- 1 - DESCRI PTI ON CEMENT COWPCSI TI ON AND METHOD FOR PRODUCI NG THE
SAMVE FI ELD OF THE I NVENTI ON [0001] The present invention relates to
a cenent conposition and a nethod for prgducing t he sanme. BACKGROUND
ART 10 [0002] A cenent conposition causes the conponents contained in
the cenent conposition to react with water to forma hydrate,
exhibiting a strength. Generally, the Iarger t he amount of the forned
hydrate is the higher the strength paste, nortar, or
concrete becones. [ 0003] The cenent users have demanded a cenent
conposi tion_fromwhich cured 15product of, e.qg., _concrete having
excol lent GHMERTCOMRESHIRY ANTPMELHOD E0R BROSIIETMETHA SAVE
sacrificing the fluidity or setting tine of the concrete. [0004] As a
nmet hod for | npr.ovi th exhibiting properties of concrete,
e.g., agnE€H4JDd¥#H?ﬂ%ﬁ§%Eﬁﬁ‘ he fineness (Blaine specific surface
area) of c¢o®1] pdhkipedsestinGéntiohREIALRAEI Neerhdift cBpbsitibaR) a fRfHoaTbr Of

a cenent clinker" js used (for exanple, non- 20 patent docunent 1).
PRI OR ART Iﬂgﬁiéﬁﬁ‘lﬁé‘%ew@'patent Document [ 0005] Non- patent docunent

1. Japan Cenent Associ ation, "Common know edge of 25 cenent" "4.
Types and nt ... Comon know edge of cenent, p. 11 to 17,
publ i shed f&%@k@ﬁ@@@m OF THE | NVENTI ON Problens to be Sol ved
by thel0nv¢aaa2dn 20cenidd6dmpimitbamecansestibe comporntsangtdinaedihiti dantegt

B et hodt SPeRdl RerePHHT etk cCBBR I b BT e gt R ant
conposi t i omhe lergehthesamdvnt ofthkdomudd Hyidrate satbe highththe siraenie sfa ¢Bhait peaste,
specific Sﬁ{ofr@f%f%@%ﬁﬁﬁ%g(?ﬁg?m particles" or "increasing the C35

content of a cene descri bed in non-patent docunent 1,
probl ems af9¥8]i nThaaemeniaiséds hiavké dymBBled e comest oyrosivd fam whévh a dueed

el pasy S Lo ‘
resent™ | niEEL SERE EfnersidOhe oot Rh el Ga IS pRERMSE By bl faped
i nventi on Mgthput sseaiivias the Geddyor ebigoiine odthewonetstecan i mprove t he

strength exfioaiti ag RhERES rdreﬁlpﬂivn?g & ggeing% Qﬂﬂﬁftingrpé@ﬁ‘fﬁémtcoﬂﬁé&,ee. g,

nortar, or concret e“_V\:hi e nal nNtal nin appropri ate gl’ opert| e_s
(t he ampung nthedeleiingreasing tag finenesp GRlaincspecifie serfitop ana) OF pement pagickes”

setting tige¥inbfeadiR® tHeQMBNC B EbMRent B hicBhen@linRe®A 6 (For ABGHR, non-
met hod_for producing the same. Means to Sol ve the Problens [8008?

The pr#entale BF8t Have conducted extensive and intensive studies
with a view toward achi eving the above object. As a result, it has

been found f ' ing the strength exhibiting properties of
a cured prgm%ﬁfﬁ%ﬁﬁgaste, nortar, or concrete while

mai nt ai ni nYohhRtdnt BSBumesperti es of the cenent paste, nortar, or
concrete, ffect o e strontjum (Sr) content. and, nol ybden

(M) cont off¥0sF tﬁenaﬁéfmh{fc’%’&w&aii iapam&rs@ev'af%e?laaﬂla ?Jﬁéma rpkaitlcdge of
i nvent2%n baseeéq Tpephed egts of 08I SIEmhihbe &hdwledtbef ey, 11 to 17,

i nvention i@bld'@rﬁﬁiﬁﬁé‘to a cenent conposition having 15 a Sr content
of 0.02 toPY 565 ss and a Mo content of 0.0002 to 0.0023% by

mass. The present invention is directed to the cenent conposition

whi ch has 6% by mass. The present

i nvention ﬁ?%@é@%&?ﬁﬁ@#@ﬂ? conposi tion which has a MO

cont ent of PthblentoTheS06iimd byeths Tavenition 503 content of 1.6 to 2.5% by
mass. rt th resent inventi is.directed.to the cenent
cormostt 1 ol Rl ¢l e Bhet B Honl siifinas o g tmpis TriCEB et e
cont ent of cénctraie BbHekemasBnpravé3sy z oetledtfonthafiging thé findnesomsiginesddd a
CAAF conte 7 1Q- 159 [0 Further.. the prese

i nvention ?ém |Sr1t£0c égc? éseé‘i egﬁ[?rge%ﬁ%%n#nog&%%&ﬁ%fnﬁg Og ° e}pé:ﬁ(?as%xg %@il?]ie%sn,
wher ei n t hiBlaat ipebiltosplics asca) hEcana paicles] 4) “iocrebsing ther@; Stdoatentof a
material upid e ARBHUFP BLRRLOS irfhdrAWh TR uB i Rbnt 1 brob R risk ih s The fuidicy

35  becomes poor and further the setting time is reduced.

[0007] Inview of the above problems, the present invention has been made, and an



35100 kg of sewage sludge, 0 to 100 kg of a hydrocake, and 30 to 80
* kg of an iron source are mxed per 1 ton of the cement clinker. - 3
- Effect of the Invention [0011] In the present invention, there can
be provided a cenent conposition which ifiproves the strength
exhi biting properties of a cured product (for exanple, strength
Sexhi biting properties of a cured product having an age of 28 days)
of a cenmentobiess pEthemsesent investiondam o moEidemickmenedompeisitiongvhitiecanrimpnove

of water reagy 'st'iﬁ%tﬁ‘@;ﬂﬂﬁ'tlng 9Fb?e§tfc§ REY cBfed g;?%ﬁf‘da{et f?%%ﬁinﬁ @ fm(?r? Ut

required to obtain a cons soft ness
cenent paste@nfrke \ﬁbﬂﬂfhltnamﬁalwggappﬁoapaﬁe egh properiies (ihp emonstoforatetequired

cement pasty ndMalldhsishc M‘&h&h@ eﬁl {tﬁ?%ffﬂ%ce%éﬁg?ﬁt@%(}r&? or
sarne. 10 BRI EF DESCRI PTI 2] [Fig. 1 gr aph

showi ng>t heOPeEE P%%H?eﬂlqgeff’ﬁ\é@ﬁ“‘fiﬁéﬂ?}rsa@ﬁntent of a cenent
conposition and the conpressive strength of a nortar (cured product)

using the ment 0 and having an age of 28 days. 15 BEST
MODE FOR Cﬁﬁ‘ﬂ %E’J{;%tff‘?-&q% IC]\I [ 0013] Hereinbel ow, preferred
enbodi ment 00dg]t her Hérp(i‘és%ﬁi ink€WtERthia O coMdubieh 8x A& 6E hitBRhtensive stuld®@3lh a
The cenent co 05| g@ of the present i ventllg gﬁ; a S{_? 8&%{;t of
0.02 to 20 Y6°HEN guing the aboyp oBISH: e AtS HIESHT A0S besn Bup

mass. [100 15inpi-crv11t1g1me&ﬁ*€i$g”th eRBIBRDSI froysbftiesIT a&ﬂéed\@oalﬁtﬁ of b aéﬁeﬁhﬁﬁe nt
conponents. Trrt1e resen%ﬁ 1:gentorts ha\{% ftp’ffﬁl e{{g Q}‘{]tﬁ Sr_content and
Mo cont ent "B A CBHEH Y SR U TEHdITOPLR U NG Fan<yt PasigRortar,
exhi bi ti ng opcopeete] ‘ﬁs eu‘flfkactaof(tlnetr ﬂﬂ)n}ﬁﬁﬂﬂ&@}co&fanﬁaﬁﬁﬂﬁ[}ﬂ)dﬁ&&h ﬁMoDﬂ‘)cﬁﬁta{t,of
or concret u3|n t e cane n nd t hat en the Sr
25content . SISO SHPRATIGH fs FECTARhS Bltscrb atichfahilietn eiplRisd
respect i ve [ opSpatificalbn gespreseheinstntemgs direothd hi 4 congenp coppodiii@shoaing

a curedqpr
rpr oved wihi Teopapt BRI oBA SnadAbl e Rons AT 08 B2 P B aurppass
of water rddgipresgnt mwentmrmﬂlrc@crkiostheq@yemtom@mnbn phsthehas ap R Orogntent

time) of t 03%%% ?’%fs thn?ﬁé élreselﬁ[imﬁzﬁﬂg Fstd?recéﬁ t& %%%gneﬁpgorﬁosition

content an I\/b conten
amount s ( Y%vHyichnass) MgP eaneensef Bido W”/o:bﬁmm@dl a B@se@htmt Otfﬂeﬁ s o by

the cement n?a%gpoﬁﬁﬂtﬁe? Nhe P—?ﬁ inbARbE (i}t difdtbaYl tlfeoéyrrf'eﬂ{ %%Lngésﬂ?oncmﬂhas a

COFYDOSI tion can be rreasu I n accordance wth Ja
Associ aPi of-38cangar of 456170k ebnass @A3S |cgntepnof(d t mbv mzas$,\2<C3 A content of

det er m nat igqp 15%1‘559&&@%11& ﬁﬁgﬁF%ﬁ%ﬁf‘éf”ﬁf&%@/ﬁ‘Bﬁhﬁséﬁ cenent 35 by ICP
em ssi on spectromstlr;qv1 el ectrothermal type atom c absorption

spect r omet 1§10][ oy ersrﬁ@ pepsepbinvenionds direrded ofemethed Apragpdycing ¢ eement
0.02 to O. Q@PAFBMtlBﬁSﬁhere1n the meih'b@fCGﬁlﬁHEéé the &éss éﬁ)(&) &%&qmﬁg tHE 3w
ab

nore prefer 03 to 5% by mass, further preferably 035 to
0. 05% by rrgyﬂée étﬁléep%ﬁmgptwp@rférra‘s mat@laéﬁq qegnet ey fﬁ}eq%%%om[tb@mpp
The Mo2so Pbemstmf dfg%?)é;fﬁ:{ﬁ@nélhw BBA 2R, Iy, bRisOuBee st &118%%3&%%)&3/4 t
mass, prefera ma more prefera 0
e o o Shaidy. 2o et b oot Sohin Tk SrBps o L ul
especi al | %/ cPmedabatpoyition BAOS Sk eo&e&Qﬁlﬂ%th Ohr%%b y b33 dd MWRrrcdnbsit S
content o t oSi ti s |l.esg than SS or
Chan 0. 06vP07is Tor o Rerece whiectfE fheaee aralsiel dorgaare soomoled
more than QofzgRiohYo ﬂﬁeﬁlatlimwl%@dﬁdemg:etﬂeﬁﬁclﬁﬂ(ea aad @ﬁpulp&ﬁlﬁg 1|the cemgnt
nort ar crete, usi t he nment co ol onge
ki ng ¢ SR CGERnHo IR e saf BFGHeRe aY SaHHGER SXRFLMY
properties nmfterﬁa.lsﬁ urkadthprmehecthe (pfesbﬂit&nﬁ@lﬂiﬁlggs diaske] tonbs ﬁlaﬂlodlcfdir producmg a
concrete using.the osition ot a
content of PHERCAMERE U SO St etk Sl oy P aSEER At (- 4o
fol | owi ng flg0Mmkigaf(ilestahb, TP GOritgeoflsilah, ¢ ke3@kkeof caadaghoitd 1 0hkgof clay,
Na20 Cont eB to TO@ kg 50§bf§st 1%12‘nacecolra11tg,e ﬂ)t t()zll)SOT(%eofggﬂgenerateggg%Ionstructlon 0to

35 100 kg of sewage sludge, 0 to 100 kg of a hydrocake, and 30 to 80 kg of an iron source

are mixed per 1 ton of the cement clinker.



conposition falls in the above-nentioned range, a cenent paste,
nortar, or concrete using the cement conposition can be inproved in
t he strength exhi biting properties while naintaining appropriate
fluidity and setting tine. The R20 conteht of the 25 cenent
conposition is the amount (% by nass) of the R20 contai ned, based on
the mass of the cenent conposition, and this anobunt can be neasured
in accordance with JIS R 5202: 1998 "Chem cal anal ysis nethods for
Portland c q%%t he cenment conposition preferably has a MO
cont ent of EOfthE. Yo IOKITHSS nor e pref erably 0.7 to 1. 7% by nass,
further prdf@tdpl }n@we)rpwntuwwttgn thesecandpapedpd it comentepmpaition ehich
to 1.5% by ;

MyO cont ent H%tfﬁeﬁgﬁit%eﬂg%%égfb?%gﬁ%%lg ‘?ﬁat&rédéé{eﬁ%& %?ﬁ%lénl onegﬁl
range, & cexBivitingepertiapek %@ure@pmé@ﬁd}a@m ansiga g1 £h daysd pEacement paste,

conposi ti ofn&aR, HonbRIOYRT: mﬁlrﬁﬁﬁ]ngttﬁéaﬂﬁéﬁt%bﬁa@r }éqﬂﬂ'e@hgﬂﬁiltcbﬁﬁstency
whi | e malntalnlng appropri ate setting time. The

content of KemeRHasie ( E’G%B@Pﬂmdﬁqm@f{tﬁ@b%@ genstay Wh}%ﬁfs)sa}ld@f: maélme
MyO 35 contuFitmesbmdpapasdte ﬂﬂrﬁeﬂﬂaﬁiﬁ%sa;% opriAes ﬁ@ﬁ%ﬂép&ﬁéﬁlﬁ&hé E@ent Phsle,

th| s amount can be neasured in accor ce wth JI'S R 5202: 1998

" Cheni cal %%T%Fs‘?rscoﬁ’é‘te%a% fQTPr BFIRE thecPalenent . [0022] The
cenent jponposition preferably has a S content of 1.6 to 2.5% by
mass, nore further preferably 1.7 to
2. 35% by m@iﬁ@%&m@lwgﬁéﬁ%@ﬁao 2.35% by mass. Wen the
503 cont enff0®I2]t h¢Fige MeAterdphalipasig the Relhtédrship betw &t tAO 8Y CortErit loff @Redlent
range, a cenent ﬁas e, nortar

or con e _using t C nt .
Conaosi 1 ofORRReBan b Rty h sEERTLALE modeh iyt e MEOHTDising thg coment
whi | e mai ntcampbsitjoappd hpringaeagd ofi 28 daysand setting tinme. The SC3
contenﬁ] of the cenent conposition is the anount (% by nass) of the
SA3 co ?ai ned, based on the nmass of the cenment conposition, and this
amount can BESTREIDE DR 6 ARFOMNG A El RHENNNIENRIAN5202: 1998
" Chem cal Si pect
to the m nza@ﬁﬁco?t{pg%#?g%ﬁ %f%etnﬁe Eede%eag?&l?m}’e GTE%%%EJ Y\:(’,é%r;tg erred
that the C3&saibadent is 45 to 70% by nass, the C2S content is 5 to

25% by mas Tg 1t4g @é‘c&ﬁ@ﬁt%tnﬂoﬁti?g%? th]egaof% 8 qﬁg a@?%o%gof 0.02 to

content is ey rae
cont en20i s 04B% byee%mdmh@scomeméot:QQO%m(ba@z%byma@s 15 25% by mass,

the C3A comp@my 'ﬁlﬁletc%mjcﬁ%d%ledgﬂﬁﬁatsﬁﬂﬂi Mg%ﬂ&&% GARLR b gan&tt 0 ﬁ%%

by mass, it 1s further preferr content 1's 53 to 65%
mass, the CXSCRiGAY@NQrSshaveafpung testhas qentsnt andidocontcabek epcemento t o

12% by mas %omﬁ@ﬁtléﬁ‘ﬁr% aﬁéﬁﬂttl?é’httrehétheethbltﬁg %5 ?If@§§f a &ited ngfod'u& ofa

especially preferred that the C3S content iIs 0
C2S cont enCeRENtPASiEomoyar, sycw%@e uging tltzas&n@@htwosmorgat thﬂ%hﬁythz@f

mass, and et MOBbRBA: df&he‘%cérﬂelﬁeefmpwmﬁ&ﬁatl M\Vﬂlﬁ‘éir ﬁe?;%cﬁ'vé‘ Iﬁfl)pnate

COI'TpOSItI on of the ce ;;ﬁnt conposi tion falls in the apove- nent| oned

range, the82eoibs Hr tﬁheltlﬁgg BW@&EWPPE% %tedat’r%weta GRYRFTY BRAYLS.dRQItar,

can be easiol YorRétota B@anﬁt/@bé&wﬁﬁé Hagitalhidg ap aférfe@%gtdﬁm@f(ﬂte%mum
nortar and oncrete, 4] The C3S con ent conft nt
(belite), )ﬂ(a%ﬁ‘tqélﬂﬁ ‘EcélSEFFélgléP Ba%?_t I%WPE}R t{e;? EF TR e

phase), whi ggie ahértdrher dﬂneﬂe’:ﬂ conposition of the cenent conposition,
are deferm by foll ow Bog- ue uat i ons [0025
C35 ot enl[&ﬁ% by Thﬁsg gontent and Mo Saigit ef e cazrs dribost tlf(n[)/'a‘%theﬁ&&ef ive
7.60 x Si oamGQﬂﬁsQ%tb)(ﬁiaisy off#®Sr and Maeomalﬁécg%seﬁwﬂ tﬁet—na@%bthe ¥ement -
1.43 x Fe203 Content %% H&él % d_M%) Content 30 g&
mass) [ 1] CS¥MPLHEYht Eqn ‘@*fte%t C%ﬁ‘ttéﬁfnpf’% 189 HES) -
0. 754 x C3fcaantéhi ao@%daycmas )aﬂa&]Ce&ﬁen@%&snﬁimioﬁrstanﬁ%dbystﬂﬂc&de JCASI-
= 0,

2.65 x A 3 %oﬁﬁum{hmé &)et/ermma%t)on mejfho fo)é trlggez e gmggtnéo%lq}on ntos 0 cenn?esn%)

35 by ICP emission spectrometry and electrothermal type atomic absorption spectrometry”.
[0017]  The Sr content of the cement composition is 0.02 to 0.06% by mass,



[0026] In the formul ae above, the "CaO Content”, "Si02 Content",

"Al 203 Content", and "Fe203 Content"” are the respective amunts (% by
mass) of the CaQ Si 02, Al 203, and Fe203 contai ned, based on the nass
of the cenment conposition. These amounts#can be nmeasur ed by JIS R
5202 "Chem cal analysis nethods for Portland cenent” or 10 JIS R 5204

"Fluorescent X-ray analysis nethod for cenent”. [0027] The nethod for
produci ng areferably 0820 057%bygnasshaorsrseferably H02 e 0.665BdmasseBirthie

steps of '( ArefARY 0055 iy b6, Al EELSELly gﬁtéraﬁgww'oms@;f@esw

material for cenent c er S e grOS(;) consistin
| i mest one, [8P18]ca Theddp ca@mnt@thgxcelmrm@mp@ﬁimé G8g to 88I0R3 Yeryamagsed

by construghlRmblp ebﬁaﬁtcﬁd U@ﬁf% b?nﬁ)égrn?&@%?efer%ﬁl%ﬂﬁom tbfombl%?%fﬁas‘so

t hat the resultant cenent mposition has a Sr_conten

0. 06% by ndygheraeisrapy &Qﬂ@%wtﬂ 891260 bmwsq,@smcwzm%sﬁbﬁa%ﬁo%t@& 0009%
subj ecting ttyl}ﬁagsaw mat erial having the controlled unit consunption to
calcination'to praq a cenent clinker; and (B) pul veri zi n t he

cement cl i HReI téUE‘Flh@F SRicPRicR of e $omRenE RPROTQISISHESS Ahan 0. 02%6 by awss or

and bl ast frﬂélﬁ@ﬁaﬁl G069 BmaAd G He¥oBBhRAI 3t the catbl QeBbo&il AR BSre¥han
for cenent clinker in step (A include |inestone,

the raw mate
silica, codl 6@3?"%}“&95 thyy SelingriffnG bR camery; Pa%‘& TOTRI N & SONEEFIGYsIng the’
construoti Q:@meﬁﬁdmﬁasﬁidﬁdﬁ@ b@pl’@lﬁd{g@@ aﬁﬁﬂngaﬂ@hfﬁﬂullt EOMa@dih ﬁﬁaropnate

The coal ash is rated frao fired power ant, and
Exampl o5+ rarbih SRR HerrtH otdind Bofidar madkm SR, R Eh.
Exanpl es ofcosarete ganpahatadediycoriposicsir uct i ons i ncl ude residue soil,
mud soil, S i i re secongdari | ener at.ed b | ayin
oper ati ons eadteo Gt e Akl EnRar S bomdn SEREHGHSE mifan e

i tsel f and resrgsemeasideyrthe idlkiwieg fdiynudad@i)ng | i nest one to sl udge and

dryi ngﬁhe resultant m xture, and incineration residue. The hydrocake

is a by-product caused when producing a sea water magnesia clinker in
the step of addi ndR:0 Goméit of theurement ccﬁﬁp@aicm um hydroxi de to sea

water to renove carrggla)gbl%%tdeo%g? fw}: LSea wat er, and (eragpl es

i ncl ude hydrocakes cOWpri se el um magnesi um "0
hydr oxi de or carbonat e thereof Exanpl es of iron sources include

I db :
DR e Sonm | ISP RSSO L AT AR 410967
sl ag, 30i| nepshanarcaclsipblionds talsodnby m@m@eﬂ@rp@erablwmbwdky%émdnass,
35 iron soy z‘%ﬁé E{W%ra%ra%ﬁe@ 38%0 b%E% BPmbieY WR fg{tﬁb R,8 cohnfoBE b&hht

anount. [00 h respect to e raw materi uni't consunption o
t he raw matceripasigon &lls in the aboermppntiongd1RBES jarfeEIEBHPABIK) MOytar, jof concrete

preferred tu@ ? tﬂ@&lﬁ&lt @mﬁ 95154911 &{n Eé 1%%%@11 t@@s&eﬂgﬂa@h@ﬂ% pl%Fél‘nE@
0 to 300 coal _ash kg of clay,.

furnace sl a@n ef@ﬁlﬂ@l@%amtjomate 8Ptdlfgeﬁérsatt1@a tigap. chhetRanctomtﬁm ofthe o
100 kgo9f semesoMpsdERn @ﬂk%ﬂo@ﬁt (% bgfmeesjwth@a eonﬁﬂféd%st@oﬁﬁlekﬂass

of an iron §ource are m xed ams{)lnt 5 state in wh

no noi st ur & {1 CHIERLFITRRASTERD, a&f Ebéﬁta"(‘?l)ntﬁﬁn R BIEhiR CFoTIRage with 1S &
Further, i1t%203 1mogeCheaicl mmydiétﬁtetho@fdrtperﬁ@wcmegr’l als for cenent

clinker in ( 800 to 1,300 k nmest qQn

silica, 10l 6@61350%6 CHeRt £YIPRSHHOn § fgrag{y g‘agﬁcapfensot‘t‘i?sforgdﬁw

PI a% furn?@aes ,5h@@ preerably aggo {xg%)tx ﬁﬂbsl fﬁgﬁ{wrpgéfedbtyw @mwssvwme%so 0
o] of se of a ro 0

o of B ettty pedenbi oo 0a TobRms ngtrﬂag"§ J2an 0815 1 4 b ma

cerment cl i "edn the MgG cfn@téﬁﬂ'tﬁ‘ﬁh@d&@ﬁﬁ!t E:@l(ﬂpbsﬂﬁ@n fale 1Iiiﬂ%labbvé)ﬁiehﬁﬁle@(mﬁ e, a

ash |s 20 to 250 k asi s. r#beta eglresent eci fii cati on, %LL

B o oo (eomEm e, B B Yom 33t Bsjat t foEROsioTCp be igproved in
mat eri al  useehgtoextibitig proy@rtiestvoliilohainteniag apfiopdate fla@tity and setting time.

(kg/t-cli nkI%r )Mg({) contelllt tﬁ' tflre Eer}ggntggﬁlpgsg })15 Psl t{’l glgourtl.lte("/r }\fN mg?s %It' Ithé;.laI MgBI t
35  contained, based on the mass of the cement composition, and this amount can be

measured in accordance with JIS R 5202: 1998 “Chemical analysis methods for



each raw material are the respective anounts (% by nass) of the Sr,
Mo, and MgO cont ai ned, based on the mass of each raw material (100%
by mass). [0034] The Irrrestone used preferably has a Sr content of
0.005 to 0.07% by mass, 5 nore preferabl$-0.005 to 0.06% by mass,
further preferably O. 01 to 0.06% by nmass, especially preferably 0 015
to 0.055% by mass. The |inmestone used pref erably has a Mo content of
0. 002% by mcemﬁ’ more preferably 0.001% by nass or |ess,

further pr qt)@f Cgﬂlgﬁt(y O%Ogﬁl%ﬁ %ferlaﬁérghc?s %‘%R? CdoﬁLéeroﬁf &k& ﬁ%g/l:byy mass,

0. 0003% by ma ess I mes one u
content of H@)OTQ Pf%fe@bb% 690 Pé%sby messe further ere&ralkiw DtoZ.3 8% by3nessy

mass, furt Q@%ecpilﬁrflﬁéﬁpib‘fy@s% 0351 dy/aday, . 3% fen ﬁa%m'c%hiext %Qérﬁé}lty

0.3to 1.0% | i nest one ‘use era has an cont ent
of 0.05% b)?OPﬂrE’%‘tl@F fallsgn thf-‘rﬁbpée-areeﬂenwayge a@emen@asteemmtby ofrg@rrrete

further pr %fsﬁ a@é Uerﬁ’er@@ém @s19019§*aﬁ)l§éy 1ﬁ$]ﬂ§éiieﬁ?h}’exﬂfb?tfn’?g' ﬁlagé’mes
0.005 to O. 02 mass. 35] The silica used preferably h

content of Vdﬁl]@()&alfltﬁillﬂﬂg)alﬂ,ﬂrggﬂfﬁﬁﬂgldﬂﬁ@ﬂé sqttipg 8Mer adihe SOsontentrighe 394

by mass, fuembgr coﬁ{ﬁfsﬁfoﬁbé the QA ((%) b9 1P 98N g@?@@ntﬁlﬁé(l hﬁEed on the mass
prefer abI y 001 to 02% b fﬁ The silica used preferab has_a

Mo cont ent © fhedsem?M%pP n0UuRs Can be BEaTA ‘F@CQIé&m)%eWthrH§§
or Le5$%l flsaozrelgzgr‘@hema&al ¥n ?&Q@%%t‘dﬁ%ﬁl@ﬁ&ﬁ%ﬁb” es]peCI gl I yh

prereranly nmas or. ess e SLiIcC sSe rerera as a
P00 coat endoTo” St gRS3 o6 fre mBeie! ot RS STy COmpRsIBHD 1696 by
mass, furt mearfe@eceﬂletmblreés&oxlltemsas 697 0% l}msﬁ &ermesrcahﬂem@rsaﬁese%w f
0.1 to 0.5%Db The sili.c ee as an nt o
0 1 10 4 onwy (LA chBfutl bp TR mBST i B ot anRBL S 7 o 1308 B e,
pref er abl yitds ﬁldre)p&f&%dﬂaaﬂhs €:5 e&nemua% Yo 65% foemadsk yth® C3S tententQ94 liy

0. 256 by magd e arasous ey ¥ 55! 25 o S, By The GO Fiteflas 810 T2°
pr ef er abl y b@ ni¥@s tlbls(fuﬂl?»@zbmyferra& that de[i&8icahtent ridftebati yy Ma@2tHedC,8. 12%
by ess. | ThGwERaL 19302880, ALELREADMY AR A 9 (O0LE R0 Tnf YAy

mass or |ess, noré mass or
preferably contenis® 59 1 bty maSSL agkif lsefsrpemlw pryfopred ftleat it Qzﬂ)c@m% fyto

13 5, Lo g SRR 1oy OO
pref er 3| y @Sy ang tix @Qgﬁ)yomﬂﬁss &H@élba'lmgsspr Sfhenghe mingral CDmPBSIB%L b§
mass. The Wéeuﬁﬁpcd%ﬁ}gt?sltﬂ{nefa% ALY 2BAR-RBntdred fr L ﬁl@tstrgﬁe%ﬂg G %I'BFRm 5%

by mass, nore pretera rér to 3.0% by mass, her “pr
t0 2. 5% by DFRREEies ©f parqrirpyd pensrete ambeeasﬂymauztamw r»\ghﬂnmnta{rmmafrqsh

The bl ast Ewp@ﬁ;&goﬁ%gﬁ%grcgﬁﬁgt@bl y has a Sr content of 0.02 to
0. 08% by 35 nass, nore ef erab to 0.07% by nmass, further

pref er abl y (@24} t &he C@%%Irryntr(a%tey Ges ﬁeeﬁear ﬁbyhreb é?zér eaispt Galapinats whaseys

by masss TBﬁH ol &B Eoﬁt@ﬁﬂ@&ﬁt@ﬁtﬁge)umh%@ﬁ@rrﬁﬂ%ﬂél comgoﬂtld?ﬂﬁ‘tﬁe Minent
content of 0.002% b SSs ar IeS/B%B nor e, preferabl 001% by mass or

| ess, furt ﬁ%rrlp?ﬁ%%r% grergn Ouﬁ’é@g&ogpeeeuatlegwdrte[‘r y
pr ef er abl y{§b28P03tA DT onRES (%0 by Ine}%@ The bl ast furnace slag used

preferably has a to 10% nmass, nore preferabl
3.0 to 8.0% by mglg‘%%ﬁ&@ﬁeéo%%f%%mw% é’fryoox SIQ;%W%@M mass) - 6.72
es peCI al I yxarmeteﬁebd W By thak®) - 1. 0% wzogve&ne&rr% ry Aads) f 01833C803 LB ftent
used rgw af an R20 content of 0.02 to 1.0% by nass, nore
prefer C6.%94748) 0. 8% by mass, further preferably 0.06 to 0.6% by
nmass, especr ally preferably O. 08 to 0.5% by nmass. [0038] The cl ay

used preferably has ent of 0.001 to 0.03% by nmss, nore
preferably 0.003 \%és goﬁgfg%ap%’ further preferably 0.003 to 0.02%

by mass, 10 especial§yx Bi@f @dirﬁ&itX‘V@e}Orﬁésst)OOOFSQ%@’gSJ&orﬁtBﬁq% Thgasd)ay
used preferably has a Mo content of 0.002% by nass or |ess, nore 2]

35
C;A Content (% by mass)



- 10 - content of 0.4 to 3.5%by nmass, nore preferably 0.6 to 3.0% by
mass, further preferably 0.8 to 2.5% by nmass, especially preferably
1.0 to 2.0% by nass. [0041] The hydrocake used preferably has a Sr
content of 0.1 to 0.8% by mass, nore preferably 0.1 to 0.7% by mass,
further preferably 0.1 to 0.6% by mass, especially 5 preferably 0.1
to 0.5% by mass. The hydrocake used preferably has a Mo content of
0.002% by nmass or =268 x Ap@eCpntefitsfaby ynask)0016% b ¥ eshLSonvent ¥dwy, mass)
further preferably 0.0005% by nass or |ess, especially preferabl y[3]
0. 0003% by mass or |ess. The hydrocake used preferably has a MO
content of 5.0 to 30% by nmass, nore preferably 5.0 to 25% by nass,
further preferabl especially preferably 10 to 10
20% by nass. The ﬁjy%‘(r%o(t(:: tg{ﬁg/b%’ ?erably has an R20 content of 0.02
to 1.5%by nass, m}%ﬁr@ﬁ@xﬁmf?ﬂtd%hymsﬂ 2% by mass, further [4]
pref erably (; { 9n X1 BESve, BRPEADA dikcit® efs%?éba{teﬁ’v 9810, Bofithr,

by mass. When copper slag and bl ast furnace d are use

the iron s @Hiﬂ cBe20sCanienyyy aedhe kedpacy vegmonnia (‘bdppaasss P%@e 488, BIQxs A LO;,
furnace dughg J@Ydlﬁ@l Basell oA IR BBds ofdhdMerl&f @&rnﬁ%ltlo@n dl’lﬁesévﬂgour_llg?]

content which_ fal IE’ eir_respective ranges shown bel ow. ,, The
copper sl a@%@%&’eﬁﬂiﬁ‘é BHSR Q2 FCkgmigy)analysisgpethodsdar Portlgndeunesy” or

naess, nore JjE Rfﬁ()#bl:}{lo@es@&ﬁ X Payodngﬂr%’st?ﬂetﬁ@&ﬁ)r cfal‘ﬂéﬁther preferably

0. 005 to O. g&‘y by _mass, eci preferably 0,005 to 0.02% by nass.

The copper[ uéfélanﬁﬁt%q 56T b 18 2R SRRSO GIRORTOSETH VBN B by

nmass, nore cBﬁl?f’l@ﬁEs&BJ: ¥tePs OO OR) &m@snﬁ{’g) thy rdWﬁﬁter%QﬁME bRRumPLieh 6f aRiw
0.0002 to 0. 4%

nmass spe ref rably 0.Q002 3% by..mass
The oo er teal forvn: GRRERL Jeqrds ROS|EL R0N Bad Qe s Dmksione, Bighmgod!
mass, nor e aph,elsy Blhabkyfubhdoe g 2sdillgdpyrarsissy; cdnetridifn, prveige rsﬁidgy, Dhirbeake,

2, 0% DY TS5 SRS Sh Yo P L e e B RSP
nor e pref edld%y bP ndes bl ziNB%dnjmtraﬁ& OOtIi:Urot 01@@23[% el ataak|ayid GuijSctitfgtibe raw

1.6%Db i I . 4%.by. . 10

bi ot 1 ur ndite R 8RR e sPLpIFL AR Yonkumphily b chiGiBioTIP Drodsee Pty 0,
by mass, nweliekqyr mfde(lfﬁtpiuiiveﬁzmglhtt ceniend 2Boley, togetber with mithek thgreedth gapsum,
0.001 to O, B [4? Ptunggﬁfbl ICQ'L a%a?%fcflﬁiﬁ%l %ngls(ml to 0.01% by

mass. The B Fhace dus use era as a Mo content of

0. 004%0y 1R8] or Exawples obthe rpwanaterdl$ for CeoB0elimke3D stapd(d) anclidss s,
further pr fuhf j 6

0. 001% by Eiakge;s%glra 112%é93a(¥°ﬁ ﬁla ur nag‘gﬂagf:slgﬂfggﬁ%ﬁa%g %&g:r a%tﬁR as a
MyO contentse\mgecslqdaeoabym@aige mls@lrcrmsoelrcm eferably 0.15 to 2.0% by
mass, further pre&ﬁé@gl)ﬁs@rast EQitelt- ot Y n@éc?alet;%écp &?ﬁirdé t Pl Rh A Eie)é

0.2 to 1.5% by mass urnace st us as a

R20 cont entncdeccindsy asly fly ashy dinkenash, anddrastogt asher %Bmylplys ©b30il gergraged by
35by n@ss, cBﬁﬁthﬁéns%@lEﬁé ?é@ldﬁe Qo) %ud §blp aﬁ&’%ﬁ’te 1¥51 vhi&SRE §éc%hhéhly

preferably O. % by mass. [ 0044] producti on of
cement cl i ﬁR@rafééhYW%g)W%@% fe.rsmgtr@tm@u Ee}a@am-ﬁf Sqmge@adg@mclude

facilitiessRiis@RsePParklEYy PIWABHbBthia¥E bP BEIiRE ﬁﬂﬁ%h@% S SIoml cﬁ»ymgﬂqe'\lsp

system (nul ti cycl one preheating system usihg a calcination furnace
[0045] | n F9sEltHHIUEEYE.GR dWlﬁereWﬁlép%u Ehehwdrogake i3 byrpragducteay

for quali twn%ﬁgfﬁdheinglasseaadﬁ@a 18 clifler GRtlel sh dfARdin@ a sefiiBMount of
clinker and Sr a contents t he cerrent clinker as the sanple

d
are nmeadur SCTughRY %151@60 %ﬁWfﬁ@' tereryave fbabdipside gapfromd ﬁS@rW%tﬁlé apdyyy

mat ;e rials, emﬁpleaimmde %Brmﬁll(és%niiﬂ%éd@hﬁﬂy of éaléaﬁﬁdmégﬁémmto@ fal @hromde
uni consu

trolled so . that the r tant cenent cli nker
has a Sr c§ F”é ?356‘? g gxqgn]gg% %%’é‘éceéh‘%ﬁ‘gywp%r ghindgylash fgpece
to P OOﬁSZ@bs}t rrml? rave\mﬁaln@uatmﬁheﬂagaﬂafeadbawmeﬁgf)@id mﬁmc:sﬁe Gillit4) ks@aLd ashhe
coal as alsay,ablast fl?ljtnlagee sIXg, SOlI gner&teg %gtcgrrllsttru%gon tse\%age? éludge H r%ct:a?( aly
35  iron source may be used as long as they contain Sr in a certain amount.

[0029]  With respect to the raw material unit consumption of the raw materials for



- ‘12 - slag and/or hydrocake has a relatively |large MyO content and

* the coal ash and/or soil generated by construction has a relatively

smal | MyO content, and therefore, for exanple, when the MyO content

of the cement clinker taken as a sanpl e 7s less than 0.7% by nass,

the raw material unit consunption of the blast furnace slag and/or 5
hydrocake is increased and the raw material unit consunption of the
coal ash arsginent gimker igestepr @)ed igretooied that d00 tn1.480 kgatibedstone, 20 to 150 kg
Conver sel y,r4hign cstz)esdk%g {ﬁ% ngé‘sh @t%fmﬂmw 0Gb!| 166%F o?fﬁi&@t%ﬁfacé‘slag,

sanple is nore than 1. SS

of the bl ad® tpdﬁﬂkg@fgmégemﬂxbbyhwm;@tmout@le%haeéwvma studse,r(htwloo
material u t

Const r uct | o Gre IDRHIERks, 20 9D b B KE OFn BOR oA fle i3l oHFA6Y PRt
unit cofsurie w@fshpﬁéncrlawmap@mﬁxap@ meol tewfibaf thé|cm@trchnk¢re Wiyther, it
cont ent Ca@sﬁ%r&ﬁl@féi&ﬁ'tﬁﬂ ﬂ&@%nﬁf&%@&'fﬂﬂcéﬁ@ltmlﬂl@r step(mp%ob't&mm‘)

t he cenent cllnker [0047] Ne usi ng_exi sting cement producti on

facilities kgpof wes%%@é&ﬂwsme 0 Z20kertisaakash, § pleelané to

cerrenttcl Imr)mg{r dfib?éit ﬁﬂn&&%l n@mlm@&?ﬁmg@ﬁ?ﬁfe@w oagr&egmhoo foh)t?)hkg of
presen enpodl ne IS OW. e netno [ producli ng e
cement conﬁ%‘é’i‘gq vﬂg&e%‘g bg?g B}‘A%' g?&ﬁafr?ﬂl 1Tl SQYFCe arganixed

to thejgodendass lbhﬁggelbleioavm df@l%?&ne\% allihkfees PR 4 fubBet fefeirt MR tHeddmount

m Xi ng toge r.aw. m als for cenent clinker re is no
particul ar © i coal 51 S 25 % 91 B 0BY BASiel b FEPEYFT insiitivaan b €, o
20 pul veri redv aatkrial e comgeipkien” igansfaoha® AR IErawembRYalRee forddroducing
pulverizin a blending silo. [0049] The

and further . m X :
pul veri zed 'd ﬂﬂOW&&W&W‘W&F&@SﬁQ@ﬂF@?‘- cenent clinker can be then
subj ect ed (@034l ciAmatihod fmscangomnguh@mmsmamiprmﬁeedmrampﬁm af thetaw y

ki | h | Th te.Cl i nk f

o oducth ereied et Bt inaie iah R b b Cind Rfta o8l of

0. 06% by nesch Iandnateivbl foon¢ment cbhkd agOMR2asuoed) and ig%awymatersd vagn be

obtat e g i 61300006 RIS A0S LLANRESE SR G

respect toigmeintnadjisied, |thmeh3e¢m1®n0élmgthe faor matwal:ememnsut'rxpnkm 59 thahthee
t

oot i s Sl ceafhl Al eorfilsighil o3 B AETNG, BOOUA bytss anga,

near tB@ oMo eQnt@ﬁtOiﬁé)oﬂatt‘aﬂymﬂfv%rb}fmaspr eferably 800 to 1,700C, nore

pref er abl Y G Eerévvﬁfat@{al%ﬁéaﬁaﬂlcm&r%g ahfBu éﬁﬂﬂ%ﬂ B&irce

cal ci natlo 2 mnutes to ours, nore m nut es
to 2 hours uscﬁm\ﬁ @ratwéfl@ﬁ spasppion) strangly affects @e M eonterg @£ el qemriest
preferred E&ﬁ?o&ﬁ@n Ceﬂﬁl@hg @ﬂe.' 1%@%& %oggs} Mg Bis ol 1B e0b EbMtak Y, bv‘ﬁen
cool ed 35to0 or_ exanpl e, about using a clinker coolé

provi ded dEMRIRSE FlBgAs B taﬁéherlé‘i’lh$%}lr¢ﬁa mqﬂlewueb@ﬁ 804 peg 1 ton (t) of the

pref eradl y cdfledtQliaRerCvRdRUS 8 preTeir€d RheE 6 RB k¥w hvatdral unit Lénsunfhion of the
C/ mnute, further preferably 15 to 30 U mnute. When the cogoling rate

is in the MAAGEUISS: the amPuR AfShseRnPR Tieg wsedmse [ don-ainhe seentinker in
cement conpRgéhbl FSM(W%G fRAE1G8ah 60 ke fudthePprefdraly 56086 keke
havi ng excr:rgl | en gstre ex iti ngsipr oper tglﬂes Bp%05?]1 n the 2
pul veri zi n§SRscRYY PreferaRiyin t%@vggl tion can be produced by m xing

t oget her t [@SQ?WEFbr @dtmﬂi@rm@a&me&gca bmﬁ@@hsxﬂh eMngamteﬂt i aQp86iRY
mass

cont nt of 0002 to.0. % sum_and
pul vertdin n@a“tgﬁ (3 1 M2 SRR OF el éf» X ﬁfﬁwé@iqaaﬂl@ﬁ%@%#%swelhe
qual ity pregs Eblﬂ) éhdrated b chhstidfion, N@dsﬂﬁﬁhac@mﬁﬂlmhﬁf@(rocm copp@f\ﬂag and
speci fi cal gg‘ drdate psum hg’g&] drateﬁgsum or 10 i so&lubl
anhydr ous bi}ﬁ MA°8 B?é‘F APNFOUEEA S R0 BIgerya Mk ConsympEPR Of FAFNIR¥ .
it is pref afateihl imtrguasmhasthmtmalobﬂtmé Mg(j'lﬁ)rﬁﬁﬂﬁﬂftheéd ravahatBdals ng a

0,
Sr cont ent bggorges%%gool.g% 6y/ﬁ1g ALLEE and a Mo content of 0.0002 to

35 [0033] With respect to the raw materials for cement clinker, it is preferred to use the

raw materials each having a Sr content, a Mo content, and a MgO content which fall in



35 0.52% by mass. The cenment conposition having an R 20 content

» falling in the above-nentioned range can be obtained by a method in

which a sanple for quality control is - 14 - taken during the

cal cination for cenment clinker and an R2®-content of the cenent
clinker as the sanple is neasured to control the raw material unit
consunption of, e.g., silica, coal ash, clay, soil generated by

const r uct i dheir raspectizaaenges shidgebelowng Thé 8r cantentpMerdoatest, iod Mareortent of

cbod ment Bropsy BRfAFIE the SURAR khBhe A% MG bAL 85 MBSO, |
4,000 cn®/ gontained, bafsed Bh dhemwasspd edh rawsmateriald 180%dyimadsy in t he
above- nent Jﬁ@%ﬂt I @ HmAtdiR ke ﬁferﬁ[ﬁ?ﬁ&&eé Sr 5531\{&:{]1%6 b5 480, 0%"3@1:#:2@

strength e i ng go ertles roduc I'ai ne

sur f ace3 ar asorgprefpab todb%ébytm@ﬁ, fugtherdqrefepbly @040 0. OQ"/COIP)OIH@@,
3,800 cng/ %spécﬁlfytlﬁ'éfe% @h% #bh 35553%%2%559 3Tﬁ99nﬁ5{%ﬁ9useh89éﬂably has a

Her ei nabove, t he preferred enbodi ment resent Invention -have
been descr M@@Oﬂt%&‘)ftor'@% EE aies Pﬂvﬁmm%pﬁe&rﬁdv 010044 eseimags qrriess, further

above- nent i éf@fﬁb?f@ 00036 B&%&asgg{\i\%@— %@e&ﬁﬁl?%rabﬁf@ Oﬂﬂﬁ% BWmatsf'@r less.

present inv E ntion wll e escribed i'n nofé reference to

the fol | owilig lIsesRncdschpg %‘?\‘ﬁé‘ﬁ%@Mg@ @éﬁ%wé& 1 f\%-"tﬁ béfnwﬁdnw&t be

const r ggd }bﬁeﬂ#aﬁhﬁ@ Do 1 3¢, 5¢ a8, Fhrtheh Pra?&r@BS.2 td V. 8% byoRass| Qs%&hl ¥
(Exampl es or

to 4 ative les 1°to W mat eri
cenent cl i mfﬁljabé’b@\gﬁﬁﬁf sy OBH?QPI?%W%# P%f%%ﬁﬁha%@}% content of
clinker, aQ35% 6nuenrs or asm&@fﬂfee&hbl ami)lacomﬂ%ephﬁm fofthe? pedte@bly

eSO, SRS Al sl ADOSESD RN, S

(copper sl §@0¥Nd Hhasilich usabpefddaldy hameslewim of 0001 o 6.9¥%®emass, more

Furth t al

e o SA0LB oI 3RLE kKRR L R0 DR Shohig
and an R20 peafatabht 0.091 to02%rbemhass] i mhemhaeSustelcl@refambl)ehasmrMomsemmnﬁ‘d
ond Ro0 oo BRY BYBRECH R MoeeprafiiF Bloos oo Bk Hapssn PRECRI Rty
raw mat er i &O06%clkly (namrrimsecspatlalhylptefer@biy@rﬁmﬂ%ﬁby wass ardessr oThesdiliso

by mass. andoa ettt A M OSls 4R 8.B 53 558k Hbhe dhord il Bib. PR*
t he rafo l@e‘l%/bematsb,éurthw nrefieeablnl 4 tadeédo by awssr@smcwélly puefietably 0.1 to 0.5%
consunpti o ; O? ‘ff;@&h% hs% pg&efaﬂglhafsgﬁ liz Eé%%f@‘f%ﬁtoﬁl)& gi%% nlftﬁg

a MjO conte rrmre the rat
t he raw maveafeably Q&3 ()%alw msé’eftirdier nmf@rablm%?utqﬂ 5%byma9§ Wﬁ@lﬂib}’l ed

so that th rét&%Hfg@mo S HUERY makd, nker had an R20 content of 0.3 to
0. 6% by rra content, M content, and MyO content of the

i ndi vi dual [@86] awTharesliash ysedaueferablehasmbreeontand ot HRD i0 A20/ky messpioss
are shoyn bfhf&%’@iyﬁ) dz toT@?s%hﬁfﬂ:.&@ fu%@ﬂé&@f‘e?&bﬁ v 810 t5 @Ws@%ﬁfdaéé esklally

COI’]SUI’TD'[IOI’]S own below are °- - 1n ated in terns

material uifefe@BlyPpiq (bhz%rbde%ﬁsy Bhe real @shhusedpreferbly lﬂ%‘ avMp ©ANigBt of
noi sture i 9 (0a% By A or IEéér tloed reféi‘al;l-?b|0@3% b)t R8ss ordedd0R%er ¢ r@ﬂa‘rﬂﬁ es

a M content less than o NBass or abt ai n| ng

cenment confd¥res Bhn}%wrr%SSaeSgﬁcleﬁﬁp@ﬁ%ra bly WlédhbbWSS%r l5%50 @Sﬁf’féﬁﬁh
and an mou%@f&aﬂl? hideMgO @cﬁﬂaﬁfom 8 3e0% by Gnds@ A% préfb@blA0.4 % 3.0%

betweep th cerren i nker Ta erials used ( erial unit
consunpfi oﬁy RSP G 411 PShEY T Sl rErbly §.Ad0 ddtehy

clinker wagna@ ntmi dcatladpyused 9feﬁf@§bl@gla@an ReAUShizdt bMB1 EAB 59, l?ﬁhl\é@se hore
o1 1 goner BHBY EbHTPYUEEY BA N ATTIAG PHIGAOE SNt kS Uhamam, cspeaaly
0. 0272% by presablyXis &o2. owmhgg, for reducing the Sr content, the
amount of & ¢ oAl A R e dcS IS S e Pty AL BY o Htertt 033t 0.08% by
35  mass, more preferably 0.02 to 0.07% by mass, further preferably 0.02 to 0.06% by mass,
gspecially preferably 0.02 to 0.05% by mass. The blast furnace slag used preferably



(% by mass) Sr Mo MgO R20 Li mestone 0.045 <0.00025* 0.36 0.014
Silica 0.0044 0.0004 0.47 1.565 Coal ash 0.106 0.0012 0.96 1.193
Bl ast furnace slag 0.0462 0 5.12 0.414 Clay 0.0138 0.0003 1.43 2.282
Soi | generated by construction 0.0272 0.9003 1.78 2.931 Sewage sl udge
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has a Mo content of 0.002% by mass or less, more preferably 0.001% by mass or less,
further preferably 0.0005% by mass or less, especially preferably 0.0003% by mass or
less. The blast fumace slag used preferably has a MgO content of 3.0 to 10% by mass,
more preferably 3.0 to 8.0% by mass, further preferably 3.0 to 7.0% by mass, especially

preferably 4.0 to 7.0% by mass. The blast furnace slag used preferably has an R;0

content of 0.02 to 1.0% by mass, more preferably 0.04 to 0.8% by mass, further
preferably 0.06 to 0.6% by mass, especially preferably 0.08 to 0.5% by mass.

[0038] The clay used preferably has a Sr content of 0.001 to 0.03% by mass, more
preferably 0.003 to 0.025% by mass, further preferably 0.003 to 0.02% by mass,
especially preferably 0.004 to 0.015% by mass. The clay used preferably has a Mo
content of 0.002% by mass or less, more preferably 0.001% by mass or less, further
preferably 0.0005% by mass or less, especially preferably 0.0004% by mass or less.
The clay used preferably has a MgO content of 0.3 to 6.0% by mass, more preferably
0.3 to 5.0% by mass, further preferably 0.3 to 4.0% by mass, especially preferably 0.5
t0 3.0% by mass. The clay used preferably has an R,O content of 0.5 to 4.0% by mass,
more preferably 0.7 to 3.5% by mass, further preferably 1.0 to 3.0% by mass, especially
preferably 1.2 to 2.8% by mass. :

[0039]  The soil generated by construction used preferably has a Sr content of 0.01 to
0.4% by mass, more preferably 0.01 to 0.3% by mass, further preferably 0.01 to 0.2%
by mass, especially preferably 0.015 to 0.1% by mass. The soil generated by
construction used preferably has a Mo content of 0.002% by mass or less, more
preferably 0.001% by mass or less, further preferably 0.0005% by mass or less,
especially preferably 0.0004% by mass or less. The soil generated by construction
used preferably has a MgO content of 0.5 to 6.0% by mass, more preferably 0.5 to 5.0%
by mass, further preferably 1.0 to 4.0% by mass, especially preferably 1.0 to 3.0% by
mass. The soil generated by construction used preferably has an R;0 content of 0.5 to
4.5% by mass, more preferably 0.7 to 4.0% by mass, further preferably 1.0 to 3.5% by
mass, especially preferably 1.2 to 3.0% by mass.

[0040] The sewage sludge used preferably has a Sr content of 0.001 to 0.1% by mass,
more preferably 0.001 to 0.07% by mass, further preferably 0.001 to 0.05% by mass,
especially preferably 0.001 to 0.04% by mass. The sewage sludge used preferably has
a Mo content of 0.002% by mass or less, more preferably 0.0015% by mass or less,
further preferably 0.0012% by mass or less, especially preferably 0.0011% by mass or
less. The sewage sludge used preferably has a MgO content of 0.05 to 4.0% by mass,
more preferably 0.1 to 3.0% by mass, further preferably 0.1 to 2.5% by mass, especially
preferably 0.1 to 2.0% by mass. The sewage sludge used preferably has an R,0
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dust) 0.0064 0.001 0.22 0.190 [0062] The Sr content, M content, and
MyO content of each raw nmaterial were mélsured i n accordance with
Japan Cenent Associ ation standard test nethod JCAS 52 2000
"Quantitative determ nation nmethod for trace el enent conponents of
cenent by loopteaheofsdf tm3 Shely messemoye predrably 16 tot3@fb iy masy dertherqeterably

absorption W%%.S%’W%%{ééf %Jg?(\g}?%gﬁ[eﬁégbﬁqgﬁoiﬁ% gyg{gae enent clinker]

The unit consunptio materials as the raw
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kgl t - cl fnka@refembly 0-4&mBO4: byimags. c disthydeacplenuscd preferabbunag /Mo epntartat,
sewage sl ugaRi2efbd thadokGés nfold gﬂgﬁaf['r%blgg@l?g/ mador18ss8Rirther preferably .

kg/t-clinker; and iron squrce: 3 t-clinker (copper sl ag:
to 50 kgt Ded00akely mapromdesss espeeirlhypistarealy 0.0993Vabsmagsgressi nikbe )

15[ 0064] [ Prgdrsehikemnsed fpréfe@BRERS alEOkBhtent of 5.0 to 30F3ByIRRY SndRPréRRGH,
raw materials for %errent cl nker%% e, M xed Eoget her; and theaglxed

raw mat er i 2r&ere ¥ gse AT e | Ao BE egs: gspecmblywretgralty ) to
hi ghestt ermoes B biass. OfThk, RAfbchke dsel Qosierlably8AH B8 Oecoate ot 0.0 kd k8% by

AT A M IO R I A
1,400C to kbfeciadlyZféferably @08 aob.8gby mbs. of 10 to 60 C/minute using a
o ket CORhEIP! ShIeryd et ERRbIR G8] Bt er b0 5Rbes o
t he obt ai neteferediotuse dixpappts g dakcblast Biddacodiise edchdfavitighal B cwatat, advid
o VB TFeh e TR BR 0 PR ol BRI R
furnace sl ag armu!’ﬂhe oﬁplﬁizﬁsbg_uaabmpfewlﬂy hirea Sesartém o Omﬂitmﬁ.QS‘f/abMass,
surface. ar SRRy Y. GPh sl nkisy b B OB LAL B LR GPSAY s
conposi t i orspecGOFGrefeabing.0ed tacbiféryrnass( 1T he tonpeesleg memitpreferably has a
hor espectlq S BROED of B8 6y AR Bty bRy IRD 5 OB BRI
MyO, addl Smthespreferably, 0.9 Oot?s bhienass.sspestialtyhprefoeshind. 08820 8% on,
VTS, RSy TESRRBRYIL BT ARO SIAD Ahchl SO0SS it
Sr and Mo @we erferably G-hio 28t masnfieticr pisfergily 8.6 to 2.0% by mass, especially
preferably 0.7 to 1.5% by mass. The copper slag used preferably has an R,O content
of 0.04 to 2.0% by mass, more preferably 0.06 to 1.8% by mass, further preferably 0.08
25  to 1.6% by mass, especially preferably 1.0 to 1.4% by mass.
[0043] The blast furnace dust used preferably has a Sr content of 0.001 to 0.03% by
mass, more preferably 0.001 to 0.02% by mass, further preferably 0.001 to 0.015% by
mass, especially preferably 0.001 to 0.01% by mass. The blast furnace dust used
preferably has a Mo content of 0.004% by mass or less, more preferably 0.003% by
30  mass or less, further preferably 0.002% by mass or less, especially preferably 0.001%
by mass or less. The blast furnace dust used preferably has a MgO content of 0.1 to
3.0% by mass, more preferably 0.15 to 2.0% by mass, further preferably 0.15 to 1.5%
by mass, especially preferably 0.2 to 1.5% by mass. The blast furnace dust used
preferably has an RyO content of 0.002 to 1.0% by mass, more preferably 0.004 to 0.8%
35 by mass, further preferably 0.006 to 0.6% by mass, especially preferably 0.008 to 0.4%

by mass.



measured in accordance with Japan Cenent Association standard test

nmet hod JCAS |- 10 52 2000 "Quantitative determ nation nethod for
trace el enent conponents of cenent by I CP em ssion spectronetry and

el ectrothermal type atom c absorption sﬂéctronetry", and the results
are shown in Table 2. [0067][Table 2] -------------- Chem cal
conponents of cenment conposition (% by mass) Si02 Al 203 Fe203 CaO
MyO SO3 M [89443x arfiieraduztion of the zement3dinker @8 be cosductgbusinexiging @30t

%égg' 4 ;2:, o Qdé%ctigﬁ ?%%I%ieg bt spLydterd Frrhitid cfon8 BPehc i3 Rtey 2RA RSk
system (multicyclone preheating system using a calcination furnace).
[0045]  In the production on a commercial scale, for example, a sample for quality
5  control is taken during the calcination for cement clinker and Sr and Mo contents of the
cement clinker as the sample are measured, and, based on the Sr and Mo contents of
each of the raw materials, the ratio between the raw materials used (raw material unit
consumption) is controlled so that the resultant cement clinker has a Sr content of 0.02
to 0.06% by mass and a Mo content of 0.0002 to 0.0023% by mass. Among the raw
10  materials for cement clinker, the coal ash has a relatively large Sr content and the soil
generated by construction has a relatively small Sr content, and therefore, for example,
when the Sr content of the cement clinker taken as a sample 1s less than 0.02% by mass,
the raw material unit consumption of the coal ash is increased and the raw material unit
consumption of the soil generated by construction is reduced. Conversely, when the Sr
15 content of the cement clinker taken as a sample is more than 0.06% by mass, the raw
material unit consumption of the coal ash is reduced and the raw material unit
consumption of the soil generated by construction is increased. Thus, by controlling
the raw material unit consumption of the raw materials for cement clinker, the Sr
content can be controlled without changing the mineral composition of the cement
20  clinker. Even in the case where coal ash is not used as a raw material for cement
clinker, when the Sr content of the cement clinker taken as a sample is more than 0.06%
by mass, it is preferred that limestone having a small Sr content is selectively used to
reduce the Sr content of the cement clinker. Further, for example, when the Mo
content of the cement clinker taken as a sample is more than 0.0023% by mass, among
25  the iron sources as the raw material for cement clinker, the raw material unit
consumption of the copper slag having a relatively large Mo content is reduced and,
conversely, the raw material unit consumption of the blast furnace dust is increased.
Thus, by controlling the raw material unit consumption of the raw material as an iron
source among the raw materials for cement clinker, the Mo content can be controlled
30  without changing the mineral composition of the cement clinker.
[0046] With respect to the MgO content of the cement composition, similarly, a
sample for quality control is taken during the calcination for cement clinker and a MgO
content of the cement clinker as the sample is measured, and, based on the MgO content
of each of the raw materials, the ratio between the raw materials used (raw material unit
35  consumption) is controlled so that the resultant cement composition has a MgO content
0of 0.7 to 1.8% by mass. Among the raw materials for cement clinker, the blast furnace
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slag and/or hydrocake has a relatively large MgO content and the coal ash and/or soil
generated by construction has a relatively small MgO content, and therefore, for
example, when the MgO content of the cement clinker taken as a sample is less than
0.7% by mass, the raw material unit consumption of the blast furnace slag and/or
hydrocake is increased and the raw material unit consumption of the coal ash and/or soil
generated by construction is reduced. Conversely, when the MgO content of the
cement clinker taken as a sample is more than 1.8% by mass, the raw material unit
consumption of the blast furnace slag and/or hydrocake is reduced and the raw material
unit consumption of the coal ash and/or soil generated by construction is increased.
Thus, by controlling the raw material unit consumption of the raw materials for cement
clinker, the MgO content can be controlled without changing the mineral composition
of the cement clinker.

[0047] Next, using existing cement production facilities of an NSP system, one mode
of a method for producing the cement clinker used in the cement composition according
to the present embodiment is described below. The method for producing the cement
composition according to the present embodiment is not limited to the mode described
below.

[0048] With respect to the method for mixing together the raw materials for cement
clinker, there is no particular limitation, but it is preferred that the raw materials are
pulverized and mixed together by, for example, a raw material pulverizing mill, and
further mixed by a blending silo.

[0049] The pulverized and mixed raw materials for cement clinker can be then
subjected to calcination using a suspension preheater and a rotary kiln which are
existing facilities. The cement clinker used for producing the cement composition
having a Sr content of 0.02 to 0.06% by mass and a Mo content of 0.0002 to 0.0023%
by mass can be obtained also by changing calcination conditions for cement clinker,
such as a calcination temperature or a calcination time.

[0050] With respect to the calcination temperature for the cement clinker, there is no
particular limitation, but, when using cement production facilities of an NSP system, the
temperature of the cement clinker near the outlet of the rotary kiln is preferably 800 to
1,700°C, more preferably 900 to 1,600°C, further preferably 1,000 to 1,500°C. The
calcination time is 20 minutes to 2 hours, more preferably 30 minutes to 2 hours, further
preferably 45 minutes to 1.5 hour.

[0051] Itis preferred that the cement clinker obtained after the calcination is cooled
to, for example, about 100 to 200°C using a clinker cooler provided downstream of the

rotary kiln. The cooling rate is preferably 10 to 60 °C/minute, more preferably 15 to
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45 °C/minute, further preferably 15 to 30 °C/minute. 'When the cooling rate is in the
range of from 10 to 60°C/minute, there can be obtained a cement composition which
enables production of a mortar or concrete having excellent strength exhibiting
properties.

[0052] In the pulverizing step, a cement composition can be produced by mixing
together the cement clinker having a Sr content of 0.02 to 0.06% by mass and a Mo
content of 0.0002 to 0.0023% by mass and gypsum and pulverizing the resultant
mixture. The gypsum desirably satisfies the quality prescribed in JIS R 9151 “Natural
gypsum for cement”, and, specifically, dihydrate gypsum, hemihydrate gypsum, or
insoluble anhydrous gypsum is preferably used.

[0053] Inthe pulverizing step, it is preferred that gypsum is mixed into the cement
clinker having a Sr content of 0.02 to 0.06% by mass and a Mo content of 0.0002 to
0.0023% by mass so that the obtained cement composition has a SO; content of 1.6 to
2.5% by mass, preferably 1.7 to 2.4% by mass, further preferably 1.8 to 2.4% by mass,
especially preferably 1.85 to 2.35% by mass, and the resultant mixture is pulverized.
With respect to the pulverizing method, there is no particular limitation, and examples
include a method using a pulverizer, such as a ball mill, and a classifying apparatus,
such as a separator. In the cement composition containing the cement clinker and
gypsum, it is preferred that the cement clinker is contained in an amount of 95 to 97%
by mass and the gypsum is contained in an amount of 3 to 5% by mass, based on the
mass of the cement composition.

[0054]  Inthe pulverizing step, the cement composition may further contain an
additive material. As an additive material, blast furnace slag prescribed in JIS R 5211
“Blast furnace cement”, a silica additive material prescribed in JIS R 5212 “Silica
cement”, fly ash prescribed in JIS A 6201 “Fly ash for concrete”, or limestone fine
powder can be used. The amount of the total of the additive materials contained (% by
mass) is preferably 5% by mass or less, based on the mass of the cement composition.
The amount of the additive material(s) contained is as small as 5% by mass or less, and
therefore, even when the additive material is added to the cement composition, the
additive material has almost no effect on the Sr content, Mo content, MgO content, and
R20 content of the cement composition.

[0055]  After the pulverizing step, the cement composition preferably has an R,0
content of 0.3 to 0.6% by mass, preferably 0.3 to 0.6% by mass, more preferably 0.35 to
0.55% by mass, further preferably 0.37 to 0.54% by mass, especially preferably 0.35 to
0.52% by mass. The cement composition having an R,0 content falling in the above-

mentioned range can be obtained by a method in which a sample for quality control is



20.43 5.50 3.06 64.55 1.04 1.78 0.0032 0.0340 [0068] [Chem cal
conponents (2) of the cenent conposition] 15Wth respect to the
above- obt ai ned cenent conposition, the rgspective anounts (% by mass)
of the Na20, |1C20, and R20 cont ai ned, bdded on the mass of the cement
conposition, were nmeasured. These anounts were neasured in accordance

with JIS R 5202; 1998 "Chenical analysis nmethods for Portl and
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0.41 Ex arrplséll"&’ & gst@ 01411, so11 generated by constructxon and sewage sludge among the raw
materials for cement clinker.
5 [0056] The cement composition according to the present embodiment preferably has
a Blaine specific surface area of 2,800 to 4,000 cm%g. When the Blaine specific
surface area falls in the above-mentioned range, a mortar or concrete having further
excellent strength exhibiting properties can be produced. The Blaine specific surface
area of the cement composition is more preferably 3,000 to 3,800 cm?/g, further
10 preferably 3,000 to 3,500 cm?/g.
f0057]  Hereinabove, the preferred embodiments of the present invention have been

described, but the present invention is not limited to the above-mentioned embodiments.

EXAMPLES

15 [0058] Hereinbelow, the present invention will be described in more detail with
reference to the following Examples and Comparative Examples, which should not be
construed as limiting the scope of the present invention.

[0059] (Examples 1 to 4 and Comparative Examples 1 to 7)
[Raw materials for cement clinker]

20 With respect to the raw materials for cement clinker, a Sr content, a Mo
content, and a MgO content of each of limestone, silica, coal ash, clay, blast furnace
slag, soil generated by construction, sewage sludge, a hydrocake, and an iron source
(copper slag and blast furnace dust) were measured in advance. Further a sample for
quality control was taken during the calcination for cement clinker, and a Sr content, a

25 Mo content, a MgO content, and an R,O content of the cement clinker as the sample
were measured in advance. And, based on the Sr content, Mo content, MgO content,
and R,O content of each of the raw materials, the ratio between the raw materials used
(raw material unit consumption) was controlled so that the resultant cement clinker had
a Sr content of 0.02 to 0.06% by mass and a Mo content of 0.0002 to 0.0023% by mass.

30  Further, the ratio between the raw materials used (raw material unit consumption) was
controlled so that the resultant cement clinker had a MgO content of 0.7 to 1.8% by
mass. Furthermore, the ratio between the raw materials used (raw material unit
consumption) was controlled so that the resultant cement clinker had an R,O content of
0.3 t0 0.6% by mass. The Sr content, Mo content, and MgO content of the individual

35  raw materials used in Examples and Comparative Examples are shown in Table 1.

The chemical components and raw material unit consumption shown below are



0.52 Comparative Exanple 1 0.24 0.38 0.49 Conparative Exanple 2 0.22
0.38 0.47 Conparative Exanple 3 0.22 0.32 0.43 Conparative Exanple 4
0.22 0.43 0.50 Conparative Exanple 5 0. 0.40 0.46 Conparative

Exanple 6 0.23 0.38 0.48 Conparative Exanmple 7 0.19 0.45 0.49 [0070]
[ M neral conposition of the cenment conposition] <M neral conposition

of the cenent. conpositiop> . . . . . .
indicated In terms OP raw material unit consumption on a dry basis (in the state in which

no moisture is contained). Further, in Table 1, the “<0.00025” indicates a Mo content
less than of 0.00025% by mass.
[0060] For obtaining the cement composition having a Sr content, a Mo content, a
5  MgO content, and an RO content in their respective specific ranges, the ratio between

the cement clinker raw materials used (raw material unit consumption) was controlled
as follows. The Sr content of the cement clinker was controlled by increasing or
reducing the ratio between the coal ash having a Sr content as large as 0.106% by mass
and the soil generated by construction having a Sr content as small as 0.0272% by mass.

10 For example, for reducing the Sr content, the amount of the coal ash was reduced and
the amount of the soil generated by construction was increased, and these amounts were
controlled while checking the Sr content of the cement clinker. The Mo content of the
cement clinker was controlled by increasing or reducing the ratio between the copper
slag having a Mo content as large as 0.266% by mass and the blast furnace dust having

15 aMo content as small as 0.001% by mass. For example, for reducing the Mo content,
the amount of the copper slag was reduced and the amount of the blast furnace dust was
increased, and these amounts were controlled while checking the Mo content of the
cement clinker. Further, the MgO content of the cement clinker was controlled by
increasing or reducing the ratio between the blast fitrnace slag having a MgO content as

20  large as 5.12% by mass and the hydrocake having a MgO content as large as 14.19% by
mass. The RO content of the cement composition was controlled by increasing or
reducing the ratio between, e.g., silica, coal ash, clay, soil generated by constrction,
and sewage sludge having a relatively large RyO content among the raw materials for

cement clinker.



5The m neral conposition (C3S content, C2S content, CsA content, and
CAAF content) of the above-obtained cenent conposition was neasured
based on the Bogue equations [1l] to [4]. The results are shown in
Table 4. [0071][Table 4] M neral conpodti on(% by mass) B ogue
equations C3 S C2S C3A (AAF Exanple 1 62.0 11.2 10.4 8.5 Exanple 2
59.9 12.8 10.6 8.5 Exanple 3 61.2 12.3 9.7 8.2 Exanple 4 55.5 19.9
9.2 8.1 Conparative Exanple 1 60.0 12.8 9.8 8.8

[0061] [Table 1]

Trace element components of each raw material
(% by mass)
Sr Mo MgO RO
Limestone 0.045 <0.00025* 0.36 0.014
Silica 0.0044 0.0004 0.47 1.565
Coal ash 0.106 0.0012 0.96 1.193
Blast furnace slag 0.0462 0 5.12 0.414
Clay 0.0138 0.0003 1.43 2.282
Soil generated by construction 0.0272 (0.0003 1.78 2.931
Sewage sludge 0.0161 0.0011 1.06 1.392
Hydrocake 0.474 0 14.19 0.281
Iron source (Copper slag) 0.0165 0.266 0.83 1.007
Iron source (Blast furnace dust) 0.0064 0.001 0.22 0.190

[0062] The Sr content, Mo content, and MgO content of each raw material were
measured in accordance with Japan Cement Association standard test method JCAS I-

5 522000 “Quantitative determination method for trace element components of cement
by ICP emission spectrometry and electrothermal type atomic absorption spectrometry”.
[0063] [Raw materials for cement clinker]

The unit consumption of individual raw materials used as the raw materials
for cement clinker was as follows: limestone: 800 to 1,300 kg/t-clinker; silica: 20 to 100
10 kg/t-clinker; coal ash: 10 to 250 kg/t-clinker; clay: 0 to 80 kg/t-clinker; blast furnace
slag: 5 to 50 kg/t-clinker; soil generated by construction: 20 to 150 kg/t-clinker; sewage
sludge: 0 to 70 kg/t-clinker; hydrocake: 20 to 80 kg/t-clinker; and iron source: 30 to 60
kg/t-clinker (copper slag: 5 to 50 kg/t-clinker; and blast furnace dust: 25 to 55 kg/t-
clinker).
15 [0064] [Production of a cement clinker]
The above-mentioned raw materials for cement clinker were mixed together,
and the mixed raw materials were subjected to calcination using an NSP kiln at a
highest temperature of 1,200 to 1,500°C to produce a cement clinker. The temperature
of the cement clinker near the outlet of the NSP kiln was 1,000 to 1,500°C. The
20  cement clinker was cooled from 1,000 to 1,400°C to 100 to 200°C at a cooling rate of
10 to 60 °C/minute using a clinker cooler provided downstream of the rotary kiln.
[0065] Dihydrate gypsum was mixed into the resultant cement clinker so that the
obtained cement composition had a SO; content of 2% by mass, and additive materials
(limestone and blast furnace slag) were further added thereto in a limestone amount of

25 4% by mass and in a blast furnace slag amount of 1% by mass, and the resultant mixture
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was pulverized using a practical mill so that the Blaine specific surface area became

3,100 to 3,400 cm?/g to obtain a cement composition.

[0066] [Chemical components (1) of the cement composition]

With respect to the above-obtained cement composition, the respective
amounts (% by mass) of the Si0-, Al,Os, Fe;05, CaO, MgO, and SOj; contained, based

on the mass of the cement composition, were measured. These amounts were

measured in accordance with JIS R 5202: 1998 “Chemical analysis methods for

Portland cement™.

Further, Sr and Mo contents of the cement composition were

measured in accordance with Japan Cement Association standard test method JCAS I-

52 2000 “Quantitative determination method for trace element components of cement

by ICP emission spectrometry and electrothermal type atomic absorption spectrometry”,

and the results are shown in Table 2.
[0067] [Table 2]

Chemical components of cement composition (% by mass)

Si0; | ALO; | Fe,Os | CaO | MgO | SO; | Mo St
Example | | 20.18 | 572 | 2.80 | 64.65 | 1.16 | 1.86 | 0.0010 | 0.0390
Example2 | 20.21 | 5.80 | 281 | 6441 | 1.23 | 1.97 | 0.0007 |0.0435
Example 3 | 2037 | 539 | 2.69 | 64.57 | 0.98 | 2.35 | 0.0022 | 0.0580
Example4 | 21.53 | 5.05 | 2.65 | 6488 | 1.18 | 229 | 0.0020 | 0.0262
Comparative | »4 93 | 555 | 289 | 64.28 | 1.09 | 225 | 0.0024 |0.0425
Example 1
Comparative | 5643 | 544 | 297 | 6442 | 117 | 180 | 0.0026 |0.0374
Example 2
Comparative | o459 | 595 | 270 | 6450 | 121 | 244 | 0.0027 |0.0540
Example 3
Comparative | )065 | 559 | 2.86 | 6378 | 153 | 188 | 0.0030 |0.0484
Example 4
Comparative | o470 | 557 | 279 | 6426 | 1.52 | 1.75 | 0.0028 | 0.0506
Example 5
Comparative | 5004 | 520 | 294 | 64.97 | 095 | 2.08 | 0.0028 |0.0264
Example 6
Comparative | 5 43 | 550 | 306 | 64.55 | 104 | 178 | 0.0032 |0.0340
Example 7

[0068] [Chemical components (2) of the cement composition]

With respect to the above-obtained cement composition, the respective

amounts (% by mass) of the Na,O, K;0, and R,O contained, based on the mass of the

cement composition, were measured. These amounts were measured in accordance
with JIS R 5202: 1998 “Chemical analysis methods for Portland cement”. The results

are shown in Table 3.




9.3 [0072][Physical properties of the cenent conposition] <Fineness
properties of the cenent conposition>
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measured in accordance with JI'S R 520118997 "Physical testing
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[0070]

{Mineral composition of the cement composition]

<Mineral composition of the cement composition>

The mineral composition (Cs;S content, C;S content, C3A content, and C4AF

content) of the above-obtained cement composition was measured based on the Bogue

equations [1] to [4].

The results are shown in Table 4.

[00717 [Table 4]
Mineral composition(% by mass}
Bogue equations
CsS C,S CsA C4,AF
Example 1 62.0 11.2 10.4 8.5
Example 2 59.9 12.8 10.6 8.5
Example 3 61.2 12.3 9.7 8.2
Example 4 55.5 19.9 9.2 8.1
Comparative | 655 | 128 | 98 | 88
Example 1
Comparative | g1 0 | 126 | 94 | 90
Example 2
Comparative | o5 | 113 | 93 | 82
Example 3
Comparative | s5¢ | 173 | 100 | 8.7
Example 4




Setting time Mortar conpressive strength for 28-day age (N mmR)

Bl ai ne (cnR2/g) 45 pmresidue (% by nass) Initial setting (m nutes)
Final setting (mnutes) Exanple 1 3300 7.2 7.09 28.0 118 178 65.2
Exanple 2 3340 7.3 6.93 27.8 129 189 66.1%9 -Exanple 3 3320

10

15

20

25

Comparative 57.8 15.8 10.0 8.5
Example 5

Comparative

Example 6 67.0 0 53 >
Comparative 61.0 12.6 0.4 9.3
Example 7

[0072] [Physical properties of the cement composition]

<Fineness properties of the cement composition>

Fineness properties of cement (Blaine specific surface-area and 45 um
residue) were measured in accordance with JIS R 5201: 1997 “Physical testing methods

for cement”. The results are shown in Table 5.

<Color b-value>
A color b-value of the cement composition was measured using a color
meter (Spectro Color Meter Se2000, manufactured by Nippon Denshoku Industries Co.,

Ltd.), and the results are shown in Table 5.

<Setting time and mortar compressive strength>
A setting time and a mortar compressive strength were measured using the
above-obtained cement composition in accordance with JIS R 5201: 1997 “Physical

testing methods for cement”. The results are shown in Table 5.

<Amount of water required for normal consistency of cement paste>

An amount of water required for normal consistency of cement paste is a
water amount required to obtain a constant softness of a cement paste, and, the larger
the amount of water required for normal consistency of cement paste, the lower the
fluidity of cement. A measurement method is as follows. 500 g of the cement
composition is placed in a kneading vessel, and water is added thercto and the
composition is kneaded and then, the resultant cement paste is placed in a container and
the surface of the paste is rendered smooth. Then, a standard bar is allowed to go
down on the cement paste, and, after 30 seconds, a gap between the end of the standard
bar and the bottom piate is measured. A water amount such that the gap becomes 6+1
mm (normal consistency) is measured to determine an amount of water required for

normal consistency of cement paste.



9.6 7.47 28.0 113 168 64.8 Exanple 4 3380 6.9 6.68 28.0 114 167 63.6
Conparative Exanple 1 3300 9.1 7.23 28.2 136 196 61.8 Conparative
Exanple 2 3290 8.3 7.11 28.0 108 173 60.0 Conparative Exanple 3 3250
6.64 27.6 110 -20-

11.7

10

15

[0073] [Table 5]

Fineness Amount of Setting time
properties Color water 5 Mortar
b. required for compressive
| Hopm ) e | normal Initial | Final | Strength for
Bla;ne re231due ) consistency | setting setting | 28-day age
(cm™/g) | (% by of cement | (minutes) | (minutes) | (N/mm?)
mass) paste (%)
Example I | 3300 7.2 7.09 28.0 118 178 65.2
Example?2 | 3340 | 7.3 | 6.93 27.8 129 189 66.5
Example3 | 3320 [ 9.6 | 7.47 28.0 113 168 64.8
Example 4 | 3380 6.9 6.68 28.0 114 167 63.6
Comparative [ 0, 9.1 7.23 28.2 136 196 61.8
Example 1
Comparative | 5,0, 8.3 711 28.0 108 173 60.0
Example 2
Comparative | 3550 | 117 | 6.64 27.6 110 166 60.8
Example 3
Comparative | 330 | 102 | 637 272 120 175 61.9
xample 4
Comparative | 3560 | 126 | 6.22 27.2 142 202 61.2
Example 5
Comparative 3320 93 6.72 28.4 129 189 56.2
Example 6
Comparafive | 515y | 104 | 6.64 27.8 141 207 58.8
Example 7

[0074] Fig. | shows the relationship between the Sr content of the cement
compositions in Examples 1 to 4 having a Mo content of less than 0.0023% by mass
(specifically, a Mo content of 0.0007 to 0.0022% by mass) and a Sr content of 0.02 to
0.06% by mass (specifically, a Sr content of 0.0262 to 0.058% by mass) and the
compressive strength of mortars using these cement compositions. Further, Fig. 1
shows the relationship between the Sr content of the cement compositions in
Comparative Examples 1 to 7 having a Mo content of more than 0.0023% by mass and
a Sr content of 0.02 to 0.06% by mass and the compressive strength of mortars using
these cement compositions.

[0075] As can be seen from Table 5 and Fig. 1, when the Sr content of the cement
composition is in the range of from 0.02 to 0.06% by mass, the mortar compressive
strength increases and peaks in the Sr content of about 0.045 to 0.05% by mass.
Further, as can be seen from Table 5 and Fig. 1, the cement compositions having a Mo
content of 0.0002 to 0.0023% by mass in Examples 1 to 4 (symbol “O” in Fig. 1) are
increased in the mortar compressive strength and improved in the strength exhibiting

properties, and thus can surely achieve satisfactory mortar compressive strength, as




166 60.8 Conparative Exanple 4 3320 10.2 6.37 27.2 120 175 61.9
Conmparative Exanple 5 3260 12.6 6.22 27.2 142 202 61.2 Conparative
Exanple 6 3320 9.3 6.72 28.4 129 189 56. 2 Conparative Exanple 7 3150
10.4 6.64 27.8 141 207 -21-

10

compared to the cement compositions having a Mo content of more than 0.0023% by
mass in Comparative Examples 1 to 7 (symbol “@” in Fig. 1). Further, in the cement
compositions in Examples | to 4, despite an increase of the mortar compressive strength,
the amount of water required for normal consistency of cement paste (water amount
required to obtain a constant softness of the cement paste) is maintained and there is no
marked change in the fluidity, and the setting time does not markedly change, as
compared to those in the cement compositions in Comparative Examples 1 to 7.

[0076] As can be seen from the results shown above, when the Sr content of the
cement composition is 0.02 to 0.06% by mass and the Mo content is 0.0002 to 0.0023%
by mass, there can be provided a cement composition which can improve the strength
exhibiting properties of a cured product of a cement paste, mortar, or concrete while
maintaining the fresh properties (the amount of water required for normal consistency
of cement paste, setting time) of the cement paste, mortar, or concrete, and a method for

producing the same.
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