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Single-phaze hydraulic binder, methods for the production thereol and dtructural

ranterisl produced therewith

The invention wlates to & monophase hydeaulio bindey, & mixture containing sweh 8
hinder, 2 method for mannfacturing the binder and the nuxture as well as 2 building

miaterial omuhetared with the hindey or the muxtes.

Hydraulic reactivity deseribes the reaction of a binder with water so that 8 solid
watetial i Pred, The definttion of this process & made on the basis of the
cotventionally known hydraulie binders, such as Portlaad coment. According to Hing,
Glnther, w Klavsen, Teohnologie der Baustofle [Technalogy of Building Materials],
CUF, Miller Verlag, Heidelberg, 1996, p. 33, hydraulic binders harden in air as well as
urider water alley water has heen added, Accordimg to HEW. Taylor, The Chemistry of
Cernpents, Academic Presa, London 1964, p. 2 of seq., coment 18 a hydrandio binder
which, muixed with water to 8 pasle (oement pasted, mdependently starts to stiffen and
hardens into cemend song dug w0 chemival reactions betwesn the water and the
compounds pwesent 1 the cement. In this process, the stiffening and hardening depend
netther on drving nor on reactions with the CQ; from the aiv. Therefore, the resction

takes place in the air as well a5 under water,

Muorgover, Iatent hydranlic hindess {so-called pozzolanic binders) are kuown,
Azcording o Hirig {see above} they harden only in the presence of an activator after
water has been added. In order to start the setling veaction, ¢ lme hydrsie or

Portland cement ave added; howeser, there will be no independent reaction.

Conventionally known hydeaulic Moders based on silicates do not contgin any
molecnlar water, their hydraulic components contain vo hydrogen bonded o oxygen in
thelr swnmation fprmuda, and the hydraulic components for the most part consist of
crystailine allcall (carth) silicates. According to HEW. Tavior, The Chemisoy of
Coments, Academie Press, London 1964, po 2 ¢ seq., the silicale anons of the
hydraulically active phases ave present in the form of single isolated or monomeric
silicate tetrahedra {Q%) An exeeption is the rare phase belinite, which is a oyelosilicate

and contains chlorine. In belinite, cach silicale tetrahedron is lnked with two further

QUi
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silivate totrahedrs (QF) via conunon oxvgens. Al conventionally kuown hvdranlic

bhinders based on sthicates contain g mcdar ratio of ol N0, of at loast v,

Such hvdrauhic binders are used purely or mixed with other materials a5 coment in
srious ways o manufscturing solid huilding materials such as conerefe, motlay or in
speetal bnders, Meorsover, twe further types of mostly higher condensed silioate and
amaorphous (bul st hydranlie) binders are of tochnieal nuportance, nameoly water
glasses on the ong hand and latent hydraulic or pozzolanic materials, such as blast
furnace alags, fly ashes, etc., on the other hand.

Sal

1 Cemenr 13 manniictured by burning calcium carbonate and a sibeate carrter at
spproximately LASPC together o fonn a praduct which iz called feemen} clinker and
substantially consists of the hydrauheally reactive olinker phasey tricalchom silicate
{alite, CasSi0s), dicalotum silicate (belile, partienlarty B+Ca:8104) and on g subordinae
fevel ivalcim wluminate UaALOq snd caloiom aluminate ferrite Cao{ALFe) (. By
grinding and adding Rether materals, particularly gypsume or anhydrite as reaction
retarders, so-called Porrland cement {UEM 1} is obtained. CEM 1 is often ground with
fatewt hydeaoBe silicstes to the coment typey CEM H o CBEM V. The gnnding
produces a higher surface which sccclerates the spead of the hydraulic reastion,
According to DIN 1164, Portland coment consists of 617 1o 69% of calotam oxide
Cald, 1894 to 24% of silivon dioxide Sk, 4% 1o 8% duminium oxide ALO: and 1%

to 4% of ron oxide Falh,

2, Furthermore, so-called water glasses are manufictored, These are solid, but water-
soluble glasces made from alkali oxides and B, which are melted at approximately
140070 Water glossex arg used as concentrated, strongly alkaline solutions or

powders,

3. Moreover, stlicate starting materials can be cpused to react to o under by reavtion
with & Iye, with alkali hydroxides being vsed as lyes. The resuliing product is mostly

called a geopolymer, however, itis oaly of small economic importance.
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Types 2 and 3, water glassos sl geopolymers, are o be regarded sy hydraulhic binders
only to 3 Hmited degres {n the sense of the definitions mentioned &t the beginning as
they cither alrosdy exist as selutions, that 1y, not solid, and do not hacdey, respectively,
under water due to thelr high waler solubility {allali silicate) or ave nof reactive s
solid matevials and noad additives uch as CEM Lor Tye o set the hydradic reaction in
motton, There manufscture roguitss both partionlar starting materiads and respectively
several laborions procedural steps which make their manufacture expensive. At the
samne time, thelr compatibility with varions additivey Is extremely Hmited doe to the
very high pH values and # s not possible to effectively influence the reaction speed,
which comumwosaly 18 very dow, 1o particular, it s not possible to accelerate 14 Due o
the ldted processibility (slow hardening, strongly alkaline reactiony and the low

strength their range of application is lmited.

The hydrautic binder which i best koown and used wost offen is coment, in particalsr
London 1860, p. 64 of seq., the haming provess regudred for the manufacture of the
preproduct sement clinker at tomperatures of up o aboast LASOSC with & theorstical
reaction enthalpy of + L7601 K por kg of comeant clinkor uses an especially lags
anmount of energy. The Hon's share of the reghived woergy s token up by the
caleination {or decarbonation) of ealeium carbonate onginating ffom Bimestone,
calcareous olay or other calearcous materials. The resction releases Ofn and
contiributes to the overall reaction in & strongly endothermic manner with an enthalpy

aof regetion of + 2,138 kI per kg of coment clinker,

¥

About 1.2 kg of Hime are seeded tomanodicture | kg of Portland cement. Additionally,
i order to create the hydraulically sctive clisker phases alite, belite, wicalciam
aluminate and colelum aluminate ferrite it is necessary to patly melt the starting
materials, As g san of the theoretioally roquired energy, the heat losses, the grinding

snergy, eto,, an sctual overall energy consumption of about + 4,300 & per kg s the

resolt for the end product Fortland cement,
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During the manufscture of Portland cement, considerable amounts of GOy sre relgased
fromy the calchun carbonate containing starting materisly, which i total add wp to

about ¥50 g of 00 per kg of clinker,

The reaction of Porfland coment with water leads to solidification (hardening).
Aceording to HLEW Taylor, Cenvent chenistry, &cademic Press, Londen 1980, p. 218,
C-R-H gels, that is, poordy erystalline calelum silicate hydeates, as well as calciom

aluninate hydrates and portladite Ca{OH b, are produced in this reaction. The latter is

It is not possible o substantially lower the overall contont of calclum in Portland
cment in general and paeticulady in the preprodact clinker bevause otherwise the
hydraulie roastivity will strongly decrsase. The overall content of calcium expressed as

2 mmelar rato of Cardi which incidentally is idemtical to the mwlar ratio of CatySi: is

from Portland vement which substantially vesults from the veaction of tticalchun
sibizate Cax$i0s, hasa molar ratio of CaBi of 1.7 to 1.8, The exopss Cafl is present as

portiandite Cal Ok after the hydration.

mungr degres. Rather, porflandite determines the pH value of the building muterial
during service life of the comeyt, which will then be about pH 12,5, Acid attacks sre
buffered by portdandite at fret; however, once # has been consumed, for examgple, by
having been fransformed inte CaCOy by GOy, the pH value will decredse and the
binder matrix wade of O-5-H gel will be attacked and decoraposed.

1t is possible to jnhibit the reavtion by creating & structors as dense a8 possible and thus
stow down the material transport. Howevey, the dissolution of portlandite itself will
generate new opportunities for attack. The buffering of the pH value in coment by
porthndite thus ropresents @ lindted corrasion protection for constructional stegl. In

contrast thereto, the high alkalinity generated by portiandite provents the use ot base or
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alkall sensitive additives in cement-hound building materials, such ag organde filwes,

pH value ot higher then 8.5 woukd suffice for corraston protection.

Portland coment exhibits 8 high enthalpy of renction when it sets, whish substantially
tesnlix from the frmation of portlandite and leads to heat accnmulations in large,
westve or veluninous butlding olements. The tenperature build-up per unit of e
may be decreased by decelerating the rpaction rade by means of grain enlargement,
additive agents or dilution with fly ashes. However, this also stows down the strength

development,

The strength of corent stone 18 determined by the mais compenent C-8-H gel which is
only asbout 50% by w&ight, ’E’hare‘fm'e:ﬂ the effective encrey cmwnmpiian for
Portland cement 18 appm‘ximam}'y ®,600 ki per kg. The other half of the cenent stous,
cssentially calclum abwminate hydrates and pontlandite, hadly contributes 1o the
strength of the matenial or building matenial, and with regard to strepgth I iy an
uoidesired by-product. The amount of portlandite may be reduced subseguently in
technical systems by admixing micro~silica or latent hydrgolic substances. Excess
porttandite will then slowly contimw t© react to form additional calehum silicate

hrydeates by conswming micrp-sitica. However, this process is Iaborious and expensive,

Meorsover, C-8-H pels may incorporate varous amounts of calviom. When the calchan
content itersases, the connectedness of the associated silicate buthling walls will
decrease and so will their contribution to the strength of the bullding maerlal as well
as thelr cherical stability. Inset Portland coment stone the C-S+H gels are present with
a calotum content in 8 mokar ratio of Ca:St of L7 10 1.8 In contrast to that, caleium

iticate hydrates exist in o vange of the molar ratto of CaiSt of 0.5 1o 3.0, This is proven

by naturally occurring or synthetically produced sobid materials.

{dwing Yo the reasons as nwntioned 1t would make sense o winy at O-8H gels having
low calctum content in a bardened hydraulic binder in general and iy coment stone

made from Portland cemsent i particular. However, & slight reduction of the calelum

content curing the production of Porfland cemend clinker in a rotary kiln shready results
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in less reagtive calcium silicates and to an increase in the vontent of belite in particular,
A further decrease of the cslciunt content feads to hydraulically insctive products sach
as wollastonite BCaBi0 peaudownllsstonite o-Calily or rankinite CasSH0y. In this
msnner, that 15, on a “clinker route”, it is vot possible to obtain hydraulic Mnders low

1w salohun

In the system of CaO-810-H0 there are pure caleiwn silicate hydrates having molar
ratios of CarSi which are smaller than 2.0 and i particelae smaller thanoregaal o LG
Naturally oocarting minesals, such as 11 A-tobsrmorite, 14 S-tobermorite, xonotlile,
a-Ca5H, o suclunite {according o Yeung-Hwer Huang, Suolenife, ¢ new minerad,
American Mineralogist 33 (1968} p. 349] as well as synthetic products arg known.
Qwing to their molar ratio of Cali these compounds have a silicate connectedness
hetween € and QF and in some cases contain silanol groups, however, no hydraudic

activity or latent hydraclic behaviow ts koown fom any of these phases.

3. 5un, AR, Brooagh, LE, Young, 2951 KMR Study of the Hydration of Ca3SiOs and
H-CadSi04¢ in the Presence of Sthica Fome, 1. &m. Coram. Six {11}, 32253230
9‘}‘3} inrvestigate the hedrstion of mixtires of CasSiQy and §}“ eSO with differend

fractions of quarts dust (“silies Buane™) The starting materigly ave mixed. As aresult of

the ditferent fractions of quartz in the mixtures, the resolting ratios of the degress of
crosstinking Qs {08 and a8} and Qu (quarts) are different. The strting mixtues are
anhydrous, The mixtures are ground under methanc! and then drisd at 60°C. The drisd
composition is subsequently pulverized. The resolting mixtures are admixed with
detontzed water and the hydration at 21°C s observed. For this purpose, samples of
different degrees of hydration are taken, ground and vestigated by UNMR

spectroscopy. Observed in particnlar heve is the appearance of a species having a

degree of crosslinking of O, which s assipned to a triple chain of silicate units in the

resultant calolum silicate hydrate (C-8-H)

K. Garhev, P Stemmermann, Lo Black, O Bresn, 1 Yarwood, B. Gasharsovy,
Ntructural Features of O8HT) and T Carbonation in Alr - & Reman Spectroscopic

Study. Part L Fresh Phaes, 1o Any Ceram, Sog, 80 {3 500-907 2007}, investigate

miechanochemically prepared caloium silicate hydeates of type C-8-H{I} by means of
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Raman spectrascopy. For this parpose, saneorystaliine O-8-H(T) phases wee prepaved
mechanochemicsily wnder nitrogen from stolchiometric mixtures of Cad and Sith
{aerostly. The oxides are ground in 2 ball mill for 36 howrs with addition of distilled
water, Thereattor the slurries are dried at 80°C for 120 hours. Samples of different O8

ratios ave nvestigated. The C-8-HiT) phases are not hydranhically active,

Movenver, there are compounds in which the calcim lons are partly substituted for
MU MY BI04, with MU s alkaline carth metal and MY = alkali metal. In
this case sumilar molar atios of Cal and s a simlar conmsctedness as in the shave-
mestionad pure caloium sihicate hydrates alse povur and so do silanol groups in some
cases, No hydraulic reaction or latent hydraulic behaviowr is known either from any of

these phases.

Iy Mechano-radicads produced from ground guartz and guarss glass, Powder Tech, 88
{1995}, po 269, Hesegawa ot all describe changey coccurring duddng the grinding of

guartz by detetting defsctive portions on the surfice of the quartz by spectrosvopic

miethods, In this process, no hydraulic phases are produced.

In Modifteation of keolinite swrfeces through meckano-chemicad activation with
guartz: @ diffuse reflectance nfraved Jourier transform and chemontetrics stady, Appl.
Spectroscopy 88 (2006}, p. 1414, Carmedy e all prove the changes of kaolinite
swrfaces by grinding them together with guarts. This case does not produce a few

phase whieh is bydraulivally reactive sither,

In Mechanizm for performance of energetically modified vcement versus corvesponding
blended cement, Cem Congr. Res. 38 (2008), p. 315, Jusines of gl desceribe the
grinding of coment together with guartz and the reduction of the grain size of both
mixtnre pariners occurrhng therein. Again, no now phase &k genersted, Qoartz is

explivitly called g noneresctive Bllen

M. Senna, Incipient chemival interactions between fine particley under mechanical
siresy - u feastbility of producing advanced materialy vig mechanochemical rowes,

Solid state lonies 6368 (1993}, pp. 3-8, discloses that axides and hydroxides iy the
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form of very fing ;}&ri’i@ies, far exsang}}e an Ca{(}i&i)z and $iOs, ai-;;-mga i thelr surfaces
which 18 also called saft s;m&,:ﬁwummmr In this process a deatrection of ﬁw crystal
stracture (aaorphisadion) and dehydration of the hydroxides could be obssrved. These
findings were obtained due to cloar changes in the thermal weamment for burming

ceramics which are not hydraulically active.

WO 2007017142 A2 discloses @ methad for manofacturing belite binders, Belite doss

not contain any hvdrogen bonded to oxygen and has & connectedness pf Q'

DR 22 22 345 B2 diseloses & method for syanudheturing 8 water-containing calelam
silicate of the xonotlite type, the xonotlite belug crystalling, Due to the hvdrothermal
wanufacture, the amorphous preprodust deseribed in this patent i 8 hydrate which

does not harden hydravdivally.

EP O 500 840 Bl discloses tectoalumo silicate comeni ag well as an associated
manufactunng method, the lectoglume silicate having 2 connectedbess of .
Moreover, the hydraulic bardening of corresponding comwponnds s not based on the

formation of C-S-H phases

According to DE 185 48 645 Al which deseribes & method for manufactoring
secondary raw msterisls fom demolition matertsl, vonvrete demolition materdal &
sctivated by grinding. However, the grinding s mads such that no hydraulicslly
reactive prodoct is formed, but @ product which may be used as & cement raw mix
constitusnt. W concrety demolition materiad is nsed the starting component moreoves
contains a sulfate carder which a8 & reaction produst should prevent the manufhoturs

of 2 monophase product.

Starting therefrom, it is the olyect of the present nvention fo propose & monophase
hyddraudic binder, a misture containing suel ¢ bindor, methods tor the manufactire of
the buldding material and the mixture as well as ¢ buldding material which has been
produced with the binder or the mixture which do not have the aferementioned

drawhacks and linttations
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In particular, 2 monophase hydranhic hinder based oo silicate snd & mixture containing
this binder are o be provided, which, 88 compared © conventional Portland cement
and to hvdranlic or ot hydeaulic binders, respestively, :

manuiaetured at i@w temperalures,
- Jowers the aipound of the CCh cmissions,
- shows a lowsr total reloase of ¢ more untform release of heat during hydration, and
- achteves higher durability and strength of boilding matedals snd msterials,

respactively, nunufactursd using this binder.

This object is achievad by the features of claimy 1 with regard o the monophase
hydvaulic binder, by the fosture of claim 4 with regard to the mixture, by the features
af any one of claims & o § with regand o the wamdactoring method and by the
featuwres of claim 12 with regard to the building material, The subelaims sach deseribe

advantageous cinbodinents of the nvention,

The inventive hydraulic binder i3 3 hydraulically active silicate compound containing

catoium, silicon, oxyvgen and hvdrogen, Other elements may also be constituents of the
binder and are distinguished according to the type of their ncorporation: alkali metals,
wy particndar sodiu; alkaline earth melsls, in particular magnesium, or other divalent
cations, i parboular Fe{+1l] and manganese; trivalent cations, in partivular AL
ave invorparated as E\ii{(&}’”‘ sixfold or higher coordinated with oxygen, with the M[g1©
partly subatituting for the calolum. Elements teteahediically coordinated by oxygen, in
particular phosphorous, sluminium or Fe®', form oxygen anons and are incorporated

as phosphate, oluminste or forrate oy tetshedeal posiions as M4, partly

substitnting for silicon, The amphoteric slumininm s suitable for both variants, just

like magnesiom. The expoments x+ und v+ respectively indicate the charge of the
8 < 8

relevant cation,

The stoichiometey of the wventive hvdraulic hinder Is defined by the range of the
molar vatio of Cardi of 0.2 1o 2.0, particdarly pretorable of 0.3 and up  below 1.0,

The components oxygen, hydrogen and calcimn, respectively, and further elements
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provide for the charge squalibration. In the case that a proportion of the caloium or
siticon atoms s replaced by the sabstitvents M{6T Ogn and M{417 0y, respectively,
the modified molar ratio [Ca0 + (W2rMBTTOBRIO + M4 Ol will be
indicated instead of the sunple wolar ratio of Caly, which 3 tdentical to the molar

ratin of (GO SO

Following Xeray diffraction studies (X-ray powdsr diffractonetry), the binder tums

out to be X-ray anwrphous,

Silicste tons consist of oxygen tetrabedva, the contre of which is cccupied by a
tetrabiedrically coordinated silivon, The silicate tetrahedra thus structured are linked
with gach other vig comman oxygen stoms. Stlicon atoms may be substituted for by
aluminiun atomns in higher proportions and by boron, geomanium, Htanium, on,
beryiliwn or phosphorous atoms i lower proportons, The structure of the silicate
atoane in the nventive hydraulie hinder is chavactorized by a varisble linkage of the

tetrabedry:

Stodies with '8 solid state NMR spectroscopy showed a broad distribution of the
siticate connectedness: NMR signals ocourred with the typical chemical shifis for O
{monomseric silicate tetrahedra) vie QY. QF, O 1o Q) The exponent indicates the
number of neighbouring tetrahedra linked 1o the observed teteabodron via vommon
oxygens: Q describes a silioate diner or the termingl silicate tetrahedra in 8 chain
arrangehent with QE’ chain links; O and ¢ correspond to silicate tetrahede with theee
and four silicate tetrahedra as neighbours, respectively. The discovered distribution
0O and daes not only prove the soowrence of vanons degrees of connectedanses °

but also & high disorder of the individus! connectedness types.

It 33 possible to substitute silicon stoms tn part by atoms of other network forming

clements, in partivdar of shuminiien, boron, germanium, phosphorous, fron, berylhiug

AbLSiof 1:2 15 of particular relovanse.
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The caletwn glons ave present i the form of Ca” fons 85 bonding partners of the
negatively charged silivate units. fis possibile to partially substitute thew by Na, B, 14,

Mg, Sr, Ba, Mn, Fel+11} or AT} atoms.

The hydrogen aftoms are present in the form of silanol groups sud optionally as
molectdar water ar as hydroxide; this sosurssnee may be detected by means of infraved
or Raman spectroscapy, whoerein vibration modes have been found for $i-OH (silagol

grouph Apart from that, vibration modes for C3-0H and H-OH can be detected,

The totalized HaO content (water content) of the inventive monophase hvdranlic binder
i3 contrary to known hydraulic Maoders such as coment clinker. It comprises the
proportion of the binder, which is boaded in oxygen-hydrogen bonds, wheretn the Ha0

content 15 bobwoen 3.5% by weight and 20% by weight.

Thus, the present mvention relates fo a monophase hydeaudic binder consisting of
hydreanlically active calohum silicate. Tn comparison to Portland cement this binder
contains less calvium and fewsr ealvium-substitoting elements, respectively, such that
the molar ratio [Caf + 2P M6 Ou) 1 SI0: + M4 O] s lower, The tnventive
monophiase hydranlic hinder raay be manufactured qualitatively from the same stacting
matenials as Portlend coment, which, however, ave used 1o amounts different
thevefrom. Morgover, the manufacturing process requives lower temperatures, which

means that energy consumption and carbun dioxide emissions will be reduced.

Furthermore, the present ivention relates to a mixhare comprising a proportion of the
mventive menophase hydvaulic binder. Preferably, the proportion is at least 10% hy
weight, particularly preferably at least 35% by weight, in particular at least 50% by

weight

As 18 kenown from Portland cement, the setting and alse the hardening arve carried out
by mixing with water and optienslly take place under water, The hydration creates &
wmechaieally solid building matedal. The hiydranhic reaction of the inventive hyvdraulic
binder dues not produce portlandite Ca{OH), ai no time can it be detected by Xevay

ditfraction. Moreover, the setting reaction procesds with lower release of heat than
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during the hydration of Portland coment. &s slready known in case of Portland vetnent,
the setting speed van be adjusted in o wids vange by substituting vaious clements,
varving the provessing (6. g grinding) as well as by surfsceactive additives, such ag
organic additives, The maxinmny of the heat of hydeation will then be reached after a

period of time of several nrinutes or only after several days.

Durmg setting the inventive hydranlic binder reacts to a calchun silicate hydrate
{C-5-H phase} having 2 molar ratio of CaiBi of at least 8.2 and less than 1.5, In this
provess the sonnectedness of the silicate building neits changes on the moelecular level,

solidifieation takes place on the macroscopic level,

Depending on the composition of the starting material, the hydration product may
optionally enclose further alkali metals, alksline carth metals or other elements such
that a calcium silicate hydrate having a wolar ratio of CarSi of smaller than or equal to
L0 15 geserated, In contrgst thereto, set Portland cement consisis of & C-8-H gel
{cement gel} having a molar ratio of CaSt of 17 to 1.8 and additionally contains

portlandite Ca{OHY,.

The bailding material masufactured by the setting resetion apcording to the invention
is chenaieally more stable than Portland cament stone due to the absence of portlandite,
due to the lower muolar satio of Ca$i ax compared to comaont stong made from Postlaud
cement and dug to the higher connectedness of the sihicgte bulding unite. The
compressive strength measurad after 28 days excseds 20 Nimm®. This valos is within
the order of magnitude of the Bwropean standard EN 197 for coments indicating

3 different clusses for strongth of 32,3, 42.5 and 32,5 Néimm™,

I the mventive binder countaing less than 1% of NaxQ, 3t may be reacted to form an
mventive boilding material, together with alkali-sensitive additives, such as iotganic

or organic fibres with low alkal durabitity.

The masufacture of the inventive monophase hvdeanlic binder or ¢ mixture containing
the inventive monophase hydraulic binder is made by co-grinding (reaction grinding) a

prepraduct containing caleium, sthvon, oxygen and hydrogen having monomeric or
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dimeric silivate boilding units {1 e ¢ eadciom silicate hvdraie) with a solid silivate raw

wiaterial haviog o high connectedness, such as quarts or guartz sand.
In this case, the fivst starting matecial Is characterized by the cheniical eloments of
water, m’y&;tai water or OH groups as well ax monomerie or dimerie silicste pnits.

The second storhuig nuaterial i3 o sthiceous solid material characterized by 8 high

commectedness of the silicate tetrabedra of O to QY

In a particular embaodiment both starting materials are present 4n a conwnon material,
For this purpose, old cement sloues or wortars, Lo which are no longer used as
building matecial and already vontain caloium silicate hydrates, optionally aggregates

and sand, are preferably suitable and are diroctly ground,

Morgover, 1 g particnlar vagant of this eimbodiment one of the carting materials 1s
further added to achigve & cartain composition, particolarly with regard 16 a desived
molar ratio of CaSi within the fnventive range. Further, small amounts of waler may

be added for this adyusiment,

In a turther embodiznent, base malerials which at Sest react to form the frst starting

material duning grinding, and the second starting material, ave used. This is prefecably
performed by a bateh comprising the grinding of portlandite Ca(OH): and aserosil
{amorphous 810} At firer, portlandite and aerosil react o form g frst stasting
material; fe, a C-5:-H phase, which then reacts with the second starting materisl, more

high-polymer serostl, to form the lnventive binder.

The wventive monophase hydraule binder Is made whon prinding the starting
wiaterials oa mull, preferably wnder heightened sheaving and pressure effects, for
ssample m g disk vibration mdll, o ball mill or & roller mill. The two reactants form a

new material having an average conmectedness of more than O, The second starting

material will be depolymerized dwing co-grinding. The monophase binder thas wmade

oy
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contatns silicate butlding wnits with stlase! groups which will hydravlically react when

the bindoer is mixed with water wd lead to seiting and solidification.

The type and composition of the starting materigls {reactants), together with the
parameters of the co-grinding, dsternine the exaot composition, structure and
hvdranlic reactivity of the binder, In particular; the calcium content leads to products
reacting hydrautically at different spoeds, for cxample, if @ synthetic calcium silivate

hyvdrate is used agthe Srst stanting material having a wolar ratto of CaRiof 1L.00 1.2

Generally, the fisst starting moterial 13 made by using one of the methods explained

halow:

- In a thersol method, alkall’ alkaline ewth silicates are fwstly produced at
temperatares of up to 7O by siotering alkall compounds, alkaline sarth compounds
and silicates together, A submeguent treatment with water will lead to the desired
alkalty alkuline earth silicale hydrate by incorporation of ceystal water. The
manufactore of CaNaxSiOen HaO from CaC0y Nax00y, S0 and HaO will sevve as

an exasnple:

Q’S}li}z # Pty + By~ € 3\&1\&51@4 + 2 i\()g
CaNmNy 40 H0 — CalaeaNi0en HaO

= I a Avdrothersed wethod in pressurized avtoclaves at 140°C o 300°C, calchume

containing raw materials such as Call, CalOy or Ca{OH ) and siliconscontaining raw
materials such as quarte, silivs, mica, feldspars, old concreies, glasses or slags are
direcily reacted with water or waler vapour in a pressurized avtoclave. It is possible to
adid a lye, preforably NaOH or KOH. The ye adjusts the pH value to between 11 and
13, incresses the reaction spesd and allows the use of sowly reacting silicon

compounds as raw material.

= In & mechanechemical method, calcivn-containing raw materials wuch as CaQ,

CalQy or Ca{liH), and the silivon-containing raw materials ars ground na nill, again
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optionally by adding a lve. In wreactive systems, such as the prinding of CaQ with

guarte sand, the shove-menticned hydrothermal treatment step has o follow,

~ Apan from that, the mamutacture of o first stavting material is possilile by hndeating
] 4 3 ¥ g

cement chukers or by sol-gel mothods.

Quartz, quarts sand or another rew material, secondary raw material or a synthetic

product serve a8 @ second starting matenial (silicate carrter), Exanples of these ae

stlivate glasses, feldspars or slags.

Morgover, #f 1s possible to form both starting materials fogether or that they sre already
present in nixed for

- Inesite formation: The first starting material is only formed during grinding and will
then reaet with the excess or additional high-polymer second starting matesial,

- Mixed starting materialy: The two starting materials are already present together in &
mixture and are directly reaction ground.

Iy ancther embadinent if is posaible to meesfacture composite binders by using blast-

guickly {resction control} or i the mixtwe of the starting materials conlaing more

caloium than requived.

Hydration products made from an inventive hydraulic binder contain calehan silicate
hydrates having @ low molar ratio of Ca:Siand thus are chenmically more stable than C-

S-<H gels in Portland cement stong becanse no portlandite is formed and the sibicate

building wnits have a higher commectodness g5 comparnd o Portland cement stone,
Furthenmore, ne weathering-sensitive porilandite s present at the contact points of the
Bisuler o the aggregate in mertars oy concretes 30 that ne weakened polats form in the
join of mortars and conceetes. If the mventive binder contains less than 1% of Naadd,
the binder structrs made therefrom i lesy sensitive to secondarily occurring alkali

silica veactions so that alkali-sengitive aggregates may be used.
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Below the invention will be explained in more detl in relation to examplary

embodiments.

Example ¥

pod

A mechanochenieally mannfactured calolum silicate hedrate phase (O-S-H{D) having
amolar ratio of Ca:Si of 1.2 and quartz {finely grained, washed and caloined) served as

starting materialy,

1y The OBHT) phase was mechanochemivally synthesized aceording to Saito et al,
Mechanochemived sonthwsis of hvdvaied silicares by voom tomperstvre grinding, Solid
State fomjes, 10103 (1997), p. 37, with geresil, CaO and HzO being wround af 8 muss
ratio of watersolid of 10 in a ball mill (grinding period 32 hours, rost condition svery

20 min. for 10 min} and subseguently dried for 120 hours at 60°C

1%
MNaxt, the O-8-H{D phase was ground tepether with the quarty al 8 miass sabio of 171
(1.1 g each) in a disk vibeation mill for 180 scconds. Apant from g change of the grain
stzes the grinding provess particudarly caused a reaction between the starbing muaterials
which resulted in an inventive hyvdeaalie binder.

A

Yy R R o) £ > 0N s ) 2 NE I I B T I 3 R
The BET surface areas of the starting wiaterials were 68 m/g for C-S-HTy and 2wy

for quartz on average, while the mill prodect had 8 value of 3 m’ g,

In the IR spectrum the reaction of the starting materialy to the inventive binder was
25 twacked. At first, the grinding clearly weakenad the main band of the $1-O strstching
vibration at 960 em” and the band 01” the $1-0-8 vibration at 668 o™ of C-8-H(1) and
both mmpie&}v éisappeamd with intense trestment. The (31-0) streiching vibrations
of 1078 cm™ and 1173 e of quarts disappeared as well, however, broadened and
weaker bands at 1095 om” and 1165 om’ were measured, e guattz was
30 depolymerised. In the range of the OH stretching vibration, additional bands vaused by

stfanel groups ceour afier grinding,
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This fnding was confirmed by 51 solid-state NMR studies. T-3-H(I} having a malay
¥ N ¥ i 3 : by 4 \ ~?, b B i SN R ol g
ratio of CaSt of 1.2 clearly containe ©F und €° silicate speciss at 2 ratio of 3 © 2

x 2 P Lo : g X
After the grinding & broadening of the 1 sigual, the constant ' snd sewly QF wers

present, O decreased which proves the depolymerization of 8Os

The results of the Xeray diffraction prove the seaction as well. Generally the Xeray
amorphous proportion rises with an increasing grinding period. The characteristic basal
reflection of C-8-H{1) having a molar ratio of CaSi of 1.3 a1 11,45 A clearly decreases
i intensity togather with uther reflections when the grinding period is short, Weak bus
still recogrizable reflections appear shifted; e from 3.05 A and 2.8 A t0 3.02 A and

2.84 A, respectively.

The hydration of the hydrautic binder was tracked by msans of & thermal-condustivity
calovimeter. Dae 1o the heat of wetting, & maximun of the heat release oeourred
dirgetly after the injection of water. Then the heat release subsided almost completely

m ovder o finally vise aller & minimum gt abowt 25 minutes to 3 second maximuom aftey
4 to 5 hours. After that the heat release slowly decreases and after 40 0 100 hours

asymptotically approaches the zére line.

After hardening, the {}‘3 NMR signal, which proves the new formation of the C.8-H
phase, dominated the spectrunm of the set butliding muaterial. It was alse possible o
detect the new formation of the U-S-H phase by Xeray diffraction through reflections

in the Xemay powder diffractogram at 3.05 A and 2.8 A as well s the generation of g
troad reflection between 17 A and 11,5 A, Both measurements prove the formation of
& caletum silicate hydrate having s lower molar ratio of CaSi in the set building
material as compared o the starting material C-8-H().
Finally, in the IR spectram of the pure set building materiad, the {81-0) stretehing
vibration of the C-8-H ;ﬁa&&e is at QG cm‘ﬂ sehich i:o.:trs‘:sp{}mis o 8 mciar ratiy of

Furthermore, the 85084 ba;n.d at 668 emr™ was cisaf}y mmg?ﬁzahie
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binder, 8 corppresave strength of 20 Ninnn™ way exceaded after 28 days,
Example 3

A hydrothermally synthesized mixture contatning C-8-H{D phase having 2 molar ratio

of Cardi of 1.0 and quarts was used a8 starting materials for grinding.

First, the hydrothenmal synthests of the mixture will be described, For this purpose,
CafOHY, and quartz were at first crushed together for 180 seconds in a disk vibration
mii and homogenized. 90wl of mullipore water and 10 ml of IM-NadH were added
o 30 g of this misture, Then the wial amount was treated hydrothernally for 8.5 hows

at 190°C 1 a steel-ononsed autocdsve made of Tetlon,

The powder diffractiogram showed that beside the main phases U-S-H{T) and guarts the
hydrothermally svathesized mixture contained smaller amounts of 11 Avtobermorite,

a~CxSH, portlandite and CaCidy,

C-5-H(I} had no basal reflection and thus was less orystelling (1 ¢ more disordered)
than the C-8-H phase wed in Example 1. The reflection at 0,308 nm had the highest
infensity, additionally o reflection ovcorred at 0.28 nm having 40 o 50% of the
intensity of the reflection of 0308 am In the infrared spevtrum C-S-H(I) was
characterized by au intensive and broad band at 972 e, which corresponds to the
{S1-03) stretohing vitwation, The XM-O stretching vibration of the gaartz, which was alse

contained in the mixture, was at 1078 em™.

Subsequently, 2.3 g of this michwe were ground in g disk vibration nill for 180

N,

secords and thus transferred into an inventive mixture containing the inveniive

hydraulic binder,
Affer the grinding the main band of the C-8-H is broadened without any visible change
of frequemey. A further broad band of 810 stretehing vibrations has 3 maximum a

1102 e’ This shows the depolvinerization of the guartz as a result of the prindin v In
: B &
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the range of the OH stretehing vibration sdditional bands cmsed by silanol groups

seour after the grinding.

This finding was confinmed by V8 NMR speetroscopy, the measurements afler the
grinding provess resulting in an average silicate polymerization degree of QM with »
very broad distribution of the signal in the range of QY (cherical shift up to 70 pprn)

to QF {chemical shift up to -%0 ppm).

In the Xeray powder diffractogram the C-8:-H reflections were only weakly
recognizable aller the gonding, Similer © Example 1 there was g slight shift of g
reflection at Q303 nm and 0.28 mo to 0.302 nm and 0,284 nm, respectively. The
intensities of the reflections equalize themselves, Sepondary phases like portlandite,
caleite and - SH are complotely destroved during grinding: In total, the small gngle

acattering clearly decreased afier the grinding: the samiple was homogenized,

Subsequently, the laveative mixhwe containing the inventive hydraulic binder was
watenbinder = 1.0} In ihe st fow seconds afier the proportioning of (mixing) waler
the release of beat of wetting was ohserved. After s pertod of very little net beat releuse
{so-called donmant perind} the actual hydration process stasted gheady after g fow
raivtes antil up to some hoars. Ata ratie of water to binder of (.3 and by adding thres
parts of sand to one part of hinder a compressive strength of 20 MNimm® was exceeded

aftor 28 days,

The amonnt of G-8-H strongly increased in the Xway powder diffractogram. Apant
from reflectivns at 0.308 nm and 0.28 nm (C-5-H{)) a broad reflection was present
between 1.9 nm o and 1.2 nm which i3 typical of the hydration product C-5-H phase

having & molar ratio of CaSi of less than 1.
Example 3

Ca{H); and acrosil were psed gy starting materials. Fivst, 17,7 o of CafOH); and

14.3 g of acrosil were intensely mived g wobble mibxer by means of zirconium oxids
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balls and coropacted {vohnne reduction). The speeific BET suwrfave area of the mixtwe
was €7 m'fg Next, 4 g of this mixtare were ground differently m oach case and reacted
o the tnventive binder. This took place in g disk vibration mill in tungsten carbide
grinding vessels for 60 sevouds (pecific surface arsa after the grinding 17.5 m¥g) and
180 seconds {42 'n'jfifg:}ﬁ respectively, and 1o a ball mill in cirgontam dioxide grinding

vessels for 60 min. (5.8 m™/g) and 180 min, (3.0 m /), respectively.

The formation of the inventive binder was tracked tn the IR spectrometsr. The indtial
froquency of the vy O-81-0 of 471 e’ in asrosil changed to 478 om™ with the line
broadening simultanenusly. This 15 proven by wn nternal deformation of the &
tetrahedra which resulis from changed surroundings of the $ tetrabedrs, d.e. a lowered
cormectedness. The band at 388 e, which corresponds fo the Hbrational vibrations
of the OH groups in portlandite, dixappeared through the grinding, At the same time
the OH vibration of the portdandite at 3680 cm™’ lost some intensity and finally alse

disappeared. This finding proves that there was a destruction of the portlandite.

Moreover, the gewly formed binder bocame visible by a new broad snd vory intensive

band at 1000 em” . The main infraved bands at 1105 om™ and 1208 o', respectively,
which are known as (31-0) stratehing vibrations of serosil, were recognizable only as a

sheulder which proves the depolvessrization of the aerosil and the generation of 8 new
phase having (Ca-0Q-51) bonds a8 g conseguence of the goindisg, In the vange of the
OH steetching vibration additional bands caused by silanol groups gppear after the

grinding.

The hydration of gl four betches, which proceeded within a time of 30 howrs, wag
tracked by means of a thermal flow calorimeter. An incressing grinding period
sceelerated the hydration reaction. At @ ratlo of water to binder of 0.3 and by adding
theee parts of sand to one part of binder, a compressive strength of 20 Nimn® was

excoeded afler 28 dava,
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Example 4

A hydrothermally syathesized muixtwee of C-S-HD, -C8H, tobenmorite-10 & and

guariz was used as starting materials for grinding,

For the synthesis of the hydrothenmally syothesized mixture Ca{OH); and guarts, a
sadution of 1M of KaOH and HoO were hydrothermally treated in o steel autoclave for
4 hours st 160°C,

A guantitative Xeray analvsis showed that the hvdvothermally syuthesized mixtore
consiated of 37%% by weight of amorpheus C-8<H phase, 509 by weight of a-U8H,
125 by weight of guartz as well w8 & smaller awmount of 10 tobermarite-10 &,
portlandite and CaCOy In the IR specttun the amorphous O-8-H phase i
charscterized by an intensive and broad band at 945 om’, which corvesponds jo the
{(S1-0) stretebing vibration, The SO siretching vibration of -0 SH is at 988 o™, A
further band at 754 an’ is also typical of w-o8H and corresponds o the SEOOD

stretching vibrations.

52 g of this mixture were mixed with 32 g of sand and subsequenily ground in a disk
vibration mill for 720 scconds snd thus transformed into the inventive mixture
containing the hydrauhie binder. The Xeray diffractogram shows that no orystadline
corpotients except for quartz are present. A quastilative phase analysis usdng the
Rietvehl method and an internal standard shows that the binder consists of 53% by

weight of amorphous phase and 45% by weight of etz

After the grinding the watn baond of the C-8-H is considerably broadensd. While the
band of the SO stretebing vibrations of a-Co8H rematos oleady visible, the band at
784 e (R1-O(HD siratehing vibrations w-{U:8H) 15 o Jonger present. All bands of the
a~0oNH, 1o which Heatoms contribute, are cither no longer thers or considerably
weakened. What is new {3 an absorption between 3200 om™ and 3750 ey which
corresponds to newly occurring bands caused by silanol groups. The sirongest bands of
guartz (1078 eo’ and 1177 o) shifted o 109% am™ and 1165 em™, respectively,

which proves a partial depolymerixation.
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The binder was hydrated by sdding water {mass ratio of waterbinder = L), In the

fivst fow seconds after the proportioning of (mixing) water the relense of heat of
wetting was observed. After a period of very low net heat relosse (so-called dormant
RO S UNETS SRSTITRR TR i R o o . 8 X N : - . .
period) the actual hydvation process stacted already after & fow minutes watil up to
sopnie hours, the waxioian of the heat release bedng reached after 5 to 10 hows. At a
ratie of water to binder of 0.3 and by adding three parts of sand o one part of binder, ¢

gompresstve strength of 230 Nimm® was excceded affer 28 days.

The wew formation of C-3-H phase having g molar ratio of Ca8i of bout 1.0 was

detevted by Xeray diffraction
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Egvizen hudranlilus kdibanyag, elfdrisod slddiiitdedm, valannt

az gzoel elbailitedt szorkersti anvag.

SZABRADALMI IGENYPONTOR
i Epyfacisa hidvanbkus kitdamyvag, smely sailiviune, kalcton, oxigéne v hidrogénatonokat

tastalmaz, olvan slrendesdshen, anely @ uél nagvobb stlagos térkdldsodisl folkal rendulkezd sailileit

egvergekat de szilanobosoporokat foglal magiba, shol a kalchwn-stomok cgyike som vagy ssek sgy gtk
}xa’i_yetmsitett ey olymy oxigdngtonumal hatszorosan vagy tObbszdrdsen Roordmalt MIST” atommal, anmelvet
a Na, K- Lis, Mes, Sre, Ba, Mo, FeltU]b vagy Al #iatomok ksl valaszimb, Sefvagy a seilichng-
atomok egyvike sem vagy csak ogy résaih helvottositott epy slvan eovigdontonnnal toiradderesen koordingdit
MIAT" atonunsl, amelvet az Al Goe, Be, P, Foo, He- vagy Tiatomok ko vilasanmk, 2
a0+ (A A 6T Qua] T8I0+ MY O]
molardny dridtke 8,3 ~ 20 8 a kothanyag 3,320 sdaneg % HLO trtalonn.

2. Az 1 igtnypont ssarioll egytazisy hideaulikus kotoanyag, abol &
R+ {2 * MBI Ol 1 18I0 + M Ol

neddardny rtdke 8.3~ 180

3 Az 1 eagy 2. igdavpont szoviatl epviieind hidraslikus kinanvag, anwly viz hoassadiest kdvetdion

highritokka reagal, sroelyoek sorin a hideatok tobly nuing 30 tmeg %a kalciome-ssilikat hideit, anochyask

[Ca + G028 * (MBI O} B0+ MM O}

mdlasinva 15308 kevessbb.

4. Keversk, amely egy av -3 igényvpontel valummelyike sworinti egyfzist hidranbikuy kotGunyagot
tastabmases.
3 A% agdnypont szeintl keversk, amely legaldbb 10 tomeg % cpyidzint hidvaulikos kitdanvagot tas

talmaz.
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5. Blidras ax 13, igénypontok valwmelvike szovintl cgyfiaisd bidrautikus kotdsnvag ol0diitisdm,
anselviek soran

- oy elsd kindalds anvagol, smaly kalotue-, ssilichoms, ougdo- ¢ hidrogénatomokat tartaloas, amelyek
szarkezett viz, keistdlvvie vagy hideoxidesoponiok, illetve QF - QF échalosodast fikdal rendelkend seitthit-
dplifiepyséaek Rrmijabmvanoak jolen, epv mdsodil kindulisl avaggal, amely ey olvan seildrd szitiksitos
nyersanyag formdidban van jelon, smelybon a sailikde-dpiidopvedesk tSrhaldsodant foka O, dswebnls
afan reagaliatunk, éx

- mincladdiy, amig a HyO«arbdom 20 tdmng %% felott van, az egyfazisi hideanlihus kothanvaget 3,.5-20 tomey

% HaO-tarvtalonig sedotjuk,

7. Blhiands az 193, jgdaypontok velanwlvike ssorinti epyfizisn hideulibus katanvag eldalliitasira,
grachmek sonin

~ oy ryagol, awely kaletum-, szilicione, oxigdn- & hidrogdnatomuokat triakoaz, amelysk seerkeseti iz,
keistabyviz vagy hidronidesoportok, iletee 97 - §F torhdlosodast folkal rendelkend szifikit-Spitdepyaigek
formajaban vannal jelon, de amely mvae Sssredrlds idn toridnd reaketd sovdn sov oled kiindulast avvagot

Béper, cgy misodik kifadelas anyagpal, snely cov olyvan sailind ssilikdtos ayersanyag formdaban van jelen,

NEN

P

aalybun & seilikat-Spitdegyedeck 1ochaldsodast foks Q-0 feseadrids dujdn reagditatunk, &

~oindaddig, amiyg a FDstartalom 20 1mep % felett vany, a2 egviasisg hidravhikus katdanvagot 3,520 thaneg

MED 2

Fo HpOtarinlomig sedviguk.

R. Eljaras egy a4 vagy & igdmvpont seerintt keverdk oltallitasien,

~ofvan nversanvagok deszetrids ffjan fordnd reagiltatiaival, amelvek
oy ol kiindulast anvaget tarialmaznsk, avely kalctume, seiticlums, oxigen- & hidropdnatorsokat tastal
wae, amelyek szackezen viz, hrstdlyviz vagy hidroxidesoportok, iHetve QF -~ O wérhaldsodist fokkal rone

detkend seilihdt-dpidegyxdgek Bormipiban vannek jelen, vagy epyv olvan gy anvaget tartalnazak, smsly

Kadoiume, szilichvo-, oxigdn- ss hidvopfoatonokat tartalmag, esxzxeiye& szerkeredt viz, krmtalyviz vagy hide-
oxidesopartok, Hetve Q 0F tchalosodast fokkal rondeliezd sadikit-Spittepyadenk formaiaban vanmak

jolen, ds mmely anyag Osszedrids dtfdn idrténd reakeld sorin sz elef kilndulasi anvagor képes,

¢y armelvek vgy masodih hiinduldst anvagot Grtadnaaak, aoely sgy obvan sailivd sailikitos nversanyag
formiiaban van jelen, srochvbor s sailikit-Opitionye ségek irhdlosodint foka L8

fovabbi anyvagokat tartaloueng, &s

ahed mindaddip, wmiy az cpyviizisg hideaglikus ksBanyvag H:O«artalnm 20 sange S folat v, 8 keverskat

acldrg sxavitiuk, iy ae sgvfion hidemulikie kotSanyag HaOwartalma 3,820 traeg e nem lose,
5, A t-8. pdnvpontol vabimedyike saerinti ofdrgs, abol masodik Minduldst anvagként kvarcot vagy

kvarchomokot alkalmazunk,



Hn A S 8 vagy 9. ipdnypont szevinti alkalmazds, abol az ¢lsd vagy wisodik kiinduldsi anvag syt

ey anvaghan van jelen

ik A S-10. igénypontok egyike szerintt eljants, dpitfanyaghsnt mir nom hagendl comenmkévat vagy
malisat, aot adalékanyagokat vagy homokot lartalmashat, Srimk dssze kdzvetlontil,

13 Epitdanyag, amelyet fgy allitenk o8, hogy az 193, igdaypontok valarelvike sserivt sgvfizish hid-
roulikes hdtdanyagot vagy & 4. vagy 5. indoypont szevintt keverdhet vizze! mughonak, maid ea kévatben
kikomenyitik.

o A 12 apéaypont szeriinti dpltdanvag, amely albali-draskeny adalékanyagokal tartalmaz.

A roeghatalimazolt
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