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Al kal i Activated Supersul phat ed Bi nder The invention relates to an
acti-vat ed supersul phat ed al umi no- silicate binder containing

al um nosi | i caWe40/06447 ci um sul phate 5 and an activator cont AGHIE/EPRA] i
nmetal salts. The conposition and nanufacture of supersul phated

netal | ur- gi cal cenent is based on"theé addition of cal ci um sul phate to
the cement. Accordjng tq the International. Standard Organisa- 10 tion
(1S0), supersoPpirate FeP P e e 8L RA0SH ¢ of at | east 75 % by
wei ght of crushed granul ated bl ast furnace sl ag, | arge additions of
cal ci um sul ghat ?n(z@néit?@ b 19RIBNt 0 SCR) a @diithated BuPR¥EIUBhRL P JhuY ge! ght

of hydrated I|,ine, portland cenent clinker, _qr ortlanij cement.. il I n
order to prGdddEake sHRAISIRIALRIRE n2HI NS 14FAREF at BY C1um qudphatet
contain &t |asd@stnlactivaronecghtainfing 208abhdnatadpeadits. to the fornul a
(CaO + MgO + A1203)/Si2 > 1.6 according to the Ger man St andar ds.
According to Keil, a 15 to 20 % alum na slag 20 anmount is preferred at a
ni ni mum nod@hEs coPPeeablon card tmgnefactungy 9% wpRFHYIRGaEed rREeLlurt . 8.
Accor di ng t @iBaandement t e basedCal $hePadditbomrust dxeldisinveeilphad¢t asd 1. 54
and the 2 ' R EUSt . Pe Pt ug . d L e,
clinker _or g@#eggﬁ%%jﬁég@ﬁggr Egr&tl% ral gg‘j‘tjcﬁgngg ?%az?darc% ﬁ’g’ggg%eg%t past e
and to #8ci IHieRt dI6RE. serRBF$Y L RRate? sement dpuRehaneR BRedl PéNi afphbse
during the hedsat7®e &y whtght of emeished Tieahiiated bBYast Supeiceulspha) ed

met al | ur gi caly68MEAk s tions 62N cREAGR AYGHaet ROUE @MYy, Gheriialsogfdhhgves or

special 30 shaping treatnent. ) .
a maximum of 5 % by weight of hydrated lime, portland cement

clinker or portland cement.
15
In order to produce a supersulphated cement, the granulated
slag must contain at least 13 % by weight of Al203 and respond
to the formula (CaO + MgO + Al203)/Si0O2 > 1.6 according to the
German Standards. According to Keil, a 15 to 20 % alumina slag
20 amount is preferred at a minimum modulus of (CaO + CasS + 0.5
MgO + Al203)/(Si02 + MnO) > 1.8. According to Blondiau, the
Ca0/Si02 ratio must be between 1.45 and 1.54 and the
Al203/8i07 ratio must be between 1.8 and 1.9.

25 Lime, clinker or cement is added in order to raise the pH in
the cement paste and to facilitate the solubilization of
alumina in the liquid phase during the hydration of the
cement. The hardening of supersulphated metallurgical cement
can be achieved without any chemical additives or special

30 shaping treatment.

In ordinary portland cements and metallurgical cements, in
which hydration is effected in a ligquid phase exempt from
"alumina in solution, the calcium sulphate content is limited:
35 to a low percentage in order to avoid possible internal
disintegration due to the formation of calcium sulphoaluminate
(Candlot bacilli). as a result of the alumina having not
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In the supersulphated metallurgical cement, the concentration
of lime in the liguid phase is Dbelow the 1l1limit of
insolubilization of the alumina. Larger additions of calcium
sulphate aimed at activating the reactions of blast furnace

20 slag determine the formation of tricalcium sulphoaluminate of
great hydraulic activity, based on the lime and alumina in
solution, without giving rise to possible disintegration. The
addition of calcium sulphate to granulated blast furnace slag
will not produce an expansive cement but act as an

25 accelerating agent in the formation of hydrated constituents.
In the supersulphated cement larger percentages of calcium
sulphate are not to be considered as a nuisance. The
tricalecium sulphoaluminates to which they give rise rather
contribute to raising hydraulic activity instead of causing

30 disintegration as in the case of portland cement and normal
netallurgical cement.

The initial setting and hardening of supersulphated cement is
associated with the formation of the high-sulphate form of
35 c¢alcium sulphoaluminate from the slag components and the
calcium sulphate added. The addition ¢f portland cement to
cement is required to adjust the correct alkalinity in order
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In orxrder to improve aluminosilicate binders, it has already
15 been suggested to activate the same with alkali and, in
particular, with soda lye or caustic potash solution.

Alkali activated aluminosilicate binders (AAAS) are
cementitious materials formed by reacting fine silica and

20 alumina solids with a solution of alkali or alkali salts in

order to produce gels and crystalline compounds. Alkali

activation technology originally was developed in 1930 to 1940

by Purdon, who discovered that the addition of alkali to slag

yields a rapidly hardening binder.

25 :
As opposed to supersulphated cement, a wide variety of
materials (natural or calcined clay, slag, fly ash, belite
slvixdges, ground rock, etc.) may be used as a source of
aluminosilicate materials. Different alkali solutions may be

30 used to produce hardening reactions (alkali hydroxide,
silicate, sulfate and carbonate, etc.). This means that the
sources of AAAS binders are almost unlimited.

During alkali activation, the aluminosilicates are affected by
35 a high concentration of OH ions in the mix. While a pH > 12 in
portland or supersulphated cement paste is provided by the
solubility of calcium hydroxide, the pH in the AAAS system
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crystalline calcium hydrosilicates of the tobermorite group.
Calcium aluminosilicates start to crystallize to form zeolite-
like products and, subsequently, alkali zeolites.

15
The strength values in the AAAS system have been attributed to
the strong crystallization contacts between zeolites and
calcium hydrosilicates. The hydraulic activity is enhanced by
increasing the alkali doses. The relation between the

20 hydraulic activity and the amount of alkalis as well as the
presence of zeolite in the hydrated products have proved that
alkalis do not act only as simple catalysts, participate in
reactions in the same way as lime and gypsum, and are
relatively strong due to a strong cationic influence.

25
Many studies on the activation of silicoaluminate materials
with alkalis and their salts have been reported.

It is the object of the present invention to activate a
30 supersulphated aluminosilicate binder by largely avoiding the
use of expensive chemicals such as soda lye or caustic potash
solution, while obtaining strength values of standard binders
at the saﬁe time. By reducing the OH ions in the mix, the pH
is to be lowered to values corresponding to the values of
35 common supersulphated cement. At the same time, a large number
of different aluminosilicate starting products is to be usable
such that the aluminosilicates may be produced from cheap
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producls i g;:.ilg @vestumlael actiyatori e idms abyibeoshviaide and@ayhepgpr oduced
from cheapmay be reducedpgzébgagﬁgi3;8It has been surprisingly shown
that the activation by cement kiln dust is largely insensitive
to the choice of the starting products. Surprisingly, it is
possible to use any granulated blast furnace slag to produce
20 new activated supersulphated binders, it being no longer
necessary to observe the chemical modulus or ratio. In
addition, the activation of slag by clinker or portland cement
is no longer necessary in order to start hydration reactions.
Finally, sulfate activation produces ettringite with
25 silicoaluminate materials other than granulated slag. The
silicoaluminate can be produced in an industrial process by
mixing, sintering or melting different materials (clay, marl,
zeolite, metakaolin, red mud, slag, fly ash, belite sludge,
ground rock, etc.) and adding of an amount exceeding 3 % by
30 weight can reduce microcracks in concrete.

According to the invention, the aluminosilicates are selected

from the group consisting of blast furnace slag and/or clay

and/or marl and/or industrial by-products with the proviso
35 that the A1203 content is greater than 5 $ by weight.
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and/ or mar? and/ or industri al products e proviso 35 that the
A1203 content is greater than 5 % by wei ght.
As already mentioned in the beginning, the use of OH ions for

activation may be obviated. Where alkali activation is to
20 exhibit additional advantages, substantially smaller amounts
of alkali hydroxide are required and, as a result, alkali
hydroxide is added as an alkali activator in an amount of less
than 1 % by weight and, preferably, less than 0,5 % by weight.

25 The setting and curing properties of the binder according to

the invention may be influenced in a conventional manner.

Thus, according to a preferred further development of the

idvention, plasticizers and/or superplasticizers such as

naphthalene~sulfonate or citric acid and/or water reducing

- 30 agents are added to the mixture in an amount of 0,2 to 2 $ by
weight.

The binder according to the invention appears to be
particularly advantageous if it is ground to a Blaine fineness
35 exceeding 3500 cm?/g.
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m xture I n an anpunt
use of alkali activated supersulphated s1ilcoalum1nate binders

are identical with those governing the choice, mix and placing
of other portland and blended cements.

In order to grind the new binder to a Blaine fineness of at
least 3500 cm2/g, intergrinding, blending or a combination of
grinding and blending of components in recommended proportions
may be applied. The different components may be blended
together during silicoaluminate milling or during concrete

preparation.

The workability, placement, compaction and £finishing
characteristics, based on normal water requirements with no
excessive slump loss, are equal to those of normal portland or
s;ag cement concrete. The incorporation of additives during
the mixing of the grout, mortar or concrete may prove very
beneficial. Higher impermeability and strength values will be
obtained in the final concrete with less water at a given
plasticity. The use of plasticizers, superplasticizers, water
reducing agents largely reduces the W/B ratio while
maintaining good workability.

On the whole, it has been highly surprising that the addition
of cement kiln dust to supersulphated aluminosilicate binders
vields excellent activation results while simultaneously
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ot her portl%n urgrcal cements. The conditions to be observed

inthe 3 ¥B® of alkali activated supersul phated silicoal um nate binders
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ortland a bl ended_cenent N r.der t:0 Qri t j to a
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products and industrial wastes such as silicoaluminates (Al203
> 6 $ by weight). For the activation, waste products and, in
particular, cement kiln dust is used. Any type of calcium
sulfate such as, for instance, natural and industrial waste
15 gypsum or anhydrite, dihydrate or anhydrous materials:can be
used to prepare the sulfate in the new binder.

In the following Table, exemplary embodiments and a compara-
tive example are illustrated by way of different activated su-
20 persulphated aluminosilicate binders, the respective compo-

sitions being indicated.
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(modified EN 196) 2)
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2D CS (MPa) 8,7 29,1 17,3 27,8 {158 1263 }37,23

28D CS (MPa) 67,7 66,2 59,9 714 {53,9 66,1 58,3

10

1) Opalinus clay, thermally activated 2 hours at 750°C
2) To produce flow 190-210 c¢cm

CKD = Cement Kiln Dust
BFS = Blast furnace slay
LS = Limestone

FA = Fly ash



15" gypsum or anhydrite, di hydrate or anhydrous naterials can be used

to prepare t ﬁulf te in the new binder. In the foll ow ng Tabl e,
exenpl ary enb i ’s and a conpar a- tive exanple are i P ?’%ﬁ"@d by
way of different activated su- 20 persul phated al um , the
respecti ve conpo- sitions being i-ngdpcat ed. Illlluwllm‘m"lﬂjﬁm)lzw
-9- Tabl e. Activated Supersul phated Al um no

1 2 clafms: 4 5 6 7 - (th% *(Wt%
(W% (W% (W% (W% (w % CKD

6, 3 8 8 KCH 1,0 BFS 41,5 38

38 - 38 1. 3®ng aggivated, gsuperswimeytehhypdunigosiligate pinder 15
15 15 coﬂéhln1d55alumlngéim&éﬁkes, calcivhl sQlphate Mad ad) activator

gg SNhéoggalnlgg alkal&smetal saf%é, chaé%cté§1zed in tha§8the EFA

38,9 Aduvminosilicates are selected from the group) cpnsisting @f2

F'azt}0|éeblast gdknace élag,(gihy, matl and iBddstrilal by—ﬁroductiwéhggr 0 31
nodi fi e r

0,32 0, o5 Y o &tﬁvﬁ}% pr&nto? thatzﬁgisﬁ?? §bn5‘?ng 1S_L§r§at§’é 3

37, 23 theh £ MBa)weight, wBgr#in Bisx fushage s¥dg4is [BEsent 68, 1

58,3 10 an amount exceeding 35 % by weight and clay, marl and/or fly
ash is present in an amount exceeding 5 % per weight and in
that cement kiln dust in an amount of from 3 to 10 % by weight
is added to the mixture as an activator and calcium sulphate
is used in an amount exceeding 5 % by weight.

15
2. An activated supersulphated aluminosilicate binder accor-
ding to ¢laim 1, characterized in that it contains in addition
zeolite and/or basalt and/or limestone.

20 3. An activated supersulphated aluminosilicate binder accor-
ding to claim 2, characterized in that clay or marl is used
after thermal activation by heat treatment at temperatures of
from 600°C to 850°C.

25 4. An activated supersulphated aluminosilicate binder
according to claim 1, characterized in that the sum of the
contents of blast furnace slag, clay, marl, zeolite and fly
ash ranges between 75 and 90 % by weight of the mixture.

30 5. An activated supersulphated aluminosilicate binder
according to claim 1, characterized in that alkali hydroxide
is added as an alkali activator in an amount of less than 1 %
by weight and, preferably, less than 0,5 % by weight.

35 6. An activated supersulphated aluminosilicate binder
according to claim 1, characterized in that plasticizers
and/or superplasticizers such as naphthalenesulfonate or cit-
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(54) Title: ALKALI ACTIVATED SUPERSULPHATED BINDER
{57) Abstract

The invention describes an activated supersulphated aluminosilicate binder containing aluminosilicates, calcium sulphate and an
activator containing alkali metal salts, wherein the aluminosilicates are selected from the group consisting of blast furnace slag, clay, marl
and industrial by-products such as fly ash with the proviso that the Al;O3 content is greater than 5 % by weight, wherein blast furnace slag
is present in an amount exceeding 35 % by weight and clay, marl and/or fly ash is present in an amount exceeding 5 % per weight and
wherein cement Kiln dust in an amount of from 3 to 10 % by weight is added to the mixture as an activator and calcium solphate is used
in an amount exceeding 5 % by weight.




