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hardening depend neither on drying nor on reactions with the CO; from
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Moreover, latent hydraulic binders (so-called pozzolanic binders) are
known. According to Hirig (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. Typical examples of
such latent hydraulic binders are granulated blast-furnace slags hav-
ing a mass ratio (CaO + MgO):810; of > 1 (EN 197-1:2000, section
5.2.2).

Conventionally known hydraulic binders based on silicates do not con-

tain any molecular water, their hydraulic components contain no hy-
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reaction retarders, so-called Portland cenent (CEMI)
is obtained. CEM1 is often ground with | atent
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cally reactive clinker phases tricalcium silicate (alite, Ca3SiOs),
dicalcium silicate (belite, particularly B-Ca,Si0O;) and on a subordi-
nate level tricalcium aluminate CasAl,0s and calcium aluminate ferrite
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 CaO, 18% to 24% of silicon dioxide Si0;, 4% to 8% of

aluminum oxide Al,03 and 1% to 4% of iron oxide Fez0s.

2. Furthermore, so-called water glasses are manufactured. These are



cal cium oxide CaO, 18% to 24% of silicon dioxide Si02,
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ticular, it is not possible to accelerate it. Due to the limited
processibility (slow hardening, strongly alkaline reaction) and the

low strength their range of application is limited.

The hydraulic binder which is best known and used most often is ce-
ment, in particular Portland cement. According to H.F.W.Taylor, Ce-
ment chemistry, Academic Press, London 1990, p. 64 et seq., 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



action enthal py of + 1,761 kJ per kg of cenent clinker
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hydrates and portlandite Ca(OH)2 are produced. The

latter is a necessary conse- quence of the setting

The r%%a ﬁo%no%n%o%%ﬁ% H%nﬁr%g%%tgg%e%fl%%@%ttczg%HQﬂlflcatlon

tinthe sét ened cenent stone
(hard@@hngossmbberUQn@uhstmnwlmIrﬁﬁleweradmendveﬂamhfdnntemmademlc
of cal- cium.in Portland cenent %E@eral and

Presspatere@nariPy Virn Prhe ﬁweﬁ%&dﬁcﬁelévl - BScalpgerly crystalline

calci®hhgl Wﬁ%%t%h%ygig%%%l'%sr%%QH'%%t%dehﬂ@%ﬂﬂﬁﬁhﬁt@ﬁhydrates and
crease. The overall content of cal ci um expressed as a

portlemlarter &gi(0HOE aCa: Srodhfed.- |ﬁhedeﬂtEErylSsa|ﬁeﬁﬁﬁééry conse-

ek S PLLA 00 G0 S0 A WP R ARt ot

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

It is not possible to substantially lower the overall content of cal-
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) : (S102) 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 CaszSiOs;, has
a molar ratio of Ca:8i of 1.7 to 1.8. The excess CaO is present as

portlandite Ca(OH), after the hydration.

Portlandite contributes to the mechanical stability of the building
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sl ow down the material transport. However, the
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ditive agents or dilution with fly ashes. However, this also slows

down the strength development.

The strength of cement stone is determined by the main component C-S-
H gel which is only about 50% by weight. Therefore, the effective 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
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to hydraulically inactive products such as wollastonlte B ~-CaSi0;,

pseudowollastonite o-CaSiOs; or rankinite CaszSi;0;. In this manner,

that is, on a “clinker route“, it is not possible to obtain hydraulic

binders low in calcium.

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

this process, no hydraulic binders are produced.

In Modification of kaolinite surfaces through mechano-chemical acti-
vation with quartz: a diffuse reflectance infrared fourier transform

and chemometrics study, Appl. Spectroscopy 60 (2006), p. 1414, Car-
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, 4,605, 443 A di scl oses an anor phous hydraul i ¢ hi_nder
bindegoRePERLRG IGPURGrEHRA tr aéﬁﬁvgl§|&ﬁgmﬁpaauéé&lﬁﬁ6ﬁﬁa u.s.

4,217M0kten phaseipwhi 6hphasi2u1hi-gbneent 8RhtobAL203 arenad.
nolar ratio of Al :Si of higher than 0.95. The
hydraul i ¢ behavi our is caused by the high al um num

0 nt,. 0_200 18 423 Al . di.sc , for C o4
U.S. %aﬁbgaééﬁPEn ig ?ﬁgﬁgrgp a%orph%u% hgﬁ%ﬁuﬁlge%q%%er consisting
of a ground reactive glass produced from a molten phase, which has a
high content of Al,03 and a molar ratio of Al:Si of higher than 0.95.

The hydraulic behaviour is caused by the high aluminum content.

DE 10 2005 018 423 Al discloses a method for manufacturing structural
components, the binder used therefore being completely hydrated com-
pounds, the solidification of which is not made hydraulically but by

pressing. In this process, silanol units condense by removing water.

DE 22 22 545 B2 discloses a method for manufacturing a water-
containing calcium silicate of the xonotlite type, the xonotlite
being crystalline. Due to the hydrothermal manufacture, the amorphous
preproduct described in this patent is a hydrate which does not

harden hydraulically.



conponents, the binder used therefore being conpletely
hydrated com pounds, the solidification of which is
not made hydraulically but by pressing. In this
process, silanol units condense by renoving water. DE
22 22 545 B2 discloses a nethod for manufacturing a
wat er containin% calciumsilicate of the xonotlite
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PP D S T URe gt e CS 8 Ryt St wATER dags ne¢ neving @
connebaedeashydfawﬁlchtgovers P Ey&ﬁ@uBA@ Birdésthgse§ correspond-
tectoalunp silicate cenent as well as_an ppropri ate
ing ChERGRAEEUR PG ohebHaas PHe HecrOaM i o8 P hra HafPAG o5 -
connect edness of 4. Moreover, the hydraulic hardening

of correspond- ing conpounds is not based on the
AccorfigngaticoREofl 98- $8HERadés. whAcbordisRgibesDE 1esheg 645 manufac-

h d thod f f
coriof g LD 0351 RS TR ALOrSBRULOGE bCKIBa1, concrore

demole@fehehatedern! iki aptivbeetabyi graativat edobyveri ndheggrinding
However, the grinding _is nmade such that no hydraulic
is mageogueh t§aFoPﬁeaydﬁéPléCpPéGQEFtwﬁﬁcﬁOIW§9 'bEUGs@dPagduct mwhich

may b8 GEEBNL M aW-BhXn¢0Rshl hy&Ntonkt icQBAEET € rdepplirti@Ndemolition
material is used the starting conponent noreover

materd¢ent asnssadsthkastartangi epmphhehtagogepwact contpioguet sulfate

.sh d nt th fact
caresOUHIGR' HCLphLETAVLBSLULS o, 8.TRRRRAge LOMGLeactuze of

a monbpmggglggoagcpro- vi de a nonophase hydraul i ¢ bi nder, a
m xture contai ni ng such binder, nethods for the
manuf act ure of the buil ding naterlal and the m xture

Start?ﬁ?ﬁ@h%rggf bui%?ﬁggtﬂgtgﬁgéktmgfcg gaﬁrggg tpﬁﬁqgﬁ%QOn to pro-

he m xt i ch do not ave t he
vide afmbenphhsenthdaaﬂhacbsndamd hlmnkaUEensontalnlng such binder,

parti cul ar, hase hydraulic |nder based.o
metholl3| Fpat SanBARU AFkFaPeCtoRNg -h dt RSB RGGF Lapad fhe mixture

as wel® QEOH'gggldﬂﬁbcﬁat@§189”9ﬁﬁgﬂ hé@ E@EMe?Eb@H@Ed with the
Portland cenment "and to hydraulic or latent hydraulic
bindebi ndethke megpgcs|vbpyh do not have the aforementioned drawbacks

and limitations.

In particular, a monophase hydraulic binder based on silicate and a
mixture containing this binder are to be provided, which, as compared
to conventional Portland cement and to hydraulic or latent hydraulic
binders, respectively,
— lowers the energy consumption during the manufacture of the
binder, i.e. which is manufactured at low temperatures,
— lowers the amount of the CO, emissions,
— shows a lower total release or a more uniform release of heat dur-
ing hydration, and
— achieves higher durability and strength of building materials and

materials, respectively, made using this binder.



- lowers the energy consunption during the manufacture

of the binder, i.e. which is manufactured at | ow

tenperatures, - lowers the anount of the CO2 em ssions,

- shows a lower total release 9r-a nore uniformrel ease
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monopkgser halds auldspSdidgdl y bymide dsrgrenicd silsdér 6 wigh regard to
hi,s _abj ect . ey f.eat ur f. ¢l ai m. 1w :
the miREReE B KU AR ASoase Ty dult S Bindar "By thg 1Y Wlth regard
to thkeabuneaat ueliaignme tivotth amelgaryd the fehe urest wrfeclleyint id with re-

features of any one of clai 8 to.1Q with regard .to
93 i thEn AR AL AaP PG SHECHG] -art chy UPRE SAEAt GRES. OF SR
advant4 Wbl EBbogarkdnt@ bire thui Ldivegtmaherial . The

subcl ai s each descri be advant ageous enbodi nents of the

i nvention. The inventive hydraulic binder is a

The i%%%%%%%%cﬁ&b¥aﬂﬁﬁkv%'%h%&cﬁgeacﬁﬁﬁB%Hﬂqc%ﬁﬁ %%que silicate
calcium™ srlicon, and oxygen. er eléments may also
compohedcenstitinentys cafl ctihe, bisaderocand aade odiygkenngitsleed elements may

according to the tg e of their incorparation: alk

. i .
also hgt aPSSCLAUBRES Bhl KPosBAPGRT 2BPKEFFnE-ehr PR Hiehars according to

the thBePaEtigULar jaRGNESLUM;: or Quhen jdiuakent 6abi@RSculBr sodium;
particular Fe[+ll] and manganese; trivalent cations, in
alkalparet peulthr mAtpibl | in aretincdrpomatedsiiux. coor dithatredivalent

. or higher w.th. _ox n I x+, the M 6]lx+ partly . .
cat1o8ngt i P hG PO A e GATdi B BrES RERts T vatent) cations, in
partit@ibahadri¢ally eeer dhratedrbycax¥gencobRdpakteeUlbar higher with

phospho- rous, aluninymor Fe3+, form oxygen anions and
oxygear 8si M6 por dthed MlH ] ‘phvsphby eSulas bt wateJ of OF efhat eabptum. Ele-

t | \! i ti _ ] v+, tituting.f _
wen L ERLEURURL ROTL! LORS 95 ALA K, ooSHBRL) LM GRGBLiar phosone
rous, photiet hamabunFatim i suid:akien faori dist ndrdm@ntisycusirated as

| i ke magnesi um The exponents X+ and y+. respectivel +
PhosPNAAFcar LUFABIERAPGe (6F ERE PBI 5°CTARTEALT BRo Fgns s MI41Y
subst%tgtﬁﬂgoﬁgkrXiQEcbhebynﬁgnth@ Ayndhaubi gtbimAdebeir®ent. The am-

defined by the range of the nolar ratio of Ca:Si of
photegig aéumigpmpéﬁtsggtabﬂy ﬁpéf@pth variants, just like magnesium.

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

vant cation.

The stoichiometry of the inventive hydraulic binder is defined by the
range of the molar ratio of Ca:Si of 0.2 to 1.5, particularly prefer-
able of 0.3 and up to below 1.5. The components oxygen and calcium,
respectively, and further elements provide for the charge equalibra-
tion. In case that a part of the calcium or silicon atoms is replaced
by the substituents M[6]*'0y,, and M[4]1Y70,,2, respectively, the modi-
fied molar ratio [Ca0 + (x/2)- (M[6]1%0y/2)]1: (810, + M[4]1Y70y/2] will be
indicated instead of the simple molar ratio of Ca:Si, which is iden-
tical to the molar ratio of (Cal0): (S1i0,). The water content is below

3.5% by weight.

Following X-ray diffraction studies (X-ray powder diffractometry),
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instead of the sinple nolar ratio of Ca:Si, which is
iden- tical to the nmolar ratio of (CaQO: (Si02). The
Silicwatetoaententiss bél owygdnS¥ehyanedght . tRel kewiteg X{rapich is

di ffraction studies X-ra owder diffract t
occuptfe BYnderettrrsdont %&Ybéogrﬁgyaaﬁﬂrﬁﬁggggge E%).Flﬁécate tet-

rahed¥8l ¥ntr 9Rgl ¥t udksonder ednkshl gaheckeRs 0€ABS $tia0kommon oxygen
oxygen tetrahedra, the center of which is occupied by

atomsa Beﬂnahedatomblmayobedsnéﬁédtgtﬁdcénr Plieagumiipgmeatoms in
~rahedra thu ctured are Ilnked with.each er :
nighel B BRGA Dy OER DAL BAECTS PLEUR b g b iPoHT beryllium

or phédpsbrbutedtbrr by abuskngibabefBohs. mhghetructure of the sili-
proportions and by boron, germanium titanium iron
cate Bepypl iOniher I pHESHAYPONYIARENECI RINEREr 15r GparersRsized by a

Varlagggr Fgg&grg oﬁhéh@e§khhed9§te atons in the inventive

in I's characterized by a variable
| i nkage of the tetrahedra Studles with 29Si solid

ect d distri-
seaat S g P e Ot A oo e e aser-

butiohh&s EM@'§§E1@H€€‘@@hnéhtéﬂﬁeé@r ukmengRBI kCosichirgatiewith the
tetrahedrai vi a The exponent

typicphdreamesa éhhﬁﬁﬁefoéngﬁfm%ﬂﬁﬁﬁ%ﬂc e} Hhbe? st ¢ pkledra) via
of, of,0khe osered Jetialed an vl A coMIpD. A9eNSoe Yot ranedral

a.SI I mer or t nal silicate
neighbetsabedkadi boathehabpeawedngeneahedirdh Qﬁachammohlnkggens Q'

B a X _correspond to sili- cate tetrahedra wt
descr%ﬁ?éeaaﬁﬂl#6ﬁFesﬂFW§5t@rtEF?aEEHWénﬁi ﬁéﬂéﬁﬁ&?stetrahedra in a

chainr§§9§ﬁgéM§£¥ wiPg ?2399¥§ﬂ391@&§1rQ*“QHdO@f“bQEBe@&OEBetO sili-

nonop - draulic binder has an average
cate tenneheedaesstbfthrebeasﬂ ©uandidvestendbetonhgdprore neighbors,

respegpfvgfgyr&ﬁgcgig£o¥géé8uaig¥g$gug£o%oagsgﬁeg@e%%ec%onophase hy-
draulic binder has an average connectedness of at least o' and does
not only prove the occurrence of various types of connectedness oh

but also a high disorder of the individual connectedness types.

It is possible to substitute in part silicon atoms by atoms of other
network forming elements, in particular of aluminum, boron, germa-
nium, phosphorous, iron, beryllium or titanium. Of particular rele-
vance is the substitution by aluminum which may reach a maximum sub-

stitution of 45 atomic percent of Si by Al.

The calcium atoms are present in the form of ca®’ ions as bonding
partners of the negatively charged silicate units. It is possible to
partially substitute them by Na, K, Li, Mg, Sr, Ba, Mn, Fe[+II] or
Al[+III] atoms.



but al so a high disorder of the individua
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orm of as tners of
PortlBaedatiwehy Qh&@g@dnﬁb&l@@h&adnstiesbtcﬁicp@&saﬁhel@ss calcium-
partially substitute then1%y a, M, .
substpépxﬂpp GﬁemﬁPF$V|FFS§F&ﬁ§ elyllsu?ﬁughaﬁhéhﬁrggiﬁﬁ ratio [Ca0 +
(x/2)-NVvgRYL RN 1) ql S0t 0 & mnophase Qydhald | ori defdraulic binder
consi sting of ydraullcally ‘active calciumsilicate. In
is maouﬁpatpsgd by gpendiagd feementarhiisobimader iednt aidsh are on av-
, ess .cal i um an [Ci S [ I S, _
erage, §E3aERP0L Y ollen I R el a P TFRA ot [Tk S0 that en
ergy E¥h2hfndE6bX+exa) tafrBiob2 dt obdidkl @i 2k ibas| awer rebhiced.
hydraul i c binder is manufactured by grinding from
starting materials which are on av- erage produced at
Furth%@ﬁ@&etegﬂgrgkgggﬁtt haRHeMBALl rehhrker +80 4t hakiehe %6§$rlslng a
consunption and carbon di oxi de em ssions are reduced
propoEuibhepfiokee thgeptésentonopbaseohydekatés pénaemi. xPaederably,
i Sing.a r opor t he, | entlv nophase
the PRORPAGLPE bendor 10BPGt SDA0PY WeiHBtpr BRSEL ol FaTapreferably at
leastl @@%t pF0%ebyneel aBbvepanti pubaehyppreter abbytatosl @gsteight.
25% by wei ght, above all preferably at |east 50% by
wei ght. As is known from Portland cenent, the setting
. _a | so_t hesha 14N carri it b 1 X hthy . -
no 1c3gRhoR;bCpIALIERLR L 08, CALEl el UL DL, KB WhENnazdening
are chydﬁaaionthgamealagnadhanwaabkyaadlbdtbahbdﬂygtake place under
material. The hydraulic reaction og&the Lnve

ti, . .
waternydnauy BT B NGr S8R5 HoF TEEAUCE ANt FANEL ElesCaRpznaterial.

The hzgrﬁglﬁbnﬁeﬁéﬁlbh be detechednbYv¥- hg¥radifitr achider. does not
reover, the settlng reacti on proceeds with a | ower

produre- pbeasendf theft (PHan, daking tHee hyak att ope ofiePoFteandy X-ray
dlffr?ﬁgeggtt@ﬁaegpseeaQXe %%@&ng %gggtggnngg %ggsC%Q%ﬂta lower re-

can
lease of heat than during the hydration of Portland cement. As al-

ready known in case of Portland cement, the setting speed can be ad-
justed in a wide range by substituting various elements, varying the
processing (e. g. grinding) as well as by surface-active additives,
such as organic additives. The maximum of the heat of hydration will
then be reached after a period of time of several minutes or only af-

ter several days.

During setting the inventive hydraulic binder reacts to a calcium
silicate hydrate C-S-H phase. In this process the connectedness of
the silicate building units changes on the molecular level, solidifi-
cation takes place on the macroscopic level. Depending on the compo-
sition of the starting material, the hydration product may optionally

inclose further alkali metals, alkaline earth metals or other ele-
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el ements, varying the processing (e. g. grinding) as
wel | as by surface-active additives, such as organic
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ratloopftﬁé ‘Stafti g "mieri-& dﬁg&ﬁgpugﬁyp @ﬁnﬁayortlandlte
a(omgptionally inclose further al kali netal s, alkallne
éarth metals or other ele - 12 nments such that a
calciumsilicate hydrate having a nolar ratio of Ca:$S
and .a _nodi fied
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to thd. 3nivengener attedhekii ceQnlyr astret henele, tset PBattleand cement stone
cement consists of a C-S-H gel (cenent gel) havin

due tRoREF SPAERE 0P TCROSTISRCLTE 1 JUE. §oaniiCaddieio %aﬁ ratio of
Ca:siCQat o@ agggtE%n@%h%ntC%Qgﬁkzmgﬁ% BuichdipRG tMBLHES i@hment and due

manufacture he setting reaction according to the
to thenhéghbmncpaneheed@abbyoﬁom@essaﬁheathabu@dﬂUMQn@nltS The com-

oressSEIIL U908, ic, Lo i 19.20°0808, 1 BOLLLACLLey e 1Bnss vavae

is wishenetpaderbeemoPorblyand yeememt taedEduepekd @ﬁ%n@b@@eEN 197 for
connect edness of the silicate building units. The ¢

cemenfpedsivEastrengt ﬁilr?é§§@r'lédCéﬁtséﬁ52§06ay?§1§%8§@d§f2@2 75, 425,
mdNi's value is within the order of magnitude of
and BP%gnEZropean standard EN 197 for cenents indicating 3
different cl asses for strength of 32.5, 42.5, and 52.5
I f the inventive |nd r con a|n Ie s.than 1% of

TF thenaOrePE ity DBECFE. CROCEATP0 L8RS RUBH e BuPPdingtt Tay be re-

actednﬁbeEhaHnVEQQQHQeﬁuWﬂHHnﬁl%@Ebi1§§nskbbé%héQdMHt%e%&kall—
such as i1 norganic or organic fibres with low al - kal
sensidavebebdtiyives, such as inorganic or organic fibres with low al-

kali durability.

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

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

In this case the first starting material is characterized by the
chemical elements of calcium, silicon and oxygen which are present in

the form of monomeric or dimeric silicate units.

The second starting material is a silicate solid material character-

ized by a high connectedness of the silicate tetrahedra of 0® to Q°.



The manufacture of the inventive nonophase hydraulic

bi nder or a m x- ture containing the inventive

nonophase hydraulic binder is made by co-grinding

(reaction grinding) a preprodugt-containing cal cium
FurthShhbeen and1exugennhaviorgwaBaenRElCher aduerri c silicate

uilding units (i. e. acalciumsilicate) with a solid
silicate raw material having a hi gh connectedness,
q q d hi, f t :
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the silicate tetrahedra of Qto 4. - Furthernore,
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in a disk vibration mll, a ball mll or aro

storagile| COTHETLRB RBACPRNEEST BFRFA Heaﬂnﬁeeerabyﬁéérﬁ@caéﬁy when the
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depol yneri zed during co-grinding. The
nnnophase bi nder thus made con- tains S|I|cate bU|Id|ng
stora

units on th pe hand_are_ke
enexghiir 1 FOR. Sh-bn L AG GPHOPRaha®] eact PRYRr Al Fealipyone of tne
metho&@egxﬁhgln@angg[ows nrxed with water and lead to

setting and solidification. Generally, the first

startlng material is made by using one of the nethods

- In ?%8 %a??ﬁe%§%%%&urelQt7g§%£3% Hﬁ??éaﬁtuﬁﬁ %h 700°C alkali/ alka-

era | 'ne earth

line 5hktEaEE51aﬁ€epr@dd0§doﬁUESﬁ byrstnber shgtakkabi ateaili com-
pounds, al kali ne earth co ounds and silicates

poundfoge{ ket i "THE" HaRUPSBECRURS 8RS CaknoSREA®T F B EaERs, The manufac-

ture g@zégﬁa 29, SifQ2rclale ?rNg amaexam! §11Ca6BvE as an example:
Na2CO3 + S|C2 CaNa2Si + 2. - In hydrotherm

manuf acture in pressurized aut ocl aves at 140C to
CaCO; + Na,CO3z + S5i0; — CaNa,Si04 + 2 CO».

- In hydrothermal manufacture in pressurized autoclaves at 140°C to
300°C calcium-containing raw materials such as CaO, CaCOz or Ca(OH):
and silicon-containing raw materials such as quartz, silica, mica,
feldspars, old concretes, glasses or slags are directly reacted with
water or water vapour in a pressurized autoclave. It is possible to
add a lye, preferably NaOH or KOH. It adjusts the pH value to between
11 and 13, increases the reaction speed and allows the use of slowly

reacting silicon compounds. Next, the products are thermally dehy-

drated.

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.



300C cal ciumcontaining raw materials such as CaQ
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possible to add_a Iye,fpreferably NaOH or KOH. It
Moreoy@jrustié tie PEIESH&IlGe to fostwdeikh Bf agid np3 matiedigdse$ogether or
that Eﬂ%grg?gt59@6%@§e%r%%%nﬁlH%W%i&%% 4gern0f slowy
reacting silico onpounds. Next, the products are
a) Intbeétmmlfbyndéhiyn dTated ir@uastartduar e teard lord samotllyerformed dur-—

, raw material, .secondary raw material or a synthetj.c. .
ing g5ROHAGE SBRVEIAY & 6B GRA ot ALtTng afRFrar (el Fichtdonal high-
polymedl kebhd Bxanmpliey ahtlkhese.are silicate glasses,
feldspars or slags. - 14 Moreover, it is possible to
b) Mikednsbetrhisgameited iraser iTaks tiggethert 10 mekar ieHsy agre already
_alread resent _in.m.xed f.orm lLn-situ farmation:
presefi FRFL egtéptﬁngl§592%iggdigr%%ﬁﬁqukl drgﬁgigfﬁgground‘
grinding and will then react with the excess or
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irectly reaction ground. I'n another enbodinment it is

tionapog®bbkeéand) merukact. uTdec daposirt é shiofdepstipyplagi ngterest 1if the
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the invention reacts very quickly (reaction control)
calcigp fhaph&emivtfgfe of the starting materials contains
nore calciumthan required. Hydration products nade
froman inventive hydraulic binder contain calcium
Hydrasiibhcatredhydsatmesiehdviongaa lLowembliae hatireudficChiSideangontain
.thus _are chemcally re stable than G S-H.gels in. ..
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connect edness as conpared to Portland cenent stone.

becauFar thepormbredifie weathemedgasensiei vé lpeetkanditleling units have

a higgg%sgg%nggtg %e%%nggckompared to Portland cement stone. Further-

more, no weathering-sensitive portlandite is present at the contact
points of the binder to the aggregate in mortars or concretes so that

no weakened points form in the join of mortars and concretes.

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

used.

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

an embodiment.

The starting materials were belite (-CaySi0Os and quartz, fine-

grained, washed and calcined.



points of the binder to the aggregate in nortars or
concretes so that no weakened points formin the join
of nortars and concretes. |If the inventive binder
contains less than 1% of Na20l% he bi nder franmework
made therefromis |ess sensitive to secondarily
occurring alkali silica reactions so that
As anaakaﬁrngém§Etibélaggr@gat@§nﬁﬁﬁcﬁéreqséacoeéﬂaayFﬁeDE 10 2005

037 75TVETt'9 mnlth%u§ép|%|EgeO ﬂ@r§l@et Q¥H5%JQH?Q91 by mul-

he startr naterla S were belite
tlple(Biﬁaéﬁhﬁé andiqraontz, ahdneﬂtgraededtemhshedeamd1ng or by dehy-
cal cin - 15 As _an alternativ belite was
dratlﬁanaﬁaEvaF@ahse@a#éwnaapafBEtféegoescaé%VDWf%OAﬁtf?8818
m xture of CaCO3 and Si02 in a ratio of 2:1 by nul -
tiple sintering at 1, 250C and internedi ate honogeni zi ng
Subsequebyluehyeldtatwaﬁ gﬁohydr@paéthﬁrlylﬁﬁn@hacﬂuﬁéez in a mass

rat o] g b i £ AR a3 RN KraPTbh 437 OLOYBY seconds.

gtﬁequar2|nan'a33 ratio o
Aparteaebh hncﬁadgékoYIbhatgﬁﬁlﬁlbhzésrtEBOgsendmdg prApast particu-

froma change of the grain sjizes the grindin oce
larlypapaped- alé?ﬁ?téaﬂsééggeFBaEPPoﬁtBéFﬁggnmﬁﬁﬁgég; ﬁ@ch resulted
in a gg$§5h§¥§ whigh,resulted in a hydraulic binder. The

surfaces of the starting materials were 0.5 n2/g
fO{lbellte and 2 n2/g for quartz on average, mhlle t he
ni roduct a value, of 1.7 nRlg. i g_t
tne 28 orePraChar oF GPC SLPATAPEI PGFERCHICHErS Lar el g %a Pelite
and 2pﬂ?1§0@§taﬂﬂaﬁﬁir6%rﬁhé¥%¢@dsﬂ@M&a&ﬂu@“ﬁi?ﬂﬁpﬁé&ﬁ@ilmad a value
surface of 5.2 n2/g. Thus, the common grinding led to

of 1. Fh@ qurﬁﬁlmﬁﬂn%ftm¢m§¢¢mﬁ#ﬂg\ﬂ@?ﬁ#ﬂﬁ#s|$ﬁEﬁ¥%%@¥Yd%%th identi-
cal we%g égepéggilf%ﬁeﬁﬁRg%ggd?ﬁg FQQlBSdgEQQ QM Qvgégﬁgrspec1f1c

out spec f was served t hat
surfak- Gfssretmﬁhyg Wh@sgtt@m c@mmdmmgimﬁdimgale@4MOcm@d formatlon

and the (Si-0) stretching vibration t 78
of th%n%niegFFBﬁgP§n6§6réﬁs@ gﬁ@choPhewaFﬁnBP%;g£F§§ égdsurface be-

ing rQaeégdbgpdﬁ bavipg 8rcepbge of gravity at 936 cm-1 and

cm-1 oc-
In the IR spectra it was observed that the Si-O stretching vibration
of the belite at 844 cm™ and the (Si-0) stretching vibrations of
quartz at 1078 cm™? strongly decrease due to the grinding. Instead,
broad bands having a center of gravity at 936 cm™? and 1100 cm™ oc-
cur; the band at 936 cm' proves the formation of a slightly polymer-

ized calcium silicate.

This finding was confirmed by 2931 solid state NMR studies. Belite
has merely Q° silicate species. After the grinding a 0% and a broad @7
signal were newly present. The Q* signal of quartz as well as the Q°

signal of belite clearly decreased.

The results of the X-ray diffraction also prove the reaction and show
merely a broad increased background in the range of 25° to 35° 2@(Cu-

K, radiation) in the hydraulic binder.



cur; the band at 936 cm -1 proves the formation of a
slightly polynmer- ized calciumsilicate. This finding
was confirmed by 29Si solid state NVR studies. Belite
has nmerely Q silicate speciesl6After the grinding a B
and a broad @ signal were newly present. The 4
signal of quartz as well as the Q signal of belite
The hyd&atipndedér éaseByITRELAEs BENEeEf aRe TRILRY G P BEARSnCT 2

thermgh§80859§%6bq% reae rgﬁe%@q SBQ@ tgeEﬁEyh@aQr%%dwettlng, a maxi-
I ncrease roun in the range of 25 to 35 20(Cu- K
mum offadhat heal irelthechypdraulred bi fider secohBs FHéelydhat pepportion-

ing oBheaeplydraul e bl nder vas T oLLoued By TRl L8 inos con-

pleteWt thngrgarmexi fipHMef ke heakrr el pasemoscurr edoatf @w minutes
seconds after the proportion- ing of the m xing water.

to a $h@nnﬁh@aﬁémpmréﬁ§§§e8§99§|é@dhﬁpﬁﬁstléoﬁbeppépéﬁ? P the next
100 hﬁ{dertho % %EE%& g&ﬁ% ?h?ggukhésreﬁctlon is

64 secon%gnaX|nu a er a hour's

combihBa8 GoUhseecek hbatneéﬂea&QOthaurShéheeheatohebéa§ertland ce-
slowy subsides. Wiile the reaction is_conbined with

ment sy e3sCRBAT IPERBASe SLRERIERe 1 Pe&ERFBR1OPLPEFT PahgWcaours already.

At a E§GE§ &9 ékd@ﬁag ﬁdé&r%@gbh3'énHeBthngEbe%thgeﬁbrts of

urs alrea aratio of water to bi nder of
sand andoby addtngfthnedepaatsompresamdet@toﬁegparpfoﬂo N/mm was ex-—

onpressive strenght of 20 NN M2 was ex-
Ceedegeéggara?% Egﬁé days. The @ NMWR signal, which proves
the occurrence of the G S-H phase, doninated t he

sp pectrum of the set building material. A clear inten-
The Q5iNNR ofiqmel r e kel i RFCTRS t Hee povRler L AR ¢ r okt olye amafH phase,

domlngtggstﬂg]?ggctgu%so?aggﬁ %€$|b§§lagﬁggﬁg@é§ﬁbgn chﬁear inten-

reflection be nmand~1.15 nmcould
sity bécbgelzeﬂle@husnpnnthetbaWdarcdhéfuanSngamcateO 305 nm and

drate | formed in the set buildj terial, Th
0.28 BBanei BRLGf 25 haer BPNBERFERE ShofePLHAR (RELERF&FOnPotveen 1.7

nm ana'h'Qgtﬁmh¥gﬁ§89bga§eéo?9ﬂ@5d mphak pabkesotned: 8 chhafum sili-
CSH made from Porfland cenment. Finally, the

cate [igHz@festpefohinag vnbthe|@ﬁtobu@hél@gsmﬂtsﬁagé-mﬁbe position of
the rggfggtions shows that the calcium silicate hydrate has a lower

molar ratio of Ca:Si than C-S-H gel made from Portland cement.

Finally, the (Si-0)-stretching vibration of the C-S-H phase was found
at 970 cm™! in the IR spectrum, i.e. shifted to higher wave numbers,
which corresponds to a higher connectedness. Furthermore, a new band
could be recognized at 668 cm™*. It corresponds to an Si-0-Si bending
vibration, which is further proof of the occurrence of a highly poly-

meric C-S-H phase.



at 970 cm-1 in the IR spectrum i.e. shifted to higher
wave nunbers, which corresponds to a higher
connect edness. Furthernore, a new band could be
recogni zed at 668 cm1l. It eotvesponds to an Si-O S
We cibemding vibration, which is further proof of the
occurrence of a highly poly- neric G S-H phase. - 17 -
W Caim 1. A nonophase anorphous hydraulic binder
1. Q8L Hbgg %h L ﬂguscﬁ§dr%hﬁqkaﬁq QXy9eR, 3LQME g @A icon, cal-
arrangenent risin cate ding units haV|ng
canmamedageygennambmdne&sa@faatahgambnﬁncom@ﬂuhlngneldncate

part of the cal ¢i um atons bei ng substituted f a
ohéLaE gt B-WE6I K7 LBPxFBI 8VGF SFgREP"eG6F T iated hwith 135t '

wQ%MgﬁeneaBQ/QrpBQQeOQrtB@ paneithantdhsabening RebeeAtuted for by
of the silicon at- ons being substituted for by a netal

aatn@maM arym Mébd Ahedrelidyd ¢ hordiatatcead 5d it ey geikh oxygen

Tty poten t (el R D & D Lo e

ohksndernhayibgthiessetihdanr3by% hyteti ghtmoM| %a?erteﬂkahedrally co-
The nonaophase hydraullc blnd r of cIa|n11 sai d nol ar

ordtratef WiERCPFYERF2) th QF%O;?EPE)I%O [Si 02 +

M 4] Y+Oy/ 2] having a value of 0.3 to below 1.5. 3. The

nonophase hydraul i ¢ bi nder of claim1l or 2, with a part

of the calGaQm-at®rd) béMhgl* thﬁﬂtdﬁe@zftrMb9 K&y /R,

Li, My, Sr, Ba, M1, Fe[+I1] or AI[+lI1l] atons. 4. The

nonophase hydraulic binder of any one of clains 1 to 3,

nwhengi B pa1aerert ban 45 atenmedpeneeptinabrt havshbi ¢@Bs than 3.5%
atons are substituted for by Al, Ge, B, P, Fe, Be or

byj wateht. 05. WFherrmonophase hydraullc bi nder of any one
of claimse 1 to 4 which reacts to hydrates after adding
wat er, wherein nore than 50% by weight of the hydrates
2. Taeemoabphameshiideatéihydiaties havihgim Ap- skad mafleo ofitio of

[Ca0 + (x/2)+ (M[6]%0x2) 1:[S10, + M[4]1¥70y/2]
having a value of 0.3 to below 1.5.

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

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

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

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

lar ratio of



- 18 [CdO + (x/12) (M61Ix+Ox/2) 1 : [SD +

M 4Jy+Oy/ 21 of smaller than 1.5. 6. A mxture

cont ai ni ng a nonophase hydraulic binder of any one of

claims 1 to 5. 7. The m xturel®f-claim®6, containing at

| east (8060 by (webghtMok ] the ,)maneplase fydraw,ig binder.

8. A nethod for manufacturing a nonophase hydraulic

bi nder of any one of clains 1 to 5 by - reaction
ogrinding,afiysty starting naterial containing cal-

cium siTicon and oxygen atons present in the form of

sili- cate building units having a connectedness of Q

to. 2, with a ,second startin terial.in the form of
AR SP PP e BT aws RERPhare By ThG Al EORMASPEdRbsg Y ©me of
c0OkitBeisthbieate building units of B to 4, and, - as

|l ong as the water content is 3.5% by wei ght or higher,

dryi ng the nonophase hydraulic binder to a water
Tﬁgnﬁegé Pé.o%eéfaiﬂa@ 3c§%%§¥n¥ﬁ¢99{'lg sgh??geﬁ Ogeigﬁt of the

manuf ac uri ng a nonophase hydraufic bi hder of “an on
mohophabeshdiaudibybintieacti on grinding a material,

which forms a first starting material during reaction

grinding and contains calcium sili- con and oxygen
AaﬁQEﬁoBrfé?nhahﬂfggguEQE§1Qfm§héEE§E€ Bykkdiungc BALhHSY of any

havi ng a connectedness of Qto , Wth a second start-
onagofratérimb iLntbhé bPyrm of a solid silicate raw

material . having.a connectedn f 1h LLicat o _
~Dui Ff O Y6 QTR 1 BLDI ShAr P4 PoRg ae pRaraining cal
wat ef ugpnt ent cbs 3n8%hygeri ghbmerpheghet, indtyengotheof sili-

nonophase hydraulic binder to a water content of ess
t hap2Be 504 b dhgggﬁp;ts hgving a connectedness of Q" to Q7

second starting material in the form of a solid silicate raw

with a

material having a connectedness of the silicate building
units of 0% to Q*, and,

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

less than 3.5% by weight.

The method for manufacturing a monophase hydraulic binder of any

one of claims 1 to 5 by

- reaction grinding a material, which forms a first starting
material during reaction grinding and contains calcium, sili-
con and oxygen atoms present in the form of silicate building
units having a connectedness of Q° to Q?, with a second start-
ing material in the form of a solid silicate raw material
having a connectedness of the silicate building units of o
to 0%, and,

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

less than 3.5% by weight.



10.

11.

12.

13.

14.

15.

10. The method for manufacturing a m xture according to
claim6 or 7 by - reaction grinding raw materials
containing further materials 1in addition to the first
starting material of claim8 o2 +n addition to the

TRt REkabaWrbehnbanws cthe ihigr st mskankengcoBtre-inki &b claim 6 or 7
during reaction grinding according to claim9, or in

bad d|t|on to the second starting material of claim8

8ggbﬁ 81?%9188 F%gehgﬁe@%ggﬁ)ggﬂkggklgg %U?theﬁematerlals

nnnopﬁa rau r nore rying
ﬁthuraddmthbnthe nﬁaoflmbasethydﬁaqlmatbkmdérof claim 8 or in
cont ai ned therein has a water_ content

I
3 5o0By LRENgRe. THE, RTRETNRLhUALGT SAYTENENSY LaFAPng tarting mate-

to 1051WhgEehy gééﬁkioﬁrggﬁﬁﬁﬁﬁg sandraraqusedcasitih®, or in ad-
second starting materi al . The nethod of claim S8, 10

or mltlmhetelnheheeﬁpngtsaﬁdtﬂhe metendalr af mapém 4 r 9, and,
_are sent _together in on t
any? g 2089 3FalE 8tFo %tuﬁereln Borﬁ?gg %gg%eﬁggrgtllc

cllBkﬁaetslgsed5a5okhao&ersaryﬁagtthg m&keumalun14l Ahe mono-

bui l ding material, manufactured by settin E
nonBpRAESeNKYT B AHI PANBRRAEPT6RLERY Chersin.figs,@ yafgr content

S ogftmgsg1ﬁ uresofe ggawghﬁh@( 7 wth water and

subsequent enlng e building material of
claim 14, containing alkali-sensitive additives.

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

sand are used as the second starting material.

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

raw materials are present together in one material.

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

clinker is used as the first starting material.

A building material, manufactured by setting the monophase 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.



