Monophase Hydraulic Binder, Manufacturing Method thereof and Building Material Made Using the
Same The invention relates to a monophase hydraulic binder, a mixture containing such binder, a
method for manufacturing the binder and the mixture as well as a building material manufactured with
the binder or the mixture. Hydraulic reactivity deseriles-the reaction of a binder with water so that a
solid material is formed. The definition of this process is made on the basis of the conventionally

known hydiseia dirdersdsueh a8 Rardaad canenic Asearding toistaiisn Guathes finddausen,
Technolqgie der Baustoffe Telc noé%g of Build'gé; Materials], C.F. Muller Verlag, Heidelberg, 1996, p.

h
53, hydra oA RERE N AP SIEES uhASr WAL after water has been added. According to

H.F.W. Taylor, The chemistry of cements, Academic Press, London 1964, p. 2 et seq., cement is a

hydraulichinder which, mixed,with water o %&9&&‘1Sceemﬁ%%ﬁ?}é”%‘ERS@?Q”%Y sirts fo stiffen and
hardens into cement stone due.to cshemlcal reactions between the water and the cpmpounc?s present
in the ceffentahthiYprotessbadstiffering apdsarbienintpaepend welther SRANPIRGIRST Gifeactions

with the €Q2 from theaaig.sTherefores the reactionpraceeds in ainas,well @sunderwaterMoreover,
latent hydraulic binders (so-called pozzolanic binders) are known. According to Hang (see above) they

harden oty fithePrebBRcE of B &ctivator after water has been added. In order to start the setting
reaction, e.g. lime hydrate or Portland cement are added; however, there will be no independent

reaction. Typical.examples of such latent hydraulic binders are granulated blast-furnace slags having a
s 2t 1Ca5 IO Ci07 ot N 1871 200D, Sectar & o) Comattonally Kroun hudrauic
binders asedhort silicatesido ot eontain apyimolecdlarivatedstheirityidraulid componentsesrtain no

hydrogen in theiisummationformula, and, the-bydraglic sompapents . for theymest part.gonsistof
crystalline alkali (earth) silicates. According to H.F.W. Taylor, The chemistry of cements, Academic

Press, LGHd8h i@eﬁ?ﬁ?é%?%ea?,‘?ﬁ@%ilic%?&ﬂﬁ%i&ﬁth%onﬁrﬁaﬁcalfi}jﬁ&ﬁﬁerphﬁé§&r%uﬁ@%ent in the
form of single isolated-ordmenpmericsilfeatetetrahedeay;(Qo) A exerptipnisttherare phasemelinite,

which is g.cyclosilicate and contains. chlorine. |n belinite, eac siéiicat tetrahedron is linked with two
ferther B e b el
on silicatescontain<a inclar rativcof @a0:3i02 Tf @t leastawoh SuchdwydradlicBinders arel usedpurely or

mixed with pther materials ascementin varigus ways for manufacturing selid. building maerials such
as concrete, mortar or in special binders. Moreover, two further types of mostly higher condensed

silicate ah@mofphousS(buf RSt hy GRS birtiets Are of tdctmiédtifportdnte’ nafetg Watér §lasses

on the oneband andlatenitydravhcar ppzzalana matesisds: &uehias blastfunaece stags: dly ashes,

eUl,OnthéHEEE %%%'into cement stone due to chemical reactions between the
water and the compounds present in the cement. In this process, the
stiffening and hardening depend neither on drying nor on reactions

with the CO, from the air. Therefore, the reaction proceeds in air

as well as under water.

Moreover, latent hydraulic binders (so-called pozzolanic binders)
are known. According to Harig (see above) they harden only in the
presence of an activator after water has been added. In order to
start the setting reaction, e.g. lime hydrate or Portland cement
are added; however, there will be no independent reaction. Typical
examples of such latent hydraulic binders are granulated blast-
furnace slags having a mass ratio (CaO + MgO) :3i0, of > 1 (EN 197-
1:2000, section 5.2.2).

Conventionally known hydraulic binders based on silicates do not
contain any molecular water, their hydraulic components contain no

hydrogen in their summation formula, and the hydraulic components



1. Cement is manufactured by burning calcium carbonate and a silicate carrier at approximately
1,45000 together to a product which is called (cement) clinker and substantially consists of the
hydraulically reactive clinker phases tricalcium silicate (alite, 0a35i05), dicalcium silicate (belite,
particularly 3-0a25i04) and on a subordinate levettricalcium aluminate 0a3AI206 and calcium
aluminate ferrite 0a4(A1,Fe)4010. By grinding and adding further materials, particularly gypsum or
anhydrite-8s reaction eatagders, socalled Rortland cement (OEMY ) is;ohtainad, OEM kisLaften ground
with latent hydraulic silicates to the cement types OEM Il to OEM V. The grinding produces a higher
surface Witichattaterated e Shedd &t five hﬁdﬁuﬁ@ TEA&GY Ateordifgth DIN'T 184 PSrtland
cement consist,0f 1649440 6996 of calciimeaoxide €Ca, 118% te 24% of silicondioxXiders02, 4% to 8% of
aluminu ide Al203 and 1% to 4% of jiron oxide Fe203. . 2. Furthermare, so-called water glasses
are man Tasta. TRose a5 SOl B atbr aoubie Sactes mads o Skl oddebiand 5102, which
are meltdd al apprbXIh att AE0000. Whicrglasses ard adea asConcdntrasdcsiréngly dkakire
solutions, Qrpowders. 3.Voreqwer, silicate starting (aterals can-be caysed to Leact with alye to a
binder, with alkali hydroxides being used as lyes. The resulting product is mostly called a geopolymer,
however St 1€ bR of ShalPetoRdmic ififoRaride. Aiss 2 AP Siay g}éssjegl&ﬁ@lggbbglyﬁ‘i”é’rs, are
to be regandechas hydraulic bindets anbuto=a lintited-degreerincthecssgnsencf.theidefinitions mentioned
at the beginning g they pither already exist 5 sqlutians. thatis, ot solid. and do not heyden,
respective?y, under water dué to their igh water solu ﬁity (a kali silicate3 or are not reactive as solid
materialsnand heedtadditive s stcty aS:0EM ¢ or gt séthe hydraulic reaction in motion. Their
manufacture requires both particular starting materials and respective several laborious procedural
steps which make their manufacture expensive. At the same time, their compatibility with various
additivesi8 Extrefnely Yitdite PAUE 6 Thé Very* R pHValdeLan8 1§ hot possie s effectively
influencerthesreagtion speednwuiich aorumanty 4s vepsslovs, impadticidarn; itis not posaible to accelerate
it. Due ta the limited processihility (slow hardening, strongly alkaline reaction) and the low strength
thei rang oF ADTcATr B Ao b Ao i AVEHS Bst HhoNrEand Hegd TSat fian i
cement, ifpparticalar Rortlahdcdmentt Aeeordifigto #.FxWiLayler, Comeént ehemistiy; Academid
Press, Landon, 1990, i8¢ et sedy fhe huining proggss tequired forthe,manufactyre ofithe preproduct

cement clinker at temperatures of up to about 1,45000 with a theoretical reaction enthalpy of + 1,761
kJ per kg'6f'¢dmelit Effket isescsspatidlliFmech eifstgy 2THe lisheshdreBiaHe teqdifed energy is
taken upgday-theicaleination {0k decarhonation) vl ealeium casbenate-eriginating frone imestens,
calcareous cltq}/ or tcﬁher alcgreous materials. The reaction releases CO2 and contributes to the
overall réactionina st%ng ‘?/nen'dothermic manner with an enthalpy of reaction of + 2,138 kJ per kg of
cement clinker.

1. Cement is manufactured by burning calcium carbonate and a
silicate carrier at approximately 1,450°C together to a product
which is called (cement) clinker and substantially consists of the
hydraulically reactive clinker phases tricalcium silicate (alite,
CazSi0s), dicalcium silicate (belite, particularly R-Ca;Si0,) and on
a subordinate level tricalcium aluminate CazAl,0 and calcium
aluminate ferrite Cay(Al,Fe) 019. By grinding and adding further
materials, particularly gypsum or anhydrite as reaction retarders,
so-called Portland cement (CEM I) is obtained. CEM I is often
ground with latent hydraulic silicates to the cement types CEM II
to CEM V. The grinding produces a higher surface which accelerates
the speed of the hydraulic reaction. According to DIN 1164,
Portland cement consist of 61% to 69% of calcium oxide CaO, 18% to
24% of silicon dioxide SiO,, 4% to 8% of aluminum oxide Al,03; and 1%

to 4% of iron oxide Fe,Os.



About 1.2 kg of lime are needed to manufacture 1 kg of Portland cement. Additionally, in order to
create the hydraulically active clinker phases alite, belite, tricalcium aluminate and calcium aluminate
ferrite it is necessary to partly melt the starting materials. As a sum of the theoretically required energy,
the heat losses, the grinding energy, etc., an actual gverall energy consumption of about + 4,300 kJ
per kg is the result for the end product Portland cement. During the manufacture of Portland cement,

considerableramotatsief € OZare-teleased front the calsiin gatbenate contaiping. materials swhich in
total add up to about 85%6% of CO2 per kg of clinker. The reaction of Portland cement with water leads

to solidifit&tion (ha&tdeniiid)> Actdrdifg fo H-RR Fayisr TémaHt éhémistry “AcktenmicPréss? London
1990, p. R18-C-Sx4 gedd, tthat ist peptly crystaltinécalcidnpsificatesrydrateds; asamelhas cateidm

aluminate hydrates, and. porlandite GaQH)2 are prodused. The Jatter is a negessary consequence of
the setting reaction and occlirs at a proportion o about 20% ﬁy welgﬁt in the set, i.e., hardened
cement stone. It is not possible to substantially lower the overall content of calcium in Portland cement

in general anghpatticularlysinithe frepraduct cligkershecausesotherwise the hydradlic reactivity will
strongly decrease. The overall content of calcium expressed as a molar ratio of Ca:Si which
incidentafly i& identital ttHe Mgl Tatio O (Ead) 8102 BHIRAYE S 376 419025 $he5ind&F hatrix of
C-S-H gdiipresentinthecementstone snade froym Eortland eegwntwihick substantiady results #om the
reaction 8£tlricalcrium %i:l:ﬂciate 0a35105, has a @or{%%ratio of Ca:Si of 1.7 to 1.8. The excess Ca is

present as p\o/rt%nd?t% a(C?Iglﬁjé1 afer thlemﬁy?gra%on. Portlandite contributes to the mechanical stability

of the building material only to a minor degree. Rather, portlandite determines the pH value of the
building igeial n dysing seyyiceif of e cementswhich, il then be.ahouinH 12,5.,4¢id aftacks
are buffered by portlandite at first; however, once it has been consumed, for example, by having been
transforne@iits CaC OB 562 CtheYpi Vatue Witk BEEreiRe &t tHe bindet Miatfix thadé of C-S-H gel
will be attecketiand decamposedelt is posaibleteinhibih theikcaction kyi ereating1a strugtuse astdense
as possi%lg aSnOdIEF;CUEO%(S)W c%?lvgré the mategal tr?r{‘sjport. owever thg éjri%sorlution of po tlandijte itself will

generate new opportunities for attack. The but ering of the p I\]/glFue In céeménfgﬁ%o?t andite’thus

represents:ddimited eorrdsiontprotéction for constrbetiornal Istéell it gorigrdsttheretol] thehigh alkalinity
generated by potiandite. prevents the,use BE*E@%%‘Ia%a'Eﬁﬁrsﬁé‘éiﬁivgcﬁﬁd@l‘(ﬁe%ins‘?FcrHeQ"s'b%gled

building materials, such as organic fibres. A pH value of higher then 9.5 would suffice for corrosion
pﬂﬁecﬁoﬁ or lye to set the hydraulic reaction in motion. Their manufacture

requires both particular starting materials and respective several
laborious procedural steps which make their manufacture expensive.
At the same time, their compatibility with various additives is
extremely limited due to the very high pH values and it is not
possible to effectively influence the reaction speed, which
commonly is very slow, in particular, it is not possible to
accelerate it. Due to the limited processibility (slow hardening,
strongly alkaline reaction) and the low strength their range of

application is limited.

The hydraulic binder which is best known and used most often is
cement, in particular Portland cement. According to H.F.W.Taylor,
Cement chemistry, Academic Press, London 1990, p. 64 et seq., the
burning process required for the manufacture of the preproduct
cement clinker at temperatures of up to about 1,450°C with a
theoretical reaction enthalpy of + 1,761 kJ per kg of cement
clinker uses especially much energy. The lion’s share of the
required energy is taken up by the calcination (or decarbonation)

of calcium carbonate originating from limestone, calcareous clay or



Portland cement releases a high enthalpy of reaction when it sets, which substantially results from the
formation of portlandite and leads to heat accumulations in large, massive or voluminous building
elements. The temperature build-up per unit of time may be decreased by decelerating the reaction
rate by means of grain enlargement, additive agertsr-dilution with fly ashes. However, this also
slows down the strength development. The strength of cement stone is determined by the main

componetie-S-Hagelawhishds pabeabaut-50%y weights Therefore, dhe effectivesenergy consumption
for manufacturing the strength-determining constituents of cement stone made from Portland cement
is approﬁﬁ\%%&%féﬁﬁ K3Der'ky. %%r&hgr haf O tRE cEéhtStoRE Jessentiafy afdiifm aluminate
hydratesmandhportlanditeahardly komtributés te the: strength of thelbaterial ps bulldingt matesiat, and
with regard .tg}%rre.ngth it is an undesired byproduct. The amount of portlandite may be reduced
subsequentjfy In technical systems by admixing micro-silica or latent hydraulic substances. Excess
portlandite will then slowly react to additional calcium silicate hydrates by consuming micro-silica.

However, this processis laborions andexpensive. IMoreaver.C+Srkt gelsiyay ingerperatevarious

amounts of calcium. When the calcium content increases, the connectedness of the associated silicate

building GRES WK dEEERSE U <8 will theéiF 86ntribUtioh %6 thie 'Streng¥if bfthe GdildiKg Hratefial as well

as their chiemical stabiity.dneset tiRgrtland cementistene the-Sidngels ate present withua molar ratio

of Ca:Siof 1.7.to %.8. %n contrast,to t{lgt, calcium §ilic%tg gydrrgies eéi?tcint% range o{the molar ratio of
r

Ca:Si of 0 %13 “This Fsrﬁro?/eﬁ y nat?ﬁéﬁ?ys Sgca/rring asyntﬁ/etrlnca ly pro?jucsfeg1 ‘solid taterials. Due

to the reasdriras hientiohed it would midke séese to-aima bt C-Sedwiels favingra fow cafkcitimedontent in
a hardenggsl};gjggul&q@i@{qﬂ@g@@e@}%m cement stong pade f&mfaqrﬂa@%@d@yent in particular.
However, a slight reduction of the calcium content during the production of Portland cement clinker in
a rotary KifPare&dy resuits intess réac‘fivé%bléiﬂn??i]ﬁcgféslaﬁw&aﬁ inGredse i the COREHDF belite in
particulap A furthercdecrease of gae galcium content leads to hydraulically inactive products such as
wollastonite 3-CaSiO3, pseudowollastonite a-CaSiO3 or rankinite Ca35i207. In this manner, that is, on
a "clinker route", it is not possible to obtain hydraulic binders low in calcium. In Mechano-radicals
produced fronngrourid geartz andugueartz gksst Pewder Teoht 85q1995) pr 269cHasegawa atfal.

describe changes ocgurdng during theygrinding of quartz by detectipg defective partiops onsthe surface
of the quartz by spectroscopic methods. In this process, no hydraulic binders are produced.
which in total add up to about 850 g of CO, per kg of clinker.

The reaction of Portland cement with water leads to solidification
(hardening). According to H.F.W.Taylor, Cement chemistry, Academic
Press, London 1990, p. 218, C-S-H gels, that is, poorly crystalline
calcium silicate hydrates, as well as calcium aluminate hydrates
and portlandite Ca(OH), are produced. The latter is a necessary
consequence of the setting reaction and occurs at a proportion of

about 20% by weight in the set, i.e., hardened cement stone.

It is not possible to substantially lower the overall content of
calcium in Portland cement in general and particularly in the
preproduct clinker because otherwise the hydraulic reactivity will
strongly decrease. The overall content of calcium expressed as a
molar ratio of Ca:5i which incidentally is identical to the molar
ratio of (CaO):(Si0;) is always at 3.0 +/— 0.2. The binder matrix of
C-S-H gel present in the cement stone made from Portland cement
which substantially results from the reaction of tricalcium
silicate Ca3zSiOs, has a molar ratio of Ca:Si of 1.7 to 1.8. The

excess CaO 1s present as portlandite Ca(OH), after the hydration.



activation with quartz: a diffuse reflectance infrared fourier transform and chemometrics study, Appl.
Spectroscopy 60 (2006), p. 1414, Carmody et al. prove the changes of kaolinite surfaces by grinding
them together with quartz. This case does not produce a hew phase which is hydraulically reactive. In
Mechanism for performance of energetically modiied cement versus corresponding blended cement,
Cem. Concr. Res. 35 (2005), p. 315, Justnes et al. describe the grinding of cement together with
quartz and the reduction of the grain size of both mixture partners occurring therein. Again, no new
phase is generated, Quartz is explicitly called a non-reactive filler. U.S, 3,066,031 A discloses a

cementitlot’s BiRBET &fid SoMEtHSH Fo the MaRGrERETRIRERSoF Witidh 1¢ baded o diinding €4 Afd
oxidic matetialsisuchras bid2 aadforAl2034ggether REhé@ essentialtconstituentdea iscusec in tiesform of

burnt limg,, The grinding trapsformsthe C%%‘@E‘i by & least Q% i's‘%f’r%{%rm yhigh relegges less heat
than pure Ca in a reaction with water. Epart rom the activator C%, the inder contains ground latent
hydraulicaibgiingm silicatesvUls, 4247, 143 aldederivésla particifacembbdmientdtethis method. U.S.

4,605,443,/ discleses ap amarphoushydraulic-Rinder, gpasisting of a.ground.reagtive glass produced
from a molten phase, which has a high content of AI203 and a molar ratio of Al:Si of higher than 0.95.
The hydraiit Behdvioutis CAa8Ed By the High Hitimititt cbhfetit BEES 20050182493 Ridistioses a
method formanufaetutimguwstiuctdeat coayponeands tthe hindeeused therefaredaeing conwplately hydrated

cpmpourevqi% ih% sogglglc%ﬂ%% o(fj1 I\{Véjl(gpe Eso?ﬂ%torgggg .hydrauI]caIIy .b.ut by pressing. In. this process,
silanol units condense Sy removing water. “containing calcium silicate of the xonotlite type, the

xonotlite being crystalline. Due to the hydrothermal manufacture, the amorphous preproduct described

in this patentiis a,hydrate which dogsnot harden bydraulically. EPL.500 340 Eldiscloses tggtoalumo

silicate cement as well as an apprf%%riate manufacturing method, the tectoalumo silicate having a
connectetifess GFQENBIEdVer? the hydraufic Hardering i difdspohtiing EBMPIYNis is not based on

the formatiore0EC;Sdhphasesolution of portlandite itself will generate new
opportunities for attack. The buffering of the pH value in cement
by portlandite thus represents a limited corrosion protection for
constructional steel. In contrast thereto, the high alkalinity
generated by portlandite prevents the use of base- or alkali-
sensitive additives in cement-bonded building materials, such as
organic fibres. A pH value of higher then 9.5 would suffice for

corrosion protection.

Portland cement releases a high enthalpy of reaction when it sets,
which substantially results from the formation of portlandite and
leads to heat accumulations in large, massive or voluminous
building elements. The temperature build-up per unit of time may be
decreased by decelerating the reaction rate by means of grain
enlargement, additive agents or dilution with fly ashes. However,

this also slows down the strength development.

The strength of cement stone is determined by the main component
C-S-H gel which is only about 50% by weight. Therefore, the
effective energy consumption for manufacturing the strength-
determining constituents of cement stone made from Portland cement
is approximately 8,600 kJ per kg. The other half of the cement
stone, essentially calcium aluminate hydrates and portlandite,

hardly contributes to the strength of the material or building



According to DE 195 48 645 Al, which describes a method for manufacturing secondary raw materials
from demolition material, concrete demolition material is activated by grinding. However, the grinding
is made such that no hydraulic product is formed, but a product which may be used as a cement raw
mix constituent. If concrete demolition material is 4séd the starting component moreover contains a
sulfate carrier which as a reaction product should prevent the manufacture of a monophase product.

Starting therefrom |t is.the pbiject of the preseniinvention to-provide ayneeephase Bydraulic binder, a
mixture containing such binder, methods for the manufacture of the building material and the mixture

as well a8 Biifding TatetAP Whict’ has Beehitouticel Wit the GIRUEF Or THE Rfisdirs WhicH do not
have thetaforementionsd deawbacksaand fimitationsr n-paticutarpa menephase Hydraulic binder
based on, silicate and a @Q‘é‘érsescg%%‘gﬂ”%hi% ebinqelrlar\ﬁhtgnbes proyded,which, as compared.tp
conventional Portland cement and to yarau ic or latent hydraulic binders, respectively, lowers the
energy c6AsGHiptioA durim thehmanatfatuieyofhiesbifder el wWhicls is- Aemufacturet at Iowis

temperatyres,. lowers theiupeunt-ofthe CQOLLemissions, shows a lower total release or a more
uniform release of heat during hydration, and

Moreover, C-S-H gels may incorporate various amounts of calcium.
When the calcium content increases, the connectedness of the
associated silicate building units will decrease and so will their
contribution to the strength of the building material as well as
their chemical stability. In set Portland cement stone the C-S-H
gels are present with a molar ratio of Ca:Si of 1.7 to 1.8. In
contrast to that, calcium silicate hydrates exist in a range of the
molar ratio of Ca:Si of 0.5 to 3.0. This is proven by naturally

occurring or synthetically produced solid materials.

Due to the reasons as mentioned it would make sense to aim at C-S-H
gels having a low calcium content in a hardened hydraulic binder in
general and in cement stone made from Portland cement in
particular. However, a slight reduction of the calcium content
during the production of Portland cement clinker in a rotary kiln
already results in less reactive calcium silicates and an increase
in the content of belite in particular. A further decrease of the
calcium content leads to hydraulically inactive products such as
wollastonite B-CaSiO;, pseudowollastonite o-CaSiO; or rankinite
CaszSi,0;. In this manner, that is, on a ”clinker route”, it is not

possible to obtain hydraulic binders low in calcium.

In Mechano-radicals produced from ground quartz and quartz glass,
Powder Tech. 85 (1995) p. 269, Hasegawa et al. describe changes
occurring during the grinding of quartz by detecting defective
portions on the surface of the gquartz by spectroscopic methods. In

this process, no hydraulic binders are produced.

In Modification of kaolinite surfaces through mechano-chemical



- achieves higher durability and strength of building materials and materials, respectively, made using
this binder. This object is achieved by the features of claim 1 with regard to the monophase hydraulic
binder, by the feature of claim 6 with regard to the mixture, by the features of any one of claims 8 to 10
with regard to the manufacturing method and by the features of claim 14 with regard to the building
material. The subclaims each describe advantageous embodiments of the invention. The inventive

hydraulicRipder isia hydraulicglly aetive silicate-compasind-containing saleiumgsiicon.;and oxygen.
Other elements may also be constituents of the hinder and are distinguished a&gor%in to the type of
C

their incorporation” AlkH metiE TRParticdlar sBdim Zikaling Rarh Matals YinSarticlIa? haghesium,
or other diwatent Catinnsyingparticulap Fef+lljtard nmangsnesef trialentdationsy it particutar Al[+111], are
incorporaied. shrggordinated orhigher with oxrgen as Mighk, the MGk partly subsfituing for the
calcium. Elements tetra%edrlcaﬁy coordinated y oxygen, in particular phosphorous, aluminum or Fe3,
form oxygen amiciis artl ape incorpoiited dscphaspliate calivsinate or ferrate on tetrahedral positions
as M[4]Y, substituting for silicon by no more than 45 atomic percent. The amphoteric aluminum is
suitable for both variants, just like magnesium. The exponents x+ und y+ respectively indicate the

charge of thé féi&dartation” PRe tBichidtHatry of THE TiEmiva Hydr&arc biritér (S tiefifed by the
range of tlee-motarratioccicCaibinf 2 ¢ad] partieulaylypreferablecef.08eand 8p to beddw,1.5..The

componenfs oxygen and galcium. respectively, and fyrther,elements provide for e charge. .
equalibration’. In case that a part of the calcium or sificon atoms is replaced by the substituents
M[6]x0",2rapd M 4T b2, respectively, the rmbdifiedemoldriratio €A # T2 (MBI ) L[S0 +
M[4]0y/ 2!;%[1?% mce&@éﬂr@ﬂ:@a%gfatbﬁﬁlmpl%goplghazs@ 1 Eatlféﬁfegé't%'dwf@lb isridentical to the
molar ratio of (Ca0):(Si02). The water content is below 3.5% by weight.

explicitly called a non-reactive filler.

U.S. 3,066,031 A discloses a cementitious binder and a method for
the manufacture thereof which is based on grinding CaO and oxidic
materials such as Si0O, and/or Al,0; together. The essential
constituent CaO is used in the form of burnt lime. The grinding
transforms the CaO share by at least 50% into a form which releases
less heat than pure Ca0O in a reaction with water. Apart from the
activator CaO, the binder contains ground latent hydraulic aluminum
silicates. U.S. 4,217,143 A describes a particular embodiment of

this method.

U.S. 4,605,443 A discloses an amorphous hydraulic binder consisting
of a ground reactive glass produced from a molten phase, which has
a high content of Al,0; and a molar ratio of Al:Si of higher than
0.95. The hydraulic behaviour is caused by the high aluminum

content.

DE 10 2005 018 423 Al discloses a method for manufacturing
structural components, the binder used therefore being completely
hydrated compounds, the solidification of which is not made
hydraulically but by pressing. In this process, silanol units

condense by removing water.

DE 22 22 545 B2 discloses a method for manufacturing a water-



Following X-ray diffraction studies (X-ray powder diffractometry), the binder turns out to be X-ray
amorphous, i.e. it is very strongly disordered. Silicate ions consist of oxygen tetrahedra, the center of
which is occupied by a tetrahedrically coordinated silicon. The silicate tetrahedra thus structured are
linked with each other via common oxygen atoms--S#icen atoms may be substituted for by aluminum
atoms in higher proportions and by boron, germanium, titanium, iron, beryllium or phosphorous atoms

in lower propostions, T he structure of the silicate atoms: bhtherinventive hydrawdichinden ist e
characterized by a variable linkage of the tetrahedra. Studies with 295i solid state NMR spectroscopy

showed &Bt64d Gistfibation Bf the Sifichte ¢ormetiedneds NMIR SighaSsddtifed With the typical
chemicakshiftpfiorn® (memomeric silidate tetrahiedra) viai®@lpQ2::1Q3 i Q4. Thérexponeéntdhdicates the

number of tetrahedr Ianreé%plb%@ Jin &gitig aﬂlﬂ? 3pbserved tetrahedron via common oxygens: Q1
describes a silicate dimer or thé terminal silicate tetrahedra in a chain arrangement with Q2 chain
links; Q3 and Q4 correspond to silicate tetrahedra with three and four silicate tetrahedra as neighbors,

respectively.oTheydisgovered distributionwidth of the monophasedydraylic binder.has an avgrage
connectedness of at least Q1 and does not only prove the occurrence of various types of
connecteties8 BN but aiss 4 High disttder 6 thetindividud ConPtiEtihesstypes it i gssibie to
substitute im patttsiliconsatonts 0Y. atems: of-ether retworkiformiing elementsi iy particular of aluminum,
boron, g.%r(gnrarréium bhos hg(r)mﬂjsddrnocpS beryllium %ratétggium. of ga%t(i)cru%%rtrle(lj%va e.isth substitu_tion
by aluminum Wﬁﬁ:% may Teach a maximum substitution of 45 atomic percent of Si by Al. The calcium
atoms arehgresent in the form of Ca2-' ions as bonding partners of the negatively charged silicate
units. It is possible to partially substitute them by Na, K, Li, Mg, Sr, Ea, Mn, Fe[+II] or Al[+III] atoms.

Thus, the present invention relates to a mono&hase hydraulic binder consisting of hydraulically active

calcium SifcaEd i 8ompali€on 1o Pottiand cementthishifaeredhai I Httuhfand less
calcium-suhstituting elerments; tespeactivelbty susbdhatthe motar ratindCadr (X« M 6I0;',2)]:[5i02 +
MI4IvOy,2L s lower. This fyydraulic binder js manufactured by giinding from startipg materials which
are on average produced at lower témpeératures than cement clinker $6 that eriergy consumption and
carbon dioxidel emissionsate redgted.Edrthernhorér the presentdmentioh refatesdo aomixtare

comprising apropofiion-af the inyentive monophase hydraplic binder preferably,the proportion is at
least 10% by weight, particularly preferably at least 25% by weight, above all preferably at least 50%
byWNewhfoncrete demolition material is used the starting component

moreover contains a sulfate carrier which as a reaction product

should prevent the manufacture of a monophase product.

Starting therefrom, it is the object of the present invention to
provide a monophase hydraulic binder, a mixture containing such
binder, methods for the manufacture of the building material and
the mixture as well as a building material which has been produced
with the binder or the mixture which do not have the aforementioned

drawbacks and limitations.

In particular, a monophase hydraulic binder based on silicate and a

mixture containing this binder are to be provided, which, as

compared to conventional Portland cement and to hydraulic or latent

hydraulic binders, respectively,

— lowers the energy consumption during the manufacture of the
binder, i.e. which is manufactured at low temperatures,

— lowers the amount of the CO, emissions,

— shows a lower total release or a more uniform release of heat



As is known from Portland cement, the setting and also the hardening are carried out by mixing with
water and optionally take place under water. The hydration creates a mechanically solid building
material. The hydraulic reaction of the inventive hydraulic binder does not produce portlandite
Ca(OH)2, at no time can it be detected by X-ray diffraction. Moreover, the setting reaction proceeds
with a lower release of heat than during the hydration of Portland cement. As already known in case of
Portland ceragnt, the setting speed gan be adjusted in a wide range by substituting various elements,
varying the processing %a:g. grinding) as well as by surface-active additives, such as organic additives.
The maximuin ot V& Redt BFAYdIAGbANIH theén Heredlchet Hiter A p&iidd Of fithe"af SevetaPnfifdtes or
only after sexetaltayss - k2 sPuringveatiingthednventive hydraukia himsier reacts to a calcium silicate
hydrate C-S-H phase. In this process the connectedness of the silicate building units changes on the
molecular level, solidification takes place on the macroscopic level. Depending on the composition of
the startifigimateriad, the yydraticre product may optiohalhe moidses frthierlallkali metalsa atkatine earth
metals OE9@%&%@@@9&%%&%%@@@%&@0%‘%{ hydate having.a grolay 1atjo of Ca:§l and a
modified molar ratio of [CaO + (x/2)-(M[6]Thx,2)I: [5102 + M[41YO0y,21 smaller than 1.5 is generated. In
contrast #istets! set Potflaid €ehiet consists of 3315 REgéel cRerfttelPhaving Emotartatio of
Ca:Sl of it to 18 and addittonally containsportandite: CagOkhd. Phe twdldingamaterialqnanufactured
by the setting reaction according to the invention is.chemically more stable than Portland cement stone
e 10 e b ST CHBRGTE S 1 IBhie TR TAE of G o B8 COMpaad S CEtrint stone
made frone Portidred eement apelcdue tonthedhighet eonhetteenessoithesilicate building units. The
compressive strength measured after 28 days exceeds 20 N/mm2. This value is within the order of
magnitude of the European standard EN 197 for cements indicating 3 different classes for strength of
32.5, 42 Bhand 525 N/Him2Y #iRe ivetivedsindéP contalits eed than 196 dF Na20, firhayPereacted
to an inveatiye buidingnatearialtogetherwith alkali-sansitivesaddifiyes, suahas inorganiccer organic
fibres with low alkali durability. The manufacture of the inventive monophase hydraulic binder or a
mixture &Shtaining’ tHQeein%H%/ & Shophase hydrabie bifdet s nidde By Totgiiidiigreaction
grinding)ee preprodyctcontamingcalcidmi s#iton ancboxygert havingaheadmenetorldiperic silicate
building nits (i, &, 8 caleium silicate) with, & selld silicate rav matgrial having 4 igh connegigdness,
such as quartz or quartz sand.

or other divalent cations, in particular Fe[+II] and manganese;

trivalent cations, in particular Al1[+III], are incorporated six-

coordinated or higher with oxygen as M[6]*", the M[6]* partly
substituting for the calcium. Elements tetrahedrically coordinated
by oxygen, in particular phosphorous, aluminum or Fe’", form oxygen
anions and are incorporated as phosphate, aluminate or ferrate on
tetrahedral positions as M[4]Y", substituting for silicon by no more
than 45 atomic percent. The amphoteric aluminum is suitable for

both wvariants, just like magnesium. The exponents x+ und y+

respectively indicate the charge of the relevant cation.

The stoichiometry of the inventive hydraulic binder is defined by
the range of the molar ratio of Ca:Si of 0.2 to 1.5, particularly
preferable of 0.3 and up to below 1.5. The components oxygen and
calcium, respectively, and further elements provide for the charge
equalibration. In case that a part of the calcium or silicon atoms
is replaced by the substituents M[6]%0.,, and M[4]1Y°0y,2,
respectively, the modified molar ratio [Ca0 + (x/2)-(M[6]%04)]:

[S10, + M[4]W0yu] will be indicated instead of the simple molar



- 13 - chemical elements of calcium, silicon and oxygen which are present in the form of monomeric or
dimeric silicate units. The second starting material is a silicate solid material characterized by a high
connectedness of the silicate tetrahedra of Q3 to Q4. Furthermore, small amounts of water may be
added. The inventive monophase hydraulic binder i3 tnade when the starting materials are ground in a
mill, preferably under heightened shearing and pressure effects, for example in a disk vibration mill, a

ball mill or-a rellesmitla The twpreaectants foum @ikew materiad having-an averagerconnectedness. The
second startin?.mat_erial will be depolymerized during co-grindin%. The monophase binder thus made
(5]

contains SiitAte buitding units wiicitbn $RE ‘oretharid BFe R¥ptin“a stofabfe &tidition and on the other

hand react hydraulically when the binder is mixed with water and lead to setting and solidification.
Generally, the first starting material i by, using one. of the method ined.b : - |n thermal
anUach TG Lt beia s OF LDt TO0C Al KA earth Sretes S8 e 1 by
sintering HikalPéapbuhts nalkalie earthccompoinds andsiicates tegethér. TFhe/fianufacture of
CaNaz2SiQ4 frem 0aQ03,Na2003 and 5i02 will serve as an example: 0a003 + Na2003 +
5i02CaNa2SiO4 + 2 002. - In hydrothermal manufacture in pressurized autoclaves at 140C to 300C
calcium-containing raw materials such as CaO, 0a003 or Ca(OH)2 and silicon-containing raw
materialsssucdhras € uastzs siticas mica,deldspaseroldconereiesaglasses o stags are directly reacted

with water or water vapour in grprgs%urize :ilutoclave It istp%§sibI? 1o add ehlye, rﬁferané/ NaOH or
%fc%%lﬁ a, tetrane rle % coordinate ﬁl 1COlIl. S éCﬁ

KOH. It adjusts the pH value to between 11 and 13, increases the reaction speed and allows
tetrahedra thus structured are linked with each other wvia common
oxygen atoms. Silicon atoms may be substituted for by aluminum
atoms in higher proportions and by boron, germanium, titanium,
iron, beryllium or phosphorous atoms in lower proportions. The

structure of the silicate atoms in the inventive hydraulic binder

is characterized by a variable linkage of the tetrahedra.

Studies with ?°Si solid state NMR spectroscopy showed a broad
distribution of the silicate connectedness: NMR signals occurred
with the typical chemical shifts for QO (monomeric silicate
tetrahedra) via Q%, 0%, 0’ to Q. The exponent indicates the number
of tetrahedral neighbors linked to the observed tetrahedron via
common oxygens: Q' describes a silicate dimer or the terminal
silicate tetrahedra in a chain arrangement with Q2 chain links; Q3
and Q4 correspond to silicate tetrahedra with three and four
silicate tetrahedra as neighbors, respectively. The discovered
distribution width of the monophase hydraulic binder has an average
connectedness of at least Q' and does not only prove the occurrence
of various types of connectedness Q" but also a high disorder of the

individual connectedness types.

It is possible to substitute in part silicon atoms by atoms of
other network forming elements, in particular of aluminum, boron,
germanium, phosphorous, iron, beryllium or titanium. Of particular
relevance 1is the substitution by aluminum which may reach a maximum

substitution of 45 atomic percent of Si by Al.



- 14 - the use of slowly reacting silicon compounds. Next, the products are thermally dehydrated.
Quartz, quartz sand or another raw material, secondary raw material or a synthetic product serve as a
second starting material (silicate carrier). Examples of these are silicate glasses, feldspars or slags.
Moreover, it is possible to form both starting materials tegether or that they are already present in
mixed form: a) In-situ formation: The first starting material is only formed during grinding and will then

react withthe excess:Qr additional- high-pelymerisecond starting-material.; b) Mixed statinggnaterials:
The two starting materials are already present together in a mixture and are directly reaction ground.
In anothérémBotiin&Ht it i poSSIBie to NGt I composite Binders by dding bIastFirtace slag, fly
ashes, naturakpazzolaas obsonventiorai¢Rortiant) cexenti Thedatteris afpantioular interest if the
cement %‘%‘dﬁfff?ﬂﬁ‘g 1o the [nvent_ion reacts very quickly (reaction control) or if the mixture of the
starting materials contains more calcium than required.

Thus, the present invention relates to a monophase hydraulic binder
consisting of hydraulically active calcium silicate. In comparison
to Portland cement this binder contains less calcium and less
calcium-substituting elements, respectively, such that the molar
ratio [Ca0 + (x/2) - (M[6]1%04/2)]1:[S1i0, + M[4]W0yu] is lower. This
hydraulic binder is manufactured by grinding from starting
materials which are on average produced at lower temperatures than
cement clinker so that energy consumption and carbon dioxide

emissions are reduced.

Furthermore, the present invention relates to a mixture comprising
a proportion of the inventive monophase hydraulic binder.
Preferably, the proportion is at least 10% by weight, particularly
preferably at least 25% by weight, above all preferably at least
50% by weight.

As is known from Portland cement, the setting and also the
hardening are carried out by mixing with water and optionally take
place under water. The hydration creates a mechanically solid
building material. The hydraulic reaction of the inventive
hydraulic binder does not produce portlandite Ca(OH),, at no time
can it be detected by X-ray diffraction. Moreover, the setting
reaction proceeds with a lower release of heat than during the
hydration of Portland cement. As already known in case of Portland
cement, the setting speed can be adjusted in a wide range by
substituting various elements, varying the processing (e.g.
grinding) as well as by surface-active additives, such as organic
additives. The maximum of the heat of hydration will then be
reached after a period of time of several minutes or only after

several days.



If the inventive binder contains less than 1% of Na20 the binder framework made therefrom is less
sensitive to secondarily occurring alkali silica reactions so that alkali-sensitive aggregates may be
used. Below the invention will be explained in more detail by relating to an embodiment. The starting
materials were belite HOa25i04 and quartz, fine-grairted; washed and calcined. - 15 - multiple
sintering at 1,250C and intermediate homogenizing or by dehydration of hydrothermally manufactured

a-0a2SiQArH20,a800CH SUbsequUeRt, thelite wasground tegsther with thesquartz inaimasg ratio of
1:1 (1.1 g each) in a disk vibration mill for 180 seconds. Apart from a change of the grain sizes the

grinding Process pariéiiarlycaused a Fasttion Betweshthe taftiy materia8 WA Y8Sditedih a

hydraulicchiadet.licate building units changes on the molecular level,
solidification takes place on the macroscopic level. Depending on
the composition of the starting material, the hydration product may
optionally inclose further alkali metals, alkaline earth metals or
other elements such that a calcium silicate hydrate having a molar
ratio of Ca:Si and a modified molar ratio of [CaO + (x/2)-(M[6]%0y)]:
[S10, + M[4]W0yu] smaller than 1.5 is generated. In contrast
thereto, set Portland cement consists of a C-S-H gel (cement gel)
having a molar ratio of Ca:S8i of 1.7 to 1.8 and additionally

contains portlandite Ca (OH),.

The building material manufactured by the setting reaction
according to the invention is chemically more stable than Portland
cement stone due to the absence of portlandite, due to the lower
molar ratio of Ca:S5i as compared to cement stone made from Portland
cement and due to the higher connectedness of the silicate building
units. The compressive strength measured after 28 days exceeds 20
N/mm?. This value is within the order of magnitude of the European
standard EN 197 for cements indicating 3 different classes for

strength of 32.5, 42.5, and 52.5 N/mm?.

If the inventive binder contains less than 1% of Na,0, it may be
reacted to an inventive building material, together with alkali-
sensitive additives, such as inorganic or organic fibres with low

alkali durability.

The manufacture of the inventive monophase hydraulic binder or a
mixture containing the inventive monophase hydraulic binder is made
by co-grinding (reaction grinding) a preproduct containing calcium,
silicon and oxygen having monomeric or dimeric silicate building
units (i. e. a calcium silicate) with a solid silicate raw material

having a high connectedness, such as quartz or quartz sand.

In this case the first starting material is characterized by the



The BET surfaces of the starting materials were 0.5 m2/g for belite and 2 m2/g for quartz on average,
while the mill product had a value of 1.7 m2/g. Grinding the starting materials separately with identical
weighted portions and grinding period gave an average specific surface of 5.2 m2/g. Thus, the
common grinding led to the formation of the invenrtiviesbinder in a reaction, with the specific surface
being reduced by a factor of about 3. In the IR spectra it was observed that the Si-0 stretching

vibration of ¢he belite-at844 €m 3 anchthe:(Si-0) stretehing aibrations of quartzrat:lQy §emsk strongly
decrease due to the grinding. Instead, broad bands having a center of gravity at 936 cm 1 and 1100

cm 1 occli?; thehdrrd At 836 EPRSFEVES the FormAlidn 6f & Slighty polimeérized calcium silicate. This

finding was confirmed by 295i solid state NMR studies. Belite has merely Q silicate species. After the

grinding 2,93 80.86ra3d 26 Q signal ayere newly.present. The Qsignal ol utzas well as the Q Q
signal of belite clearly decreased. The results of the X-ray dlafFractlon also prove the reaction and show
merely aBroaddherensed backyrdursd i e g iere2s to 35 PO Caik a tadiatiba ) ipeciydrabilic

binder. The bydigtion-af-the-hydrawlic binder was followedt by means,ef athernalkeonductivity
calorimeter. Due to the heat of wetting, a maximum of the heat release occurred a few seconds after

the
The inventive monophase hydraulic binder is made when the starting

materials are ground in a mill, preferably under heightened
shearing and pressure effects, for example in a disk vibration
mill, a ball mill or a roller mill. The two reactants form a new
material having an average connectedness. The second starting
material will be depolymerized during co-grinding. The monophase
binder thus made contains silicate building units which on the one
hand are kept in a storable condition and on the other hand react
hydraulically when the binder is mixed with water and lead to

setting and solidification.

Generally, the first starting material is made by using one of the

methods explained below:

— In thermal manufacture at temperatures of up to 700°C alkali/
alkaline earth silicates are produced first by sintering alkali
compounds, alkaline earth compounds and silicates together. The
manufacture of CaNa,Si0O; from CaCO;, Na,CO; and Si0O, will serve as an

example:
CaCO3 + Na,CO; + Si0O, — CaNa,Si0; + 2 COj.

— In hydrothermal manufacture in pressurized autoclaves at 140°C to
300°C calcium-containing raw materials such as CaO, CaCOs; or Ca(OH),
and silicon-containing raw materials such as quartz, silica, mica,
feldspars, old concretes, glasses or slags are directly reacted
with water or water vapour in a pressurized autoclave. It is
possible to add a lye, preferably NaOH or KOH. It adjusts the pH

value to between 11 and 13, increases the reaction speed and allows



- 16 - proportioning of the mixing water. Then the heat release subsided almost completely in order to
finally rise after a minimum at about 25 minutes to a second maximum after about 10 hours. In the
course of the next 100 hours the heat release slowly subsides. While the reaction is combined with
less heat release than the reaction of Portland cemearits.-a considerable strength is reached after a few
hours already. At a ratio of water to binder of 0.3 and by adding three parts of sand to one part of

binder a egmpressive sirength of 20N/mm24vas exceedash aftern 28 days: TherQ2NMR.sigsal, which
proves the occurrence of the C-S-H phase, dominated the spectrum of the set building material. A
clear intétshty ‘ot Th8 Feflection i the Sotuder diffractogram at 0.305 nm and 0.28 nm as well as the

generation of a broad reflection between 1.7 nm and 1.15 nm could be recognized. This proves that a

calcium sfligaie hvdiate. s Joungd in ihe set hulding material  The pasiion ol ihe reflegtigns siqws that
the calcium S|I|ca'tecll1y rate has a lower molar ratio of Ca:Si than 'C-S_-H gel made from Portlan
cement. Fihallys e (Sit0)cstrateRitgtvibratioh ebthe CSS-MHBhase wWas foundte90lemi in the IR

spectrum d.; shifted to,higher yavenumpbers, which corresponds 19 a:highgt ganaectedness.
Furthermore, a new band could be recognized at 668 m1. It corresponds to an Si-O-Si bending
vibration S WhitFPRtrther prédtof the occurrence of a highly polymeric C-S-H phase. - 17 - CLAIMS

Moreover, it is possible to form both starting materials together
or that they are already present in mixed form:

a) In-situ formation: The first starting material is only formed
during grinding and will then react with the excess or additional
high-polymer second starting material.

b) Mixed starting materials: The two starting materials are already

present together in a mixture and are directly reaction ground.

In another embodiment it is possible to manufacture composite
binders by using blast-furnace slag, fly ashes, natural pozzolanas
or conventional (Portland) cement. The latter is of particular
interest if the cement made according to the invention reacts very
quickly (reaction control) or if the mixture of the starting

materials contains more calcium than required.

If the inventive binder contains less than 1% of Na,O the binder
framework made therefrom is less sensitive to secondarily occurring
alkali silica reactions so that alkali-sensitive aggregates may be

used.

Below the invention will be explained in more detail by relating to

an embodiment.

The starting materials were belite p-Ca,Si0O, and quartz, fine-

grained, washed and calcined.

As an alternative, belite was manufactured according to DE 10 2005

037 771 Al from a mixture of CaCO; and SiO, in a ratio of 2:1 by



1. A monophase amorphous hydraulic binder containing silicon, calcium and oxygen atoms in an
arrangement comprising silicate building units having an average connectedness of at least Q1, with
none or a part of the calcium atoms being substituted for by a metal atom M[6]x sixfold or higher
coordinated with oxygen and/or none or no more-tham 45 atomic percent of the silicon atoms being
substituted for by a metal atom M[4]Y tetrahedrally coordinated with oxygen, the molar ratio of [CaO +

(x/2) (M[6lxOx/i]: 5102 A MIAIYO/2] hayingo valueofiQ.2demka andthedzingenhaving less than 3.5%
by weight of water. 2. The monophase hydraulic binder of claim 1, said molar ratio of [CaO +

(x12)-(M[BIROY DY [BI62 + W[40y 5] RATIRG & VARG 3 16 Belsw 175 3° THE Wéiophase hydraulic

binder of claim 1 or 2, with a part of the calcium atoms being substituted for by Na, K, Li, Mg, Sr, Ba,

Mn, Fel+ll ot All+lll]. gtoms, 4, ;The WQQ?&PQ&%&‘V%%%'&@PC’%EE’%a’éx 0”%%&%'%”‘1% 1103, wherein
no more than 45 atomic percent of the silicon atoms are substituted for b ﬂ Ge, B, P, Fe, Be or Ti
atoms. 5r Théehophase hydratiliedthderldf anyofs of trairisiPio BiWRichTeacBliosnrats- after

adding water, whergin more thar 50% by wejght af theydrates gre: galciun silicate bydrates having a
nuﬂar“ﬂg;giicularly caused a reaction between the starting materials which

resulted in a hydraulic binder.

The BET surfaces of the starting materials were 0.5 nﬁ/g for belite
and 2 m’/g for quartz on average, while the mill product had a value
of 1.7 n@/g. Grinding the starting materials separately with
identical weighted portions and grinding period gave an average
specific surface of 5.2 H@/g. Thus, the common grinding led to the
formation of the inventive binder in a reaction, with the specific

surface being reduced by a factor of about 3.

In the IR spectra it was observed that the Si-0 stretching
vibration of the belite at 844 cm ' and the (Si-0) stretching

1

vibrations of quartz at 1078 cm - strongly decrease due to the

grinding. Instead, broad bands having a center of gravity at 936 cmt
and 1100 cm™* occur; the band at 936 cmt proves the formation of a

slightly polymerized calcium silicate.

This finding was confirmed by 2°Si solid state NMR studies. Belite
has merely QY silicate species. After the grinding a 0’ and a broad
0? signal were newly present. The 0* signal of quartz as well as the

ok signal of belite clearly decreased.

The results of the X-ray diffraction also prove the reaction and
show merely a broad increased background in the range of 25° to 35°

20 (Cu-K, radiation) in the hydraulic binder.

The hydration of the hydraulic binder was followed by means of a
thermal-conductivity calorimeter. Due to the heat of wetting, a

maximum of the heat release occurred a few seconds after the



- 18 - [Ca0 + (x/2)-(M[6]x0x/2)]:[5102 + M[4]YO/2] of smaller than 1.5. 6. A mixture containing a
monophase hydraulic binder of any one of claims 1 to 5. 7. The mixture of claim 6, containing at least
10% by weight of the monophase hydraulic binder. 8. A method for manufacturing a monophase
hydraulic binder of any one of claims 1 to 5 by reaction-grinding a first starting material containing
calcium, silicon and oxygen atoms present in the form of silicate building units having a connectedness

of Q to QZ; ¥yHra second Startingamaterialdn the form ehassolidsilicate rawinatasial hayinga

connectedness of the silicate building units of Q3 to Q4, and, .
almost completely in Order to finally rise after a minimum at about
25 minutes to a second maximum after about 10 hours. In the course
of the next 100 hours the heat release slowly subsides. While the
reaction is combined with less heat release than the reaction of
Portland cements, a considerable strength is reached after a few
hours already. At a ratio of water to binder of 0.3 and by adding

three parts of sand to one part of binder a compressive strength of

20 N/mm’ was exceeded after 28 days.

The 0 NMR signal, which proves the occurrence of the C-S-H phase,
dominated the spectrum of the set building material. A clear
intensity of the reflection in the powder diffractogram at 0.305 nm
and 0.28 nm as well as the generation of a broad reflection between
1.7 nm and 1.15 nm could be recognized. This proves that a calcium
silicate hydrate is formed in the set building material. The
position of the reflections shows that the calcium silicate hydrate
has a lower molar ratio of Ca:Si than C-S-H gel made from Portland

cement.

Finally, the (Si-0O)-stretching vibration of the C-S-H phase was

1

found at 970 cm~ in the IR spectrum, i.e. shifted to higher wave

numbers, which corresponds to a higher connectedness. Furthermore,

a new band could be recognized at 668 cm .

It corresponds to an
Si-0-Si bending vibration, which is further proof of the occurrence

of a highly polymeric C-S-H phase.



as long as the water content is 3.5% by weight or higher, drying the monophase hydraulic binder to a
water content of less than 3.5% by weight. 9. The method for manufacturing a monophase hydraulic
binder of any one of claims 1 to 5 by reaction grinding a material, which forms a first starting material
during reaction grinding and contains calcium, siicon7and oxygen atoms present in the form of silicate
building units having a connectedness of Qo to Q2, with a second starting material in the form of a
solid silicate raw material having a connectedness of the silicate building units of Q3 to Q4, and, as
long as the water content is 3.5% by weight or higher! drying the monophase hydraulic binder to a
water content of less than 3.5% by weight. - 19 - method for manufacturing a mixture
according to claim 6 or 7 by reaction grinding raw materials containing further materials in addition to

the first sfarting matelal.of slaim 8 arn addten.toithe matetial whigh forms the. fist starting material
during reaction grinding according to claim 9, or in addition to the second starting material of claim 8 or
9, and, calcium and oxygen atoms in an arrangement comprising silicate
building units having an average connectedness of at least o',
with none or a part of the calcium atoms being substituted for
by a metal atom M[6]* sixfold or higher coordinated with oxygen
and/or none or no more than 45 atomic percent of the silicon

atoms being substituted for by a metal atom M[4]Y" tetrahedrally

coordinated with oxygen, the molar ratio of
[Ca0 + (x/2)+(M[6]1%04/2)1:[S10; + M[41Y70y/2]

having a value of 0.2 to 1.5 and the binder having less than

3.5% by weight of water.
2. The monophase hydraulic binder of claim 1, said molar ratio of
[Ca0 + (x/2)+ (M[6]1%0x/2)1:[S10, + M[4]1Y°0y/>]
having a value of 0.3 to below 1.5.

3. The monophase hydraulic binder of claim 1 or 2, with a part of
the calcium atoms being substituted for by Na, K, Li, Mg, Sr,
Ba, Mn, Fe[+II] or Al[+III] atoms.

4. The monophase hydraulic binder of any one of claims 1 to 3,
wherein no more than 45 atomic percent of the silicon atoms are

substituted for by Al, Ge, B, P, Fe, Be or Ti atoms.

5. The monophase hydraulic binder of any one of claims 1 to 4
which reacts to hydrates after adding water, wherein more than
50% by weight of the hydrates are calcium silicate hydrates

having a molar ratio of



as long as the water content of the monophase hydraulic binder is 3.5% or more, drying the mixture
until the monophase hydraulic binder contained therein has a water content of less than 3.5% by
weight. 11. The method of any one of claims 8 to 10, wherein quartz or quartz sand are used as the
second starting material. 12. The method of claim 81 80-er 11, wherein the first and the second raw
materials are present together in one material. 13. The method of any one of claims 10 to 12, wherein

Portland cement clinkgrdsdised @y the. fiist starting mategab 14. Abuilding, material, manufactured by
setting the monophase hydraulic binder of any one of claims 1 to 5 or the mixture of claim 6 or 7 with
water and subsequent hardening. 15. The building material of claim 14, containing alkali-sensitive
additives. of smaller than 1.5.

6. A mixture containing a monophase hydraulic binder of any one of

claims 1 to 5.

7. The mixture of claim 6, containing at least 10% by weight of

the monophase hydraulic binder.

8. A method for manufacturing a monophase hydraulic binder of any

one of claims 1 to 5 by

- reaction grinding a first starting material containing
calcium, silicon and oxygen atoms present in the form of
silicate building units having a connectedness of Q° to Q7
with a second starting material in the form of a solid
silicate raw material having a connectedness of the
silicate building units of 0® to 0, and,

- as long as the water content is 3.5% by weight or higher,
drying the monophase hydraulic binder to a water content of

less than 3.5% by weight.

9. The method for manufacturing a monophase hydraulic binder of

any one of claims 1 to 5 by

- reaction grinding a material, which forms a first starting
material during reaction grinding and contains calcium,
silicon and oxygen atoms present in the form of silicate
building units having a connectedness of QO to QZ, with a
second starting material in the form of a solid silicate
raw material having a connectedness of the silicate
building units of Q3 to Q4, and,

- as long as the water content is 3.5% by weight or higher,
drying the monophase hydraulic binder to a water content of

less than 3.5% by weight.



10.

11.

12.

13.

14.

15.
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The method for manufacturing a mixture according to claim 6 or

7 by

- reaction grinding raw materials containing further
materials in addition to the first starting material of
claim 8 or in addition to the material which forms the
first starting material during reaction grinding according
to claim 9, or in addition to the second starting material
of claim 8 or 9, and,

- as long as the water content of the monophase hydraulic
binder is 3.5% or more, drying the mixture until the
monophase hydraulic binder contained therein has a water

content of less than 3.5% by weight.

The method of any one of claims 8 to 10, wherein quartz or

quartz sand are used as the second starting material.

The method of claim 8, 10 or 11, wherein the first and the

second raw materials are present together in one material.

The method of any one of claims 10 to 12, wherein Portland

cement clinker is used as the first starting material.

A building material, manufactured by setting the monophase
hydraulic binder of any one of claims 1 to 5 or the mixture of

claim 6 or 7 with water and subsegquent hardening.

The building material of claim 14, containing alkali-sensitive

additives.



