- 1 - DESCRI PTI ON CEMENT COVPOSI TI ON AND PROCESS FOR PRODUCI NG CEMENT
COVPOSI TI ON 5 TECHNI CAL FI ELD [ 0001] The present invention
relates to a cenent conposition and & process for producing the
cenment conposition. 10 BACKGROUND ART [0002] Waste having high

al um num (Al') content in the formof coal ash or soil generated by
construction work and the |ike has come to be used in | arge anmounts
as a lscement clinker raw materighp§dRpfipR Vi ewpoint of effective
utilization of waste. In general, since the amount of the alum nate
phase (C3A) present in cenent clinker increases with the anount of Al

cont ai NneCEMENTECOMPOSITEONAND EROCESS FURSPRODAICENGI CERMENDN ai ned

i n cenment ]*@ hﬁﬁcrease acconpanyi ng expanded utilization of waste
cont ai ni rfg(8 unts of Al such as coal ash. Therefore, in order

to obfain a 20suitably fresh properties (fluidity), it is necessary

to increaﬁfcﬁl(Qﬁjﬁﬂ‘%lfﬁﬁ of water required for normal consistency of
aste

cenent p anount of water for achieving a standard consi stency of
cement pd8®®] anmount of water required to obtain a fixed consistency)

or the water BN AveHUNGERESR 10 PRehbBf RPeitiBAAAd 2 PRREssHE anount
of wat er reqq%h{grt for normal consistency of cenent paste or the water

content d¥° £ ESDHLLOMRETIHARed, there is concern over this
i ncregse having a detrinental effect on properties other than fresh

properti t gt h devel opnent. Consequently, there is the
pr obl em ﬁ@gﬁmﬁc@g&lto limt the anount of waste used to a fixed
anount i f0@i2Jer to not allow an increase in the anbunt of water
required for : j 0, : Jcont ent
of concrete. @’8 tgg%‘gfg ﬂahsaq%ﬁ%ﬁgla@ﬁ,?%ﬁﬁe@@ﬁéﬁs@??ﬂ%ﬁem cal
anal ysi s spagraied bysenstactionwrork prdsthe dikpbps sammeitocherised in latgerraouptsrasiaand
cenent ( Nkmeht @AkEAatYmSEFSTEIN tHROFiEWFaE: SRARivd tHlizatlBE 6f #hfe.hemt
Port | and cemallnt, él\Q and | o e Por t ﬁmd &g{g}snt#@. The amounts of
C3A are &&MYab snegtheamauabetihe BlHREAPIZE ( 'R FemERh FYRTCE

val ues ( sSmtbasaswih tifd A0Gurm o AFed@Bihedifi the ravih emabBaaise thegmadunaof Armdt he
anount s wat er. required for nornmal consistency. of,cenent . pa

Carount SPARPEindGH YRR ke 180 ERs R B Sl BB aste
cement pa&sntginizgrargetanpfunignickl suelyes caadiatho dlherdforeainfarderdo obtagi &t ency)
requhped T aCTE id PQ4{e, [ Tabl e
R T U e SR N S R

wat er r edeauiied forgrormal erusistenry pE ey patie taapaiwt ohwateeior eghipgpg Rand

cenent Nsfan@srdRbhsiSteddy of BReft his2Y aourd of Wt ré@iited t& bbtait fyedt. 83
consistency) or the water content of concrete.  On the other hand, when the amount of
water required for normal consistency of cement paste or the water content of concrete

25  is increased, there is concern over this increase having a detrimental effect on properties
other than fresh properties such as strength development. Consequently, there is the
problem of being forced to limit the amount of waste used to a fixed amount in order to
not allow an increase in the amount of water required for normal consistency of cement
paste or the water content of concrete.

30  [0003]

Non-Patent Document 1 describes chemical analysis values for various types of
Portland cement (normal Portland cement (N), high early strength Portland cement (H),
moderate heat Portland cement (M) and low heat Portland cement (L)). The amounts
of C3A are calculated from each component of the chemical analysis values (such as

35  AlLO; and Fe;03) using the Bogue equation, and the amounts of water required for
normal consistency of cement paste (amount of water for achieving a standard



2.68 8.3 30.6 M (noderate heat) 3.87 4.07 3.4 27.1 L (low heat)
2.66 2.55 2.7 27.4 5[0005] As shown in Table 1, normal Portl and
cenent (N) and high early strength Por41and cenent (H), which have
hi gh C3A contents, have higher anmounts of water required for nornal
consi stency of cenent paste in conparison with noderate heat Portl and
cenent (M and | ow heat Portland cenent (L). 10[ 0006] Exanpl es
of met ho (gal=} I | ude
usi ng anoTiar F ColRhERie, Mok rtetot i Lis Bhate ARANCRLEHED
(Pat ent [Dequired f’”h}fse am%"%@ﬁ@:ﬁgﬂ?ﬁ]@m‘%tﬁ%ﬁ‘lethe gypsum ni xed in
(Patent [pgeyrent 2)", and "using an aggregate having a particle size
wthin a specn@,fb ange and having a favorable particle 15 form

( Pat ent ul 1331 while an exanple of another commn methad is
"the uselnf an ddm xture (plasticizer)"|. Howelver ¢ 4 hese 4reuRosvaltay e
the problemof Having a detrinment al,gf flegt,opn skEgnat h Geved ppumel
whil e al $0 rasullti ng i A¥Fncr eased pLoduct@gn [Cosfafie 20 Crequsptency of
DOCUMENTS Pat éqt| Docunents [ 0007] Patent Docunmenty)l: Japaif@gy paste

Unexami nw—Eﬁ t—Publ i cation No. 2003-195710 IPat ent  Document’h:
Japanese| Uf8%ahi lned_pheamalpup T at-1ba INE02d0a- 32307 25padhat
Docurent ?emj’atp abidhizh parly strang®h | o383, Pl 8 clati-gn Nol 20053392223
Non- Pat ent Docun ( cat) Noh- P 7 Docuidint 1: Japdk.Cerent
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2009 5- 30005b SCLOSURE OF THE | NVENTI ON Probl ens to be Sol ved by the

I nvention [OO;Q@;hoWntltt ttaB?e f %ﬁﬂﬁ'l"%&ldnﬂ ir2ie @@rhnam@péaﬂ fstrbign pr esent
invention is pr ovi.d 5 enment OSI ti Og npr oves he

fluidity @ﬁ%@ﬁswnb@t@t @hl Y%hlgsﬁbA&smqné% a‘ée\}éﬁh‘?rﬁmtoﬁétsé’éé"é‘t%ere
conpar at iry@lised!far gemaneamistnof ofegict paad irfcongRfisoBsith @odeitd heat

generate onstr i on, wor.k used an he contents of Al and
C3A in t%@%@ﬁﬁﬁ?%?%ﬁa 18‘3’\}’@3‘61%1 %récg%eg’ “to provide a process
for pPodd@died t hat cenment conposition. 10 Means for Sol ving the

Probl ens [ 003}, e of@&etﬁodd %%HA lo 1H'Iprﬁ%qlﬁﬁ\(f/lglndtﬁgf o?’fﬁc?&?bf’@onﬁéﬂ@'i&ﬁldeo

achi eve the af orenent i one rs o resent

i nvent i onu$ipg AR iRAEZANIC Powdes n@me mawer eflimestenaireRawdsr 9P'ctt%nt documsiint s

of waste 154 ehg; aﬁnfg(lﬁé f&ﬁfbﬂhe Ay shnﬂﬁﬂ&ﬂ@ﬁ ghté}tf DHéﬂﬁtteﬁtUBi’ la(ﬁﬂ “Yiélhg aghd
has 15a coO arag vely &E‘?AI cont ent or A co ent (r%( cerren

conposi t i28HCEA a%‘PS&rP@F & WG PRt laﬁ%fl&%t‘é‘ Y2

cont ¢éfit ifoent {T:eltem mnmennmqwmlm dxaw@ledrf aabihee toramon mptiond in gthe use of
fluidity of -ITD 1, ncr.et

comp! et ] 8 SRR GRERGRe T huishi o Bh BB BRI S b B PR 3 dnd

i nvent i orqletremmtaisf of an stsngthtdegdnposittwiike aléd xwhulliag it ineregsedquedustion of
0.065 maggdeto 1.0 mass% and the MyO content of greater than 1.0
mass%t o 3.0 mass% The present invention also relates to a cenent
conposition which has the free CaO content of 1.5 mass% or |ess.

Mor egger CITEP POESRVMENITRvVeENnti on relates to a cenent conposition which
has the S8 cantent of 1.6 mass%to 2.6 mass% and C3S 25 content of
50 nass% EET7HOHHEYYE 2S content of 5 mass%to 25 mass% C3A content
of 6 mas$0ea7d 15 mass% and CAAF content of 7 mass%to 15 mass% as

e o e wiBafbl BECRRONA.: SHAL Ao A o, BEERERING. DUPRBLAD
also relates to a process uci ng nt OSi U1 0n
conprising a P@teelprm}mmt Qadﬁmsﬁﬂed@mh@mﬂdﬁa@m Hubligation Nel 2004-22236F
raw ggterial $ak %&ﬁﬁeﬁtrso %ﬁaﬁ@seglﬁr%igmﬁ%sl’a%ﬂt PGbl‘i’Jaubh tc%smsamezzbl ca
stone, coal ash, ay, Dblast furnace slag, soil generated
constructN%‘rPWlpoc%‘\%'@e sl udge, hydrocake and iron sources so that

t he cenmenvoosy rrp05|t| on has the Sr content of 0.065 rrass%to 1.0 mass%

dth @) th 0hto0.3 0 . bl di
the 3sea3/,9us RS e S A R S S R T B oo S A
Cement, p. 19-20, March 2009

30



- 4 - furnace slag followed by grinding. The present invention al so
relates to a process for producing a cenent conposition in which
shells are used as a parti al substitut® for the |inestone. The
present invention relates to a process for producing a cenent
conmposition in mhich 700 kg to 1400 kg of linestone, 20 kg to 150 kg
of silica stone 5kg to 300 kg of coal ash, 0 kg to 100 kg of clay,

0 kg to lﬂtﬁafﬁr@r g, 10 kg to 150 kg of soil
gener at e?@ cons uctl on ‘wor Igjl\gg to 100 kg of sewage sludge, 0 kg

to 100 kd’f Iemymbeakléeéhmt@dnk@tto@ 80 kg of iron sources are bl ended
per ton ment clinker for use as the cenent clinker raw materials
in the step resent .inven Iso relates to process for
produci ng a w)ﬁ@‘rﬂtl Hvde]w,ﬂ:pq&%q %Ipres%t 16%‘?%#08?%@ poviae a
const suc tdeﬁi&nﬂﬂfnkptﬁﬁiﬂm&ﬂﬁﬂim@ﬁﬁeﬁﬂﬁ fbil@t}dtﬁthem’d:nt pestes rptaf A)d Gdctdpat

the mass rati o, of soi nerated by construct o]

0 13 to £8P eafihe FRSE ARG e fOHRR TS, B Rlct 2 BofiSM 0B (5,
pr oduci ngeaeratddytcoostnmbioh waopk aierusehanghthe lsentents lof ¢é ard 64 dn thy cement
const r UCtdh QR MK ifAsistdlndt WprQlesOrR prRR R thet cbm@nlB3GsitRAY
t he coal dgLEerhas t §r ’contoe fdg B)ges ijA)to §)4 rrarsls%l n 6ﬁl
step (A). 15 Effects of the Invention [0013] According to the
presapt iM¥ARUHOSuIvRY thekioBinishe Sr content and MyO content of a
cenment c aﬁ)@l tion to be within the proper ranges, the anount of

wat er re& d for 20 normal consistency of cenent paste and the

wat er cont entAof rasahof ebelucive becrnsedistetics th hehiebythrakiragentionpd sbjebt, e

t

pesc Pt e R R Bynfieh 3 BRERRIEE EmdBRlfL
t he rel atlargaghiopnisef waste seeh esorsabash cisdil RyGreehbr nonsamce@h‘entk and has
conpqsi tiGis, Spf%{-‘éi'w%i}ﬂugﬁfm' Bbnteit &@Eﬁrcoh?cﬂwnrtﬁs' cdRént RBM m&g @F?:é C]S? tency

of cement paste or ter conteéent é) concrete .BES ..
CARRY! NG StOHIS ) oty ad megngerysy oxide (M) santsng il thg cpment @awogition
expl anat ihape o eﬂé&foﬁﬁmeﬂnve@mﬁdny bf Eenidint bikte, pi@%R ALd COMREE, tBEreby 0016]

The cenent conposition of sent..invention is characterized by
havi ng t HEAMHE 1§,co h@@ﬁtOf&eHe%@glqlfﬁ%s%to 1.0 nass% and the MyoO
cont ent cEt)Oljr]eat er than 1.0 mass%to 3.0 mass% - 5 - [0017] Sr

and MO in C?@ﬁ?&yﬁ@%%e&t‘18%?11:188'?@15&& t dfcé&&?%o@bo%ﬁ&?&ﬂﬁﬁ@ﬁ?&%%s-

The |nventor I nventi on etermn cont ent
and MyO conteahef GPoamassireie 1€ s1asveiand die YgOreontentef greateiban | Gimagssto of

nortar angl3eansdses e Tlﬁ'}ﬁegeﬁ%ﬂdeﬁtfﬁtalﬁ)&eﬁtém h 'agmteﬁﬁ;oﬁfpo&ﬁﬂﬁ Michand

MyO content .to b unt of water required
for normife %%Qﬁétceﬂt?yteﬁl 2 vob[}gt e l\éﬁtr-om TESenCgNeRion Teifites to
concr et e aa@mehecongshsitia, whible hedayie 80k cogient o105 Miaki%6 td .6 mgesWymd C;S

fluidity ofc t _paste, [t dcocr esult

i ut ap oy BrenEenmBa% & BT AR RSN SR uii e b g
conposi t |066 npzEn’dte 1frenass @i anddC.adiccontept of/&thassle o 15 mass%gs detemainedich
as coal §39E naggher ated by construction work, for which
effectlve ut| i's desired. [0018] The Sr content and MO
content &0 ltzﬂe cenent conposition refer to the percentages at which

t hey are Contﬁle']ﬁébehﬁﬁﬁ%tm dl$terela@dsad a@?&s‘ésé)ifor Ftﬁlu@i@@%r&enféﬁﬁp%l tion
3 The Sr. cont ent. of chAgﬂfrtégt co t| on can %l ured in

15 C fft))l ICOMPESIHPR Fompiising 2 §iep Si‘%@&’o‘ﬂﬁ‘/tea d‘mts of raw

el ect r ot Ineaneridls sl amddcfrahsin griou nommgrocﬁtlﬁteswne ailicetoneecbal ashsthapdar d

(est i o JCAS 1042, 3000, B lons GRIBD! Assoc okl acTle MO

content
" Met hods nfoorsomt@emccdtat tha sbmeitsopipofition hanitie Segenietit of 9. Qﬁéfmase% tod.Q1 S

R 520211 ‘V-Ellﬁﬁ tl‘iE Alon®RTBP eﬁﬂepﬂlaﬁfl 0 1€ssY /ffseﬁ@) nﬁ@é‘%oﬁbﬁdl %th@035
20 C2S, can be asured in co lance W th the Bogue
35 adjusted raw matenals and burning to produce cement clinker, and a step (B) of mlxmg

the cement clinker with gypsum and an admixture consisting of limestone and blast



The SO3 content of the cement conposition of the present invention is
preferably 151.6 mass%to 2.6 nmass% npre preferably 1.7 mass%to 2.5
mass% even nore preferably 1.8 mass%4to 2.4 mass% and particul arly
preferably 1.8 mass%to 2.3 mass% If the SO3 content of the cenent
conposition is within the aforenenti oned ranges, strength devel opnent
of nortar and concrete can be inproved while suitably mnaintaining

fluidity g, E@gegm%d%gf%ﬁgic@ O'TheEH%eé% gﬂ{gﬁ% Eteé?ﬁaﬁx%@@s'atfolzo

COHDOSItIOﬂ re nt age" cont al ne ase

mass of tHieducHigsheceeshpOBPesitinn lelnféaéh/ahellaﬁ@ yspd gs bear@ékﬁub@tem&fﬁf #ened
can be MRS, Imhggfwéﬂtmnwﬁ FlatedRLNREHSesh Bt 1 ceamltySI S of

Portl and cenent." R 2: 199 m ner
conposi t iSGRPEFILPRH Wgwgrﬁsgs éé@.%ﬁs lgpestens 29 EE 55’4 ‘ﬁ% %1 figgotane. 8
det er §i nd@ tuSD0ggofieoBagy® mnau)omgsafnmyp@ kf ey Bl g sfishst tfinatcd dhapg, 08S

rmoso 1 1 RIA0RER WP BER b Pon S BRG RR o o e BB AL Qi o,
7 mass% tkg ta300kg 9%ydm¢ﬁé(epméf3@ rkgbo $0 kgofi iroh gourcercarcbBndeshpasrion 06 51
mass% t o c@ﬂleﬂpﬁﬁl%%r ﬁ)?ﬁs&?ssthg Qélﬁ&ﬂgh r@a%?a?e{‘iatlsoln%ﬁe $ep g@ S%hetﬂ?é'seﬁ:tgA

cont ent IS mass% t mass% an AF cont ent IS nassoot
nmass% e\;@wnﬁlﬁn alsp F@ﬁ@ﬁ abql progers ok mratiutt%a CEIReIE GAMPATitipR imwhigh sQidy, t o

gS mwS/ ‘%% ehéllgte@%‘g‘o c@/ﬁm@ﬂbn hﬁ)rBAaﬁEB&ﬁF ‘f/%isl]l(hraﬂleﬁﬂé‘dsﬁbthé ftep Qsi)ﬁsccmttt%atnasﬁ
mass% t o ss° a cont e o) nmass% ., an
ar 1 cul 49 SLAPERERYARS BAFORSE e pYRek s Dt BT 3 6 18 MMEEOSE e
mass% t ipees€RSneartioantlates t@a passfoop@iucag s YemeiteoPasilibn uowhehtthe )
8 % t.Q: ' 9

Sooag) B behdREA By ABA R RO BATMEN cdferRolBRT Mt 1 TARE,,
and CAAF ap8 thecavel esh hal shestrrpontent o B3 marth t8.4daass i Iatthfdst@gwg t he
Bogugsequations are determ ned accordi ng to the foll owi ng equations

[ 1] to [%f % 027]. 5C3S content (rmass% 4.07 x CaO content (mass%
- 7.60 x Hdfe§ WNENHOass9) - 6.72 x Al 203 content (mass% - 1.43 x
Fe203 conoers) (mass% - 2.85 x 503 content (mass%[1] C2S content
mass% = 2.8/ x.5i 0 ont e

(mmssoq [ 2]~ coreebubef B pSSyERESgloy makidg thelss o chOFREE ) contept o

x Fe203 aawtnent comprsiin[t pe wW5banthe pooptce rangésrdlssahount 3f Odtex réquipred for
cont gpt %@Hﬁﬁ%hﬁl‘teﬁ%&%& ent as%d%at%i‘g lﬁdo%ggmﬁ‘glg cEﬁ?Ql?bdh%cf he

equat ons respective rerer contalne per cent ages (nass?
CaO, Si osherghyymakiagif qossibls tp jmprexe daiditytof comprisiasicomopaikand WRCKeHe
total nmass of the cenent conposition. These contai ned 20 percentages

can be ods for chem cal analysis of
Portlan%&%é@&ﬁ&Mngﬁ\ﬁﬁé& or "Methods for X-ray

fl uorescg¢otid]anal ysis of cenent” as defined in JIS R 5204. [0029] The
rreth for prggu r t tion
25 co?fprl ses Iﬂ@i ? lpag?%&)%% ﬁﬁgﬁlémi%que?#}ongm 8@%\%% e(r&lqlta s of
raw mat ercpatest cﬁ@lemn@@mnmmmhen@ﬁ)@apm@nh@ﬁ mtclrﬂ@q@tred fomgmﬁie silica
stone, Cghsiddty flcBifionidftlor the DAELcst@R of Blidergiener at ed by
construction wo sewade sl udge, hydrocake and iron sources so that
t he cenent corrp05|t| on has the Sr content of 0.065 mass%to 1.0 mass%
and the MES TGP FOR CARRABIG DUEMTHEANERSPION 3. 0 mass% bl endi ng
the i(ﬁ% raw materials 30 and burning to produce cenment clinker,
and @) ﬂi of mixing the resulting cenent clinker with gypsum
foll owed by gﬁherfdllmngmghﬁ@saﬂc}s dixaplrnetorodf preferred embbdinsentf oftthepresment
clinker 'nIR/ %Pgnstep (A) include |inestone, silica stone, coal
ash, clay, ast furnace slag, soil generated by construction work,
355ewage[@>01@ﬂige hydrocake and iron sources. Coal ash is generated

from coal -fi rgd &ﬁ%ﬁf@mﬂb@%ﬁ d? klﬁe’Br@seﬁFHwEﬁV?oﬂ il %ﬁara@t@ﬁze@%lvﬁl% the

t hereof include cinder ash a/ - clinker ash and bottom
3 Sr content of 0.063 mass% to 1 mass% and the MgO content of greater than 1.0

mass% to 3.0 mass%.



30t he specified ranges. [0033] Anong the cenent clinker raw
materials, the Sr content of |inestone serving as a cal cium source
raw material and the anounts of coal ash and soil gener ated by
construction work used (basic raw material units) have an effect on
the Sr content of the 35 cenment conposition. In order to nake the Sr
cont ent of the cenent conposition to be within the specified range,
the Sr c ﬁﬁt is preferably adjusted with the mass ratio of -9 the
soil generated by construction work to coal ash according to the Sr
content of th¥ andAED omecmens CORRATHIPRS ConpliigamingE ar irace cQpPeRFN® nt hst

the lt i me tﬁﬁ%ﬁ)rh 6{( ih@‘ﬁreas%ﬂﬁn@éﬂﬁéﬂtd%teﬁfurﬁﬂ @lf[lat Mmﬁteﬁgaﬂd Itqg@ecroateﬁd oy
constructi on wor use ri.al..uni e adj us S
i ncr ease SEREN LY OIS]é’tof‘dé Ba?at?cﬂ‘g) tEB flpidigy of ‘Pfi/) &??‘Uﬁ tﬁi}r‘%f to

5coal 5as hnak'ﬁi@thﬂf@s sontahi andMgSeohtegiemndeatiddn bmpenrmges,l tteci amounookwhter

coal ash L aglchs SHENSHAL S e RBELINER b0 UOL e (AL Leableh PRIk £RALAS"

(kg/t cl i"AKer I's prefera
1.5, everveneduseqrthérebnbialing. lizpqselbltetg lmmméhmdlm@emnm@feemmymﬁi 2

to 1.4. [B038e. 1%% r@ﬂﬂ?&hetﬂ’mwgf&éﬁ?e V?Qt&?ﬁﬁr%?tan@f:oﬁcp&e G8HEMich a

conposition to be he speci t , each of the cenent

cli nker rcswemeﬁomoaqt@mcgn B¢ gfaé‘?t%}BF a @\éfal VN HASINE Waske sueh @ ceal

uni t gof 0|abl@¥3ﬁﬂ)1]13gén€famy1@)n%ﬂﬁﬁt&ﬁnrvm Nt @hichl Sfesivd Mallzatibe iscepirent of
MO from h@% raw materials contained in the cement conposition is
greater { 1170 mass%to 3.0 mass% based on the contents of MJO in
t he raw naterTlmISrwﬂteatar&ﬁMfgﬂoamﬂdﬁt pihs cement ceiripiositios refaeto thoal ash,

cl ay, Fce%t‘ég&aa%vlﬁ&?‘&e 3 donf rlﬁ&&fo@éﬁeﬁ&g% éé%f'tl?@ce%i?éh :

hydrocak Fon SOUT Ce% conS|s copper s ag and
furnace @oBPOSifODEBss%). Thaw mt@mo the qemenhwnpqsﬁ@n&anbémeémre@\m

Ivgof qsnL l%e;n ga%&fam :@p BB dnfibsids SpodirbtioPy mtf@ereakétﬁmg atbﬁﬁ@l?ﬁ age
prerera use or ecema | N er raw nma e r
content ARPTRARY YEATURELY @Sé@?ﬁ%}fn siapgday Rﬁﬁtﬁaﬁ@)# §¢é3ié2250§ 8t thse

cont ai nedaparCaném gasodiatims YThe 480 comestasthihd wmmmb@ﬁp@dlm(xﬂm bEassY) .

020 s SRR B it EE P M SR 20 HoghiEu BRERSE BPb g derbBig®aS t ©
pr ef or abldyiokdib HRRSRIPCIS03 08 TaG mimwslwardsiian o eyt it (75,
0. 01 %;b% anpé‘;m@dr@ﬁe g‘%fj iPto Bl?aﬂck mttﬁggogl!ré @ﬁ%r' n

whi c content s pre mass%t o frie
preferab|PyetMeﬂaﬁa1§§w/oofaow g&ﬁ%}édﬂé %G&lé'ﬁ B ?ﬁR@ 5‘{ old gna Shséss%to
1.3 mass$p@ng particularly preferably 0.2 mass%to 1.3 mass%is used

for the I e Wast e .she re ef er abl sed as
raw nat er : al slltl}ffr‘%caﬁﬁekt( %tstﬁ%ﬁ%‘n?rﬁéc’@lp(’%%ﬂ‘? b‘rd qugmﬁ%g%\}ot ]ﬁ{) %{Su
speci f i egreferably. 0.097 thasshtosh & inlass%@l @oreprefeeablyp81068 niakeic to CA@hass¥, ent

and O I t r Sr
cont ot 0 Ete e RriLey BT B HOOSRRA R e BT frer TR P
used as mqga%ttoﬁllkum% tute for 35|inestone that is a natural
resource, Oml ng themuseful in terns of being able to conserve
resour ce£ )ﬂ cal exanples of shells include scallop shells, pearl
oyster - edYigP|cantgatoldhe ceamenicempesitipm s gigaterthan &0 massétrEd i ng

a porti 0|iha<§§% fdmmgfe@fbe tﬂunt 1h0 sfaedok 36 2.8 rEak%), méwf&@lyaw adseq toal

(li to S | s) I's us t hat, Sr, conte i s prefer 02
tmsodbt 020 Baitls Y MSTRPRREIEY At PR0YD 2o geun bR sl £

rmr e prefhesstiilty 20. 02 shig asdetweriel@ prafaablyantinass% itc 2handsyopr ef erably
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[0026]



In the step (B) of the present invention, the gypsumis mxed with
the cenent clinker so that the cenent conposition preferably has the
503 content of 1.6 nmass%to 2.6 nass%and nore preferably 1.7 mass%
to 2.4 mass% followed by grinding. Al though there are no particul ar
limtations thereon, exanples of nethods used for 35grinding include
using a grinder such as a ball mll or a classifier such as a
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clinker ash and bottom ash. Examples of soil generated by construction work include
surplus soil, mud and waste soil generated secondarily accompanying implementation
of construction work. Examples of sewage sludge include sludge alone as well as
sludge converted to a dry powder following addition of limestone and incineration
residue. Examples of iron sources include copper slag and blast furnace dust.

[0031]

The cement clinker raw material in the step (A) is preferably obtained by
blending 700 kg to 1400 kg of limestone, 20 kg to 150 kg of silica stone, 0 kg to 300 kg
of coal ash, 0 kg to 100 kg of clay, 0 kg to 100 kg of blast furnace slag, 10 kg to 150 kg
of soil generated by construction work, 0 kg to 100 kg of sewage sludge, 0 kg to 100 kg
of hydrocake and 30 kg to 80 kg of iron sources per ton of cement clinker. The cement
clinker raw material in the step (A) is more preferably obtained by blending 800 kg to
1300 kg of limestone, 20 kg to 100 kg of silica stone, 50 kg to 250 kg of coal ash, 0 kg
to 80 kg of clay, 5 kg to 50 kg of blast furnace slag, 20 kg to 150 kg of soil generated by
construction work, 0 kg to 70 kg of sewage sludge, 20 kg to 80 kg of hydrocake and 30
kg to 60 kg of iron sources per ton of cement clinker. The cement clinker raw material,
with respect to limestone, coal ash and soil generated by construction work in particular,
is particularly preferably obtained by blending 900 kg to 1200 kg of limestone, 80 kg to
270 kg of coal ash and 20 kg to 150 kg of soil generated by construction work per ton of
cement clinker, and even more preferably obtained by blending 1000 kg to 1100 kg of
limestone, 100 kg to 250 kg of coal ash and 30 kg to 100 kg of soil generated by
construction work per ton of cement clinker. In the present description, the term
"basic raw material unit" refers to the mass of each raw material used in producing one
ton of cement clinker (kg/t clinker).

[0032]

The method used to adjust the basic raw material units of the cement clinker raw
material in the step (A) specifically consists of measuring the Sr content and MgO
content of the sampled cement composition, and adjusting the basic raw material units
of the cement clinker raw materials so that the Sr content and MgO content are within
the specified ranges.

[0033]

Among the cement clinker raw materials, the Sr content of limestone serving as a
calcium source raw material and the amounts of coal ash and soil generated by
construction work used (basic raw material units) have an effect on the Sr content of the
cement composition. In order to make the Sr content of the cement composition to be
within the specified range, the Sr content is preferably adjusted with the mass ratio of
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| M O.  mass%, more preferably 0.1 mass% to 1.5 mass%, even more preferably 0.1 mass% to
1.3 mass% and particularly preferably 0.2 mass% to 1.3 mass% is used for the
limestone.
30 [0037]
Waste shells are preferably used as raw material in order to make the Sr content
to be within the specified range. Although shells are marine waste, their CaO content
and MgO content are roughly equal to those of limestone, and their Sr content is higher
than that of limestone. Therefore, shells can be used as a partial substitute for
35 limestone that is a natural resource, making them useful in terms of being able to

conserve resources. Typical examples of shells include scallop shells, pear] oyster
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shells and oyster shells. In the case of substituting a portion of the limestone with
shells, a calcium source raw material (limestone + shells) is used such that Sr content is
preferably 0.02 mass% to 0.3 mass%, more preferably 0.02 mass% to 0.26 mass%, even
more preferably 0.02 mass% to 0.2 mass% and particularly preferably 0.025 mass% to

5 0.2mass%. Shells can be used that preferably have an Sr content of 0.02 mass% to 1.0
mass%, more preferably 0.02 mass% to 0.5 mass%, even more preferably 0.05 mass%
to 0.3 mass% and particularly preferably 0.03 mass% to 0.3 mass%. Shells can be
used that preferably have a CaO content of 35 mass% to 55 mass%, more preferably 40
mass% to 55 mass%, even more preferably 40 mass% to 50 mass% and particularly

10 preferably 45 mass% to 50 mass%. Shells can be used that preferably have the MgO
content of 0.1 mass% to 5.0 mass%, more preferably 0.1 mass% to 3.0 mass%, even
more preferably 0.1 mass% to 2.0 mass% and particularly preferably 0.1 mass% to 1.0
mass%. In the case of using limestone having a low Sr content in which the Sr content
is less than (.02 mass%, a portion of the limestone is preferably substituted with shells.

15  Materials having comparatively high contents of CaO, Sr and MgO may also be used in
addition to shells.

[0038]
Silica stone in which the Sr content is preferably 0.001 mass% to 0.04 mass%,
more preferably 0.001 mass% to 0.03 mass%, even more preferably 0.001 mass% to

20 0.025 mass% and particularly preferably 0.001 mass% to 0.02 mass% is used for the
silica stone. Silica stone in which the MgO content is preferably 0.01 mass% to 1.0
mass%, more preferably 0.03 mass% to 0.8 mass% and even more preferably 0.03
mass% to 0.6 mass% is used for the silica stone.

[0039]

25 Coal ash in which the Sr content is preferably 0.02 mass% to 0.4 mass%, more
preferably 0.02 mass% to 0.3 mass%, even more preferably 0.02 mass% to 0.25 mass%
and particularly preferably 0.02 mass% to 0.2 mass% is used for the coal ash. Coal
ash in which the MgO content is preferably 0.1 mass% to 3.0 mass%, more preferably
0.2 mass% to 2.5 mass%, even more preferably 0.4 mass% to 2.5 mass% and

30  particularly preferably 0.5 mass% to 2.0 mass% is used for the coal ash.

[0040]

Blast furnace slag in which the Sr content is preferably 0.02 mass% to 0.2 mass%,
more preferably 0.02 mass% to 0.15 mass%, even more preferably 0.02 mass% to 0.10
mass% and particularly preferably 0.03 mass% to 0.1 mass% is used for the blast

35 furnaceslag. Blast furnace slag in which the MgO content is preferably 3.0 mass% to
9.0 mass%, more preferably 4.0 mass% to 8.0 mass%, even more preferably 5.0 mass%
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to 7.0 mass% and particularly preferably 5.0 mass% to 6.0 mass% is used for the blast
furnace slag.
[0041]
Clay in which the Sr content is preferably 0.001 mass% to .03 mass%, more
5 preferably 0.003 mass% to 0.025 mass%, even more preferably 0.003 mass% to 0.02

mass% and particularly preferably 0.004 mass% to 0.02 mass% is used for the clay.
Clay in which the MgO content is preferably 0.3 mass% to 6.0 mass%, more preferably
0.5 mass% to 5.0 mass%, even more preferably 0.5 mass% to 4.0 mass% and
particularly preferably 0.4 mass% to 3.0 mass% is used for the clay.

10 [0042]

Soil generated by construction work in which the Sr content is preferably 0.01
mass% to 1.0 mass%, more preferably 0.01 mass% to 0.7 mass%, even more preferably
0.01 mass% to 0. 5 mass% and particularly preferably 0.02 mass% to 0.4 mass% is used
for the soil generated by construction work. Soil generated by construction work in

15  which the MgO content is preferably 0.5 mass% to 5.0 mass%, more preferably 0.5
mass% to 4.0 mass%, even more preferably 1.0 mass% to 3.0 mass% and particularly
preferably 1.5 mass% to 3.0 mass% is used for the soil generated by construction work.
[0043]

Sewage sludge in which the Sr content is preferably 0.001 mass% to 0.1 mass%,

20 more preferably 0.001 mass% to 0.07 mass%, even more preferably 0.001 mass% to
0.05 mass% and particularly preferably (0.001 mass% to 0.03 mass% is used for the
sewage sludge. Sewage sludge in which the MgO content is preferably 0.5 mass% to
4.0 mass%, more preferably 0.5 mass% to 3.0 mass%, even more preferably 0.5 mass%
to 2.0 mass% and particularly preferably 0.6 mass% to 2.0 mass% is used for the

25  sewage sludge.

[0044]

Hydrocake in which the Sr content is preferably 0.1 mass% to 1.5 mass%, more
preferably 0.1 mass% to 1.0 mass%, even more preferably 0.1 mass% to 0.8 mass% and
particularly preferably 0.2 mass% to 0.6 mass% is used for the hydrocake. Hydrocake

30  in which the MgO content is preferably 5 mass% to 30 mass%, more preferably 5
mass% to 25 mass%, even more preferably 10 mass% to 20 mass% and particularly
preferably 10 mass% to 15 mass% is used for the hydrocake.

[0045]

Copper slag in which the Sr content is preferably 0.005 mass% to 0.05 mass%,

35  more preferably 0.005 mass% to 0.04 mass%, even more preferably 0.005 mass% to
0.03 mass% and particularly preferably 0.01 mass% to 0.03 mass% is used for the
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copper slag. Copper slag in which the MgO content is preferably 0.3 mass% to 2.5
mass%, more preferably 0.5 mass% to 2.0 mass%, even more preferably 0.5 mass% to
1.5 mass% and particularly preferably 0.5 mass% to 1.0 mass% is used for the copper
slag.

[0046]

Blast furnace dust in which the Sr content is preferably 0.001 mass%s to 0.03
mass%, more preferably 0.001 mass% to 0.02 mass%, even more preferably 0.002
mass% to 0.015 mass% and particularly preferably 0.002 mass% to 0.01 mass% is used
for the blast furnace dust. Blast furnace dust in which the MgO content is preferably
0.2 mass% to 3.5 mass%, more preferably 0.2 mass% to 2.5 mass%, even more
preferably 0.2 mass% to 2.0 mass% and particularly preferably 0.2 mass% to 1.5 mass%
is used for the blast furnace dust.

[0047]

The cement clinker can be produced using existing cement production equipment
such as an SP system (multistage cyclone preheating system) or NSP system (multistage
cyclone preheating system combined with a calcining furnace).

[0048]

In the case of production on an industrial scale, for example, a cement
composition for measuring the contents of Sr and MgQ is first sampled, the Sr content
and MgO content of that cement composition are measured, the basic raw material units
of the cement clinker are adjusted so that a cement composition has the Sr content of
0.065 mass% to 1.0 mass% and the MgO content of greater than 1.0 mass% to 3.0
mass%, these raw materials are blended and then burned to give a cement clinker. By
using the resulting cement clinker, a cement composition can be produced having
improved fluidity.

[0049]

In the process for producing a cement composition of the present invention, the
resulting cement composition preferably has the free CaO content of 1.5 mass% or less.
[0050]

The following provides an explanation of an embodiment of the process for
producing a cement clinker used for a cement composition of the present invention by
using existing NSP cement production equipment. However, the process for
producing a cement composition of the present invention is not limited to the following
embodiment.

[0051]
Although there are no particular limitations thereon, the method used to mix each
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of the raw materials of the cement clinker preferably consists of grinding and mixing
the raw materials with a raw material grinding mill followed by mixing in a blending
silo.

[0052]

Following grinding and mixing, the cement clinker raw material can be burned
using existing equipment in the form of a suspension preheater and rotary kiln. A
cement clinker can be obtained for producing the cement composition which has the
free CaO content of 1.5 mass% or less by changing the burning temperature, burning
time and other burning conditions of the cement clinker.

[0053]

Although there are no particular limitations thereon, the burning temperature of
the cement clinker in the case of using NSP cement production equipment is such that
the temperature of the cement clinker near the outlet of the rotary kiln is preferably
800°C to 1700°C, more preferably 900°C to 1600°C and even more preferably 1000°C
to 1500°C. The burning time is preferably 20 minutes to 2 hours, more preferably 20
minutes to 1.5 hours and even more preferably 20 minutes to 1.0 hours.

[0054]

After burning, the resulting cement clinker is preferably cooled with a clinker
cooler provided downstream from the rotary kiln to a temperature of, for example,
100°C to 200°C. The cooling rate is preferably 10°C/min to 60°C/min, more
preferably 15°C/min to 45°C/min and even more preferably 15°C/min to 30°C/min.
[0055]

In the step (B) of the present invention, the cement composition can be produced
by mixing the cement clinker obtained in the step (A) with gypsum and an admixture
consisting of limestone and blast furnace slag followed by grinding.
f0056]

The gypsum used preferably satisfies the level of quality defined in "Natural
gypsum to be used for cement" of JIS R 9151. More specifically, gypsum dihydrate,
gypsum hemihydrate and insoluble anhydrous gypsum are used preferably.

[0057]

In the step (B) of the present invention, the gypsum is mixed with the cement
clinker so that the cement composition preferably has the SO; content of 1.6 mass% to
2.6 mass% and more preferably 1.7 mass% to 2.4 mass%, followed by grinding.
Although there are no particular limitations thereon, examples of methods used for
grinding include using a grinder such as a ball mill or a classifier such as a separator.
[0058]
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1.10 development can be produced. The Blaine specific surface area of the cement
composition is more preferably 3200 cm?/g to 3800 cm’/g and even more preferably
20 3200 cm*/g to 3500 cm¥/g.
[0060]

Although the above has provided an explanation of preferred embodiments of the
present invention, the present invention is not limited to the aforementioned
embodiments.

25  Examples
[0061]

Although the following provides a detailed explanation of the present invention
by listing examples and comparative examples thereof, the present invention is not
limited to the following examples.

30 [0062]

(Examples 1 to 7 and Comparative Examples 1 to 6)

[Cement Clinker Raw Materials]

The Sr content and MgO content of cement clinker raw materials consisting of
limestone A, limestone B, silica stone, coal ash, clay, blast furnace slag, soil generated

35 by construction work, sewage sludge, hydrocake and iron sources (copper slag and blast

furnace dust) used as Sr- and MgO-containing cement clinker raw materials were
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measured in advance.

The Sr content and MgO content of a pre-sampled cement

composition were measured. And, the basic raw material units of the cement clinker

raw materials were adjusted so that the cement composition has the Sr content of 0.07

mass% to 1.0 mass% and the MgO content of 0.8 mass% to 2.6 mass%, followed by

blending these raw materials.
content of the cement composition to be within the specified range.

And, gypsum dihydrate was used to make the SO;
Table 2 shows the

values of the chemical components of the limestone, silica stone, coal ash and blast

furnace slag used in the examples and comparative examples.

MgO contents of raw materials other than those indicated in Table 2 are described

The Sr contents and

below. Here, the chemical components and basic raw material units indicated below

are basic raw material units based on a dry state (state not containing moisture).
* Clay (Sr content = 0.0138 mass%, MgO content = 1.43 mass%)
* Soil generated by construction work (Sr content = 0.0272 mass%, MgO content =

1.78 mass%)

*

Sewage sludge (Sr content = 0.002 mass%, MgO content = 0.62 mass%)

* Hydrocake (Sr content = 0.474 mass%, MgO content = 14.19 mass%)
* Copper slag (Sr content = 0.0165 mass%, MgO content = 0.83 mass%)
* Blast furnace dust (Sr content = 0.0064 mass%, MgO content = 0.22 mass%)

[0063]
[Table 2]

Chemical components (mass%)

ig.loss

Si0;

Al O

F6203

Ca0

MgO

SO;

Sr

Limestone A

40.87

4.65

1.03

0.36

51.69

0.98

0.0450

Limestone B

43.26

1.13

0.28

0.13

54.63

0.36

0.0183

Silica stone

2.44

91.56

2.79

1.02

0.95

0.30

0.00481

Coal ash

14.50

54.08

20.58

4.63

1.95

0.96

0.32

0.1060

Blast furnace slag

0.00

33.52

15.09

0.37

42.71

5.49

0.0462
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[0064]

The chemical components shown in Table 2 (ignition loss to MgO) were analyzed

in compliance with "Methods for chemical analysis of aluminosilicate raw materials for

ceramics” as defined in JIS M 8853:1998, while SO; content was measured in

compliance with "Methods for chemical analysis of Portland cement" as defined in JIS

R 5202:1998.

Sr content of the raw materials was measured in compliance with

"Methods for determination of minor components in cement by ICP atomic emission

spectroscopy and electrothermal atomic absorption spectrometry" as defined in standard
test method JCAS 1-52- 2000 of the Japan Cement Association.

[0065]
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[Cement Clinker Raw Materials]

The basic unit of each raw material used for the cement clinker raw materials,
with the exception of limestone, coal ash and soil generated by construction work,
consisted of 20 kg to 150 kg of silica ton per ton of clinker, 0 kg to 100 kg of clay per
ton of clinker, 0 kg to 100 kg of blast furnace slag per ton of clinker, 0 kg to 100 kg of
sewage sludge per ton of clinker, 0 kg to 100 kg of hydrocake per ton of clinker, and 30
kg to 80 kg of iron sources per ton of clinker.

[0066]

The basic raw material units (basic units) of limestone, coal ash and soil
generated by construction work, which are cement clinker raw materials that have a
large effect on Sr content of the cement composition, the contents of Sr and MgO
(contained percentages (mass%) based on the total mass of the raw materials for
forming 1 ton of cement clinker) introduced from each of the aforementioned raw
materials into 1 ton of cement clinker, and the contents of Sr and MgO (contained
percentages (mass%) based on the total mass of the raw materials for forming 1 ton of
cement clinker) introduced from a mixture of raw materials consisting of limestone,
coal ash and soil generated by construction work into 1 ton of cement clinker are shown
in Table 3. Table 3 also indicates the mass ratio of soil generated by construction
work to coal ash (soil generated by construction work (kg/t clinker)/coal ash (kg/t
clinker)) and the contents of Sr and MgO in the mixture of coal ash and soil generated
by construction work {contained percentages (mass%) based on the total mass of the
mixture of coal ash and soil generated by construction work). Sr content was
measured in compliance with "Methods for determination of minor components in
cement by ICP atomic emission spectroscopy and electrothermal atomic absorption
spectrometry” as defined in standard test method JCAS I-52 2000 of the Japan Cement
Association. MgO content was measured in compliance with "Methods for chemical
analysis of Portland cement" as defined in JIS R 5202:1998.

[0067] ‘
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[0072]

As shown in Table 4, in Examples 1 to 7, it was able to be adjusted that the
cement composition has the Sr content of 0.07 mass% to 0.1062 mass% and the MgO
content of 1.04 mass% to 2.55 mass% as shown in Table 4 by using cement clinker

5  prepared so that the mass ratio of soil generated by construction work to coal ash (soil
generated by construction work/coal ash) was 0.15 to 1.5 corresponding to limestone in
which the amount of Sr introduced into the clinker was 0.0495 mass%. On the other
hand, in Comparative Examples 1 to 6, since cement clinker was used that was
produced by mixing the cement clinker raw materials without adjusting the basic raw

10  material units of the cement clinker raw materials so that the Sr content and MgO
content in the cement compositions were within the specified ranges, the cement
compositions had the Sr content of 0.034 mass% to 0.06 mass% (Comparative
Examples 1 to 5), which is outside the range of the Sr content of the cement
composition of the present invention, or the MgO content of 1.0 mass% or less
15 (Comparative Examples 2 and 6), which is outside the range of the MgO content of the
cement composition of the present invention.
[0073]
[Mineral Compositions of Cement Compositions]
<Mineral Compositions of Cement Compositions>
20 The mineral compositions of the resulting cement compositions (C3S content, C»S
content, C3A content and C4AF content) were measured based on Bogue equations [1]
to [4] and XRD / Rietveld analysis. The results are shown in Table 6.
[0074]
<XRD / Rietveld analysis>
25 Powder X-ray diffraction analysis was carried out using the RINT-2500 Powder
X-Ray Diffraction Analyzer (Rigaku Corp.) and CuKa for the X-ray source under
conditions of an X-ray tube voltage of 35 kV, X-ray tube current of 110 mA, measuring
range of 20 = 10° to 60°, step width of 0.02°, count time of 2 seconds, scattering slit of
1° and light receiving slit of 0.15 mm. The resulting X-ray diffraction profile was
30 analyzed with Rietveld analysis software (JADE 6) to obtain parameters of crystal data



11.6 8.9 8.1 67.3 15.4 3.5 13.8 Exanple 5 54.5 19.3 9.3 8.1 57.5 19.9
6.6 8.6 Exanple 6 64.2 8.2 9.2 8.6 69.0 9.4 5.1 16.5 Exanple 7 61.8
11.8 8.5 8.0 - - Conparative exanpréoi 62.4 11.2 9.4 8.8 60.0 16.2
11.3 12.5 Conparative exanple 2 59.4 14.0 9.6 9.2 60.7 15.2 13.0

10

15

20

25

30

for each of the clinker minerals. Here, crystal structure data for each type of clinker

mineral as well as reference documents used in Rietveld analysis are shown in Table 5.

[0075] -
[Table 5]

Mineral component Crystal system/space group Reference document
Alite Monoclinic/Cm Reference Document 1
Belite Monoclinic/P2in Reference Document 2
Aluminate phase Cubic/Pa . Reference Document 3

Orthorhombic/Pbca Reference Document 4
Ferrite phase Orthorhombic/Ima2 Reference Document 5

[0076]

Reference Document 1: F. Nishi and Y. Takeuchi: Tricalcium silicate CazO[SiQ4]: The
monoclinic Superstructure, Zeitschrift fur Krystallographie, Vol.172, pp.297 - 314
(1985)

Reference Document 2: K.H. Jost, B. Xiemer and R. Seydel: Redetermination of the
Structure of B-Dicalcium Silicate, Acta Crystallographica, Vol.B33, pp.1696 - 1700
(1977)

Reference Document 3: P. Mondal and W.J. Jeffrey: The Crystal Structure of
Tricalcium Aluminate, Acta Crystallographica, Vol.36, pp.689 - 697 (1975)

Reference Document 4: Y. Takeuchi and F. Nishi: Crystal-chemical Characterization of
the 3Ca0-Al,03-NayO Solid Solution Series, Zeitschrift fur Kristallographie, Vol.152,
pp.259 - 307 (1980)

Reference Document 5: A.A. Colville and S. Geller: The Crystal Structure of
Brownmillerite, Ca;FeAlOs, Acta Crystallographica, Vol.B27, p.2311 (1971)

[0077]

[Physical Properties of Cement Compositions]

Physical properties of the resulting cement compositions were measured in the
manner described below. The measurement results are shown in Table 6.

<Powder Characteristics of Cement Compositions>

The powder characteristics of the cement compositions (Blaine specific surface
area and 45 pum residue) were measured in compliance with "Physical testing methods
for cement" as defined in JIS R 5201:1997.

<Color b Value>

The color b value of the cement compositions was measured using a color
difference meter (Spectro Color Meter Se2000 manufactured by Nippon Denshoku



11.1 Conparative exanple 3 55.6 17.3 10.0 8.7 56.0 20.9 10.2 12.9
Conparative exanple 4 56.2 17.2 9.4 8,7 57.2 19.5 8.3 9.9 Conparative
exanple 5 61.8 11.3 9.5 8.7 59.7 16.82%5-8 9.3 Conparative exanple 6
57.8 15.9 10.9 8.0 57.9 18.6 15.2 8.3 [0079] - 23 - Concrete
Conpressive strength (Nm#®2) | | | |

Industries Co., Ltd.).
<Setting and Mortar Compressive Strength>
Setting and mortar compressive strength were measured using the resulting
cement compositions in compliance with "Physical testing methods for cement” as
5 defined in JIS R 5201:1997.
<Concrete Testing>
Concrete testing was carried out using a target slump of 18 cm, W/C ratio of 55%,
s/a ratio of 47% and admixture content of 0.25%, and adjusting the water content so as
to obtain the target slump. The results are shown in Table 7. Here, the meanings of
10  W/C ratio and s/a ratio and the fine aggregate, coarse aggregate and admixture used are
as indicated below.
W/C ratio: Water to cement ratio {mass ratio)
s/a ratio: Fine aggregate to total aggregate ratio (= fine aggregate + total
aggregate (fine aggregate + coarse aggregate)) (volume ratio)
15 Fine aggregate: Mixed sand (ocean sand (from Hakata) 50% + crushed sand
(Sumitomo Coal Mining) 50%)
Coarse aggregate: From Miyano, Yamaguchi Prefecture 2015/50% + 1505/50%
Admixture: AE water reducing agent, Pozzolith No. 70 (BASF Pozzolith Ltd.)
Water: Tap water
20 The mixer, mixing volume and procedure used when mixing the concrete were as
indicated below.
Mixer: Forced twin-shaft mixer (nominal volume: 55 L)
Mixing volume: 30 L/batch
Mixing time and procedure:
25 1) mixer loaded with fine aggregate and cement followed
by dry mixing for 10 seconds;
2) water (containing admixture) added followed by mixing
for 60 seconds;
3) coarse aggregate added followed by mixing for 60
30 seconds, allowing to stand undisturbed for 5 minutes,
mixing for 15 seconds and discharging; and
4) test sample fabricated in compliance with JIS A 1132.
The evaluation parameters and test methods used to evaluate concrete
performance were as indicated below. Slump was measured in compliance with JIS A
35 1101, while compressive strength was measured in accordance with JIS A 1108 at a

concrete age of 28 days.
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[0078]
[Table 6]
Mineral composition (mass%)
Bogue equations XRD- Rietveld analysis
B-C;S | B-C;S | B-C3A | B-C4AF | R-C5S | R-C,S | R-C3A | R-C4AF
Example 1 53.2 20.6 9.1 8.4 60.0 19.3 10.1 8.3
Example 2 66.7 5.7 9.3 8.5 75.8 4.2 4.1 15.9

Example 3 57.1 16.5 9.5 8.5 58.6 19.4 10.9 8.8

Example 4 61.4 11.6 8.9 8.1 67.3 15.4 3.5 13.8

Example5 | 545 | 193 | 93 8.1 575 1 199 | 66 8.6
Example 6 | 64.2 | 82 9.2 8.6 69.0 | 94 5.1 16.5
Example7 | 61.8 | 11.8 8.5 8.0 - - - -

Comparative | 6y 4 | 112 | 94 | 88 | 600 | 162 | 113 | 125
example 1

Comparative | 5o 4 | 140 | 96 92 | 60.7 | 152 | 13.0 | 111
example 2

Comparalive | 555 | 173 | 100 | 87 | 560 | 209 | 102 | 129
example 3

Comparative 56.2 17.2 0.4 8.7 57.2 19.5 8.3 9.9
example 4

Comparative 618 11.3 95 8.7 59.7 16.8 6.8 9.3
example 5

Comparative | 575 | 159 | 109 | 80 | 579 | 186 | 152 | 83
example 6

[0079]
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[0080]

As shown in Table 7, the amounts of water required for normal consistency of
cement paste of Example 1 and Examples 5 to 7 were less than that of Comparative
Example 1 and 5 to 6. In the case of concrete as well, the water contents of Examples

5 1,2 and 5 were less than that of Comparative Examples 1, 3 and 4. That is, fluidity of
mortar and concrete was improved by making the cement composition to have the Sr
content of 0.065 mass% to 1.0 mass%, and the MgO content of greater than 1.0 mass%
to 3.0 mass%.

[0081]

10 As shown in Table 7, the mortar that used the cement compositions of Examples
1 to 6 demonstrated compressive strength at a concrete age of 28 days of 60 N/mm? or
more, and strength development was able to be confirmed to be maintained.
Furthermore, when the free CaO content of the cement composition exceeded 1.5
mass% as in Comparative Example 3, the compressive strength at a concrete age of 28

15  days was less than 60 N/mm?® and strength development decreased.

[0082]

As shown in Tables 3 to 7, even in the case of using waste in the form of coal ash
and soil generated by construction work, which are desired to be used effectively, and
having increased the amount of Al introduced into cement clinker by using these raw

20  materials, by adjusting the basic raw material units of the cement clinker raw materials
so the Sr content and MgQ content of the cement composition are within fixed ranges,
the fluidity of mortar and concrete using the resulting cement composition can be
improved. Moreover, strength development can be maintained by making the cement
composition to have the free CaO content of 1.5 mass% or less.

25  [0083]

The relationship between Sr contents and MgO contents of the cement
compositions of Examples 1 to 7 {Sr contents of 0.07 mass% to 0.1062 mass% and
MgO contents of 1.04 mass% to 2.55 mass%) and the cement compositions of
Comparative Examples 1 to 6 (Sr contents of 0.034 mass% to 0.06 mass% and MgO

30  contents of 1.0 mass% or less) and the amount of water required for normal consistency
of cement paste or water content is shown in FIG. 1.

[0084]

As shown in FIG. 1 (and with reference to Tables 4, 6 and 7), if the Sr content
was 0.07 mass% to 0.1062 mass% and the MgO content was 1.04 mass% to 2.55

35 mass% as in Examples 1, 2 and 5 to 7, the amount of water required for normal

consistency of cement paste (amount of water for achieving a standard consistency of
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[0088]
As shown in Table 8, even in the case of using limestone having a small amount

of Sr introduced into the clinker of 0.201 mass%, by using shells as a partial substitute
for the limestone, the amount of Sr introduced into the cement clinker was able to be

5 made to be 0.03 mass% or more, and the Sr content of the cement composition was able
to be made to be 0.07 mass% or more. As shown in Table 8, by producing cement
clinker by édjusting the basic raw material units of the cement clinker raw materials
such that the mass ratio of soil generated by construction work to coal ash was 0.13 to
1.6 corresponding to the limestone, the resulting cement composition was able to have

10  the Sr content of 0.072 mass%.
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coTSWO x 0>r- U640ct 0. 0. E'B% al - 28 - [0088] As
shown in Table 8, even in the case of using |linmestone having a small
amount of Sr introduced into the clinker of 0.201 mass% by using
shells as a partial substitute for the |inestone, the anount of Sr

I ntroduced into the cenent clinker p@gﬁﬁgle to be 5 nade to be 0.03
mass% or nore, and the Sr content of the cement conposition was able
to be nade to be 0.07 mass% or nore. As shown in Table 8, by

produci ng. cengRbmeht d&h&i’os@%nﬁdﬁﬁgfa@goﬁtéﬁ STH0E> thAWRLIY dbsobiBihd § Of
t he ceme(rﬁI i nker {,%W mailerlgls s%h t hat %e mass ratio of soil
gener at e 5§ copisat o areatenthar £ 1S eder-GaAsSas 0.13 to 1.6
corresponding to the |inestone, the resulting cenent conposition was
able to %Ve ”Ei'(x)e éerr]neen?(r:oncl:gc%tit‘iaoqlt ac%rd?ﬂgotg charifr%sls, %/&?hich has a free CaO content of

1.5 mass% or less.

3. The cement composition according to claim 1 or 2, which has a SO; content of
10 1.6 mass% to 2.6 mass%o.

4.  The cement composition according to any of claims 1 to 3, which has a C3S

content of 50 mass% to 70 mass%, a C,S content of 5 mass% to 25 mass%, a C;A

content of 6 mass% to 15 mass% and a C4AF content of 7 mass% to 15 mass%.
15

5. A process for producing a cement composition comprising:

a step (A) of adjusting the basic raw material units of raw materials selected from
the group consisting of limestone, silica stone, coal ash, clay, blast furnace slag, soil
generated by construction work, sewage sludge, hydrocake and iron sources so that the

20  cement composition has a Sr content of 0.065 mass% to 1.0 mass% and a MgO content
of greater than 1.0 mass% to 3.0 mass%, blending the adjusted raw materials and
buming to produce cement clinker, and

a step (B) of mixing the cement clinker with gypsum and an admixture of
limestone and blast furnace slag followed by grinding.

25
6.  The process for producing a cement composition according to claim 5, wherein

shells are used as a partial substitute for the limestone.

7. The process for producing a cement composition according to claim 5 or 6,

30  wherein 700 kg to 1400 kg of limestone, 20 kg to 150 kg of silica stone, 0 kg to 300 kg
of coal ash, 0 kg to 100 kg of clay, 0 kg to 100 kg of blast furnace slag, 10 kg to 150 kg
of soil generated by construction work, 0 kg to 100 kg of sewage sludge, 0 kg to 100 kg
of hydrocake and 30 kg to 80 kg of iron sources are blended per ton of cement clinker
for use as the cement clinker raw materials in the step (A).

35
8.  The process for producing a cement composition according to any of claims 5 to
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mass% 5 2. The cenent conposition a Qérding to claim1, which has a
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mass% t o (8)0 mass% bl ending the adjusted raw materials and burning
to produce cenent clinker, and a step (B) of mxing the cenent
clinker with gypsum and an adm xture of |inmestone and bl ast furnace
slag followed by grinding. 25 6. The process for producing a cenent
conposition according to claimb5, wherein shells are used as a
partial substitute for the linmestone. 7. The process for producing a
cenment conposition according to claim5 or 6, 30 wherein 700 kg to
1400 kg of linmestone, 20 kg to 150 kg of silica stone, 0 kg to 300 kg
of coal ash, 0 kg to 100 kg of clay, 0 kg to 100 kg of blast furnace
slag, 10 kg to 150 kg of soil generated by construction work, 0 kg to
100 kg of sewage sludge, 0O kg to 100 kg of hydrocake and 30 kg to 80
kg of iron sources are bl ended per ton of cenent clinker for use as
the cenent clinker raw nmaterials in the step (A). 35 -30 - 7,
wherein soil generated by construction work and coal ash are bl ended
in the step (A) so that the mass ratio of soil generated by
construction work to coal ash is 0.13 to 1.6. 9. The process for
produci ng a cenent conposition according to any of clains 5 to 5 8,
wherein the soil generated by construction work has a Sr content of
0.01 mass%to 1.0 mass% and the coal ash has a Sr content of 0.02
mass%to 0.4 mass% in the step (A).



