1 Title of the Invention: CEMENT CLI NKER, METHOD OF MANUFACTURI NG THE
. SAME AND CEMENT COWPCSI TION 5 TECHNI CAL FI ELD: [ 0001] The
present invention relates to a cenent &linker, a method of

manuf acturi ng the sane and a cenent conposition. Mre specifically,

it relates to a cenent clinker having novel 10 conposition which

exhi bits excel |l ent physical properties even when it is sintered at a

| oner te onventional tenperature and a cenent
conposi t{%ﬁl%%fiéﬁgé‘ﬂ%ﬁ %ker. BACKGROUND ART: 15[ 0002]
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2004- 352515 DI SCLOSURE OF THE | NVENTION: 5 Problem To Be Sol ved by

t he | nveRACEFRCUND ART:

15 [0002]

- The cement industry is a
mass-production/mass-consumption type industry for which it is
assumed that resource saving and energy saving have been and
will be the most important issues. For example, to manufacture

20 Portland cement which is now manufactured in largest quantity,
raw materials which have been prepared to achieve predetermined
chemical composition must be sintered at a high temperature of
1,450 to 1,550°C to produce a clinker, and energy costs for
obtaining this temperature are huge.

25 Meanwhile, effective use of waste products and
by-products is now an important issue in connection with a
recent global environmental problem. Making use of the
characteristic features of the cement industry and the cement
production equipment in order to make effective use of or

30 dispose of waste products as raw materials or fuel for the
manufacture of cement is considered as effective because large
amounts of waste products can be disposed of safely (Patent

Document 1).

35 Prier Art Documents:

Patent Documents:



[ 0004] Qut of the waste products and the by-products,

. muni ci pal waste incinerated ash, granul ated bl ast furnace slag and
anneal ed bl ast furnace sl ag, espeC|aJI% coal ash and the |ike 10 have
a higher content of alum num oxide (Al 203) than that of an ordinary
cenent clinker. Wien the anmounts of waste products and by-products
havi ng a high content of Al 203 to be used are increased, the content
of C3A o mnerals constituting a cenent clinker grows. This C3A
is called "interstitial phase" 15 |i ke C4AF, and when the content of
C3A i ncreases, Pafensi Moeuimegtt drirpelfatfurdd - 337 1A i nker can be
reduced. On the other hand, it exerts an influence on production of
ot her nlnerals QFSS 028 constltutlng a clinker and inportant for
the stref (ﬁkctlng the physical properties of
cenment . 23%@11@51] To Be sﬂh&m HiheHy emerdndinention is aimed to

provi de 30%% nt clinker having novel conposition, which can increase
the total "arnount of waste products as conpared with conventiona
cenent, can ref@utect Hédssivaséri pgodenperatditécabyt heotliipespfmunicipal
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and has excellent strength devel®opi ng propertles ntiona
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i nventi on. accor rese | nve 1 0N,
3 is provruestactement asidvirker T\Mﬂrlscﬁafha§ aa&étedl “tohtestibtal phase”

tricaf ci Mﬂ@'@@ﬁaﬁﬁd(@& @ﬂgcto%ttre%ciabﬁ'dé M ahupagkerrite (iG)ing

calculate ogue' s _f ornul as of mass% or nore, a trical cium
silicate ?@B%ﬁaEBﬁFeﬂg tha CHiaksr FenBRg e AU Dr mAnatBegptiner sty
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cont ent ofme&BE, abidedékwl #f fiecsihgchlte KIGRS) cahqut aodit bes 69° nessXtar
mor & [ 0P98h 5] According to the present invention, there is also
provi ded a cenent conposi tion conprising the above cenent clinker and
gypsum Pref erBppy, thfepcememt éomposipnohs aimed to provide a cement

clinker having novel composition, which can increase the total
amount of waste products as compared with conventional cement,
can reduce the sintering temperature at the time of manufacture

25 without using a mineralizer such as calcium fluoride and has
excellent strength developing properties like a conventional
cement clinker.

Means for Solving the Problem
[0006]

30 The inventors of the present invention conducted
intensive studies to solve the above problem and found that when
the iron modulus (I.M.) of a clinker is set to a predetermined
value or less, 1f the clinker has high contents of C3A and C4AF,
it develops high strength. The inventors conducted further

35 -studies to accomplish the present invention.

[0007] That is, according to the present invention, there



15 further conprises at |east one adm xture sel ected from bl ast

. furnace slag, siliceous adm xture, fly_ash and |inestone.

According to the present invention, thére is further provi ded a

nmet hod of manufacturing a cenent cllnker conprising the steps of:
20preparing raw materials to achieve a total content of C3A and C4AF
cal cul ated by Bogue's fornulas of 22 mass% or nore, a C3S content

cal cul at egs t}ﬁl %9&?@(15 f@érﬁ%‘é@ Qilﬁﬁe.@ﬁwﬁﬁ{&}?rhggr& ﬁBQai‘”cbﬁ?QnH‘)ﬁE' us

(I.M) of sintering the raw materials at
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tenperature, the sane strengt opi ng properties are t ar ned. 35
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cont ent s 1of t%\c&ﬂe%:n@rwf @&m B HRE PiRsan rda},\é&ntdloen&ree M ues
whi ch are ca culate ue s formul as and, show t he

conposi ti%dn® 80?1%% ‘}/rﬁ?erbtr crFpRaRag HéFéll§ltlE9 pbl tsebe aCafanageridl

featube \wal WS nasdhepmesitet nanagenent and 5 production process of
a cllnke dd@% nodul us which will be described hereinafter.
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of main gg%gl qgggg&; o] S

peopl e havin ordlnary S |ﬁi iI'n t %gihgékﬁﬁ%vtkﬂ%ﬁggé : eéc%%ﬁé%% of

each ni né&ldn Q¥1ﬂﬂ§(ﬂﬁ9ﬁ@% by redierg e B@@u@em§qﬂMQﬁm99ﬁ¥$%Mbmn
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Content Gropsea {3%) S8 558 B IE CIDY it S oh Sa AT 2. 65

x Al 203) - (1. ﬁ&cmrE&ﬁ@S)toCamiee@ireasferﬁBAﬁv@rﬁl% X e J[é)Oﬂlﬂ.ﬂtlrQéHhe

i ron noduyl i f | us such as h I|c nod

(HM ) gré%llsz%éi%ﬂ[on ho%i %g%ﬁ%h}froc%liln yce; earéx%g er,)conﬁ%r1.51ng

sat ur at i shedegeps (©L: . D. ) . These nodulus are characteristic

val ugs used tOpEéBQ%ﬁgaPQw A0S £14 RKesSn fode Qb RLAGA-OYr USE WF BRI

contents of main chem cal conponents |ike
and C.AF calculated by Bogue’s formulas cof 22 mass$% or more,

a C358 content calculated by Bogue’s formula of 60 mass% or more
and an iron modulus {I.M.) of 1.3 or less; and

sintering the raw materials at 1,300 to 1,400C.

25 Effect of the Invention
[0009]

According to the present invention, the total amount of
waste products to be used as raw materials can be increased more
than that for a conventional cement clinker, and the sintering

30 temperature can be reduced to 1,300 to 1,400°C. Further, as
compared with a conventionally known cement clinker which is
sintered at a high temperature, the same strength developing

properties are obtained.

35 BEST MODE FOR CARRYING OUT THE INVENTION:
[0010]



25 the conposition of mnerals obtained by the above Bogue' s
.formulas. The iron nodulus and its calgul ation nethod are well known
to people having ordinary skill in the“art and gi ven bel ow t oget her

wi th nmet hods of cal cul ating other nodulus. [0012] 30 hydraulic

rmdul us (HM ) = Ca0/ (Si02 + Al 203 + Fe203) Silica nmodulus (S. M )
Si02/ (Al 203 + Fe203) Activity index (A | . ) Si 02/ Al 203 Iron

modul us (1J4.) 1he-208LFe203r c.a SHEEngat %l%g%rs%%t( bnySnti B

) = CaO/ (2.8xS|0%? 1.18 x Al 2 0. 65

"Al 203" & VREDES JrFft A& Safrdbed %%F%Pasth%%@etﬁe %Iﬁtléﬂ%sar(dnae@%

of t hese tcrfeen:bm@bsmripmneabﬁtebtao nefl ﬁxﬁﬁ&lﬁﬂdﬁllbaiadsoﬂohe R%202as

" Chem cal od of Portland and Jl

"Fl uoresce E@}n‘?‘ad)glrlaaf/l na yusrles Wet'hod o ?Te%Jde %T dﬁﬁ%ﬁ‘gement él“ﬂ%
cenen? clanvkbrctofont rqresemt iavehinlonr chivps i BeduGa, wisi €2, wiAl 203e
and Fe203, A% Mdy ¢hen Gal figonponent s and trace anounts of oxides
such as MyO, NaQ and 1(20 as other conponents. The cenent clinker is

characterized Byet ROIEMFoHNTBH 6T aF HIRG A1 Ri@uatedsy the

fol | owi n@&@mﬁ&mwb@_n@a@a&r R neBAUIsus pblrobki ha tkA918), using tHbe
cement cljnker of the present entjon_nust have a tot aI con ent of

n
CaA and CEAR SOR 28 URdSoRor - fibr &F Nikh FHE AT COTB OGS ORSEaAES
and 2AF vied l-dwnewrt harm@Ra sessdpeople hadiifrfg cndind oy @itidilnia ttenent .

cl i nker by 09 SALLS! 6L Ao ISLEALo A ABBELLSS: PUED @ #1LENNy

devel opi ng properties sinterin
t han t he n&@ﬁtlﬁoﬁalfogmmlériLﬁgsltl@meb%che Tﬂﬁeutnéttallscmﬁﬁél%tlofaEBA

and CAAFtihe merewud@gpreferably 24 mass% or nore. As will be
descri bed herel nafter, to obt al n h strength devel opi nt? _&ropertl es,
the cont &APTERTCSE Hedt= b rﬁa or” foréY Fhetetbre, (&h O3

| i m15 of —t Ha .uat &l E@Qog)ent of C3A and CAAF is 40 mass% It is
pref erab 5._mas (V , re r ef ss% or less and
parti cul la:?{) 3%/66% erogﬁéy gﬁﬁggg 0 8 Fg %aJP:L’X & t hese
conponentontehe odnteht = oﬂZOﬁb\anRdm@a)l . pirlefar abl@ezms ) mass% or nore

as it ca&og%eﬁgrrgkebejjL sigtgped at @ |ow tenperature and can reduce
the content of free Calcium 30 oxi 3(f Ca0) in the cenent clinker.
[ 0015] [0011]

20 The ironmodulus (I.M.) is one of modulus such as hydraulic

modulus (H.M.), silica modulus (S.M.), activity index (A.I.)
and lime saturation degree (L.S.D.). These modulus are
characteristic values used to produce and manage clinkers and
obtained by using the contents of main chemical components like
25 the composition of minerals obtained by the above Bogue’s
formulas. The iron modulus and its calculation method are well
known to people having ordinary skill in the art and given below

together with methods of calculating other modulus.

[0012]
30 hydraulic modulus (H.M.} = Ca®/ (810, + Al,03 + Fes03)
Silica modulus (8.M.) = Si0:/{Al:0: + Fey03)
Activity index (A.I.) = Si0,/RA1,04
Iron modulus (I.M.) = Al,03/Fe,0;
Lime saturation degree (L.S.D.) = Ca0/ (2.8 x'SiOZ + 1.18 % Al.03

35 + 0.65 x Fe20.3)

“Ca0”, “8i0y”, “Aly0:” and “Fe,03” in the above formulas



The content of C3S is extrenely inportant for the strength devel opi ng
. properties of the cenment conposition g$nprising the cenent clinker of
the present invention (to be sinply reterred 35 to as "cenent"

herei nafter). When this content is |ower than 60 mass%, if the total
content of C3A and C4AF and the iron nodulus 6 which will be

descri bed hereinafter are set to predeterm ned ranges, satisfactory

strengt ha%vghepémt@f&@@qmals%& ape nedsobtrined: Ihgp SH@P%Qto}%aPﬁ)’éd

is preferably 62 mass% or and articul arl referab nmass%
or nore. g n@@tPﬁ@StBFﬁPdSOBOHFeﬁﬁzgﬁ C§ﬂe§ﬁ&aé4 ajly g bt
mass% t e runperd ldeidntof drite TOMT4 ofr T dscettt massd Aappsise a
tlne froH?é & nEthaI S t,to the final set (nay also be referred to
"sett |ne herelnafter) t he above upper limt value is
prefe&abuﬁolalnassqbor | ess and nore preferably 65 mass% or |ess. 10

The cement ol PRKSLefnd b9 PIESEOE OVERLLON: B LI HPERRARELSE, 025

The content o I's preferabl tain ng term
strengt hSifhe £61% a@shttents s c@@ranféh%@a% PRrPPRENEF PREf BEABEY

69dWFSS(V<aﬁlbklﬂmﬁseof[&9ﬂ€§ds Ealch ia§ mk@@ rmﬁf ﬁhe{pp;d astothat éé’t@pdr(eﬁﬂt&l; d
nmodul us nment, clinker of .the present |nvent|on sho
b 1. 5° orhiep kel REaTT O RIS 47 Afor B F £ hRe
requid emainerbds thkcokaeat uylthbefobiowheg{Baguyﬂs|ﬂw¢@mﬂeenaﬁdelron
satisfieﬂPFaahlsf§c&pry strength devel opi ng properties 20 (nore

specifica for "éxa the nortar strength devel opi ng properties)
cannot béOQQﬂélned When the iron nodulus is nore than 1.3, the

setting time tﬁﬂgscé@eQ€Q9PFhE99chp%%e E&%@bh@'§n98hEEonmMé€Wha$Q%a
i ron nodul us_must be 1.3 is preferably 1 to

parti cul RPF§pit b ry qﬂlan@&@F?zf 235]QAy pr more. ﬁ@hﬁﬁbﬁaﬁ ﬁcrf@l

Ihydr:mJLII eoffeddkuss angd kha (s,gplEr ¢a Mmodul usharf @zlnantasrs%rtn_@umrdﬂéfflcult
imte tain_g ce,ano ysi cal, opertie t.he

yar act | EonBARPag FoCRReRE, Blrs KB Te AR5 sat ety ey Lcal

prefer abpyo@egtueszsdgh arsds t hengthidesteel ampidud mto@(ér’rtste[sr ey erialileriing O

to 2.0 a Eaﬁp l aﬁl XOBE@f Wi bnyls 1o 1e:E 0t 1an 7the ggz%‘é%ntlona The

met hod o mahi urlh the ‘Cenent ¢l N t he présent Irmventi on

i s not pé%PF@HFagIREMHQﬁQTéEFe Théfh@emﬁ?ﬁl é‘»loinm@élrt of Ctahéiqﬂfés‘tfm-s more

|nvqmﬁlO@rgggrgglpagufﬁgggpegrbmo§§ preparing and m xi ng toget her
Known cement raW qgfle“ adessérnlbaécp{lgg:gg_%g?tg%d trc?'%lb?:atl% I?Ehﬁles\{cer tnheth
above conposi t#®F g eng
developing properties, the content of C35 must be 60 mass$ or
more. Therefore, the upper limit of the total content of C3A
and C4AF is 40 mass%. It is preferably 35 mass% or less, more
25 preferably 32 mass% ox less and particularly preferably 28 mass$
or less.

Out of these components, the content of C4AF alone is
preferably 15 mass% or more as it can be completely sintered
at a low temperature and can reduce the content of free calcium

30 oxide (f-Ca0) in the cement clinker.
[0015]

The content of C3S is extremely important for the strength
developing properties of the cement composition comprising the
cement clinker of the present invention (to be simply referred

35 to as “cement” hereinafter). When this content is lower than

60 mass%, 1f the total content of C3A and C4AF and the ironmodulus



m nerals and the above nodul us specified by the present invention and
.sintering the resulting mxture by known nmeans such as a suspension
preheater systemor a new suspension pPeheat er system 5A known

nmet hod of preparing and m xing together the cenent raw naterials may
be adopted. For exanple, the chem cal conponents of waste products,
by- products and other raw materials (CaO sources such as |inmestone,
qui ckl i k i il 3
dour ces Shen aa 0 day ad osl TRAIRR A A8% B £B DL RNReethiEda
copper s|ERNERY bIakts %ﬁ%%ﬁé %té@r)qw&%ﬁ%lwé@gmr@mamés ghe not

pr epar at iy 4 ld®. ofThtehe;ornae\@rffato@sr icgksikspeakeukt ¢debr aALERCor more
contents of . the co ponent s |geﬁﬁgi¥ %gw materials so that the above
n

requi r emsttd PEFEEH VPLR MRS PENMAF 8- satings &de tstand
t he raw n:airelrerai SaiarCE,ArranédCUdgelé’l@rt il atshe ZQahthlstls&t,Eﬁhéahpper-mﬁmlt
sanme raw teri dsed, faor the manufacture a
conventi oér;%}t%%ée%)%taec 5 e;_c rcagv fgbgé ungae%S n Sjr?e “hENtaét Erlf“ﬁg%ﬁgfnhgh
of the priesidritali geema ‘e‘hevﬁlrm)hﬁeﬁe@wy etflisonbe As fanrect 6o asf “soltseg

it i's possigenkeseiraste %eréﬁgﬁétébﬁg¥iﬂ@%uﬂfggﬂ%%sls[ ?é?ér?

I n the manufactyring neth od t he present invention, use o
one type of Wt § olrﬁ%sacréjﬁ%&@%@fﬁe%¥p§%dﬁ%§%’i%rp¥%$%rred

fromohe vi ewpaiat c@fneﬁltOﬂ]Dth]agr&’BJf attd vareset t0fi ndenwashempiogust Ber
and by- product.s

ecific s, of t e _products angd
by- pr oductERiHIEh %@an bTehéasceOdjthe@r e’ %NBFI I%ﬁj@ﬁﬂr}%ﬁ\l\%ﬁu" fa&8 iﬁa‘ﬁass”
steel sl dg ohtainr bongteelm shkengoa) tEsh tamiagenslendgef G emabCks
sl udge, papey, & & id ey #}g L£ONS n, casting sand,
soot 30 and%r 1%‘?%”(5 erate y%;gsﬁrya ol télr l{ﬁlgl/é)ash chl ori ne
by- pat h d@§t16 wood waste, waste white clay, copper slag, waste tires,

sea shel | s, rmmtcwa&hmse; amgotf@@h@efﬁsgdtﬁéfhtdmn%%lu%or@ af tJ}@m
becone c% eat energy sources. Parti cul arly the

nt raw m n
cenent cl gEﬁk&em&Pttﬁ lﬁb(§§eﬁ% FH@eHF?%ﬁn%XESﬁPEFﬁQ ahppidoPent nérars
cont ai ni Agsal.uniWham snehlaSnCaAdamdsCh.lsAﬁoa& coast it. u&enhfeltel@mitfher

Ther ef or%,eﬁ%g%eﬁ\%get%t fcI i @Iﬁer em ng 81 pres n{:%%g%fgtl Oﬁn%%"%‘?atlon

advant age can manurt act ur e USI
al um nurnamcﬁa\mgfee@nods@ctt@f@mobw p;rtom;mtsl tdwareltckmsw gfreperties

conventi q ﬁ%&e@%@%&ff&éffﬁff&ﬂé&éﬁgle the mdPEa £ 8TBRL Ehhﬂ&?]ﬁplng

manuf act ur ed met hod o esent invention is groun

t oget her PWP&%;}&@M%PH@Fd%@htﬁdéﬁ&deWbpgﬁ Blhd lrﬁ%ﬂlcwutlhlsgyﬁsimﬁQ 0

produce egaBNt . 33 J Kﬂleas@@ﬂ\iﬂgtt%@'ﬂéhd@(ﬁwnbééﬁiﬂ@tt&i'l@w'ﬁ@jr E%@R{p&l%s
of the cenen i ncl udg inary Portland cenent, earl Y stren

Port | andPEé aFf&e%p Cedrr- rdéﬂijjlshn]ﬁﬁr % [R6hd chrdntl e Sthe %&réﬁt

cI i nker pfayefah:abllyel ueh As3ambpatritvant ragnpoeeatalol v xedteenent.
aZ[SCon%bELqﬁnt conponent of a fixation material such as a soil

f| xatl on ‘ma ial, besides Portland cenment. 15When cenent is prepared

by addi ng gypsdbthknowihg pydmasddh meddl by dmat ehgypsiima heduhydrate

gypsum of,anhydr Qu$) Sy limn%\édbeté'%%@aa% g‘s&a\%ar_@atrﬁfé ?1[n FSé} Eysuzal

manuf act uri ng cement without restriction. anmoun
gypsum i Erﬁaﬂéélﬁér eBarmy il ihaocdortent sapr&terapl Y He &psantiand

prefer abbéﬁrch&lﬁrE? §r@f€@§5i@amd9n@6ez pt ef&ﬂi@bifl/e Js@l {1 ri%%ﬁl{méﬁ
t he case, of Pegc)qr diege for the method gu verizing th
bbovt cotBrRr e Tier asﬁrﬁn%ﬁﬁrwﬁ&matrémra &-RRayY e tused - 7-
wi t hout festBilction.

The method of manufacturing the cement clinker of the
present invention is not particularly limited. The cement
clinker of the present invention can be manufactured by

35 preparing and mixing together known cement raw materials in a

predetermined ratio to achieve the above composition of



[ 0021] 25An adm xture such as bl ast furnace slag, siliceous

.adm xture, fly ash, calciumcarbonate or |inmestone, or a grinding aid
is added to and mixed with the above cénment and then the resul ting

m xture is ground, or the above cenent is ground and then m xed with
the adm xture or the grinding aid. 30 It nay al so be m xed with
chlorine by-path dust. Further, it is possible to mx blast furnace

slag and f{yeAshs V‘éﬁcﬁ" the &?W@tmgéuiﬁgu%ﬁs??lf‘iéﬁrbgrJcﬂg PY.88n8s to

manuf acture bl ast furnace slag cenent an y as
respect | VEIYEN BEThe e Gridd L] idife e sofl Wi sdmemrs Hynénown means

particul agnicyn lddn 4 eshihpdn P16 65 BOhYa 2o B0y E et 8905 CARY Osh Bpk £5 1B Of
bl ai ne ecific surface area. EXAVWPLES: [0022] 5The foll ovm ng

exanpl es arr POV B FDBP the purpose of further illustrating the
preseht inventiZoknbwuh nwtehqchoﬁ@n@aﬁmdoenﬁa{denr@tbga'thieﬂg;hd\bémaht

t he conbi f tieri at i be arrpl S are
al ways eslrs%nt ?loa t{%aﬁéa}%s % 6 %C& n%r%%ieeq%‘?n%b e’mdﬁo eemplrceas nt
10 |nventqct§fFPOI{E{)U3253]01E>&éﬁfﬁﬂ€é F:Ll’OdUCtS 75y 98r AR ¢ s b@rncﬂragsh@t raw

| i mest onenzAse & G20 @9@r§@urée§]sd?ﬁ{ b8 DynoBesnHef qﬁhdmr&é QARG 8FaRed
Si 02 source % 75n£arts mass .of coal ash’as an 03 source

and 4. 85 138i%s %‘ér%?sc% ra%ﬁ&gll&é §tpase3idedn é@%@ﬁé fHgBdas

t oget her cdrady talmi roesll tasig rand lHeQOWa§oh Stoéer edecat ad, ééﬁéerfglaé?oand
m nut es t g engnt c inker. ,The cheni onppsi tion, niper
contentstoga%%ul %c% ue'asref("f')I RuF48%and ﬁéﬁﬁpﬁg (ﬁ@ﬁr%ﬁ??%ﬁéﬁlon
modul us @EHE.NO) Ofsthecaawmeaﬂsw& M9 caarid;ulratrednfdwhrushél cbvhwnOé vhe

bt ai ned «¢@MeRnll e 3 & 1honndin oT ﬁalls%%%dﬁgﬁv 0

this cenent clinker in an anount o I'n terns
resul ti n&eﬁuﬂrﬁf@%Sﬁ?%éélﬁﬁcplgltél@nﬁrfﬁée’at SiFataTT doms aireaset by Beed,

measls ed abyl the rBhahiee Feh Dot f n8x28Q8Qether in the calculated ratio.
The same raw materials as the raw materials used for the
manufacture of a conventional cement clinker may be used in the
manufacturing method of the present invention without
restriction. As amatter of course, it is possible to use waste
20 products and by-products.
[0019]

In the manufacturing method of the present invention, use
of at least one type of waste from waste products and by-products
is preferred from the viewpoint of promoting effective use of

25 waste products and by-products.

Specific examples of the waste products and by-products
which can be used herein include blast furnace slag, steel slag,
non-iron steel junk, coal ash, sewage sludge, waterworks sludge,
paper sludge, soil produced by construction, casting sand, soot

30 and dust, incinerated fly ash, molten fly ash, chlorine by-path
dust, wood waste, waste white clay, copper slag, waste tires,
sea shells, municipal waste and incinerated ash thereof. Some
of them become cement raw materials and heat energy sources.

Particularly the cement clinker of the present invention

35 contains a lot of minerals containing aluminum such as CsA and

C4AF as constituent elements. Therefore, the cement clinker



25 cnk/ g so as to produce cenent. The above cenment was neasured
for its nortar conpressive strength and setting tine by the foll ow ng
met hods. The results are shown in Tabl® 2. [ measur enent net hods]

30(1) Measurenent of the chem cal conpositions of raw materials and
cenment clinker: analyzed by a JIS R 5204-based fl uorescent X-ray

anal ysis nmethod (2) Measurenent of nortar conpression strength:

measur ed 43y 3ol I3 3201 based; setihod 3v( vasf%é%@gtﬂémit negsuped by
a JIS R 5201- based net hod [ 0024 10 Exanples 2 to 12, Conparative
Exanpl es TEuFagtured bycdhgta ol 3 FkF <2t eeneht 31wk euRahiEacy s el

in the sgfdmUeans byt opeaiftes trexcepbskhat hheoameyntsnal €aMent
material s .and the sintering tenperature were changed. The conposition

5 of m né:rld1 al cul at ed by the Bogue's fornulas and ot hers of each
of the oHtt&i2fdd cenent clinkers are shown in Table 1, and the

physi cal properti.e f..th Rt | o rahl e
Tables 1 and Z,ﬁlgf %éegnleer?%t ?I]_"l(\igker Enf\?{u?da%;t%\gr%éla%g 3%4%5%%%00% c\)lﬁﬂéc}ﬁe
has beenPEGSSIENtl GERERT drial 950 HIH S1grtdrasd Witk atg o st rear ground

t enper at Un@iciperROWN yasind keherenseneysiBle. tIhgrbasskbt sepbnExampl es
and Corrparatlv%.Exa | es are di scusseq, %séed on the_reference exanpl e
20 a StARGAPEICIHGIGY KA GEMER L REGTEPIN  FREFPICB30K) LR HFERFN 0
HN ) NiNdlutiel oc@d@ngar FC@ 1@ ddmeM 0 d3ht 1 Hi s tHteddt Hl PdttH dhdHl

o A U O, 52, SRR B RN L N K L8
clinker may also be used as a constituent component of mixed
cement or a constituent component of a fixation material such
as a soll fixation material, besides Portland cement.

i5 When cement is prepared by adding gypsum, known gypsum
such as dihydrate gypsum, hemihydrate gypsum or anhydrous
gypsum may be used as a raw material for manufacturing cement
without restriction. As the amount of gypsum, gypsum is added
to ensure that the content of S03 in the gypsum is preferably

20 1.5 to 5.0 mass% and more preferably 1.8 to 3 mass% in the case
of Portland cement. As for the method of pulverizing the above
cement clinker and gypsum, any known technigue may be used
without restriction.

[0021]

25 An admixture such as blast furnace slag, siliceous
admixture, fly ash, calcium carbonate or limestone, or a
grinding aid is added to and mixed with the above cement and
then the resulting mixture is ground, or the above cement is
ground and then mixed with the admixture or the grinding aid.

30 It may also be mixed with chlorine by-path dust.

Further, it is possible to mix blast furnace slag and fly
ash with the cement as required after grinding so as to
manufacture blast furnace slag cement and fly ash cement,
respectively. ‘ -

35 7 The degree of fineness of the cement is not particularly
limited but preferably 2,800 to 4,500 cm?/g in terms of blaine
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EXAMPLES:
[0022]
5 The following examples are provided for the purpose of

further illustrating the present invention but are in no way
to be taken as limiting. Not all the combinations of
characteristic features described in Examples are always
essential to the means of solving the problem of the present

10 invention.

[0023]
Example 1

75.98 parts by mass of limestone as a Ca0® source, 4.41
parts by mass of silica stone as a 5i0, source, 14.75 parts by

15 mass of coal ash as an Al;03; scurce and 4.85 parts by mass of

copper slag as a Fey0; source were mixed together and the

resulting mixture was sintered at 1,350C for 90 minutes to
obtain a cement clinker. The chemical composition, mineral
contents calculated by Bogue’s formulas and modulus (hydraulic

20 modulus (H.M.), silica modulus (S.M.) and iron modulus (I.M.))

of the obtained cement clinker are shown in Table 1. Gypsum
was added to this cement clinker in an amount of 2+0.2 % in terms
of 503, and the resulting mixture was mixed and ground to a
specific surface area measured by the Blaine method of 3, 200450

25 cm?/g so as to produce cement.

The above cement was measured for its mortar compressive
strength and setting time by the followingmethods. The results
are shown in Table 2.

[measurement methods)]

30 (1) Measurement of the chemical compositions of raw materials
and cement clinker: analyzed by a JIS R 5204-based
fluorescent X-ray analysis method

(2) Measurement of mortar compression strength: measured by

a JIS R 5201-based method

35 (3) Setting time: measured by a JIS R 5201-based method

[0024]
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each of the obtained cement clinkers are shown in Table 1, and

the physical properties of the cements are shown in Table 2.
In Tables 1 and 2, a cement clinker having standard
composition which has been existent conventionally and sintered
10 at a standard temperature is shown as a reference example. The
results of Examples and Comparative Examples are discussed

based on the reference example as a standard.
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[ 0027] Exanples 1 to 12 relate to the present invention in

which the raw materials were sintered at 1, 350C which is 100C | ower
than that of the clinker of the reference exanple. In these
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5 exanpl es, nortar conpressive strength at 7 days is higher than that
.of the reference exanple. [0028] Conparative Exanple 1 is an
exanple in which the raw naterials ha\%?hg t he sanme conposition as
that of Reference 10 Exanple 1 was sintered at 1,350C. As shown in
Table 2, it is understood that a conventional cenent clinker having
standard conposition rarely develop sufficiently high nortar strength
at 7 days;yhep the sintering tenperature is lowered. In Conparative
Exanpl es 5 and 3, the iron nodulus (I.M) 15 is 1.4 or nore. As shown
in Table 2, suffasimas v b g welese 59 réwgPhebsntarey§n devr ligpetiap

to 7 daysthé tra'wsmé-{:éPlHPg%élt@%q.ntt@%dt QE %?}OO@JW;“ gﬁ 1§9Lr6déelower

initial selhato final set | onger t ef er ence

Exanpl e. kst ph e r%@r% SEGMPd®- of NCBASs8
and CHAF ez&nhp)llﬁ hbmtaQZCmﬁs%ssAkréOstﬂerh@ﬂS aasedagafid eliemllrythagh
nortar strnength. |tlshrare% develg}plrn Jlr.lé) to 7 days. In

Conpar atl ve ie  cont en C3S is 51 mass% which is | ower

t han 60 rﬁkﬁsi%]spem fied by the present invention. Also in this case,

sufficiently hi ISt S srar
LAy SR 155 A Oﬁag%&f% gt@rg][ 4P 21 Traw

days. In Conparative Exanple 8 alth cont ent of
C3AandCARR Gar i7d STEssvbnsy et eSane \forpeekeion . 35 aWaa*% hef cdafenenes

SSLS{O%% | @t atp 13l 1”ﬁ§§%1§¥§9e&h§?hi F@@"}g;nt te%sng%%@m At 1& lzs $etiko
iC an those. of other exa an

conpar at 78S e%?}%pngg o R e ORT b T oV By Ve B Srapgard
devel ope@tqmpdaltﬁodamrelm(i@lmlw@ EGEainmithtly hlghAxnoen’entstj:em(Eh
havi ng a .tot-al r X C3A) and
tetracal cfturzla er r |hfet %Sﬁjatl(eécl‘rldéq@ ?J%&%E%QC%)) at ed by
Bogue' s fornul éél 6©m2<2rﬁﬁs§%%¥aml%s Zaandi galtdieimrsin m@duéus (I.M.)
(3CapHi 0235 @5)&%&&1 at @,@ leoﬁagyﬁ Tasb:a‘é)rzrmls@f%c@@n%&%%@ﬁ HOF€ar

and an iron nodul us i_) ) I'ess. 10[Cl ai.m 2
The cenmeft-r&FGHetS §é‘é@rld’ %@V% Ow%.um tlo \X/rﬁl%;YrS had tal ©2AS CERrdeRs topd
15 mass%toimtmene. s¢ €t ahg Bimd Fihen eerenhiclbnkest acs @l FankQ ekai M1

or 2 whi S.h %%% than that of Reference Example.
In Comparative Examples 4 to 6, the total content of CiA
20 and C4AF is lower than 22 mass%. Also in this case, sufficiently
high mortar strength is rarely developed up to 7 days.

In Comparative Example 7, the content of C:S is 51 mass$
which is lower than 60 mass% specified by the present invention.
Also in this case, sufficiently high mortar strength is rarely

25 developed up to 7 days.

In Comparative Example 8, although the total content of
Cs3A and C4AF is 22 mass% or more, I.M. exceeds 1.3 and the content
of C38 is low at 31 mass%. Even when the sintering temperature
is set to 1,400°C which is 50°C higher than those of other

30 examples and comparative examples, sufficiently high mortar

strength is rarely developed up to 7 days.



a total content of C35 and dicalciumsilicate (2CaQ 5i 02: C2S) of 69
-.mass% or nore. [Cl aim4] 20A cenent conposition conprising the cenent
clinker of any one of clains 1 to 3 and gypsum [Claim5] The cenent
conposition according to claim4 which further 25 conprises at | east
one adm xture selected fromthe group consisting of blast furnace
slag, siliceous adm xture, fly ash and |inestone. [Claim6] 30A

met hod of manufacturing a cenment clipkef,g conprising the steps of:
preparing raw materials to achieve a total content of C3A and CAAF
cal cul at ¢ imBddue’ s formul as of 22 mass% or nmore and a C35 content

cal cul ated by Rogu@ie® tf @nnwi@ r0fh 60 MRS %odta M I @ME &k i d 01 un
modul us (I..M) of 1.3 or less; and sintering the raw materials at
1, 300 toaﬂgmmygte {3Ca0" Al-03: C3A) and tetracalcium alumincoferrite

5 (4Ca0- Al,03 FepOy: C4AF) calculated by Bogue’s formulas of 22
mass% or more, a tricalciumsilicate (3Ca0 Si0;: C338) calculated
by Bogue’s formula of 60 mass$% or more and an iron modulus (I.M.)

of 1.3 or less.

10 [Claim 2]
The cement clinker according to claim 1 which has a C4AF

content of 15 mass$% or more.

(Claim 3]

15 The cement ciinker according to claim 1 or 2 which has
a total content of C38 and dicalcium silicate (2Ca0 5i0s: C,S)
of 69 mass% or more.

[Claim 4]
290 A cement composition comprising the cement clinker of any

one of claims 1 to 3 and gypsum.

[Claim 5]
The cement compositicon according to claim 4 which further
25 comprises at least one admixture selected from the group
consisting of blast furnace slag, siliceous admixture, fly ash

and limestone.

[Claim 6]
- 30 A method of manufacturing a cement clinker, comprising
the steps of:
preparing raw materials to achieve a total content of CiA
and C4AF calculated by Bogue’s formulas of 22 mass% or more and
a C3S content calculated by Bogue’s formula oif 60 mass% or more
35 and an iron modulus (I.M.) of 1.3 or less; and

sintering the raw materials at 1,300 to 1,400%C.



