-1 - Hydraulic binder The invention relates to an al kali-activated
hydrauli c bi'nder containing slags and al unminiumsilicates. The conposition
and production of super sul phated netallurgical cenents is based on the
addi tion of cal ciumsul phate to the _cgnent. According to the international
organi sation for standardisation (I1SO super sul phated cenent is defined

as a blend of at |east 75% (w w) hackled, granul ated furnace slag, |arge
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-For the production of super sulphated cement the granulated slag
according to the German norm has to contain 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 (Ca0 + CasS + 0,5 MgO +
A1,0,)/(Si0, + MnO) > 1,8 is preferred. According to Blondiau the
Ca0/$i0, ratio has to be between 1,45 and 1,54 and the Al,0,/8i0,
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 hydratisation of the
cement. The hardening of super sulphated metallurgical cement
can take place without chemical additives or a specific
formation treatment. '

The US 5 626 665 discloses a mixed puzzolana £or use with
portland-cement for the production of a cement like 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 0% to at about 50% flue-




about 0%to at about 20% hydrated |inme, at about 0%to at about 20%
hydrated lime kiln- dust, at about 0%to at about 50%flue - 2 ash and at
about 0% to at about 5% organic plastificator. The burned line is present
in sufficient anmounts in order to yield a mixed puzzolana with a final
total weight of 100% The m xed puzzolana is mxed with portland-cenent in
a weight-ratio of at about 1:20 to at about 1:1, preferably at about 1:2
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CalCiunﬁﬁHﬁﬂgﬁheIBO%hégg égﬁéﬂééifﬂb main influence of calcium-sulphate
consists in the retarding action, which it excerpts on the
setting time. The basiéity of the hydrated calcium aluminates as
well as the insolubility of the alumina contained 1in 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 . amorphous  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. 7

In super sulphated metallurgical cements the lime concentration
in the liquid phase is below the limit of unsolubility of the
alumina. Larger additions of calcium-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 1lime 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 sulphated cement larger portions of




of reactions of furnace slag determ ne the formation of
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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 gfinding fineness. It 1is
considered as cement with low calorific value. As any portland-
or metallurgical cement it can be used in form o©of concrete,
setting mortar or 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 particular

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.




been suggested to activate themw th alkali and in particul ar soda-brine

. or potassium hydroxide brine. Al kali activated alum no silicate-binders
(AAAS) are cenment-like materials which are forned by reaction of fine
silica- and alumna solids with an alkali- or alkali-salt solution for the
production of gels and crystalline conmpounds. The technol ogy of alkali
activation was originally devel oped by Purdon from 1930 to 1940 who

di scovefed ¢¢ritrathe addi siparofsalikaied o celiggt yhRel d;lsraera‘pfiutﬂ%tmapdeni ng

bi nder . métekﬂafgnt(@a%mswr b'ifiln@aat Qﬁmgemsgi &, 'af%eva?éﬂ et Yoefi ¢
materlals(natura or burned line, gb% ue- as belite alluvia, mIIed
I

st one efélyvian BelirdFtns %feﬁ:r)cé:qrb YEAN RS 57 | FREEGR red'erd lmino

Di ffereptlabkebimsodtidNs ﬁﬁfrf&eewegli@xl $beuPI SlIctaRNpef uRarderymg
reactio (al kal.i E[3{dr oXi i cate, sul phate ang arbonat e, etc. That

means t ﬁg? t RECIBGE2Rs 1° -eﬁ’ilﬁ’@ersr et i bt Ethun W?‘?ﬂl‘%eburi ng
t he al kaﬁllaateyatsxﬂ@hatlm gind oreebbnatéoretef. \OH Thas méedrss onhbhe dhext ure

of the &%g t | =-9r | phat ed
cenent - %a{si?ggg ]%# |spslr\lg/gegn4eera d%%tr?gt? ggléﬁeuﬁfﬁﬁif%&lty of cal cium
hydr oxi de, the pH— value in the AAAS— systemis beyond 13,5. The anount of

- alkali, puhig it%ei Ny Geney alact@@% %tglgé%ewfc%tﬁg%%h ot 3%aNagQ) .

depends on t al kalinity of t umno Silicates. The reactivity of an
AAAS- bi REES aepéhﬂsmbaﬁtlﬂlf% %efrﬁq:aﬂl%dlo ﬁllﬂ}éPaFeéﬂnBBSl‘?l bh, PeRelRdT ee of

vitrifi eat ispeanddiphated einthd-igaeness g gener als, g%&—alyead@@ cied

begin to, set and qn the Iong un offer UIC i ng
and a ggﬁms %thﬁtrﬂég?[n@ifegféc‘lﬁms?’r G deThé e Y ﬁ’é‘lru@a ﬁ‘%ﬁ%gﬁ
pr ocess sgbthar denbagoadel3}h ! IThmtamnﬂ eifelaykafhdier ghood. idhey ggoneradong

with th%e%@%%hal I%%Chtgg wfﬁjkagikgﬂg tﬁﬁ Eorqﬁécﬁn depends on the

alkalinity of the alumino silicates.

The reactivity of an AAAS-binder depends on its chemical and
mineral composition, the degree of vitrification 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 with the initial leaching of alkali and the formation
of slight crystalline calcium hydrosilicates of the tobermorite-
group. Calcium-alumino silicates begin . to crystallise to form
zeolite-like products and consequently alkali-zeolite.

The strength wvalues in the AAAS-system are contributed to” the
intense crystallisation contact between zeolites and calcium
hydrosilicates. The hydraulic activity is improved by an -
increase of the alkali doses. The relation between the hydraulic
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 a relatively

high strength due to a considerable influence of cations.
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reduced susceptibility to the formation of cracks is
safeguarded.

To solve this object the binder according to the invention
consists in general in that the slag and in particular furnace
slag in amounts from = 20% (w/w) various alumino silicates
different from furnace slag, preferably flue-ash and natural
alumino silicates, preferably basalt, clays, marl, andesite or
zeolite in amounts from 5% to 75% (w/w) and an alkali activator
in an amount which corresponds to Na20 equivalent defined as
(Na,0 + 0,658 K,0) (ASTM C 150) between 0,7 and 4% (w/w) is
present. Surprisingly it has turned out that, when using the
alkali activator in the specified amounts, +the portion of
furnace slag can be lowered down to 20% (w/w) and still adequate
”'strength values at an early stage can be achieved. Such a
lowering of a portion of furnace slag particularly is effected
with the preferred alumino silicates as for example flue-ash and
natural aluminium silicates like basalt, whereby with the binder
according to the invention at the same time the advantage is
achieved that the portion of Ca0 in the mixture can be
considerable lowered. The lowering of the Ca0 content brings

about that the CO, formation during production of such a binder




different fromfurnace slag, preferably flue-ash and natural alumno
silicates, preferably basalt, clays, marl, andesite or zeolite in anounts
from5%to 75% (ww) and an al kali activator in an anmount which
corresponds to Na20 equi val ent definedgas (Na20 + 0,658 K20) (ASTM C 150)
between 0,7 and 4% (ww) is present. Surprisingly it has turned out that,

when usi.ng the, al kghi actjvator in the s&ecifi ed anounts, the portion of
f ur nace &l &g EAAHE Xweq‘eé}dlc(‘]"&/vrf"“% 5894 (WeRFCartdes tPTPdutdqiat ReC@G engt h

val ues mbraneealbyishale candmllgchimeedsulStietiteee | 60eFURGa0E &1REF thypn of

furnace ti Ly is ef.fected with the.preferred,alymno silicates
as for S;lél?lf% 28 ugggghaéﬁa ﬁéfnﬁﬁgﬁn?ﬂ)ﬁﬁi%i uEF%EF?cata&f?uFi ke Psal The

wher eby sWici-hkihg benfermanceoidi hhet beghenimyenf i tine ahatdenianmeptoesd he
advant a is i d; e Lon in i xtu b

consi defggbllglpf)g\%glrl%g %ﬁgg{)g%r Wﬂg%%)?tﬁgé% cic_)n?éeﬁn%mg} ?%g%gd&a%t%$at

t he CORth6r Aakprbh—BUSTRYRER CERRY I BAL W isuciedachindlll- thesgspropeteieabl y

reducediand tBah Pepcechherpy aslucdn h HRC RS quALPERIBESH PO §Addocd riendly.
The substitute of furnace slag by alumniumsilicates similtaneously

bri ngs about that the shrinking performance in the beginning of the
har deni g pr opasisicilsadpoptapétyed npaared whiebelynghaovaties dagentdids

d d .t I - t tivity i d d. Al t
o oper 1 Pkt fe P Raks RO ERL R L S o AP e B GPBISS pFeRct.
In a pabei eaddrlry Kpragfeer appll ihnas atkolili agtivatde. i Adeantegouslkathe
hydroxi g8srurel | LEAL er?eré}:gfr tt%.%n%@éé“b?”'ﬂfﬁl Sd r%TthNal%ﬂgé%ng are
) ly the X y

applied as al kal1 activat, vant egou ure can here

addi t i oREY Pro&uaripese il hthe nseaphtenant/ shaguahez AL Mkteontrnt of
requi r enselt niikaturehesAL268- congent of the mixture is > 50 (ww). The
shrinki ng performance and hence the increase |owered

The shrinking performance and hence +the increase lowered
resistance can in particular be improved thereby, that for the
-reduction of the water/cement ratio plastification agent- and/or
superliguefiers in amounts from 0,1 to 1% (w/w) related to the
dry substance are  added whereby preferably as setting
accelerator portland-cement c¢linker is additionélly used in
amounts between 0,1 and 5% (w/w) in order to safeguard
adequately high strength values at an early stage;

While normally the addition of portland-cement clinker improves
the strength values at an early stage, such an additive can be
abandoned if the alkali activated hydraulic binder according to
the invention is subjected to a heat treatment. Advantageously a
binder with high strength at an early stage is hereby provided
which stands out thereby that the mixture is heat treated at
temperatures below 50° C, preferably between 40° C and 50° C,
more than 3 hours, preferably 4 to 6 hours. Surprisingly such a
heat treatment brings about that also with complete abandonment
of portland-cement clinker comparable strength wvalues at an
early stage can be achieved already after one day. As the
activator sodium silicate can be applied in a particularly
advantageous manner.
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bi nder accor (ﬁqﬁﬁg?"ta@ he inventi®n and tHh& resultimf strength 68l ues at an
early stage #ngsio st Exanplegl 2 3 Fwnace slage% 69 46 23 g Fl ue-ash %
23 46 69 Na2Si OB, 320 %6 6 6 K%O—| % 2 222

2 2
Water/cement factor 0.34 0.32 0.31
CS 1 day MPa 22.1 21.4 12.3
CS 2 days MPa 28.5 28.1 20.0
CS 28 days MPa 55.9 - 54,2 37.2

Table 2 presents three additional exemplary embodiments from
which the improvement of the strength at an early stage by the

addition of Portland-cement clinker or by the heat treatment can

be seen.
Example : 1 2 3
Furnace slag - 45.5 43.0 45.5
Basalt % 45.5 43.0 45.5
Na,Si0,.5H,0 % 9 - 9 9
Portland-cement clinker. % - 5 -
Temperature treatment % normal normal 40°C (6h)
Water/cement factor - 0.33 0.32 0.35
CS 1 day .- MPa 1.3 21.6 20.3
CS 2 days : MPa 23.9 30.6 23.8
CS 28 days MPa 51.9 53.4 44.1

In fig.l the improvement of the shrinking performance versus
time by at least partial replacement of the furnace slag by

flue-ash can be seen.




Vater/cenment factor 0.34 0.32 0.31 CS 1 day MPa 22.1 21.4 12.3 CS 2 days
MPa 28.5 28.1 20.0 CS 28 days MPa 55.9 54.2 37.2 Table 2 presents three
addi ti onal exenplary enbodi nents from which the inprovenment of the strength
at an early stage by the addition of Portland-cenent clinker or by the
heat treatnment can be seen. Exanple 1 2 3 Furnace slag 45.5 43.0 45.5
Basalt %45.5 43.0 45.5 Na2Si 3.5H20 %9 9 9 Portl and-cenent clinker- % -
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sl ag byslthueAsshdemarie Sieenalkrifdi0.12shewsti et ncreasi ng suppression
of the alkali-silica- reactivity caused by the replacenent of furnace sl ag
by basalt, whereby OPC neans portland-cenent clinker and BFS neans furnace
sl ag.- ASR demarks the alkali-silica-reactivity. 9 - Cains: 1. AKkali
activated hydraulic binder containing slags and alum niumsilicates,
characterized in that slag, and in particular furnace slag, in anounts
fromz 20% (ww), alum nium ,




silicates differing fromfurnace slag, preferably flue-ash and natural

- alumniumsilicates, preferably basalt, clays, marl, andesite or zeolite,
in amounts from5 to 75% (ww) and an alkali activator in an anmount, which
corresponds to a Na20 equivalent defiged as (Na20 + 0,658 K20) (ASTM C
150) between 0,7 and 4% (ww) is present. 2. Al kali activated hydraulic

bi nder according to claimi1, characterized in that alkali hydroxide,

-si | i cafdallmgar bonate and/or sul phates of Na and/or K are used as al kal i
activator. 3. Al kali activated hydraulic binder according to claim1l or 2,
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and 4% (w/w) is present.

2. Alkali activated hydraulic binder according to c¢laim 1,
characterized in that alkali hydroxide, -silicate, -carbonate

and/or sulphates of Na and/or K are used as alkali activator.

3. Alkali activated hydraulic binder according to claim 1 or 2,
characterized in that the mixture additionally contains

limestone and/or quartzes with the requirement that the Al,0.~
conent of the mixture is = 5% (w/w).

4. aAlkali activated hydraulic binder according to claims 1,2 or
3, Charactérized in that for the reduction of the water/cement
ratio plastification agent- and/or super liquefiers in amounts
from 0,1 to 1% (w/w) related to the-dry substance are added.

5. Alkali activated 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) is used as setting accelerator.

6. Method for the production of an alkali activated hydraulic

" binder according to anyone.claims 1 to 5, characterized in that
the mixture is heat treated at the teﬁperatures below -50° C,
preferably between 40° C and 50° € during three hours,
preferably 4 to 6 hours.




