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Moreover, latent hydraulic binders (so-called pozzolanic binders) are
known. According to Harig (see above) they harden only in the pres-
ence 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.

Conventionally known hydraulic binders based on silicates do not con-
tain any molecular water, their hydraulic components contain no hy-
drogen in their summation formula, and the hydraulic components for
the most part consist of crystalline alkali (earth) silicates. Ac-

cording to H.F.W. Taylor, The chemistry of cements, Academic Press,
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Cag(Al,Fe)4010. 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 reac-
tion. According to DIN 1164, Portland cement consist of 61% to 69% of
calcium oxide Ca0O, 18% to 24% of silicon dioxide Si0O,, 4% to 8% alu-

minum oxide of Al,03 and 1% to 4% of iron oxide Fe,0s3.

2. Furthermore, so-called water glasses are manufactured. These are
solid, but water-soluble glasses made from alkali oxides and Si0;,
which are melted at approximately 1,400°C. Water glasses are used as

concentrated, strongly alkaline solutions or powders.
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The hydraulic binder which is best known and used most often is ce-
ment, in particular Portland cement. According to H.F.W.Taylor, Ce-
ment chemistry, Academic Press, London 1990, p. 64 et seqg., the burn-
ing process required for the manufacture of the preproduct cement
clinker at temperatures of up to about 1,450°C with a theoretical re-
action enthalpy of + 1,761 kJ per kg of cement clinker uses espe-
cially much energy. The lion’s share of the required energy is taken
up by the calcination (or decarbonation) of calcium carbonate origi-
nating from limestone, calcareous clay or other calcareous materials.
The reaction releases CO, and contributes to the overall reaction in
a strongly endothermic manner with an enthalpy of reaction of + 2,138

kJ per kg of cement clinker.
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cium in Portland cement in general and particularly in the preproduct
clinker because otherwise the hydraulic reactivity will strongly de-

crease. The overall content of calcium expressed as a molar ratio of

Ca:S1 which incidentally is identical to the molar ratio of

(Ca0): (S10,) 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 substan-

tially results from the reaction of tricalcium silicate CazSiOs, has

a molar ratio of Ca:Si of 1.7 to 1.8. The excess CaO 1is present as

portlandite Ca(OH), after the hydration.

Portlandite contributes to the mechanical stability of the building
material only to a minor degree. Rather, portlandite determines the
pH value of the building material during service life of the cements,

which will then be about pH 12.5. Acid attacks are buffered by port-
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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 en-
ergy consumption for manufacturing the strength-determining constitu-
ents 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 material, and with regard to
strength it is an undesired by-product. The amount of portlandite may
be reduced subsequently 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 process is laborious and expensive.



al um nate hydrates and portlandite, hardly contributes

to the strength of the material or building material,

and with regard to strength it is an undesired

by- product. The anmount of pofrtdandite may be reduced

subsequently in technical systenms by adm Xing

mcro-silica or latent hydraulic substances. Excess
MoreOﬁ@ﬁv|5n§rﬁegwﬂﬁ|H@ﬁéﬁﬂQQﬁm9¢at@e§@Fnqy%uﬁmqqqﬁﬁnof calcium. When

the céglcglu&ﬁmc%'nlte%%t E.‘Ln'@i% %ec%snlﬁ@ %dHe%rgo of-:"éHecaassocuated

t'hi's process |s ‘| aborious and expensive. -
3111cwm@e@meﬂdlﬁgSqug$IW1ﬂﬂycknu@mm@¥aMEivxwwnﬂﬁ.aﬂmunisxmﬁrlbutlon

cal ci um e he cal cj.um cont ent |ncrea s, the . .
to thgoRRaEPEIeOs Gho K ACUSE SPRET S PoatE ipuiA g s chemical
stablq@&ys Wil |5 @2 erea38 raNd s i lsk JlReith L @NITIHWEIRN 2 D present
the strength of the building material as well "as their

with @helml@al rai;tt@buOlfu ©Op.: Siin ofetl -Porttd dnd -cémemondtrgisd thse that, cal-

resent with a nDIar i 0_of [
ciun F171R% ByRR B BRI O AndeTislo B g Y of cast

of 0.Bydbages.exhsts iR pricdrge b9f naferamllgr daatireiely G Synthetically
of 0.5 to 3.0. This is proven by naturally occurring or
produggnt ReticampyerpPdduced solid naterials. Due to the
reasons as nentioned it would nake sense to aim at
C-S-H gels having a I ow cal ciumcontent in a hardened
Due thydhaukEGSbhﬁdes mentdenedali tamguilnl gerentsestsengomeder at C-S-H
m Port | and n_particul ar wever , sl.i.ght . .
gels PESUEE: onlBh RO CeacFURCEah et JalrFAs EHe nyBayd Y binder in
generhilOBn@f iROEEhaRd eeoBBt mekienkebm Poatn@har Yekicht in particular.
already results in less reactive calciumsilicates and

Howeveg, ap Phépbasschncthencent he eR1cBam centgnpadiirdgidathe produc-
tion B fHEE EénﬁeSE%%ﬁ% 8ElEQ%rC§hC'“%b%%@%gﬂ%&hf%§§eah§éresults in

I hactive roducts suc ast oni
less Be@&SﬂGB caDSEUdomQﬂhaStQBIhadatGaShCBnOEeBa@kumltee content of

Ca3Si 207. In_this manner, that is, on a "clinker
belitfoltebarFichiaRot ApdusrbrE £6°66PaPN Ry dhGUFPLS BmagRsent Leads

to hy59§h19c8§h9'Hﬂhckﬁvéh%r%ﬁﬁk%g‘@Ecgagﬁswg@lﬁ%@oha%%eBa@%810@
pure calciumsilicate y' dr at es havi ng nol ar rati os of

pseudcaoSlaphpohtar e-SadliPeror hagnimiagdCaPizPar t IgutAts manner,
that ﬁgﬁgégrathgﬁigke?q%%htgq,llg 1hb%%Eapogsg%%%r%bn%btain hydraulic
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In the system of Ca0-Si0,-H;O there are pure calcium silicate hy-
drates having molar ratios of Ca:Si which are smaller than 2.0 and in
particular smaller than or equal to 1.0. Naturally occurring miner-
als, such as tobermorite-11 A, tobermorite-14 A, xonotlite, «-C,SH,
or suolunite [according to Young-Hwei Huang, Suolunite, a new min-
eral, American Mineralogist 53 (1968), p. 349] as well as synthetic
products are known. Due to their molar ratio of Ca:Si these compounds
have a silicate connectedness between QO and Q3 and in some cases
contain silanol groups, however, no hydraulic activity or latent hy-

draulic behaviour is known from any of these phases.

Moreover, there are compounds in which the calcium ions are partly
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nergetically nodified cement versus correspon

e , din . .
togethFgnteancaHBAE 2 - OB SCSRGF. CRES. "85 PEGOSFS . "grsPhase which is

hydragy§ggg§yege§gtng$cribe the grinding of cenent together
with quartz and the reduction of the grain size of

both m xture partners occur- ring therein. Again, no

In Még%g%gggs%okspg% o&%gg%é g%ngkérb%tgéghﬁ%l%B&ified 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 occur-
ring therein. Again, no new phase is generated. Quartz is explicitly

called a non-reactive filler.

M. Senna, Incipient chemical interactions between fine particles un-
der mechanical stress — a feasibility of producing advanced materials
via mechanochemical routes, Solid state Ionics 63-65 (1993) p. 3-9,
discloses that oxides and hydroxides in the form of very fine parti-
cles, for example as Ca(OH), and Si0,, change at their surfaces under
the influence of hydroxyl groups or of water by a grinding homogeni-
zation which is also called soft mechanochemistry. In this process a

destruction of the crystal structure (amorphization) and dehydration



called a non-reactive filler. M Senna, |ncipient

chem cal interactions between fine particles un- der
nmechani cal stress - a feasibility of produci ng advanced
materials via mechanochem cal8 r-outes, Solid state

of thkORveSo83168s E993) e Fstrvedi. S@h@%%s flifti ryd deSredfbtained due

hydroxides in the formof very fine parti- cles, for
to cleramphangesCArONPR e rSiady t reRangs tatt AthSIUL S sidg@mics which
are n%@d%&d the ;inflhyence ;of hydroxyl groups or of water by
a gr néln honodeni - "zat'i on which is also called soft
nechanochen1stry In this process a destructlon of the
stal structuyre _(anorphizatiaon) drati,on -
Wo 208f7/10|%81|4§dﬁ§xid&é§1 S &S ﬁ?&é’r sed. m? é%%&%@e ite bind-

%%ﬁ%t@bbéb@egoQu%onEgl%l%%& changesn BohbRd hey Mlygen and has a
treatnment for burning ceram cs which are not

connehyedaeliscalfl Racti ve. WD 2007/017142 A2 discl oses a
met hod for manufacturing belite bind- ers. Belite does
not contain any hydrogen bonded to oxygen and has a

DE 22connegtedness sefl oQesDa 2@ tA3d545rBhadiugel-eses g rewaeer-
for nanufaqturin% a water- containing calciumsilicate
contagpipfeCRIRSLN B ligpée Ohe thensonPtd 156- tivRg, the xonotlite be-

ing c%%%? %hhh@e Dgget othgeh? ?Fgg%?ﬁggl gﬁﬂ%%%%h%% ’t%%eamorphous

ous preproduct de Ai's patent i's a
preprbﬁdcatdewhk¢bedoéa hotls pateden hydeablydealtley whERh0) ds@@ not
hard 848 gl dhsclg es tectoaluno silicate cenent as well as

araegnygssdci-afedYmanuf acturi ng net hod, the tectoal uno
silicate having a connectedness of 4. Moreover, the
hydraul i ¢ _hardeni ng of correspond- ing conpounds is not

EP 0 paSed4BnBihdipedpracisolicstoel8np ghaseste acrerdi ag t'ell as an

assocDgtégsmggugégtﬁk1n§hhg@ ggsckhge§eétgg%gﬁ?t%g%l%gQ%f%ngng a

arrng secon er al’s from
connebateéneak, ofOQéreﬂ@red@@ﬁJIth@ﬂhﬁ@iﬁmlﬂé hsraetivated byrrespond-
grindi ng. However, the grinding is made such that no
ing CHWHPHUﬁPClErBGECPa?§dfBPHEBG BGFmétﬁPBdBéthﬁlghp Ay S -
be used as a cenent raw m x constituent. |If concrete
denolition material is used the starting conponent
Accordbngover DEohPai A8 &4SuPfat shich describes a method for manufac-

turing 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 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 pro-
pose 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.



carrier which as a reaction product should prevent the
manuf acture of a nonophase product. Starting
therefrom it is the object of the present invention to
pro- pose a nonophase hydrau i& -bi nder, a m xture

In paG@AlailRin)g aSuehdpHader hydmthads Fielddheamufactdire ofte and a
the building material and the m xture as well as a
letWﬁ%IQQmﬂﬁlﬁﬁﬁ%%|thﬁMﬂ%ﬂQQ#a§lﬁeéﬁ>6%%6%%%%%4@@41%ﬂﬂ§h as compared

to CJ% &N’ﬁ'ﬁ§§9 &%ac S%ﬁg gl ot A %dﬂ¥% %f %ﬁ$ent hydraulic

Sr ement i one |n1t tions.
bindepar,t iregpact iZeignophase hydraul i ¢ bi nder based on
silicate and a mxture containing this binder are tq
— lowRrprione d@élef%i%%HS%PEb%a?‘éﬁln%ot%%nW%ﬁPf%ﬁEPre of the

blr'?@éf' anpd. cepenty and £o,hy géwké& of {&heptnpydraylic,

bi nder’s, respectively, owers the energy consunptlon
- lowhw$rmhéfwmmmmmf@ftUMG ©®2kﬁadednkﬂ i.e. whichis
manufactured at | ow tenperatures, - |owers the_ anount
— shofs thel QO ehR 53} 0FZL 258 hohs? AMP BRIt BPET Felease of heat dur-
uniform kel ease of heat dur- ing hydration, and
ln@' %ﬁ%ves higher durability and strength of building

- acM&ﬁ&ﬁ$2ﬂfgﬁéﬂ dubdlef 1 at ¢, af@spectnyeh yof nadel dshggnabésials and
bi nder. This object_is achieved by the features of
mated B L WRTPFear el Yo 1S %%h%%h%%%SHQH?%%¥rC bi nder,
by the feature of claim6 with regard to the m xture,
by the features of any one of clains 8 to 10 with
This pegarcd iBoabhéew&dutact@eiﬁ@am@tb@doin@lbyntHeWﬁé@tuﬁagrd to the

monordag) BVRESEACH QECFFhe HaVaRt Ao20ats Canbad R &idf Tegerd to

the mﬁﬂ@uk@Veﬁylﬁﬁe %@%tb&%@nbEVQDQYQh@UbECchﬁﬁ%r8|$oalo with regard
hydraulically active silicate conmpound contai ni_ng
to th@amépuﬁﬁcé‘;ilﬂfllélénmeé%@@’eﬁnﬁln@Yh)V@ﬁo§§ﬁtuﬂ—leﬁelofeICé-alﬁhﬁt‘lsWlth re-

h
gard ggggﬁgzgﬁgﬁdggaaccorEQEa ?ghghgu?$@g§&ﬁa%g A Qescribe advanta-

geousi apbbpomahtenofalkkal invenhalisn.i n par - tlcular sodi um

al kaline earth netals, in particular nagnesium or
The inventive hydraulic binder is a hydraulically active silicate
compound containing calcium, silicon, oxygen and hydrogen. Other ele-
ments may also be constituents of the binder and are distinguished
according to the type of their incorporation: alkali metals, in par-
ticular sodium; alkaline earth metals, in particular magnesium, or
other divalent cations, in particular Fe[+II] and manganese; triva-
lent cations, in particular Al[+III], are incorporated as M[6]* six-
fold or higher coordinated with oxygen, with the M[6]*" partly sub-
stituting for the calcium. Elements tetrahedrically coordinated by
oxygen, in particular phosphorous, aluminum or Fe®*, form oxygen ani-
ons and are incorporated as phosphate, aluminate or ferrate on tetra-
hedral positions as M[4]Y", partly substituting for silicon. The am-
photeric aluminum is suitable for both variants, just like magnesium.

The exponents x+ und y+ respectively indicate the charge of the rele-

vant cation.



ot her divalent cations, in particular Fe[+Il] and
manganese; triva- lent cations, in particular AL[+II1],
are incorporated as M 6] x+ six- fold or higher

coordi nated wi th oxygen, w thilbhe M 6] x+ partly sub-

The stdildifiin@der dheraliciwnt Bemmsdietd ahadidcald efined by the
coordi nated by oxygen, in particular phosphorous,

rangeg|afnitiemmsrl aRe 3-8 t o rah &ydein Enit- o and am@rticularly prefer-
r po a te, aI
obe (ORISR S0 R I Blo L BRAT, sygizosen anc

calcifar, sidsipeenivEle ,amndhoterter aﬂmnemﬂn Ip&csmdeatﬂcef fthe charge
both variants, just |ike magnesium %6$X onents, X+

equa LR Ad s JECIGAR y Haidirc A6 1 FE gt &7 elighicon atoms is
repla%%@tb%aE%%nsubs%QtdEnﬁxﬁﬁﬂkﬂhr@UEtéﬂ Qﬁ 4ﬁeo Bve@bbpéctlvely,

hydraulic binder is defined b range “the no
the mogliifd eof mCdaSi r@ftl@ 2[Cta@ 2 O(X/piért Ml ] ar<|>>yz]o]r ef 8102 abMI 41770y/2]

will %?dﬁgéé ﬁ@plég gbefFﬁlé?nagﬂ%giﬁﬁgﬁ%p(gk Ca:8i, which

is iceh@reRls tpr Q\hled(mofl@rr trmlwaffge(c—denua(lsﬂomtl on. In case
that a part of the calciumor silicon atons is

replaced by the substituents M 6]x+Ox/2 and M 4] Yt Oy/ 2,

wouich RSN, fr ABUTRY Uity 853 S0 b (s ggeni
the binsiteaduahst batsitnplbe Xelrary matirphofusCa: Si, which is

identical to the nolar ratio of (CaO Follow ng X-ray
diffraction studies (X-ray powder diffractonetry), the

silichiRdebnbuERs sQul b R&¥ehat amRkeYS. tid ittt d IS which is
consi st of oxygen tetrahedra, the center of which is

occup@_@@lui@wed Bytaa aﬁ@drl|Yca?IOI09fdé@@l’C@ldn§tlédc9nl -i d&ye. SPHecate tet-
rahed%I %%%F s%?hct&%@%d tH%%E%ﬁr%ﬁ%%r%gg%{%tthk%q é&%mon oxygen
ea h oxygéen atons. Si

er vi I con atons

atomsbesswbsbhtuteﬁsfmbyb%eabuwhmdﬁmabdﬁﬁoknbyhmgmﬁnnum atoms in

proportions and by boron, germanium titanium iran
hlgheEeP§P9P6ﬁ908§ 3RES o PGS at GRETPR 1Bt LHASgoTYi dien, beryllium

or phéggh§E6H%tH%%m%f1Eh§o%%|' r%@b%t@b%@s @ﬂet%%ruQ%%Q%l%% the sili-

raulic binder is characterized by a variable
cate IaitnklagenothehenlvetnrtawedIha’drSMlldlctewdEhI zgslcT@@:Iaacd:erlzed by a

variati8t e NVR spectroscopy showed a broad distri-

Studies with 2°Si solid state NMR spectroscopy showed a broad distri-
bution of the silicate connectedness: NMR signals occurred with the
typical chemical shifts for Q° (monomeric silicate tetrahedra) via
o', 0%, Q° to Q. The exponent indicates the number of neighboring
tetrahedra linked to the observed tetrahedron via common oxygens: ot
describes a silicate dimer or the terminal silicate tetrahedra in a
chain arrangement with Q2 chain links; Q3 and Q4 correspond to sili-
cate tetrahedra with three and four silicate tetrahedra as neighbors,
respectively. The discovered distribution width of the monophase hy-
draulic binder has an average connectedness of higher than o' and
does not only prove the occurrence of various types of connectedness

Q" but also a high disorder of the individual connectedness types.



bution of the silicate connectedness: NWR signals
occurred wwth the typical chemcal shifts for
(mononeric silicate tetrahedra) via QL, @, B to 4.
The exponent indicates the nuirber of neighboring

Tt id ldsanedra td rked tia dihe ahseored tiogts ahe@d=0t Wy atoms of other
common oxygens: QL describes a silicate dinmer or the

netwqﬂ&wﬁqmmlmg|qL9mﬁ@tﬁetﬂéhé@ﬂéquL§r @ﬁé@#uﬁﬂﬁéﬁgeﬁ§ﬁpnr germa-
nium, %% %%!n l' S bgﬁ gug4o%o%;%%%ﬁ%QL hh dbé%ﬂﬂ%tion of
t@tra t rahe

dra W't h Hee a our sSilicate te ra as
alumimeirg hibares, atreﬁpﬁﬁhﬁwempacﬁha.dbﬁeavekﬂﬁxﬂkfﬁﬂwbmhjmﬁ'1:2 is of
wi dt h of _t he nobnophase hy- draulic binder has an
partigpdpdgeedsViéStedness of higher than QL.5 and does not
only prove the occurrence of various types of
connectedness Q but al so a high disorder of t he
The daidiivindadloncornec tegress tiypésie form Olft Gas" poess bie konding
itute Si an part, b f. othe
partnﬁé?m@?k%%grﬁﬁﬁﬁ el néh?gargﬁppgﬁgﬁcu %%ﬁ% u%&hds possible to
partlﬁQﬂ9nsu@%kH&ut@IQﬁbnph@smbgr@USLllrM@” lser,yIRai,umngr Fe [+I1] or
titanium The substitution of alum num which at nost
All+Ifdy PEQBR-a molar ratio of Al:Si of 1:2 is of
particul ar rel evance. The calciumatons are present in
the formof Ca2+ ions as bonding partners of the
The hydgagbmebyomhaagedpsEBEaatenumhesfowm o pddsinglle groups and op-

: rtially.sub tltut \Vh,
wionaBdy o) B SERIEH P ot G ST SRy aF Gldn LG A R Ee G may be
detecRe@S8M mkAnkhe ff ehmraf-sil lban@lan@houpe c2rdseppyi,i ahalleyn vibra-

as nolecular water or as hydroxide; this occurrence may

tion pededeheveeleby Feans 6PTi BirQHed Sérargfmyroup) . Apart from
that,se?%%agﬁﬁﬁp%b %@e%%kncgl%haRSEF%npn%d%%nh%%ed%%%%t %Und

anol rou hat”, Vi bration
nmodes for ca OH and HH O H can be detected. The

totalized H2O content (water content) of the.inventive
The tpSAdpRESeT2Ryaratrrt s ?%HE%WE}a?g EBKABRRAELYS monophase

hydraBhRders ngueh ;as -cement-Chibnkebyn blinG@mRr iss@$ tRE cement clinker.
proportion of the bindér, which is bonded in oxygen-

It COMpdnegentb@n@SOpwhéﬂ@mnOﬁhéhHZOl@dﬁKenwhﬁ§hbéﬁw@@@d3d5%ﬁ oxygen-
hydroggnm%oggt an ereg%)%%emﬁlghéontent is between 3.5% by weight and

20% by weight.

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 fewer calcium-
substituting elements, respectively, such that the molar ratio [CaO +
(x/2) + (M[6]1%0x/2) 1:[S10, + M[4]1Y"0ys2] is lower. The inventive mono-
phase hydraulic binder may be manufactured qualitatively from the
same starting materials as Portland cement, which, however, are used
in amounts different therefrom. Moreover, the manufacturing process
requires lower temperatures, which means that energy consumption and

carbon dioxide emissions will be reduced.



Thus, the present invention relates to a nonophase
hydraul i c bi nder consisting of hydraulically active
calciumsilicate. In conparison to Portland cenent
this binder contains |ess cal dkum and fewer cal cium
FurtHUb&id, Utdg it sinveaspest intlatesuch 4 hatxdh® comprising a
molar ratio [CaO + (x/2)(M6]"+0x2)1:[Si 02 +
propq\zz[m]%@f/ 2hs slﬂV(ﬁA?é?lveTﬁfémQW@fﬁ \ké/drﬁmblleH@é@er Preferably,
[ t atqi.v
ene (HEBEE QLA e ol By SR B Al BrenLy at
leasthodevery, warieghusedbdve milﬂurpi&ﬂarfafbémerat tlhersf rdlhd by weight.
Mor eover, the manufacturing process requires |ower
tenperatures, which neans that energy consunption and

As iLaRAM Hx 4o 8NM5s oRsiaMd,| R rekducets andlz1so the hardening
Furthernore, the present invention relates to a mxture

are CEONPIECSIONG &Y Priopaa i rofratiee |am¢emmt\ﬁ-ém~?dridbﬁa?§‘@ place under
waterhyq{r}%au%@ bltn%%r era{‘:;ceesr %.bl tn;l%aﬂ :LQJ‘| H Sg[ material.

t partic pre era
h&&%abl)ll\mmr@atc,tlaubﬂ\ﬁ alHe pfrﬁzfeefta.hzley h’aytdria&ﬂslc Enﬁ%cmnf does not
ght. As is known from Portland cenment, the settin

produgied PAIEA PR Urardaiflg:  BF enEariTEdSB0t by DR SPRECHFERDY X-Tay
dlffr\r%@ %%nan%o%%to'v%r}al lt¥1et %l%%tﬂl gj‘:%elé@%‘:i Wo%eed@%lth lesser re-

ration creates a mechanicdl 'y solid building
1easeﬁ&ﬁemeak thEne duyydmaultihe heaoteitdonofo ft e ntmeert iogment. As al-

hydraul i.c bi nder d t d rtl t 9
ready KR0 (e CoaR 1 BE TGRS GO o Fay AP geCHiy Jan be ad-

JusteMPhe0Weki deNe s i IY si@actiteit iRloeeedsud tdl drRsssy, Merrying the
| ease of heat than during the hydration of Port | and
proceserant .(eAs Jal IriasdyKnein vierd lcase Dot sPerEIcand eghiadditives,

such a@e ?%% %ga%%ﬁ%qv%%n %% %aﬁlﬁﬁ%?%f QH%\Mé%% fA ?mﬁ%tlon will

Various el ement t's, vary he ~proces
then b@ r@ac@bdﬂdﬁm@k aspW&hbdanbylﬂ@rb&beeaeumdemlnutes or only af-
additives, such as organic additives. The maxi num of
ter seNgTRdatiaye - ‘hydration will then be reached after a
period of tinme of several mnutes or only af- ter
several days. During setting the inventive hydraulic
Duringi meétingachs n@V@ndaW@lmmdr§mﬁuca&€ﬂﬁydréﬁ@fﬁ@-$£Ha calcium

hayi n | ar _rati o _of. at nq)h S
3111c?ﬁ§n%§d§ ¥anFh§n% %@ §d PREE nne%& %égét& tft%% least 0.2
and 18iski €8b@ 1.5. 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 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 of smaller than or equal to 1.0 is generated.
In contrast thereto, set Portland cement consists of a C-S-H gel (ce-
ment gel) having a molar ratio of Ca:8i of 1.7 to 1.8 and addition-

ally contains portlandite Ca(OH);

The building material manufactured by the setting reaction according

to the invention is chemically more stable than Portland cement stone



bui I di ng units changes on the nol ecul ar | evel,
solidification takes place on the nacroscopic |evel.
Dependi ng on the conposition of the starting material,
the hydration product may eptlBoral |y inclose further

due td kald dmiatlce o kadinereardd), Jd® als e atdRdr eherentsatio of
such that a calciumsilicate hydrate having a nol ar

Ca:Si @5 sBPaCedSit vfcasifdlll eyt atfamaste dqipal Ry ilang scement and due
enear 20r, t _

to tk%on%glgis?jts gfonn%écc%%eassﬁ[ C;(écj:gtfh%trr%nltl%% L)P I’%Jvlﬁ'%rggemts The com

presdiatd (stafer@a;kSIme@fsu]LeZi taft’blﬁ Zndiaaddidsdceredsaldy N/mm?. This value
contains portlandite Ca 2. The building nmateri al

is Wjﬁtgﬁu I &&UPEd By Otﬁnéna%ﬂq dadtion Wil et ichdN 197 for

cemedt@v‘i@ltdl%t'l%gc@e@ﬁ?ﬁéﬂédﬂjr&a%ts@g edhan Rorddiange 32,5, 42.5,

cement stone - due to the absence of portlandite,
and 5dué tgmnfie Iomer nDIar ratio of Ca:Si as conpared to
cenment stone made from Portland cenent and due to the
hi gher connectedness of the silicate building units.
If thEhencemt ipkessinde rStdoengtihsmaasiy ethaaf ler 28 NdBYS it may be re-
exceeds 20 NNnmm2. This value is within the order of ,
aCtednéﬁnFPuéévﬁptﬂW@ Eﬁﬂéﬁgéﬁ'§P§ﬁ6&@&rENQﬂ?ﬁWﬁ¥ widdhehte 11-

sen51%E@%C%HHQQ1%e%' %&?ﬁ%ﬁ@hﬁﬁg¥§%nfy'd%t %Qﬁﬁﬂxptffg%é% with low al-

the 1 nventive bi nder
kali d@ma@unstwess than 1@6of thO it may be re- acted to
an inventive building material, together with alkali -
sensitive additives, such as inorganic or organic

The rhinbFes tWirbh olfownal 4 @it i6har abinloiphit s e Theg dramufiactireiedf or a mix-
the inventive nonophase hydraulic binder or a mx- ture
ture eeptailRiiRg the iLhventive monophase hydraulic bilager iis made by

co-grTRUenlY ( r%gcgﬁoﬁd'l%'&lqn(ir ﬁ%g“ S LAGLG) AL ge%l%u%talc1um,

contarning ca gen and hy
s1llcbay|ngygenoaﬁdlhydmo@enehawlaglmeabaerhulbdlmgn@mhk5s1llcate

g ..,a calciumsilicate hydrate) with a solid si
build¢hetPinsmater Fal ShatLAgUA ﬁllél%c€6ﬁné1é’fié&ﬁ@§sz§ﬁlcﬁ golid sili-

cate gHﬁrﬁét@ElaguﬁébénéaBdhlgﬂ thhsceasanthe, fishsh skaiiaRg, or
material is characterized by the

quartz sand.

In this case the first starting material is characterized by the
chemical elements of calcium, silicon, oxygen and hydrogen which are
present in the form of structural water, crystal water or OH groups

as well as monomeric or dimeric silicate units.

The second starting material is a siliceous solid material character-

ized by a high connectedness of the silicate tetrahedra of Q° to Q.

In a particular embodiment both starting materials are present in a
common material. For this purpose, old cement stones or mortars, i.e.
which are no longer used as building material and already contain
calcium silicate hydrates, optionally aggregates and sand, are pref-

erably suitable and are directly ground.



chem cal elenments of calcium silicon, oxygen and

hydr ogen which are present in the formof structura

wat er, crystal water or OH groups as well as nononeric

or dimeric silicate units. Fhé4second starting nmateri al
Moredverd Sil iaC@RUS is0llid Materdal Ehahad embddety dahdidgh the

connect edness of the silicate tetrahedra of @B to Q

startimoa eareriiedisart serfodinfentadsisch t§t ARy e €19 T 3 Tareemposition,
partﬁ&ﬁESQ&|QQH% éé&EEHHﬂ?tGQéélr %g?fsﬁggﬂp%% dg(%l within the

nent “stones or nortars are no | onger
lnvenltsezde asnel.| diurg heat, ers@llamﬁmoajmdgf cantead may:ademaﬁued for
silicate hydrates, optionally aggregates and sand, are
this gRdtStERRhi-y suitable and are directly ground. - 14
Moreover, in a particular variant of this enbodi nment
one of the starting materials is further added to
In a duhitbes gmbediaiemtc iﬂtaitcﬂ%f'ialﬁar tihd@hadlty finst react to the

f e
flIStr%%% %lhg %a%%%ﬁ uthjﬁq nﬁfﬁh?ﬁgunng t@é%éﬁgasﬁigtlng ma-—

entIV range. er ts of water
terlaaddeé fuieed. tﬁhisadBU§tﬁE@&aUHW @e&&t&h@ﬁ,eﬁbed&nﬁnﬁlcomprising

base materials, which at first react to the
the ggiapinAgohmPeritar ditienGagitndi Agd aRdoshe éé@@ﬁahous $10z) . At

flrstSt??E%@g @ﬁtetQEHale%r%lﬁs%%acgh%% %Sfﬁ&%Ee%%gkﬁlng material,
orneg batch conprising the grinding of

i.e. poCPBaHdphes@a(@Hﬁ@ham@eaem@@mRS(anﬁhph@@sSSK@@ﬁ.Sb&ltlng mate-
r st tlandite and aerosi/| act, to f|r
rial, (gFE] RGORGPBIVART Fi6oid /CtS Kgnass iiven TR

reacts with the second starting mate- riaI, nor e

hi gh-pol ymer aerosil, to the inventive binder. The
The ipfeastiveenapRepRase hw@a@aldllu% PBnsgér iiss m@é’@e vijgen grinding the

startgﬁlngéﬁgraﬁﬁenﬁ art Qanakﬁrh &%Pg %n@% eH@%&%J%Q!%hearlng

hei shearlﬁ sure ef ect’s,
and pexaspke emfacdsskfmmbeahm@nenuhl5 dlb&lhlbﬂddlaM'mall a ball
roller reactants fornlﬁﬁneM/naten

Rl fdyPngo dRTaPendge BonREEt SARESETGE HOPE Ehaf (QIgeTfRd having

an av§§8@@dc§hﬁé€k@@n@@%9bfrh@&ewkhbnbél@GPQEﬁn%%bé%@.@%%kﬁgng mate-
co-grinding. The nonophase binder thus nade contains

rial gililcheedbppllainagiaeidt suwing soranéndgreupshehimeropfigise binder
thus gégrﬁgél %hkg g?%&%a%%e%uaﬁ%i%bn%%&tgswq%ﬁe%fﬂgﬁgfmgf%ﬁps which
will hydraulically react when the binder is mixed with water and lead

to setting and solidification.

The type and composition of the starting materials (reactants), to-
gether with the parameters of the co-grinding, determine the exact
composition, structure and hydraulic reactivity of the binder. In
particular, the calcium content leads to products reacting hydrauli-
cally at different speeds, for example, if a synthetic calcium sili-
cate hydrate is used as the first starting material having a molar

ratio of Ca:81i of 1.0 to 1.2.

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

methods explained below:



to setting and solidification. The type and conposition
of the starting naterials (reactants), to- gether with
the paraneters of the co-grinding, determ ne the exact
conposition, structure and Rydbaulic reactivity of the

~- In Ri ndRrmdIN neRAdd culiarn.i & ke ealieicumagamt extl ileadss t-ore firstly
products reacting hydrauli- cally at different speeds,

produced ekamsiee Kaft Ug ey ftthetd ct0caY|0é>i "Gy ISLntegi@ chypdrkald com-
pound!s %ﬁ%g%Q%at%%f% r%&) f%ﬁ%kg%,Eg%ﬁﬁh@aﬂ¥§”ﬂ3ééiﬂg¥zmh subsequent

F4tio o nerally, the firs
treatsmamtMnghnwbaekaMﬂhi|hmm@ by WQ@n@e@nee@faﬂm@llnbﬁﬁd@dlne earth

expl ed bel o - - Inat ernal d al kal i/
5115 CH RG24 H STAEROSS e Ty S JANGed aie manufacture
of cal@ypenatles ofrouP A 000G y0S '@‘h@%' Agqahk@lhi LOMerve as an
pounds, al kaline earth conpounds and silicates

examptleget her. A subsequent treatnment with water will |ead
to the desired alkali/ alkaline earth silicate hydrate
by incorporation of crystal water. The manufacture of

Cahla2 S O, 3420+ sam, CaCfBNa Naiz08, 2Sic02. and H20 wi | |
serve as an exanmple: CaCO3 + Na2C33 + Si 02 --,
€aNa2%i oy =+ 2 f@:@z* CeNRa®5P 04 42 H20 CaNa2Si 04 n H20 -
In a hydrothermal nmethod in pressurized autocl aves at
140C to 300C cal ciumcontaining raw materials such as
- In @a@yd@a@@@r@zalm(ewpﬁ lan@rguslsmoﬁeclomléuoml@gfeﬁawt 140°C to

al s _suc uart z , sp
s00°crontpermec o asdieor ot ngtouraln PUER o Babrementt o (om:
and sWatebnokowakeh ivigpPeuky hﬁt@r@@@%s@mbhedsaqhaﬁkave31ﬂhcb$ mica,
possible to add a |lye, preferably NaOH or KOH The
feldspdirgst §1€h6opAr¢arEe aéaSts@ﬁm@énSifg&nérfs dllrﬁ€|téé(sé§a0ted with

watertB? &8%8E|9?P§B%eqna%d€?lE9W§1E@9 %ﬁ%ogﬁav%|0kalg possible to

eacting silicon conpounds as raw material. -
add anﬁgbanpcbé&meaﬂynﬁhbﬁdomak@ﬁunﬂhenﬂaenadgusaw makepHalve lue to
CaCO3 or Ca(OH)2 and the
betwe§P|ﬂ&oﬁnéoﬁgg.ﬁpﬁge@§wsna§@rﬁsﬁgtépa SEPGEnd"Fn 2& s the use of

slowl1398kAceRhhoBahk ¥ohy caddibngad hyeralnndneeaghive

- In a mechanochemical method calcium-containing raw materials such
as Ca0, CaCO; or Ca(OH), and the silicon-containing raw materials are
ground in a mill, again optionally by adding a lye. In unreactive
systems, such as the grinding of CaO with quartz sand, the above-

mentioned hydrothermal treatment step has to follow.

- Apart from that, the manufacture of a first starting material is

possible by hydrating cement clinkers or by sol-gel methods.

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 together or

that they are already present in mixed form:



systens, such as the grinding of CaO with quartz sand,
t he above- nentioned hydrothermal treatnent step has to
follow - Apart fromthat, the manufacture of a first
starting material is possiblé&o6by hydrating cenment
a) IrCldinkers @i thyrsolrgelr imitheds.rt iQéaniat.e rgudr tizs sarnd; A@ormed dur-
another raw material, secondary raw material or a
ing caymdiad enst odddt tery & eas ta ddoridiss eaas sy Gratesidigiional high-
I rr anplies of these are silicate
pOlym'§g$§%%% S% st§T§? I%')s%iags Moreover, it is possible
b) Mﬂxadf@mmmhdm@~sbamnungfnaﬂm@ alw Gm@&th®©'mmtdﬂuﬂlaluﬂe already
are already present, in mxed form a) In-s
presefly fROEESREITHE mﬁﬁt§ﬁﬁ?@Pﬁbaﬁﬁt&ﬁﬁﬂcﬁ%¥ 6ﬁ%f?%ﬂqnﬁfound
dur- ing grinding and will then react with the excess
or additional high- polynmer second starting material.
In an@ﬁhﬁwx€@b§ﬁaﬁﬁmﬁglﬁaﬂérPﬂ&§lbiﬁetpw@%ﬂ%ﬁﬁﬂﬁﬂ}%nﬁQﬂﬂQﬂ%ie binders
[ d resent get.-her. in _a I -
by usgp %Fy%régc Fo% %90&% %ﬁyhasﬁgfheghé ta g‘%g)2§#%Q%§ of conven
tionaﬂOS?bbh&ahd)ﬁ&@m&aﬁtuﬂaeCdmmmsmt&sbbﬁd@@&tﬂmphﬂﬂIumterest if the
bl ast -furnace sl a y ashes, natural pozzol anas

cemengoAGER- aFlcé?ﬁQiln@P%Pt Itélﬁd)l“é’@ﬁ%ﬁton FRECTS V&Y SU9° 1y (reaction
contrB@rtbQUE§rth%t%.%%href %h%hec%%%@%1%@d%a%%§Q%Q%n%dﬂ%alns more
e i nvention reacts very quickly (reaction control)
calc1um thahheemuitrede of the starting nmaterials contains
nore calciumthan required. Hydration products nade
froman inventive hydraulic binder contain calcium
Hydra$hbhCgtedirdcak@sich@dtiond aa liewemRliae hatirauafi Caidideandontain
thus are chemcally nore stable than CGS-H gels in
calcipgr siiahgatenbidratese haydeguse l@w pererafdittie iof ferimedand thus
are cﬁgﬁlkgﬁlg hb%%t%tg%ﬁ%dE% u%'g %%ﬁ %nh@%Q%ﬁand cement stone
nnec ness as conp are ort I"fand cement sto
becaubktr hbepormaedine meaﬁbemedgaﬁdnshblwelp@atbah@uﬂdlm@ units have
. present at the contact oints of th der to th . '
@ higRoe, COAPECERORGRPare GPDGHErof & Po0 LAREE CREReaRenBg - Turther-
more, pﬁb”%@a&ﬁéﬁhh@ B8 sl @l R e0bomn haks tand sCehekehes atl fthe contact
i nventive binder contains |ess than 1% of Na20 the
pomtsu ﬁéethgt piotaire tonabie ﬁﬁéﬁ@gﬁém g pessagensirt iopgcrgtes so that

no wegﬁggggaﬁgkthc%%&rlgg %héaE of mortars and concretes. If the

inventive binder contains less than 1% of NayO0 the binder structure
made therefrom is less sensitive to secondarily occurring alkali sil-

ica reactions so that alkali-sensitive aggregates may be used.

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

embodiments.



ica reactions so that al kali-sensitive aggregates nay
be used. Below the invention will be explained in nore
detail by relating to enbodinents. - 17 - Exanple 1 A
mechanocheni cal | y manuf actured7cal ciumsilicate hydrate
Examglfiage (C-S- H(1)) having a nmolar ratio of Ca:Si of 1.2
and quartz (finely grained, washed and cal ci ned)
served as st artl ng materials. The C— S— H(I) phase was

A me&fd%%%%ﬂanoc em crﬁ%/ﬂ{/kﬁ%hgef?csﬁo ‘%tse?sﬁ?%%t%%fhase (c=s-

H(I rmlﬂgermercﬂlaﬂ eaagmmdjﬁwg:a S0l iak St al earicbrqmtziotlfﬂm&y
997), 37, wit h 05| |, O and Q bein nd
srairig, WA i L D, ST DR R A d AL
(grinding period 32 hours rest condition every 20
mn. for 10 mn.) and subsequently dried for 120 hours
The CatS-60C) MNéwise e @@Hﬂ(ﬁ@cmwhﬂas sgirodve itasgbtdregording to

th _the artz at, a ti o of c ‘
Sai to &_l S Vi gfaciqadhocrﬂqlql?n?‘s R 6 Of]h ar?qj fsﬁojrj'r%%éts by room
tempe&lm% Qfr el rGf,aigd 1Sz e dthee iR, ngLCﬂf—OlCIEBS(1997), p. 37, with
particularly caused a reaction bet ween the startin ,
aerospdreedl $NhieR PP&SEl pEAUPA aR Pnleffi ¥ étﬁ9dP§uP’@ger'SOlld of

bi_n B t g r
10 1y FUS BT AREER Lo Bk MRHETIALS e cvery 20

min. \mm é Ot g i) larpr cdteste dvath ta walnied dfor3 Il diounrs tate 60°C.
IR spectrumthe reaction of the starting materials to
the in- ventive binder was tracked. At first, the

Next ,gthRdicng -¢l @ar lon ameakened r durel m@géﬂﬁﬁﬂjWﬂtﬁlﬁhéﬂqdbrtz at a
"stretching vibration at 960 cm -1 and the band of the

mass gatdospofy| brlat ilod & 668 )crit B 6F Sk TRt g “Bdtlh for 180 sec-
onds. C%gE6Q|%E%h¥ di $appeargd (yd %raq e%%%é%!%ﬁ&ﬁ%ﬂ; process

Str |ng i- brations o
partlcmuaqufcqmaewzadmsapﬁeame@emwemﬂIthe fsnsentemg materials which
br oadened and weakened bands 1095 cm -1 and 1165
resulépd) IRepd IREENEE, NYE “adﬁrb% ‘depol ynerised. In
the range of the OH st ret ching vibration additional

bands caused by silanol groups occur
The BET surfaces of the starting materials were 68 Ht/g for C-S-~H(I)

and 2 m./g for guartz on average, while the mill product had a value

of 3 m?/g.

In the IR spectrum the reaction of the starting materials to the in-
ventive binder was tracked. At first, the grinding clearly weakened
the main band of the Si-0 stretching vibration at 960 cm™ and the
band of the Si-0-Si vibration at 668 cm™? of C-S-H(I) and both com-
pletely disappeared with intense treatment. The (Si-0) stretching vi-
brations of 1078 cm™® and 1173 cm™' of quartz disappeared as well,
however, broadened and weakened bands at 1095 cm™t and 1165 cm! were
measured, i.e. quartz was depolymerised. In the range of the OH
stretching vibration additional bands caused by silanol groups occur

after grinding.

This finding was confirmed by 2931 solid-state NMR studies. C-S-H(I)



after grinding. This finding was confirnmed by 29S
solid-state NWMR studies. CGS-H(l) - 18 having a nolar
ratio of Ca:Si of 1.2 clearly contains QL and @ sili-
cate species at a ratio of 3 8 2. After the grinding a
havirdy cageniang reft id her @ giignad .1 theleenstador@k iand glewny o° sili-
@B were present. 4 decreased which proves the
cate g@pelipferitzat ifetist o O2.toTHe Addan STt AHa KRGy broadening of
i op, pr reac i y the
the G A En B S RS anr For TRy ey, (J*odecreased
whichgpirade s m@epeknﬂulynﬁhejﬁhakﬁtkfﬁ|Sm02c basal reflection
of CGS-H(l) having a nolar ratio of Ca:Si of 1.2 at
11.45 A clearly decreases in intensity together with
The I%tslaﬁrtsr efd @¢ld ans-awhen e grifdidiy Rerdd des Fhod .as well. Gen-
Weak but still recogni zable refl éctions appear shifted;
erally. ghef Komey3 0D rRhaned DIPPRILG OB, 02 sksand th &p Ancreasing grind-

ing pﬁ?ﬁ%%ptg%%l%har@%t@%qr%FIO%a%f tg%ﬁg.Qﬁ%Hn %ﬁpkﬁgﬁf Wﬂshav1ng a

uctlv
molarcabﬁﬁbﬂeﬁeCa Bue otfo 1t.Ize aheatl .afs wekﬂemglyadﬁbﬁeasnﬂnuﬁ intensity
the heat rel ease occurred directly after the inject

toge Pty thePt ek SEHE Frdans SreRs SNSUESTFSH M migrod 15 short.

Weak SQFPLeLEhY Ll RHdeLhe E%fl%%kkﬁn%'%%p%f&e%H@ﬂPéa'néng from
at about 25 mnutes to a second maximum after 4t

3.05 Aoans. 2ABt &r tohadt. Othé h@dt2r@Me&sergb@mc¢ldedneases and
after 40 to 100 hours asynptotically approaches the
zero line. After hardening, the Q2 NMR signal, which

The hQH@%@ioﬁh@fn%Wéf%g@&thHcoblnH@Q o @oﬁn@&%d dQmreained of a
the spectrum of t set building material. It was al so

thermgég@pnﬁécfcgvaéve@talpﬁemeéwrfoana@t iton toe tise tCos- Mephdee, a maxi-

mum O%gméér élgfgfﬁggglo%ccﬁr?%%h é% c%%&'%%% &ht%%e%ﬁjé%%lon of wa-

Facs “togram a
ter. whengeheraéannr@ﬂeasbreadsnaedfb&mbsmncb@pWeaely7Lh ander to fi-
11.5 A Both neasurenents prove the forma- tion of

nal1y £ BPURFAPFI GaPePRJURare RRGIHG2E PR SHoltgr o SAce et maximun

afterC3: 8b bNhbhessehrbuil dihng matehkalk asieqrpaed iy WRereases and
starting mate- rial CGS-H(l). Finally, in the IR

aftersp@ctpudl6f hrhespasempéertbgeldiyngrmarechgls the zero line.

After hardening, the 0® NMR signal, which proves the new formation of
the C-S-H phase, dominated the spectrum of the set building material.
It was also possible to detect the new formation of the C-S-H phase
by X-ray diffraction through reflections in the X-ray powder diffrac-
togram at 3.05 A and 2.8 A as well as the generation of a broad re-
flection between 17 A and 11.5 A. Both measurements prove the forma-
tion of a calcium silicate hydrate having a lower molar ratio of
Ca:81 in the set building material as compared to the starting mate-

rial C-S-H(I).

Finally, in the IR spectrum of the pure set building material the

(Si-0) stretching vibration of the C-S-H phase is at 970 cm™*, which

corresponds to a molar ratio of Ca:Si of < 1, and thus to a higher

polymerization as compared to Portland cement. Furthermore, the Si-O-



(Si-0) stretching vibration of the CS-H chase is at
970 cm 1, which corresponds to a nolar ratio of Ca: S
of < 1, and thus to a higher polynerization as
conpared to Portland cenent - EaGrthernore, the Si-C - 19
Si badld RanG et 668 wa-d1aesl ¢l eacdbynt £690n] zable. At a
ratio of water to binder of 0.3 and by adding three
parts of sand to one part of binder, a conpressive
t e fd
e = BHEOLE Of 2l N vhs, ORISR PR ke parts of
sand az@ntoanenlplag:tCoﬁ Milndephase dvaimeg s iaremsltarenigath @ ©f20 N/mm® was
g? of 1. % nd quartz was used as starting materi -
exceegled PdFeng di%?ySFirst, the hydrothermal synthesis of
the mxture wll be described. For this purpose,
Ca(OH) 2 and quartz were at first crushed for 180
Exampdec@nds in a disk vibration mill and honogeni zed. 90 n
of mllipore water and 10 nl of 1M NaOH were added to
30 g of this mxture. Then the total anmount was
A hydirbeakethahygr ethensslilzed aix8urechewhs aahih90C-isrH (@) phase having
steel -cased aut ocl ave made of Teflon. The powder
a m01éFfFﬁ§éPoﬁﬁa§@sﬁéméd‘ﬂh&ta@@sqdérﬁﬁewﬁélHsﬁﬁa§§85tartlng materi-
als £6rSyiihkin@nd quartz the hydrothernmally synthesized
n1xture contai ned smaller anounts of 11 A-tobernorite,
a C2SH, portlandite and CaC®. C-S-H(I) had no basa

ef S Iess cry aII i. e. re .
Fixoty; LaPaGrBBF PRENSNG OSSP ate gel M ERaiiid T2 Thecribed.
For thekl egrpbben ak @H395aﬂm Hagdrt heybi ghgst i psenskti¥hed for 180

addi tional | ¥ a reflection occurred at 0.28 nm havin

secongg £p 80% 6K VAErRRLEAsiEy lofngh&orepeadzet oﬁoofnloogogulllpore
waternghdlﬂotgﬁ b?fﬁﬁrﬁgOép%% %ban§e§ @87§02g$p%?%m2%2ﬁ5&%%4e. Then

an Intensive an roa
the tooaﬂeamonds tvast heeat8d- Qydsbretchiandyvifbrasi.6nhotite at 190°C in

Si-0 stretching vibration _of e quartz, which was
2 steSl56a 26 arnea o RACR REurer la@s at 1078 e i
Subsequently, 2.2 g of this mxture were ground in a
di sk vibration mll for 180 seconds and thus
The pordasfdifédachporan shewati ¢eali kegide the main phases C-S-H(I)

and quartz the hydrothermally synthesized mixture contained smaller

amounts of 11 A-tobermorite, a-C,SH, portlandite and CaCOs.

C-S-H(I) had no basal reflection and thus was less crystalline (i. e.
more disordered) than the C-S-H phase used in Example 1. The reflec-
tion at 0.305 nm had the highest intensity, additionally a reflection
occurred at 0.28 nm having 40 to 50% of the intensity of the reflec-
tion of 0.305 nm. In the infrared spectrum C-S-H(I) was characterized
by an intensive and broad band at 972 cm™, which corresponds to the
(Si-0) stretching vibration. The Si-O stretching vibration of the

quartz, which was also contained in the mixture, was at 1078 ot

Subsequently, 2.2 g of this mixture were ground in a disk vibration
mill for 180 seconds and thus transferred into an inventive mixture

containing the inventive hydraulic binder.



contai ning the inventive hydraulic binder. - 20 After
the grinding the main band of the CGS-H is broadened
wi t hout any visible change of frequency. A further
broad main band of Si-0 strefBhing vibrations has a
naxinun1at 1102 cm -1. This shows the de-

ynerization of the quartz as a result of the

Aftergrqhﬁd.%@ndllﬁlgt Fée fmgdge bonct Ik GRS Grét¢hilivg iasdarissh without
any VQQQ%EbO%g! g% % GRS % Qé’sﬁ ﬂd?% erg% %Qéi%ﬁﬁﬂqkﬁﬁkﬁ%f 31-0
the grindin his findi ng was con |rne 2951 NWR
stret$h&m@r&sbmaylombehmsaaumemant&xaafﬂém2thm1 rifgisngshows the de-
process resylting in an average silicate_ pol
POl YR e ok dgPe O 618 it A a7 Hogd oF B BHGHIGH -ofin the
rangel Re %h@n@h %Qre%@%lh%ngﬁbQ%t@oECﬁ%@h%@bn%ﬁ'Ebn@% Quséd by si-
ppm to @@ (chem cal shift wup to -90 ppm). In the
lanongK@Vppow@@mrd@ﬁﬁﬁéoﬁ@@r@ﬁﬂmﬁeHG-S—H refl ections were
only weakly recognizable after the grinding. Simlar
to Exanple 1 there was a slight shift of the
This E@ﬁﬁ&&giQﬁsaboﬁfSQ&e@ﬁb@na%Q.Q&MMHﬁébﬂkdﬁﬁbpyunﬁﬂmimeasurements
84 nm respectively. The intensities of the
afterréP?e@FﬁaﬁéngeaﬁﬁFﬁfé FﬁéH&éP@@sl“Sé@oﬁH§F€96h§§é§QQtﬁep01ymerl‘
zatloﬁoﬁgb§@@'5? otal Giite ander§- G2oHqan8 s¢oIBleLehY of the signal in
destroyed during grinding. 'In total, the small angle
the rsogEteflﬁ& ttlean! ga esheatedo ato er 70 hermt | hdi @Y (atnical shift
£oSa s honogeni zed. Subsequently, the inventive
up Oni uPBm ontai ning the inventive hydrau- |ic binder was
m xed with water. The bi nder was hydrated by addi ng

water (mass ratio of water:binder = 1.0). In the first
in thﬁe%r§é&oﬁ@§deéfﬁéﬁfﬁﬁétﬁgéﬁﬁrﬁh§nﬁn§ Bf refmlRichdPrRatiere only
he wa % R .a
vear1NECESLERStooL BaaL OCptel it LeAgtas QUsEy e pALhlcR1 here
was adenmgheryhmétloﬁ)thberacﬂeatlbmdaatOoBOﬁrnmeaadsDaQBedm to 0.302

- ready after a few mnutes u sone hours
nm a“PaPr886fnmatéPSP80tB Rd&r SPeolgtﬁﬁalﬁﬁeédaﬁnéhﬁhFSZleCtlons

equal@%&t§h8ﬁs§§9gstOSgegnBQEy ghaBERder xcapEPRPEBSSLE calcite and
strength of N nm2 was exceeded after 28 days. The

o= Czsférﬁ)nmtc@lﬁp]@@;l—l’ steshgdyed ndvebzed i ndheg X- Fayt poatlerthe small
angledgca£§grlng clearly decreased after the grinding: the sample was

homogenized.

Subsequently, the inventive mixture containing the inventive hydrau-
lic binder was mixed with water. The binder was hydrated by adding
water (mass ratio of water:binder = 1.0). In the first few seconds
after the proportioning of (mixing) water the release of heat of wet-
ting was observed. After a period of very little net heat release
(so-called dormatory period) the actual hydration process started al-
ready after a few minutes up to some hours. 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 amount of C-S-H strongly increased in the X-ray powder diffracto-

gram. Apart from reflections at 0.305 nm and 0.28 nm (C-S-H(I)) a



gram Apart fromreflections at 0.305 nmand 0.28 nm
(CGSH(l)) a- 21 broad reflection was present between
1.9 nmand 1.2 which is typical of the hydration
product C S-H phase having a @blar ratio of Ca:Si of

broad €8s 1tdhan oh WA ch tCa(@szrand 9aefnosarid viere wsieth as typical
starting materials. First, 17.7 31 Ca(OH) 2 and 14, 3
V-

of the &vda N BRI Gth iCerfsdl Pheisee g \iobisl l@ imisedrio f Ca:Si of
less T®aRDs 10f zirconium oxide balls and conpacted (vol une
re uctlon) The specific BET surface of the m xture
was 87 n2/g. Next, 4 g of this mxture were each
E pal nd dlfferently and reacted to the inven- tive
XamPgihder. This took place in a disk vibration mill in
tungsten carbide grinding vessels for 60 seconds
(specific surface after the grinding 17.5 nR/g) and
a (OH)80as@candes{ 4, venp/ ypedr aspeetiveng, mahRgrialsa Earqst 17.7 g of

e ATy SRR LG SR YL [ 80 i

by méﬁ@@ﬁ&ﬁi@ﬁr@bnﬁh@ideﬂaHbaalblm@@rcwa$akﬁ&£kG®dhmmduzddact1on).

spec- troneter. The initial frequency of the v2 O Si-
The S@ﬁCAficcﬁ@Tlspﬁfag@rgéi|h@hgﬁgé&rﬁoﬁé 89/ G t Nethe %t g of

this hiReuREORdeni R $i Pt AReeUH L rentliS aing RIQVRR DY ARhe inven-
Internal deformation of the Si tetrahedra which

tive besdets ﬁh@ﬁ]¢b@ﬁg@da§@rﬂ@undﬁn@§ ofibirlee 18in metllaledritaingsten

d The ba . 388 ,
carb i on pHRPEs6adE Bo Dhe U CBEAT Ondl W Didfi R 16 RETer the

grindPHgOnouBS mk Ngposhiiandot eecéhaappepp ed’ /4 hr otpddieively, and in
rinding. At the same time the OH vibration of the
a balgomﬂlh aﬁdlzﬂécé?ﬂlg%@l@léﬁldf |gé§pd§@ﬁeveﬁts@rl§u fpragd min. (5.8

n?/qg) f%ﬁ@'igoa¢§g di sap- ng proves that

ere was a de tructl of FHe port q’%'andite. Mor eover,
the newly forned bi nder becane visible by a new broad

er I, band 1000 1. Th
the Pesl68 Bandooal TE05 10 PLPARA 1305 AL 1 the TR spec-

tromeb@8PeChbVehy  ivhi ¢heanenkyowt ase( Si-0)sstoebehing w¥in='

brations of aerosil, were recognizable only as a
aerosshoghdegedhitenh478 cm~ with the line broadening simultaneously.
This is proven by an internal deformation of the Si tetrahedra which
results from changed surroundings of the Si tetrahedra, i.e. a low-
ered connectedness. The band at 388 cm™, which corresponds to the
librational vibrations of the OH groups in portlandite, disappeared
through the grinding. At the same time the OH vibration of the port-
landite at 3660 cm™* lost some intensity and finally also disap-

peared. This finding proves that there was a destruction of the port-

landite.

Moreover, the newly formed binder became visible by a new broad and
very intensive band at 1000 cm™!. The main infrared bands at 1105 cm™
and 1205 cm™, respectively, which are known as (Si-0O) stretching vi-
brations of aerosil, were recognizable only as a shoulder which
proves the depolymerization of the aerosil and the generation of a

new phase having (Ca-0-Si) bonds as a consequence of the grinding. In
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sized mixture consisted of 37% by weight of amorphous C-S-H phase,

50% by weight of a-CpSH, 12% by weight of quartz as well as a smaller
amount of 10 A-tobermorite, portlandite and CaCO;. In the IR spectrum
the amorphous C-S-H phase 1is characterized by an intensive and broad

band at 945 cmﬂy which corresponds to the (Si-0) stretching vibra-

tion. The Si-0.stretching vibration of a-C,SH is at 985 cmt. A fur-
ther band at 754 cm™t is also typical of a-C,SH and corresponds to the

Si-0O(H) stretching vibrations.

52 g of this mixture were mixed with 52 g of sand and subsequently
ground in a disk vibration mill for 720 seconds and thus transformed
into the inventive mixture containing the hydraulic binder. The X-ray
diffractogram shows that no crystalline components except for quartz

are present. A quantitative phase analysis using the Rietveld method
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hours. 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 new formation of C-S-H phase having a molar ratio of Ca:Si of

about 1.0 was detected by X-ray diffraction.



wi th oxygen and/or none or a part of the silicon atons
bei ng sub- stituted for by a netal atom M 4] Y
tetrahedrally coordinated with oxygen, the nolar ratio
of [CaO + (x/2) (M6]x+Ox/2)2% ~ [SI02 + M 4] Y+Oy/ 2]
We cikRawi:ng a value of 0.2 to 2.0 and the binder containing
3.5%to 20% by weight of H20 2. The nobnophase
hydraulic bi nder of claim1l1l, said nolar ratio of [CaO
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silicate hydrates having a no- lar ratio of - 25 [CaO

oxyggr2) themeglRroreeyo) ©f [sio2 + M 4] Y+0Oy/ 2]  of

smaller than 1.5. 6. A m xture containing a nonophase

hydraul i ¢ bi nder of a ny one of clains 1 to 5. 7. The

m x{0ee of (V@) m(B,[63ditkai)ni:Ngise Fedst ] 1 Oy wei ght

of the nonophase hydraullc bi nder. 8. A method for

manuf acturi ng a nonophase hydraulic binder of any one

nabighabkMalub0o® by2- tbeacbi aAdgrhadbAgdarf cbsttaining 3.5% to
starting material containing cal- cium silicon, oxygen
28Rdbrydrdgeh afoMsCpresent in the form of structura

wat er, crystal water or hydroxide groups as

2. The monophase hydraulic binder of claim 1, said molar ratio of
[Ca0 + (x/2)+ (M[6]%0y/2)1:[S10, + M[4]1¥70y/2]
having a value of 0.3 to below 1.0.

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, with
a part of the silicon atoms being 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 mo-

lar ratio of



well as silicate building units having a connectedness
of Q to @, with a second starting material in the
formof a solid silicate raw naterial having a
connect edness of the silicate25building units of @B to

4, andao- +agxl/ong @g eyl water [ ciant ent iy Yahoye 20% by
wei ght, drying the nonophase hydraulic binder to an
H20 content of 3.5% by weight to 20% by weight. 9. The

Ogeggg§lg9rtggﬁuﬁagturing a nonophase hydraulic binder
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content of - 26 - 3.5% by weight to 20% by wei ght. 10.
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to Q?, 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 above 20% by weight, drying
the monophase hydraulic binder to an Hy;O content of 3.5% by
weight to 20% by weight.

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 containing calcium, sili-
con, oxygen and hydrogen atoms present in the form of struc-
tural water, crystal water or hydroxide groups, as well as
silicate building units having a connectedness of Q% to Q7
with a second starting material in the form of a solid sili-
cate raw material having a connectedness of the silicate
building units of 0° to 0%, and,

- as long as the water content is above 20% by weight, drying

the monophase hydraulic binder to an H;0 water content of



10.

11.

12.

13.

14.

15.

phase hydraulic binder contained therein has an H2O
content of 3.5% by weight to 20% by weight. 11. The
net hod of any one of clainms 8 to 10, wherein quartz or
quartz sand are used as the gécend starting material .
12. 3The met hed ©Oft alaiazn8 byl&earghkl, wherein the first
and the second raw materials are present together in
one material. 13. The nmethod of any one of clains 10 to

T%%’ [m . %rc}?:f. F S8 tuuﬁccﬂquerlr{ghadt n{i @Lpr?aéy%r&isrﬁgd & claim 6 or 7

bui 'ding material or nortars whic contain
bgggregates or sand, are directly ground. 14. A buil ding

nateria%h nanutacturedégy s%}th t he nonophase hy-
“dr adlFPe BPHd@Fl&@lﬁﬁyr e G- c1*a 1to 5 or the
M Xibhe 20hing al Mi6- QI st Mt Mafele raRd HOAGUEN or a material
hardeni ng. 15. The building nmaterial of claim 14, . ,
contaiighngcalokaiiings épsialiaia Saddirmisvadie first starting material
during reaction grinding,
and containing a second starting material of claim 8 or 9 and
further materials, and,
- as long as the H,O content of the monophase hydraulic binder
is above 20% by weight, drying the mixture until the mono-

phase hydraulic binder contained therein has an H,O content

of 3.5% by weight to 20% 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 cement stone
that is no longer used as building material or mortars which may

contain aggregates or sand, are directly ground.

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

claim 6 or 7 with water and subsequent hardening.

The building material of claim 14, containing alkali-sensitive

additives.



