, ! "#e3ee3e$> &36\ 3T3& CEMENT ADM XTURE, CEMENT COMPCSI TI ON AND CEMENT
CONCRETE MADE THEREOF TECHNI CAL FIELD 5 The present inventi a
cement adm xture, a cement conposition and cement concrete Wmmmmmmmmf
which are to be used mainly in the field of civil engineering an

/ _ . . ¥ 159159
construction. Here, cenent concrete used in the present invention generally

refers to cenent zO paste, nortar and congrete. Further, par i e
present invention are by mass unl ess ot herw se specifi ed. BAWWW”WF
Wth respect to carbon dioxide enission: t he Broportion of civil*GOO R

engi neering and construction in 15 g stry is very Iarge,mﬁnd it

is desired to e i Lro al load. On the other hand, carbon
di oxi de discﬁgﬁgﬂgff%%%f%ﬁﬁ%%t ?ﬁ%ﬁ@?r@é%%?F%EgoﬁuéyPyCEM%%Tf%QWC%%?Fng
cal cination or from decarboxyl atio | e as the starting materi al
Accordingly, in 20 order to reducenvﬁéEctﬁggﬁgﬁioxide emssion, it is the

nost effecti & cHR Egﬂ 9 %puce t he cal ci nati on anount of cenent clinker,
and it is exﬁfeﬁeky—rﬁﬁefihﬂt to pronote utilization of various m xed
cements. Jurther ' e ' trycti rabl e 25 .cangr.ef.e
structurég, it igT%%%?F%ﬁx?bw%ﬁégﬁgﬁgﬁﬂéégﬁ%%% &ggu ffﬁ§§¥I5%ﬁE@§?ﬁﬁation
and to supprgsgeheak Q%ﬁ%%%ﬁhqgnbﬁn@yg%ﬁ%bﬁnCOB%E.%%uh%ﬁ%ythQ lgcent

years, 2 the performance required for concrete is diversi |e§, and for
the purpose whikat k@eakiczdll 0Reef mapRLVCAL @Re aLIQUSft YRS 10f high
fluidity concrete have been proposed ich require no conpaction and which
have self 5 &nblinegrphopenti esnctReparibnl. ofied€] thhear Rbohdiéye Cossaet e
Research Conmittee" (May 1003) and "Report |l of the sane" (May 1994),
publ i shed byidaphe Goeseete ihwshittiotepensueh llyi gl fklgi diot yemener et e t ends
to undergo 1o segregation if the unit quantity of a binder such as cenent
is |ess thanPabset BOUtkRy/ ABA andcaeterdi Fgtyhert psuvaslgrhaisim tnét bi nder
quantity of at |east about 500 kg/nB. And, high fluidity concrete having a
|l arge unit -PBPRGEF GUAREITELPTHESSabyr BBSEMPASE St REhRYWESEI sReRadieds val ue

is large andgéﬁggggébégggﬁgtal load is also large. In order to solve such a
problem hig rete has been proposed in which fine powder of

| i mestone is useg;.:i titution for a part. of the hinder,(JP-A-5-319889).
The fine powder g?t?IEE% Sﬁ%'%g sﬁgﬁgnhgg§hlseaﬁFFgﬁlﬁ?drgglicity, and

accordi ngly, piBgchtgRnf byl dily1CRAGHAES, LR WQQE“aEhQ%rBB%@SE Qf |imestone
is used in substitution for a part "of the 8ln er, has a nerit such that it

i nparts segregakkon kesustanceswikhoul abEnghne aboyt yprecegsapy heat of
hydration. However, 25 |linmestone is a valuable natural resource for our
country havi ngdsnal b teesauticeamcandli 1sadt.i | 0z athono fresel Wak®) aghmbohng it
to concrete, is likely to lead to depletion 3 of the resource.

Accor di ngl y, dt haideadésphesartl fromngeventesnfiostnpr deefiirest mvetdyi | i zati on

of limestone. Further, |inmestone-adm xed cenent has a problemthat it is
likely to befrelt fuPiLzEdringdcpicinasdon Py 5r9modpéﬁﬁgOKMi@tébnspEength.
hbutralizatign s, i ortanh since iit relates to durability of a

ferroconcret e*REFGCEGr 85 5AF FRBTLAPE BRESERBAgt AFTMIF 1 antinsi nce it

d I t I I dth L S_ I tant . f hor t enj th
appl | batton R8PbatORRPEHER FRoCtgonbua Bt OB PBACF4°8n FhDOFCRRE.
appl i cat o aretier, "BA=P3°dn o
m noutral i 203" CORGE LS. En et AP e bec RIS Cabt u P SBeEb PP oRBa L AnfiTt hor ¢

will be a dapggenef cfahkipg QBdCQECEEI@xEE@ﬂgEQI§mpé%t9£?f€8tprgﬁokg

desired to develop 15 a cenent conposition which 1's excellent™in providing
durability andiinihtabnSbrengihoasdniibahcibmesanabl e of providing strength

equal to one where usual Portland cenent is used alone, even if the
admi xture is use@urtheenbinah anviewaRocawourt rexesad A0radte
25 concrete structures, it is desired to prevent bleeding

resulting from segregation and to suppress heat

generation by hydration. Particularly, in recent years,



20 On the other hand, blast furnace slag discharged as industrial waste
fromsteel plants is widely used in the cenent concrete field. The bl ast
furnace slag is generally classified into quenched and vitrified socalled
granul ated bl ast furnace slag and air-cooled and 25 crystallized so-called
slowy cool ed blast furnace slag. Anong them the granul ated bl ast furnace
slag has alkali latent hydraulicity, and %ne pul verized to the sane |evel
4 as cenent, or nore finely than cenent, i“s used as a starting naterial for
bl ast furnace cenment. Vitrified granul ated bl ast furnace sl ag has excellent
| atent hydr abPPcPEy LRRBPBES EGEHLHREN ToamceBE TS ten 18 ICHvgE sdrfoas, B@enent
clinker, its_.lon ern1streng%h Wi || n?p degrease, and its studies are

f T85g OTR

t
bei ng nade iﬁo5agp8u§uFP8F83 g adteen §th 28&HSt hd hi gh

Powder of st _Furnace Slag to

L!;Ldg§¥eﬁg?ﬁ5%%§8%;F %gﬁgggbh%%lgangggg'gpngF?FepgbgF%k¥ﬁﬁbrted at the
45t h Cenent - ' . 184-189,. 1991, ). .Th itrified
orenut aren o Set PRG0S0 D 08 FRERIER kBl B o Vi e
S - NQt - W [ % it is
adnixgd fﬂ‘akﬁg?%ggagggﬁggfggéeﬁeh%ggfgn%e%$ ﬁ%&eygﬁfgo%qtﬁgﬁb her hand of

exhi bi ting suehchlgl RLEEBOLA cbifi bk I e, 0napd) ket blask, funnace sl ag

has had a problem such that heat generation by hydration and aut dgendus
shrinkage tesHet gake~sylisiantbal., Suchikealy %9n9%?550&o%%r%Q% aut ogenous
shrinkage are factors which induce cracking, and they are phenonena not

desi rabl e whensdiiceabke .ferroconcrete structures are to be constructed. On
the other hand, slowy cool ed blast furnace slag is called al so by anot her
nanme i.e. crystalShichetiighad londd%ybaldnas eard tesidane os hawidigyano
hydraulicity. Accordingly, it was used mainly as a roadbed material, but
recent| L0 r eparaeatagyr egatbehusibequanticybefprebéndeti shich ased 5 as a
roadbed material. Thus, it is likely to |ose tEe conventional application,
and its usef GFMSPBpI FeatPR FBaBt pPPUbePAg $6Ught Fndppriendinalyf BFast

Furnace Slag to g?negt Cbncre%e"” ékihiko Yoda, Inorganic material, Vol. 5
6, pp.62-67, “18891Y “ESwARBPALI RYPESTPABABERGY 6f B LEZShg 2ReMtaPREd
Resource, so bed, recycl.e.l aw' . October 1991). In recent years,,.a problem
relating to ;é_é?‘}gbi I ﬁn)?c’ofcnl gn%\r%é"tléimc s Cboélefﬁetgta%é}?vdﬁlgasa ;ﬁas%/gre? _dH%ltpr obl em
and so gul debinasy ghiAchpleaabor stapdandiaatl ofe BlAraci8hallng to
durabl e concrete have been pu% i she y Vvarious acadenm ¢ SocCietles.
Particularlyvalhe wateatgeneAll EAbi enoh reanehehe hSagubst akiahbyqe .
influential over the durability, and accordingly, for the s5 purpo0se of
reduci ng the uni tnqoadeirt ¥ cokolaesuchr aquerey «af, wSghofrlaildigh, per f or mance
wat er reduci ng agent or a high performance AE water reduci ng agent has

rapi dly i ncreasedetandagubdehi nespbhedefior whave dlise beedeirssdied. However,
there is a problemsuch that _as the unit 20 quantity of water is reduced,
the change wttReBFaBeotsScBAsfisiBneybeEAlstionbéckapgparandtt idefluidity

tends to decyrease, ?nd at _present, there is no fundanental solution to this
probl em 1t PERP&EFt(CErarPy>LtASERS - catke of 11 grrwdeN dPt vl EBRSF@RR t hat t he

bl f t 25 fluidity. d ' Kk [ bl Hi gh
Pl Ui Ly eonthats 78 BoBhaREraT aBvar apoat by | 6oeocaokEaobbe Ehcan =
i nfl duge: ; [ 6. . I d.it f-fill
property i 5 Theinbor Hhobr PAREEEhar Al BATEE £ RRnBOrEeF s oFcddrreacts”
intain the; &l ykdit v dusi : ; tati t dym
Conor ot 6 plant oot hE aar T A ShCR, Le aRPTart Aoy “aof BYPECEe) AR oy | od

at the appligatienssthechkiowevelmpa¥est Qe§BBat i OHPLES a8k ahbhe gpRhbgation
site or atraffic jamduring the transportation, it may frequently take

time over therpngsagi dbduti tBnevBesaby hbetf bai Hi/fiyael cgoncistestends to be
outside the prescribed standard. 1o In such a case, there is no other neans
t han carasyi nhimestsnechs| edvabubbliedhatngalr eakborvitel f6r bByradduhiepal |y
addi ng a high performance AE water reducing agent or the like to have it
re-flui di zednavibmgvenal at reseseats, sand tesf huidizhogonr pakeent fean be done
only by 15 a skilled hand. Accordingly, it is strongly desired to devel op
concrete excafiheringnitheof tandieyepniat dikehy perieadrmneedepPhethenot her
hand, fromthe viewpoint of an environnment problem a |large expectation is
present with 20 respect to reduction of hexaval ent chrom um whi ch presents
adverse effects agai nst human bodi es. A nethod has been proposed to reduce
t he anobunt of elution of hexaval ent chrom um by a reduci ng agent or

adsor bent thereof. However, such a material is too expensive to be 2s used
inthe field of cenent concrete and is not substantially practically used.
Under these circunstances, the present inventors have conducted vari ous

B Y - = I 1 o, r



Portl and cenment having a C3S content of at |east 60% and a slowy cool ed
bl ast furnace slag powder, it is possible to nmake a cenent conposition
excellent in the initial strength-providing property and having little z5
environnental | oad, whereby the conventional problenms can be sol ved, and
the present invention has been acconplished. DI SCLOSURE OF THE | NVENTI ON
Nanmely, the present invention has the foll,om ng 20 construction. (1) A
cenment adm xture characterized by conprising a slowy cool ed bl ast furnace

I wd [ t | h t h b
i oxi B absob bt FOR P Ak Fens heoGAGR %?bgﬁsfada%"&?gaaﬁg Y957t he air

havi ng a cargon d|o i de concen k %lon of ﬁg % grgturetof 30C and a
rel ative hunlaﬁfﬁs O%oﬁorﬁzf et Uk %P r&TcRar acl&ri-288 by

conprising a cqql ed blast furn e sla omder whi.ch _cqnt ai ns
melilite as the ma %Wngr‘rpgﬁénﬁt“éjr% S lécel 0SS ON 1 gnlstl or?rc?fb at” most™ 5%

oot adn mgtgggc gggg%erlzgg gehQQbﬁﬁgeﬁt éngoqgwﬁyrgggfe&%gtes' s ohce

cenment adm xtur y conprising a sl | ast furnace

sl ag powder ?@599d998t§h9§15§|%k%%ﬁg@ﬁ thﬁeﬂ@k@l%?%%?&ﬁ”iffur 8?9 Atns at

| east 0.5% of sul fur present as non-sul furic aci rmsu A cenent
adm xture chaiaebertzed1RY cGORBr 8irBBi2189 okowW ¥eroolkedRlkast furnace slag
powder which contains nelilite as the nmain conponent and has an ion
concentrati optehcaapesubhbr ikbeacind chanmssulehyt ht @ selitpertahtat sligast 100
ng/ 1. (5) The cenent adm xture according to any one of (1), z5 (3) and (4),
whi ch conpri sesdehplgl oellytesolked uhmaitl tyrhacensl agupowdeimpliraBntont ai ns
nmelilite as the main conponent and has a | oss on ignition of at nost 5%
whi ch is a wépghehprtdeotihngntivkenppdactedoat perG0dC f BurB8Beni nuhes. 20 (6)
The cenent adm xture according to any one of (1), (2), (4) and (5), which
conprlse§3thée§F§ﬁﬂyZé§éPédl§I§§tlﬂQPﬁﬁé@tSﬁ§@e§Gw€éﬁlWﬁléﬁcé@ﬁtalns
nelilite as the mai n,conponent and contains at | east 0.5% of sul fur present
as non-sul f urfél 38P81?6r9V§6IFUP d?SaP?}lTHeO@eﬁ@ﬁFoﬁﬁﬁFfﬁﬁﬁe &8Coidhi ng to

f (1 3 6 th | ed bl t
T note Ol ayibubiar hirl RbogRRsbs thel FripgolRirge e eg T B e ot and
has a Concenaagkbaed9faﬂan subfuri¢,agid fagﬁp%%'%%rfgqlﬁkgt Of at | east

100 ng/ 1. (8) e cenment a nlxture accor |ng 0 any One 0 ains 1to 7,

whi ch conprlésﬁckE%eSkgwbmeﬁggledA@é§§ésén£urﬂ@Cfssaéglpg&dﬁé HayE1gpa
degree of vitrification of at nost 30% (9) The cenent adm xture accordi ng

to any one o0& Eéhehe C8hpowhieBnconpEhses btheeshewkyigopkedibliagt furnace
sl ag powder having a nelilite lattice constant a of from10 7.73 to 7.82.

(10) The ceméntabdiixpuredadadrdengstocagyhoaadofvhith tte cBpabiki off
conprises the slowy cool ed bl ast furnace slag powder having a Bl ai ne
speci fic surbaecvidivg gtoknathl easpld0000om wWherieS5ueta)l Poetdemdnt

adm xture according to any one of (1) to (10), which has an oxygen
consunpti on SFmSPtléésPSEd ag 91G. 3FIER02 £/ ghe @ﬂ@}x?ﬁéecéﬁeﬁﬁeédﬁﬂxture
according to any whi ch _has g@ oxi dati on-reduction

t
pot enti al 20c8? Eéﬁgt Toénﬁﬁ °P§§)eﬁcgﬁﬁéﬁg Fposi tion containing the
cement agym xtureg t%%fb%%f§>%a%ﬁy %ﬂ%s&hfg%k %52 é&lﬁk_Theépenent

conposi tion accor Ing t ér €l e cene ceneﬁt havi ng

a_3Ca0~Si 0z gaqcaptent gheat k%@ﬁﬁsﬁgewﬂﬁhaglé)1§ew&ag1§0ﬂg@at§n”%ﬂ% of the

cement conposli
cement concrete field. The blast furnace slag is

‘"generally classified into quenched and vitrified so-

called granulated blast furnace slag and air-cooled and
25 crystallized so-called slowly cooled blast furnace slag.

Among them, the granulated blast furnace slag has alkali

latent hydraulicity, and one pulverized to the same level



as defined in (13) or (14). 10 (16) The cenent concrete according to
(15)) which has a slunmp flow of 65050 mm BEST MODE FOR CARRYI NG OQUT THE
| NVENTI ON Now, the present invention will be described in 5 detail. The
slowy cool ed blast furnace slag powder (hereinafter referred to al so
sinply as the slowy cool ed slag powder) to be used in the present
invention is an air-cooled and crystallized blast furnace slag powler. 1o
The conponents of the slowy cooled slag powder have the same conposition
as the granul ated bl ast furnace_,sla d specifically, it conprises Si02,
G20 A1L203 afil KGO°HS L6 AR ERBRLYal DeBnEoNERs &fd UREF Eontai n, for

| Ti 02 P205 03 ot h 5 t
Eﬁfpﬁef tLe 5 N&f9g088 SElEFa oﬁo%ggft HFE%%? §5%%F%edcﬁgpfrs?esas t he

t f te 2 2Q8Si 02 d
aker néﬁf?i”i&o“w’%%f%f@a?%% e it aies h§? AHEE 0 cal ci um
I t S d
ol | ot oni 10 CIOLA BY. TeeF 5?3#?9%%%2&?3%95%3%%& R R

3Ca0My025j 02; gn c 0 2 hi 02, leucite
(KZONUNagg) AngSgﬁggb g@FHEF ggo%%gggg ﬁégﬁg%%teHggcégééiggéﬁh a sulfide

such as cal ckumeagthi de1%aa00r gbbeBagHl f Lde EeS sTheiglowy %%ﬁh%d sl ag
powder to be used in the 11 present invention contains nelilitée as the
Mai n conponenbdeand heieasbehnedbexbdecabsonpbhortibap@hnabherJtef aneed to
as the C02 absorption) is at |least 2% The C02 absorption of the slowy
cool ed sl ag howteflusdatyScbeaset2%( "ppefiecabliyiaty bé&astind¥poidee of
preferably at least 4% If the C02 absorption is |less than 2% the effect
for suppressPhgsthEunsareabilzat fonHighl Stoenbéhafencakese’andeniehe may be a
case where no adequate effects of the present invention can be obtained. 1o
The C02 Hbso¥peren fEads- th§a§8F50ﬁeapﬁ%ﬁéeaéb§bﬁpﬁ5§h ®egenEar boni zati on
is carried out Lor seven days i havi.-ng a carbon di oxi de gas
concent r at i ohS6PN8HLIY F@ﬁﬁ@?&%@?e BP é@é afd- alPdilat P& -Aunidity of 60%
be .a case_where rior to carrying

h , |
thsg;rbgn?335iohﬁfrgég ﬁe93§r@8H9§Fﬁ gﬁﬁﬁﬁ P&%%%éﬁ &&Sordingly, it
may be represgabedoy fhecho gghéﬁg&agg@&bgﬁeggg 08.3030LRLILON), 14 1 (Lhe

car bon dIOXI e anount o € ca bonlzatlon treatment) -
(the carbon Hbexaé@r@aganEOQfaZQOEeréeaabeo@rtQﬁet@véhewﬁéthQ'%@t'On
treatnent). The C02 absorption can be obtained by quantifying the anmount of
carbon hy t heahokall ¢arhonaagal ¥sbanandoceamenti BYinketQ tHEwEDSr anpyNt .

O herwise, it can be obtained also by e.g. a thermal analysis (TG-DTA or
DSC). 25 Furtherothhe hesd of eghibioinghenehnafitier scetagred theal so as the
bound water anount) of the slowly cooled slag powder is at nost 5% The
bound wat er dhbtihfied gnenulaped| bhkytcbokadcs| agapohder had at prodi s
preferably at nost 4~, nore preferably at npst 30. If the bound water
anount exceeﬁ§C§9$h@§cE§§ts€?€ﬁ§PH1°6rthéyééééhﬁan§FﬁgaHéQQGQ@Hérat|on by
hydrati on or ﬁuto enous grlnkgg ﬁ tends to increase, and there may be a
case where nd huBfidfetEPfetPsPEf SYREEPRESBAL | tREFHE W EPEHRE BBR ai ned.

The | oss, 0 éggo%#?g?géggllthEQQg % g@gg@ §g§ct gghﬁgeﬁaa sanple is

ignited &t 1 i fut eS and 7§ -regar “Wat er anount of

a so hydrat ed ééﬂ@hshyg LEt £ e;,nse% Bfgeﬁoﬁgﬁpl Bot SaEBIELBHSOYLGRY Temoving

excess wat er rom a rate arge anoun acetone, an
al cohol or thgrbbke, fé9£b@@ﬁeréyedgykaetuIQ§ deyi gg be edhtkedcedl . under

such a drying condition that
On the other hand, slowly cooled blast furnace slag
is called also by another name i.e. crystallized slag or
25 ballas and is one showing no hydraulicity. Accordingly,

it was used mainly as a roadbed material, but recently,

reclaimed aggregate has become to be preferentially used



15 a part of the bound water of the hydrate will not be renoved. For
exanpl e, drying under reduced pressure is carried out by an aspirator to a
constant weight. Sulfur present as non-sulfuric acid formsulfur in the
slowy cool ed slag powder (hereinafter referred to 20 sinply as

non-sul furic acid formsulfur) is at least 0.5% Here, the non-sulfuric
acid formsulfur is meant for sulfur in a non-sulfuric acid form such as a
sul fide, a polysulfide, sulfur, thiosulfuric acid and sul furous acid. The
non-sul furic acid formsul fur is_at 25 least 0.5% preferably at |east
0.7% nore pféf & FAPLRA IMHRT 1@ 199s Thitsy hdtnds- ddkrdii ¢of dowestheur i s

| ess than 0.5% there y be a case where no adequate effect of the 13
present i nvefCPYRTEIER a0 SRRdGERE O uiddhd y-bfai YRS PRIerFadriinde or

hexaval ent chrom,um r.educi ng.perfaqrmance can be ohtai ned. The amount of the
non-sul furi csﬁéiql& (?rlrﬂgsﬁof%y%@mécﬁﬁt%rhé’df P IRE ] etaghditht  of

sul furic aci furs (sul fur, tri,oxi.de romthe total sulfur. anouynt, or it
may be obt ai g:é%%glst tcﬁélcsfr%%of’ éAr}r{Dl)élr1lfél{§J> gfo%dn-ﬁﬂﬁqﬁqlcc é[},alt(f]ﬁ‘l&alm g‘?ﬂ urs
such as thiogul furic _aci d f sul.f I 0 ci.d sul fur. Such an
anount nﬁg bg'lggbggaﬁﬁgdlg%@ dant] yﬁ%ggﬁéﬁég:ﬁgtﬁ;ﬁhﬁtlé%ﬂ§630hi and Ono
("State Anal y3i:3 ;0f; | j ce o-ag™, Y uchi and
A hiTo Ono: TS ady 5 Srea T ReNe 0L sa AP0 60 o by
quantifying by b mthad prescribed in JIS R 5202. i5 The slowy cool ed
sl ag powder exhibits the fluidity maintaining performance and the effect of
reduci ng hazar dous: hesantmetad s | nelgidBIgrhexagonaly oy Qi AHB 1 Py e Qi ai ni ng
the non-sulfuric acid formsul fur. However, even if a polysulfide, a

sul fide, a thkiosuleftat dasamtem 2akem fupt @s ef cerdromsrerelyl eaddeshd o sl ag not
containing non-sulfuric acid formsulfur, it is not possible to obtain the
f 1 ui di tyl®mi guadsiligest.f egtinsisdidsedori s tduncalidiizar iom t ek cef,f ect for
reduci ng hazardous heavy netals such as hexagonal chromum of the present
25 i nvent i onTSTRE 1REz 00 GYT P sy FoRSTEtS eyet baen muldhsdhest Hvnvent i on

i ncl ude, for _exanple, hexagonal chrgm um _|ead, cadmu ni ckel , mercury,

ar seni c, 149gP ﬁi&ﬁﬁ%%ﬁ\ FETIRELECC. ?ﬁétéﬁﬂﬁﬁflﬁfnkﬁé reduci ng agent

to be used i referably from1l to 50 parts.b ight, .particularly

preferably f%8%?%/gggfﬁxpgfﬁéobffwépﬁﬁ Ftﬁeﬁsiﬁﬁ' %FF§1ﬁglﬁ'meight of the

total of the.:sl r r I ent .- Lf. 1t d. sAh part

by wei ght, néﬁggggegggqef%g%f%%% Fﬁgggéggi%gd%hgéqﬁqqf %%gggiaﬁkgg&h%h t he

ot her hand, bﬁers%X%QeQ%cﬁ@:i&@r Ehebunwel ghientiRs EIStaitRE! €333 e

bei ng undesirable. 10 However, within a range not to inpair the purpose of

the present bhiveskl of, ai hiigh peeffeiinadckowdseri FceRnIAEIGRM LY QUS

rel easi ng agents which are comonly used as hexagonal chrom umreducing

mat eri al s. Speghf beaifloymasiglef Ade wasech rasiuvarimgniagensubbisdeapdallgi um 15

sul fide, copper sulfide, nickel sulfide, zinc sulfide, antinony sulfide,

zi rconi um sulPrgeaseddi archgdidgdanesgl theaetion haye mldroderns disisuge .and

ammoni um pol ysul fide, sulfites such as potassiumsulfite, amoniumsulfite,

sodiumsul fite, EQEVFH s HTE%%,LSs dPEREET e datd gfottdesimhthydr ogen

sulfite, thiosulfg% uch  as sodiuglthiosghggt and o%;;sLun1thiosulfate,
X u

sul fi de tonpdUREs &iﬁ%a¥é§§Ff&F degRFge o gaMd HeriBis Odul f at e,
ot ot ive. SEBEEiFREPOE PR rolB8 ol il il A (TR g, r2BRl kR0 O

effective. 2 € present i ion of

non- sul fur i Cqaeidatar sl Lt pollieh ! uhesel Lamihe, shaplky gqol ed sl ag

powder (hereinafter 15 referred to as the so I e sul'tur ‘concentration)
is at |east 3B80urEbh. tEh%h;i%I kbh?b%l%h\'.fU:EtC9£‘C§Q££§EﬁPQr1§ Partheutagly

preferably at |least 150 ng/l. If the soluble sulfur concentration is |ess
than 100 no/ bf hhghe f3ulay the caneaseeWhBee ROcagdeauaks biruirgit y- mai nt ai ni ng
property or hexaval ent chrom umreduci ng effect of cenent concrete can be
obt ai necs | ofidudtiingndeclkuariec iacicdkbar mpsukf ur sy oukobrexaenl.e, be sul fur
ions (SZ-) , polysulfide ions (S'z-, 10 n>2 ) , thiosulfate ions (S2032-) |,
sulfite ions (SO0¥2gh dldiisiiltyatoenicarse( $&42- koribire t20ldshled opdd wot
concentration is the concentration of non-sulfuric acid formsulfur ions
cont ai ned i ntoheel syscepphéde, twhen 20§lokntke dskowby theokhedlskagogowder i s
put into 100 m of water at 20C 15 and stirred for 30 m nutes, followed by
solid-liquid separation. Such a sulfur concentration can be quantified by
an | CP em ssion spectronetry or by an ion chromatography. The degree of
vitrification of the slowy cooled 20 slag powler is preferably at nost

30~, nore preferably at nost 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 fluiditymaintaining performance, hexaval ent



25 effects, neutralization-suppressing effects and effects to suppress heat
generation by hydration cannot be obtai ned. 16 If the degree of
vitri-fication is high, even if substantially the same anmount of

non-sul furic acid formsulfur is contained, elution of e.g. thiosulfate
sulfur is extrenely little as conpared with the crystalline 5 slowy cool ed
slag, and the fluidity-maintaining perfor%pnce or the hexaval ent

chrom umreducing effects are small. Further, as the degree of

vitrification _ increases, there. na .case where heat .generation

acconpani ed BYTRYGFS En ﬁpgilF@s%F?E"%&ﬁgdpﬁh?FPHﬂﬁ§y 1t he most

neutralization-su%g%%s%'ggaeffect .are ghgoig nature characteristic,to a
h™ef

crystal | i ne SUBSEante. CRSEEFEEAGEY *Cno tacts9urecti k8l PaLptpen
observed as I f vitcificati i_ncreases. The vitrification degree
(X) is obtai%gg 23%&?§f9.d¥%5§953§%xt%% ?pﬁ§$8,1§“s L0 e §F§%£8f t he
mai n peak of il h in.cr alli u i_n cool ed
sl ag pomder,mgggnggﬁﬁZ%t%y%&%gkp8%d§?gxﬁkg9%ggggggb%ﬁgﬁ ﬁ%?ﬁ3§#82$ So is
the area of the HaLR. Rg2 I Lirt @ pien RL t ain eating
the slowy cool ed slaggpgmggfqu 38 %F%Og Q?&?agq%%ufg?%folﬁgwggegy cool i ng
at a cool i nganat € cokodle Frbubidkt Ber thkhe phatith¢e ceoRS kantrd Of vdteiid i te
of the slowy cooled slag powder is preferably from7.73 to 7.82. The

sl owl y cool edasl dgrpaylehechaviangpbheakabhi,ca t2nhagotstafient 19f tild lite
within this range is particularly preferred, since the

neutral i zat i camsuppees sheg pekkectidedr ¢ imenawkelledy kthel $1lpddtiitgulodr |y
preferred that the 17 lattice constant a is from?7.75 to 7.80. The Bl ai ne
speci fi c surFaseratea tealge tohbeernabide &hsopreferibedt otsindslry.as t he

Bl ai ne val ue) of the slowmy cooled slag powder is not particularly limted,
5 but itl9s prefdfafiiFhaf ICeest 4£Ih606 ARy afhe mreaher &5an from 4, 500
cn2/g to 8,000 cnﬂlg, nost preg?rggly from5, Q00 cnz/g to 8,000 cnk/g. If
the Bl ai ne vEPUEYIES| 888 ERaA2A1660 ER YO REFE FEFahECR I cdsE Wi e t he

ti LSt t .t o be. hardl bt ai nabl 1 d t
ot ol zat i BAeOBOP Bl ng B Hcre eRR BETORt APRER, Rbr A5 Requdrano

fluidity-nmai i,Ri f or ran exavale L Qnium Lng
per for mance gg%hgeggbgg%ngégglggi?EWE %§|3§r?§8§@%gg§xCe%§9§§%go %ﬁz/g, t he
pul veri zati oprpewak i sucaquiredut@ibenbakgeacieh Q‘éhn%ezéoﬂ'&e%%ﬁ?%@al :
and the slowy cooled slag powder is ITkely to be weat hered, and fhefe may
be a cases wher ekdélled brati.onastdhdindg®y of it hes quetbhyl{eadsiteqi ner ease.

By this particle size, it is possible to control the anount of elution of

t hi osul f at e deikdop sohfirecesektell2Otoint hiel fReidByy-nedeasiing nighe
fineness, the initial fluidity, the hexaval ent chrom umreducing effects
and neutral i P&EEERM3UBEEressi ng ef fects can be increased, and inversely, by
decreasing the fineness, it becones possible to present the

f1 ui di ty- mai nt ai fPhdBFertSefanedd 2£r0Re thex HiawerRi nEhedmadm r educi ng
effects and the.neutralizati n-prev&nting effects, over a Iong perL%gsof

time. 18 TREVERVHERTEOREIRGEMonof 2FHE SFBRFT LS8 edSsPAGSFom &t
f b. 5 <3 02/ f o] t. t 3.0
o Tersbly o g, &S opgg, IuiaLge s Pty g Lo 5

1Lum
10-3 mmo102/ s T Pg, t Here may be a case
where no 5 adeguahe st buidirky %Ef%@g@nggggﬂg%ﬁhﬁmgh pexaval et othog

chrom umreduci ng effects can be obtal ne e oxygen consunption IS an

index to showakheeckadpeopgsabi kbt ¥e@lhickhensl agonawdek. ook iexagpl e, 2 g of
a slag powder and 40 ml of distilled water are m xed, 10 shook for 2 hours

and then subheghedltatf chirbatuAnbyTa 8aatiaf khenti biratigortenwl of a 0.1
nol /1 tetraval ent cerium sul fate aqueous solution and a few drops of a 1/40
mol / 1 oxi dat khereeduct ionevard] catoh 4 afizoéni & ei adeles, eapeh & b aval Bat
ceriumremaining in the shaken liquid is 15 titrated with 0.1 nol/1 ferrous
sul f at e. 29 r omseldi snvahee fiehd afourmenft tehrawakeahdcési nox(unit: mol/g)
reduced to trivalent by the slag powder is obtained, and one dividing this
val ue by 4 isubgkentasliberorygénaddmsuapti.on (unit: mMmo102/g). 20 The

oxi dation-reduction potential of the slowy cool ed sl ag powder is
preferably at |e&siderotheee edreupsspaces| y the begsentsonyventiofrsit is | ess
than 100 nmV, there nay be a case where no adequate hexaval ent

chrom umreduci ng effects can be obtained. The 25 oxi dati on-reduction
potential is one of indices show ng the reducing ability of the slag
powder. For exanple, 50 g of a slag powder and 100 m of distilled water
are



19 m xed, shook for 24 hours and then subjected to filtration. The

oxi dati on-reduction potential of the filtrate is nmeasured by a prescribed
ORP el ectrodes to obtain ORP1. Then, the pH of this filtrate is neasured, 5
and the oxidation-reduction potential ORP2 of distilled water adjusted to
the sanme pH, is neasured. The difference between ORP2 and ORP1 ( ORP2- ORP1)
is taken as the oxidation-reduction potential (unit: nV). The cenent

adm xture of the present invention so (hereinafter referred to sinply as

n dri ) | ; | o whi o )
mel 111 e as SRR ePHOEGRROnURE (aHY HAGTA%EaRor GEOLIdE Mot BeraR ol at
| east 2% and, @ L 9SSy On-LgiLhl a0t 8h.fRsL 23oCaNkALES ALLeas! Hag of

sul fur present as Hoh IB8°sulfuric acrad orn1squur, and has a concentration

of non-sul fugLg ég}ﬂaf-_og%ga@pgg&ag&gg%ﬁﬁsef £Atnb@aSL1100MRbL, gt her

preferably, a slowy coole r Ich has a degreée vitritication
of at nost 30%,AcLabhi 68 cApptantidgohel®lbhibacQbnf r om Exé31h@nt. 84, 20

and/or a Blaine specific surface area of at |east 4,000 cnz/g. The Bl aine
val ue of ¢t hecpregeptoadgh¥tune in%iﬂ@biﬁ@h%;i ¢ubapkyyl balt edgrbyhtibni S
preferably at |east 4,000 cne/g, nore preterably from4,500 cnz/g to 8,000
cn/ g, 25 nostgprebgrabl yakr erkd1080t6HBhGUE0 sBr@0Ragelbgd thnt he Bl ane
value is less than 4,000 cn2/g, there may be a case where no adequate
effects of thedgresent hagdntilanditOceanreecohbaingdloantieat it is

pul veri zed to exceed 8,000 cnz/g, the pul verization power is required to be
| arge, such benagatinecobymhyalratand,t hedskbwivg eoolkddesitagopordacei s |ikely
to be weathered, and there may be a case s where deterioration with time of
the qual ity hendvalenbecbybsiant LaderTRe PARSGAELEE CREC3TASENt 28N xture to
be used, is not particularly limted, but it is usually preferably from3
to 60 pa¥ts, THBEBCHr eP¥r AELSF PomEBeRS S56TPRSES 1080 G 15t&Cefably from 10
to 40 parts, _in 100 parts of .the cement_conpositiop ¢ ri si ng,genent and
the present gaﬁFiPBFeFeWFn%thﬁgngsg ?H%ncngﬁﬁ?%s?gn Qgg%aﬁgtgoéf?%gts of
the present Lnyenthon sish 3,168, edyge Ehe eat oy duat ian 0r i, imr ove

t he quidity?nﬁlﬁ arning-sb property, an usédin"excess o

parts, there gay e 4 CARENMNRLEINRE SHHeRIRIALAV ding H apgkliy1t ends to
be poor. Here, as the cenment, various Portland cenents such as ordinary,

hi gh- ear | y- skieagbhh -whicka hingh pedide¥ t30 aidr eRgtihg hawtheat and
noder at e- heat, Portland cenents, various bl ended cenents havi ng granul at ed
bl ast f urnacenshiagnmihyadsh cerd,sivhezabhl emhded cnwresitdlnRBdr tdrand exemerts, and
a filler cenment having |inestone powder m xed, nmay, for exanple, be

menti oned. Obe srlwvede ehd lrédm meesset23 nysed.iom helse Qeregsent i nvention, it
is possible to obtain a cenment conposition excellent in the initial
strength 2 2CEOVBIL3 SR -property by conbining the present admixture with a

Portl and cenent having a_3Ca0~Si 0z ECBSE content of at |east 60 w %

Usual Iy, the ! ~tut ed by gypsum and clinker conposed
mainly of 5 2Ca0:Si 0 .. C3S, .3CaQA12(3 A .and 0~Al 28Fe2(3 (
CAAF ) . The Portl\faé‘??é%’m? Q{a‘?ﬁ%t alrtYf§2tcloon ecérgl E’)ot%]eatflchglaos *50% of the
present |nventi I particularly limted, and a commercially avail able
high-ear%§-s?9@%§fﬁigg%%3t 10 or ultrahigh-early-strength cenent may, for
exanpl e, be used.(1Furd heimerntheadgairttiwte chasmofert fmedPdnt |@mbciesierd ehavi ng
a C3S content of at least 60% is not particularly limted, but it is

usual |y pref edabily atocd ddevelassf fumracd® GOGa @BBR0 wikly deoypta iBlsai ne
value. If the Blaine 15 value is |less than 3,000 cn/g, no adequate early
strengt h develedgilig epreopdittey mgayn sommdngey: Faedbiad malagbandigyide

pul verization to exceed 8, 000 cnR/g, the pulverization power tends to be
extremel y | argsormmidierbeiing tun&ssiford®c atherarf tapnagird dftqrory &isciléhcy may
be 20 likely to be poor. The cement conposition of the present_invention is
one conpifsi rdiecaigntharidd e Freahtdinkice HRCHHr & HO fert® céhposi ti on
of the present invention, the respective materials may be mxed at the tinme
of the 25 applamRghasimrorofa Juft 286 fhéEad afthdfeS ey the Ofr 80fni nari |y

m xed. For exanple, a slowy cool ed sl ag powder, cenent clinker and gypsum
may separately bel(2) 2> GRIMGRE i IR Fri ‘5(1'2%1?5‘%‘?6%1%)% tPW MR 019 them nmay
be m xed and pul verized. The particle size of the cenent conposition of the
present invention is not particularly limted, since it 5 depends on the
particul ar purpose or application. Usually, it is preferably from3,000 to
8,000 cnk/g, nore preferably from4,000 to 6,000 cn2/g, by a Bl ai ne val ue.
If it is less than 3,000 cne/g, there may be a case where no adequate
strengt h-devel opi ng property can be obtained, 1o and if it exceeds 8, 000
cne/g, there may be a case where the operation efficiency tends to be poor.

L " T o 1 r



index of fluidity is preferably 65050 mm If the slunp flow value is |ess
than 600 mm the self-filling property is likely to be inadequate due to a
change with tine when the tinme required for the application or
transportation 20 is taken into account, and if it exceeds 700 nm there
may be a case where segregation is likely to result. Wen high fluidity
concrete is to be prepared, it is preferrgd to enploy a water reducing
agent such as a usual water reducing agent, an AE reduci ng agent, a high 25

performance Igduci ng, r&ﬁg@és@ £ 90, PET £ PL BNGEIAF \mﬁﬁeﬁi B_SnElSl?HE.’ for

high fluidity. e wate ucing agent 1s comercially available in the

formof a l in?é’i:‘.jlitg:g?%r%lft)@% n A9fGhLHEr a9 Ya bEolsedn %ﬁ?EibﬁdUCi ng

agents may be general assified I'nto a naphthal ene type, a nel am ne

type, an amnp Sulfoni Cs@acighiype; angd @ep@kw@é@@m&ﬁ ARbA L¥RCced IN the

present invention, 1t is particularly preferred to use a high performance
AE reduci ng agentgg ﬂ&ézﬁpqg%ﬂhgﬁgxanples include, for exanple, a
’ as '"Rheobui

napht hal ene type, suc SP-9 Series", trade nane, manufactured
by NMB Ca., Ltd. 3} Mi0obt¥er008ah9xEaEEEEharbhEadeinamepymabubaakunhgdaby Kao
Cor poration and "Sunfl ow HS-100", trade nanme, manufactured by N ppon Paper
| ndustries @ owl}ydeobUed NBTasasfarngtantnegt yorder SvkasrntohB8OnSeri es”,
trade nane, manufactured by Sika Ltd., or "Sunflow HS-40", trade nane,
manuf act ur edndyi 15t &i pporhPapein| acusdrers &od, cbhtainsayr fleasexanpke, be
mentioned. Further, as the am nosulfonic acid type, "Palic FP200 Series",
trade nane, #&Rnsfiattdredebynfupssava-hafoateuvbctdl £€om, shtduyr.may, for
exanpl e, be nentioned. 20 And as the pol ycarboxylic acid type, "Rheobuild
SP-8 Series", trad¢ Ramementnafmdékoned bhakpBtEpizetft By, cobmrdsiBSgper
100PHX", trade name, manufactured by W R Gace & Co., and "Chupol HP-8
Series" 1r "€heoipdy ¢PolgedSetpes"furnage AdRe, PAYASTadhuFBdCBytFakénmpto 0i 1
& Fat 25 Co., Ltd., may, for exanple, be nentioned. I'n ,the present

i nvention, oheletik®rasSofhenBadnwaPBPONERacPiY 388nE8 ¢9R be used. The

amount of the water 24 reduci ng .to_be uie articularly

aggnt dlln I S.not R cy

linmted HowWeQRFENLERRFPY, OF t PRRYSBETUERT RFEHI Ao r 8HY uﬁhi8he?§ Speci fi ed
by each nanufgctEr r gnﬂ gpeci;;cally, it isat alevel of from0.5to 3.0
parts per 109" p3 tgeéF t h8Y5MEefent conposition conprising cement and t he

present adm xtur I R, th ent - 1. | O . t.of er £t e
used, is not par??&uﬁgfl%%ﬁéﬁﬁ:&gdﬁggﬁgéwéhﬁéiéﬁi%, |ta?¥ é?%fé;agﬁg'from
125 to 225 k@z>”2£§ RE & e%f}m:}ﬂ ERRBY1Qe140nk0:18R1%0coBeEa1 LIBRf the
cement concrete. If it is less than 125 kg, the operation efficiency is
likely to berpeakceaBlabf pblvaexcaadsenl8bnkginkhfedi Mensi agakhst akihity,
strengt h- devel opi ng property and durability are likely to be poor. 15 In
the present tompbBhean, ahd addi ki apskoohhégaerenh, ofhetpmesentsadwhithr e,
aggregat es such as sand or gravel, and the water reducing agent, one or
nore nmay be iised wethhn aetangeéonotwhen sghstant eal Ly Oi0APa@i fotrhg0pur pose of
the present invention, anong additives such as granul ated 20 bl ast furnace
sl ag powder , mfihnéeki-nest one powder, fly ash and silica fune, a defoani ng
agent, a thickener, a rustpreventive agent, an antifreezer, a

shri nkagd: r educi d§)adét cangit \ami N S pCordieg t FagaRBdPPRerf d1dl-ay

m neral such as bentonite, and an ani on exchanger such_as 25 hydéﬁtalcite,

which used té2be APl 6Ed (Por ¥hgChhCERPERERE t1ecShPde COPHEhE FResent
invention, the nmethod_for m xing

i .25 variouys materials is not particularly
linmited, andfPKB2FEsFeeEi PV eWP&Fg ﬁﬁ?tﬁénﬁiwégléﬁchéstF%E 8P iPhe
application, or a part or. whole.may be.prelimnparily m.xed. As th 1.Xi ng
appar at us, aﬁ?m?8H$8ﬁtFBgaFogtgﬁﬁﬁrgguéeﬁ§§ @ggﬁsgé.s &?“&k&%ﬁng%igg?s
possible to use_auiilthg gﬁ erbr%ps%qE%& m xer, a Henschel mxer, a V-form
m xer and NalPE FiNEPI 1RoRC & OFre S8t Wrivention will be described in
detail wth reference,to Se S Congr ele ing an air
anount \(/)\%5t 4, 51.5‘%%9n§1hse/ a= %V\/gasmﬁ%%ﬁ%r%e} y usi g]ttohe c?(')ncre'tb:fvb(l gnd
conposition wn i I C rhSi t Ao WaLE1v SARH.e0r ave
and various g?agggdw&gpsggg ﬁﬁé'z cgkéﬁt ggggggure? an& Eﬁé sluﬁb | oss,
compressi on gt HENOLN, AHANALILC JSERe! G IRGRease aRd NGy als 4ald on
dept h were neasured. ﬁhrfher, cghparlson was carried out with a blend
conposition by mxing fine |inmestone powder instead of 20 the slag powder
to obtain an equal conpression strength with the same bl end proportions.
The results are shown also in Table 1. Further, a water reduci ng agent was
used so that the slunp value of the concrete would be 181.5 cm 25
Mat erial s used Cenment A: Ordinary Portland cenent



manuf act ured by Denki Kagaku Kogyo 26 Slag powder (1): 5 10 Slag powder
(2): 15 Slag powder (3) zo 25 Slag powder (4): Kabushiki Kaisha, C3S
content: 55% Bl aine value: 3,200 cnR/g, density: 3.15 g/cnB Slowy cool ed
sl ag powder, C02 absorption: 2% anount of bound water: 2% degree of
vitrification: 5% nelilite lattice constant a: 7.78, Blaine value: 4,000
cnk/ g, density: 3.00 g/cnB Slowy cool ed ?I ag powder, C02 absorption: 3%
anount of bound water: 2.5% degree of vitrification: 5% nelilite lattice

constant a: pf;348,c B r[@q\‘éaér&’& hés 900 GiRé gs r SENSh L¥F BoR0s@1fusli8 Sl owly

cool ed sl ag powder, sorption: 3.5% anmount of bound water: 2.7%

degree of viddid I€atd ani A% E’E?'éilhﬁ@ | gt ticercpost 80t @g/7. 78, Blaine
val ue: 5,000 cnm/g, density: 3.00 g/ cnB Slowy cool ed sl ag powder, CQOz

absorption: 4% agyipNat-ohehpuagnyatere 3% odegngerdf any2énki bi fication:

5% nelilitelattice constant a: 7.78, Blainevalue: 6,000 cn2/g, density:
3.00g / crB 18l A povEery ( Shh bW dmsepted shags Dewder codD2absoepti on:
4.5% anount of boundwater: 4% degree ofvitrification: 5% nelilitelattice

constant sa: flirkdcdl S8 loyahee ndv 09 &nRégredensi vytr3£00gt cofiSbag powder
(6):Slowy cool ed sl ag powder, COzabsorption: 3.5% anount of boundwater:

3% degree oftlovddtifagation: 10% nelilitelattice constant a: 7.76,

Bl ai neval ue: 6,000 cne/g, density: 2.97g/cnBSlag powder (7):Slowy cooled
sl ag powder, CO229pbsheptenant3dinarbunt atcbodndgater any%endegredl)
ofvitrification: 30% melilitelattice constant a: 7.74, Blainevalue: 6,000
cn2/ g, density: (@) 9425ttt nBShayi pesdehne (8) o0&l vwkgotedl baastaéupbmm
C02absor pti on: 1% anount of bound 28 5 10 15 20 25 water: 9.5% degree
of vitrificalam: posder Bravhegval melibibeolehbige densrept 2. 96 §rems
Water: Tap water Sand: Produced in H nekawa, N igata Prefecture; density:
2.62 g/ éAB FaleltoPfoduced in H mekawa, Nii gata Prefecture; crushed stone,
density: 2.64 g/cnB Water reducing agent erformance AE water

reduci ng agent, bépﬂ/cﬁpﬁoﬁﬂ‘?@taégﬂ %ﬁ%e Eﬁgﬁﬁgépgl tBr BBE'CPHI%SSUH ng

thods S | | d th JIS A
1101, “and 10 the P lmp OFHac PRRBGTSE o JC ot LBV 5 Ao ROCCL R EFunp val U

f b |
ggﬁgrgég:Lgtégﬁ%%%?ﬁglgénégﬁﬁ gaggggggggl%g$§aégggégggeghyggaggggega e

conpression strength age of 29 days was measured in
accordance vm]% g %%\gﬁlggsou ab |c tenperature increase: Measured by

means of;san adi a@m CThe2@eheRRebakikeurBCHease TRAS UL Reyappar lEUS
manuf act ur ed by okyo Ri ko K K. under a condition of a working 5 10 15
(1) to (10), which has an oxygen consumption of at least
2.5x10*mmol0;/g.
(12) The cement admixture according to any one of
(1) to (10), which has an oxidation-reduction potential
20 of at least 100 mV.
(13) A cement composition containing the cement
admixture as defined in any one of (1) to (12).
(14) The cement composition according to (13),
wherein the cement is Portland cement having a 3CaO:-SiO;
25 content of at least 60 wt%.

(15) Cement concrete made of the cement composition

as defined in (13) or (14).



20 tenperature of 20C. Neutralization depth: A sanple of 10~ x 20 cm was
prepared and aged in water of 20C till a material age of 28 days, whereupon
accelerated neutralization was carried out in an environnent having a
tenperature of 30C, a relative humdity of 60% and a carbon di oxi de gas
concentration of 5% and upon expiration of 6 nonths, the sanple was cut
into round slices, whereby a phenol pht hal e n al cohol sol ution was coated on

the cross-section to confirmthe neutralization depth 30 Ta*hl P 1 Unit

wei ght (kg/ cnB) Adi j,cConpr es- Neutr al - Test SI u er gsi,oni,zat i onNot e
sNo. Cement Wt er Saﬁa%i% Cor%)‘éeék riogh ]\?’r asB1H>451758049
51(1) 1059. 52% 034.0 1 22 %§§§$ 951(2)1058 524. 234. 323. 5Ex. 1- 32451758
04951( 3) 1057:854 3§ %l%%“ 86%51(4) 1057. 024. 434. 818. 5Ex. 1- 52451
75804951(5) 10 058. 025. 135. 317. OEx. 1-72
45175803950( # 10511. 533. 944. 2- Conp. E

X. 1- 9350175806954}&;{72 1

1111. 533. 244. 1- Ex. 1-'11 2%%%&%}?14“)%1%1%9 S’g‘% jgéo ﬁ%%rdi 511 75805953 ( 4)
359.530.Zgl.éegél§ 13280175805952( 4)

708. 527. 537. 8- Ex. 1- 14210175803950(4) 1406. 022. 331. 0- Ex. 1- 15175175803950( 4) 17
55. 020. 328. 2- Ex. TnlS AGARBARAYA A GlER2k iy bolw45175804951*
10511. 524. 834. 542. 5Conp. Ex. Synmbol * for slag powder neans fine |inestone
powder, and t(herslinRy tl@ssdferied e¢senled Bymolfl ast ieeC @MPRASSIc@d 1Ed engt h
by "N mm2") the adiabatic tenperature increase by "C', and the

neutral i zat | sladepiowdey )" ' be 3Ee8ESH EXAVPIte s2ntha nvesit iwas icaran ed out
in the sane manner as in Test Exanple 1 except that concretes having
concrete bl eadrcomedsidt iemds cays¢ladin zied Tabise Zumsegeprsdpgar ebwilers usi ng
slowy cooled slag powders shown in Table 2, which are the same in the

Bl ai ne val ue TEEd CORPOREGtSe off thier rsllplwéa’t o Lasd SHicc FPosice Tdinafer dite onl y
inthe nelilite lattice canstant %; %gults re also shomm in Table

10 Materi al s SGE€d CSFRY SPSHPEr 2€9) esﬁ'&\i?;l”&l &1}&%&’ Sig TponaEs éee

absorption: 4%, amunt..of -hound water: .3% ee o % ficati 5%
nelilite Iatﬁlge%ﬁfcﬁﬁﬁﬁﬁgi ltYC??préﬁﬁsne vér %g(S ﬁﬁ%fy%@%n5|ty

303 ofcms Skag pawderycllaiSLasbo-naled %&yp%%%a,l G0z gabsor pt i on;

4.5% anmount 0 ound wat er: 3% ree o V|tr|f|cat|on 5% nelilite

|l attice constante, 714, Buabe Mawe 56,000 5AB/ Be,0lensl tned 01 g/ cnB
Sl ag powder (11): Slowy cool ed sl ag pomder C02 absorption: 4.5% anount

of boundi125 wah@ione3¥s.degree of vitrification: 5% nelilite lattice
constant a: 7.80, Blame value: 6,000 cnR/g, density: 32 2.98 g/cnB Sl ag
powder (12): Sl owturtdeot edlsd s pdwdergolEdk Hlaghgamptd mmordAirenmor  of
bound water: 30, degree of vitrification: 5% nelilite lattice constant a:
7.83, Blame valded meddd icepprg, thengidy: cpmpengnénhicly iFaplices Uni t

wei ght (kg/ cnB) Adi a- bat i cNeu- Conpr es-tem.Test S| unpt ral - Sl agsi,onper - Not esNo. C

enent Wat er Safd&SER 19ds S EENFowdaRs frienyt Frata Péde prrrmacidss e2- 124517580
4 1951(9
1057. 5(24) 5342835 H180 - 253945398869851 81 04 655°852 133355565 5Ex21- 424517580495

1687, 0242%34 BLE LR, SJ 3SR PR S0 s B DY 65 7 10%u 534 816 &Ef‘o 484517580495
1(12) 1057, Oz%a?.a oS %@goZz%%Blzﬁé%Bﬁas%Qﬁzt926a83§1§ i S{%ﬂp s i s

Synmbol * for g powd means fine |1 nestone powd

represent ed Hﬁé gr@¥iunt he 1GMYRs T Sy Wrﬁ)ﬁ ORI Ot @%1@3' éﬁ@t' c
tenperature increase by "C', and the neutralization depth ~
monticellite Ca0O-Mg0O:Si0O;, anorthite Ca0O-Al,05- 25102,
leucite (K;0, Nay0)-Al;03:510,, spinel MgO-Al,03, magnetite
25 Fe304, and a sulfide such as calcium sulfide CaS or iron

sulfide FesS.

The slowly cooled slag powder to be used in the



34 TEST EXAMPLE 3 50 parts of water and 300 parts of sand were m xed to 100
parts of a cenent conposition conprising 65 parts of Portland cenent shown
in Table 3 and 35 parts of slag 5 powder (2), to prepare a nortar,

wher eupon neasurenent of the conpression strength was carried out. The
results are also shown in Table 3. Materials used Cenent B:

H gh-early-strength Portland cenent 1o yfactured by Denki Kagaku Kogyo
Kabushi ki Kai sha, C3S content: 65% Bl ai ne”val ue: 4,400 cn2/g Cenent C

M xture conprising, 50 parts of Cenent A and.50 parts.of Cenent B, C3S
content: 5 BESFCHFaPAYCPALA: COTBGAEBRY 13and 25 S1& ARddrd sand (in

d ith 150679 i thad Co ' t th: .Me di
Aceor dance WITRPITERRS20T 56 CH380Ta0 63 Mo lr S AQEnT alarGr et rer

h wder 1 d . .

oo SR PE RO Lo b AIR0S SBY8Ention) 1p.a5 1gasta2%26. 30 oEx. 3.4
C3511.824. 743.0 i " " 100

6 e comueso? Shsd st BT POURET o1 Sy L EPLESPONCE1 BY oBARLY (s BOLL DD DATES

TEST EXAMPLE i et e Led iReth AT i.n Test
Exanpl e gPexéégggtﬁgf EEF%%§8%%QL?%B}QFE§ gféwﬁ§ﬁgggﬁoolggkgszstpomder (2)

shown in Tableadtwas. usefl tRel@P, RAdorfich CRITENsLOopasi 14 Oncgonpri sing
Cenment B and the slag powder. The results are al so shown in Table 4. 36

Tabl e 4 Test Sk @genpbes supprekkangt hGenpeiNebasNatpendenl 1dayd drys7
daysConp. 3- 1ANi | 10. 523. 041. OEx. 4- 1B1019. 539. 254. 1Ex. 4- 2B2018. 336. 251. 3EX. 4-
3B3015. 331. 84dedbrtE€onpnd- 3B2TE3MAZ6bé4 4. ebxed whB4@l 206 20eddvéd t3EX. 4- 5B5011.
624.943. 2Ex. The slag powder is represented by "parts" per 100 parts of the
powder, and ehéecompréssihen psesengt hnventépnesent de loptalihed" 5 TEST
EXAMPLE 5 The test was carried out in the same nmanner as in Test Exanple 1
except tifat usi nGheefént apsonpghon| updansytbencpsbes Haekageconcrete bl end
conpositions as l1lo identified in Table 5 were prepared, and the

segr egat i on, 2EFARP LSS YhEtt GGERG0 28hi PRk d§e COXELERACNE R ESYEHr e
i ncrease, coggresskon %tr%ngbhv%nd neutr iz t%on dept h wer e n%%S%ned.
Further, a water radUefng agdAY “ids uSEd LR EaSi AT SRPSENHAT e
slunmp Tl ow VEugsOf ot BerpRRGkELes 04t PengO05Pe 1t s ThenEfsHL S BEC 2l so
shown in Table
60%. In such a case, there may be a case where the
15 sample prior to carrying out carbonization treatment may
contain carbon dioxide, and accordingly, it may be
represented by the formula of (carbon dioxide absorption)
= (the carbon dioxide amount of the sample after the
carbonization treatment) - (the carbon dioxide amount of
20 the sample prior to the carbonization treatment).

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

25 Further, the loss on ignition (hereinafter referred

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

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



37 5. Measuring nmethods Segregation: Visually observed. A case where
segregation resulted, is represented by 5 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 1o points in right angle directions in
accordance with "Underwater Non- separabl Cbncrete Manual , Appendi x 1 "Test
On Underwat er Non-separ abl e Concrete, 2 n Slunp Fl ow', published by

Foundat t al t T h I d J
o O 3B Sy SRR aLec T €l CEILEL Snd bhe atparese e
I t ak th t Kk . d
accor dance WR(FE "Epbri BBy SEHO I BhekAnE 8%?.ﬁEé*Qﬁaﬁﬁaykiiﬁﬁﬁﬁfe;”|t
days. " Tanl €8 e P oo R R ot PEERCE CioPpn e BecbhBanfBfgC 50 20

(ko cr)Comny s Mo e N S ARG Stﬁééﬁﬁééﬁ%hﬁ?ﬁ§5§§ﬁLfggiéé°23

00165769839( 5 85240 3 5 3 670680- 4041.
853, 53, OFx. 533001 657 2@%5%%%%25%§%7é%§§é4%a§ BB 203 BE 5244 065 760830( 4) 2
500675685 40430 054+ 520 BEX 5 530015 T69B38E) 2000670685, 404255, 02, OEX. & 63
00165767837(6) 2500675655- 1 1044. 060. 5 7300165766836( 7) 2500675555- 2204
7.370. 10. 5Exo Bt 8C0aR . 30HB5TEES I 8)AE00ES5 39013806 i &l . (X1

9Conp. 3001657S7826* 25006804I 0- 4042. 355. 012. 5Ex. w The slump flowis
represent ed bydlioniont hrenubogemnplis $hrigkagedbytalstoatd fodB®", the

adi abatic tenperature increase by "C', the conpression strength by "N mR",
and t he neutmahizati anddept hepygrdadtf aand bofind whees| agopotdef aeans fine

| i mest one powder. 39 TEST EXAMPLE 6 This test was carried out in the sane
manner a¢ | nhy@satedanprels. except that using the slag powder (4), the

concrete bl end conposition as shown in_Table 6 was used. s The results are
al so shown in TaBF@tGGatm?§5l€f6aTé§FBﬂ8nﬂ§uF6§§lﬁﬂlQHétPEUﬁ?FOWéPth

kg/ cnB) Conpr es- Neut r egr e- f LownouysTe on at onNot esSl aggat i on0
0o | ket PR SERe P HREBr B R UEr e T e P ROBEE N vler ot Hiei ARGER her baceb. 12

"0Ex 5 43001657 C0B302B00RBERS. 4041 5535570 9§é?§§%§1 §°§%§§§§zé 870. 90

44. 457. 02. SEt, 61 43591651698342000640800- LE0A0, 002, 52, OE- 6 5501667 1842100
0675600- 25056.971 7 50. OEXx Conp 5501657738440065% % 39066. 780. 40. OEx. 6-7C

onp. 3004658739530« - o f - t hEXHEuBS00A 26828896RS0RG8088E- #2041, 86400. OEX. 6- 930
01757578262500685660- 1042. 049. 03. 5Ex. 6- 10300200725792250067061 0+11042. 233. 5
6. S5Ex. 6- 11300225684 75 1250 0640580+1 50424 132 81 & (fed b P II6HA5982827506706
80- 4041 . 953. 92. 5Ex. 6- 133001657488173000670680- 4042. 154, 22. 0Ex. 6- 14300165738
805325066568025042d46ut 7y 588 . 8s05880P657277948500865680150%2. 655. 01. OEX.
The slunp flowis represented by "mi', the autogenous shrinkage by a strain
"x10- 6", the adi 8B&fiE PERFEREt BfeNPAcPEASETBY Bcid tﬁémcéﬁbté§snan

strength by "N and the _neutralization 0 depth by "m' and synbol -
for the auto@%ﬁnngogﬁYlﬂﬂagﬁ dj AlFesPorger 1 hepganat taht reEgrEgat Fon

| t th high_fluid d 41 TEST
EXAWPLE D UsT HEContt P EOhEVBEE RaofnG o cORLFBE b bF Rl BADbsi L1 on as
dentified bl
Ica(rapl IedI gut ! gn%gt h?%%ﬁita}g%ﬁgﬁ{ g‘hrom umretﬁjm ng a%J]EL{}e Elfq{%erlésjlsaigms
powder was e¥@£Uéﬁ@@uPylﬂEésHBhDQui?Qrb@xé¥§éeﬂérﬁhrQHEH”&éega'“'ng

concentration. The results are also shown in Table 7. Further, a water

reduci ng ageﬁﬁlﬂ@éeusgdpéDyéﬁﬁfla@? 5018LunpcMabyel ehriBeagoacsgie woul d be
181.5 cm Materials used ag powder (13): Slowly cool ed sl ag powder,

nonsul furic eeltufoum sghéiur . THe Yon-degrBeriod adidifdeatdOrEub%s Blai ne 15
val ue: 4,000 cnR/g, density: 3.00 g/cnB Slag powder (14): Slowy cool ed
sl ag powder,leant 0.5%, preferably at least 0.7%, more preferably at

least 0.9%. If the non-sulfuric form sulfur is less than

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



sulfuric acid formsulfur: 0.9% degree of vitrification: 5% Bl ai ne val ue:
4,500 cnR/g, density: 3.00 g/cnB 20 Slag powder (15): Slowy cool ed slag
powder, non sulfuric acid formsulfur: 0.9% degree of vitrification: 5%

Bl ai ne val ue: 5,000 cnR/g, density: 3.00 g/cnB Slag powder (16): Slowy
cool ed sl ag powder, non 25 sulfuric acid formsulfur: 0.9% degree of
vitrification: 5% Bl aine value: 6,000 c g, density: 3.00 g/cnB 42 Sl ag
powder (17): Slowly cool ed sl ag powder, sul furic acid formsul fur:

0.9% degree of vitrification: 5% Blaine value: 8,000 cne/g, density: 3.00
g/ cnB 5 Sl agPpeifRE {NBFRCEAR ébEai REdABPAAREr $ilHg dtagMBIRESLARS) i n
water for aging_to bring the non-sulfurjic acid formsulfur to be 0.7%
degree of viP?ngE%?PSﬁ OSWFeﬁﬁﬁaiﬁnGaFbéoméuﬁoéeéﬁﬁF&Q &@ﬁéPFVanfG 3.00
g/cnB Sl ag pomd (1%% obtalned by i mersing slag powder (16) in water
for aging to°BliRg ¢ ahaﬁ sul furic acid forn1su|fur to be 0.5% degree of

f 5 15 Bl : lcnB S
povtir | (20) " Cne U6 APREL 0y 5 it 8l 45 Bowder  ToF A8t Y a0ing
to b £ h f 0 °
PRET e e e s 5’9@‘%6‘36%82@ 3 ag

wd 21 | f
. 7% 25 degroe of 41 ???ﬁ?c%?gﬁmg%%rﬁf“g?%%m&%f‘lﬂ'elc 1505 emere ity

2.97 gl cnB St agmpoWEEr ob2dined! 0¥ ¥neoghadog! agoRgwdens RER-suddusyliuric
acid formsulfur: 0.5% degree of vitrification: 30% Bl aine value: 6,000

cnR/ g, densiiyid2£84mgbanBuskagupaveer th23dxulEuandl aked Foast shurnace sl ag
powder, 5 non-sulfuric acid formsulfur: 0.1~ degree of vitrification:

950, Bl ai ne galueulbuPb0scalidg, sdéfisity: S2c90ayg/ enBuieasnsayi hg net hod
Hexaval ent chrom umremai ni ng concentration: 10 In order to confirmthe
hexaval et cbbbaivedr bffugihagtabivinoybyf at hetbedert Fdmagtughd, aadh&xaval ent
chrom um standard sol ution was diluted to prepare a solution having a
hexaval ent chr 6!5(@991 &BAcEAt FaPfoRudfur0drnglestafgrrgcy Sflagdeh cenent

adm xture was 8 into 50 cc,of éf % h hexaval ent chron1un1ﬁ i.on,
fol | oned by Bf P?FHgYaWBSHCB%pPP PERNOECSBRRR daEY 881 iPerilglh ing,

separation i ed oy nd remai_ni n X valen ch onlu
concentratigﬁ §p%e PPqU|d ghaségmés “heddu gang AdYeval gte ﬂ§?é°dthe
remai ning co n;qf e nal chromi um was neasured by an I CP
em ssi on spe@?gg%%gkkga aﬁ§$y§|§§?% accordance with JI'S K 0102.

15 The slowly cooled slag powder exhibits the fluidity-
maintaining performance and the effect of reducing
hazardous heavy metals including hexagonal chromium, by
containing the non-sulfuric acid form sulfur. However,
even 1f a polysulfide, a sulfide, a thiosulfate, and a

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

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

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



44 Table 7 Unit wei ght

(kg/ cnB) Hexaval ent Test Sl unpchr om untSl agNot esNo. Cenent WAt er SandG avel | ossrem
ai ni ngpowder concentrati on7-1245175804951(13) 1058. 59Ex. 7- 2245175804951( 14) 10
57. 56Ex. 7- 3245175804951 ( 15) 1056. 53Ex. 7- 4245175804951( 16) 1056. ONDEX. 7- 524517
5804951(17) 1055. ONDEX. 7- 6245175804951 (18) 1057. 017Ex. 7- 7245175804951( 19) 1058
.035Ex.COnp.7-8245175804951(20)10520.0GSEﬁ 7-9245175804951(21) 1057. 019EXx. 7-
10245175803950( 22) 1058. 538Ex. Conp. 7- 11245 %5803950(23)10511 582Ex.C0np.7-12
245175799946* iOSll.SlOOEx The slunp loss is represented by "cni and the
hexaval ent cRPORFHTY eRRINPAG EBncEfCration by "ng/ 1", and symbol * for the

sl ag neans fine nmest one .po ND for th exaval ent. chrom um
renai ni ng concenb%&tlgﬁ ﬁgp%ﬂ¥ﬁ TFSEC ¥ 2een ESQ' %¥5éffﬁbL 8 This test
was carried Qut manner, st Exa Rt hat usi ng

the sl ag pomEeFfng%Ee r8en F.eéouﬁa¥£ﬁr y8we&gﬁEVeF?§' aV| éhébncrete
bl end 5 Conp§§EE59Q$%gkag%n%'E'eﬂo T3 §,8.0508 P gpar 4o 20 Lhe, s up

| o0ss was neasured. esul t's are "afFso sho

wei ght (kg/c t

SIagSIungﬁb %gééﬁ§ terganéafg&eFFogggos e€8pff?&f??@@G&?flfffu§§n§33217580
69541810, 58- 331511589995339. §§s§2§9435§0§9§@79§ 581 5210175803250 485. 08- 61
751758039501754. 08-71401758029492103. 0 1o |l oss”is represented by "cnt
TEST EXANPLEeEfEBtsoEeeheweem@aheeeqseuwluu h@eo&%@an@ﬁmneonaahén Exanpl e 7
except that using cenment A as identified in 15 Table 9,) high fluidity
concr et es hasthgrchaadet @ fbliendxcerpes Sl @as tas bydertighited the Taklte 9, were
prepared, and segregation and a change with tinme of slunp flow were 46
measur ed. Théncesakes,asecal beisgowndiesitablle.9. Further, a water reducing
agent was used in conbination so that the slunp fIOM/vaIue of the concretes
woul d bel®0050 nmMACWeViRras witdg et edw sSeptedat iigpaivi Sihe Ioproisse vafd. A

case where sggregatlon resulted is represented by X, a case where slight
segregation h&§ 85§§F9§d1nW§nFeSPeséﬁté§ @%eéeréﬁ§ &oc¥s€ 18 where no

t .t ed, t . Sl f S di
Coer bt TR SRR Rl L B s e
with' Undermggg& anh%%ggr%ghe %§09$@%{ ggg%pREFégagﬂglx 1 "Test On

Under wat er Non-separ a ncr e publ i shed by

Foundati on, 59@%&@&09@12'OEGQEEdE%C@ﬂbﬁa%scﬁﬁh%hlﬁﬂﬂshhﬁlé%pa@%i%lhﬂﬁt'tUte
of Technology on 20 Fishing Ports and Comunities) and the average val ue

was takers asstih€igkynmpobbew. sul4fdkabhe ckelestiUfiieleizghc Eka/ar), Sl unp
f | owSegr e- No. SI ag060120Not esCenent Wt er SandG avel gat i onpowder mi nm nmi n9- 130

0165769839( 13n250DA65680550E . 2123001657 628396k4) 2000670 6:30560Ex. 9- 33001657
69839( 15) 2500675685570Ex. 9- 4300165769839( 16) 2500675685605Ex. 9- 5300165769839
(17) 2500670688825E%. 914300 165 NFY83YENS 52316806155 80Eend ur300165769839( 19) 2
500670660525Ex, 9 , _ , _ ,

8Conp. 3001657898398 20¥2506861635657 FRE10 2530016576 PE3 FLA T E5006T5EPESB0EX . 9-

12%8%?388?2%3%%%%50‘%%@321%32%8%% SFRRGH oM PO Ha Ry AEARNY D TR oSt one.
ponser 30 B Baspol SRR TER e SRR Sy 88 TET
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



Test Exanple 1 except that concretes having concrete blend conpositions as
identified in Table 10 were 5 prepared, and the slunp | oss, conpression
strength, adiabatic tenperature increase, neutralization depth, further,
effects of the present cenent adm xture for reducing hexaval ent chrom um
wer e nmeasured by prescribed nethods. The results are also shown in Table
10. 1o Materials used Slag powder (24): %Iomﬂy cool ed sl ag powder, CQZ
absorption: 2.0% anount of bound water: 5.0@6 non-sul furic acid form

sul fur: 0.99% soluble sulfur 15 concentration: 300 /1, oxygen
consunpt i on:X LS 5eA (- Hmald2/ 59 10k} ea$ i bRUF cERRERBRIPBLERT | 4F: 2025 v,
degree of vitrification: 5% nelilite |lattice constant a: 7.78, Blaine 20

speci fic sur¥ers: ar&h:me boo /st iYL EE RPRIEHEE S IS Y owder (25)

Sl ow led sl b i on: ~ 3. 09 d :
2. 53 " non. suHTUr S Lo 197 ° 95807 1 41 L0285 21 0B/ &- sul f i Loncent 1 at i on
340 ny/ 1, tion: 9.2 x 10-3 P/ 49, 0xj dat i op; ti

ot onti al : SRS AS4l BE oFOUFETH R ERETohe  596°nEPFT I (801 DO (1 Co RBRStant

a. 7.78, BIq%%gfﬁgeciéigesHﬁ%g%egﬁggge%éaggof%%gégggg?gﬁﬂ§ggxg?§.00 g/ cnB.

Sl ag pomaer : oWy c00 0 ﬁ waer , ption: % anount
f b d ter: 9 - i i | . Q | f
o ound wa I%ﬁé%ggﬁf#2§%$é¢£yéﬁg @ﬁfgmiﬁﬁp}éauégégxgigé%tSBEug%fgﬁﬁ ur

1o concentr oxygen consunption:

oxi dati on-reductione petentd abpe 2708V, degree of vitrification: 5%
melilite lattice constant a: 7.78, Blaine 15 specific surface area: 5,000

cn2/ g) density: 3008 §fCABn-Shagupowderif2fprmSkamryircaaledfskag powder,
C02 absorption: 4.0Co, anount of bound water: 3.0% non-sulfuric acid form
20 sul fur: OGe88fpbe) Ubtessuffiuricnacestnat polys4ls iy Ionexygafi,
consunption: 10.3 x 10-3 mml 02/ g, oxidation-reduction poteng[al: 290 nv,
degree @b vinz2ficelhiosulsssentdnti {8:@5 ) atsulll tonkeant ($0:°7). 74 Bl ai ne
specific surface area: 6,000 cn?/g, density: 3.00 g/cnB. 50 Sl ag powder
(28): Sl ow ysebbred semg poAdet; QI ABoHPke ol IBogongRHIA BFOh ot d
water: 4.0% non-sulfuric acid formsulfur:, K 0.9% _saluble | fur 5 10
concent r at i OHRe SPBCGYP Er 2 bk9YeRt cBARTAPE F ¥R C12°29x L 23S HBPH24 G
oxi dation-reduction potential:.350.mV, degree of witrification: 5%
melilite | attieer Bonee bt A YiTRIGEURRE” oRagrt FRYshr 8 aredYs, ooo
cn2/ g, density: 0] cnB. ag.p erntdNs wWL¥ gapled sl agegowder,
C02 absorpti%%%lgpogégéﬁgﬁﬁ?g%fQﬁogﬁg Wat er %?%8@ non-su?faric acid form
1520 35 and stirred 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.



25 sulfur: 0.7% soluble sulfur concentration: 325 ng/1l, oxygen
consunption: 7.7 x 103 mmol 02/ g, oxidation-reduction potential: 230 nV,
degree of vitrification: 5% nelilite lattice constant a: 7.78, Blaine
specific surface area: 6,000 cnR/g, density: 3.00 g/cn8. Slag powder (30):
Slow y cool ed sl ag powder, C02 absorption: 4.0% anount of bound water:
3.0% non-sulfuric acid formsulfur: 0.5%_ soluble sulfur concentration:
229 nmg/l, oxygen 51 consunption: 6.3 x 0- 3 nmo102/ g, oxidation-reduction
potential: 218 nV, 5 degree of vitrification: 5% nelilite |lattice constant
a: 7.78, Blaine Epethei degupeaeé Hibhifscabpornppghigbnseien 3£00 g/ cns.
Slag powder (31): Slowly cool ed slag powder, CO2 absorption: 4.0s, anount
of bound maﬂ%%bSQEQMGa%ﬁﬁ-§@¢f%@m% AP oPFn 20N 18ULEREUF: 201804 OLBI ubl e

oxi dat i on. 1 GOYEL WOk bofoRER BPeca 78T RRAORCDE o 61 bPiPert EatPoRt Ber  ©
el g, deneity AL OO Bk Sl S~ pondbr-(33) 0 ShouPy EbarEALSLA] powder
For m sul Pur ‘>0 oF S0P EBRes et uP 35 RenEont FAFY ohe LATATHRE. xygen
o & Ovindr Polindficd BUOLAZ! Bex s 18LL OBRE BAlHGhL POAROT ARL LREeCEES TV,

.Re
degree of VIQI’I I Ca I ce constant a: 7. al ne

specific surface . 6;,0040, / hBIeRSd tyf 2 91 B &8s orSl g powder
(33): Slow yg%%o?@(%?gf aSF powder’, E%B)Zt absorpti on: 3.:%)%l armunto of bound

water: 5.0%;0PRaS8LEUrERe8l Hafora & sHEEULhePeSHeatsobuRbeasbhUN
concentration: 291 ng/l, oxygen consunption: 3.0 x 10-3 mmol 0z/ g,

oxi dat i on- r eglicbipan peepti alardd8oaMridiegresudt . vitrification: 30%
melilite Zo lattice constant a: 7.74, Blaine specific surface area: 6,000
cnR2/ g, density: PugdhgkicnBheShagtpebdern ti’dsd) suGpareisangd elfifastt sf ameace
slag, COZ absorption: 1.0% anount of bound 15 water: 9.5% non-sulfuric
acid form suise: a0nguyrsorhpracsartacicoheent cayesallinengrbstarygen
consunption: 2.0 x 10-3 mv»102/g, oxidation-reduction potential: 99 nV, 20
degree of vikeFPreansdn: 0SusuBNarhéeSpEcPFPcLlibPi¥cECaPBaCPESEYECRP/ g,
density: 2.90

(ka1 cnd) Adi 20B8t SERER8V AF el ¥ 2f L8R aRBEo AP 6ER = np P Rel 5 £1oaton
chromi umes Sl agsi gni 7341 9aNoLeshp. Geppni Y4 eLSqndey avp! . poyglerhass,, s
15 is the area of the main peak of melilite as the main
crystalline compound in the slowly cooled slag powder, as
obtained by the powder X-ray diffraction method, and Sp
is the area of the main peak of melilite in the product
obtained by heating the slowly cooled slag powder at
20 1,000°C for 3 hours, followed by cooling at a cooling
rate of 5°C/min.
Further, the lattice constant a of melilite of the
slowly cooled slag powder 1is preferably from 7.73 to
7.82. The slowly cooled slag powder having the lattice
25 constant a of melilite within this range is particularly

preferred, since the neutralization-suppressing effects

are remarkable. It is particularly preferred that the
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nmeans fine | isﬁ%gggngoﬁéﬁge%{agnéogéggg?gpnlﬁgiéo g'yri[ps%l}delsg:ég/re%?gﬁqgg“'cm', t he
conpression streagth _by " ¢ e icabat ing ot at i ncrease by "C',
the neut ral igl@i{ci g% &gp ﬁet%%, tagnéétgﬁg %é)?g)\(}a?gﬁ?ééhﬁ%?heum remai ni ng
concentratio . " d sNBoho Xavabentmehy omdER renai ni ng
concentrati Oﬁr%%gﬁ@%&fr@g\t gé?eog" .Emwy]& gﬁ TEST EXAMPLE 11 This test was
carried out ppetrhe-$age tARANGI 089 ki’ 1§StoEZA0Pbechd) excapt thkaBledmer et es
havi ng bl end conpositions as identified in Table 11 were prepared by 5

usi ng variougagshewiy qeelsedhsihag,povdens/whi cheaecembéhebsaaecanet Weekrown
sul furic acid formsul fur anount, soluble sulfur concentration, degree of
vitrificati onhandegraion biznue esrid tahiceh tandlsditiof éeeiiaroiilyy o aing ilite
lattice constant a. The results are also shown in Table so 11 . Materials
used Sl af powderdE’BEL eSneNty addaldd oF-SyOpRESinICeE fasdsr sEroke 4. oo,
amount of bound water: 3% non-sulfuric acid form 15 sulfur: 0,9% soluble
sul fur conceRbtatingd: 508 NfyrLededfed 10 A4 TELEG 1OH1% PE T aHE

| attice constan%l a:. 7.73, Blaine specific surface area; 6,000 cn®/g,
density: 20 S¥o¥eFecisery &5 ~IegECIng RYNFOXEEIEE $%Ay Bowder, 002
absorption: 4.5~,. anpunt .of _boun -, 3S, .Nan- furhenachd, for ul fur:
" 0.9% sol ubl ngﬁlfnt?&%&goﬁ&eﬁ?rg??%%ﬂ%é g/ %chgér gébgp \%hé%?i%?i on:

50, nelilite W G Bl.aigne spreilfd . R urdaegy ar ea:
6, 000 cn?/ g, pgg%rﬁ%:a%%%{l%g%w%.léSIZ%équpovxder (37): é%oewl y cool edq?l ag

powder, D2 aPRIPIdEa1d. 2% &R 1 hewd &8 WAty ‘pcdfdenars Siilidalni ¢
acid formsulfur: 0.9% soluble sulfur concentration: 508 ng/1l, degree of
vitrificatioro 3% weldHdrdeal,| atrid cherenstaantbea:a €8 vBlegiene specific 1o
surface area: 6,000 cn2/g, density: 2.98 g/cnB. Slag powder (38): Slowy
cool ed sl ag pewcerior@l2 absdrtdt itome AD%heamaititf Ysndrd beatigrcresnge.
non-sul furic acid forms5 sul fur: 0.9% soluble sulfur concentration: 508
ng/ 1, degree of \BY riHigdeawitcho,siigi it el RITTE LN oy, B

Bl ai ne specific surface area: 6,000 cn®/ density: 20 2.96 g/c
P amount of elution of thiosuf%ate sul%ﬁr, s&iéﬁté’sd?%ur

20 or the like. By increasing the fineness, the initial
fluidity, the hexavalent chromium-reducing effects and
neutralization-suppressing effects can be increased, and
inversely, by decreasing the fineness, it becomes
possible to present the fluidity-maintaining performance,

25 the hexavalent chromium-reducing effects and the

neutralization-preventing effects over a long period of

time.
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38) 1077. 024. 834. 520. ONDEx. The slunp | os s represented by "cni, the

conpr essi on stren th by "N mR", the adiabatic tenperature increase by "C',
the neutralizati® ed@ﬁYﬂeByCGHﬁPmpﬁﬁﬂnNBffGhetﬁéOWé%aﬁﬁpéﬁé SHAENT um
remai ni ng concentration ans. "not dﬁtecte ! igﬁTEST MPLE 12 This
test was carPPEdCHutSi RFERETEAM¥ AENNERSEsZin e Q240 exB¥E that b5

5?2555"2?&3@9? a3y c&hettn e Pokur b arertpls o aﬁ”&d TP 3,7 Thbre
12 TestS 3 1
daysgﬁm gg(f%[liﬁll% gzg ggre o'ige?g Eﬁéﬁé"ﬁa@ wéer iggé ‘éfg%go% 645. OEx. 1

2-3C3511..924, %4&u§€% fI@?dgk?goP°$QﬁéntscBﬁBESﬁS”E?th¥an§éB§ per 100

parts 10 of the po he conpression strength '1s represented by

CNme” TE§H£5%fﬁﬁlﬁéé§cIH§seEEéEtgﬂéaﬁabé'SQtQHheH” the same manner as

in s5 Test Exanple 4 except tThat cenent was used, and the slowy cool ed

sl ag powder (25)ras bdeBkhf tedsumptabhe 113 a0as nieed tion k@G pakts of the
cenment conposition conprising the cenent and the slag powder. The results

are al so shomedauhsidgbbpildty20f th8 JSabbepdidadest Sragoxatiess) ON g of
st rengt hCenent Not esNo. powder Z day3 days7

daysConp. 3- 1&Ns149. 528364 1a08x403m1B201614891164. BExet3a2B21Be035. 850. 5EX.
13- 3B3015. 532. 047. OEx. Conp. 12- 2B3513. 026. 645. OEX. 13- 4B4012. 524. 944. 2Ex. 13-5
B5011. 724. 548hofk. f¢he2shagr§oﬂndrthgnrépbégéﬁ?édtbyfiéér@§iOper T1®0 parts
of the powder, and the conpression strength is represented by "N me" 5
TEST EXAMPLEL44m¥hp§ EBSt fhdsTakeri &8 Bht ofnat Ae IsBAR/hufREF 28 1 PRCTest

Exanpl e 5 except that_the slowy cool ed sl ag powder. as .identif.ied Tabl e
14 was used.€ ?ﬁéuWeEHF%gtﬁréqH? SlﬁoiHB&ﬁn ﬁR%aBI56Y4drOp?aﬁFa a14 /20

SIunpAdla UnlthElg dgggé%n§égh8 ég%o e Qggkor ferroin are added,

and tetravalent cerium remaining in the shaken ligquid is

15 titrated with 0.1 mol/l ferrous sulfate. From this
value, the amount of tetravalent cerium {(unit: mmol/g)
reduced to trivalent by the slag powder is obtained, and
one dividing this value by 4 is taken as the oxygen
consumption (unit: mmolO;/g).

20 The oxidation-reduction potential of the slowly
cooled slag powder is preferably at least 100 mV, more
preferably at least 150 mv. If it is less than 100 mv,
there may be a case where no adequate hexavalent
chromium-reducing effects can be obtained. The

25 oxidation-reduction potential is one of indices showing
the reducing ability of the slag powder. For example, 50

g of a slag powder and 100 ml of distilled water are
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-6550165773844- 00655375-37066. 578. 30. 5Ex. Conp. 15- 7300165873953-
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(27) 2500690665- 2042. 148. 83. 0Ex. 15- 10300200725792(27) 2500680615+10042. 234. 05
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. 15- 14300165738805 (27 75250676645- £64P°383 b7 3ndexaPs 31 3301985 72 7794(27) 35006
65670-5042.154. 01. 5Ex. a,. N.The sl.u flow_is repres . "m,_ the

aut ogenous sﬁPFﬁ%ﬁ%@oﬁyog SFrEFﬁStX s Fh§QE i A a?&%ﬁgég%%fg?kﬁé

i ncrease by ¢ e r i gthh =Ry #N, . -
neutralizatiggsgeE%H %%%Rﬁ%?%aﬁg 2&%%§I%JSEOFftﬁgﬁgﬁ?bggﬁﬁﬁgﬁéﬁﬁ ﬁfgbe in
Test No.d- 7 siBans ithalk isededtishAFureS B hasS @ ddatc gt tfilo ditty
concrete was not prepared. 62 TEST EXAMPLE 16 This test was carried out
in the sane meprefld&nrdik Bedd Examplseltwexcepteliftat, tdfe dreXasateritOochr om um
reducing effect of the slag was evaluated by mxing a 5 reduci ng agent
(ferrous sul frat/é,, duartdnetreed afeagérity,, mamlfcativuced Usd Kamo Chvidcal Co.
Inc.) as identified in Table 8 to the above sl ag powder (14). The results
are shown i nwhdlglhe heG. a1 ¢icpalglee ofig vitrification of at most 30%, a

rexava ent SI qgReduct ngoh T UPOYIET A9 TeS]: Mo TRy NN S parts
bYConcentratio i ght i.ght) ~l).16- 15050NDEX. 16- 29010NDEX. . 16- NDEX. 16
D N5019me b GG B B KRB AR T By LTy s H et
adm xture ofc%ngpresent i nvention, the anount of clinker to be

i ncor porated cah®15 be reduced, whereby a | ow environnental |oad type
cement conposi ti o, £af D, ORIA ey s AUL Qyr UG fYUH K A SEMBNL SONPOSI ti on,
it is possible to obtain a concrete which 63 has a small slunp | oss or
heat of hydraid,.qn Andi W ahnlis dear dhut neutiraldathrArint hat |1 Quan mrgo

applied to a concrete having a
cm?/g, more preferably from 4,500 cm?/g to 8,000 cm?/g,
25 most preferably from 5,000 cm?/g to 8,000 cm?/g. If the

Blaine value is less than 4,000 cm?/g, there may be a

case where no adequate effects of the present invention



| ow wat er/ powder ratio such as a high fluidity concrete, 5 it is possible
to suppress autogenous shrinkage to a small |evel. Further, an effect to
reduce hexaval ent chromum wll also be obtained. 10 64 CLAIMS 1. A
cement adm xture characterized by conprising a slowmy cooled slag powder
whi ch contains nelilite as the main conponent and has a carbon di oxi de
absorption of at 5 | east 2% when carbonat for 7 days in the air having a
carbon di oxi de concentration of 5% a teﬁ% rature of 30C and a relative
hum dity of 60%_ 2. A cenment adm xture characteri,zed by conpri.sin sl ow y
cool ed sl ag pevaler ORhRERSEonEnd Inalki frt 84 ¥efﬁée%0tﬁaﬁﬁc@@ﬁp§ngﬁ® and

has a loss on jgnition of_ at nbst,5% which.is a weight reduction when
o fod ot 1CBORD (U Jo Tt B 1 O ehht BT O TR haF bR PR r0d by

conprising a_ sl .cool ed sl ag.powder i.ch cont ai ns liJite as the sb5
mai n conponeﬁ?cgﬁEX&BHtHpﬁgoﬁP%ﬁgﬁig g AF%F §EPW3V ﬁnggétsggghon-sulfuric
aci d forn]SU|é%rér4isA gﬁgﬁﬂttadgkxt g%h%Q%racg ﬁi%%%r%yﬁ% 'g %?%%s%

slow y cool ed°¥ ag powder Whi Ch &ont'arns el il 'te as the i N conponent and
has an iqn ¢ t LOE - ubtyri ccacid f.orm. f 0.el yte, of
at Ieastqﬁooﬁﬁ%?§.a§¥b$289%52§%t%25§ik%&?e%gcgg%di quggg%%%g%et%f%%lains
1, 3 and 4, which genprises the slowy cool ed sl ag powder which contains
nmelilite as the main conponent and has a | oss on ignition of at nobst 5%
which is a wei ghtrnb ah@diugt ioFn teepricgrided @i xbRR0C J Me x4l nuteLs. 6.
The cenent adm xture according to any one of Clainms 1, 2, 4 and 5, which
conpri ses thaosl pukyieaokedyshagipedaiebut 6% Whi clkuedntaipre faelaidivt e as the
mai n conponent and contains at |east 0.5% of sulfur present as non-sulfuric
acid form suffom. 37t0Thé pemest admexpuedeaebdydifmgnt & day SOneaoftsC ai ns 1
5to 3, 5 and 6, which conprises the slowy cool ed sl ag powder which

cont ai nstarel mpetepasienebini froonmponént 44ntalas  a icoAdénteatisorr fofthe
non-sul furic acid formsulfur to elute, of at least 100 ng/l. 8. The cenent
adni xt ur e acE6P@REgCEBPRSy tdRE GPTEFASAHEIL CERSNS ARAWHNEh PEGHSHitses t he

sl ow y cool ed _sl.ag powder _havin degree of vitrificatiqgn of at nost 30%
9. The cenen?dgaﬁg%gﬁre ﬁgchd?%gﬁ?ﬁsa yaﬂné BFTEF ai Hi8 ﬁg?gugFemhich i

conprises the_slowy cooled_slag_powder havin lilite |latti const ant
a of fron17.?§§F8%%.§%.%%§_?6? g CENERt 8 n%%%&ggsagng F%ﬁeiggfny one of
GQaims 1to @ea\eh bEN LGATRL; 3GS fofrh%os L oy coohed ﬁhﬁ@&&?ﬂﬁ%& hauifg A

. . 1 n
Bl ai ne specific surfaCe area of at |east 4000 z cm . The cenent

adm xt urgs acgebgeR@yvt 0aany i@nQ tofi sChalet® 1h 2ade@slOf Wil garas amedxygen
consunption of at |east 2.5x10-3nmmol Oz/g. 12. The cenent adm xture
accordi ng tomagybene ehsE@ ahegel the @renitth pias g nex pdapieanyr edmeds on
potential of at |east 100 nV 25 13. A cenent conposition containing the
cenent adnmi xtor eeapodef.ined in any one of Clains 1 to 12. 14. The cenent
conposi tion according to Cl aim 13, wherein 66 the cenent is Portland
cement having a 3CIG-Siee? Wentaaierdt, ataqioys Bothend menesdferftu@oncr et e
made of the cenent  conposition as _defined in Caim1l13 or 14. 5 16. The
cement concr 8fe CZE¢8AdYng FEFROSFTHYTS E LRIt had T3] FRRHYST 650t 50
rnm

AL AL 2% ASREEPRSTAR IR, RE ko BROATREICTAL SR RE AS OK TAGIT AL SRETAY. ASY. AE. A
& . A&uY. A&E. JA& AL AL . Ag, . LA (A A AL WAl
R A@%géﬁgﬁgﬁgang%@ ; Rmentd Ay KrdnftdedDb1 YA AN
A--A-AA-K%5-éﬁggAAf&§~%§¥2%1$%QT%%%;QQ%%&e%;%om%déﬁN¥ﬂ9€ﬂand cements,

and a filler cement having limestone powder mixed, may,
for example, be mentioned. One or more of them may be
25 used.
In the present invention, it is possible to obtain a

cement composition excellent in the initial strength-
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one comprising cement and the present admixture. For the
cement composition of the present invention, the
respective materials may be mixed at the time of the

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

powder, cement clinker and gypsum may separately be
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compaction and can be used as high fluidity concrete free
15 from segregation, whereby the slump flow value as an
index of fluidity is preferably 650+50 mm. If the slump
flow value is less than 600 mm, the self-filling property
is likely to be inadequate due to a change with time when
the time required for the application or transportation
20 is taken into account, and if it exceeds 700 mm, there
may be a case where segregation is likely to result.
When high fluidity concrete is to be prepared, it is
preferred to employ a water reducing agent such as a
usual water reducing agent, an AE reducing agent, a high
25 performance reducing agent or a high performance AE

reducing agent, for high fluidity. The water reducing

agent is commercially available in the form of a liguid
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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

Seriesgs”, 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 Oil & 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



10% & ()- 10@@ 10@ @

10@ @ | m#nnnoozX9r P109. Z" 10%& ()-:!p9. Z" 109" J" & ()-: & 10W& ()-z!y] & 1098

S& ()-z'f& 109%@ @& ()-z!f & 10%@8&' () - zoppppppAqr P109. Z" 10%! Y" 10%yyé& ()-! D

Y'109%41& ()- 109%& ()- 10S'S' 10S'S"

10S"S" 1 yk9. 7" 109%8" S" & () - : Aqq#rs9s(tt}[ 9P10! p\ $Y" 109 5] 5& () - ! k$Y" 10965&' ()

- 10%& () - S! Xni 10%E5E5& () - SY" 1098& () - L\ bY" 10% 51 5& () - t uuuuuuvr P10! p\ $Y"

1094 5] ! T! 10965& ()-!! 10965& () - 10%&' ()- 2f0SUSU 10SUSU

10SUSU! f $Y" 1098USU&' () - vaQwwxxy @z X6P10! \ &$" 10% | & () - !t &$" 10%@5a5&' () - &' 10%

& ()-!1tb&" 109%BH5Eq )aIsEr 100498 ¢yed) gt3099 5| BRI F}c@ast Y{ Liwi Yeflg r P10! 10

o& ()-11109%"& ()- 109 & ()- 10f #f# 10f #f # o L

10f #f #! y&$" HOF R/ (YSUEREY 1008 TFY GPF V325 -PL 50 P199#RRBSRV 2! ¥BINnt 1095

S& ()-z1a9m' 10% *; *& () -z! k9 109" E" & ()-2z8&& "10% &. ()-z! a&& "10% ";

"8 8-2P+Yr mjeﬁmg%ymam- r(lalr-lu%a‘ﬁwg%ﬁoaaad e HcaBgr 1%
USSR At N - N

IR C PR P T CAORRBIEC o OERRAC - 1 0

@0%&' ().- Ssy10%4&' () - SF109%44& (). - dEr SA0@I10%4&. () - &5S, 10%4& () - y3. -

T0%: ()& " TUREE () CTBDT0OHER (IO Chr 10 tTo8r 250\ PP nekr 1695

L& () - MB! X$8%é@f/%&%(§i () - Mb! N& 109% P(P& ()-Ms10% & ()- 10H 10H

10HOf 10%48 (F=SZX0=\ 09 .' 1 109& ()-F 'a9 .'110%";"& ()-F

!&PlowKK&'()'Nﬁ!?ék%ﬁ%%g@éééﬁ@$&ﬁ@§h%9%%, the amount of water to be

L& () - Mb& 109%& ()-Ms~ @ 10% & ()-yl098& ()- 10% & ()- 10" 10" 10°L9
1096&f()'!kgusééioggEﬁéﬁ) Erftcularly limited. However, usually, it

SRAE~ @L5@0% & ()-L, 10% & ()-(@ON & ()-9@10% & ()-10% & ()-&10% & ()-R*
0123dYNCO 10Ks h9Keferably from 125 to 225 kg, more preferably from
10K&L10YKE' () - 1&10% & ()-18&10% & () - 181096 & () - 1&10%&' () - 1367 STUvWuV>C03

| & 109 &'0() -1&0 1066 B8%)kd3 per 1 m® of the cement concrete. If it is

1 & 10% & () - 1&! 10% & ()- 1109% & () - wxu] CC0&! 10% & () - 13

1 & 10% & () -1ks40%h@n(3233kg, the operation efficiency is likely to

181 10% & ()-1& 10% & () - 1xA?C0& 109 & (i_ 18 109 & ().-13 .

18 10% & () -RRIROF & 29d13E1 RF 1635 ReEs- 182259) ~Ehg3dimensional

T 10 & ()-1&109% & ()-13 & 10% & ()-1& 10% & ()-13 g

| TWz{ u] CCO&F 1094 él%;h 1§tF8ﬁ?'i%% 8"?;1- @}ﬁ?l@@?@e%ylgnd durability

1 &&! 109% & ()-1) & 109 & ().- 1x"200&! 10% & () - 1& 109 & () - 13

1 &1 1096 & () -3& 163%?%&{’) {"gisé?&?’i % & ()-112}AFC03 ! & 109% & ()-1& 10% & ()- 13

!&!1098&5()_1&!19%6§£E)b}%sent 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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10%& ()- L!109%$& ()- f110%$& ()- 10%>$ 1OYg!

f2:10%$& ()-vU4$ vy 10%$p& ()- 10%SPe klld%w@%l fgj?ﬁf%!%
*10%$& ()- f$ 10%$& ()-gK/ 4+ 10%%$ &( Sl 4+ 109%p$ é) I, 120%?0$p& 0)-1
+110%$p& () -1 + 10%$p& () -1 + 10%Fp& FH2 e Muvs; ) cn®/d,

S rVi /441 104! 10%%p& () -1 O+ 10%$p& () - 1. 0+l%? p& el +l10%@$p& O)-1

+1 10%$p& ()-1 5w |v9I rV6/4+' 10% E ()-| 0+! 10°/qD$p& ()-1

i b e el
O vt 10veses ()] & ﬁof?f%o‘%%réi o PR o TR 1)

+ 10%$p& () -1 + 10%$p& ()-1 +! 109 N e
M ! HWNOPQRqU9/ 4+! 10%$p& () -1 +! 10%Sp& () % AdgreSrst () v

vitrification: 5%, melilite

lattice constant a: 7.78, Blaine

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

Slag powdexr (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



+110%%$p& ()-1 15W M !+ 10%$p& ()-1 +! 10%$p& () -1

RSTUYZAV: [ 4+ 10%$p& () -1 5Wg M! +1 10%$p& () -1 +!10%$p& () -

+1 10%%$p& () -1 +110%$p& ()-1 "~ cgl qu_?/ 4+ 10%$p& () -1 +! 10%$p& () -1

+110%%$p& () -1 +! 10%$p& ()-1 +! 10%%p& ()-1 +!10%$p& ()-|

uvz| nN. / 4+ 10%%$p& () -1 +!110%$p& () -1 +!'10%%p& () -1 +!10%$p& () - |

+1 10%%p& ()-1 5W M ! mvt/ 4+! 10%D$p&' (O)-1. +110%%p& ()-1 +'10%$p& ()-1 5W
M ! $+ 10%$p& ()-1 + 10%$p& ()-1 |./4+ Y0%p$p& ()-1 5W M!+ 10%$p& ()- |
+1 10%$p& ()-1 + 10%$p& ()-1 +! 10%0$p& ()-1 1@|[:/4+ 10% L90% & () -

L, #F10% & ()- L 110% & ()- Ly109% &VAyrilfilcedgecs :( 2% rLIf@%l&Ll(t)e RSTUX vU4
Lf10% & ()- L 10% & ()-10"10"10" L*10% & ()-1 L(@ 10% & (

LL& ! 109% & ()- " ef kgK/ 40! 10% & () - 0Ilf(¥%1&e( @SRt ) - 01 180%}383‘8(3)“%' 10% & (

)-01 109 & ()-0! 109% & ()-rV: /40! 100! 10% & d% 00! 10% & ().- 00!, JEO% () 0! 10% &
'()-01109% & ()-5W M !rV6/ 40! 109 &VELIR: 1 A)QO()C%eSgloé}eas(l vx?

MTOU100 & () 011098 & () MLI 401 10565 (b S

hcsi i (ot DRI Tt . ons s )
0o 0o % 109 1 1009 o

0% & () - @s(pow Bos 5)() 0,()10 WY, o1k Wi (ﬁo&i\éfdf%om/& 0-011

M1 qUS! 401 109 & () - 01 1096 & () - 0! 10%.5
M 101109 & ()- 0! 10% & () - V: / 401 10% (%9%@% 4.5%, amount of bound

M 10! 10% & ()-0! 10% & ()- 0! 10% & % | JO% & 1 109 !
109 & ()- 0! 10% & ()- 0112)%&() 01(12)%%&0 & oot dDIdW & ()-0110% & (-0
nN. / 40! 109 & ()- 0! 10% & () - 0! 10% & L) - 8 L0%1 113
M |1 %@, / mvt/ 401 10% & ()- 0! 109% & ()‘g%t?%o%lf%%%w%ﬂ’ L)z
M!1"0!10% & ()-0!10% & ()-/49>BCDI -1MH 1O ofIcdW a: 7.78, Blaine
M 10! 10% & ()-0! 10% & ()-0! 10% & ()- 0! 10% & () - DEFGH Ot T/ 40! 10% & ()-5W 0! 1
0% & () -0 10% & ()- %! 10% & () - 00! 1e9%Ee { )8 00 ADUIE: /(g).- ReTBARLY ( )>-TFTVYACNN.
/'401 10% & ()- 0! 10% & ()- 0! 10% & ()- 0! 109 & ()- 0! 10% & () - 5W

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

water: 5%, degree of
vitrification: 30%, melilite
lattice constant a: 7.74, Blaine
value: 6,000 cm?/g, density: 2.94
25 g/cm?®

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

absorption: 1%, amount of bound



M ! chi j kI ngqU9/ 40! 109% & ()-0! 109 & ()-0! 10% & () - 5\
M ! 0!'109% & ()-0!10% & () - rmopt uyV: / 40! 10% & () - 5\

M!0!10% & ()-0!10% & ()-0!10% & ()-0!10% & ()-y{~_?/ 40! 10% & ()-0! 10% & ()
-0!1'109% & ()-0!10% & ()-0!10% & ()-0! 10% & ()-nN. /40! 10% & ()-0! 10% & ()-0!1
0% & ()-0'10% & ()-0'10% & ()-5W M!nM/4 "L 10% & ()-

1010% & ()-2Z0! 109 & ()-5W M !0l 109% & ()-0!10% & ()-.0?q|[:/4 "L
f,yl0% & ()- C*10% & ()- S (10% & ()- M & ()- " F% 10% & ()-

C#810% & () - O[:/4 "Ll "s7nf10%& ()- *,5:10% & ()- “410% & ()- "210% & ()-
“8&010% & ()- " 3.F"10% & () - 789: @m@r 14 BsL0%AMEY 2ly | i 10900& () -g

* S109M M& () - 109 M& ()-10"10"10" " 9miO% & () - 044@ 310M'M " &5
1098 M& () - 3. -109 M& () - s f, 109tg (hicat ignodtsd ()Blpine value:

m' 1090 M&' ()-g  ni 10% & () -

mgslow( h4109%$X& () - E h410°/<>($X& () SEOPL R CRPEhTT0IXER& I TRl ha100XEX
& () -

Y10%($X& ()YabRF MLOM' M LO51{ h410%?®?&%a)t%{h410%<$x& () - E{ h4109$X& () - E{

109X () E(N410%SXE () - E(h410° 4109XSX& L05{ h4109
X&' () - Ef maibsene () B O H B g Bod NAHERRE G5 Filed LOS

8"1">(, 0c4{ h41090X$X&! () - E- { h410%s t X h4109X$X&
() - EE h4iog/o<$x& () - E{ﬁzuocyé@x& () - Ei%%e@ 3 {( é”%{# 10@% 98 - { h4109$X

& ()-El t X<5 410 4109X$X& () - E{ h4 $X& () - E{ h4
10(()/g<$x& ()- { %S}a@x& ()- EQM?LOW%dﬁQt X<5 100/%%9%@(5{ h4(12)%<{$x&

() -H h410%<$X& () - E&{ h4109X$X&' () -drefecture; crushed stone,

8"1">(, 0c4l L, 5{ h4109X$X& () - E{ h410%<$x& ) - 5 h41093X& () - E{ h4100%K$X& () - E{
h4109X$X& () - E{ h410%X$X& () - E{ h410%QEne& €y - B2 ! 401 ¢/ &Fh4109XSX& () - E_

8"1">(, 0c4{ h4109X$X& () - E{ h4109$X& () - E{h4109X$X& () - E! " #$%& (t X<5{h410{ h4
109X$X& {9 - Efjh42@Y%EX& ci hoER4hA YXTXBIK ) péx{ DAfIAEXSAT ) wir{ it 108(EX&NY ) - E{ h4
109$X& () - E{ h4109X$X& () - E() * +08>1 L<5{ h410{ h410%{ h410%X$X& () - E{ h4109X$X&
' () - E{h4109$X& () - E{ h4109$X&' () - EfIel0noesXRy €3+ @M@%@WQY@O@\B@LOL
<5{h4109X$X& () - E{ h4109%X$X& () - E{ h4109X$EX& ( )-El h4109X$X&' () -

8"1">(, 0c4CDI PRU] dD<5{ h410%X$X&{ h4 1008 {31 BPRad@oK$X&: () - Ef h410%($X& ()-

E{ h4100X$X& () - E{ h4109XSX&! () - E{ h4109X& () - E] cdef g+D<5_

8" 1 " >(, 0c4{ hHEasREXRY (M&@ﬁ%@x& () - EE{ h4109%$X& () - E{ h4109%$X& () - Eghou
dH, 5 h410 h4109X$X& { h4 1096 E{ h4109X$X
2() EE h4109 X@P&Oéﬁmowo@x& 8 ﬁ@%{%ﬁb&&%ﬁ%ﬁﬁoﬁw{& ()-E{h4
10%X$X&' () - E{ h4109%X$X&' () - E{ h4109$ X8 &) » Ef n4109$X& () - EhLO
pP45_ {h4§i)’>%<{$x& ()-Ef h4(1%)%<{$x& ()- E%%ﬁl%(g/g(%‘?él\?@xfhﬁ)lo%(g;‘é (%‘(% é -
8"1">(, 0c4hH45_{ h4109X$X&' ({ h4109XSXEL4) v b N4 L1OMKSHE (- ERRGAOIKEXE () - E{ h4

L09X$X& () - E{ h4109%SX& () - E{ h4109XEX& () - E+HAb
8" 1" >(, 0c4{ h4109X$X&' () - EE{ h4109X$X&E £ 3 Ehh10GKSXES (31 Ehh4EOIXEXEPON- E_745

">{N4109X$XE& () - E{ h4109X$X&' () - EehB108K$NE' OF- EQhni0oXSX&WE - E{ h4109X$X&
- E{ h4109%$X& () - E_?45

( >E h4109X$X& 8 E{ h410%X$X& () - Efad20EEXRO( POERRD 1 ODRSREUTP- EPRE109X$X&
() - E{ h4109%%$X&' () - E_C#?{ h4109X$X& () - E{ h4109%X$X& () -E_

89|{ h4(1600/o@<g§<241? ﬁ%&(&&% ;] 4%? Za(%og/g,(gi& E{ h41Q9X$X E{ h4109X$X& () - E{
h4109X$X& () - IR, 5 B {ﬁzméﬁ;&ss&% %@ﬁﬁoﬁ&&%} TPE{ h4109X$X&' (

E{ h4109%$X& () - E h410%($X& E{ h4109X$X 6: >BFAD$?{ h
s sest ()-E A0S X! ()-E ﬁmzuog/a@i?‘p("% é{'é\%ﬁg%%l ﬁﬁé%e%lgi {

8"1">(, 0c4FJ ?{ h4109X$X& { h410%; h41.Q0 Efpal 2 ()-E
ChATOSGNE (1 ELRL00aNE () El p4 LOTOREor): Eog b ABE Ll bl o s ()

8”1 ">(, Oca{ h410998XE () - B 1090 X50) L AXEXE ) 1B HALOEHE) - Er v~d

8" 1" >(, Oaé{ h4109X$X&' () - E{ h4109X$X&, 4 L nEGHA1QY%$%8' () - E{ h4109X$X&' () - E{ h410
UXIXE () “E{ h41096X$X&: ()- E ?

8" " >(, 0c4{ h4J09BSXE (2 ebBAIOINSXE () - E{ h410%X$X&' () - E{ h4109%$X& () - E{ h410
0/<x$x& () - E{ h41OUX$X& () - E_CH?{ h4109%$X& () - E{ h4109X$X& () -E_

"1 >(, 0c4{ h4109X& () - E{ h4109X$X&Meksr2ehBLOMEENE (Offh 410 BELABA(t)icE{ h410%
X$X&' () - E{ hA10UX$X& () - E{ h4109X$X& () - E{ h410UX$X& () - E{ h4109X$X& () - E_?{ h41l
09X$X& ({ h4109X$X& () - E{ h410UX$X& () - E{ h4109X$X& () - E{ h4109X$X& () - E{ h410%X
$X& () - E{ h4109X$X& () - EdDS?{ h4109X$X&' () - E{ h4109X$X&' () - E{ h4109X$X&' () - E{ h4
L09XSX& () -E_
8"1">(, 0c4_?{h4109X$X& { h4109X$X& () - E{ h410%($X& () - E{ h4109X$X& () - E{ h4109%
$X& () - E{ h4109X$X& () - E{ h4109X$X& () -
8"1">(, 0c4{ h410%X$X& () - E{ h4109X$X& () E{ NA10YX$X& () - E{ h4109X$X& () - E +/ 37

0 _T ol
—— —




v! &+r/ 3310%&' () - MVWKYZ[\ ]t X<43109810%&' () - nB10%&' () - nB10%6&' () - MOB10Y6&
() - MB10%& () - MB10Y%& () - mB10%& () - ~gpqr (t X< O ;

vl &+r/ 3&310968& () - m&310%& () - nB10%&' () - nB10%B&' () - nT vaxyz{ 0S3310%& () - nB
1096&' () - mB10%%& () - nB10%B& () - MB10%& () - MmB10%&' () - nB10%& () - ngK/ 3109%6&
() -nB10%& () - m&31096& () - m&3109%6& () - nMB10%& () - nB10%& () - nB10%& () - nhlL
0gK/ 3109%6& () - mB10%& () - nMB10%& ()-nB10%& ()-m _O ;

vl &+r/ 3t X<3103109%%&’ () - mB10%:& () - nB10%& Y ) - n810%¢& () - MOB10%%&' () - nB10%6&
' () - nB10YB&' () - MP#t X31096& ()-m O ; ,

v! &+r/ 3310%&' () - nB10%&' () - "B10%5 & SMRSHFHORI0 Ug IS ) - n810%&' () - nB10%&
'()-nB10%& () - nB10%& ()-nB1l0%&' ()-nB1l0%& ()- ngK031098109%6& 31096& () - nB
10968 () - mB10%B& () - NB10YGE () - N8 10VEE YL Lnem AR YUt REFVBE RS - n81096&
'()-nB10%& ()-nB1l0%& ()-mO ; ,

v! &+r/ 30S731098109%& () - m8109%6& () P GLimtodhse Y819 () - n8109%6&
'()-nB10%& ()-nC 0S7310%& ()-mO ; . .. .

vI &+r/331096&' () - mB10%¢& () - n81096& M irfu bR RS - n81096&: () - m810%
& ()-nB10%& () - mB310%&' () - rrBlO%&E'(%IR- nB8 0%3&'@ %ﬁ 34569K431098109%6310%
& ()-n810vs& ()-nmB10%& () - n810%%& (B9 (3= )58 ()-mb7; 2CC @
K3109%&' () - nB10%B&. () - nBL0%&R& () - nBlOY%R&. {) - -

V! &+t | 3GK EE§T6%§E‘E‘?9§TB%&% -%}5&%9‘-%16%% G -"8io09ss: ()-n810%
5& ()-nB10%¢& ()-ni bgkop_O ; - £ 20°C

VI &/ 331096& () - MB1OYEBE () - nB10%6& TSR REI0EY (S TptH] dBo o ©

V! &+r/ 3310%& () - mB10%& () - mB10%5& {J1 NBLAYD& {1 NBJOSA 13 - a0 & () - m.?
O ;

vl &+r/ 3310%& () - mB10%& () - "B10Y0 &Ko r BINYEEE 1 eBAOBE’ () - nBLOYB& () -m C
#?310%& () -nB10%& ()-mO ;

v! &+r/ 3300% &' () - nBLOYB&" () - m ?310%5di B4 DYEARL {9n MBAdOYSRL X ) e@BAOYHE () - nB10
05& ()-NB10%& ()-nMB10%& ()-m ?310%& (310%& ()- MB10%& () - nB10%& () - nB1
096& ()-MB10%& () - MB10%& () - miD$ %81 08B ¥ YRS OUBRY {9 nB1096& () - MB10YGE
()-mO; o .

vl &+r/3_?310%& 3109%6& ()- nB10%G& (FemBanstere) chnl®dbhe d j-iflo9ER () - nB10%
5& ()-m _O; v!&+r/33109%& ()-nmB1095& (%H%nelogs {): n%w%&']g -m#' +/ 3dDO ;
v! &+r/ 33109%68& () - mB109%6& () - 8109 {JLiB10oR% %S’- 81098  *RB109%6& () - nB5
9=BGL_?0 ; . : .

V1 &+ 73310968 () - mB10%& () - n81096&° 1§85 098% TIoGE10ba% 01 - RB10%6e () - nLp
TUY] _C#?3109%¢& () - mB10O%b& ()-m_O_ ) ang upon expiration of 6 months,

VI &+7/ 33109%& () - mBL0Y%&: () - aei mos. ?31096& ( 31096& () - mB10%& () - MB10YGS&:
() -MBl0%& ()-nB1l0%& ()-mB1l0%& () tABWsarRd10%hés (810%04&t ) ro8AQYBE () - nB10
9%5& ()-nB1l0%& ()-nB1l0%& () - mB10%& () - mhL0?310%&' () - nB10%%&' () - nB10%B& (
)-mB1l0%& ()-m O ; slices, whereby a phenolphthalein

vl &+r/ 3t X<3103109%6& () - mB109%G& () - mB10Y%& () - mB10%& () - mMOB1096& () - nB10YB&
" ()-nmB10%& ()-nH, t X<3109%6&' ()-m O alcohol solution was coated on the

vl &+r/ 33109%&' () - mB1096&’ () - mB10%& ()-m ?<3109%63109%6&' () - nB1096& () - nB10%
& ()-nB109%& () - nB10%& () - MB10Y%G& G;Oﬁﬁ?agig%glg%&o{#lﬁﬁlﬁ%&' () - MB10%B&
'()-nB10%& () - nBLO%E& () - MBLO%& () - mhLO?<31096& () - nB10%& () - MB10%6& () -
mO : 20 neutralization depth.

vl &+r/ 3310%&' () - mt X<3103109%%&' () - nB10%& () - nB10%& () - mMB10%& () - nB10%&
'()-nB10%& ()-nB109%B& ()-mtX<_ O ;

vl &+r/3310%& () - nB10%%&' () - nB10%6& () - nB10%B& ()-nt X< O ;

31096&' () - mB10%B& () - mB10%%& () - mB109%G& () - mB10%& () - nB10%& () - nB10%& ()
-mt X8_CB10%& () - nB10%& () - nB10%& ()-nBl0%&' () - nB10%%& () - nB10%& () - nBl
096& ()-m dD$t X3109%6& () - m810%&' () - nB10%&' ()-nB10%& ()-m O ;

vl &+r/3_?310%& 31096& () - mB10%& () - mB10%& () - mB10%& () - mB10%& () - nB10%
5& ()-m "#$#?_O ;

v! &+r/ 3310%&" () - nB10%b&' () - nB10%%&' () - nB10Y%BE& () - nBY& () *+t X<O ;



vl &+ /3310%8&' () - nB10%&' () - nB10%&' () - nB10%&' () - nB10%&' () - nB10%&' () - nB1l
095& () -m*, -./ 015t X80 :
v! &310%6& () - MB10%6&: () - nB10%B& () - MBL0YBE: () - MBLOYBE: ()- MBL0YBE: () - NB10YBE

' () - nb6: >BFADSt X31096&' () - n81096&’ () - n81096&' () - n81096&’ (

)-mO ;

V! &+r / 3FINPTX] _?31096& 31096& () - M31096& () - nBL0YG& () - nBLOYEE () - mB1OYES&! (
) - m8109%& () - nj bgkop_O :
vl &+r/ 331098 () - 181095 () - "81096& () - APL0YBE& () - npt x| dDO ;
V! &+r/ 3310968 () - MBLOY%B& () - nB109B&’ () - mBLOYE () - nBL0YBE&’ () - mB10YEB& () -m ?

O ;

v! &+r/331096& () - mB10Y6& ()- mB1096& () - nB109B& () - nB10YB& () - nB10%B& ()-m C
#231096&r&D1eB10%6& ()-m O ; -

Symbol * for slag powder means fine limestone powder,
loss is represented by

the adiabatic temperature increase by “°C”,

depth by “mm”.

W cm H '

the compression strength by “N/mm

and the slump
2”

and the neutralization

v! &+ / 3FTOVEE () - TRI0GE 2310968 (] 7 () - 81 TnB10%&
9%5& () - MB10YB&—() ”ugu, {13 %.’_%90%&'\ & ()-n81 @5& () - MB109%5&! ()’:E‘B
0968 ()1mB109B& () nB10p6& () - MIDE?310968 |n8109%RE& I ABL0YEE. () - MBLOYE
e s, 3] g%st%& 310968 2100681 ) ' 62 () - @%; y
vl &+r ! "().- v5&] $)2onB1 e}ormsloc ) - MBATIBR: ()2HBLO%
5& ()-mO ;| Ty Wé‘éiﬁo%‘ég‘ T NVE109G&( ) - TB10% Rk n B L ga &|63ptm % | 0
; in-
\;!Cg&g):ilo%&' () - nB10YGE (){nB10%& () - MBLOYESE () - nB16P&E&:()- "BLOYGE () - ND;
.t Q7
v! &+r 7 337098& 1% nB1896&20) | nB1bos &t (P2 nelovas: t4- 810988’ () - nB18ume: T - mou
YZ c_C#?31095&845) - nB16%5&4 ) - AFD | (2)105| 8.5 24.2 34.3 23.5 EX.
() S mB10088 () - 1 0pEar (] - ohl0ome || e 100, éi”??é‘oéh’*?g“%”i&;’@ e at0
- - ] () -yl |7 "()-1 & 0%
5&'()-nt>110%&' 19> nB 1095t 0 &4’(1)0%% 231095& () - %él%)%&' %)/@ ')
-n‘BlO%&l()S m@S‘ 175 804 951 (5)105 24 ] 34.9 16.0
EQ&U/?’ 013%0@%53/1?34?%;%_);04“31@%% nglmgj "1() 2681096&'5( ) - rrslﬂ%& 0%
m V! &+r ' ' - i
vI &+r [ 337005 $4° 1 f@%ggﬁ nén%o f.‘i;é)zng[ u%éfﬁ )wﬁgo h?
O 1-8 | 245 175 | 803 | 950 | (8)105 33.9 44.2 =
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1-16 140 175 802 949 (4)210 18.0 25.0 -
1-17 245 175 804 951 * 105 24.8 34.5 42.5



& ()- 310%4& ()- 110%4& ()- 1&@- 10% g4 & ()- " *10%4& ()-/gbA410g4 vy
10UKA& ()- 10%K4& ()-  @O%KA4A& ()- 10%K4A& ()-

109K48&' ()-10q410049Q [: A41004 & "10%K4& ()- yl0%K4A& ()- y3' 109K4& () -

, 10%K48&' () - s@O%UA& ()- S 10%K4& ()-Q h9o| [ NAM41010K4A10KA10KA F. 10%K4&' () -
of , 10UKA& ()- YYOUKAS ()-M & #! 10%K4&' ()- y 10%K4& ()-sfJ.4Y ~#10% {4

& ()-CKY ~#10% {4 & ()-GY ~#10%{4 & ()-%_ ~#10% {4 & ()-GY ~#10% {4 & ()-G
L10% {4 & ()- 10% {4 & ()-J*.Y ~#10% {4°& ()-GAo; = {#Y ~#10% {4 & ()-GY
~#10% {4 & (qg GY ~#10% 4.& ()-GY ~#10% {4 & ()- Q T4Y ~#10% {4 & ()-GY
~#10% {4 & (BEEY E%%% 42 & ()-GY ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10%
{4 & ()-GY ~#10% {4 & ( N24Y ~#1 %&4 & (ﬁ G Y ~#10%{4 & ()-G Y ~#10%
{4 & ()- Gy ~#10941r8 ‘&e . carrig Yosdy 4RE FFIE MPRRST 25 {HQY ~#10% { 4

& ()-GY ~#10% 4 &' %%@ Y ~#10% %}g G(\)( ~#1 %{g géYgX g
& ()G ()dHd e#&o@/"%ﬁ & B1b% T4 a?)l- S5 f4 & ()-GY
0{4 & gglend compositions as shown in Table 2 were prepared by
5 using slowly cooled slag powders shown in Table 2, which
are the same in the Blaine value and the degree of
vitrification and which are different only in the
melilite lattice constant a. The results are also shown

in Table 2.

10 Materials used

Slag powder (9): Slowly cooled slag powder, 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/cm3
Slag powder (10): Slowly cooled slag powder, CO;
absorption: 4.5%, amount of bound
water: 3%, degree of vitrification:
20 5%, melilite lattice constant a: 7.75,
Blaine value: 6,000 cm?/g, density:
3.01 g/cm’
Slag powder (11): 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:



~#10@6{4 & ()-GY ~#10% {4 & ()-G).89:;<aF)dY ~#10% {4 & ()-GY ~#10% {4
& ()-GAo; (#GY ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4
& ()- G<=>7FGH pT8Y ~#10% ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4
& ()-GY ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4
& () -G JKLMNG N28Y ~#Y ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4 & ()-GY
~#10% {4 & ()-G Y ~#10% {4 & ()-Gho; = {#OPQ “ael*8Y ~#10% {4 & ()-GAo; =
{#Y ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#T0% {4 & ()-GY ~#10% {4
& ()-Gei mgu}_?8Y ~#10% {Y ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4
& ()-GY ~#10% {4 & ()-GY ~#10%Q{&8&gdpﬂéw ~#10% {4 & () -G aA?8Y ~#10% {Y
~#10% {4 & ()-GY ~#10% {4 & ()- GAo; {#Y ~#10% {4 & ()-GY ~#10% {4
& ()-G ?8Y ~$1@g@pqwd#qo¢g@h &S@yw@y codled slag powder, CO;

absorption: 4%, amount of bound water:
3%, degree of vitrification: 5%,

5 melilite lattice constant a: 7.83,
Blaine value: 6,000 cm?/g, density:

2.96 g/cm’



~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10%
{4 & ()-CGaA?8Y ~#10% {Y ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4

& ()-GAo; = {#Y ~#10% {4 & ()-G_ ?8Y ~#10% {Y ~#10% {4 & ()-GY ~#10% {4

& ()-GY ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4

& () - GbB?8Y ~#10% {Y ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4 & ()-GY
~#10% {4 & () - GGAO; {# ?28Y ~#10% {Y ~#10% {4 & ()Y ~#10% {4 & ()-GY
~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10%84 & ()- GY ~#10% {4 & ()-G bB?8Y
~#10% { TP %1002/0{4 & ()-GY ~#10% {4 & ()-GY ~#10% {4 & ()- GY ~#10% {4

&' ()_ f-l-l-l n/ 00\/ J-L’IOn// £\ A—Ql £\ \s O f APl N N g o
. 1Y 1+LU/01‘+ o () H#I0% {4 = GY = LU0 1 4
& ()-G “#10% { 4 @dmﬁ-@gh#l@%qfrnf)&' O)-GQr ~#10% {4 & P)dl@/&* 26bB?28Y
batic
Neu-
Compres- | tem~-
Test Slump . tral-
Slag sion per- Notes
No. |Cement |Water |Sand|Gravel loss ization
powder strength | ature
depth
in-
crease
2-1 245 175 804 951 (9) 105 7.5 24 .5 34.8 22.0 Ex.
2-2 245 175 804 951 (10)105 7.5 24.2 34.7 20.5 Ex.
1-4 245 175 804 951 (4) 105 7.0 24.4 34.8 18.5 Ex.
2-3 245 175 804 951 (11)105 7.0 24.7 34.8 19.0 Ex.
2-4 245 175 804 951 (12)105 7.0 24.9 34.9 19.5 Ex.
2~5 245 175 804 951 * 105 7.0 24.9 34.9 42.5 Comp.
Ex.

Symbol * for slag powder means fine limestone powder, and the slump
loss is represented by “cm”, the compression strength by “N/mm’”, the
adiabatic temperature increase by “°C”, and the neutralization depth

by “mm”.



~#10% {Y ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4

& ()-GGA0; = {#6: BFI M ?8Y ~#10% {Y ~#10% {4 & ()Y ~#10% {4 & ()-GY ~#10%
{4 & ()-CGY ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4 & ()- GWRVZ bB?8Y
~#10% { Y ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4

& () - GGAO; {#7bj nqu_?8Y ~#10% {Y ~#10% {4 & ()Y ~#10% {4 & ()-GY ~#10%
{4 & ()-GY ~#10% {4 & ()-GY ~#10% {4 & (); O ~#10% {4 & () - Guvwyz{] N28Y
~#10% {4 & () GY ~#10% {4 & ()-GY ~#10%{4 & ()-GY ~#10% {4 & ()-GY ~#10%
{4 & ()- }=J.8Y ~#10% {4 & ()-Gho; = {#Y ~#10%{4 & ()-GY
~#10% { 4 &' ?E@ %@@43 & ()-GY ~#10% {4 & ()-G 28Y ~#10% {4Y ~#10% {4

& ()-GY ~#1096{4 &f() GY ~#10% {4 &fg) GY ~#1096{4 & ()-GY
0 parts of water and 300 parts of sand were mixed

to 100 parts of a cement composition comprising 65 parts
of Portland cement shown in Table 3 and 35 parts of slag

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

Materials used

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

Measuring method

Compressing strength: Measured in accordance with JIS R
5201.

20



~#10% {4 & ()-GY ~#10% {4 & ()-Gel-8Y ~#10% {4 & ()-GY ~#10% {4 & ()-GY
~#10% {4 & ()-GAo; = {#Y ~#10% {4 & ()-GY ~#10% {4 & ()- & T8Y ~#10% {4

& ()-GY ~#10Y ~#10% {4 & ()-GY ~#10% {4 & ()-G=Y ~#10% {4 & ()-GY ~#10% {4
& ()-GY ~#10% {4 & ()-GY ~#10% {4 & ()- GOBT8Y ~#10% {4 &Y ~#10% {4 & ()- GY
~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4 & ()-GAo; = {# T8Y ~#10% {4 &Y
~#10% {4 & ()Y ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4
& ()-GY ~#10% {4 & ()- GOBT8Y ~#10% {4 &Y *}#10% {4 & ()-GY ~#10% {4 & ()- GY
~#10% {4 & ()-GY ~#10% {4 & ()-GGA0; = {# T8Y ~#10% {4 &Y ~#10% {4 & ()Y
~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10%
{4 &()-G jN28Y ~#10%{4 & ()-G

a e

Test Slag Compression strength
Cement Notes

No. powder 1 day 3 days | 7 days

Comp.
3-1 A Nil 10.5 23.0 41.0

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

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

5 represented by “N/mm?”

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

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



Y ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4 & ()-GGAo; =

{#J.8Y ~#10% {4 & ()- GAO;

{#Y ~#10% {4 & ()-GY ~#10% {4 & ()- GBCDEE

= {#Y ~#10% {4 & ()-CGY ~#10% {4 & ()- GY ~#10% {4
& ()-GY ~#10% {4 & ()-G % -5 _28Y ~#10% {4Y ~#10% {4 & ()-GY ~#10% {4

& ()-GY ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4

& ()-G =>?@Bel - 8Y ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4 & ()-GAo; =

t T8Y ~#10% {4 & ()-GY ~#10Y

~#10% {4 & ()-GY ~#10% {4 & ()-G=Y ~#10%T% & ()-GY ~#10% {4 & ()-GY ~#10%
{4 & ()-GY ~#10% {4 & ()- GKLMNOPQ N28Y ~#10% {4 & ()-GY ~#10% {4 & ()-G Y

~#10% {4 & (Telye~410% {4 & ()-GY ~#10% {4 & () - GAO;

{4 & ()-Gho

10

15

= {#QRSTZ[ "J].8Y ~#10%
= {#Y ~#10% {4 & ()-GY ~#10% {4 & .()-GY
Test { s1%£ Coﬁ%&essi%% strength
Cement Notes
No. powder 1 day 3 days | 7 days
Comp.
3-1 A Nil 10.5 23.0 41.0
Ex.
4-1 B 10 19.5 39.2 54.1 Ex.
4-2 B 20 18.3 36.2 51.3 Ex.
4-3 B 30 15.3 31.8 47.1 Ex.
_ Comp.
3-3 B 35 13.3 26.4 44.9
Ex.
4-4 B 40 12.6 25.7 44 .3 Ex.
4-5 B 50 11.6 24.9 43.2 Ex.

The slag powder is represented by “parts” per 100 parts

of the powder,

and the compression strength is

represented by “N/mm?”

TEST EXAMPLE 5

The test was carried out in the same manner as in

Test Example 1 except that using Cement A, high fluidity

concretes having concrete blend compositions as

identified in Table 5 were prepared,

and the segregation,

slump loss, autogenous shrinkage, adiabatic temperature

increase, compression strength and neutralization depth

were measured.

Further,

a water reducing agent was used in

combination so that the slump flow value of the concretes

would be 60050 mm.

The results are also shown in Table



~#10% {4 & ()-GY ~#10% {4 & ()-G dhl pv{_?8Y ~#10% {4Y ~#10% {4 & ()- GY
~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10%
(4 & ()-Glel-8Y ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4 & ()-GA0; = {#Y
~#10% {4 & ()-GY ~#10% {4 & ()- G T8Y ~#10% {4 & ()-GY ~#10Y ~#10% {4
& ()-GY ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4 & ()-GY ~#10% {4
& ()-GY ~#10% {4 & ()-GX{|}~aTG Y ~#1omg§ 10#010#~ s* 109%&' () -
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15 Coastal Development Technical Center and
the Japanese Institute of Technology on
Fishing Ports and Communities, and the
average value was taken as the slump
flow.

20 Autogenous

shrinkage: Measured in accordance with the report by

JCI autogenous shrinkage study committee.
It is represented as an autogenous

shrinkage strain at a material age of 56

25 days.
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$10%#n& ()-F $10%#n& ()-F $10%#n& ()- !"& .vV6lL, F $10%#n& ()-F
$10%#n& ()-F $10%#n& ()-M 1 $F $10%#n& ()-.26>@H_?, F $10%#n& ()-F
$109%#n& () -F $10%#n& ()-F $10%#n& ()-F $10%#n& ()-F

$10%#n& () - HLPQUYqQUS?, F $10%#n&' ()-F $10%#n& ()-M 1| $F $10%#n& ()-F
$10%#n& ()-Y]aenos_?, F $10%#n& ()-F $10%#n& ()-F $10%#n& ()-F
$10%#n& ()-F $10%#n& ()-F $10%#n& () - 33\/\;{ &2, F $10%#n& ()-M 1 $F
$10%#n& () -F $10%#n& ()-F $10%#n& ()- 37, F $1F $10%#n& ()-F

$10%#n& ()-F $10%#n& ()-F $109%m#n& ()-F $109M#Nn& ()-F $10%#n& ()-1?, M|
$F $10°/m#n&"I@S”JF BN () - F $109%m#n& () F $10%#n& ()-dD, M| F

$10%#n& ()-F $10%#n& ()-F $10%#n& () $10%n#n&' ()-F $10%#né&, Q F
This test was carried he same manner as

Test Example 5 except that using the slag powder (4), the
concrete blend composition as shown in Table 6 was used.

5 The results are also shown in Table 6.
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$10%#Nn& () -F $10%#n& () -t X<MVF $10%#n& ()-F $10%#n& ()-F $10%#n& ()-F
$10%#n& ()-F $10%#n& ()-F $10%#n& () - F, $10%#n& () - >t X<MWM | $F
$10%#n& ()-F $109%m#n& ()-F $10%#n& () - F$109%#n& () - dAD<MWF $10%#n& () - F
$10%#n& ()-F $10%#n& é) -F $10%#n& ()-F $10%#n& ()-F $10%#n& () - _D<MVIVF
$109%#n& F $TBSHE#BEAMFPLE $100m#n& ()-F $10%#n& ()-F $10%#n& ()-F

$10%#n& () - vV6D<MVF $10%#n&' () - ) ") -
0 Using$Cement AS)cEn%%%é%#%%vg%gFa concrete blend

composition as identified in Table 5 was prepared, and
measurement of the slump loss was carried out and the
5 hexavalent chromium-reducing ability of the slag powder
was evaluated by measuring the hexavalent chromium-
remaining concentration. The results are also shown in
Table 7.
Further, a water reducing agent was used so that the
10 slump value of the concrete would be 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 (15): 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/cn’
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degree of vitrification: 5%, Blaine
value: 8,000 cm?/g, density: 3.00 g/cm®

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

10 3.00 g/em’®

Slag powder (19): One obtained by immersing slag powder

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

0.5%, degree of vitrification: 5%,

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

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

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

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/cm3

Slag powder (22): Slowly cooled slag powder, non-
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ability of the cement admixture, a hexavalent chromium
standard solution was diluted to prepare a solution
having a hexavalent chromium concentration of 100 mg/1l,
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-ligquid separation
was carried out, and the remaining hexavalent chromium
concentration in the liquid 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.
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Ues
T<("&Y2109%8&& () - XY210%B&& () XY210%6&&' () - XY2109%6&&' () - XY210%B&& () XY210%
6&& () - X" #$%&kﬁﬁﬁ%95[%&cept 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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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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Table 9
Test Unit weight (kg/cm®) Slump flow
Segre-
No. Slag i 0 |60 |120 | Notes
Cement {Water | Sand | Gravel gation| | . .

powder min (min {min
9-1 300 165 769 839 (13)250 A 665 | 680|550 Ex.
9-2 300 165 769 839 (14)250 o} 670 | 680|560 Ex.
9-3 300 165 769 839 (15)250 o 675 | 685|570 Ex.
9-4 300 165 769 839 (16)250 o} 675| 6851605 Ex.
9-5 300 165 769 839 {(17)250 o 670 | 685|625 Ex.
9-6 300 165 769 839 (18)250 o} 680 | 675|580 EX.
9-7 300 165 769 839 (19)250 o} 670 | 660|525 Ex.

9-8 Comp .
300 165 769 839 (20)250 o) 670|550 (370

Ex.

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

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

8-11 Comp .
300 165 765 835 (23)250 o 685|390 - E

X.

8-12 Comp .
300 165 757 826 * 250 o] 680410 | - -

X.

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

slump flow means “not measurable”.
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his test was carrled out 1n the same manner as in

Test Example 1 except that concretes having concrete
blend compositions as identified in Table 10 were
prepared, and the slump loss, compression strength,
adiabatic temperature increase, neutralization depth,
further, effects of the present cement admixture for
reducing hexavalent chromium, were measured by prescribed
methods. The results are also shown in Table 10.

Materials used

Slag powder (24): Slowly cooled slag powder, CO;
absorption: 2.0%, amount of bound
water: 2.0%, non-sulfuric acid form
sulfur: 0.9%, soluble sulfur
concentration: 300 mg/l, oxygen
consumption: 7.5 x 1073 mmolO;/g,
oxidation-reduction potential: 225 mv,
degree of vitrification: 5%, melilite
lattice constant a: 7.78, Blaine
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
sulfur: 0.9%, soluble sulfur
concentration: 340 mg/l, oxygen

consumption: 9.2 x 1073 mmolO,/g,



2109%668& ()-(K) 210%66& ()-(K) 210%6& ()-(K) 210%6& ()- (K)

210%6& ()- (opuy}! L, t X<4K) 210%6& ()-(K) 210%6& ()-(K) 210%6& ()-(K)
210966& ()-(SQ1 g ~1"& 2 _?<4K) 210%K) 210%6& ()-(K) 210%6& ()- (K)
2109%6& ()-(K) 2109%6& ()-(K) 2109%6& ()-(K) 210%6& ()- (kO ?2<4K)
2109%668& ()-(K) 210%6& ()-( SQI g ~1"& 2K) 210%6& ()- (K)

210%6& ()-(_?<4K) 210K) 210%6& ()-(K) 210%6& ()-(K) 210%68& ()-(K)
2109%66& ()-(K) 210%66& ()- (K 210%6& ()-g’+?<4SQ)| g " 1"& 2K)

?i?Z§g§3(2i85%6§}09$6&f()-(5) ZIO@EG&TQ)-éaé 2%0@&6&fé§-gdg&4§%%lp%
210@&6&f -(K 21gé;é§? 2}0A§38¥%§-FK?\2? 6& P?-PR; 10%e6a°()- )
O-(K ® O-(7 gggzgegoflv§§%ification: 5%, melilite
lattice constant a: 7.78, Blaine
specific surface area: 4,500 cm?/g,
5 density: 3.00 g/cm?.

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* mmolO,/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/cm3.

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% mmol0,/g,
oxidation~reduction potential: 290 mV,
degree of vitrification: 5%, melilite

25 lattice constant a: 7.78, Blaine

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

density: 3.00 g/cm’.
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2109%66& () - (!9 pP0?<4SK) 210%6& ()-(K) 210%6& ()-(K) 210%6& ()- (K
2109%66& ()-(SQI! g 1"& 2)-59>CH ?<4SK) 21K) 210%6& ()-(K) 210%6& () - (K)
2109%6& ()-(K) 210%6& ()-(K) 210%6& ()-(K) 210%6& () - ( HKOPUYKkQ ?<4SK)
210%6& ()-(K) 2109%66& ()-( SQI g 1"& 2K) 210%6& ()-(K)
2109%66& ()-(Y]aengv_7?7<4SK) 210K) 210@&6&f% -(K) 210%6&' () - (K
2109%66& ()-(K) 210%6& ()-(K) 210%6& () - 2109%86& ()-(v{+?<4SQ ! g
T 1" & 2K) 210%$6&'()-%K) 210%66& ()-(K) 210%6& ()- (K
210%6& () - (SLagwePprderl (¢8) :KSHookxske9d Kuamadrdey ) -dQ K10| 10|
K 610% & ()- Ks.10% 7& () -fK) 210@&6&L()-(+b|%|[:|[:(®I g = KS 10%KX5K&' () -
KS 109KX5K& () - KSLOUKXSKE () - HES@IIAKEKE (3% Ie0uKsrE, pgung
0 () - : & 109 K& ()- & 109%KX5KE&' () -
Z10%ACGKE () -uz{gK/: & OAKXS(&éQter: 4.0%, non!gulfuric acid form
sulfur: 0.9%, soluble sulfur
5 concentration: 508 mg/l, oxygen
consumption: 12.2 x 1073 mmolO,/g,
oxidation-reduction potential: 350 mV,
degree of vitrification: 5%, melilite
lattice constant a: 7.78, Blaine
10 specific surface area: 8,000 cm?/g,
density: 3.00 g/cm?.
Slag powder (29): Slowly cooled slag powder, CO,
absorption: 4.0%, amount of bound
water: 3.0%, non-sulfuric acid form
15 sulfur: 0.7%, soluble sulfur
concentration: 325 mg/l, oxygen
consumption: 7.7 x 107 mmolO,/g,
oxidation-reduction potential: 230 mV,
degree of vitrification: 5%, melilite
20 lattice constant a: 7.78, Blaine
specific surface area: 6,000 cm?/qg,
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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5WLb9% qU9/ : &! 109KX5K&' ()- & 19%{5(51%&4?11 10%0@ &mmaloy/g,
5Wib% & 109KX5K&' () - & 10%KX5K& V:/: &'10%KX5K&T() 5Wbh%
& 109KX5K&' ()- & 10UKXSKE () - OX &S EGW&?K&dFFth&I POYRREKRL() 218 mV,
2?0 & 10UKX5KE () - &'10%KX5K&'() & 10%<KX5KE () - & 10YKX5K&
gl 10%KX5KE' () - degree of vitrification: 5%, meli ite
lattice constant a: 7.78, Blaine
5 specific surface area: 6,000 cm?/g,
density: 3.00 g/cm’.

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

10 sulfur: 0.3%, soluble sulfur
concentration: 138 mg/l, oxygen
consumption: 4.2 x 1073 mmolO;/g,
oxidation-reduction potential: 178 mV,
degree of vitrification: 5%, melilite

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

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

20 water: 3.5%, non-sulfuric acid form
sulfur: 0.7%, soluble sulfur
concentration: 375 mg/l, oxygen
consumption: 6.3 x 107° mmolO;/g,
oxidation-reduction potential: 223 mv,

25 degree of wvitrification: 10%, melilite

lattice constant a: 7.76, Blaine

specific surface area: 6,000 cm?/g,
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Test Example 10 except that concretes having blend

' 5!(g*+,-.087$“5109$“510@6
n the'Same manner as 1in

compositions as identified in Table 11 were prepared by
5 using various slowly cooled slag powders which are the
same in the known sulfuric acid form sulfur amount,
soluble sulfur concentration, degree of vitrification and
grain value and which are different only in the melilite
lattice constant a. 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
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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 cm®/g, density:

20 2.96 g/cm’.
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TEST EXAMPLE 12

This test was carried out in the same manner as in
Test Example 3 except that 65 parts of the Portland
cement as identified in Table 12 and 35 parts of the slag

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

Table 12.
Table 12
Test Slag Compression strength
Cement Notes
No. powder 1l 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
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
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.
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58
Table 13
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.
13-1 B 10 19.4 39.1 54.3 Ex.
13-2 B 20 18.0 35.8 50.5 Ex.
13-3 B 30 15.5 32.0 47.0 Ex.
Comp.
12-2 B 35 13.0 26.6 45.0
Ex.
13-4 B 40 12.5 24.9 44 .2 Ex.
13-5 B 50 11.7 24.5 43.0 EX.

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

represented by “N/mm?” .

TEST EXAMPLE 14

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

10 shown in Table 14.
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(36) was used. The results are also shown in Table 15.
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78 ()-~$7510% 78& ()-~$"510% 78& ()-~EJOSWK_[ |, WBV#' , 15$7510% 7& () - ~$"510%
78 ()-~$7510% 7& ()-~$7510% 7& ()-~X"bfj nvdD[ |, WBV#' , 15$"510% 7& () - ~$"510%
78 ()-~$7510% 7& ()-~$"510% 7& ()-~$"510% 7& ()-~$"510%

78 ()-~vx| _?[1, WBV#' , 15$"510% 7&' () - ~$"510% 7& () - ~$"510% 7& () - ~$"510%
78 ()-~$7510% 78& ()-~$"510% 78& ()-~_C#?$7510% 7& ()-~$"510%

7& ()-~_[1,WBV#' , 15$7510% 7& () - ~$"510% 7& ()-~_?$"510% 7& ($"510%

78 ()-~$7510% 78& ()-~$7510% 7& ()-~$"5109%7& ()-~$"510% 7& ()-~$"510%

78 ()-~_?$"510% 7& ($7510% 7& ()-~$7510% 7& ()-~$7510% 7& ()-~$"510%

78 () -~$7510985% FXAUBDPE 106 78 () - ~dD$?$7510% 7& () - ~$7510% 78& () - ~$7510%
78 ()-~$"510% 7& ()-~ [| WBV# , 15 . 2$"510% 7& $"510% 7& () -~$"510%

78 ()-~$7510% 7&TL}5~-Fo8R0VRPLCEF i8R PP, 11 the Same manner as in

Test Example 7 except that the hexavalent chromium-
reducing effect of the slag was evaluated by mixing a

5 reducing agent (ferrous sulfate, guaranteed reagent,

manufactured by Kanto Chemical Co., Inc.) as identified
in Table 8 to the above slag powder (14). The results
are shown in Table 16.
10 Table 16
Hexavalent
S R ]
lag educing chromium
powder agent remainin
Test No. g Notes
(parts by | (parts by concentration
weight) welght) (mg/1)
16-1 50 50 ND Ex.
16-2 90 10 ND EX.
16-3 95 5 ND EX.
16-4 99 1 2 ExX.
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, and by using such a cement

composition, it is possible to obtain a concrete which




7& ()-~$"510% 7& () -~ [, vWBV#' |, 15$7510% 7& () -~$"510% 7& () -~$"510%
7& ()-~$"510% 7& ()-~ ! %) - 5 dD[I, WBV#' , 15%"510% 7& () - ~$"510%
78 ()-~$"510% 7& () - ~$7510% 7& ()-~$"510% 7& () - ~$"510% 7& ()-~5 7 ; ? C H
M _?[I, WBV#' , 15$"510% 7& ()-~$"510% 7& ()-~$"510% 7& ()-~$"510%
7& ()-~$"510% 7& ()-~$"510% 7& ()-~-M QU V \ = C#?$"510% 7& ()-~$"510%
7&f()-~_[I,MBV#',15$A510967&f()-~$A510%)%% ()-~

has a small slump loss or heat of hydration and which is

hardly neutralized.

Further, even when applied to a concrete having a
low water/powder ratio such as a high fluidity concrete,
5 it is possible to suppress autogenous shrinkage to a
small level.

Further, an effect to reduce hexavalent chromium,

will also be obtained.

10



dhl t vz ?$°510% 7& ($"510% 7& ()-~$"510% 7& ()-~$"510% 7& () - ~$"510%

78 ()-~$7510% 7& () - ~$7510% 7& ()-~z ~ _2$7510% 7& ($7510%
7& ()-~$7510% 7& () - ~$"510% 7& ()- ~$"510% 7& () - ~$"510% 7& () - ~$"510%
7& ()-~  XdC'? $ W10% 7& ()- $ W109B& ()- $:10% 7& ()-$7510%

78 ()-~_[1, VBV#' , 15; ovUA9710% $1098&’ ()- $1096& ()- $ FLOYB& ()-
$g1096& () - $109B& ()-10 710 710 7Jam| [ 2yU49410% $, | 1096& () -
$91096& ()-$ $: 1096& ()-$ $, 91096& ()-$ $YL3109%6& () -

10968’ () - nop{ | } ~bFvU49710%

2, i !1300/;/?;&'(§)(g;dl 0,!1109%& ()-,!109%%& ELAIMEosE: () - 1 109%8& ()-~] AvUA%10%
, ! | L08R&, b 4% 10%
%, : igfgg 8 ])Zd% ! 1%%@’&(3;&“]1 t0‘%& ()a(ﬁ ! 10%%8?%% (B){ 109 %il])l viEJ\A/f%YlO% ’

, 0 N 10%
g, | 10968 8 %J*) llO%&é agl(l)é:35fEE(l()wwﬁ%lg@%%@”?éié%%&%93_5%4%/%0%O

, 20! %ébﬁg% 4 1098 & ( 0 ! 10%
$,1109%& ()I§%J? F109%& () - '10968?%)&a$%%§£%??§id?1%8%%???10%2353351092
$, 1 109%6&5() )& 'ﬂ@%@ﬁ)c.afﬂ&%@e&)fof 1098474 ) in! 40EBEL£) ha¥iYvEAW 10%
,1%6&(%)%LJ1M6&() ,1109%8& ()-,!1109%& ()-,!1109%& ()-'*-045: WvWUA% 10
/o arb dioxide concentratlon of 5%, a temperature of 30°C

, 1109%& ()-)? !,'10%5& ()-,110%& ()-,!'10%& ()-,!10%& ()-: =?BFALWVU4A% 10
96 and a relative humidity of 60%.

,1109%0& ()-)?2d!, 1109%& ()-,!10%& ()-,!109%& ()-,!10%& ()- LOQSWK\ Qv 4% 10
96 2. A cement admixture characterized by comprising a

,11096& ()-)?d!, 1 109%& ()-,!1096& ()-,!1096& ()-,! 1096& () -\ bdnopU: vU49710
%, ! 1096& ()smdlyla@%ea(sslag 100882t ) whichosantyins 1096814 Fepan| fhe410”
985109 & ()- 9610% & ()- 994 "10% & ()- 93 10% & ()- 93110% & ()- Of/

1096 & ()LoWbAuAD Qomyement &ary- has 189 &smongygnie%va Pf- agyme%t&S%)
910% & ()-10" 10" W [ NA41010" 10" 10" 9910% & () - . 9yMLO% & (% 109 & () -
9L10% & () - Whi10%E & §)weighNaueduotdpn" ¥hen" 9&%}69 PE1HoPRO(G-§PBsY
11099" 9&' ()-,sY ! 10% & ()- 9 1090" 9& () - 91090" 9& ()-|[: NA41010

&Y. "10% & ()2 % B £ 550" 9& ()-S $M10%W & ()-S $mM' 109%& ()-S 9k! 1099"9&' ()-S

leﬁlf’?gﬁ‘wg 8% Y %@%’%%9&%%0 LS bhagactB Boa Bl ermerisivg, Buto
ont 100 () s?ﬂ%? s %@o fad 8o sy ??1?%{%‘5"6%“?83% % ;'JL ML) ey ()-
. " 10%¢ 5() ﬁaiﬁlg% chi- Rhal [:oﬂh@%ﬁs a9S9L0% &n(he 9SFLLAHLE () -
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4. A cement admixture characterized by comprising a
slowly cooled slag powder which contains melilite as the
main component and has an ion concentration of non-

20 sulfuric acid form sulfur to elute, of at least 100 mg/l.
5. The cement admixture according to any one of Claims 1,
3 and 4, which comprises the slowly cooled slag powder
which contains melilite as the main component and has a
loss on ignition of at most 5%, which is a weight

25 reduction when ignited at 1,000°C for 30 minutes.

6. The cement admixture according to any one of Claims 1,

2, 4 and 5, which comprises the slowly cooled slag powder
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I # $%&f )*+éh ﬁﬁggz@ntalns melilite as the main component and
<=>?@\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|} ~

" #$9R' () * + had Ql234R68% ation of non-sulfuric acid form sulfur to
<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\ ] "_" abcdef ghi j kl mopqr st uvwxyz{| } ~

" HEYER () * +,el 2356489 ¢ast 100 mg/l.
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8. The cement admixture according to any one of Claims 1
10 to 7, which comprises the slowly cooled slag powder
having a degree of vitrification of at most 30%.
9. The cement admixture according to any one of Claims 1
to 8, which comprises the slowly cooled slag powder
having a melilite lattice constant a of from 7.73 to 7.82.
15 10. The cement admixture according to any one of Claims 1
to 9, which comprises the slowly cooled slag powder
having a Blaine specific surface area of at least 4000
cmz/g.
11. The cement admixture according to any one of Claims 1
20 to 10, which has an oxygen consumption of at least
2.5x10'%mn0102/g.
12. The cement admixture according to any one of Claims 1
to 10, which has an oxidation-reduction potential of at
least 100 mV.
25 13. A cement composition containing the cement admixture

as defined in any one of Claims 1 to 12.

14. The cement composition according to Claim 13, wherein
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the cement is Portland cement having a 3Ca0O-Si0, content
of at least 60 wt%.

15. Cement concrete made of the cement composition as
defined in Claim 13 or 14.

16. The cement concrete according to Claim 15, which has

a slump flow of 65050 mm.



