e3ef@,Z Z[ $_ " 6 T@% DESCRI PTI ON CEMENT ADM XTURE, CEMENT
COWPCs| TI ON AND CEMENT CONCRETE MADE THERECF TECHNI CAL FI ELD 5 The present
invention relates to a cenent adm xture, a cenent conposition and cenent
concrete made thereof, which are to be used mainly in the field of civil
engi neering and construction. Here, cement concrete used in NmmMMMHmmmmm
invention generally refers to cenent 1o paste, nortar and co !
Further, parts or %in the present i nventitn are by mass unl ess ofber w se
speci fied. BACKGROUND ART Wth respect to carbon di oxi de em ssion, the
proportion of civil engineering and EHSIRIEGDN in s5 overal |l industry is
very large, and it is _desired to reduce its environnental |oad. On the

ot her hand, caFPoNT drBXFHEYEEschENENE FPYRPEEREAN ANBUSEMENEeEPVEBERBSt | v
fromfuel during calcination or fromdecarboxylation of |inmestone as the
starting material. Accordingly, in 20PBr dBFREBFreduce the carbon di oxide

emn ssi on, itﬂggdﬁT%AEp%&Eﬁ&;ective met hod to reduce the cal ci nati on anount

of cenment cli extrenely inportant to pronote utilization of

various njxed ceméﬂ; r th a vi to .constructin ur abl e 25
concrete structures, Sﬂ?rtézéigsr{gésque\éﬂ s prre_el\e/a\(,e%n S bqoeeadiﬁ“%ts%’}cgﬂf@t‘%rr%m _
segregati on andehRpRURRERRS iRadh e A O Ry ydral 'm%{?i’e Ryicy arly, in
recent years, 2 the performance required for concrete i diSrérsified,
and for the pumiRESErel tiAtieoRAld #1dion 0fi ARRIJ Gal10N o ¥ RUiLQYS types of
high fluidity concrete have been proposed which require no conpaction and
whi ch have sehbiﬁe%mﬁhpn@n@r@@@@&m@@t&bBQDOHéré,OEeﬂéktL%BﬁérEké'Qbé?
Concrete Research Conmittee"” (May 1003) and "Report |1 of the sanme™ (May
1994), publ i $hedhey prapantCinceatts o sierettzd)ly Sederii @b fHewicdict y concrete
tends to undergo so segregation if the unit quantity of a binder such as
cenent i%0| epagstRanmeissar 500 kghwBetand Burbhdingbgrtstounsywaihythas a unit
bi nder quantity of at |east about 500 kg/nB. And, high fluidity concrete
havi ng a | ar GESERNL BINGELClqiadLet PYhagss prdigisemctharwilse specatfied .heat

15 value is [ and the environnental load is also large. In order to

sol ve such a_§£g§EQHﬁ2hé§E fluidity concrete has been proposed in which

fine powder of Ii tone is. used in.substitutjon for a part of the binder

(JP- A-5-319889) . I"ﬁ%%l ﬁeﬁgeﬁot\Aﬁ-r r c@frqqrhétodﬁjréiezﬁngﬁ&k?nno t§bst ant i al

hydr aulici ty,.and.-@ceqr disngly. 1t ' f.lui dity concrete.in which fine

powder of Iiﬁés?pﬁg??g ggegl¥%15%§g?%%%fﬁo% 5¢ goﬁgﬁfugglPﬁng!nder, has a

merit sugh tB@brbqllHaahg%r§egéegéEy0Qa&§%hf%ﬂacﬁtwkghaaEiQEp“Q'“9 about
avalu

unnecessary heat of hydration. However, I mestone i s &bl e nat ur al
resource forreduceountr ynbavbAgesrall! 1688QUr68StnaNskhd S wWhidi zali 95, merely
for admxing it to concrete, is likely to |lead to depletion 3 of the
resource. Acdopdiidgl ylisthergedr érpmesenchy dmdysveiycasrioesnppgre{fective

utilization of linestone. Further, |imestone-adm xed cenment has a probl em
that it is |fkemyfuelpdunénor gbilzédatand bt Esopodecanbbxplavidhngfi niti al
strength. Neutralization is inportant since it relates to durability of a

ferroconcr et e18EFLEREr 85 §RE FRATFANSi BRtSriehgt A¢sordimalantinsi nce it
deeply relates.to %nnnlg cgcle and thus i s inportant for shortening the
appl i cati%n BEPFOdTOFEPEHER, tRReCREPRBUEAAKA ISt PBASFECRN iEpdFt Ahe
deterioratioH fgcg%%eigtluent&g%ﬁgﬁer t he dur biliﬁZBOf ferroconcrete, and

in neutralized concrere:VEhae PcFRGUSFeEewWFR EaEbPFOGEBFHEanthere

wll be a dap f Lng copce et [ nts, At _present, it |s
desired to deg@_%g igégk%ghe% dc%ﬁp%%i?fgﬁga%ﬁghlpgoﬁ§ggglgﬂ;pfﬂmBF8viding
durabi | ity apdiiBbhtabnsbEenathogadntbbanciacenignabl e of providing strength
equal to one where usual Portland cenent i's used alone, even if the

adm xture is useguiriheenbiMahi anviBwaRc2FeHBt 6%eeadi AU 3BT, 20 On the

ot her hand, blast furnace slag discharged as industrial waste from stee

plants im w dehyresedstputbareenent congestieelii ebdprdhénbl BLedingace slag
is generally classified into quenched and vitrified socalled granul at ed

bl ast furnaceesliagingdfabm- segredashen25nar yst ahppzedssnegal | ed sl owy

cool ed bl ast furnace slag. Among them the granul ated bl ast furnace sl ag
has al kal i |aeearahydnabli bidyataod. oreapui merdZlad, tim thesamg daue) 4 as
cenment, or nore finely than cenent, is used as a starting naterial for

bl ast furnace cenent. Vitrified granul ated blast furnace slag has excel | ent
|l atent hydraulicity whereby even when adnixed 5 in a |arge ammmmmmmﬂmmmnent
clinker, its long termstrength will not decrease, and its

being made in various fields of e.g. high strength concrete and+duogh
fluidity concrete ("Applicability of Fine Powder of Blast Furnace Slag to
High Strength Concrete", Kenichi 10 Yasudo et al., papers reported at the
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(1) A cenent adm xture characterized by conprising a slowy cool ed bl ast
furnace slag powder which contains nelilite as the nmain conponent and has a
carbon di oxi de absorption of at |east 2% when carbonated for 7 days in 25
the air having a carbon di oxide concentration of 5% a tenperature of 30C
and a relative humdity of 60% (2) A cement adm xture characterized by
conprising a 8 slowly cool ed bl ast furn?ce sl ag powder which contains
nmelilite as the main conponent and has a 'oss on ignition of at nost 5%
which is a me%ght rgduction mhen.iggi ed at 1.0 OC.foa.BO nt@utg;. 5.(3) A
cenent admi xtUrePEhAPARPBFPZ 8§98y * H%PFSFRBCSG Fowfy Ie86FEd THrEst 2 Fr nace
sl ag powder f@%CP gont%igseng%ikg%ﬁogg tggtggknogongoEﬁnttan% contains at

| east 0. 5% of “Su ?urpﬁrgsgnt as non-suﬁ%urlc dcPa fePmrsalrfar (4) A cenent
adm xture ch [ y GO {.Skhg.:a: (o] ‘hlast furnace sl ag
powder mhichgégﬁ g%n§§§%PiP?tgﬁgg Fgglﬁé%% é%ﬁ%%%g%tﬂgﬁg Sgﬁan ion

concentrati 08,085,888 fHLEH! Leq@skd Lar Ebﬁ?%%&ohoaﬁli“%zﬁﬁ?f nabe! §a3k-100

ng/ 1. (5) The cenent adm xture according To any one o 15 (3) and (4),
which comprisesi1tig prepkytsesl edrbpast Tubragerstagrpowdan guki,ch contains
melilite as the main conponent and has a |loss on ignition of at nobst 5%
which is a webgbBtetedrekeanchhedmngitbed alay, 000€)f ahd30rRebButesI 2@ (6)
The cenent adm xture according to any one of (1), (2), (4) and (5), which
conpri ses thehsl pamyg”ciMbhgd1bbast, pubhderes] by papeder Cohicekteont ai ns
melilite as the main conponent and contains at |east 0.5% of sulfur present
as non-sul futhetatidedorm sul fur. 25 (7) The cenent adm xture according to
any one of (1) to (3), (5) and (6), which conprises the slowy cool ed bl ast
furnace sl ag powdechwhiigh ddmigiity wericriete endse to ang@ngcconponent and
has a concentration of non-sulfuric acid formsulfur to elute, of at |east
100 ny/ 110 (8FeThEIBEARRL 1&d PRt HPe CalEBRELhY P& &nPlBAEToFUERaffs 1 to 7,

whi ch i t .Sl owl | ed. bl i
o o | ShebloaEL ik SO LS T (U Rc Shag pouaeL havifg &
t f i.¢ch i h | .ow | ed_bl ast
Lo any one ofgblatontE u WLENcomL seasLe,sLovhy sealed bl i nace

(10) The Ce”ﬁBt/fnafijZﬁo’Hr & BAE o0 N P AP Harkihg 0 AaDge VM}}in_h

conprises the slowy cool ed blast furnace slag powder having a Bl ai ne

speci fic surbaggedr gaaAt@tyahakeasbréBienCcimbg. the hi&kathencarant

adm xture according to any one of (1) to (10), which has an oxygen
consunption ¢klak headtrgebxhd- 3mmed 2ORigonmeAralhe cadngst aadn 1hupe .
according to any one of (1) to (10), which has an oxi dation-reduction
potential 20 of &n lcedstr X0 slve E3)chA ac ereitl egompagitt ifdmicddrtyai ni ng t he
cement adm xture as defined in any one of (1) to (12). (14) The cenent
conposi ti on gesergteghes PEIR PaRPrsed thewbdgdntine pPewdean@fcement havi ng
a 3Ca0-Si 02 25 content .of at | east 60 wﬁ@b,%lS) Cenent concrete nade of the
cement conpostTESRCRE d6f e PR CYOFTACULLAR. for18 PEsY Phe tBEMent
concrete accordi.ng ta_(15), i has sLu fl ow of 650t 50 BEST MODE
FOR CARRYI NG%E’B?e%Hé%PN%E ‘|3g%8 W, t"ﬁ@ep#éggn?w%ﬁn??oﬂlWF%% descri bed
in5 detajil. sl.ow I fur I p herein er
referred’to & gﬁsskﬁpf§b%§%?%ga§|%&?%agég?g§y§|%%dp§%§§??39§1§2 3%%d in the
present inveptioneqsS . I I+ d. Gyt &lsbi fyr ag
powder. Zo Tﬁ%bgoﬁégﬁgﬁfglSf%%ﬁgﬁg|§%|yﬁé§o §&5§fggwg%%3§f Eé@%%?ﬁggsane
conposition ag Lheggnanuhaled thitash fferNaceathass and pReCl Cablya it
conprises Si02, CaO A1203 and MyO as the main chem cal conponents and may
contain, formexarplechlithdt MOimNaz2ds Segfddatdnt Fe2l@3tascet karhbat
conponents. Further, the slowy cool ed slag powder contains socalled
melilite as bhidngdng atiomenemnesssaariys heate d fe hysiralt ioh .geRbeavée,
2Ca0A1203Si 02 and akermanite 2CaOMy02Si 02 and further may contain others
i.e. 20 zal cilimesitioneaties as vell vadldi calteinarh gidsiovatce ZGa08ud2 coratitivni t e
3Ca02Si 02 and wol | astoni te Ca0Si 02, cal cium magnesium silicates such as
merwi ni te 3ChOVETZSISOR ldnd aavrices | iafe CAG MG 1igiad2onaferelivt §0Ca0 A1203
2Si 02, leucite (K20, Na20) A1203Si 02, spi.nel _MgOA1203, magnetite 25 Fe30q,
and a sul fi dédgdetings idaltE GarsHIshede 1Gad idelyr &9 deeh 4 PeBlrid o8l owl v
cool ed sl ag powder to be used in the 11 present invention contains
nmelilite as the main conponent, and its carbon di oxi de absorption
(hereinafter referred to as the COZ absorption) is at |least 2% The CQZ
absorption of the slowy cooled slag powder is at 5 | east 2% preferably at
| east 3% nore preferably at least 4% If the COZ absorption is |ess than
2% the effect for suppressing the neutralization will not be adequate, and
there may be a case where no adequate effects of the present invention can
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preferably from5 to 40 parts by weight, per 100 parts by 5 weight of the
total of the slag powder and the reducing agent. If it is less than 1 part
by wei ght, no adequate effect of the conbined use will be obtained. On the
other hand, if it exceeds 50 parts by weight, the cost increases, such
bei ng undesirable. 10 However, within a range not to inpair the purpose of
the present invention, it is preferred to_use in conbination various

rel easi ng agents which are commonly used as hexagonal chrom um reduci ng
materials. Specifically, sulfides such as amoni um sul fide, calciumi5b
sul fi de, coppérthal rraeurapekedceendingly zi Heerq| a7der epen bbnynawy f i de,
zirconium sul fide, sodium hydraogen sulfide, |ithiumhydrogen sulfide and
ammoni um pol VeUFEFdéCrsuiPret 8EL8GERVEsUpoL A%aF biRns LT L BESERRBNRI um sul fite,
sodiumsulfite, calciumsuylfite, sodiumsuylfite 20 _and potassi um hydrogen
sulfite, thiosul FAEEESSuchIBESEBBEGRFTHE FFEF@taH&Sp8t§§§&§ﬁFEﬁ?@%ﬂlfate,

fid d h fur _di oxid Lfur, ,and ferr I fate,
may, Tor exahpl 65 be<HuAt FonBd. “ARDRGTRERr FBPr dtis SUPPREe RS particul arly

ny, for examl e’ befef It gt FEPr dGs “SuPP cul
on- sul f o | S5eraCPaPbErHAY RRFRSERL [ dEhe o thelbiodl g AENLEAY 2 °

powder (her cLagbLer, re1deLetsrbadaboiaty! e SOLURLECsHLLUE concent rati on)

is at |east e sol ubl e su oncent ion 1's particularly

preferably attlgashrd>0afil/ thel intBeag0LUbLAgEH! fUr ifpREEAREAl KQRCLS | €SS
than 100 ng/l, there 5 may be a case where no adequate fluidity-nmaintaining

property or hexasapept rehseakudbrgdueilagdcotiechnafl thepent eppereharcan be
obtained. lons of non-sulfuric acid formsul fur may, for exanple, be sulfur
ions (Sz-) , fpol yeuktedéngonhe( Spplicdoinn2perivhi. osmhfetier) orise (S2032-)
sulfite ions (5032-) and sulfate ions (S042-). The sol uble sul fur

concent rit i oneiisrehézabnernt pathonmpbrhentsdeterioratidnf 6amtsul fur ions
contained in the liquid phase, when 20g of the slowy cooled slag powder is
put into 100ipfleentapér ouer2btesduapbisityred ferrggonrnetes, andl kswed by
solid-liquid segaration. Such a sul fur concentration can be_quantified by
an | CP eni ssPBRCEPALERBNEPRGTEF by tRR FEANEREEABE0GESBRYWitheP egr ee of

itrificati f th I | ed I wder i f bl t t
30~ mor 6. prEPEFANFS: P ot PoT8 i PReAdBaPRE oy FEL FiaPE U exCoeds
30~, the h ' LS. lik ' th
case whoro { REOPFOLey TERRTPPERG: (S B ST not pet CPERHOR ROVRTI .

chrom umy edyciogedd ebhgeLsciBRUKKhALLZALI @R-sYRRheSShNG 8l fg¢hs and
effects to suppress heat generation by hydration cannot be obtained. 16
I f the degreguebbYitkif haat iancisihkgheng¥Bnahfl gHbshanki abbybtBbeoganme
anmount of non-sulfuric acid formsulfur is contained, elution of e.qg.

t hi osul f at e pubfriidihg sxkeagehyebiubil ecasneowharedusuth Pbettaydtal line 5
slowy cool ed slag, and the fluidity-mintaining performance or the
hexaval ent chevehonmicedaefinglehtecesenr éfsirhel adRdrthee, iasushd dagree of
vitrification increases, there may be a case where heat generation
acconpani ed B9MRYEREEPBNIR PR ABSUNE. eXgerdinges 0%t he
neutralization-suppressing effects are also a nature characteristic to a

crystal 13%he subsPanéde REEGEIPRGFy, Pgssulhraprectdagr disckeryeto ase
observed as th ud nei of itrifica&%og i crgases. Tge vitrificat%gn degree
(X is obtai hBAUBY X(o) "2Ee. & 8) S{oT0oPLRRFE, 18 YAUFLY: HEodr &8 6Pt he

[ k of L TR ' din.t | owl | ed
clag posder, “Tieht: SEREE b ERE Bondtit AP SRRl lY oa. “ant S0 i
th ¢ . e . - oht ai nad heat |
the ol ow y 30/ SaPal Ko ponder of 287, BOGE TR 3 Rols S ol Toted by cool ng

at a coolingca@&edo§réﬁhmheedF5&5Q%rfukhaceagqggeaﬁanaaenhoalea gBki lite of
the slowy cooled sllag powder is preferably from7.73 to 7.82. The slowy

cool ed sifig peydernlhaveagsbheallakli eeokdycenstant baagt makhhtbestuyhin this
range is particularly preferred, since the neutralization-suppressing
effects are nmpagkahks, kthei grpauilbcebablyspr ehensed thaty hhe alkdlkattice
constant ais from7.75 to 7.80. The Bl aine specific surface area val ue
(herei nafterlaksotr efdreeditatyi nphy aset belBeaimedvabueheotambelsiveM y
cool ed 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 cnR/g, nost
preferably from5,000 cn2/g to 8 000 cnR/g. If the Blaine value is |ess
than 4,000 cn2/g, there may be a case where the segregation resistance
tends to be hardly obtainable, 1o no adequate neutralization-suppressing
effects can be obtained, or no adequate fluidity-nmaintaining performnce or
hexaval ent chrom umreduci ng performance can be obtained. If it is
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10 or ultrahigh-early-strength cenent may, for exanple, be used. 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 from3,000 to 8,000 cnk/g by a Blaine value. If the Blaine s5 value is
| ess than 3,000 cnR/g, no adequate early strength devel opi ng property may
soneti nes be obtainable, and for pulverizgtion to exceed 8,000 cne/g, the
pul veri zation power tends to be extrenely |l arge, such being uneconom cal,

and the operation efficiency may.be.20 J]ikely to be,poor. _-The cenent
conpositign af Fﬁ@eﬁﬁes8ﬁtm¥ﬁ9eﬁ%P8ﬁyi§£8Hec§8ﬁBFrsFEguﬁsﬁeﬁF &nd the

pr esent adnix%urg. For the.c nt s%tion of the present invention, the
respective naterrild W%%eﬁéa§?§85 g?ggﬁe PFH@CSfC?WSHES_appIication, or a
t whol e t heregt i, il ' . F | e, | owl
ool cd sl'ag povadr ocimen: CEPPitar S B st St By ec dhalala, he” 22"
put verizec aggogixede 4c8nPahlaPluihel eyOlnbhem,MBYheALECdaRldeq

pul veri zed. The particle size © e cenent conposition e present
invention i sjpoh partbCHh8thY tbMbbRdntSENgBkel 5idgpepds ear-khhe particul ar
purpose or application. Usually, it is preferably from 3,000 to 8, 000
cne/ g, nore pteépgehl wifllonvd, 88ErkasE, 08AdCHREgstdiasBhaknBeyakue. If it
is less than 3,000 cn2/g, there may be a case where no adequate

st rengt h- devehapi hg paspeutyfiéahdbeoBbtagnedighosandnythi topseeedsala000
cne/g, there may be a case where the operation efficiency tends to be poor.
The cenent cbhopbsiluddiof thecpeeselnitAppléndbohihmsod Béhé- Powliengofroperty
requiring no conventional shaking conpaction and can be used as high
fluidity conBtese Fuenacs Flam SegHeght Bonenahbr €ppcratedl ukpnitbw val ue as
an index of fluidity is_preferably 650t50 mMm If the slunp flow value is

| ess thal? 60B2FHTIOt BE &bt f - PRPPFRgTBPEpEREyaFsthpkéPiht eBentnadequat e due

to a change with tine en the.,time requir for the appljcation or
transportati%%CEBO#99¥2€8ﬂvFﬂFboﬁcc88n?g4éﬁg9?f1?%1ex888d 700 nm there
may be a case wh [ tioon is Likely.to result. Wen high fluidity
concrete is to bgh%rgggfggiegtgfg%ﬁggFggrg aFS eHﬁPg €a® 9eﬁaﬁeducing

agent such agyae.ysual we&satrﬁgaﬁ%ggiége twhé?eﬁguéﬁgunggnggﬁn%i%f hi gh 25

per formance reduci ng agent or perTormance educing agent, for
high fluidityorThecyrah8e E8dUSI NGngUeBLiba S8NPEHEI al:iby @Mah! apl egin the
formof a liquid 23 or powder, and either one may be used. Water reducing
agents mpy bedgeredalihyaclasgef bpduhbt Boacempht hal eARet Yy paiowe V@t amdme
type, an amno sulfonic acid type and a pol ycarboxylic acid type. 5 In the
present invehheonthet hangapfi ewhabiyipgebechediyb aseeaghhghtper f or mance
AE reducing agent, and its specific exanples include, for exanple, a
napht hal ene v¥peifsaénhguanuiRhesdubldssPiorsareeslagt hadehadne, prahléact ured
by NMB Co., Ltd., "Mghty 2000 1o Series", trade nane, manufactured by Kao
Cor por at i on SRAR" BRAET BRARSISHEratiPRJBY nANEr 2 hAATT 2BEURRECBSNRRBpOn Paper

| ndustries Co,,.Ltd. Further, as a am ne._t . ."Si kament 1000, Seri es",
trade nane, ﬁﬁhb?‘té%%rgangy%i Eﬁ EPEE,Lag};laéuxff‘b% a?%o'@{ert‘?%%ne,
manuf act yr ed Ni n_P t_Jndustrie .. Ltd, .. m for exanple, be
ment i oned. Fﬁ$¥h%?F°§§H? 8 %ﬁ?ﬁ%gﬁg%oéfg g%%EO ?p@ﬂlcgaf¥§u?%200 SgPies'
trade name, ur b j i eytic t may, for
exanpl e, be gg%?%gﬁ ﬂ.ggg §ﬁ§9gé§?ﬁ§h§§?§§§§b§§§|?%Sgg? l%yg%?n"Rﬁeobuild

SP-8 Series”guthplle RapRocBRBvEacEt HEedcBYrAlBaLR. tolbd. conbREGXr Sdper
100PHX", trade name, manufactured by W R Gace & Co., and "Chupol HP-8

Series" or "Chupoh HRelbtheki @snd,t cadelpageoleBnviagturgdnhyeTakggoto 0i 1
& Fat 25 Co., Ltd., may, for exanple, be nentioned. In the present

i nvention, ohe oalledeabbot hgsanvaher nemecing.agepssathbzbe® ssed. ofhe
amount of the water 24 reducing agent to be used, is not particularly
limted.2Howeaétasusndl iy, one shypwhegusedhwithithiaitangadadumiiriglwpeci fi ed
by each manufacturer, and specifically, it is at a level of from0.5 to 3.0
parts per 10dtpepesusedihaiBlyesment toagbsitnaherbapribihgreeaeniyvand t he
present adm xture. In the present invention, the anount of water to be
used, is notrpatbivafapPgrepatreelasHegecee, tashal Pyeferentgiptyevadtly from
125 to 225 kg, nore preferably fromso 140 to 185 kg, per 1 nB 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 dinensional stability,
strengt h- devel opi ng property and durability are likely to be poor. z5 In
the present invention, in addition to the cenent, the present adm xture,
aggregat es such as sand or gravel, and the water reducing agent, one or
nore may be used within a range not to substantially inpair the purpose of
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29 5'tenperature increase neasuring apparatus manufactured by Tokyo Ri ko
K. K. under a condition of a working tenperature of 20C. Neutralization
depth: A sanple of 10~ x 20 cmwas 10 15 20 prepared and aged in water of
20C till a material age of 28 days, whereupon accel erated neutralization
was carried out in an environnment having a tenperature of 30C, a relative
hum dity of 60~ and a carbon di oxi de gas ¢oncentration of 5~, and upon
expiration of 6 nonths, the sanple was cut’ into round slices, whereby a
phenol pht hal ei_ n_al cohol sol%tion was_coat ed on tfe cross-section to confirm
t he neutrali?gtﬁoﬁoﬁggﬁﬁ.ma 861%dbl eTHUENj 1L 15 likely to lose the

wei ght (kg/ cnB) Adi a- bat i cCo es-Neutral - Test Sl u enper - Sl,agsi,oni zat i onNot e
sNo.cenentwaFéF§§H&éP89 |FggééFSFé88mu8P§tF%ﬁnggiﬁgﬁﬁﬁp F€g§éfP12£51758049
51(1)1059. 52 . L 1-224517 4 .2)1058._524. 234, 323. 5Ex. 1- 32451758
04951(3)1057%%3&&3%%3?%5?8&%%%-32§§§$%§%§88§(2 183??6239ﬁ§2§§1§ﬁ§€x%f-52451
75804951(5) 1 4 «0 5 04 8 .135.317.0Ex. 1-72
45175803950(3%%5@3.ggg&fg%go15%%%?&%68%§§%75gg§g§é%8%18%%%?%§§f9%2?2-conp.E
x. 1-93501y58@69540%3._@33. -Ce 2 9175 -
1111.533%%44?1-E%f%%1%232%$232695§?X$§T%Té9§§2%é4§g§3%§$%%
359. 530. 741. 4+H11%1453288LT158R85R64burce, so-called recycle law”
708. 527.537. 8- Ex. 1- 14210175803950( 4) 1406. 022. 331. 0- Ex. 1-15175175803950( 4) 17
55. 020. 328. 20Ex0be16140175802949(4) 2104. 018. 025. 0- Ex. 1- 17245175804951*
10511. 524. 834. 542. 5Conp. Ex. Synbol * for sl ag powder neans fine |inestone
powder, and the slhumedenss viesirisepiegpeniddrbyclantingt he dompladdicgn ot rengt h
by "N m®2", the adiabatic tenperature increase by "C', and the
neutral i zati eendeptle bps" keen, taken TBSTsEXANMPLEo@sTheobéstn, wasdcarri ed out
in the sane manner as in Test Exanple 1 except that concretes having
concr et elbl eAY1E6APHSEY | BHINgIPIREWACENSTaBfardigakaopr epifed by 5 using
slow y cool ed ilag gomders sg wn in Table 2, which are_the same in the
ghatihe degreea

Bl ai ne val ue® SvFPRFFPESE NBNeaR8SRNPERIAFBedi PYerent only
inthe nelilite.lattice . constant.a,.The r sultgaﬁre al sa shown in Table 2.

1o Material s GE&8US 852050dEr SPEFEEEFEW P00t SH T Ry poiler, oz
absorption: 4% f and ol g Ltrification: 5%
melilite |at?#%SQ?gg@%HEtggggg:Ogéégﬁcﬁgg%nggv%ﬁ§8?58¥5%3h%n2/g, densi ty:
3.03 g/cn8 Shagipewdern1( 49k §h@“ﬁﬁr899h§9y§!QHdPQEQSidiﬂggg?b§8£pEF8”E
4.5% anmount of bound water: 3% degree of vitrification: 20 5% nelilite
lattice conspambode £72edBbang YREUBNiE, QAANENE{JordRASELY: FeQledbgNB
Sl ag powder (11): Slowy cool ed sl ag powder, CQOZ absorption: 4.5% anount
of bound 25 wit ese 8% adbgubepetfvrihahtecatton: rE8mcimyi hkatl att kce
constant a: 7.80, Blane value: 6,000 cnR/g, density: 32 2.98 g/cnB Sl ag
powder (12):hspbwegréosmadcs| &F powder reddeisgabgenpt haa: rdapidagount of
bound water: 3~, degree of vitrification: 5~ nelilite lattice constant a:
7.83, Blame ¥AFEe2s8dposnengrddedénsrt fhepebgrghars alsg Fapheigsumilt
meight(kg/an)Adia-batichngCbnpres-tenklestSIunptraI-SIa%sionper-hbtesNo.C
ement Wat er SandG &P¥IEVESsi FEEEEnpEWAePEPPERTL RACHT E885t RSnTEPelBdS- 124517580
4951(9) . : . .

1057. 52425343 EHEY . 95093537 588458T¢ 16 105925542898 WhEPsE;™. 954517580495
1(4) ; . o

1057. 024. 434 81 BER"5Y 35789956848811 3175057702079 341 810 b¥x©5°98 4527580495
1(12) 1057. 024834482 éﬁa-3t5§ﬂééZ§§04@ﬁé§e19§7n92éu§§ém8ﬁ8ﬁ§C0”p-EX-

9.
Synmbol * for slag poﬁder neans fine [inestone powder, and the slump loss is
represented Byluedbn tBetB@BPpesblen. strengd pdyt {N1ER'y thediahadic
tenperature increase by "C', and the neutralization depth by "mf 34 TEST
EXAMPLE 3 50opahtghofluwatiécyasdndfetpathatotheapdopeer BEXeHet 0 100 parts
of a cement conposition conprising 65 parts of Portland cenent shown in
Tabl e 3 znd 8%updity decskagebipondken(@p, atoapsepiavesapnoblan, wher eupon
measur enent of the conpression strength was carried out. The results are
al so shown in Tablieh3flnatétivakongzeteCesent cBncHegh- davkyopedength
Portland cement 10 manufactured by Denki Kagaku Kogyo Kabushi ki Kai sha, C3S
content: 65%°BbP&i ABsggPtéble, Booarmngleeneat dee W xtheegeahprisphg 50
parts of Cenment A and 50 parts of Cenent B, C3S content: 15 60% Bl ai ne
val ue: 3,800 cnz/g Sand: JIS standard sand (in accordance with |1S0679)
Measuring met hod Conpressing strength: Measured in accordance with JIS R
5201. 20 35 Tabl e 3 Test Sl agConpr essi on strengt hCenent Not esNo. powder 1
day3 days7
daysConp. 3- 1ANi | 10. 523. 041. OEx. 3- 2A357. 916. 229. 3Ex. 3- 3B3513. 326. 444. 9Ex. 3- 4
C3511. 824. 743. OEx. The sl ag powder is represented by "parts" per 100 parts

Y o o M.

18315175805953( 4)



37 5. Measuring nethods Segregation: Visually observed. A case where 5 10
15 segregation resulted, is represented by X, a case where slight
segregati on was observed, is represented by D, and a case where no
segregation resulted, is represented by o. Slunp flow Spreading of
concrete was neasured at two points in right angle directions in accordance
wi th "Underwater Non-separable Concrete N%nual Appendi x 1 "Test On
Under wat er Non- separable Concrete, Test On Slunp Fl ow', published by
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AQlllTillH Zullnl. n1nininlnlnl.n LC Qrt E Urti rtSrtS NOXx.) -r-1 ~a N
r-1 01J x vepncrege epdsptg be ppitszde thgi presoribed stRndagd.s~ v 0 0 0
OOOUrH F~, o .lljn-luro4~NNIlﬂltmoro”~~p30
-~ -1 o't wn NIEISU'(C a $§SFESERSYAVBIETS ATPSY 8P Rad @ ried out in

t he same nanner in _Test pt..t hat S|n slag owder (4),
the concreteCSngéngoﬁB sfplgﬁq§§ ﬁgmﬁiuﬁd+5ﬁpg gmﬁggd Tﬁ@ results
R T g, TR e
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 reducing 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
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have conducted various studies on effective utilization
of slowly cooled blast furnace slag and as a result, have
found that a slowly cooled blast furnace slag powder has
a function of suppressing neutralization, is excellent in

5 the performance in maintaining fluidity and segregation
resistance, has small-autogenous shrinkage and can be
made to be high fluidity concrete having low heat
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 make 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
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8
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.

(3) A cement admixture characterized by comprising a
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.

(4) A cement admixture characterized by comprising a
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/l.

(5) The cement admixture according to any one of (1),
(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
igs a weight reduction when ignited at 1,000°C for 30
minutes.

(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.

(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
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main component and has a concentration of non-sulfuric
acid form sulfur to elute, of at least 100 mg/l.

(8) The cement admixture according to any one of
Claims 1 to 7, which comprises the slowly cooled blast
furnace slag powder having a degree of vitrification of
at most 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
7.73 to 7.82.

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

(11) The cement admixture according to any one of
(1) to (10), which has an oxygen consumption of at least
2.SX1OdmmolOZ/g.

(12) The cement admixture according to any one of
(1) to (10), which has an oxidation-reduction potential
of at least 100 mvV.

(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;
content of at least 60 wt%.

(15) Cement concrete made of the cement composition

as defined in (13) or (14).
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zf ~I 41 TEST L"%‘ei‘i%‘i‘?{bt(%%‘iﬁe% XD réghta‘?/ihgs)a' Bttt e bl end

conposition %%Sj %e@fuypg&tfogvnT%?lr@%%ig@repared, and neasurenent of the

slunp loss was carrie al ent chrom umreducing ability

of the slag ppuden s E%‘f&'dz@tﬁ%hf@/ dﬁawﬂ %}maval ent chrom um

remai ni ng concentratron—fhe resutrts are—arso—S n Table 7. Further, a
wat er reducing a ltﬁ% t; : S5l-u \; ; concrete
woul d be 181.5 c%@%&l\?a}tl%% al s uezfgcd lgﬁ;aegﬂ%g)m%g\;ﬂ(ll%é: %%lﬁlgec%o%d sl ag
powder, nenswgdarinc acid formsul fur: 0.9% degree of vitrification: 5%

Bl ai ne 15 value: 4,000 cn2/g, density: 3.00 g/cnB Slag powder (14): Slowy
cool ed sl ag powderhe ndrowsiy fasd le@ W1 Sormmdddrs1 & Powdatagr ee of
vitrification: 5% Blaine value:' 4,500 cn2/g, density: 3.00 g/cnB8 20 Sl ag
powder (15): (Beawipafaeiredefeanegbwder,]smors ismliukisc tael & o sWdlwd
0.9% degree of vitrification: 5% Blaine value: 5,000 cn2/g, density: 3.00
g/ cnB Sl ag pevder peveler)Slitowbe ceeldedrsithg powdent rnaved isul fir iat aci d
formsulfur: 0.9% degree of vitrification: 5% Blaine value: 6,000 cn®/g,
density: 3.0@{r&Rledhang s§vednrddrl zedy Plagtowiynese edasl pwiender, non
sulfuric acid formsulfur: 0.9s, degree of vitrification: 5% Bl aine val ue:
8,000 cndf g, TWENSOIPORSTHE Gifckiiss S3oud YpSReded $3pT orwdsst diaved thy

i mer sing slag _powder (16). in water for aging.t brin% t he non-sul furic
acid form suf® £6M5&5g.Fen 5‘5’9?321@ (9fra\1?i”glai = g’giaéﬁ: BInage;fdadal ue:

morsing o) 0 paRISL R M Wt GRS g CRo BT ng” LR AGAL ALt B ¢

aci d form sulfur b Za1d I trisf i .0y .5=5, Bl ai ne val ue:
6000 ond! g tgagngn;agﬁ %ggggcgﬁcg‘gﬁn%%n%t% bl h6Rt Rt aTED: £he

example, TiO,, MnO, Na0, S, P05 and Fe,;0; as other

15 components.

Further, the slowly cooled slag powder contains so-
called melilite as the main component which is mixed
crystal of gehlenite 2Ca0-Al,03:Si0; and akermanite
2Ca0-Mg0:2810; and further may contain others i.e.

20 calcium silicates such as dicalcium silicate 2Ca0:Si0,,
rankinite 3Ca0-28i0, and wollastonite Ca0-8i0,, calcium
magnesium silicates such as merwinite 3Ca0-Mg0O-2Si0, and
monticellite CaO-MgO-Si0;, anorthite Ca0-Al,03-2S10,,
leucite (K;0, Nap0)-Al;03-Si0;, spinel MgO-Al,03;, 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



Sl ag'powder (20): One obtained by i mersing slag powder (16) in water for
aging to bring the non-sulfuric acid formsulfur to be 20 0.3~, degree of
vitrification: 5~, Blanme value: 6,000 cn2/g, density: 3.00 g/cnB8 Sl ag

powder (21): Slowly cool ed slag powder, non sulfuric acid form sulfur:

0.7~, 25 degree of vitrification: 10~, Blaine value: 6,000 cn2/g, density:
2.97 g/cn8 Slag powder (22): Slowy cool eg;slag powder, non 43 sul furic
acid formsulfur: 0.5% degree of vitrification: 30% Bl aine value: 6,000

cn2/ g, density:; 2.94 .9/cnB .Sl a wder  (23)... .G anul ated bl.ast furnace sl ag
powder , 5noﬁ%ﬁ%hHlW§§&%%%#§ﬁ¥ﬁI“.Hﬂg%&ﬁgé%@%VMiﬂcaﬂom

95% Bl ai ne : 00 1., Sityr. 2. LcnB asuri.ng nethqd
Hexaval ent c#gn%%ﬁﬁﬁtén%nﬁé:%cg%ceﬁtnr gﬁo(%ﬁ{ﬁ%oel%qsr?r@rl\éeé)rn tIIIlegféerITrIéI Fhe
hexaval ent ¢ ! ucj idA. t t _adm r a hexaval ent
chroniunIStaEiEQ#%%ﬁﬁgI%ﬁpag%pé#%u%gggfggggggg?g gésgké%#o%%haJﬁﬁa a
hexaval ent clymiygLegReent bat LRE B h9Q ABLEeqaBd-40,8wREe2Eh gement

adm xture was put into 50 cc of 15 this hexaval ent chfom um sol uti on,

fol lowed by Stdalsti 73, YRQF@EYIRAGILON eBfs tSBMEN LS predd bW
separation was carried out, and the renai ni ng hexaval ent chrom um
concentrationdastt is .| i gBi dhphaoe alBsormase etk askeviehaat e, tHege, the
remai ni ng concentration of 20 hexagonal chrom um was neasured by an | CP

em ssi on spectiifecte ficralsuappalepsiing thac aendardd 2asttilbnI WS 1K A2 be 44 Tabl e
7 Unit weight (kg/cnB)Hexaval ent Test SI unpchrom untl a

gNot esNo. Cen@diephtegreSard@ dheirdcogeeim @i ngs@wiireren pentadaguan? 12451758049
51(13) 1058. 59Ex. 7- 2245175804951( 14) 1057. 56Ex. 7- 3245175804951( 15) 1056. 53Ex. 7
- 424517580495 EEEGF05E. RBERYBSEPAS LTRO4GRT( TR 655 obNBERer 6245175804951 (
18) 1057. 017EX. 7- 7245175804951 (19) 1058. 035Ex. Conp. 7- 8245175804951( 20) 10510. 0
68Ex. 7- 929517580 (Pr) 2557 DEIRR. Fe2B45 175865950 92P¥A58. 538EX. Conp. 7- 11
245175803950%%%)10 11.58 EX.COW%.?an 45175799946*, 0511.2100Ex. The sl unp
| oss i s repr&SENCET TN YOR" &G PR ZREXETalrEnC RGN IRt &g FSTER
concentratio g/l d * he,.sl| ans fine |l inestone
powder, and Iéﬁg%orl@?ﬁé‘%&%%vg%en %Icﬁlr g%%%%%r gﬁ%i){%i%ﬁg%ggngéjn creéjtt'lrgﬁ:lr%lans
"not detected®r 5 LE £8 1 Flg S S [ t ., ,n_the sane
manner as in%Fegﬁ'E%é#%ggEggéégngftﬁgttugﬁﬁgétﬁ%§§Fggép§gﬂg§£E¥6?Eas
identified i mokabl en8suennar ehes, haneng ﬁ&gcbété bhgadyRep@NMPREI tiONS as
identified in Table 8 were prepared, and the slunp | oss was neasured. The
results ase alaspleh@miorm ttakler§infable 8abdmichiweitgdhin Ckeatm@htesiay

Sl agSl unpNo. Cenent WAt er SandG avel | osspowder 8- 13391758069541111. 58- 233217580
69541810. 58- I¥IFEIFEQBEIF®I5 Y1681 4230 216865952 A0B.938~ 5210 1AY8®@O501405. 08- 61
751758039501754. 08- 71401758029492103.0 10 Slu |l oss is represented by "cnt
TEST EXAMPLETr®PHsisentest biadheafriregleuet dwggogaﬁéomdﬁeﬁb@wmimanpl e 7
except that using cenment A gs identified in 15 Table_ 9, high fluidity

concr et es haiiﬁﬁ%ébﬁ@ng@ BLeXd Yo APOERET Ofs the FaBRler pddStntheol e 9, were

d, d ti, d h ith ti f sl fl 46
measured. The FESTTE 408 ATS6 RO n FH6I 826 PPy RRECea SGHEE Péduc ng

t ' ' N I I I f th t
wbul d bo B00TS0 My TR NBALH A FEnGAL PLEIANRETon UeE Ty obser ved, A |

case where segre i r ' rese : ) CTU: | : L.ght
segregati on was g%%%?&?dsgggkﬁgé?ésgﬁ?egébgbgglgﬁg gycgggﬁgéfgﬁégeﬁh%

segregati on esuhieds icariRp eyerhed tbya. cakidr thaws <$er aadi ng of
concrete was neasured at two points in right angle directions in accordance
wi t h " Under watoereNeingepar all ehtbcOgnaenetet MarstdlerwinRendix can est On
Under wat er Non- separ abl e Concrete, Test On Slunp Fl ow', published by
Foundati on, GChastialedDeMeloopiyert. gTeahtheainaCennhelyvanid t(lte-dapapesesknstitute
of Technol ogy on 20 Fishing Ports and Communi ties, and the average val ue
was takeB5as the Rinilyed,| dhe 147 Tablignd tlest Uhier aimiadglter( kg/fend)ed unp

f | owSegr e- No. SI ag060120Not esCenent WAt er SandGr avel gat i onpowder mi nm nmi n9- 130
0165769839( 13250566568 G550 Peuod? el £6526983%( 1925066 70680356082 18433001657
69839( 15) 2500675685570Ex.,9- 4300165769839( 16) 2500675685605Ex. 9- 5300165769839
(17) 2500670683695 PPWSleE33616%5789859018) 2500 68097E 58HERT 523004 65760889 ( 19) 2
500670660525Ex. 9

8Conp. 300165769839( 20) 2500670550370Ex. 9- 9300165767837(21) 2500675670560Ex. 9-
10300165766836( 22) 2500675655510Ex. 9- 11Conp. 300165765835( 23) 2500685390- Ex. 9-
12Conp. 300165757826* 2500680410- Ex. Synbol * for slag neans fine |inmestone
powder, and synbol - for slunp flow neans "not neasurabl e". a 48 TEST
EXAMPLE 10 This test was carried out in the sane manner as in Test Exanple
1 except that concretes having concrete blend conpositions as identified in

N o a ~ o N o o o




oxi dation-reduction potential: 246 nV, degree of vitrification: 5%
pelilite lattice constant a: 7.78, Blaine specific surface area: 4,500
cn2/ g, density: 3.00 g/cnB. Slag powder (26): Slowy cool ed sl ag powder,
COz absorption: 3.5% anount of bound water: 2.7% non-sulfuric acid form
sul fur: 0.9% soluble sulfur 10 15 concentration: 380 ng/l, oxygen
consunption: 9.6 x 10-3 mm102/ g, oxidati.on-reduction potential: 270 nv,
degree of vitrification: 5% nelilite Iaé&?ce constant a. 7.78, Blaine

ouly cool cHLSTLD FONER. = Ch9 BB @?%? S 4me%c sfounte e et hat or
3. 0% | f d 0 0, 9% | trat :
416 1yl 1, oJeEn EBnsORET | BhCC15 %ix 16-Bfifro102 SP% oRPdr o ”aﬁffé‘lz.rin' >

potent i al 2%90,@4: SEILER Ohovi LLLLLSALL 00,000 MBI LALT €225

constant a: aine"specifrc surface ar e S|§y 3.00

giems. 20 Re2d %ﬁ%ﬁétiéﬁ)bxs%Q&&XtEBH' g éh@@ ﬁﬁgo?hEPﬁrggéorpt'on

4.5~ anount O wat er non- uric m su 0. 9~

sol ubl e sul fugngs 10, CoRELBL LA | QR @Qérgg{n!a?/ BéYQGEaEQ”v?HgPé'HB 12.2 x
10-3 nmm102/ g, oxi dation-reduction potentia 0 mV, degree of

vitrificati ofgequat&ebitétes! gkt tre 98§éﬁ6t1ﬂveﬁt28n Bhaingespecific
surface area: 8,000 cne/g, density: 3.00 g/cnB. Slag powder (29): Slowy
cool ed sl ag povefied COMabsFgH i 6 idgh O omsig 1 Bf g & 5veyS wat er:
3.0~, non-sulfuric acid formsulfur: 0.7~, soluble sulfur concentration:
325 ng/ |, oxygéuccoosunpenoa: samPBle 18- Bgnmirbedzayg, 108D 0T i B rEduct i on
potential: 230 nv, degree of vitrification: 5s, nelilite lattice constant
a: 7.78, Bl ahheuspecihdcisurecerdadeas 8, 000ndnwAagerdemeing: o8.80 g/ cnB.
Sl ag powder (30) Sl ow y cooled sl ag powder, C02 absorption: 4.0~, anount
of boundoatlayd r%tﬁd sa@Aleul furic acid forn1su|fur 0 5~, soluble sul fur
concentration: 229 @ 51 consunptlon x 10-3 mvl02/ g,
oxi dat i on- reductPBﬁngﬁﬁéﬁ?P IO 2?8SﬁWp 8eé?e€a6F1§ﬁtPPF|PXtF8W°V5§g
mnelilite Iattlce constant _a: ﬁ g e 5 spec fic iurface ar eg: gdooo
cn2/ g, densiTPE3S ot ?En%roglﬁg %8ﬁﬂ Fe(83Y% %I W § cdbfed®8Pagtps
CQZ absorpti u 1 0 | f acid
Qg goan pfl ”?HB&hﬁ@ poupd. Q%QQ “@Bfiﬁggd b¥189g1§g Ul &£

form sul fur: e sulfur concentratio

consunption: géy2n¥ 10- éaPPPé@%Gt Qﬁagﬁt 5Q8nr gd4eLE 08 88&&5_‘{:5% tﬂi@ v,
degree of vitrification: 5~ nelilite lattice constant a: 7.78, Blaine

speci fi cqssurfaggrer ea: the0BBuAERLKELcdEBS] tHe Byseagécwﬁllsh@a pewder (32):
Slow y cool ed sl ag powder, COz absorption: 4.0~, ampunt of bound 20 25
wat er: 3. 5% ramnovsdl f Foxx excambleor Mispidgirundey wedodtabh|@ratding is
concentration: 375 ng/1l, oxygen consunption: 6.3 x 10-3 nmmopl102/ g,

oxi dat i on-r edacried p@tethah agp3ralordegr eecofsanti wvetahton: 10-~,
melilite lattice constant a: 76, Bl aine specific surface area: 6,000
cne/ g, 52 den§Pﬂ§urng¢S§P@nﬁs gPagSHeRMER c( 8g)id §p6w1§ué§éreans|ag
powder, CQZ sor %. apount of bozﬁd wat er ; 0@%§non sul furic

tl
acid form5 § Ffﬁfowgy5§€ogﬁﬁu5 89sBPYERTC €Eﬁ?F3FF85 r9§%THE#A tCoxygen

/ d d | 143 nv,
degr o6 Z%OOC.?wﬂ%a??oﬂonsabﬁ%ﬁgﬁ PRL8L Ot SRIEhEDNiBOREMI AL 4 Yy

specific sur{)agg arge ‘9,?9 1%%(%1 & Lty & %%E/Mfulisln@ %Yiggr (34):

Granul at ed bl ast furnace sl ag, rption: anount  of bound i5

water: 9. 59@f89”s§¥k&9rhﬁ aChQntQQTE§HEEU5c1@ 96§m505H9h9a§Ubfur
concentration: 10 ng/l, oxygen consunption: 2. 2/ g,

oxi dati on-regiycEiaa, pét§Bly§hlf@&e”vsuZQuQegtﬁQogﬁlfukEbfh@@&'Qﬂa 95%
Bl ai ne specific surface area: 6,000 cn2/ g, density: 2.90 g/cn8B. 53 WW
VWWWWWV%WNW%WW“BTTE‘ ®dn-sulfuric acid dfotmMAIOIr 1id 41 | | |
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TEST EXAMPLE 11 This test was carried out in the same manner as in Test
Exanpl e 10 exeepbyt bat obeathetieashavengull efddameupesi biroasnasuildapticfi ed in
Tabl e 11 were prepared by 5 using various slowy cool ed sl ag powders which
are t he saneacndt herknewhfaukf anch aei dhfiosmilfukfar aatmufibymsshitilie sul fur
concentration, degree of vitrification and grain value and which are

di fferent onépdi aulfhereeki bretd balfiize consh amt amoUie magubes are al so
shown in Table Zo 11 . Materials used Slag powder (35): Slowy cooled slag
powder, 60z @bB5diPEFORY 2UeYFiAWbuat P¥f 2hBekboRaPEr YaBeguabh- 308f ORPC aci d

form 15 sul fur; O, 9W sol ubl e sul f r concentration: 508 ng/1l, degree of
vitrificatioz Sg@te PP VFéSIS t PBefBondPafit a5t ?u?§aCBI§Rﬁ€ specific

cool edsi ag Naanary cosegnslspantnk s Rize dndl 5§399L53n59 Fepbighs S oY
non-sul furic gC|g iorngggfgb gab%g ?QIB?Ianﬁkgyglga ﬁgt&g%hgg 508

nmy/ 1, degree of vitrifrcation: rli tic

Bl ai ne speC|ﬁfgscr§geau55agesa§egzo§ 000 cnR/g, density: 3 01 g/cnB. Slag
powder (37): Slowy cool ed slag powder, COZ absorption: 4.5~ anount of
bound 5 mater: 3Then@nosuhf doiod caCisd abopdwalehf Ukhi®i%s th@l ¥hleasehtur
concentration: 508 ng/l, degree of vitrification: 5~ nelilite lattice
constant a: ﬁaBBtaBhangepepéormancéOaﬁdrtaeeeafeat 6£008dankhg, density:
2.98 g/cnB. Slag powder (38): Slowy cool ed sl ag powder, CQOZ absorption:
4.0~, anmounthetabdand heewy: mgtalgomansdbfidnochasbdofisl nehBomdiur by0. 9~,
sol ubl e sul fur concentration: 508 ng/l, degree of vitrification: 5~,
melilite | at EPRE2EBABFakRcanon-g3liRrAFnacifedPricSalftce BR¥aVE®, 000

ne/ d 20 2. 96 ~Q~ ~a~ -1 U~
S e en s agpp ysgﬁadek 3, ﬁugf\évévevevlva%wuﬂ?r:eﬁr fpd_g | U |
NO ~ L~ 00 01 ~ ~, C31C~
02 Lo N Bourtr L kRS rERoreRedv_ficla Bofers he eh RNy S

MMCS10 O C>Ch§§ E%E?Hrgi ggia~kBFH”PEh@uH dlt 1erog pggglglg NONU'IVVI N

d~ Md~ OO

_~ ~|

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 hazardous heavy metals meant by the
present invention include, for example, hexagonal

chromium, lead, cadmium, nickel, mercury, arsenic,
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EXAMPLE 12 This test was carried out in the sane manner as in Test Exanple
3 except that 65 parts of the Portland cenent as identified in Table 12 and
35 parts of the slag 5 powder (25) were used. The results are also shown in
Tabl e 12. Table 12 Test Sl agConpr essi on stigngthC2nenthbteshb.pomderl day3
days7

daysConp. 3- 1AN.1 1Q. 523. 0 1 12 1A358 016. 629. 9Ex. 12- 2B3513. 026. 645. OEx. 1
2-3C3511. 924564573ER: FRdY: is represented by "parts" per 100

ts 10 of th md dt t th , ted b
PN . TEST EXARRLETES s‘fh ft& . R AT P (rafggepmﬁneryas n
15 Test Exa t ha t B wa ed,. and the slo cool ed sl a
pomdgf_(ZS)ngggFée ?ﬁgp% HT%ﬁr%% §a1t§§5§2&elﬁ OpﬁgFﬁ§ e ceneit ’
chown i n TapL psrable tf%%@%%b%f 538 BOSAURE nelnd es”' A% B 85O
t th .
Za;/gggrrpqanﬁ%\eh 133E‘%SE%‘%?%%J&@%%%%%M% PpwgezEanth the, FRENG4E%50. s5Ex.

13- 3B3015. 538g@at. OExs Coppid 21 28554RaR26. §45t OB $314B80180544e344 ¢ 4EX. 13-5
B5011. 724. 543. OEx The slag powder is represented by "parts"” per 100 parts

of the powdeeffard bifethenpoassned siseendth be oeRkaseaEt.edolythdl Mme". 5
TEST EXAMPLE 14 This test was carried out in the sane manner as in Test
Exanpl e 5 exoépert handt, hé fshiawegceedlse d 0s bag tpowge wedghitdertid icegti N Tabl e
14 was used. The results are also 1o shown in Table 14. 59 VWANANANNNNNANUU
o m nl nol noOangiteaEeRdl FNRRNKELnbOundes|irablgl~N

bl M ON~Ov- I Lf | OOMOL~Or | NNMd~d~Lf 7d~dl dl OCall | 10 U~~uW 1ululululuW
1~~~u1a~h0| U ~Hongvey, Within acoagge Mot 1 impady thepurpose of

MNc-1c-2r1 NN~-1v-I NML~l fIN FC ~ b~-|d|drd|d|d|d d|d|d|d~~CU|EUI bl ~i ~ NoO
000000 éhegpéeéepf invention, it i1s preferred to use in

Z7ld|NNWWMMM(IF%|%%I|||||||| ~NM ~ |7 11l n CIII%%@ 8 ~l ~~ |0~ |0~ | fl~
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antimony sulfide, zirconium sulfide, sodium hydrogen
sulfide, lithium hydrogen sulfide and ammonium
polysulfide, sulfites such as potassium sulfite, ammonium
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
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O~m3o0r-1 ,~1H 60 TEST EXAMPLE 15 This test was carried out in the
same nmanner as in Test Exanple 6 except that the slowy cool ed sl ag powder
(36) was used. The results are also shown in Table 15. 61 OWWWWWWO WO
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BT:TﬂE;KK{;H fﬁbéﬁt% krhéxbvawéhE'ﬁ%ﬁkﬁ%&ﬁr%@@gggggogggect of cement

MJ. 1- W1 Nd~Mdochd2btEh0Qa10¢- bNWVHInEBIUL "T1TTTTTTT1 ~N
~ultndlultntmtntnul, n,~1~1lr1llrl1 INHtf are Evv ~-1 ONOONt~ Nr~ O
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a~ ~ o N 62 TEST EXAMPLE 16 This test was carried out in the sane manner

as in Tekt Eﬁaﬁbbethl@ﬁﬁééﬁt?hapnﬁhéshéxabal%%lf%%#c#@mﬁnf%@hﬂﬂr@p@ffect of
the sl ag was eyal uat ed a s reducing agent (ferrous sulfate,

guar anteed r 884EAES ﬁﬁﬁﬁf éépﬂréd B Bk nf e hf U ONG Rt Ja Bkon gt i f i ed

Table 8 to _the ab Th Tab
16. 7o Tabl c 18 PEAGHLERT &P AGREAUEPRGF SR Gnbader A5EnEFAehe LoRs  ©

ygmr:grnntalr glt " 8%18\/\%?% %?8%%‘% }‘%l?é RBESENDER 162350 2ONEES . TE°HYESNDEX. 16- 4
9912Ex. 7- 210008€aRP1 £Y- pbW@Q?TBIsAbuQPEHEQA%b'IF §§r‘l Wst0g Lpe,gesent

adm xture of the present invention, the anount o er to be
i ncor poraf edafi@Nstirred for 30 minutes, followed by solid-liquid
separation. Such a sulfur concentration can be
gquantified 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 prescribed fluidity-
maintaining performance, hexavalent chromium-reducing
25 effects, neutralization-suppressing effects and effects
to suppress heat generation by hydration cannot be

obtained.



15 bé reduced, whereby a |low environnental |oad type cenent conposition can
be obtai ned, 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 fluidity concrete, 5 it is
possi bl e to suppress autogenous shrlnkageego a small level. Further, an
effect to reduce hexaval ent chrom um wi 14 al so be obtained. 10 64 CLAI V5

1. A cenent adm xture characterized by conprising a.slowy cooled sl ag
powder whi ch con@élﬁ@engﬁﬁFﬁﬁeo§sVﬂﬁél§&Fﬁté8ﬁpéﬁeﬁﬂg§ndeN§§ afcar bon

di oxi de absorption of & Eeast 2~ when carbonated_ for .7 da 3 n the air
havi ng a car BB SHFBQFG@ ¥ohBENEARE BRCBRESAE EOPeﬁﬂéFHF&Fea8¥ 368 %nd a
relative hum.d of, 60~. A_ce adm ture char act by _.conprisin
a slowy cooFBé%ﬁraéspSRBE?lRﬁgchWEBEFQPng nﬁrPrip o the ﬁ@ Hi? ™ ’
conponent and _has_a | oss n|t|on of _a $ which, i melght
reduction wh&R eéﬁFF@S 4t itbgﬁc@Fo §8an%ﬁu eéh Ehe cr¥8ta Bnlxture

character] Zeg%wigoggmangla sl oWy +f gokﬁqlahegt Rgm'eglgfegg-h cont ai ns

melilite as mal N conpoRént an cont ai ns east of sul fur
present as ”§@6§HERth% 69'@h&05€k§95ﬁeﬁt 8hrAmE BREREAREThY! WEGect s,

characterize y conprising a slowy cool ed sl ag powder which contains
melilite as Lhe BREN1COMPERERNdr ANgs haise afledBde CONCRIE ¥ BE i Ot DdnnNoON 20
sulfuric acid formsulfur to elute, of at |east 100 ng/ 1. 5. The cenent

adm xture acg¢ardeages) ahgrengaof bel ai pasé, wAeabdhéatwheabreoatdphi ses t he
slowy cool ed sl ag powder which contains nelilite as the mai n conponent and
has a | oss oackgnptndardobyahydpatibn, wiakilclkhessla.wei ght 25 reducti on when
ignited at 1,000C for 30 mnutes. 6. The cenent adm xture according to any
one of A@ins 1, Fartheand the wﬁw¢mad0@p¢n9®sSvp@r§ﬁ@wm$ eddlesd sslagg powder
65 which contains nelilite as the main conponent and contains at |east 0.5%
of sul fur prédént aa@étﬁ@ﬁﬁsehﬁaapéeaéﬁalf:oitm guFryptazlinge sebFEARCEdM xt ur e
according to_any aqne %ﬁ ai s 5 to 3, 5 an & % whi ch_conpri ses .t he

sl owly cool e@°SPEG1HE ernﬂh?Bﬁ c8ﬁf§Fﬁ§ ﬁEFI L €&1¥s “PheenRPRSEYRFoAENt and
has a concentrati.on_of nan: s rlc acid.f Lfur | ut e | east
100 ng/ 1. 8. E% dggﬁgﬁt dii-xt urécggé8pd|n oggny d%%eo lflggif§o to 7,
whi ch conpri g e Io y skag er ‘ha d ee
V|tr|f|cat|on%§F%§t %bs?g ? g§ﬁg?h%§c§§§2? aéIT g{ggea§c§§§d|ﬁgﬁfé any one
of Caingsl 4@ 8nenlicel %Q”Ehbsﬁ%lhh?eﬁkOWEYm@Qtheesb@gtﬂﬁwﬁﬁﬁnhaV|ng a
nelilite lattice constant a of from?7.73 to 7.82. 15 10. The cenent

adm xture aceei@itadliaecaympoend iG &hes slotwdy9covhieah scagpposdert hassl owly
cool ed sl ag powder having a Bl aine specific surface area of at |east 4000 z
cm/ g . 1l1. obheicedeby atw yowderaXceondi Agftfeaanyoanmethod, abmsl 5,20 to
10, which has an oxygen consunption of at |east 2.5x10-3mol Oz/g. 12. The
cement adm xtigr ¢haceoedi of tbeampionpeok ofaimsdilite 10, thki lrolastan

oxi dation-reduction potential of at |east 100 nV. 25 13. A cenent

conposi tion @@ﬁ?&ﬁﬁﬁn@ytﬁ@aééﬁénﬁhédﬁ#?WGVé08§l&§f?ﬁé& PRWERY &fe of O ains

1to 12. 14. The ¢e osi tiogn ng to.Claim13, wherein 66 the
cement |§°P09tlgﬁdcgg Vg g é@ﬁﬁ%@g%y CORPLHEI o ot ?%%ﬁ%n%o wt~. 15.
Cenent concretg %tSQ% the cenent conposition as defined in Caim13 or

14. 5 16. Th&3End) ﬁg}ate according to Claim 15, which has a slunmp fl ow

1, S50, A, g S B T g, o e

A As8Y. Asl _AL? o
. A(. AL. AS, Afﬁ% Aég ]/&:dgli% Alaia?boe’lde%lég sﬁ%féf@r%l? fr%mA7 A3 A Ra. GTd

gi bOzupkf a\ capcal @abcglém atesleal 5@&9%5@&5@] ﬁairgﬁbcaméalgaigaéca] cajca
]cTa]cTAa]ca]ca]ca]ca]cAa]ca ca] c”a] cTa] cal

L1$"1"] " 28 ¢" "Tbnb tBMUYE J)E e li/IMte AWitHAM0@BY %S mathgd] dlsc phealicallaallga] cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca
] ca! 001S1ULmpkEERAMR R, 2 26 31d238 3334 YbaFaa88%at ion-suppressing effects

>>?B| wr mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] eajec ajermrd@lda].caltaleapeat BcD1OESF- 0GR ¢rred k P &KEKRE&L LLMVIVIEN
NNNN( O) OO OPP} xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal PLSTTUVWZZEZ[ .\ W__abcAeDe
Tgkhjj I n/p2p
gSqg5ruuv}xsnid_Z]]]cal cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! vxh{k{Y|i}bNQ#¥EvAe}xsnid_Z]]]ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca]ca]ca]ca]ca]ca]ca!$&) NPd7B&nTVV |mwnhcAY]]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
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If it is less than 3,000 cm®/g, there may be a case where
no adeguate 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 i1s preferably 650+50 mm. If the slump
flow value is less than 600 mm, the self-filling property
is likely to be inadequate due to a change with time when
the time required for the application or transportation
20 1is taken into account, and 1f it exceeds 700 mm, there
may be a case where segregation is likely to result.
When high fluidity concrete i1s 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
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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 Super 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



h109%é& () - 2% h109%& ()-2hq h109%& ()-2wW 8 $7b56789: ; =t X84q h10%& () - 2q
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h109&& () - 2=>?@\BCDt X<4q h109%& ()-2q h109%& ()-2q h109%& () - 2q

h109%& ()-2q h109%& ()-2q h109%& ()-2q h109%& () - 2DEFGH P4t X<4q

h109%& ()-2&q h109%& ()-2&M 8 $7bq h109%é& () - 2HLOQSUY_?<4q h10q

h109& ()-2q h109%& ()-2q h109%& ()-2q h1D9&& ()-2q h109%& () - 2q

h109%& ()-2Y[\ _bdgcC<4q h10q h109%& () - 2 h109%& () - 2q h10%<&' ()-2q

h10% &' 2 h 0w & h10% &' [, C<4qg h1l0 2d .h10% &
N10%e () - oo aBeaEe, hesHENERoRE 83@ Ok 2o5RE g)a TIPS ﬁﬁ el 0% (a

niov () EEHE%%%'&sﬁl Yook (192 hfﬁ% °<4qﬁi‘%%gehm B-id n1g
nioos (-2 BN 6 Béqﬁ%%@/ﬁ%ﬂfﬁégﬁ%/fé%@ égﬁiﬁ%‘%&? 2t%i% 30
&8&2%8 20 KOO E ) SExET b SaohEBasa ( FooG nEoom& ) FBa r15 B 2

h109& ()5 ZhgeRdA¥XEofibo2d £h&8%&Erbk1 84n 19%9&&&)&1 BXche8 %s%@‘%x&' )-2q
h10%x & () 29 h109& ()-2q h109%& ()-2hq R109%& ()-2q h10%

h109% & () - 2hiiXsgubd 0 & () - 29 th%X&f() 29 h10%&' () -2w 8 $7th<q h10%g
h10% & () - 2q
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 blast 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
agent, a polymer 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
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29 h10%& ()-2q h1l0%& ()-2cG<q h1l0%q h1l0%& ()-2g hl0%& ()-2q
29 h10%& ()-2q h10%& ()-2g9 h1Q%& ()-2gK+q h10%& () - 2q

2q h10%& ()-2q hl10%& ()-2q hX0W%& () - 2q h10%<& ()-2q

21 LOg, h10%&' ()-2g h10%& ()-2qg,hl10%& (é h109% &' (%
2qVRALOIHE! Wtéalﬁiéty&a {l?tzp%te%k@alm %@&teﬁ 267A1 @@& ()-2q

AR S HERE iR () e gy o
ggaﬁoa/ﬁ%t& qumé@&%@ﬁ 85 TR Sk Ds BRECREBE I N1 ot () - 20
g ) A% gkﬁ“ﬁ%ﬁ;}é% (gz%g%‘i%'g?% %YQQ &ﬁrﬁ%ﬁé&‘%é%q h109& () - 2q
29 BA0HEA0 na0 BRCHERA() obretddo B oL MR A 1P g () 20
Uy Ke&i(+1r8 %G fi X e dy 1l hi%8r, a

20,04 09 & fL); 29 hiQux& 5)1 210109 & (:) A0HBAAMKE& (1%

2q h109%& ()-2wyz}~gk+q h109%& ()-2q h10%& ()-2q h10%& () - 2q
20qvh8%k&mnf xe2dand Nauta mixer.

Now, the present invention will be described in
detail with reference to Examples.
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
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
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
18%£1.5 cm.

Materials used

Cement A: Ordinary Portland cement

manufactured by Denki Kagaku Kogyo



h109%& ()-2q h109%& ()-2I L0g h10%& ()-2q h109%é& ()-2q h109%é& () - 29
h109&& ()-2q h109%& ()-2q h109%& ()-2q h109%& ()-2gK+q h109%& () - 2q
h109& ()-2q h109%& ()-2q h109%& ()-2q h109%& ()-2q h109%& () - 2q

h109%& ()- 2l L+q h109%& ()-2q h109%& ()-2q h109%é& ()-2q h10%é& () - 29
h109%& ()-2q h109%& ()-2q h109%& ()-2I L, | L+q h109%& ()-2q h109%& () - 2q
h109%& ()-2wW 8 $7b_?+q h10% h109%& ()- 2g, h109%& ()-2q h109%& () - 2q
h109& ()-2q h109%& ()-2q h109%& () - 2_?+q9‘?110%q h109%& ()-2q h109%& () - 2q

h109%& ()-2q h109%& ()-2q h10%& ()- 109%&' () -2 ?+q h10% h10%é& ()- 2q
h109%& ()-2q h109%& ()-2q h10%& ()Kéﬁigﬁ%ﬂ% “85% @@/@%%@;Gq h10%

h109&' ()-2q h109%& ()-2q h109%& (): % & ()-20 h10%& () -2
hlofyz&' 8 2?’?+q hoiO%%) h18%<&' (3(- zfq)%%%0/2%9%%%%83%%%/&?(?@83%1/3%/«&- ()-2q

h109%& ()-2q h109K& ()-2 2+q h10%] B10%&.()x 20 h10%& () - 2q h10%& ()- 2
h10%& 8 24 h100K& 8 23 h100Ke&! ?)‘%%%%%3 h@%wﬁpﬁxgw&' 0)- 24 (-2

h10%& () -2 & (7)7-2 10% & 0% & L} - O & () - *[136_?+
N10% 10w () S2b HEOTaI0) - 20 hLUWA L) - 30 hIDU B )L oh PADOE ()20
h109K& ()5 2689: ; gK/ _?+q h10%K& () - 2,15 HL0%KSR () 22WM B0 ST 0 N 1098ES () - 2;
<=>?@\Bt X<q h10% h109%& ()-2q h1l0%& ()-2 q h10%& ()-2q h10%& () - 2q
h10%& ()-2q h10%& ()-2q hl1l0%& ()w2BCPEFE t Xsehr- & 09 h10%& ()-2q

h10%& ()-2 q

vitrification: 5%, melilite
lattice constant a: 7.78, Blaine
value: 4,000 cm?/g, density: 3.00

10 g/cm3

Slag powder (2): Slowly cooled slag powder, CO;

absorption: 3%, amount of bound
water: 2.5%, degree of
vitrification: 5%, melilite

15 lattice constant a: 7.78, Blaine
value: 4,500 cm?/g, density: 3.00
g/cm’

Slag powder (3) Slowly cooled slag powder, CO;

absorption: 3.5%, amount of bound

20 water: 2.7%, degree of
vitrification: 5%, melilite
lattice constant a: 7.78, Blaine
value: 5,000 cm?/g, density: 3.00
g/cm3

25 Slag powder (4): Slowly cooled slag powder, CO;

absorption: 4%, amount of bound

water: 3%, degree of



h10%& ()-2q h10%& ()-2q h109%& ()-2q h109%& ()-2q h10%& () - 21 JIKLMP4t X<q
h109%& ()-2&M 8 $7bq h109%& ()-2q h10%& ()-2MRTZ df _?<q h10q h10%& () - 2q
h10%& ()-2q h109%& ()-2q h10%& ()-2q h10%& ()-2q h10%& ()-2fi mytw{_?<q
h10q h10%& ()-2q h10%& ()-2q h109%& ()-2q h10%& ()-2q h10%& () - 2q
h10% & ()-2{~_?<q h10q h1l0%& ()-29 h1l0%& ()-29g h10%& ()-2q hlO%& ()- 29
h109%& ()-2q h109%& ()-2_?<q h10g h109%& ()-2q h109%& ()-2q h10%& () - 2q
h109& ()-2q h10%& ()-2q h10%& ()-2cC<¢f h10g h10%& ()-2q h10%& () - 2q
h109%& ()-2q h10%& ()-2q h10%& ()-2q hl0W%& ()-2 ?<q thq h109%& () -2q
h10%& ()-2q h109%& ()-2q h10%& ( )wity ifiomatdqn):- &f hiewbddiBe 2_2<q h10q
h109%& ()-2q h109%& ()-2q h10%& ( ) 2 10%<&' ) 2q th%(&'() 20,

210%«&' 8 2 ?<q h10q h10%& ()-2q h )N TR 3 72%( RO ()
109 & ()-2q h10%& ()-2_?<q h10 hl 9 & ( h1094&: (. 109 2
h109%& ()-2q h109%é& 8 29 hgow«&g()" 76) 202)1 Qéﬁl’() qﬁi’ow &% () q

h109& ()-2wl 8 $7bcGeg h10%& (g hi %g&' ()- 2q h109& & () 2q th%(&' 0)- 2q
h109%& ()-2q h109%&& () - 2q h109x& ()22™ cGcq h109%& (q h109%& () - 2q

h10% & ().- 2q 10% & h109%x & 09

h109%& ( hl RS PPV éé h%é/(x&' ()- (2)53210%613}&’3%81—% %]%0‘%’%4%%% %%00/«&' ()- 29
h10%¢& ()-2 !'# (cGg h10%é& (¢ hlo%@ﬁ%éﬁpégbn: 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/cm’
Slag powder (6): Slowly cooled slag powder, CO;

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/cm3
Slag powder (8): Slowly cooled slag powder, CO;

absorption: 1%, amount of bound
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h109%& ()-2q h109%& ()-2q h10%& ()-2q h10%& ()-2q h10%& () - 2KMNRUVYgG<q
h109&& (g h10%& ()-2q h10%& ()-2q h10%g. ()-2q h109%& ()-2q h10%& ()-2q
hlo%k&'()-ZY\]A_gK/gGKq h10%& ()-2q h10%& ()-2w 8 $7bq

h10%& ()-2_" abcdeftX<q h10%j h10%& aﬁ% &hlow&é%@é g h10%& ()-2q
h109& ()-2q h109%& ()-2q h109%& ()¥Fh10daR® () j%F nt x<q h109%
h109%& ()-2q h10%& ()-2 q h10%& ( O & 09 & ) 2

h10%& ()-2g h10%& () - 2mopr POt x<q‘;h"11%b/§3&“ ?év% 1o /«‘é??l)‘ez
h109& () - 2r vwxyz{| 0S7q h10%& () - Ux & %<&' 0) Q& () - 2q
h109%& ()-2q h109%& ()-2(q h10%&: ( Qﬁ)&%‘( Qh et 2y %OZMFQ ()-2q
h109%& () - 29 % % & ()-20q h109%é& () %4 rg_%/ & ()-2q h10%& ()-24tX<wl 8
$7bq hlowk&'w g 'h10%& ()-2q h1l0%x (W <mq h109%& & () - 2q h10% & () - 2q

h10%& ()s20shL@%& () -29 h10%& () 1.2c9d (I,)) ]\g&: %% 1 X<wg
h109% &' () 2q Eg%x&' ()-2q h10%& ()-2q 0%<&' %% %
h10%& () -2 h1l0%& () -2t X<wg h10%@rd9e éghfgﬂ%géhéit M%L& 23 29
h10% & ()-29g h1l0%& ()-2q9g hl0%& () - 29 th%k&'() 21 P X<q h10% & () - 2q
h10% & () - 2&@ravel: 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 JIS A 1101, and
from the slump value immediately
after mixing, the slump value upon
expiration of 90 minutes was
deducted to obtain the slump loss
20 value.
Compressing strength: A sample of 109 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 temperature

increase: Measured by means of an adiabatic
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h109%& ()-2q h10%& ()-2q h10%& ()-2q h109%& ()-2q h10%& ()-2q
h109%& ()-2q h10%& ()-2t X<l 8 q h10%& (9~2q h10%& ()-2q h10%& ()- 2q
h109%& ()-2gq h10%& ()-2q h10%& () - 2qp th%(&'( -2l PAt X<I g h10%& () - 2&q
h10%& () - 2&q h109%& ()-2&M 8 $7bt‘§€é‘i‘ HF H HIDBEE LG h10% &' () - 2q
h109%& ()-2q h10%& ()-2q h10%& () h10%x & 2qt th%(&' 2t X<l q g
h109%& ()-2g h10%& ()-2q h10%<&' Liﬁjd%%&f‘lél% 1%"’}

h10% & ()-29 h10%& () - 21 P4t X<I @% 3 &ﬂig%qé$ 2 W 8 $7bq
h10% & ()-2t X<l q q hl0%& () - 2q h1 7 q h10% & () - 2q
h109% & ()-2g hl0%& ()-29 hlO%& () %g&%%-éb é%ﬁ%% g h10%& () - 29
h10%& ()-2q h10%& () - 29 hlo%k&f()- q V& )-2q & ()-2P4t X<l q
th@&&f()§2&Mﬂ 8 $7bg h10% &' ()-2q ﬁéﬁB@%%édf@C5F|zo%L
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
alcohol solution was coated on the
cross-section to confirm the

20 neutralization depth.



g h10%g h1l09% & ()-29 h1l0%& ()-2q9q h10%& ()-2q hlO%& ()-29 h10%& ()-2(q
h10% & ()-2 _?<l g h10g h10%& ()-2q h1l0%& ()-2g9 hl0%& ()-29g h1l0%& () - 2q
h10% & ()-2q hl0%& ()-2 "_?<l q h10g h10%& ()-2q hl0%& ()- 29

h10%& ()-29 hl0%& ()-2g h10%& ()-2q h10%& ()-2"$& +-.cG<Il g h1l0q
h10%& ()-29 hl0%& ()-2g9 hl0%& ()-2gq h10%& ()-2q h10%& ()-2q

h10%& ()-2.0268: > ?<l q h1l0q hl10%& ()-2q hl0%& ()-2q hl0%& ()-2q
h109%& ()-2g h10%& ()-2q h10%& ()-2>@8G KO ?<I q h10g h10%& ()-2q
h109%& ()-2q h10%& ()-2q h10%& ()-2q h10%& ()-2q h10%& ()-20QTVXZ\ _?<I
g h10g h10%& ()-2q h1l0%& ()-29 hlO%& ()-29 h10%& ()-2q hlO%& () - 29
h109% & ()-2\"acegk_7?<l g h1l0q h10%& ()-2g hlO%& ()-2q9g hl0%& () -2q
h109% & (Talip H1I0Y &' () -2g h10%& () - 2kmmopgK/ _?<g h10%& ()-2 g

0, ! - 0, 0, ! - 0, ! -
e Y SRR LGP = oL AN ()20 )
h1096& () - 20y z{| }|~t X<q th%] h10px&' (){ 29 h109&: () tqcm)lg & 5% 29
h109x&' [Jes2q h109K&' ()-|2q hLOUK& | )-2q ik & ?@EE %aﬁgqrh%%& 28w | 8

0, ! - 0, L a V) ! =] D o} =3
b1, DS e O Syt S mlomg ()220 LIOBB 0 pr iy
ll’l"
Ccrease

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.
1-7 245 175 803 950 (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 .

ExX.
1-10 339 175 806 954 (4) 11] 11.5 33.2 44.1 - Ex.
1-11 332 175 806 954 (4) 184 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.
1-14 210 175 803 950 (4)140 6.0 22.3 31.0 - BEx.
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 - BEx.
1-17 245 175 804 951 * 1051 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 compression strength by “N/mm?”,
the adiabatic temperature increase by “°C”, and the neutralization

depth by “mm”.
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87bq 109 T3% 2 hTOORS: 1) S3EEHTOMREL( h%%%e&%%hﬁgwng SIBGREO9E () - 20
213?{2%E%wigb?%’gé“g‘%*&%eﬁﬁt%%“g‘ﬁ1%’6‘?@““%9 2RO R C) 26 RRORE D20
T s s P e S e U L
h10%& () - 205 hd OPf& £dm@0iR1PAKE&R{21RE 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, CO;
absorption: 4%, amount of bound water:
3%, degree of vitrification: 5%,
melilite lattice

15 constant a: 7.73, Blaine value: 6,000
cm?/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 wvalue: 6,000 cnﬁ/g, density:
3.01 g/cm’

Slag powder (11l): Slowly cooled slag powder, CO;

absorption: 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:



h109%& ()-2q h10%& ()-2cegi knp_?2, W 8 $7q h10%& ()-2q h10%& ()-2q
h109% & ()-2g hl0%& ()-2g hl0%& ()-2gq hlO%& ()-2prtw} 2?2, W 8 $7q

h10%& ()-29 h1l0%& ()-2g hl10%& ()-2g9 h10%& ()-2q h10%& ()-2q

h10%& ()-2_?, W 8 $7g hl1l0%& ()-2gq hl10%& ()-2q h10%& ()-2q hl0%& ()-2q
h10%& ()-29 hl0%& ()-2_?, W 8 $7g h1l0%& ()-2q h10%& ()-2q hl0%& ()-2q
h10%& ()-29 hl0%& ()-2g9 hl10%& ()-2_7, 8 $7g h10% & ()-2q h10%& ()-2q
h10%& ()-29 h1l0%& ()-2g9 h10%& ()-2q h10¥%&& ()-21 PO_?, wq h10%& ()-2q
h10%& ()-2hg h10%& ()-2wW 8 $7b] LOg hl0%& ()-2q h1l0%& () - 2q

h109%& ()-2q h10%& ()-2q h10%&' Y8 LETh109&' ()-2q h10%& () - 2gK+q

R e e U
o (0120 o (20 Do s TS QB g LIO (it

h109%&& ()-2gK+q h109%&& ()-2q h1Qo&& ().- 0 & () 20 N10WK& () - 2
hlofyz&' 8-28 hg0%<&' ?)-(221 th%J? '?%%T%l@%%%}gﬁé%%%#’m /§<3&' (?- 2q

h10%& (): 2w 8 $7b _?+q h10% N1O%& ()24 W& (D2, N 0% () - 2q
h109%& ()~ 2q h109%é& () - 2q hloti/g“gf‘h%)q-% _1 +q %%%1%%%%() -}g'q 109 & ()-29
h10%& ()-29 h10%& ()-2q h1l0%e8 {hilQalue: 6,000 cm?/g, density:

2.96 g/cm’



h109%& ()-2! $(,/14_?+q h10% h10%& ()-2q h10%& ()-2q h10%& ()-2q
h10% & ()-2q h1l0%& ()-2q hlO%&' ()-2469; =?A ?+q h10% h1l0%& () - 2q
h10% & ()-2q hlO%& ()-29 h10%& ()-2q hl0%& ()-2g hl0%& () - 2ADHKORV_?+q
h10% h10% & ()-29 hl0%& ()-2g hl0%& ()-2g hl0%& ()-2gq hl0%& ()-2q
h109% & () -2V ] G+ _?+q h1l0%& ()-2w 8 $7bq h1l0%& () - 29

h10% & () -2 abcdef gt X<q h10%q h10%& ()-2q h1l0%& ()-2q h10%& () - 2q
h109% & () - 2q h109% & ()-2q hl0%& ()-2q BROY& ()-2ghij kl mt X<q h10%q
h109%x & (% b,:]e 0% & ()-29 h10%& ()-2q hl0%& ()-2g9 h10%& ()-2q

hl0%& 2§ HE0%W&{)—2nopar4t-X<g—wm—8r$7by an%\&' 20 hio%%&{)—2q
h10% &' () 2r|st uvwxYriX<gedshy HOEORE () -2q| h109%& () - 2q|HEeoxg () - 29
h10%& ()-2q h109& ()-12q hL0%& |()-2q hLOW&|()- 2yz{ |BatiX<f hwg
h109%& ()-29 h109%& ()-12q hL0%& ()-2q hLO%& % 29_h1oux& (Y=2q
h109%& (}s2d h109& () -2t X<fj hwg h109%& (3nag |RTEWE ()52q hdowx& () - 2q
h109%&& ()-2d h109&& ()-12g hLO%& (912@q hl0%&!|E3rpl POtvesg hiLO% & ( )iorgs
h10%&! ’%‘92&&8%%&’&%5 5385, Grévgb%ag& hid e F10%&r} n P4 L0YK Zétf?r( 2q
h109%& ()-29 h109& ()-[2q h{L0%é& () - 29 hL09K&: ()-2_7<f. h1lq PAe%e& () - 2q
h109%& ()-2d h109& ()-[2q hlLowx& ()-2q hlowx&|()-2q hit¥%e& ()-2_2<q hlq
h109% & ()-2d h1l0%& ()-129 hlO%& () -2q hl10% & |()-29 hio%e&s () - 29
h109%& ()~2.7<sh1a.:hd 0% () o2d hid%é&s ()7 20 h10P%& ()342@ | 22.0 | mx
2-2 | 245 | 175 |'804 | 951 | (10)105| 7.5 24.2 34.7 | 20.5 | Bx
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
loss is represented by “cm”, the compression strength by “N/mm’”, the
adiabatic temperature increase by “°C”, and the neutralization depth

by “mm”.



h10%& ()-2q h10%& ()-29q h10%& ()-2_?<q hlg h10%& ()-2q h10%& ()- 2q
h109%& ()-2q h10%& ()-2q h10%& ()-2q h109%& ()-2_?<q hlg h10%& ()- 2q
h109%& ()-2q h10%& ()-29q h10%& ()-2q h109%& ()-2q h10w%& ()-2_?<q hilq
h109%& ()-2q h10%& ()-2g h10%& ()-2q h10%& ()-2q h10%& ()-2q
h10% & ()-2_7<q hlq hl10%& ()-2q h10%& ()-29 h1l0%& ()-29 hl0%& ()- 29
h109%& ()-2q h10%& ()-21 L0_?<q h10%& ():2hq h10%& ()-2q h10%& ()-2w 8
$7bt X<q h10q h1l0%& ()-2 g hl0%& () - 29 MDY & ()-2q h1l0%& ()- 29
h10%& ()-2q_h10%& ()-29_h109%& ()- 2t X<q h10q h10%& ()-2 gq h109%& () - 2q
h109%x& () - 2qTﬁ§@W§§A§4§L§q3h10%<&' ()-2g h10%& ()-2g h10%& ()-2 | LOt X<q
h109%& ()-2q h10%& ()-2w 8 $7bg h109%& ()- 2t X<q )h10g h109%& () -
h109%&& () - 29 hlog@&@%-"é‘q Oﬁflt‘.’)’%?&%( )aﬁéiqogﬁﬂ()?%?ét(s) %f; /o?@ro(% myea f
h109%& ()-2 "IL, q-hl0%& ()-2q h10%& ()-2q.h10%& ()-20.h10%& () -2
N10%6c& () - 20 RIBIREPET taq k1 B BTER oo PRIt EOf ROV &S oot Bk,
h109%& () - 29 _h10%&" ().-+2/ L= h1Q%&! h10%&'=( )-.2q .h1Q9K& () - 2
h109K& () - 2q°rt§1g6% gl%‘fiz&gﬁ‘%g% %RF%?zéghofg&%g 0) ;"g‘éxéél(ﬂké%gsq %%1%%2"% |
h109%& ()« 2 o & 6)- 2¢ -h10%UX&" () -2 Ux & £ ) - 09 &' () =
nT0o6e ()5 OB LS (&) hT A0 Be RTBoKE. (5 A h 1R E L 2By T F S e o6
h10%& () - 20t he0%%&pthsdd oR1QW&nor n2dakl khaP? 124000 0% 8né) rédults

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, C3S8 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



h109%& ()-2hq h10%& ()-2w 8 $7bl nprtvx_?,q hlg h10%& ()-2q h10%& ()-2q
h109% & ()-2g hl0%& ()-29 hl0%& () - 2q th%(& ()-2xz| ~_?,q hlg h10%& ()- 29
h10%& ()-29 h1l0%& ()-2g h10%& ()-2q hl10%& ()-2q h109%&& O-2"_?,w 8
$7bg h10%& ()-2q h10%& ()-2q h10%& ()-2hH, W 8 $7bg h10%& () - 2q

h10%& ()-2q h1l0%& ()-2q hl0%& ()-29 h1l0%& ()-2q hl0%& ()-2_?, W 8 $7q
h10%& () -2 h1l0%& ()-2g h10%& ()-2q h10%& ()-2q hl0%& ()-2q

h10%& ()-2cGwW 8 $7q h10%& ()-2q h10(Vo<3&5()-2q h10%&' ()-29q h1l0%& () - 29
h10% & ()-2q h109%& ()-2nm+cGw {: 10 & ()- "9 10%B & ()-nq hl0%& ()-2w 8
$7b |[:,w{: 1 $-10%& ()-3 0%-10% & ()-3 P$-109% ()-3 $-10% & ()-3

&0$- 109K & ()-3.%-10%& ()-3 8FQ[:,w{: 1 0$-10% & ()-3 $-10% & ()-3
$-10% & ()-3aBl %o%& ()-3 UP$-10% & ()-3 ° $ 10% P {& ()-3vl4
109" & () -z le% "O- 10% & () 101 10! 10! $- 109 & (S)

$-10% & () - BBASFEOVU4 LG 10% l&“9’() @UE@%@SS B, . (EJWHGMM

7109 & ()- |10% & () Se™eiboq & : o , %&eé' -
(10% & () - 2% & () - $10% (@O&% erl 'mgrn' éaz@-(arg%%%?%m dﬁ%ﬁ; g ()? 1n()10
10 710% & () - ‘510%& () 310% & () - 010%&'()-CuBf|[ bus LI 10%#1 & ()-S
10% & ()- ! Loo/f & () 100/&&% 101243' () - 1020/58(? z W :

*109% & () - st10p6 " & () 1109 407 "()-j@“ 1571 % @E;{O%'&'()-
rLl10%" & ()- Sf; <=p| [NAALO] 10" 10" $910% & ()- § SF'10% & '

310% & ()- LlO 109 & 311 NALLe > @loo () 0ok ().
10% & () - %/é& ) - '*10%& (/35 V1()0/§3& 36\@3|[|[|[ #Aﬁi%@,ﬁ%oﬁ 0 (E);‘ 0

10% & ()- LI10stig ()- FAO% & ()35 F1O%& (33.40% & (6.4 ()" -4v\H# 518%.& () -
F109% & ()-10"10"10"| F. 10%& ()= "f,10%& ()- %1096 & ()- 567LMNOPpT84| &
E#1006 & () - P&{3 E#10p6 & ¢) - P&{ E51094 & ():P& E#10% & 1) - P&3 BY1P%Es. ()| P&

E#10% & () - P&E#TO% & ()~ PPV DhTcdat) 8& EFT0W & () - P& EFIO%W & () - P&
E#10% & () - PAbeZCGh&E BAWIULNE i(s) riéfSd{e EHRW &y ) pRdefsgmpaP8&0 parts
E#10% & () - P& E#10&{ E#10% & ()- P& E#10% & () - P&{ E#10@6& () - P&
E#10% & () - P&ff EMEO%b&d@y P& EAIRYSMPrePmiyry S B8
E#10% & () - P#&{ E#10% & §b) P- & I;#lO%& O)-P &

5 represented “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.



E#109% & ()- P& E#10% & ()- PAo ZCH} g%0 ZCH& E#10% & ()- P& E#10% & () - P&
E#109% & ()- P& E#10% & ()-P& E#10% & ()- PdHA0 ZCH&{ E#10% & () - P&{

E#10% & ()- P& E#10% & ()-P& E#10% & ()- P& E#10% & () - P&
E#109% & () - PaE) A& E#109% & ()- P& E#10% & ()- PA0 ZCHP& E#10% & () - P&
E#10% & ()- P& E#109% & ()-PpT8&{ E#109&{ E#10% & ()- P& E#10% & ()- P&
E#10% & ()- P& E#10% & ()-P& E#10% & () -
E#10% & ()- Pj N28&{ E#&{ E#10% & ()- P& E#
E#10% & ()- P& E#10% & ()- PA0 ZCHJ*8& E#10% & ()- PA0 ZCH& E#10% & () - P&
E#10% & ()- PEePER180s & ()-P&{ E#10% & ()-P_?88& E#10%&{ E#10% & ()- P&

E#10% & () - P& E#10
}aA?8&{ E#10%

E#10% & () - P&{NB#10
E#10% & () - P& E#10
E#109&{ E#10%
E#10% & () - P& " E#10
E#10% & ()- P& E#10
E#10% & () & E%;g%‘
E#10% & () - P~bB?

E#10% & () - PPAQ_

{ E#10% & () - P&
0% & ()- P& E#10% & ()- P&

8 & () - P&{ E#10% & ()- P& E#10% & ()- P& EA#LOW & ()} P
$E1008 & () - P&{SEPL098 & (MBS AR %"E#?LW@()-P;E%
E#10% & () - P%) + 28&{ CE#@G%%& E#10% & ()- P& E#1006 & () - P&é1 E#100NQ tES P&y
8 &' () - P&P 8 & () BEM0A8<aAPBRYS B (IR S
8 & () - P&{ E#10%& ()-PA0 ZCH&{ E#10% & () - PK@LPRV| ?8&{
& ()- P& E#10¢6 &N% P& E#10% & ()P #1008 &'(é)- &P -
8 & T) - PYW NegbB8&{ EX10%&{ [E#d9 &|()2 P
6 & ()- P& E#109% & ()- PPA0 ZGtgkswz~ |?88& E#109&T
R' ()= P&{ | E#10% & ()-E% #1003&3%)2%{ %zlﬁ &'E%-P&{
&{ | E#109%&{ | E#10% &|() - P& ' E#10% & () < P& TH#10% & ()~ P&
ZCH| 2884 E#10%&]{, E#109% & £) & EH#109885 ()- R&{ E#10%.& () - P&
E#109% & ()- P& E#1004 & ()- P&{ E#10% & ()-PbB?8&]
4-3 B 30 15.3 31.8 | 47.1 | Ex.
Comp.
3-3 B 35 13.3 26.4 | 44.9
ExX.
4-4 B 40 12.6 25.7 | 44.3 | Ex.
4-5 B 50 11.6 24.9 | 43.2 | Ex.

10

15

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

identified in Table 5 were prepared,

slump loss,

increase,

were measured.

Further,

a water reducing agent was used in

and the segregation,

autogenous shrinkage, adiabatic temperature

compression strength and neutralization depth

combination so that the slump flow value of the concretes

would be 60050 mm.

The results are also shown in Table



E#1008{ E#10% & ()- P& E#10% & ()- P& E#10% & ()- P& E#10% & () - PPA0

ZC# 78&{ E#109&{ E#10% & ()& E#10% & ()- P& E#10% & ()- P&{ E#10% & () - P&
E#10% & ()- P& E#10% & ()- PbB?8&{ E#109&{ E#10% & ()- P& E#10% & ()- P&
E#109% & ()- P&{ E#109% & ()- PPA0 ZC# 78&{ E#109&{ E#10% & ()& E#10% & () - P&
E#1096 & ()- P&{ E#109% & ()- P&{ E#1096 & ()- P&{ E#10% & () - Pj N28&{

E#109%6 & ()-P & E#10% & ()- P& E#10% & ()-P& E#10% & ()- P&

E#109% & ()- PPA0 ZC# J.8&{ E#109% & ()- PA0 ZCH&{ E#10% & () - P&

E#10% & ()- P& E#109% & ()- P& E#1096& ()-P "' _?78&{ E#10% & E#10% & () - P&
E#109 & ()- PR{ E#10% & ()- P& E#10% & ()- P& E#10% & () - P&

E#109%6 & ()-P *+, -. /el -8& E#109% & ()- P&&{ E#10% & ()- P& E#10% & () - PAo
ZCH&{ E#lO%W&%@E() P/ 012348t T8& E#10% & () P&&{ E#10&{
E#109 & () - P&{ E#10% & () - E#1096 & %% E#10% & () -P& E#10% & () - P&
E#10% & ()- PB &JAE%E;#@@L{ E#l bR+ /&E"%‘? P& }@ § - P&

E#10% & ()- P& E#10% & () - PA 0% 881 E#10%

E#lg% & E) P&{fE#lg% & 8 P&%e%ﬂﬁ%@%?)_r%&‘% E%%oo/‘% PR enéeé)%{’
E#10% & ()- P afj nrbBT8&{ E#1 % #1006 4

E#109% & g) P&{ EA1006 &'E) PP%d rEs~ %%G(E %*ﬁ{;%ﬁ%?(%}{%ﬂas
E#109% & () - P&{ E#10% & ()- P &

E#10% & () - P |{\128&{ Ehtoon & &ébgé%?({%#l%%ﬁ) Pé“%f é‘?%E%l%A) nied case

E#10% & ()- P& EH#L10% & () - PPARe£EHd»88&E EE&QE/Q&(}eE&@tZ@#&{s E#lO% & () - P&
E#10%6 & ()- P& E#10% & ()- P& EA1006& ()-P 788 EA100 & E#10% & ()- P&

represented by o.

i

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
On 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 Autogenousv
shrinkage: Measured in accordance with the report by
JCI autogenous shrinkage study committee.
It 1s represented as an autogenous
shrinkage strain at a material age of 56

25 days.
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1 10% F& ()-N ! 10% F& ()-5WiY!' N 1 10% F& ()-N ! 10% F& ()-1-)N

1 109" F& ()-5WAY! N ! 109 F& ()-N ! 109% F& ()-N ! 10% F& ()-N

1 1096 F& ()-_?)N ! 10%" FN ! 109" F& ()-N ! 109%" F& ()-N ! 109%" F& ()-N

1 109% F& ()-N 110% F& ()-N ! 10% F& ()-# nN.)N ! 10% F& ()-N ! 10% F& ()- N
1 109% F& ()-N ! 10% F& ()-N ! 10%" F& ()-5WiY!' +/ 048<mv) N | 10% F& ()- N

1 1096 F& ()-N ! 109 F& ()-5WaY!' N ! 10% F& ()-N ! 10% F& () - <@HLMJ -) N

1 1096 F& ()-5WiY!' N | 10% F& ()-N ! 10%" F&9()-N ! 10%" F& ()-N

1 109 F& ()-QUY]aei _?)N ! 10% FN ! 10% F& ()-N ! 10% F& ()-N ! 109% F& ()- N
| 100 F& () -MEST.ORFANELE )6 N | 100F F& ()-ij kmi+) 3109 & ()- .1 10%' & ()-1
010%' & ()- S+10%' & ()-FN ! 10%" F& ()-5WiY! B| VU4 " 10% & () -

109% & ()-100' ' 100h180tesD168®’ @atyied QUIDiR: ;Ipe 5ameo/ma&ney EEWLR: vU4
10% & ()- “10% & ()- F10%"n& ()- F10%& ()- f 10% & ()- \

10%& () - AS| [Tewst Exawoleok ¢ycent s@wqms@th% qb%gp@wder 1044 & the
L1098 & ()- 1096 & ()-|obU4 109048 () 10"10"10" /1098 & ()- . -10W& ()- s,,
10% & ()- $100p@rele blendi@amweatipom 35 - @M@%&Tw § $1098#85EN: $
$109R#& ()-$_$109R#& ()-$ $109RH& &s109R4# ‘#+, 011 gK/ 4% $109R#& ()-$
$109R#8' () - $TBIVRFRL S - %%1@1?/@%&‘318’“’% 0% % $ $109R#8' ()-$

$1092#&' ()-1234567z7B& $ $109R#& ()-$ $109R#& () $ $109R#&' ()-$

$1092#& ()-1$ $109%R#& ()-M X $78?@\BCPT/ $ $109%R#& ()-$ $109R#$ $109%R#& ()-$
$109R#& ()-$ $109%R#& ()-$ $109R#& ()-$ $109R#& ()-$ $109R#&' () - CDH JKvZ>T/ $
$109R#& ($ $109R#&' ()-$ $109%R#& ()-$ $10%R#& ()-$ $10%R#& ()-M X

SKLQRTW hH $ $1092#& ($ $1$ $109R#& ()-$ $109R#& ()-$ $109%R#& ()-$

$109R#&' ()-$ $109%R#& ()-$ $1092#& ()-[abcj pulbH $ $10% $109R#& ()-$
$109RH#& ()-$ $109R#& ()-M X $$ $109%R#& ()-pu| }gK/ $ $$ $109%R#& ()-$

$109R#& ()-$ $109R#& ()-$ $109R#& ()-$ $109R#& ()-$ $109R#& ()-$
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$LOWRH& () -t X<Mb $LOURH#&' ()-$ $109R#& ()-$ $109R#& ()-$ $109R#& ()-$
$109R#& ()-$ $L0WRH& ()-$ $LOWRH&E ()-VZ t X<Mb $109R#& ()-$ $109%R#& ()-M X
$$ $109R#& ()-$ $109R#& ()- _?<Mb $109R#& ()-$ $109%R#& ()-$ $109%R#& ()-$
$109R#& ()-$ $L09%R#& ()-$ $L0WR#& ()- $()*+U9?2<Mb $109%R#& ()-M X $$
$109R#& ()-$ $109%R#& ()-$ $LOWRH& () -+, -./ 012t X<Mb $109%R#& ()-$
$109R#& ()-$ $L09R#& ()-$ $109R#& ()-$$ $L09R#& ()-$ $109R#& ()-$
$109R#&' () - 23489=7>t X<Mb $109R2#& ()-M X $$ $1092#& ()-$ $109R#& ()-$
$109R#& () - =AEl MUW ?2<Mb_$109R2#& ()-$ $109%R#& ()-$ $109R#& ()-$ $109%R#& ()-$
gigo/a#&' Eg-f?&’@w@%@?}m@_cghlkm X $$ $109R#& ()-$ $109%R#& ()-$
WH#H& ()-$ $1092#&' ()- hnguy} dD<M X$ $109R2#& ()-$ $109R#& ()-$
glocya#&' 8-3 210%%9( %gﬁggioée#goflf%%lggé'&&g)( - ESEW%%%@@Q&' $
109R4& ()-$ $109R#&. ()-$ $1QWRH&E. () -3, $10%R#& () -$ $109R#& () - z B&<$
$109R#8" ()-ﬁoﬁﬁ%%&%‘)@%l %g/&ﬁg}aii)-l %i‘%iﬁ#é‘ t")”‘?‘$p§f85’/é§§"(?51 X $t T<$

sioiarh - SlbiBSIR SUatts ikl ik RRIRIRG SRR .
gigggﬁg (%:$ %i%’g?&%n?) @ﬁ‘é%ﬁ% ?) '%.ﬁ%&fg ﬁg‘%% F§-$ %?gon%ﬁ%i ff—$
3100048 ()-8 SHOWHE (]S BIOUBIE T1 8 SIBRAR) & BIOUBIL (1S
$10@Q#&7()'295§§§ning 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 18%1.5 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 (lS): Slowly cooled slag powder, non-
sulfuric acid form sulfur: 0.9%,
degree 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’



$100R#& ()-$ $L00R#& ()-$ $10%R#& ()-$ $10%R#& ()-$ $109R#& ()-M X $t T8S$
$100R#& ()-$ $100R#$ $109R#& ()-$ $109R#& ()-$ $109R#& ()-$ $100R#& ()-$
$109R#& ()-$ $109R#& ()-VvV6T8$S $1096 $109R#& ()-$ $L09R#& ()-$ $109R#& ()-$
$100R#& ()-M X $_28% $10%6 $109R#& ()-$ $109R#& ()-$ $109R#& ()-$

$100R#& ()-$ $L00R#& ()-$ $109R#& ()- !z B&8$ $100R#& ()-$ $100R#& ()-$
$100R#& ()-$ $100R#& ()-M X $$ $100R#& ():)"#$U&' +t X8$ $109R#$ $100R#& ()-$
$100R#&' ()-$ S100R#& ()-$ $10%R#& ()-$ SIV9R#E ()-$ $L0%RH& ()-$

$109R#& () -+ -VI\O$ L10° &&' () 10n$10n$#10n$ %! 10%n$& () @$

$109@#& () - MPXagBRPrdes | Q) QR \COORSY, K@Y ROV &

310% && () - 210% && ()- 10% && 1 109 & & 10% && () -
F10% && ()-$ f10% && ()- 10% && «%])"Jylgﬁé f@)@d&é%(r) %&?ﬁ% %9%&10 &10, &
3710% && () - s3S 10% && ()-$ %

) &&
"110%-C$~& ()-1|[: NA4 10 10% l9(‘9)6 Oéld’}a%&%%)caé")l%/ & ()B]y%m%%&& () -
10% && 910% && NA4 0% % $
L10% &&(%)- 10% && (§) 1l)c[%;&& (‘eaol‘%l| Sg;ﬁ%d fbé% Qd%fé%’ ‘808 %?)qg%mé)

. &10% &&' % o o v
bA4100, &o ) %3}&#%%?)&()1%%(#% )d%a(l)lrbe%gi% f('@é I(l%loféé#g?ol %&%’&)déy d
109%G#X& () - 100, 80100, &0~ ORU| [ : A4I0, 580 falOOFHE dJ tng #AOBEAE (e
3FL096#X& () - yL109KHXE () - 3Y&10%(#X& () -
1098G#X8! () - UX789: | [ NA410L0XH#XL QXX EAN#X 133 QAU dom  ALDPRHNE (e
3$&LI0UXHXE () - & 109X#X& ()- 51096H#X& ()-:=:\|[: NA41010 10%& () -

L 1098& ()- y1098& ()- &y10% & (9.7 MLAMkE 9 -o£LOMRE {+dathidn NE#L010
“*1098& ()- (1098& ()- @ 1098& ()- 1098& ()- L, #1096& () -

L109%8& ()-& [ NA4LO10" 10" 10" 70N (Valult 109480 [ Jom @l 0mBRISEYy
"51008& ()- |y, 109%8& ()-H | [: NA41010 S1QW(& ()- S109(& ()- 109%(& ()- y
109/(& (38 109((& () - 5910%((@(90 '’ NA41010 "y 10%/(& () -
<3-10% Y( 1 & % L 10%/( & % L00(&' ()~ & 1096& () - FI0M(& () - 5vU91010
S10%t& () -2 %&Peyvdfe“v( 1Y 108 écm TRy (R (Yeet sSiaM 1D%RpE@ yder
3$109%/( & ()- tX<91010 S10%#& ()-2 SLO%t& () - 2- 5100/#& S1094 2
510%¢&(()()2 S109%& () -2 sm%&g&)((]) . thwééi( (531%%?&‘ éﬁl()
S109%& ()-2G T?8@.4(P S10%t 048 < S10% 10%#& 2
S109%+& 8 26{310%¢& ()(2 310%#5% %ﬁg (%‘3 ]ﬂ%%‘g ge)

S10%#& ()- 2" $dD$ S10%4#& ()-2 S1P9
S1094& 8 2G T?8@ . 4( P$§€L%*8 ifp S%%‘%%%%%ﬁ%ﬁ{%&%ﬁ e 2 'S109%#&' () - 2

S109%#& ()52 S10%t& ()-2 SLO%& KDaidie SrattdiDls SI6& )y, Zd%%@% :()-2
S10%#& () -2 S10%#& ()-2) S10%t& ()-2¢F T’>8@ A4( PHIKLMOPK#E T
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, non-
sulfuric acid form sulfur: 0.7%,
25 degree of vitrification: 10%, Blaine

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

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



.A(P S10%#& ()-2 S10%t& ()-20 S10%t& ()-2? S10%H& () -2

S1094& () - 2PQTUMWKYpT8{ T?8@ . 4(P S10%& ()-2 S10%& ()-2 S10%& ()- 2
S1094& ()-2 S10%& ()-2 S10%& ()-2 S10%& ()-2YZ[\] cdH(8 S10%& ()- 2
S10%#& ()-2G T?8@.4(P S10%#& ()-2 S10%& ()-2 S10%t& ()- 2cdef ghijt X< S10%
S10%4& ()-2 S10%#& ()-2. S10%#& ()-2 S10%#& ()-2 S10%#& ()-2 S10%& ()- 2
S109%& () - 2j kl mopdH, < S10%4& ()-2 S10%& ()-2 S10%& ()-2 S10%& ()- 2G
T?8@ . 4(P S10%t&' () -2pgr st uvt X< S10%t&' ()42 S10% S10%t&' () -2 S10%t& () -2
S1094& ()-2. S10%#& ()-2 S10%#& ()-2 S10%& () - 2vwxz| ~| \ <X< S10%
S10%#& ()-2 S10%#& ()-2 S10%&sELIRrStowred Eo m{ sT2E@r.:40RSX< S10%
S109&' ()-2 SL0%t& ()-2 S10%t& ()-2 S10%& ()-2 SLO%& () 2. S10%& ()-2
S10%4& ()-2° @ X< S10% S10%&’ ()ieQISEO%f&‘V(l fgp@qz#&n( &, Pie@red(P

S109%#& ()-2cC< S10% S10%t& ()-2 S10%t&' () - E%O%#&' )-2 S10%t& () -2

S10%#& ()-2 S10%t& ()-2cC< S10%PS1E%t& (0)01)2C ég/#&dealsztmo@/#&‘l(wgm
S10%#& ()-2 S10%t& ()-2 S10%t& ()-2{[ ?C< S10% 510%#&' ()-2 S10%t& 2
S10%:& () - 2&&tag7B@dar p! %ibw@r@ﬁu ates I3RS GoRACE: £ 18P Nek

S109%#& ()-2 S10%t& ()-2 S10%t& () - 0%#&' %szf{ < SLO& ()-2 10%7&&'()-2
S10%#& ()>2 S10%t&' ()-2) T'>8@Pnzr@|’s1 1’60}#&(‘361 RIS 1) O 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/1,
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.



S10% S10%#& ()-2 S10%#& ()-2 S10%#& ()-2. S10%#& ()-2 S10%& ()- 2

S1094& ()-2| D(< S10%& ()-2 S10%& ()-2 S10%& ()-2 S10%& ()-2

S109%4& ()-2G T?8@. 4(Pt, <G T?8@.4( P& S10%& ()-2 S10%& ()-2
S10%4& ()-2. S10%#& ()-2 S10%& ()-2 pT8E T?8 S10%#& ()-2 S10%#& ()- 2
S10%4#& ()-2 S10%#& ()-2 S10%#& ()-2 S10%#& ()-2 S10%#& ()-2dH(8 S10%t& ()- 2
S1094& ()-2G T?8@.4(P S10%& ()-2 S10%& ()-2 S10%& ()-20S7 S1
S1094& ()-20 S10%#& ()-2? S10%& ()-2 SU& ()-2 S10%& ()-2( S10%& () - 2(
S109%4& ()-2 ! #$dD(7 S10%#& ()-2 S10%#& ()-2 S10%& ()-2#G T?8@. 4(P
S109%#& ()-2 S10%& ()- 2$%&' ()*+t X< S109%& S10%& ()-2 SL0%& ()- 2
S1094& ()-2. S10%& ()-2 S10%& ()-2 S10%& ()-2 S10%& ()-2+, -/012| D(<
S109%4& ()-2 S10%& ()-2 S10%& ()-2 S10%& ()-2 S10%& ()-2G T?8@

. 4(P2345678t, <G T?8@. 4(P& S10%¢& ()-2 S10%t& ()-2 S10%t& () - 2.

S1094£& (Sfab 810048 () - 289ABVX\ hH<G[ T28@  4(P S10% i 048! (} 2
S10%8 () -2 SL0%t& (Jnit SEAYHE (hgAr810%:8 () 2\ a%f gﬂa@mx&wm&' ) - 2Pg
T?8@ . 4( %egé V& ()12 S1098& () - 22 S1DY%& () - 1%0 & RGEC
S10%t&' (|)-2PG S109%#&' () - 2| S10%¢& () - 2| SEase&: |( 410088 ()-2 S109etsed ) -2
S10%+& ()N27CCSTevRER t T2 &P ( ProT10vste ( ha2 s B%& (FEP2&IE/E () - 2
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 -
X.
7-9 | 245 | 175 | 804 | 951 |[(21)105| 7.0 19 EX.
7-10| 245 175 | 803 | 950 |(22)105| 8.5 38 EX.
Comp.
7-11| 245 | 175 | 803 | 950 |(23)105| 11.5 82 =
X.
Comp.
7-12| 245 | 175 | 799 | 946 |* 105| 11.5 100 .
X.

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’.
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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
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Segregation: Visually observed.

R N e

& ()-2 S10%& ()-2 S10%& ()-2

A case where

segregation resulted is represented by

X

, a case where slight segregation was

observed, is represented by A, and a case

10 where no segregation resulted, is

represented by o.

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.
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T?8@. 4 h%zmﬂ&' Q) Unigepieht \(ka/Smooss’ () - >g§ §%_ 044 RL Pz BHoRvS11004t&" () - P
S10%& (No2 SL0%& ()-2 SLO%E () -2 $1084& () -2 S10%6&' (502[| 2805109648
glgw&' 2-2G{C@W@.W@@1@V#}8 Epvels1096& () 925520948 () AqGi S0 %HE (
1098 2
5—1 300 165 769 839 (13)250 A 665|680 | 550 Ex.
9-2 300 165 | 769 839 (14)250 @ 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 o 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 @ 680 | 675|580 Ex.
9-17 300 165 | 769 839 (19)250 o 670|660 |525 Ex.
9~-8 Comp .
300 165 | 769 839 (20) 250 o 670 1550|370 -
X.

9-9 300 165 767 837 (21)250 o 6756701560 Ex.
9-10 300 165 766 836 (22)250 o 675|655 |510 Ex.
9-11 Comp.
300 165 765 835 (23)250 o) 685390 | - g

X.

9-12 Comp .
300 165 757 826 * 250 o) 680|410 - -
X .

Symbol * for slag means fine limestone powder, and symbol - for

slump flow means “not measurable”.
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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, COj
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/l, oxygen

consumption: 9.2 x 107° mmol0,/g,
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Slag powder (26): Slowly cooled slag powder, CO;
absorption: 3.5%, amount of bound
water: 2.7%, non-sulfuric acid form
sulfur: 0.9%, soluble sulfur

10 concentration: 380 mg/l, oxygen
consumption: 9.6 X 107} mmol0,/g,
oxidation-reduction potential: 270 mV,
degree of vitrification: 5%, melilite
lattice constant a: 7.78, Blaine

15 _ specific surface area: 5,000 cm?/g,
density: 3.00 g/cm’.

Slag powder (27): Slowly cooled slag powder, CO;
absorption: 4.0%, amount of bound
water: 3.0%, non-sulfuric acid form

20 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

25 lattice constant a: 7.78, Blaine
specific surface area: 6,000 cmz/g,i

density: 3.00 g/cm.
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consumption: 12.2 x 107 mmol0,/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 1072 mmolO,/g,
oxidation~-reduction potential: 230 mV,
degree of vitrification: 5%, melilite

20 lattice constant a: 7.78, Blaine
specific surface area: 6,000 cn@/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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density:

Slag powder (31):

absorption: 4.0%,
water:
10 sulfur:
concentration:
consumption:
oxidation-reduction potential:
degree of vitrification:
15 lattice constant a: 7.78,
specific surface area:

density:

Slag powder (32):

absorption:
20 water:
sulfur:
concentration:
consumption:
oxidation-reduction potential:
25 degree of vitrification:
lattice constant a:

specific surface area:

Slowly cooled slag powder,

Slowly cooled slag powder,

3.00 g/cm .

CO;

amount of bound

3.0%, non-sulfuric acid form
0.3%, soluble sulfur
138 mg/l, oxygen

4.2 x 107 mmolO;/g,

178 myv,

5%, melilite
Blaine

6,000 cm?/g,

3.00 g/cm’.

CO,y

4.0%, amount of bound

3.5%, non-sulfuric acid form
0.7%, soluble sulfur

375 mg/l, oxygen

6.3 x 107 mmolO;/g,

223 mv,

10%, melilite

7.76, Blaine

6,000 cm?/g,
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10 lattice constant a: 7.74, Blaine
specific surface area: 6,000 cnﬁ/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 mmol0;/g,
oxidation-reduction potential: 99 mV,
20 degree of vitrification: 95%, Blaine

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

density: 2.90 g/cm’.
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110% sé& ()-2P 110% sé& ()-2hH+4P 110% sé& ()-22P 110% sé& ()-2P 110%
s& ()-2P 110% s& ()-2P 110% s& ()-2#3< %P 110% s& ()-2' (56d@4P

| 1096 s&#3<' %P |10% s& ()-2P 110% s& ()-2P 110% sé& ()-2P 110%

s& () - 2#3< %B78IFGHLNL, 4P 110% s& ()-2P 110% s& ()-2#3< %P |10%s

s& ()-2P 110% s& ()-2P 110% s& ()-2P 110% s& ()- 2LMNOPTUVhLO4P | 10%s
s& ()-2P 110% s& ()-2P 110% s& ()-2P .} 10% sé& ()-2#3< %P |10%

s& ()-2P 110% s& ()-2WWcdfh @4P 1109%8P 110% s& ()-2P 110% s& ()-2P
1 10% sé& () - %% R %8@: &' )-2P 110% s& ()-2#3<' %hi yz{dDO4P | 10%sP
110% sé& () - | &8 G- 2P |10%s s& () - 2#3<' %—lP 1 109 sé& () 2P | 10%

s& ()-2_204P 1109 |10%: S& %{ ] 3110%3 S& | 10% S& ( | 10%
s& () - 2#3<" %P f%f%; e 15 Bk I |Sf6‘6?s TGS J1“10%;
s& ()-2P Il%é%t %6‘%}“ 032 (])01%@ eﬁfo(?)“a%#%< %;%It%%PhaIv]l%%s S&(9-2P 110%

S& ()-2#3<" %H s&
compositions as identified in Table 11 were prepared by

5 using wvarious 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. The results are also shown in Table

10 11.

Materials used

Slag powder (35): Slowly cooled slag powder, CO;
absorption: 4.0%, amount of bound
water: 3%, non-sulfuric acid form

15 sulfur: 0.9%, soluble sulfur
concentration: 508 mg/l, degree of
vitrification: 5%, melilite lattice
constant a: 7.73, Blaine specific
surface area: 6,000 cm?/g, density:

20 3.03 g/cm’.

Slag powder (36): Slowly cooled slag powder, CO;
absorption: 4.5%, amount of bound
water: 3%, non-sulfuric acid form
sulfur: 0.9%, soluble sulfur

25 concentration: 508 mg/l, degree of
vitrification: 5%, melilite lattice

constant a: 7.75, Blaine specific



| 109 S& ()-2P 110% s& ()-2hL,4P 110% s& ()-2P 110% s& ()-2P 110%
s& ()-2P 110% s& ()-2#3< %P 110% s& ()-2P 110% s& ()-2IH 4P 110%
S& ()-2#3< %P 110% s& ()-2P 110% s& ()-2P 110% s& ()-2P 110%
S& ()-2&#3<" %UgGH4P 110% s& ()-22P 110% s& ()-2P 110% s& ()-2(#3< %P
1 10% s& ()-2P 110% s& ()-2P 110% s& ()-2cGt4P 110% s& ()-22P 110%
S& ()-2P 110% s& ()-2P 110% s& ()-2P 110% s& ()-2&#3<' %P |10%
s& ()-2hD+4P 110% s& ()#3<' %P |110% s&()-2P 110% s& ()-2P 110%
S& ()-2P 110% s& ()-2#3<" %1 | P44P |IP 110% s& ()-2% 110%
S& ()-2#3<' %P 110% s& ()-2 Pudf¥s a8q)-@R00 19¥ os&densdRy:l 10%s
s& ()-2 hLO4P 110% s& ()-2P 110% s& ()-2P 110% s& ()-2P 110%
S& ()-2#3<" %P 110% S&'()-2Pi3JQIW§¥Qﬂ@-()-2 " #$%&RI H, 4P 1 10%s
S& ()-2#3< %P 110% s&'é)-ZP | 10% s& ()-2P 110% s&'&%-ZP | 10%s
s& () - 2#3<' Yedag) pPwdepA4AR7)Pp Jhpy sghedmlag powder, CO;
absorption: 4.5%, amount of bound
5 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
10 surface area: 6,000 cm?/g, density:
2.98 g/cm’.
Slag powder (38): Slowly cooled slag powder, CO;
absorption: 4.0%, amount of bound
water: 3%, non-sulfuric acid form
15 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 cn@/g, density:

20 2.96 g/cm’.
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1 10% s& ()-2P
s& ()-2P
s& (#3<' %P
s& () - 2#3<' %k D4#P
1 10% s& ()-2P

s& ()-2#3< %RP 110% s& ()-2P 110% s&%p 110% s& ()-2P 110%
S& ()-21P44P |IP 110% s& ()-2P 110% s& ()-2P 110% s& ()-2P 110%
S& ()-2)#3<' %P 110% s& ()-2P 110% s& ()-2IH 4P 110% s& ()-28&#3<" %P
| 10% s& ()-2BST| E¥8HPLE é% 2)P |10%s S& ()-2P 110% s& ()-28&#3<' % P44P
P 110% s& ()-2P. .110% s& ( % s& ()-2#3< %P 110% s& ()-2P
1 10% s& ()-2P ITTG%; tegl( )”a éééﬂﬁl Moot IPe SPTss MERNEE- PP YN 0%s
s& ()-2(P 110% < WP 1 10% s& ()-2hD44P P

1 109% sé& () - 2hLO4#P
| 1096 s& () - 2#3<' %P
1 10% sé& ()- 2P

1 10% sé& ()-2P

1 10% s& (#3< %P
1 10%6 s& ()-2P

3001203 'e}cg(g%tsﬁ‘hg)c 543

part

1 109% s& ()-2P
1 10% s& ()-2P

1 109%6 s& ()-2P

1 109 sé& () - 2| HO4#P

1 10% s& ()-2P
1 10%6 s& ()-22P
1 10% s& ()- 20G+4P

| 10%s
1 10%6 s& ()-22P
1 10% s& ()-2(P

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 is 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



| 10%#3<' %P

| 10%s

s& () - 2#3<' %hL, 4P

1 10% sé& () -

s& ()-2P

2P

s& ()-2' 789?2@C, 4P

s& ()-2P

1 10% s& ()-2P
1 10% s& ()-2P
110% s& (P

1 10% s& ()-2P
1 10% s& ()-2P

1 109%6 s& ()-2P
| 10% s& ()-2#3<' %P
1 10% s& ()-2hH, 4P
| 1096 s& ()-2&#3<" %P
1 109%6 s& ()-2P

| 10%s

1 10% s& ()-2P
1 10% s& ()-2P
1 10% s& ()-2P
1 109% s& ()-2P

| 1098
| 10%s
| 10%s

s&'()-2(#3<' %P 110% s& ()-2P 110% s '%)-2@&?8U[C~\:,4P | 1098 k, 10%
& ()-.11: 109& ()-109 10%& ()-P 110% s&F¢)-2#3< %P |10%
s& ()- 2cgs{WU4 4P 109%& ()-.!,109%& ()-.!,109%& ()-.!,10% & ()-.!p, 10%
& ()- 0% Tgole 13 [MaP ~ 10%10 10 101", 109%& ()-.!P . 10%& ()-.!P
y,lO%&'() I p 10%&'() .3{zoMiP.  110% & ()- %{10%)D&()-| 100/‘&'( -
F10% & () - f1 35 & &'(é— 10% | & 7Hag gw4CPWS&lPP G?tr PO & 1() - %
$110% & (){% ;1 10%| &FFR% | 110% ~ &|[().- é 1% 1 109%|° éi‘o(t)es%
rv:/4;!1o;!'nono&'()-%n;lmmpwur (Jr 0/‘ '\)aYn LAY () - 0
;!10%‘&'()-%5V\WE""&' rVef4;;!10% & ()- |100/‘&'() % O; |1%/ () - %
5Wv E!'; 11094 ° %L% llOA/ & () 5% -4 BC%N% gv &l ()% 5wy EeTP-
110% & ()-% & ()* 10858 () - J 10P/ (P) o JPt T/.4;
!10%‘&'()-co5,!100/‘ & ()- !10%‘&' 10% & () % : 1 10%| &)~ %
;110% " & ()1 %341P% &(ﬁ‘%DQWiYo e”N/f9.&0° & 543 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 in Table 14.
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110%m n&' ()-5WON'? DH I NP S v, 4l 110%1n& ()-1 ! 10%n n& ()- |
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| 10%1 ! 8 |1 5960 eSO YIS A O1Y 1P10%A r%@‘“(e) manner as 'in
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Table 15

No.

Test

15-1
15-2
14-4
15-3
15-4
15-5

15-6
15-7

15-8
15-9
15-10
15-11
15-12
15-13
15-14
15-15

so that high fluidity concrete gas

The slump flow is represe
temperature increase by °
depth by “mm” and symbol -
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10 Table 16
. Hexavalent
Slag Reducing chromium
powder agent remaining
Test No. Notes
(parts by | (parts by | . . centration
weight) weight) (mg/1)
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.

15

INDUSTRIAL APPLICABILITY

By using the cement admixture of the present

invention,

the amount of clinker to be incorporated can

be reduced, whereby a low environmental load type cement

composition can be obtained,

composition,

and by using such a cement

it is possible to obtain a concrete which
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