-*-1 - Hydraulic binder The invention relates to a hydraulic binder
containing slags, alumniumsilicates and cal cium sul phate. The
conposition and production of super sul phated netallurgical cenents is
based on the addition of calcium sulphate to the cenent. According to the
i nternational organisation for standardisation (I1SO super sul phated
cenent is defined as a blend of at |least 75% (w w) hackled, granul ated

f ur nace Byldagulliay diralddi t i ves of cal ci um sul phate (> 5% (ww) SO3) and at
nost 5% (ww) slacked |ine, portland- cenent clinker or portland-cenent.
For the production of super sul phated cenment-the granul ated  slag according
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cor r espenaudit ke Jioriayied G ©MHQ wn-AMZERYS 02 > 1,6. According to
Keil an anount of 15 to 20% alumna slag with a m nimal nodulus of (CaO +
CaS + 0,5 MO + A12AB)/(S' 02 + MO > 1,8 is-preferred. According to
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take place without chem cal additives or a spec tion treatnent.
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burned c] ay_an t . least on conponent_ chosen from the_ group consisting of
ot about CosE To vaK) aBlat S0 Ak AORa e (WD) abbTkeY: Hotar BBORLE58%,
hydr at ecdcdadmt drisinkeat @bqubrfPaid-eemadout 20% hydrated |ine,

For the production of super sulphated cement . the granulated
slag according to the German norm has to cont?in at least 13%
(w/w) Al,0, and has to correspond to the formula (Ca0 + MgO +
Al,0;)/8i0, > 1,6. According to Keil an amount of 15 to 20%

" alumina slag with a minimal modulus of (Ca0Q + CaS + 0,5 MgO + -
Al,0;)/ (510, + MnO) > 1,8 is- preferred. According to Blondiau
the Ca0/Si0, ratio has to be between 1,45 and 1,54 and the
Al1,0,/S8i0, ratio has to be between 1,8 and 1,9.

.Lime, clinker or cement are added in order to increase the ph-
value in the cement-paste and to enhance the solubility of
alumina soil in the liguid phase- during the hydratisatidnrof
the cement. The hardening of super sulphated metallurgical -
cement can take place without chemical additives or a specific
Jformation treatment.

The US 5 626 665 discloses a mixed puzzolana for use with
portland-cement for the production of a cement 1like system.
The mixed puzzolana contains burned clay and at least one’
component chosen from the group consisting of at about 2% to
at about 30% hard plaster, at about 0% to at about 25%
hydrated kiln dust, at about 0% to at about 20% hydrated lime,
at about 0% to at about 20% hydrated lime kiln dust, at about




at- about 0% to at about 20% hydrated linme kiln dust, at about 2 0%to at

about 50% fl ue-ash and at about 0% to at about 5% organic plastificator.
The burned linme is present in sufficient anbunts in order to yield a m xed

- puzzolana with a final total weight of, 100% The m xed puzzol ana is m xed

with portland-cenment in a weight-rati & 6t at about 1:20 to at about . 1: 1,

preferably at about 1:2 to at about 1:3. In normal portland-cenents and
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sulphate consists in.the retarding action, which it excerpts
on the setting time. The baéicity of the hydrated calcium
aluminates as well as the insolubility of the alumina
contained in the aluminates depends on the lime concentration
in the liquid phase of the cement and this independently from
whether the hydrated calcium aluminates in the hardened cement
are present in the crystalline form or in the émorphous form..
The lime concentration in the liguid phase determines the kind-
of influence of the calcium-sulphate on the setting time of
the cement and the maximal calcium-sulphate amount, which the
cement can contain without resulting into inner decay to
retarded formation of ettringite.
In super sulphated metallurgical cements the lime
concentration in the liquid phase is below .the limit of -
~unsclubility of the alumina. Larger additions of calcium- 7
sulphate for +the activation of reactions of furnace slag -
determine the formation of tricalcium-sulfo-aluminate with
higher hydraulic activity on the basis of the solubilized lime
and the solubilized alumina without resulting in potential
decay. The addition of calcium-sulphate to granulated furnace
slag does not create expansion-cement but acts as accelerating

agent in the formation of hydrated compounds. In super




hi-gher ‘hydraulic activity on the basis of the solubilized linme and the
sol-ubilized alum na without resulting in potential decay. The addition of
cal cium sul phate to granul ated furnace slag does not create

expansi on-cenent but acts as acceleratijng agent in the formation of
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bi nds t ormer énvatied. tdwin: jooy t badd-teamriing t ofuldides ashilphagedr e@eseng of

t he nor C b0t i .ndi fine cn kb i.der S sgenment
with | 0\%@% or :I?)?% \ﬁﬁ}g Eﬂ%sg%%}%p%%? abg n%?eS mlel#gfll %'Pg&%@%t%ceﬁgﬁ? iogﬁ can
be used ¢alciennselfeontvrinateefrpmgthsr Bdrdocogpeseataoengr tiphadded
condi ti opg1¢ PuRescPPRALE! edntobalife i Hae o8f poiRakndUrhahed ot Entaries
identical with those that are decisive for the mxi ng and t he, a@gl I cation
of ot her*@enehed. ¥ the i APFBTERBRE 7T althd nB9eAPPESt @]r}f?thdje‘? Yt as

al ready obgen suggesnes; t Goact tNat efdie véd h ol kaktrandita. parhé culcart

important products of hydratisation are the mono- and

trisulfo-aluminate-tobermorite-like phase and alumina.

Super sulphated cement in the course of the hydratisation
binds to more water than portland-cement. It fulfils all
requirements of the norm of cement as to the grinding
fineness. It is considered as cement with low calorific value. -
As any portland- or metallurgical cement it can be used in
form of concrete, setting mortar oxr groove mortar. The
conditions to be considered for the use of super sulphated
cement are identical with those that are decisive for the

mixing and the application of other cements.

For the improvement of alumino silicate-binders it has already
been suggested to activate them with alkali and in parti¢ular

soda~-brine or potassium hydroxide brine.

Alkali activated alumino silicate-binders (AAAS) are cement—
like materials which are formed by reaction of fine silica-
und alumina solids with an alkali- or alkali-salt solution for
the production of gels and crystalline compounds. The
technology of alkali activation was originally developed by
purdon from 1930 to 1940 who discovered that the addition of
alkali to slag yields a rapidly hardening binder.




soda- bri ne or potassium hydroxi de brine. Al kali activated alum no
silicate-binders (AAAS) are cenent- like materials which are fornmed by
reaction of fine silica- und alumna solids with an alkali- or alkali-salt
solution for the production of gels and crystalline conpounds. The

t echnol ogy of alkali activation was 6rggrhally devel oped by Purdon from
1930 to 1940 who- discovered that the addition of alkali to slag yields a

rapi dly hardenlng bi nder. In contrary to super sul phated cenent a | arge
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- which is in general between 2 to 25% (w/w)_alkali_(> 3% Na,0),

depends on the alkalinity of the alumino silicates.

~ The reactivity of an AAAS-binder depends on its chemical and
mineral composition, the degree of wvitrification and the
‘grinding fineness. In general, AAAS-binders can begin to set
within 15 min. and on the long run offer a quick hardening and
a considerable increase in strength. The setting reaction and
the process of hardening are still not completely understood.
They go along"wiﬁh. the initial leaching of alkali and the
~formation of slight crystalline calcium hydrosilicates of the
tobermoxrite~group. Calcium-alumino silicates begin . to

crystallise to form zeolite-like products and consequently
alkali-zeolite..-:

The strength values in the AAAS—system are contributed to the ..
intense crystallisation contaeﬁ between zeolites and calcium
hydrosilicates. The hydraulic activity is improved by an
increase of the alkali doses. The relation . between the
hydrauli activity and the amount of alkali as well as the
presence of zeolite in the hydrated product has revealed that
alkali not only act as simple catalyst but also participate in

reactions in the same way as lime and hard plaster and feature




crystallise to formzeolite-like products and consequently alkali-zeolite
The strength values in the AAAS-system are contributed to the intense
crystallisation contact between zeolites and cal cium hydrosilicates. The
hydraulic activity is inproved by an increase of the al kali doses. The

rel ati on between the hydrauli activity and the anobunt of alkali as well as
the presence of zeolite in the hydrated product has reveal ed that alkal
not onl ya acélatisedpl Bight akyehghit daesctgadit conpatierabler éafluensei wit he

same way 2 éﬁge and hard plaster and feature 5 a relatively high strength

due to a“considerable influence of cations. In nunerous studies concerning
the activity of silico alunlnate materials with- alkali and their salts
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kil n dust _the water/cenent factor rose and the hazard of shrinking and

hence foRrkEPi SHTHRCEr fcled s cheel. stheurdantitorvehueSapREIRd rdpIthe
hi gher appuptseaboBUmBaCe of the hydraulic binder that the cement kiln

dust was added in amounts from 3 to 10% (w/w) as the
activator. Additionally it was essential in this prior
embodiment that at least 35% (w/w) furnace slag were deplpyed
in order to be able to safeguard adequate strength values at
an early stage. Over all, however, a relatively low strength
at an early stage resulted with decreasing content of furnace
slag, whereby at the same time due to the addition of cement
kiln dust the water/cement factor rose and the hazard of

shrinking and hence formation of cracks increased.

Therinvention thus aims to replace higher amounts of furnace
slag by aluminium-silicates different from furnace slag as for
example flue-ash and at the same time to achieve an improved
strength at an early stage and an improved shrinking

performance with a reduced tendency to the formation of
cracks.

To solve this object the hydraulic binder according to the
present invention generally consists in that slag and in
particular furnacé slag in amounts from 7 to 50% (w/w) as well
as aluminium-silicates different from furnace slag, preferably
flu-ash and natural aluminium—silicates, preferably basalt or
andesite, in amounts from 5 to 75% (w/w) with the requirement

that the sum of slag and aluminium-~silicates is between 82 and




slag by alum niumsilicates different fromfurnace slag as for ,exanple

- flue-ash and at the sane tinme to achieve an inproved strength at an early
stage and an inproved shrinking performance with a reduced tendency to the
formation of cracks. To solve this aobject the hydraulic binder according
to the present invention generally consists in that slag and in a
particular furnace slag in amounts from7 to 50% (ww as well as

al um ni R 9% i ¢ures @inkf rafifl, fimonathommbe ebetwgenprefasrhbly2 {wlwhshrand
natural @laup i umsshl i eakes, arefoﬁft%{cﬁpc{myb%%ﬁaﬂ 880255t 6rs | NaRFDURLS
from5 to 75% (Ww with the requirenent” that the sumof_ slag an

al uni ni RASFIFehresailkapdt RyeiradidtdandsorgscogboRaky fHd ¥aserd( o afount s

bet ween #h agdodh¥%s (weWD ar @c ¥ esepl/Andatbaliepddiybionakkyralikgl ko the
activators and.in

‘particular al kali hydroxi de.and/or -carbagnat f _Na
and/ or KAYSEHIN(Gf 2894 L8R3 OF (\GRIEH o< GLPI SYHE  AECorth n§ors tie
i nvent i cabaheonddi whaohofi scemgnttike | waties! cemmbetf totalk| yanabandededeashi ch
IS why the,watar/ i%ﬁ?“éff%ﬁaprfo%&g{eo%egf'c%%cgﬁd (%;qu ﬁésﬁiﬂﬁm%gg?. A
. vely rtion of

formation of "Cracks can be mnin ze respective simal I'er ~a
an al kalTespetvavetyl enddley asdittelon 'dfveur abkelst pehgvhatesnl desdst ten

early stagerePerabBurhB1Ehe+Ga3RH Hﬁlé@e-i%ncga%@g; KilaedUshea®ral kal |
activator as well as in the cas€ of other,a? ali activators the anount
here i's ¥pthei €3sSeonfi kb8 teevfussTeidercidn ANShH a5 Dl afdtiviagor

dgt eri ora&.ewltehg Facssiiﬂl ve?é hgia@léi REE p@ﬁ}i@f NBNgELi Asceel/hitbgsactel %m?ﬂﬁftd o
advant ageous al so por.tl and-cenen clinker in appunts bhetween_ O, n 0
(o cofShR Sep I e GfontTRre +8 Wagien & e Phe (HUH) adPi ©6ietder.
accor di ngototot Hetemrenbitenthe essdtival Ishrdbihdon p€a®orsentkat t he
production of the binder becones nore environnment-friendly because of the

CO2 em ssion being reduced by the abandonnent _
As setting accelerator advantageously also portland-cement

clinker in amounts between 0,1 and 5% (w/w) can be deployed.

Over all it is feasible with the hydraulic binder according to
the invention to essentially abandon Ca0, so that the
"production of  the binder becomes more environment-friendly
because of the CO, emission being reduced by the abandonment
of the burning of limestcone. In a particularly advantageous
manner, however, the mixture can contain limestone and/or

sands or qﬂdrtéés with the requirement that the Al,0,-content
of the mixture is = 5% (w/w).

Super liquefier or plastification agents respectively can be
added for the improvement of the processability and/or for the
reduction of the water/cement ratio in a conventional manner
whereby preferably plastification agent and/or super liquefier
is added to the binder in amounts from 0,1 to 1% (w/w) related -
to the dry substance for. the reduction of the water/cement
ratio. |

Over all, by the feasibility to replace further furnace slag
by aluminium-silicates different from furnace slag without

abandonment of strength at an early stage, the possibility is




- of: the-burning of linmestone. In a particularly advantageous nanner,

. however, the mxture can contain |inmestone and/or sands or quartzes with
the requirenment that the A12G3-content of the mxture is ? 5% (ww. Super
liquefier or plastification agents resgegti vely can be added for the

i nprovenent of the processability and/or for the reduction of the

wat er/ cenment ratio in a conventional manner whereby preferably
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%0.5 0.3 0.5 Plastification agent %0.7 0.7 0.7 Water/cenent 0.26 0.29
0.29 CS 1 day MPaE#@mR1€(0.9 - CS 2 days MPa 27.4 23.27 16.7

Furnace slag 2 41.9 42 25.5
Flue-ash 2 41.9 = 58.65
Andesite 3 - 42
Anhydrite % 15 15 15 -

- KOH % 0.5 0.3 0.5
Plastification agent % 0.7 0.7 0.7

Water/cement 0.26 0.29 - 0.29

¢s 1 day MPa  13.2 10.9 -
Cs 2 days MPa 27.4 23.7 16.7
CcS 28 days . MPa 97.4 - 61.3 46.1

In fig. 1 the shrinkihg performance. of the binder adcording to
the invention with at least partial replacement of the furpace
‘slag by flu-ash can bée seen and the resulting improvement is
pointed out.




CS 28 days MPa 97.4 61.3 46.1 In fig. 1 the shrinking performance of the

- binder according to the invention with at |east partial replacenent of the
furnace slag by flu-ash can be seen and the resulting inprovenent is
pointed out. - 8 - Clainms: 1. Hydraull ¢ binder .containing slags,

alum niumsilicates and calcium sul phate, characterized in that slag, in
particular furnace slag, in anounts from7 to 50% (ww as well as

al um ni gasingcates different fromfurnace slag, preferably flue-ash and
natural alum niumsilicates, preferably basalt or andesite, in amounts of
5to 75% (w.w) with the requirenment that the sumof slag and
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from 0,1 to 3% (w/w) are deployed.

2. Hydraulic binder according to claim 1, characterized in
- that furnace slag in amounts between 20 and 35% (w/w) are
deployed.

3. Hydraulic binder according to claim 1 or 2, characterized
in that the mixture additionally contains limestone and/or
quartzes with the requirement that the Alg%"contents of the
mixture is = 5% (w/w).

" 4. Hydraulic binder according to claim 1,2 or 3, characterized
in that plastification agent and/or super liquefier in amounts
from 0,1 to 1% (w/w) related to the dry substance are added.

5. Hydraulic binder according to anyone of claims 1 to 4,
characterized in that portland-cement clinker in amounts

between 0,1 and 5% (w/w) as setting accelerator is deployed.




