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HARDENING ACCELERATOR 
COMPOSITION CONTAINING 

DISPERSANTS 

0001. The present application is a divisional application 
of U.S. application Ser. No. 13/035,281, filed Feb. 25, 2011, 
which claims the benefit of the filing date, under 35 U.S.C. 
S119(e), from U.S. Provisional Application Ser. No. 61/307, 
890, filed Feb. 25, 2010, and under 35 U.S.C. S 119 (a-d) or 
(f), from EP 10 154728.9, which applications are incorpo 
rated herein by reference. 
0002 The present disclosure relates to a process for the 
preparation of a hardening accelerator composition, the 
hardening accelerator composition and the use of the hard 
ening accelerator composition. 
0003. It is known that admixtures in the form of disper 
sants are often added to aqueous slurries of pulverulent 
inorganic or organic Substances, such as clays, silicate 
powders, chalks, carbon blacks, powdered rocks and 
hydraulic binders, for improving their workability, i.e. 
kneadability, spreadability, sprayability, pumpability or 
flowability. Such admixtures are capable of breaking up 
Solid agglomerates, dispersing the particles formed and in 
this way improving the fluidity. This effect is also utilised in 
a targeted manner in particular in the preparation of building 
material mixtures which contain hydraulic binders, such as 
cement, lime, gypsum, calcium Sulphate hemihydrate (bas 
sanite), anhydrous calcium Sulphate (anhydrite), or latent 
hydraulic binders, such as fly ash, blast furnace slag or 
poZZolans. 
0004. In order to convert these building material mixtures 
based on said binders into a ready-to-use, workable form, as 
a rule Substantially more mixing water is required than 
would be necessary for the Subsequent hydration and hard 
ening process. The proportion of cavities which are formed 
in the concrete body by the excess water which subsequently 
evaporates leads to significantly poorer mechanical 
strengths and durabilities. 
0005. In order to reduce this excess proportion of water 
at a predetermined processing consistency and/or to improve 
the workability at a predetermined water/binder ratio, 
admixtures which are generally referred to as water-reducer 
compositions or plasticizers are used. In particular, copoly 
mers which are prepared by free radical copolymerization of 
acid monomers with polyether macromonomers are used in 
practice as such compositions. Also dispersants are known 
which basically show a structure in which a so called 
anchoring group or several anchor groups, which is able to 
interact with the surface of cement particles is attached to a 
polyalkyleneglycol polymer chain. Respective dispersants 
are for example described in the patent applications US 2003 
0181579 A1, WO 0104. 185A1, U.S. Pat. No. 6,451,881 B1 
and U.S. Pat. No. 6,492.461 B1. Various dispersant chem 
istries with anchor groups basing on anionic radicals, alkoxy 
silane radical(s) and polyhydroxy radicals (especially Sugar 
residues) are described. The dispersants are used in cemen 
titious formulations, like concrete, grouts and mortars. 
0006 Furthermore, admixtures for building material 
mixtures comprising hydraulic binders typically also contain 
hardening accelerators which shorten the setting time of the 
hydraulic binder. According to WO 02/070425, calcium 
silicate hydrate in particular present in dispersed (finely or 
particularly finely dispersed) form, can be used as such a 
hardening accelerator. However, commercially available 
calcium silicate hydrate or corresponding calcium silicate 
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hydrate dispersions may be regarded only as hardening 
accelerators which have little effect. 

0007 Provided, therefore, is a composition which acts in 
particular as a hardening accelerator. 
0008. This is achieved by a process for the preparation of 
a hardening accelerator composition by reaction of a water 
soluble calcium compound with a water-soluble silicate 
compound, the reaction of the water-soluble calcium com 
pound with the water-soluble silicate compound being 
effected in the presence of an aqueous solution which 
contains a water-soluble dispersant comprising at least one 
polyalkyleneglycol structural unit with a functional group at 
one end of the polyalkyleneglycol, said functional group 
being able to interact as an anchor group with the Surface of 
cement particles. Preferably the process for the preparation 
of the hardening accelerator composition is done in the 
absence of cement and preferably the obtained products do 
not contain cement or any of its hydration products. Pref 
erably the hardening accelerator composition is a stable 
liquid, aqueous dispersion, which does not segregate or 
harden in the absence of hydraulic binders like for example 
cement. This is also achieved by a process for the prepara 
tion of a hardening accelerator by reaction of a calcium 
compound, preferably a calcium salt, most preferably a 
water-soluble calcium salt with a silicon dioxide containing 
component under alkaline conditions, characterized in that 
the reaction is carried out in the presence of an aqueous 
Solution of a water-soluble dispersant comprising at least 
one polyalkyleneglycol structural unit with a functional 
group at one end of the polyalkyleneglycol, said functional 
group being able to interact as an anchor group with the 
surface of cement particles. Preferably the process for the 
preparation of the hardening accelerator composition is done 
in the absence of cement and preferably the obtained prod 
ucts do not contain cement or any of its hydration products. 
Preferably the hardening accelerator composition is a stable 
liquid, aqueous dispersion, which does not segregate or 
harden in the absence of hydraulic binders like for example 
cement. Preferably said dispersant is suitable as a plasticizer 
for hydraulic binders. 
0009. This is also achieved by a composition, preferably 
an aqueous hardening accelerator Suspension, containing 
calcium silicate hydrate and a water-soluble dispersant com 
prising at least one polyalkyleneglycol structural unit with a 
functional group at one end of the polyalkyleneglycol, said 
functional group being able to interact as an anchor group 
with the surface of cement particles. This is also achieved by 
the use of said composition as hardening accelerator in 
building material mixtures containing cement, gypsum, 
anhydrite, slag, preferably ground granulated blast furnace 
slag, fly ash, silica dust, metakaolin, natural poZZolans, 
calcined oil shale, calcium Sulpho aluminate cement and/or 
calcium aluminate cement, preferably in building material 
mixtures which contain Substantially cement as a hydraulic 
binder. 
0010. In principle, only relatively slightly water-soluble 
compounds are also Suitable in each case as water-soluble 
calcium compounds and water-soluble silicate compounds, 
although readily water-soluble compounds (which dissolve 
completely or virtually completely in water) are preferred in 
each case. However, it must be ensured there is a sufficient 
reactivity for the reaction in the aqueous environment with 
the corresponding reactant (either water-soluble calcium 
compound or water-soluble silicate compound). It is to be 
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assumed that the reaction takes place in aqueous solution but 
a water-insoluble inorganic compound (calcium silicate 
hydrate) is usually present as a reaction product. 
0011. The water-soluble dispersant comprises at least one 
polyalkyleneglycol structural unit, preferably one polyalky 
leneglycol structural unit, with a functional group at one end 
of the polyalkyleneglycol, said functional group being able 
to interact as an anchor group with the Surface of cement 
particles. The dispersant is preferably suitable as a plasti 
cizer for hydraulic binders, more preferably the require 
ments of the industrial standard EN 934-2 (February 2002) 
are fulfilled by the plasticizers. It is believed that the subject 
dispersants are also able to interact with the surface of 
calcium silicate hydrate particles. 
0012. The subject dispersant is different from the so 
called polycarboxylate ether (PCE) type of dispersants. 
PCEs are polymers, characterized by a plurality of repeating 
units carrying a carboxylic acid group in the polymer 
backbone and a plurality of repeating units carrying side 
chains, the side-chains typically comprising polyalkyle 
neglycol units. 
0013 The subject dispersants are not a polymeric struc 

ture, with the exception of the polyalkyleneglycol part, 
which can be seen as a polymer. Preferably the subject 
dispersant does not contain polymeric structures other than 
the polyalkyleneglycol structural unit. In particular the Sub 
ject dispersant is not obtained by a free radical polymeriza 
tion of ethylenically unsaturated monomers, for example 
(meth)acrylic acid and esters of (meth)acrylic acid with 
monohydroxy functional polyalkyleneglycols. The disper 
sant is also not obtained by an esterification of a polyacrylic 
backbone polymer with monohydroxyfunctional polyalky 
leneglycols. 
0014 Preferably the polyalkyleneglycol part of the dis 
persant is a straight chain polyalkyleneglycol. Preferably the 
polyalkyleneglycol is a C2 to C18 polyalkyleneglycol, more 
preferably a C2 and/or C3, most preferably a C2 polyalky 
leneglycol. Advantage of the C2 polyalkyleneglycol (poly 
ethyleneglycol) is its good solubility in water. 
0015 The chain length of the polyalkyleneglycol struc 
ture is defined by the number of alkyleneoxide repeating 
units. The polyalkyleneglycol comprises at least 5 alkylene 
oxide repeating units, preferably from 10 to 500 alkylene 
oxide repeating units, more preferably from 10 to 200 
alkylene oxide repeating units, and contains more than 80 
mol-% of ethyleneglycol units, preferably more than 90 
mol-% of ethyleneglycol units. 
0016. The functional group being able to interact as an 
anchor group with the Surface of cement particles comprises 
preferably anionic radicals, silane radicals and/or polyhy 
droxy radicals. 
0017. The term “anionic radicals” includes also radicals, 
which can form under alkaline pH-conditions (as generally 
present in cementitious systems) anionic radicals (for 
example from the respective acid form). One or several 
anionic radicals can be preferably selected from the group of 
phosphates, phosphonates, phosphinates, hypophosphites, 
Sulphates, Sulphonates, Sulphinates, borates, boronates and/ 
or carboxylates, including the acid form of said anionic 
radicals. Preferably the anionic radical comprises phospho 
nates and/or carboxylates. 
0018 Dispersants based on the phosphonate chemistry 
are described in WO94/08913 A1. All dispersants based on 
the phosphonate anchor group chemistry according to said 
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patent application can be used as the dispersant in the 
process, product and use according to this specification. The 
disclosure of the phosphonate dispersants in WO 94/08913 
A1 is hereby incorporated by reference. Examples for dis 
persants with one to three anchor groups (phosphonate 
radicals) are the following structures: 

H-O-(CHO)so CH2CH2—N(Me)-CH2—PO 
(OH)2 (1 phosphonate) 

(ONa)22 (2 phosphonates) 

0019 Especially preferable are phosphonate based dis 
persants, characterized in that the functional group being 
able to interact as an anchor group with the Surface of 
cement particles contains two phosphonate radicals and is 
characterized by the following general structure (I), 

wherein 

A is the same or different and independently from each other 
an alkylene with 2 to 18 carbon atoms, preferably ethylene 
and/or propylene, most preferably ethylene, 
n is an integer from 5 to 500, preferably 10 to 200, most 
preferably 10 to 100, 
R is H or a saturated or unsaturated hydrocarbon residue, 
preferably a C1 to C15 alkyl radical, more preferably a C1 
to C3 alkyl radical, most preferably H, 
M is H, an alkali metal, /2 earth alkali metal, an amine 
and/or organic amine residue. 
0020. The term organic amine residue comprises also 
organic amines like primary, secondary, tertiary and quar 
ternary amines. It is to be understood that the respective 
(earth) alkali metals and amines will be mostly present in the 
form of the respective cations, respectively as alkali metal 
cations or ammonium ions and the phosphonate groups in 
the deprotonated form. The synthesis of dispersants accord 
ing to the general formula (I) is described in detail in the 
patent application WO94/08913, which is hereby incorpo 
rated by reference. An example for this group of dispersants 
is the following chemical: 

0021 Dispersants based on phosphate, phosphinate and 
hypophosphinate, Sulphates, Sulphonates, Sulphinates, 
borates and boronates radicals as anchor groups are 
described in WO 01/04185 A1. 
0022 Carboxylate radicals are especially suitable as 
anchor groups because of their high affinity to cement 
particles. Preferable is a plurality of carboxylate radicals as 
anchor group, more preferably at least three carboxylate 
radicals. Suitable dispersants are disclosed in WO 01/04185 
A1 (Synthesis example 1) as the reaction product (amide 
formation) of 1,2,3,4,5,6-cyclohexane hexacarboxylic acid 
with a molar excess of about 10% of methoxy polyoxyalky 
lene amine (Jeffamine M-2070 (XTJ-508)). The reaction 
product is Supposed to have 5 carboxylic functionalities. 
0023 Preferably the subject dispersant is a reaction prod 
uct of 1,2,3,4,5,6-cyclohexane hexacarboxylic acid and an 
alkoxy polyoxyalkylene amine with a number of alkylene 
oxide repeating units between 5 and 500, preferably the 
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polyoxyalkylene is polyoxyethylene. Preferably the struc 
ture of the dispersant is according to the following general 
formula (II): 

(II) 

COOM COOM 

R-O-(AO)-CHCH(R)-NH-CO COOM 

COOM COOM 

A is the same or different and independently from each other 
an alkylene with 2 to 18 carbon atoms, preferably ethylene 
and/or propylene, most preferably ethylene, 
n is an integer from 5 to 500, preferably 10 to 200, most 
preferably 10 to 100, 
R is H or a saturated or unsaturated hydrocarbon residue, 
preferably a C1 to C15 alkyl radical, more preferably a C1 
to C3 alkyl radical, 
R" is independently from each other a C1-C18 alkyl radical 
or a phenyl radical M is H, an alkali metal, /2 earth alkali 
metal, an amine and/or organic amine residue. 
0024. The term organic amine residue comprises also 
organic amines like primary, secondary, tertiary and quar 
ternary amines. It is to be understood that the respective 
(earth) alkali metals and amines will be mostly present in the 
form of the respective cations, respectively as alkali metal 
cations or ammonium ions and the carboxylic groups in the 
deprotonated form. 
0025 Water-soluble dispersants comprising one poly 
alkyleneglycol structural unit and three carboxylate radicals 
can be obtained from the following list of tetracarboxylic 
acids, 2,5-dihydroxy-tetrahydrofuran-2,3,4,5-tetracarbox 
ylic acid, 5-hydroxy-cyclohexane-1,2,3,4-tetracarboxylic 
acid, 6-hydroxy-tetrahydropyran-2,3,4,5-tetracarboxylic 
acid, 1,4-dihydroxy-butane-1,1,4,4-tetracarboxylic acid, 
1,3-dihydroxy-propane-1,1,3,3'-tetracarboxylic acid and 
2-(4-hydroxyphenyl)-propane-1,1,3,3'-tetracarboxylic acid 
by reaction of the respective tetracarboxylic acids with an 
alkoxy polyoxyalkylene amine with a number of alkylene 
oxide repeating units between 5 and 500, preferably the 
polyoxyalkylene is polyoxyethylene. 
0026. The synthesis can be done in analogy to the syn 
thesis example 1 in WO 01/04185A1, by replacement of the 
respective amount of 1,2,3,4,5,6-cyclohexane hexacarbox 
ylic acid by the respective tetracarboxylic acids. The reac 
tion is an amide formation, which leads mainly to a tricar 
boxylic end product. 
0027. An alternative product can be obtained by reacting 
one of the polycarboxylic acids mentioned in the before 
standing text, preferably hexacarboxylic or tetracarboxylic 
acids, with an amino-functional intermediate urethane prod 
uct to a water-soluble water-dispersant having an amide and 
an urethane unit in its structure. Said reaction is an amide 
formation between the polycarboxylic acid and the amino 
functional intermediate urethane product. Preferable are 
water-reducers having an amide and an urethane unit in its 
structure are according to the following general formula 
(II): 

R-O-(AO), CO. NH-Y NH–CO X, (II) 
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wherein 
A is the same or different and independently from each other 
an alkylene with 2 to 18 carbon atoms, preferably ethylene 
and/or propylene, most preferably ethylene, 
n is an integer from 5 to 500, preferably 10 to 200, most 
preferably 10 to 100, 
R is H or a saturated or unsaturated hydrocarbon residue, 
preferably a C1 to C15 alkyl radical, more preferably a C1 
to C3 alkyl radical, 
Y is the residue of a diisocyanate without the two diisocya 
nate groups and 
X is the residue of a polycarboxylic acid or its salt without 
one carboxylic acid group. 
0028 Y can be for example a toluene radical if TDI was 
used as an unsymmetrical diisocyanate. X can be for 
example a phenyl residue substituted with 5 carboxylic acid 
groups if 1,2,3,4,5,6-cyclohexane hexacarboxylic was used 
as the polycarboxylic acid. 
0029. The intermediate urethane product mentioned in 
the before standing text can be obtained in a two step 
reaction. The first step is the reaction of about equal molar 
amounts of an alkylpolyalkyleneglycol with a diisocyanate, 
preferably a not symmetrical diisocyanate, most preferably 
toluene diisocyanate, to the respective urethane having one 
isocyanate group (R-O-(AO), CO. NH Y NCO). In 
the second step the amino-functional intermediate urethane 
product (R-O-(AO), CO. NH Y NH) is obtained 
by hydrolysis of said monoisocyanate (R-O-(AO) - 
CO. NH Y NCO). 
0030. Further preferable anionic groups are described in 
the dependent claims. It is believed that the anionic groups 
can substantially interact with the surface of the basically 
positively charged Surface of the cement particles in aqueous 
systems. In a similar manner an interaction between calcium 
silicate hydrate (C. S. H) particles formed during the 
Subject process and the Subject dispersants is believed to 
take place. 
0031 Silane radicals are another type of anchor group, 
which can be used. Suitable silane radicals should be able to 
react with water under alkaline conditions (usual condition 
in aqueous cementitious systems) to a silanol intermediate 
comprising at least one Si-OH structural unit. The Si-OH 
unit is supposed to be able to react with Si-OH (as is 
present on the Surface of cement particles or calcium silicate 
hydrate particles) in a condensation. 
0032. Preferably the silane radical is selected from the 
group of mono-, di- and trialkoxy silanes, preferably a C1 to 
C10 alkoxy silane. More preferable are in each case the 
trialkoxy silanes. Especially preferable are —Si(OMe) and/ 
or —Si(OCHCH-) radicals. Acyloxy silanes, preferably 
triacyloxy silanes, can also be used. It is preferable that at 
least 2 silane radicals, the silane radicals being able to react 
with water under alkaline conditions to a silanol intermedi 
ate are present in the dispersant. Examples for the respective 
dispersants with one or more silane groups can be found in 
the patent application WO 01/04185 A1. All dispersants 
based on a silane chemistry described in said patent appli 
cation, are included by reference into the present patent 
application. 
0033 Preferable are dispersants with two trialkoxysilane 
radicals according to the following general structure (III). 
The synthesis of a representative of this class of compounds 
is described in detail in WO 01/04185 A1 (synthesis 
example 4). 
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R-O-(AO). CH-CH2—O CO. N—CHCH 
NH CO. NH-(CH2). Si(OR") sla (III) 

wherein 
R is H, preferably a saturated or unsaturated hydrocarbon 
residue, more preferably a C1 to C15 alkyl radical, most 
preferably a C1 to C3 alkyl radical, 
A is an alkylene group, preferably comprising more than 90 
mol-% ethylene groups 
n is an integer from 5 to 500, preferably from 10 to 200, 
R" is a C1 to C18 alkyl group, preferably a methyl group. 
0034 Dispersants with one trialkoxysilane radical can be 
obtained for example by the reaction of 3-(trialkoxysilyl) 
propyl isocyanates with polyalkylene glycol derivatives 
Such as alkoxy polyoxyalkylene amines or alkoxy polyoxy 
alkylene alcohols. The reaction between the isocyanate 
group and the amine/hydroxy group will result in the for 
mation of the respective urea and urethane derivatives. 
0035 Polyhydroxy radicals are a further possibility for 
anchor groups. Preferably the polyhydroxy radicals com 
prise at least three hydroxyl radicals, more preferably at least 
5 hydroxy radicals, more preferably the polyhydroxy radi 
cals are derived from a Sugar compound, most preferably 
from a Sugar lactone. For example glucoheptonic lactone or 
gluconic lactone can be reacted with polyalkyleneglycol 
amines under amide formation as described in WO 01/04185 
A1 (synthesis examples 3 and 5). The dispersants basing on 
a chemistry of polyhdroxy radicals described in the patent 
application WO 01/04185 A1, are included by reference into 
the present patent application. 
0036 Preferable are dispersants according to the follow 
ing general structure (IV): 

A is the same or different and independently from each other 
an alkylene with 2 to 18 carbon atoms, preferably ethylene 
and/or propylene, most preferably ethylene, 
n is an integer from 5 to 500, preferably 10 to 200, most 
preferably 10 to 100, 
m is an integer from 4 to 6, preferably 4 or 5, most preferably 
5, 
R is H or a saturated or unsaturated hydrocarbon residue, 
preferably a C1 to C15 alkyl radical, more preferably a C1 
to C3 alkyl radical, most preferably a C1 to C15 alkyl 
radical, 
R" is a C1 to C18 alkyl group, preferably a methyl group. 
0037 Anionic derivatives of polyhydroxy compounds, 
more preferable anionic derivatives of sugar derivatives, like 
for example phosphate esters of Sugars can also be used as 
the water-soluble dispersant. The compounds can be 
obtained by phosphation of respective dispersants compris 
ing a residue originating from a Sugar acid (for example the 
phosphation of products of synthesis examples 3 and 5 in 
WO 01/04185 A1). 
0038 A preferable process is characterized in that the 
functional group (in the water-soluble dispersant) being able 
to interact as an anchor group with the Surface of cement 
particles, comprises carboxylate radicals, phosphate radi 
cals, phosphonate radicals, silane radicals the silane radicals 
being able to react with water to a silanol compound under 
alkaline conditions and/or at least 3 hydroxy radicals, pref 
erably derived from a Sugar compound. The acid forms of 
the mentioned salts are included. Preferably the functional 
group being able to interact as an anchor group with the 
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Surface of cement particles comprises only one type of 
chemistry, for example only hydroxy radicals, carboxylate 
radicals, phosphate radicals, phosphonate radicals or silane 
radicals. 

0039. A preferable process is characterized in that the 
functional group being able to interact as an anchor group 
with the surface of cement particles comprises at least 5 
hydroxy radicals, more preferably at least 6 hydroxy radi 
cals, preferably the hydroxy radicals being derived from a 
Sugar compound, most preferably a Sugar lactone, at least 3 
carboxylate radicals, at least 2 phosphate radicals, at least 2 
phosphonate radicals or at least 2 silane radicals, the silane 
radicals being able to react with water to a silanol compound 
under alkaline conditions. Preferably the functional group 
being able to interact as an anchor group with the Surface of 
cement particles comprises only one type of chemistry. 
0040 Preferably the process is characterized in that the 
polyalkyleneglycol comprises at least 5 alkylene oxide 
repeating units, preferably from 10 to 500 alkylene oxide 
repeating units, more preferably from 10 to 200 alkylene 
oxide repeating units, and contains more than 80 mol-% of 
ethyleneglycol units, preferably more than 90 mol-% of 
ethyleneglycol units. Preferably the polyalkyleneglycol is 
polyethyleneglycol. 
0041 Preferable is a process in which at the other end of 
the polyalkyleneglycol structural unit, no group is present, 
which would be substantially able to interact as an anchor 
group with the Surface of cement particles. The groups 
substantially notable to interact as an anchor group with the 
Surface of cement particles are preferably non-ionic, more 
preferably not anionic, are not a silane and/or are not a 
polyhdroxy compound with more than two hydroxy radicals. 
Groups substantially not able to interact as an anchor group 
with the surface of cement particles, preferably do not 
comprise hydroxy radicals, particularly not more than two 
hydroxy radicals, carboxylate radicals, phosphate radicals, 
phosphonate radicals or silane radicals. However it is pos 
sible that only one or two hydroxy radicals can be attached, 
because only one or two hydroxy radicals do not substan 
tially interact with the surface of cement particles. Typical 
groups that would substantially not interact with the Surface 
of cement particles are Saturated or unsaturated hydrocar 
bons, like for example branched or straight chain aliphatic 
hydrocarbons (for example methyl radicals), olefins and/or 
alkynes. Also aromatic compounds would be expected to not 
substantially interact with the surface of cement particles or 
to show only a very low interaction. 
0042. In principle, the accelerator contains an inorganic 
and an organic component, the organic component being the 
water-soluble dispersant as described in the before standing 
text. The inorganic component may be regarded as modified, 
finely dispersed calcium silicate hydrate, which may contain 
foreign ions, such as magnesium and aluminium. The cal 
cium silicate hydrate is prepared in the presence of the 
subject water-soluble dispersant, which is a water-soluble 
dispersant comprising at least one polyalkylenglycol struc 
tural unit with a functional group at one end of the poly 
alkyleneglycol, said functional group being able to interact 
as an anchor group with the Surface of cement particles, said 
dispersant being preferably suitable as a plasticizer for 
hydraulic binders. Usually, a Suspension containing the 
calcium silicate hydrate in finely dispersed form is obtained, 
which Suspension effectively accelerates the hardening pro 
cess of hydraulic binders. 
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0043. The inorganic component can in most cases be 
described with regard to its composition by the following 
empirical formula: 

aCaO.SiO2, bAl2O.cH2O,dX.eW 

0044 X is an alkali metal 
0045 W is an alkaline earth metal 

0.1 s as 2 preferably 0.66 s as 1.8 
Osbs 1 preferably Osb is 0.1 
1 s c s 6 preferably 1 s c s 6.0 
Os dis 1 preferably Os dis 0.4 
Oses 2 preferably Oses 0.1 

in a preferred embodimen s e aqueous solution 0046. In a preferred embodiment, the aq lut 
also contains, in addition to silicate and calcium ions, further 
dissolved ions which are preferably provided in the form of 
dissolved aluminium salts and/or dissolved magnesium 
salts. AS aluminium salts preferably aluminium halogens, 
aluminium nitrate, aluminium hydroxide and/or aluminium 
sulphate can be used. More preferable within the group of 
aluminium halogens is aluminium chloride. Magnesium 
salts can be preferably magnesium nitrate, magnesium chlo 
ride and/or magnesium Sulphate. 
0047 Advantage of the aluminium salts and magnesium 
salts is that defects in the calcium silicate hydrate can be 
created via the introduction of ions different to calcium and 
silicon. This leads to an improved hardening acceleration 
effect. Preferably the molar ratio of aluminium and/or mag 
nesium to calcium and silicon is small. More preferably the 
molar ratios are selected in a way that in the previous 
empirical formula the preferable ranges for a, b and e are 
fulfilled (0.66sas 1.8; 0.sbs.O. 1: Oses0.1). 
0048 Preferably, in a first step, the water-soluble calcium 
compound is mixed with the aqueous solution of the dis 
persant, so that a mixture preferably present as a solution is 
obtained, to which the water-soluble silicate compound is 
added in a Subsequent second step. The water-soluble sili 
cate compound of the second step can also contain the 
Subject dispersant. 
0049. The aqueous solution may also contain one or more 
further solvents (for example alcohols like ethanol and/or 
isopropanol) in addition to water. Preferably the weight 
proportion of the solvent other than water to the sum of 
water and further solvent (e.g. alcohol) is up to 20 weight-%, 
more preferably less than 10 weight-% and the most pref 
erably less than 5 weight-%. However most preferable are 
aqueous systems without any solvent. 
0050. The temperature range in which the process is 
carried out is not especially limited. Certain limits however 
are imposed by the physical state of the system. It is 
preferable to work in the range of 0 to 100° C., more 
preferable 5 to 80° C. and most preferable 15 to 35° C. High 
temperatures can be reached especially when a milling 
process is applied. It is preferable not to exceed 80° C. 
0051. Also the process can be carried out at different 
pressures, preferably in a range of 1 to 5 bars. 
0052. The pH-value depends on the quantity of reactants 
(water-soluble calcium compound and water-soluble sili 
cate) and on the solubility of the precipitated calcium silicate 
hydrate. It is preferable that the pH value is higher than 8 at 
the end of the synthesis, preferably in a range between 8 and 
13.5. 
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0053 Preferably the aqueous solution containing the dis 
persant furthermore has the water-soluble calcium com 
pound and the water-soluble silicate compound as compo 
nents dissolved in it. This means that the reaction of the 
water-soluble calcium compound and the water-soluble sili 
cate compound in order to precipitate calcium silicate 
hydrate occurs in the presence of an aqueous solution which 
contains the dispersant. 
0054 Preferably the process is characterized in that a 
Solution of a water-soluble calcium compound and a solu 
tion of a water-soluble silicate compound are added prefer 
ably separately to the aqueous solution containing the dis 
persant. To illustrate how this aspect can be carried out, for 
example three solutions can be prepared separately (Solution 
(I) of a water-soluble calcium compound, Solution (II) of a 
water-soluble silicate compound and a solution (III) of the 
dispersant. Solutions (I) and (II) are preferably separately 
and simultaneously added to Solution (III). Advantage of this 
preparation method is besides its good practicability that 
relatively small particle sizes can be obtained. 
0055. In a further preferred mode of implementation, the 
previous standing embodiment can be modified in that the 
Solution of a water Soluble calcium compound and/or the 
Solution of a water-soluble silicate compound contain a 
Subject dispersant. In this case the method is carried out in 
principle in the same way as described in the previous 
embodiment), but solution (I) and/or solution (II) preferably 
contain also the Subject dispersant. In this case the person 
skilled in the art will understand that the dispersant is 
distributed to at least two or three solutions. It is advanta 
geous that 1 to 50%, preferably 10 to 25% of the total of the 
dispersant are contained in the calcium compound solution 
(e.g. solution (I)) and/or silicate compound Solution (e.g. 
Solution (II)). This preparation method has the advantage 
that the dispersant is present also in the solution of the 
water-soluble calcium compound and/or the solution of the 
water-soluble silicate compound. 
0056. In a further preferred embodiment, the previous 
embodiment can be modified in that the aqueous solution 
containing a subject dispersant contains a water-soluble 
calcium compound or a water-soluble silicate compound. 
0057. In this case the method is carried out in principle in 
the same way as described in the previous embodiment, but 
Solution (III) would contain a water-soluble calcium com 
pound or a water-soluble silicate compound. In this case the 
person skilled in the art will understand that the water 
soluble calcium compound or the water-soluble silicate 
compound is distributed to at least two solutions. 
0058. In general, the components are used in the follow 
ing ratios: 

0059) i) 0.01 to 75, preferably 0.01 to 51, most pref 
erably 0.01 to 15% by weight of water-soluble calcium 
compound, 

0060 ii) 0.01 to 75, preferably 0.01 to 55, most pref 
erably 0.01 to 10% by weight of water-soluble silicate 
compound, 

0061 iii) 0.001 to 60, preferably 0.1 to 30, most 
preferably 0.1 to 10% by weight of the dispersant, 

0062) iv) 24 to 99, preferably 50 to 99, most preferably 
70 to 99% by weight of water. 

0063 Preferably the hardening accelerator composition 
is dosed at 0.01 to 10 weight-%, most preferably at 0.1 to 2 
weight-% of the solids content with respect to the hydraulic 
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binder, preferably cement. The solids content is determined 
in an oven at 60° C. until a constant weight of the sample is 
reached. 
0064. Often, the water-soluble calcium compound is 
present as calcium chloride, calcium nitrate, calcium for 
mate, calcium acetate, calcium bicarbonate, calcium bro 
mide, calcium carbonate, calcium citrate, calcium chlorate, 
calcium fluoride, calcium gluconate, calcium hydroxide, 
calcium hypochloride, calcium iodate, calcium iodide, cal 
cium lactate, calcium nitrite, calcium oxalate, calcium phos 
phate, calcium propionate, calcium silicate, calcium Stear 
ate, calcium Sulphate, calcium Sulphate hemihydrate, 
calcium Sulphate dihydrate, calcium Sulphide, calcium tar 
trate calcium aluminate, tricalcium silicate and/or dicalcium 
silicate. Preferably the water-soluble calcium compound is 
not a calcium silicate. The silicates calcium silicate, dical 
cium silicate and/or tricalcium silicate are less preferred 
because of low solubility (especially in the case of calcium 
silicate) and for economic reasons (price) (especially in case 
of dicalcium silicate and tricalcium silicate). 
0065. The water-soluble calcium compound is preferably 
present as calcium citrate, calcium tartrate, calcium formate 
and/or calcium Sulphate. Advantage of these calcium com 
pounds is their non-corrosiveness. Calcium citrate and/or 
calcium tartrate are preferably used in combination with 
other calcium sources because of the possible retarding 
effect of these anions when used in high concentrations. 
0066 Preferably the calcium compound is present as 
calcium chloride and/or calcium nitrate. Advantage of these 
calcium compounds is their good solubility in water, low 
price and good availability. 
0067. Often, the water-soluble silicate compound is pres 
ent as Sodium silicate, potassium silicate, waterglass, alu 
minium silicate, tricalcium silicate, dicalcium silicate, cal 
cium silicate, silicic acid, Sodium metasilicate and/or 
potassium metasilicate. 
0068. The water-soluble silicate compound is preferably 
present as sodium metasilicate, potassium metasilicate and/ 
or waterglass. Advantage of these silicate compounds is their 
extremely good solubility in water. 
0069 Preferably species of different types are used as the 
water-soluble silicate compound and as the water-soluble 
calcium compound. 
0070. In a preferable process water-soluble alkali metal 
ions (for example lithium, Sodium, potassium . . . ) are 
removed from the hardening accelerator composition by 
cation exchangers and/or water-soluble nitrate and/or chlo 
ride ions are removed from the hardening accelerator com 
position by anion exchangers. Preferably the removal of said 
cations and/or anions is carried out in a second process step 
after the preparation of the hardening accelerator composi 
tion by the use of the ion exchangers. Acid ion exchangers 
Suitable as cation exchanger are for example based on 
Sodium polystyrene Sulfonate or poly-2-acrylamido-2-meth 
ylpropane sulfonic acid (poly AMPS). Basic ion exchangers 
are for example based on amino groups, like for example 
poly (acrylamido-N-propyltrimethylammonium chloride) 
(poly APTAC). 
0071 Also provided is a process for the preparation of a 
hardening accelerator composition by reaction of a calcium 
compound, preferably a calcium salt, most preferably a 
water-soluble calcium salt with a silicon dioxide containing 
component under alkaline conditions characterized in that 
the reaction is carried out in the presence of an aqueous 
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Solution which contains a water-soluble dispersant compris 
ing at least one polyalkyleneglycol structural unit with a 
functional group at one end of the polyalkyleneglycol, said 
functional group being able to interact as an anchor group 
with the Surface of cement particles, said dispersant being 
preferably suitable as a plasticizer for hydraulic binders. 
0072 Typically the calcium compounds are calcium salts 
(e.g. calcium salts of carboxylic acids). The calcium salt can 
be for example calcium chloride, calcium nitrate, calcium 
formate, calcium acetate, calcium bicarbonate, calcium bro 
mide, calcium carbonate, calcium citrate, calcium chlorate, 
calcium fluoride, calcium gluconate, calcium hydroxide, 
calcium oxide, calcium hypochloride, calcium iodate, cal 
cium iodide, calcium lactate, calcium nitrite, calcium 
oxalate, calcium phosphate, calcium propionate, calcium 
silicate, calcium Stearate, calcium Sulphate, calcium Sulphate 
hemihydrate, calcium Sulphate dihydrate, calcium Sulphide, 
calcium tartrate, calcium aluminate, tricalcium silicate and/ 
or dicalcium silicate. Preferable are calcium hydroxide and/ 
or calcium oxide because of their strong alkaline properties. 
Preferably the water-soluble calcium compound is not a 
calcium silicate. The silicates calcium silicate, dicalcium 
silicate and/or tricalcium silicate are less preferred because 
of low solubility (especially in the case of calcium silicate) 
and for economic reasons (price) (especially in case of 
dicalcium silicate and tricalcium silicate). Less preferable 
are also not so good soluble calcium salts like for example 
calcium carbonate and also calcium salts with retarding 
anions (e.g. citrate, gluconate, tartrate can retard the hard 
ening of hydraulic binders). In the case of neutral or acid 
calcium salts (e.g. calcium chloride or calcium nitrate) it is 
preferable to use a suitable base to adjust the pH-value to 
alkaline conditions (e.g. lithium hydroxide, Sodium hydrox 
ide, potassium hydroxide, ammonia, magnesium hydroxide 
or any other earth alkali hydroxide). Preferable is a pH-value 
higher than 8, more preferable higher than 9 and most 
preferable higher than 11. The pH-value is measured pref 
erably at 25° C. and with a solid content of the suspension 
of 1 weight-%. 
0073. It is possible to use any material which contains 
silicon dioxide, for example microsilica, pyrogenic silica, 
precipitated silica, blast furnace slag and/or quartz sand. 
Small particle sizes of the silicon dioxide containing mate 
rial are preferable, especially particle sizes below 1 um. 
Further it is possible to use compounds which are able to 
react in an aqueous alkaline environment to silicon dioxide 
like for example tetraalkoxy silicon compounds of the 
general formula Si(OR). R can be the same or different and 
can be for example selected from a branched or non 
branched C1 to C10 alkyl group. Preferably R is methyl, 
especially preferably ethyl. 
0074. In a preferred embodiment the silicon dioxide 
containing compound is selected from the group of micro 
silica, pyrogenic silica, precipitated silica, blast furnace slag 
and/or quartz sand. Preferable are microsilica, pyrogenic 
silica and/or precipitated silica, especially precipitated and/ 
or pyrogenic silica. The types of silica, which are listed 
above are defined in Ullmann's Encyclopedia of Industrial 
Chemistry, Wiley-VCH, Release 2009, 7' Edition, DOI 
10.1002/14356007.a23 583 pub3. 
0075. It is preferable to apply mechanical energy, pref 
erably by milling, to the reaction mixture in order to activate 
and/or accelerate the reaction of the calcium salt with the 
usually low water-soluble silicon dioxide containing com 
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ponent. The mechanical energy is also advantageous in order 
to reach the desired small particle sizes of the calcium 
silicate hydrates. The wording “milling means in this patent 
application any process in which high shear forces are 
exerted on the reaction mixture in order to accelerate the 
reaction and to obtain a Suitable particle size. For example 
milling can be carried out in a planet ball mill in a continu 
ous or batch operation mode. Alternatively an ultradisperser, 
preferably with a number of revolutions higher than 5.000 
r.p.m. can be used. Also it is possible to apply a so-called 
shaker equipment in which Small grinding bodies, preferably 
Smaller than 1 mm in diameter are put together with the 
reaction mixture into a receptacle and are shaken. The 
respective shaker equipment is for example available from 
the company Skandex. 
007.6 Typically the pH-value of the process for the 
preparation of a hardening accelerator is higher than 9. 
0077. Preferably the molar ratio of calcium from the 
calcium compound to silicon from the silicon dioxide con 
taining component is from 0.6 to 2, preferably 1.1 to 1.8. 
0078 Typically the weight ratio of water to the sum of 
calcium compound and silicon dioxide containing compo 
nent is from 0.2 to 50, preferably 2 to 10, most preferably 4 
to 6. In this context water means the water in the reaction 
mixture, in which the process is carried out. It is preferable 
to carry out the process at relatively low water contents in 
order to increase the output of the process. Also it is possible 
to obtain relatively conveniently dry products from the wet 
products because not so much water has to be removed. A 
ratio of 2 to 10, respectively 4 to 6 is especially preferred 
because a paste like consistency of the products can be 
obtained, which is preferable for the milling process. 
0079. It is preferred that the process is carried out at a site 
of concrete production (for example a ready-mix concrete, 
precast concrete plant or any other plant where mortar, 
concrete or any other cementitious products are produced), 
characterized in that the obtained hardening accelerator 
composition is used as the batching water. The obtained 
hardening accelerator composition is an aqueous system and 
can be used directly as the batching water, especially when 
designing the hardening accelerators according to the spe 
cific needs of a job-site. 
0080 Batching water in this context is the water, which 

is used in concrete production or production of similar 
cementitious materials. Typically the batching water is 
mixed with cement and for examples aggregates at a ready 
mix concrete plant or precast concrete plant, at a construc 
tion site or any other place where concrete or other cemen 
titious materials are produced. Usually the batching water 
can contain a wide range of additives like for example 
plasticizers, hardening accelerators, retarders, shrinkage 
reducing additives, air entrainers and/or defoamers. It is 
advantageous to produce the hardening accelerators in the 
batching water intended for production of concrete or simi 
lar materials, because there is no need to transport the 
respective admixtures. 
0081. A further preferred embodiment, preferably carried 
out at a site of concrete production (for example a ready mix 
concrete or precast concrete plant) is characterized in that 
the weight ratio of the sum of water-soluble calcium com 
pound, water-soluble silicate compound and Subject disper 
sant to water, preferably batching water, is between /1000 and 
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/10, more preferably between /soo and /100. A high dilution 
of the Suspensions is advantageous for the efficiency of the 
hardening accelerators. 
0082 In a further embodiment, the reaction is carried out 
completely or partially in the presence of an aqueous solu 
tion containing a viscosity enhancer polymer, selected from 
the group of polysaccharide derivatives and/or (co)polymers 
with an average molecular weight M higher than 500,000 
g/mol, more preferably higher than 1,000,000 g/mol, the 
(co)polymers containing structural units derived (preferably 
by free radical polymerization) from non-ionic (meth)acry 
lamide monomer derivatives and/or Sulphonic acid mono 
mer derivatives. It is possible that the viscosity enhancer 
polymer is added at the beginning, during the process or at 
the end of the process. For example it can be added to the 
aqueous Solution of the comb polymer, to the calcium 
compound and/or the silicate compound. The Viscosity 
enhancer polymer can also be used during the process of 
preparing a hardening accelerator composition by reaction 
of a calcium compound, preferably a calcium salt, most 
preferably a water-soluble calcium salt with a silicon diox 
ide containing component. Preferably the viscosity enhancer 
polymer is added at the end of the reaction (at the end of the 
reactants addition) in order to prevent any particles to be 
destabilized and to keep the best stability. The viscosity 
enhancer has a stabilizing function in that segregation (ag 
gregation and sedimentation) of for example calcium silicate 
hydrate) can be prevented. Preferably the viscosity enhanc 
ers are used at a dosage from 0.001 to 10 weight-%, more 
preferably 0.001 to 1 weight-% with respect to the weight of 
the hardening accelerator Suspension. The Viscosity 
enhancer polymer preferably should be dosed in a way that 
a plastic viscosity of the hardening accelerator Suspensions 
higher than 80 mPa is is obtained. 
I0083. As polysaccharide derivative preference is given to 
cellulose ethers, for example alkylcelluloses such as meth 
ylcellulose, ethylcellulose, propylcellulose and methyleth 
ylcellulose, hydroxyalkylcelluloses such as hydroxyethyl 
cellulose (HEC), hydroxypropylcellulose (HPC) and 
hydroxyethylhydroxypropylcellulose, alkylhydroxyalkyl 
celluloses such as methyl hydroxyethylcelluose (MHEC), 
methyl hydroxypropylcelluose (MHPC) and propylhy 
droxypropylcellulose. Preference is given to the cellulose 
ether derivatives methylcellulose (MC), hydroxypropylcel 
lulose (HPC), hydroxyethylcellulose (HEC) and ethylhy 
droxyethylcellulose (EHEC), and particular preference is 
given to methylhydroxyethylcelluose (MHEC) and methyl 
hydroxypropylcelluose (MHPC). The abovementioned cel 
lulose ether derivatives, which can in each case be obtained 
by appropriate alkylation or alkoxylation of cellulose, are 
preferably present as non ionic structures, however it would 
be possible to use for example also carboxymethylcellulose 
(CMC). In addition, preference is also given to using non 
ionic starch ether derivatives Such as hydroxypropylstarch, 
hydroxyethylstarch and methylhydroxypropylstarch. Prefer 
ence is given to hydroxypropylstarch. Preferable are also 
microbially produced polysaccharides Such as welan gum 
and/or Xanthans and naturally occurring polysaccharides 
Such as alginates, carregeenans and galactomannans. These 
can be obtained from appropriate natural products by extrac 
tive processes, for example in the case of alginates and 
carregeenans from algae, in the case of galactomannans 
from carob seeds. 
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0084. The viscosity enhancer (co)polymers with a weight 
average molecular weight M higher than 500,000 g/mol, 
more preferably higher than 1,000,000 g/mol can be pro 
duced (preferably by free radical polymerization) from 
non-ionic (meth)acrylamide monomer derivatives and/or 
Sulphonic acid monomer derivatives. The respective mono 
mers can be selected for example from the group of acryl 
amide, preferably acrylamide, methacrylamide, N-methyl 
acrylamide, N-methylmethacrylamide, N,N- 
dimethylacrylamide, N-ethylacrylamide, N,N- 
diethylacrylamide, N-cyclohexylacrylamide, 
N-benzylacrylamide, N,N-dimethylaminopropylacrylamide, 
N,N-dimethylaminoethylacrylamide and/or N-tert-buty 
lacrylamide and/or Sulphonic acid monomer derivatives 
selected from the group of styrene Sulphonic acid, 2-acry 
lamido-2-methylpropanesulphonic acid, 2-methacrylamido 
2-methylpropanesulphonic acid, 2-acrylamidobutanesul 
phonic acid, and/or 2-acrylamido-2,4,4- 
trimethylpentanesulphonic acid or the salts of the acids 
mentioned. It is preferable that the viscosity enhancer con 
tains more than 50 mol-%, more preferably more than 70 
mol-% of structural units derived from non-ionic (meth) 
acrylamide monomer derivatives and/or Sulphonic acid 
monomer derivatives. Other structural units preferably being 
contained in the copolymers can be derived from for 
example the monomers (meth)acrylic acid, esters of (meth) 
acrylic acid with branched or non-branched C1 to C10 
alcohols, vinyl acetate, vinyl proprionate and/or styrene. 
0085 Preferably the viscosity enhancer polymer is a 
polysaccharide derivative selected from the group of meth 
ylcellulose, hydroxyethylcellulose (HEC), hydroxypropyl 
cellulose (HPC), methylhydroxyethylcellulose (MHEC), 
methylhydroxypropylcellulose (MHPC) and/or (co)poly 
mers with an average molecular weight M higher than 
500,000 g/mol, more preferably higher than 1,000,000 
g/mol, the (co)polymers containing structural units derived 
(preferably by free radical polymerization) from non-ionic 
(meth)acrylamide monomer derivatives selected from the 
group of acrylamide, preferably acrylamide, methacrylam 
ide, N-methylacrylamide, N-methylmethacrylamide, N.N- 
dimethylacrylamide, N-ethylacrylamide, N,N-diethylacryl 
amide, N-cyclohexylacrylamide, N-benzylacrylamide, N.N- 
dimethylaminopropylacrylamide, N,N- 
dimethylaminoethylacrylamide and/or N-tert 
butylacrylamide and/or Sulphonic acid monomer derivatives 
selected from the group of 2-acrylamido-2-methylpropane 
Sulphonic acid, 2-methacrylamido-2-methylpropanesul 
phonic acid, 2-acrylamidobutanesulphonic acid, and/or 
2-acrylamido-2,4,4-trimethylpentane-Sulphonic acid or the 
salts of the acids mentioned. 

I0086. Within the group of non-ionic (meth)acrylamide 
monomer derivatives preference is given to methylacrylam 
ide, N,N-dimethylacrylamide and/or methacrylamide, and 
particular preference is given to acrylamide. Within the 
group of Sulphonic acid monomers 2-acrylamido-2-methyl 
propanesulphonic acid (AMPS) and its salts are preferable. 
The amines can be added at the beginning of the process or 
at any other time. 
0087. In a further embodiment, the reaction is carried out 
completely or partially in the presence of an aqueous solu 
tion containing hardening accelerators selected from the 
group of alkanolamines, preferably triisopropanolamine 
and/or tetrahydroxyethyl ethylene diamine (THEED). Pref 
erably the alkanolamines are used at a dosage from 0.01 to 
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2.5 weight-% with respect to the weight of hydraulic binder, 
preferably cement. Synergistic effects could be found when 
using amines, especially triisopropanolamine and tetrahy 
droxyethyl ethylene diamine, with respect to the early 
strength development of hydraulic binder systems, espe 
cially cementitious systems. Preferably the amine is added at 
the end of the reaction. 

0088. In another embodiment the reaction is carried out 
completely or partially in the presence of an aqueous solu 
tion containing setting retarders selected from the group of 
citric acid, tartaric acid, gluconic acid, phosphonic acid, 
amino-trimethylenphosphonic acid, ethylendiaminotetra(m- 
ethylenphosphonic) acid, diethylentiriaminopenta(methylen 
phosphonic) acid, in each case including the respective salts 
of the acids, pyrophosphates, pentaborates, metaborates 
and/or Sugars (e.g. glucose, molasses). The advantage of the 
addition of setting retarders is that the open time can be 
controlled and in particular if necessary can be prolonged. 
The term “open-time' is understood by the person skilled in 
the art as the time interval after preparing the hydraulic 
binder mixture until the point of time at which the fluidity is 
considered as not sufficient anymore to allow a proper 
workability and the placement of the hydraulic binder mix 
ture. The open-time depends on the specific requirements at 
the job site and on the type of application. As a rule the 
precast industry requires between 30 and 45 minutes and the 
ready-mix concrete industry requires about 90 minutes of 
open-time. Preferably the setting retarders are used at a 
dosage from 0.01 to 0.5 weight-% with respect to the weight 
of hydraulic binder, preferably cement. The retarders can be 
added at the beginning of the process or at any other time. 
I0089. In a preferred embodiment the hardening accelera 
tor composition obtained according to any of the above 
mentioned embodiments is dried, preferably by a spray 
drying process. The drying method is not especially limited, 
another possible drying method is for example the use of a 
fluid bed dryer. It is generally known that water, also if only 
in low quantities, is detrimental to many binders, especially 
cement, because of undesired premature hydration pro 
cesses. Powder products with their typically very low con 
tent of water are advantageous compared to aqueous systems 
because it is possible to mix them into cement and/or other 
binders like gypsum, calcium Sulphate hemihydrate (bas 
sanite), anhydrous calcium Sulphate, slags, preferably 
ground granulated blast furnace slag, fly ash, silica dust, 
metakaolin, natural poZZolan, calcined oil shale, calcium 
Sulphoaluminate cement and/or calcium aluminate cement. 
0090. Further provided is a hardening accelerator com 
position which is obtainable by the process described above. 
0091. According to another aspect, a composition, pref 
erably aqueous hardening accelerator Suspension, contain 
ing calcium silicate hydrate and a water-soluble dispersant 
comprising at least one polyalkyleneglycol structural unit 
with a functional group at one end of the polyalkyleneglycol, 
said functional group being able to interact as an anchor 
group with the Surface of cement particles, said dispersant 
being preferably suitable as a plasticizer for hydraulic bind 
ers, is concerned. 
0092. In a further embodiment, the composition is char 
acterized in that the particle diameter of the calcium silicate 
hydrate is smaller than 1,000 nm, more preferably smaller 
than 500 nm, the particle size of the calcium silicate hydrate 
being measured by analytical ultracentrifugation. 
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0093 Preferably the composition is free of hydraulic 
binders, especially free of cement. Preferably no cement is 
used during the production process of the hardening accel 
eratOrS. 

0094 Preferably the particle diameter of the calcium 
silicate hydrate is smaller than 1,000 nm, preferably smaller 
than 300 nm, the particle size of the calcium silicate hydrate 
being measured by light scattering with a MasterSizer(R) 
2000 laser diffraction particle size analyzer from the com 
pany Malvern. 
0095. In the composition containing calcium silicate 
hydrate and a water-soluble dispersant, the functional group 
in the dispersant being able to interact as an anchor group 
with the surface of cement particles comprises preferably 
carboxylate radicals, phosphate radicals, phosphonate radi 
cals, silane radicals, the silane radicals being able to react 
with water to a silanol compound under alkaline conditions 
and/or at least 3 hydroxy radicals, preferably derived from 
a Sugar compound. The acid forms of the before standing 
salts are included. Preferably the functional group being able 
to interact as an anchor group with the Surface of cement 
particles comprises only one type of chemistry, for example 
only hydroxy radicals, carboxylate radicals, phosphate radi 
cals, phosphonate radicals or silane radicals. Examples for 
each type of dispersant were given in the before standing 
text. 

0096 Preferable is furthermore that the functional group 
being able to interact as an anchor group with the Surface of 
cement particles comprises at least 5 hydroxy radicals, more 
preferably at least 6 hydroxy radicals, preferably the 
hydroxy radicals being derived from a Sugar compound, 
most preferably a Sugar lactone, at least 3 carboxylate 
radicals, at least 2 phosphate radicals, at least 2 phosphonate 
radicals or at least 2 silane radicals. Preferably the functional 
group being able to interact as an anchor group with the 
Surface of cement particles comprises only one type of 
chemistry, for example only hydroxy radicals, carboxylate 
radicals, phosphate radicals, phosphonate radicals or silane 
radicals. Examples for each type of dispersant were given in 
the before standing text. 
0097. Preferable is that the functional group being able to 
interact as an anchor group with the Surface of cement 
particles contains at least 2 phosphonate radicals and is 
characterized by the following general structure (I), 

wherein 
R. A., n and M have the same meaning as described in detail 
in the before standing text for the general structure (I). 
0098 Preferable is that the polyalkyleneglycol comprises 
at least 5 repeating units, preferably from 10 repeating units 
to 500 repeating units, more preferably from 10 to 200 
repeating units, and contains more than 80 mol-% of ethyl 
eneglycol units, preferably more than 90 mol-% of ethyl 
eneglycol units. More preferably the polyalkyleneglycol is 
polyethyleneglycol. 
0099 Preferable is that at the other end of the polyalky 
leneglycol structural unit, no group is present, which would 
be substantially able to interact as an anchor group with the 
Surface of cement particles. The groups substantially not 
able to interact as an anchor group with the Surface of 
cement particles were mentioned in the before standing text. 
0100 Preferably the aqueous hardening accelerator com 
position contains 
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0101 i) 0.1 to 75, preferably 0.1 to 50, the most prefer 
ably 0.1 to 10% by weight of calcium silicate hydrate, 

0102 ii) 0.001 to 60, preferably 0.1 to 30, most prefer 
ably 0.1 to 10% by weight of dispersant, 

(0103 iii) 24 to 99, more preferably 50 to 99, most 
preferably 70 to 99% by weight of water. 

0104 Typically the calcium silicate hydrate in the com 
position, preferably aqueous hardening accelerator Suspen 
Sion, is foshagite, hillebrandite, Xonotlite, nekoite, clinoto 
bermorite, 9 A-tobermorite (riversiderite), 11 
A-tobermorite, 14 A-tobermorite (plombierite), jennite, 
metajennite, calcium chondrodite, afwillite, C.-CSH, del 
laite, jaffeite, rosenhahnite, killalaite and/or Suolunite. 
0105 More preferably the calcium silicate hydrate in the 
composition, preferably aqueous hardening accelerator Sus 
pension, is xonotlite, 9 A-tobermorite (riversiderite), 11 
A-tobermorite, 14 A-tobermorite (plombierite), jennite, 
metajennite, afwillite and/or jaffeite. 
0106. In a preferred embodiment, the molar ratio of 
calcium to silicon in the calcium silicate hydrate in the 
composition, preferably aqueous hardening accelerator Sus 
pension, is from 0.6 to 2, preferably from 1.1 to 1.8. 
0107 Preferably the molar ratio of calcium to water in 
the calcium silicate hydrate is from 0.6 to 6, preferably 0.6 
to 2, more preferably 0.8 to 2. Said ranges are similar to 
those found for example in calcium silicate hydrate phases, 
which are formed during the hydration of cement. Advan 
tage is a good acceleration effect for hydraulic binders. 
01.08 Preferably the hardening accelerator suspension 
contains a viscosity enhancer polymer, selected from the 
group of polysaccharide derivatives and/or (co)polymers 
with an average molecular weight M higher than 500,000 
g/mol, more preferably higher than 1,000,000 g/mol the 
(co)polymers containing structural units derived (preferably 
by free radical polymerization) from non-ionic (meth)acry 
lamide monomer derivatives and/or Sulphonic acid mono 
mer derivatives. Preferably the viscosity enhancers are used 
at a dosage from 0.001 to 10 weight-%, more preferably 
0.001 to 1 weight-% with respect to the weight of the 
hardening accelerator Suspension. The Viscosity enhancer 
polymer preferably should be dosed in a way that a plastic 
Viscosity of the hardening accelerator Suspensions higher 
than 80 mPa is is obtained. Details of the viscosity enhancer 
polymers are given in the previous text (in the description of 
the process), which is incorporated here. 
0109. It is particularly advantageous to use the hardening 
accelerators in combination with cements containing a rela 
tively high content of soluble sulphates (from 0.1 to 5 
weight-% with respect to the cement). Such cements are 
commercially available or the water-soluble sulphate salt 
can be added to the cement. Said cement is preferably rich 
in anhydrous aluminate phases. Preferably the water-soluble 
Sulphate is selected from sodium and/or potassium Sulphate. 
Combining the soluble Sulphates and hardening accelerators 
results into a synergetic hardening acceleration effect of 
Cement. 

0110. The composition, preferably hardening accelerator 
Suspension, contains preferably hardening accelerators 
selected from the group of alkanolamines, preferably triiso 
propanolamine and/or tetrahydroxyethyl ethylene diamine 
(THEED). Preferably the alkanolamines are used at a dosage 
from 0.01 to 2.5 weight-% with respect to the weight of 
hydraulic binder, preferably cement. Synergistic effects 
could be found when using amines, especially triisopropa 
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nolamine and tetrahydroxyethyl ethylene diamine, with 
respect to the early strength development of hydraulic binder 
systems, especially cementitious systems. 
0111. The composition, preferably aqueous hardening 
accelerator Suspension, contains preferably setting retarders 
selected from the group of citric acid, tartaric acid, gluconic 
acid, phosphonic acid, amino-trimethylenphosphonic acid, 
ethylendiaminotetra(methylenphosphonic) acid, diethylen 
triaminopenta(methylenphosphonic) acid, in each case 
including the respective salts of the acids, pyrophosphates, 
pentaborates, metaborates and/or Sugars (e.g. glucose, 
molasses). The advantage of the addition of setting retarders 
is that the open-time can be controlled and in particular if 
necessary can be prolonged. Preferably the setting retarders 
are used at a dosage from 0.01 to 0.5 weight-% with respect 
to the weight of hydraulic binder, preferably cement. 
0112 The compositions, preferably aqueous hardening 
accelerator Suspensions can also contain any formulation 
component typically used in the field of construction chemi 
cals, preferably defoamers, air entrainers, retarders, shrink 
age reducers, redispersible powders, other hardening accel 
erators, anti-freezing agents and/or anti-efflorescence 
agents. 
0113. It is possible to partially replace the subject dis 
persants by other dispersants, which are well known as 
water-reducers for hydraulic binders, particularly cement. 
Those dispersants can be selected from the group of poly 
carboxylate ethers (PCEs), lignosulphonates, naphthalene 
Sulphonates, phosphated polycondensation products as 
described in the unpublished patent application according to 
the PCT (PCT/EP2009/061545) and/or melamine formalde 
hyde Sulphonates. 
0114. In a preferred embodiment, the composition is in 
powder form. The powder product can be obtained from the 
aqueous product by for example spray drying or drying in a 
fluid bed dryer. 
0115 Also provided is a method of using a hardening 
accelerator composition obtainable according to any of the 
Subject processes, or of a Subject composition, preferably an 
aqueous hardening accelerator Suspension, in building mate 
rial mixtures containing cement, gypsum, anhydrite, slag, 
preferably ground granulated blast furnace slag, fly ash, 
silica dust, metakaolin, natural poZZolans, calcined oil shale, 

ID Solution 1 Solution 2 

Acc1 51.95 g of 20.83 g of 
CN51 Metso + 

21.74g 
Water 

Acc2 51.74 g of 20.75 g of 38.11 g of 
CN51 Metso + 

21.66 g 
Water 

Acc3 51.46 g of 20.67 g of 
CN51 Metso + 

21.58 g 
Water 
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calcium Sulphoaluminate cement and/or calcium aluminate 
cement, preferably in building material mixtures which 
contain Substantially cement as a hydraulic binder. Gypsum 
comprises in this context all possible calcium Sulphate 
carriers with different amounts of crystal water molecules, 
like for example also calcium Sulphate hemihydrate. 
0116. In an embodiment, building material mixtures are 
concerned, which contain a subject composition, preferably 
an aqueous hardening accelerator Suspension, and cement, 
gypsum, anhydrite, slag, preferably ground granulated blast 
furnace slag, fly ash, silica dust, metakaolin, natural poZZo 
lans, calcined oil shale, calcium Sulpho aluminate cement 
and/or calcium aluminate cement. Preferably the building 
material mixtures contain Substantially cement as a hydrau 
lic binder. The hardening accelerator composition is con 
tained in the building material mixture preferably at a 
dosage of 0.05 weight-% to 5 weight-% with respect to the 
clinker weight. 
0117 For illustration the term building material mixtures 
can mean mixtures in dry or aqueous form and in the 
hardened or plastic State. Dry building material mixtures 
could be for example mixtures of said binders, preferably 
cement and the hardening accelerator compositions (prefer 
ably in powder form). Mixtures in aqueous form, usually in 
the form of slurries, pastes, fresh mortar or fresh concrete are 
produced by the addition of water to the binder component 
(s) and the hardening accelerator composition, they trans 
form then from the plastic to the hardened state. 

EXAMPLES 

Preparation of the Hardening Accelerator 
Compositions 

0118. It is possible to prepare the hardening accelerator 
compositions according to the processes described in 
WO2010/026155, replacing the polycarboxylate ethers by 
the subject dispersants. Here Optima R100, which is a com 
mercial dispersant for cementitious compositions obtainable 
from the company Chryso, was used. Optima R100 is a 29.9 
weight % solution of a polyethylene glycol structure with a 
diphosphonate anchor group. 
0119 Solutions 1, 2 and 3 were prepared according to the 
weight percentages given in Table 1. 

TABLE 1. 

preparation of hardening accelerators 1, 2 and 3 

Total solid 

Mixing Procedure Stirring content 
Solution 3 with feeding rates Temp. rate (rpm) (weight %) 

25.5 g of 1 in 3 at 2 in 3 at 20° C. 400 4.88% 
Optima (R. 41.56 ml/h 38.12 ml/h 
100 + 880 g 

Water 

1 in 3 at 2 in 3 at 20° C. 400 5.25% 

Optima (R) 41.40 ml/h 38 ml/h 
100 + 867.7 g 

Water 

50.6 g of 1 in 3 at 2 in 3 at 20° C. 400 S.63% 
Optima (R. 41.25 ml/h 37.8 ml/h 
100 + 856 g 

Water 
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0120 CN 51 is a 51 weight % calcium nitrate solution, 
Metso is sodium metasilicate pentahydrate powder from PQ 
corporation. Optima R100 was used as a 29.9 weight solu 
tion of the dispersant. 
0121 Solutions 1, 2 and 3 are prepared before starting the 
reaction by dissolving the water-soluble salts and mixing 
Optima R100 in water at room temperature until the com 
plete dissolution. The reaction is started by feeding the 
respective solutions according to the mixing procedure 
indications in table 1 at the given addition rates under 
mechanical stirring. The stirring rate(s) and the temperature 
are controlled during the whole synthesis. After the addition 
of the reactants, the suspension is further mixed for 30 
minutes and afterwards collected and stored. The solid 
content of the Suspension is measured by drying 3 g+/-0.1 
g of the Suspension in a crucible in porcelain 24 hours in an 
oven at 60° C. The solid content is given in the table 1. 

Calorimetric Measurements 

0122) The influence of the hardening accelerators was 
tested on the cement Bernburg 42.5 R by the measurement 
of the heat released in heat flow calorimetrical measure 
ments. The accelerator Suspension was mixed with the 
batching water and the resulting Suspension mixed with 25 
g of the cement. The water to cement (w/c) ratio was set to 
O.5. 

0123. The dosage of the accelerators to be tested is 
expressed as weight percentage of solid content with respect 
to the cement weight. The dosage in weight % of solid 
content was 1.0 weight % for Acc1, 1.10 weight % for Acc 
2 and 1.14 weight % for Acc 3. For each trial, the dosage in 
“actives” is about 0.35 weight % with respect to the cement. 
“Actives' means here the solid content of the samples minus 
the portion of the dispersant Optima R100, in other words 
the inorganic part of the Solids content. 
012.4 FIG. 1: calorimetric Measurements 
0.125. The addition of the subject hardening accelerator as 
described herein accelerates the acceleration period, which 
is defined in H. F. W. Taylor (1997): Cement Chemistry, 2" 
edition, p. 212ff. The comparison example without accel 
erator shows the lower heat development of samples without 
accelerator. The Subject accelerators Accl. Acc2 and Acc 3 
are Superior to the comparison example. Samples of hard 
ening accelerators prepared in the absence of the dispersant 
Optima R100 resulted in basically no accelerating effect in 
calorimetric measurements and also in measurements of 
early strength as respective comparative results in WO2010/ 
026155 Show. 

0126. It will be understood that the embodiments 
described herein are merely exemplary, and that one skilled 
in the art may make variations and modifications without 
departing from the spirit and scope of the claims. Further, all 
embodiments disclosed are not necessarily in the alternative, 
as various embodiments may be combined to provide the 
desired result. 

We claim: 
1. A process for the preparation of a hardening accelerator 

composition comprising reacting a calcium compound with 
a silicon dioxide containing component under alkaline con 
ditions, wherein the reaction is carried out in the presence of 
an aqueous solution of a water-soluble dispersant compris 
ing at least one polyalkyleneglycol structural unit with a 
functional group at one end of the polyalkyleneglycol, said 
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functional group capable of interacting as an anchor group 
with the surface of cement particles. 

2. The process according to claim 1 wherein the calcium 
compound is a calcium salt. 

3. The process according to claim 2 wherein the calcium 
salt is a water-soluble calcium salt. 

4. The process according to claim 1, wherein the molar 
ratio of calcium from the calcium compound to silicon from 
the silicon dioxide containing component is from about 0.6 
to about 2. 

5. The process of claim 4, wherein the molar ratio of 
calcium from the calcium compound to silicon from the 
silicon dioxide containing component is from about 1.1 to 
about 1.8. 

6. The process according to claim 1, wherein the func 
tional group being able to interact as an anchor group with 
the Surface of cement particles comprises carboxylate radi 
cals, phosphate radicals, phosphonate radicals, silane radi 
cals, the silane radicals being able to react with water to a 
silanol compound under alkaline conditions and/or at least 3 
hydroxy radicals. 

7. The process according to claim 6 wherein the at least 
3 hydroxy radicals are derived from a Sugar compound. 

8. The process according to claim 1, wherein the func 
tional group being able to interact as an anchor group with 
the Surface of cement particles comprises at least 5 hydroxy 
radicals, at least 3 carboxylate radicals, at least 2 phospho 
nate radicals or at least 2 silane radicals, the silane radicals 
being able to react with water to a silanol compound under 
alkaline conditions. 

9. The process according to claim 1, wherein the func 
tional group being able to interact as an anchor group with 
the Surface of cement particles contains two phosphonate 
radicals and is represented by the following general structure 
(I), 

R-O-(AO), CH2CH2 N—CH2—PO(OM) (I) 

wherein 
A is the same or different and independently from each 

other an alkylene with two to 18 carbon atoms, option 
ally ethylene and/or propylene, further optionally eth 
ylene, 

n is an integer from 5 to 500, and 
M is H, an alkali metal, /2 earth alkali metal and/or an 

amine, and 
R is H or a saturated or unsaturated hydrocarbon residue. 
10. The process according to claim 9, wherein n is an 

integer from 10 to 200. 
11. The process of claim 10, wherein n is an integer from 

10 to 100. 
12. The process of claim 9, wherein R is a C1 to C15 alkyl 

radical. 
13. The process according to 1, wherein the polyalkyle 

neglycol comprises at least 5 repeating units, and contains 
more than 80 mol-% of ethyleneglycol units, optionally 
more than 90 mol-% of ethyleneglycol units. 

14. The process of claim 13, wherein the polyalkylenegly 
col comprises from 10 repeating units to 500 repeating units. 

15. The process of claim 14, wherein the polyalkylenegly 
col comprises from 10 to 200 repeating units. 

16. The process according to claim 1, wherein at the other 
end of the polyalkyleneglycol structural unit, no group is 
present, which would be substantially able to interact as an 
anchor group with the Surface of cement particles. 
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17. The process according to claim 1, wherein the reaction 
is carried out completely or partially in the presence of an 
aqueous solution containing a viscosity enhancer polymer, 
comprising at least one of polysaccharide derivatives or 
(co)polymers with an average molecular weight M higher 
than 500,000 g/mol, the (co)polymers containing structural 
units derived (optionally by free radical polymerization) 
from non-ionic (meth)acrylamide monomer derivatives and/ 
or Sulphonic acid monomer derivatives. 

18. The process of claim 17, wherein the viscosity 
enhancer polymer comprises polysaccharide derivatives or 
(co)polymers with an average molecular weight M higher 
than 1,000,000 g/mol. 

k k k k k 


