 | 10 ND Ex.
16-3 95 5 ND Ex.
16-4 99 1 2 Ex.
7-2 100 0 6 Comp. Ex.

INDUSTRIAL APPLICABILITY

By using the cement admixture of the present
invention, the amount of clinker to be incorporated can
15 Dbe reduced, whereby a low environmental load type cement
composition can be obtained, and by using such a cement

composition, it is possible to obtain a concrete which
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rHl HHH41 rd O 62 TEST EXAMPLE 16 This test was carried out in the
sanme manner as in Test Exanple 7 except that the hexaval ent chrom um
reduci ng effect of the slag was evaluated y mxing a 5 reduci ng agent
(ferrous sulfate, guaranteed reagent, factured by Kanto Chenmical Co.,

Inc.) as identified le 8 to the ab ve_s owder (.14 he results
are shown in #ﬁﬁl% i%afﬁdggﬁﬂ?§9ﬁ§ Hék&@&geﬂ £¥§5% ‘% }Eﬁgg
powder agent Notes (parts by (parts by concentratlon
wei ght) wei gh §§§,1T>6/11§u§%51{45%5-50 ND Ex.
Further, even when applied to a concrete having a
low water/powder ratio such as a high fluidity concrete,

5 it is possible to suppress autogenous shrinkage to a

small level.

Further, an effect to reduce hexavalent chromium,

will also be obtained.

10



16-2 90 10 ND Ex. 16-3 95 5 ND Ex. 16-499 1 2 Ex. 7-2 100 0 6 Comp. Ex.
| NDUSTRI AL APPLI CABI LI TY By using the cenent admi xture of the present

i nvention, the anount of clinker to be incorporated can 15 be reduced,
whereby a | ow environnmental | oad type cenent conposition can be obtained,
and by using such a cenent conposition, it is possible to obtain a
concrete which 63 has a small slunp | oss or heat of hydration and which is
hardly neutralized. Further, even when applied to a concrete having a | ow
wat er/ powder ratio such as a high flupglity concrete, 5 it is possible to
suppress aut ogenous shrinkage to a small level. Further, an effect to
reduce hexaval ent chromum wll atpglig obtained. 10 64 CLAIMS 1. A
cenment adm xture, conprising a slowly cool ed sl ag powder, wherein: the

sl owy COP'Ae%n;Se!glfgdgrﬁgwg rco%ﬁ%iﬁ%@?low | .&Joiljptdesla%gpgiv\;é%rgg\rﬁ% Iirgorrponent , the

slowy coodl'e owder “has ‘a car bon di oxi on of at least 2%
5% a1 eripbAab i wose sig Rewdateoniaitsanalio e BTAnaPry oIt SSREEIE ol oty
2. A comeih HIHCK Pueeser Sarpeids S0 0F BLftJEB0t e PHAORIY T bRl . 1 he
slowy cool ed sl ag powder contains nelilite as its main conponent; the
sl owl y coait leaying a carbon dioxide concentration of 5%, a temperature of 30° C. and a relative

humidity of 60%; and the slowly cooled slag powder has a melilite lattice constant of

from 7.75 to 7.82.

2. A cement admixture, comprising a slowly cooled slag powder, wherein:

the slowly cooled slag powder contains melilite as its main component; the slowly cooled

slag powder has a loss on ignition of at most 5%, loss on ignition being a weight

reduction when ignited at 1,000° C. for 30 minutes; and the slowly cooled slag powder.

has a melilite lattice constant of from 7.75 to 7.82.

3. A cement admixture, comprising:

a slowly cooled slag powder, wherein:

the slowly cooled slag powder contains melilite as its main component; the slowly cooled

slag powder contains at least 0.5% of sulfur of a non-sulfuric acid form; and

the slowly cooled slag powder has a melilite lattice constant of from 7.75 to 7.82. \

4. A cement admixture, comprising a slowly cooled slag powder, wherein:

the slowly cooled slag powder contains melilite as its main component; the slowly cooled

slag powder has an ion concentration of non-sulfuric acid form sulfur to elute, of at least

100 mg/l; and the slowly cooled slag powder has a melilite lattice constant of from 7.75

to 7.82.



sl ag powder has a loss on ignition of at nost 5% loss on ignition being a
wei ght reduction when ignited at 1,000 C. for 30 mnutes; and the slowy
cool ed slag powder has a nelilite lattice constant of from7.75 to 7.82.
3. A cenment adm xture, conprising: a slowy cooled sl ag powder, wherein:
the slowy cool ed sl ag powder contains nelilite as its main conponent; the
slowy cooled slag powder contains at |least 0.5% of sulfur of a
non-sul furic acid form and the slowy cool ed slag powder has a nelilite
| attice constant of from7.75 to 7.825 4. A cenent adm xture, conprising a
slow y cool ed sl ag powder, wherein: the slowy cool ed sl ag powder contains
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wherein the, sl Ne ed. slag powder has a loss on ignition of at nost
5% | oss '@Hteﬁﬁﬁ%%{%nﬁgjgﬁﬂogmgm\%gi ght reduction when ignited at 1,000 C. for
30 minutes, 6. The cenment adnj.xture . according,to.claimal, wherein the
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non-sul furic acid form 7. The cenent adm xture according to claim1,

wher ei n tcRBtains ghlegst 56 alsubfunpreprmhiiet nomudfugc agif ddftr at i on of non-sul furic
acid formsulfur to elute, of at |least 100 ng/1l. 8. The cenent adm xture
accor di ng. Tbe cénagntradmixiure resiordingrie oddiml, Whetss g sloWayycqndedadas pavylsr a degr ee

of vitrification of at nost 30% 9. The cenent adm xture according to claim
1, wher eihas h bencahteatioy of aoh-eul fisicagidfomnl sulfurhaslute, 8f atilenst Hi¥gvgh.i ¢ surface
area 25 of at |east 4000 cnR/g. 10. The cement adm xture according to claim

1, wher eig) Thé erchtbdhiviie Basdording WP, whersnimpsioony cdolat slhgpstde?. 5x 10" 3
mmol 02/g. 11. The cenent adm xture according to claim1, wherein the

adm xt ur EhaE'Q%I_e%I_@e OpifaichQol of R ST 00p potential of at least 100 nV. 12. A
cenment conposition conprising the cenent adm xture according to claim1l.
9. The cement admixture according to claim 1, wherein the slowly cooled slag powder
has a Blaine specific surface area 25 of at least 4000 cm?/g.
10. The cement admixture according to claim 1, wherein the admixture has an oxygen
consumption of at least 2.5x 10" mmol 0./g.
11. The cement admixture according to claim 1, wherein the admixture has an oxidation-
reduction potential of at least 100 mV.
12. A cement composition comprising the cement admixture according to claim 1.
13. The cement composition according to claim 12, wherein the cement comprises
Portland cement having a 3Ca0.SiO, content of at least 60 wt %.
14. Cement concrete comprising the cement composition according to claim 12.
15. The cement concrete according to claim 14, wherein the concrete has a slump flow of

650+50 mm.

16. Cement concrete comprising the cement composition according to claim 13.
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13. The cenent conposition according to claim 12, wherein the cenent
conprises Portland cenent having a 3CaO. Si2 content of at |least 60 wt %
14. Cenment concrete conprising the cenent conposition according to claim
12. 15. The cenent concrete according to claim 14, wherein the concrete has
a slump flow of 65050 nm 16. Cenent concrete conprising the cenment
conposition according to claim13. 66 17. The cenent adm xture accordi ng
to claim1, wherein: the slowy cool ed slag powder has a |l oss on ignition
of at nmost 5% loss on ignition beinggsa wei ght reduction when ignited at
1,000 C. for 30 mnutes; and the slowy cooled slag powder contains at
lleast 0. 5¢h qhe sathériad@ixudre AORTEHE {0 1him AGHHdpr m 18. The cenent adm xture
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claimd4, rein.the sl.ow.y.coagl I wder  ha l,oss on i.gnition of
ot st shereieBlBalchEn SreERR Fiv GERR PlisscfRof JRER HishPey ot
1,000 C. ;];o%\r/de‘?(é)onrtrelzirrlléJ zlﬁgaist 0.5% of sulfur of a non-sulfuric acid form.

18. The cement admixture according to claim 3, wherein the slowly cooled slag powder
has a loss on ignition of at most 5%, loss on ignition being a weight reduction when
ignited at 1,000° C. for 30 minutes.

19. The cement admixture according to claim 4, wherein the slowly cooled slag powder
has a loss on ignition of at most 5%, loss on ignition being a weight reduction when

ignited at 1,000° C. for 30 minutes.



