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Mixture comprising glyoxylic acid or condensation or addition products thereof

The present application relates to a mixture comprising at least one compound A selected from
glyoxylic acid, salts thereof, condensation or addition products of glyoxylic acid or salts thereof;
and mixtures thereof, and at least one polyhydroxy compound B and/or salts or esters thereof.
Furthermore, the present application relates to a construction material composition comprising
said mixture, and to the use of said mixture for modifying the hardening of inorganic binder con-
taining building material formulations, and/or for producing building products.

It is known in the art that additives may be added to aqueous slurries or pulverulent inorganic
binders for improving their workability, i.e. kneadability, spreadability, sprayability, pumpability,
or flowability. For example, set control agents or retarders may be used as an additive to delay
the hydration reaction and improve the workability.

DE 42 17 181 A1 discloses condensation products of melamine and glyoxylic acids as additives
for hydraulic binders. WO 2017/212045 A1 discloses bisulfite adducts of glyoxylic acid as addi-
tives for inorganic binders and their use for modification of the hardening of inorganic binder
containing building material formulations and/or for producing building products.

WO 2017/212044 A1 discloses a mixture comprising an a-hydroxy-carboxylic unit, an a-hydro-
xysulfonic acid unit or an a-carbonyl-carboxylic acid unit, and a water-soluble organic car-
bonate, and its use as a hydration control additive.

However, it has been found that the compressive strength of the building products obtained by
using the prior art additives is not sufficient for certain applications. Accordingly, there remains a
need for additives for improving the workability of inorganic binders, wherein the compressive
strength of the building material is increased.

The problem underlying the invention was therefore to provide an additive, which solves the
problems of the prior art. In particular, the additive should enable a sufficient open time (time
until initial setting), a good processability (workability) during said open time, and fast setting of
a construction material composition, while at the same time providing an improved compressive
strength of the hardened building product. In this connection, it was a further object to improve
the early compressive strength (typically measured after 3 hours) as well as the final compres-
sive strength (typically measured after 24 hours).

The problem is solved by a mixture comprising
a) atleast one compound A selected from glyoxylic acid, salts thereof, condensation or
addition products of glyoxylic acid or salts thereof, and mixtures thereof; and
b) atleast one polyhydroxy compound B and/or salts or esters thereof.

In particular, the problem is solved by a construction material composition comprising at least
one inorganic binder and a mixture comprising
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a) atleast one compound A selected from glyoxylic acid, salts thereof, condensation or
addition products of glyoxylic acid or salts thereof, and mixtures thereof; and
b) atleast one polyhydroxy compound B and/or salts or esters thereof, wherein the pol-
yhydroxy compound B is selected from polyalcohols with a carbon to oxygen ratio of
5 from C/O = 1 to C/O < 1.5 and mixtures thereof.

It has surprisingly been found that components a) and b) of the mixture of the invention provide
excellent retarding action if used as an additive in a construction material composition, while at
the same time providing a high compressive strength of the resulting building product. In partic-
10 ular, the early as well as the final compressive strength could be improved in comparison to the

prior art.
The present invention in particular relates to the following embodiments.

15 In one preferred embodiment of the mixture or the construction material composition of the in-
vention, the compound A is selected from

0
H
o
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A2) ox , and

20
A3) an amine-glyoxylic acid condensate selected from the group consisting of a mela-
mine-glyoxylic acid condensate, an urea-glyoxylic acid condensate, a melamine-
urea-glyoxylic acid condensate and a polyacrylamide-glyoxylic acid condensate;
and mixtures thereof;
25 wherein X is in each case independently selected from H or a cation equivalent K,
wherein K is an alkali metal, alkaline earth metal, zinc, iron, aluminium, ammonium, or a
phosphonium cation, and wherein a is 1/n, wherein n is the valence of the cation.

In one preferred embodiment of the mixture or the construction material composition of the in-
30  vention, the polyhydroxy compound B is selected from polyalcohols with a carbon to oxygen ra-
tio of from C/O = 1 to C/O < 1.25, and mixtures thereof.

In one preferred embodiment of the mixture or the construction material composition of the in-
vention, the polyhydroxy compound B is selected from sugar alkohols and their condensation



10

15

20

25

30

35

40

WO 2020/173723 3 PCT/EP2020/053931

products, alkanolamines and their condensation products, carbohydrates, pentaerythritol, trime-
thylolpropane, and mixtures thereof, and is preferably glycerol.

In one preferred embodiment of the mixture or the construction material composition of the in-
vention, the polyhydroxy compound B has a molecular weight of from 62 g/mol to 25000 g/mol,
preferably from 62 g/mol to 10000 g/mol and most preferably from 62 g/mol to 1000 g/mol.

In one preferred embodiment of the mixture or the construction material composition of the in-
vention, the compound(s) A and the compound(s) B are present in a weight ratio of from 10:1 to
1:10, preferably from 1:1 to 1:8.

In one preferred embodiment of the mixture or the construction material composition of the in-
vention, the mixture further comprises
¢) atleast one compound C selected from
(i) a borate source,
(i) a carbonate source, wherein the carbonate source is selected from inorganic car-
bonates and organic carbonates,
and mixtures thereof.

In one preferred embodiment of the mixture or the construction material composition of the in-
vention, the compound C is an inorganic carbonate, which is preferably selected from potas-
sium carbonate, sodium carbonate, lithium carbonate, magnesium carbonate, and mixtures
thereof.

In one preferred embodiment of the mixture or the construction material composition of the in-
vention, the mixture further comprises
d) atleast one compound D, which is selected from
- polycarboxylic acids or salts thereof whose milliequivalent number of carboxyl
groups is 5.00 meg/g or higher, preferably 5.00 to 15.00 meg/g, assuming all the
carboxyl groups to be in unneutralized form;
- phosphonates which comprise two or three phosphonate groups and no carboxyl
groups; and
- o-hydroxy carboxylic acids or salts thereof;
- a polyhydroxy compound with a carbon to oxygen ratio of C/O > 1.5;
- and mixtures thereof.

In one preferred embodiment of the mixture or the construction material composition of the in-
vention, the compound D is a a-hydroxy carboxylic acids or salts thereof, preferably gluconic
acid or a salt thereof.

In one preferred embodiment of the mixture or the construction material composition of the in-
vention, the mixture further comprises
e€) atleast one dispersant, which is selected from
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- comb polymers having a carbon-containing backbone to which are attached pendant
cement-anchoring groups and polyether side chains,

- non-ionic comb polymers having a carbon-containing backbone to which are at-
tached pendant hydrolysable groups and polyether side chains, the hydrolysable
groups upon hydrolysis releasing cement-anchoring groups,

- sulfonated melamine-formaldehyde condensates,

- lignosulfonates,

- sulfonated ketone-formaldehyde condensates,

- sulfonated naphthalene-formaldehyde condensates,

- phosphonate containing dispersants, preferably the phosphonate containing disper-
sants comprise at least one polyalkylene glycol unit,

- cationic (co)polymers, and

- mixtures thereof.

In one preferred embodiment of the construction material composition of the invention, the inor-
ganic binder is a hydraulic binder, which is selected from Portland cement, calcium aluminate
cement, sulfoaluminate cement, and mixtures thereof.

In one preferred embodiment of the construction material composition of the invention, the inor-
ganic binder is a latent hydraulic binder, which is preferably blast furnace slag.

Further, the present invention relates to the use of the mixture of the invention for modifying the
hardening of inorganic binder containing building material formulations, and/or for producing
building products.

The present invention in particular relates to a mixture comprising

a) atleast one compound A selected from an amine-glyoxylic acid condensate se-
lected from the group consisting of a melamine-glyoxylic acid condensate, an urea-
glyoxylic acid condensate, a melamine-urea-glyoxylic acid condensate, a polyacryla-
mide-glyoxylic acid condensate, and mixtures thereof; and

b) atleast one polyhydroxy compound B and/or salts or esters thereof, wherein the pol-
yhydroxy compound B is selected from polyalcohols with a carbon to oxygen ratio of
from C/O = 1 to C/O < 1.5 and mixtures thereof.

Further preferred embodiments of the invention, which are preferred alone as well as in combi-
nation, are described hereinafter. The preferred embodiments in each case refer to the mixture
as well as the construction material composition of the invention, as the mixture is part of the
construction material composition.

Component a) is at least one compound A selected from glyoxylic acid or salts thereof, conden-
sation or addition products of glyoxylic acid or salts thereof, and mixtures thereof.

Glyoxylic acid has the following structure:
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O

OH
O

As used herein, salts of glyoxylic acid include the alkali, alkaline earth, zinc, iron, aluminium,
ammonium, and phosphonium salts of glyoxylic acid. As used herein, addition products of gly-
oxylic acid or salts thereof refer to products, which are obtainable by reacting a nucleophilic
compound with the a-carbonyl group of glyoxylic acid, so as to obtain a-substituted a-hydroxy-
acetic acid or a salt thereof as an adduct. As used herein, condensation products of glyoxylic
acid or salts thereof refer to condensation products obtainable by reacting a compound contain-
ing at least one amino or amido group with the a-carbonyl group of glyoxylic acid, such that wa-
ter is set free. Examples of compounds containing at least one amino or amido group include
urea, thiourea, melamine, guanidine, acetoguanamine, benzoguanamine and other acyl-guana-
mines, polyvinylamine and polyacrylamide.

In one embodiment, compound A is glyoxylic acid or a salt thereof. Preferably, compound A is a
compound A1 of the following formula:

0O

H

OX

O

wherein X is selected from H or a cation equivalent K,, wherein K is an alkali metal, alkaline
earth metal, zinc, iron, aluminium, ammonium, or a phosphonium cation, and wherein a is 1/n,
wherein n is the valence of the cation. More preferably, X is H or K,, wherein K is an alkali
metal. Even more preferably K is lithium, sodium or potassium. It is to be understood that also
mixed salts are possible. In a particularly preferred embodiment X is sodium or potassium or a
mixture thereof.

In another embodiment, compound A is an addition product of glyoxylic acid or a salt thereof.
Preferably, compound A is a compound A2 of the following formula:
o]
HO,
oxX

NS
OX

wherein X is in each case independently selected from H or a cation equivalent K, wherein K is
an alkali metal, alkaline earth metal, zinc, iron, aluminium, ammonium, or a phosphonium cat-
ion, and wherein a is 1/n, wherein n is the valence of the cation. More preferably, X is H or Ka,
wherein K is an alkali metal. Even more preferably K is lithium, sodium or potassium. Itis to be
understood that also mixed salts are possible. In a particularly preferred embodiment X is inde-
pendently sodium or potassium or a mixture thereof.
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In yet another embodiment, compound A is a condensation product of glyoxylic acid or a salt
thereof. Preferably, compound A is a compound A3 selected from the group consisting of a mel-
amine-glyoxylic acid condensate, an urea-glyoxylic acid condensate, a melamine-urea-glyoxylic
acid condensate and a polyacrylamide-glyoxylic acid condensate. Preferably, the amine-glyox-
ylic acid condensate is an urea-glyoxylic acid condensate.

The amine-glyoxylic acid condensates are obtainable by reacting glyoxylic acid with a com-
pound containing aldehyde-reactive amino or amido groups. The glyoxylic acid can be used as
an aqueous solution or as glyoxylic acid salts, preferably glyoxylic acid alkaline metal salts.
Likewise, the amine compound can be used as salt, for example as guanidinium salts. In gen-
eral, the amine compound and the glyoxylic acid are reacted in a molar ratio of 0.5 to 2 equiva-
lents, preferably 1 to 1.3 equivalents, of glyoxylic acid per aldehyde-reactive amino or amido
group. The reaction is carried out at a temperature of 0 to 120 °C, preferably 25 to 105 °C, most
preferably 50 to 105 °C. The pH value is preferably from 0 to 8. The viscous products obtained
in the reaction can be used as such, adjusted to a desired solids content by dilution or concen-
tration or evaporated to dryness by, e.g., spray-drying, drum-drying, or flash-drying.

In general, the amine-glyoxylic acid condensates have molecular weights in the range of from
500 to 25000 g/mol, preferably 1000 to 10000 g/mol, particularly preferred 1000 to 5000 g/mol.
The molecular weight is measured by the gel permeation chromatography method (GPC) as in-

dicated in detail in the experimental part.

Thus, in one embodiment, the compound A is selected from

O
Hm)k
OX
O
o)

A1) ,
HO
OX
9,4 %e
A2) ox , and

A3) an amine-glyoxylic acid condensate selected from the group consisting of a mela-
mine-glyoxylic acid condensate, an urea-glyoxylic acid condensate, a melamine-
urea-glyoxylic acid condensate and a polyacrylamide-glyoxylic acid condensate;

and mixtures thereof;
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wherein X is in each case independently selected from H or a cation equivalent K,
wherein K is an alkali metal, alkaline earth metal, zinc, iron, aluminium, ammonium, or a
phosphonium cation, and wherein a is 1/n, wherein n is the valence of the cation.

In a preferred embodiment, the compound A is selected from

O
H
Yo
O
O

A1) ,
HO
OX
a’;’i%o
A2) ox , and

A3) an urea-glyoxylic acid condensate;

and mixtures thereof;

wherein X is in each case independently selected from H or a cation equivalent K,
wherein K is an alkali metal, alkaline earth metal, zinc, iron, aluminium, ammonium, or a
phosphonium cation, and wherein ais 1/n, wherein n is the valence of the cation,

and wherein preferably X is in each case independently selected from H and alkali metals,
in particular from sodium, potassium, and mixtures thereof.

Component b) is at least one polyhydroxy compound B and/or salts or esters thereof. The poly-
hydroxy compound B is defined hereinafter. The preferred embodiments are relevant alone as
well as in combination.

As used herein, the term polyhydroxy compound refers to an organic compound comprising at
least two, preferably at least three hydroxy groups. The carbon chain of the compound may be
linear or cyclic. Preferably the polyhydroxy compound only comprises carbon, oxygen, hydro-
gen, and optionally nitrogen atoms. In a preferred embodiment, the polyhydroxy compound ac-
cording to the invention does not comprise a carboxy group C(=0)O as functional group. In par-
ticular, the polyhydroxy compound does not comprise a carboxylic acid group C(=O)OH has
functional group.

In a preferred embodiment, the polyhydroxy compound B is selected from polyalcohols with a
carbon to oxygen ratio of from C/O = 1 to C/O < 1.5, more preferably from C/O =2 1 to C/O <
1.25, and mixtures thereof.
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In another preferred embodiment, the polyhydroxy compound B has a molecular weight of from
62 g/mol to 25000 g/mol, preferably from 62 g/mol to 10000 g/mol and most preferably from 62
g/mol to 1000 g/mol.

In another preferred embodiment, the polyhydroxy compound B is selected from sugar alcohols
and their condensation products, carbohydrates, pentaerythritol, trimethylolpropane, and mix-
ture thereof.

As used herein, sugar alcohols preferably include sugar alcohols based on Cs-C+2-sugar mole-
cules. Preferred sugar alcohols include glycerol, threitol, erythritol, xylitol, sorbitol, inositol, man-
nitol, maltitol, and lactitol. A particularly preferred sugar alcohol is glycerol having the following
formula:

OH

As used herein, the term carbohydrate refers to sugars, starch, and cellulose. Preferably, the
term carbohydrate is intended to refer to sugars, i.e. mono- and disaccharides. Preferred carbo-
hydrates according to the invention include glucose, fructose, sucrose, and lactose.

In a more preferred embodiment of the invention, the polyhydroxy compound B is selected from
glycerol, threitol, erythritol, xylitol, sorbitol, inositol, mannitol, maltitol, lactitol, pentaerythritol, tri-
methylolpropane, and mixture thereof. In a particularly preferred embodiment, the polyhydroxy
compound B is glycerol.

As indicated above, the polyhydroxy compound B may also be used in the form of the salt or es-
ter thereof.

Suitable salts include metal salts such as alkali metal, alkaline earth metal, zinc, aluminium and
iron salts, ammonium salts, and phosphonium salts. Preferred are metal salts, in particular alkali
or earth alkali metal salts. Especially preferred are calcium salts.

Suitable esters include saturated or unsaturated C4-Czo-carboxylic acid esters, preferably Co-
Cio-carboxylic acid esters, such as acetic acid esters. The carboxylic acid moiety may be un-
substituted or substituted by one or more substituents selected from halogen, OH, and =O.

Thus, in a particularly preferred embodiment of the invention, the mixture comprises
as component a)
a compound A selected from

0O

H
OX

A1) O ,
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HO
OX

S
a’//"}%s
A2) 0% , and

A3) an urea-glyoxylic acid condensate;
and mixtures thereof;
wherein X is in each case independently selected from H or a cation equivalent K,
wherein K is an alkali metal, alkaline earth metal, zinc, iron, aluminium ammonium, or a
phosphonium cation, and wherein a is 1/n, wherein n is the valence of the cation,
and wherein preferably X is in each case independently selected from H and alkali metals,
in particular from sodium, potassium, and mixtures thereof.

and as component b)

glycerol.

In a preferred embodiment, the mixture of the invention comprises the compound(s) A and the
compound(s) B as defined in detail above in a weight ratio of from 10:1 to 1:10, preferably from
1:1 to 1:8. In other words, the weight ratio of component a) to component b) is in general in the
range of from 10:1 to 1:10, preferably from 1:1 to 1:8.

In further embodiments of the invention, the mixture comprises additional components as de-
scribed hereinafter. It is to be understood that each additional component may be present as
the sole additional component or in combination with other additional components as defined
herein.

In one embodiment, the mixture of the invention further comprises
¢) atleast one compound C selected from
(i) a borate source,
(i) a carbonate source, wherein the carbonate source is selected from inorganic car-
bonates and organic carbonates,
and mixtures thereof.

The borate source usually comprises a rapidly soluble, inexpensive, borate compound. Suitable
borate sources include borax, boric acid, and sodium tetraborate.

The carbonate source may be an inorganic carbonate having an aqueous solubility of 0.1 gL' or
more. The aqueous solubility of the inorganic carbonate is determined in water (starting at pH 7)
at 25 °C. These characteristics are well known to those skilled in the art. The inorganic car-
bonate may be selected from alkaline metal carbonates such as potassium carbonate, sodium
carbonate or lithium carbonate, and alkaline earth metal carbonates satisfying the required
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aqueous solubility, such as magnesium carbonate. It is also possible to use guanidine car-
bonate as an inorganic carbonate, as well as sodium hydrogencarbonate and potassium hy-
drogencarbonate.

Alternatively, the carbonate source is selected from organic carbonates. "Organic carbonate”
denotes an ester of carbonic acid. The organic carbonate is hydrolyzed in the presence of the
cementitious system to release carbonate ions. In an embodiment, the organic carbonate is se-
lected from ethylene carbonate, propylene carbonate, glycerol carbonate, dimethyl carbonate,
di(hydroxyethyl)carbonate or a mixture thereof, preferably ethylene carbonate, propylene car-
bonate, and glycerol carbonate or a mixture thereof, and in particular ethylene carbonate and/or
propylene carbonate. Mixtures of inorganic carbonates and organic carbonates can as well be
used.

In a preferred embodiment, the compound C is an inorganic carbonate, which is preferably se-
lected from potassium carbonate, sodium carbonate, lithium carbonate, magnesium carbonate,
and mixtures thereof.

The weight ratio of component a) to component ¢) is in general in the range from about 10:1 to
about 1:100, preferably about 5:1 to about 1:50 or about 1:1 to about 1:30.

In one embodiment, the mixture of the invention further comprises

d) atleast one compound D, which is selected from

- polycarboxylic acids or salts thereof whose milliequivalent number of carboxyl
groups is 5.00 meg/g or higher, preferably 5.00 to 15.00 meg/g, assuming all the
carboxyl groups to be in unneutralized form;

- phosphonates which comprise two or three phosphonate groups and no carboxyl
groups; and

- o-hydroxy carboxylic acids or salts thereof;

- a polyhydroxy compound with a carbon to oxygen ratio of C/O > 1.5;

- and mixtures thereof.

Suitable polycarboxylic acids are low molecular weight polycarboxylic acids (having a molecular
weight of, e.g., 500 or lower), in particular aliphatic polycarboxylic acids, such as oxalic acid,
malonic acid, succinic acid, glutaric acid, adipic acid, pimelic acid, fumaric acid, maleic acid, ita-
conic acid, citraconic acid, mesaconic acid, and malic acid.

Phosphonoalkylcarboxylic acids, such as 1-phosphonobutane-1,2,4-tricarboxylic acid, 2-phos-
phonobutane-1,2,4-tricarboxylic acid, 3-phosphonobutane-1,2,4-tricarboxylic acid, 4-phospho-
nobutane-1,2,4-tricarboxylic acid, 2,4-diphosphonobutane-1,2,4-tricarboxylic acid, 2-phospho-
nobutane-1,2,3,4-tetracarboxylic acid, 1-methyl-2-phosphonopentane-1,2,4-tricarboxylic acid, or
1,2-phosphonoethane-2-dicarboxylic acid; amino carboxylic acids, such as ethylenediamine
tetra acetic acid, or nitrilotriacetic acid; polymeric carboxylic acids, such as homopolymers of
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acrylic acid, homopolymers of methacrylic acid, polymaleic acid, copolymers such as eth-
ylene/acrylic acid copolymer and ethylene/methacrylic acid copolymer.

In general, the molecular weight of the polymeric carboxylic acids is in the range of from 1000 to
30000 g/mol, preferably 1000 to 10 000 g/mol. The molecular weight is measured by the gel
permeation chromatography method (GPC) as indicated in detail in the experimental part.

Phosphonates, which comprise two or three phosphonate groups and no carboxyl groups are
preferably 1-hydroxyethylidene-1,1-diphosphonic acid (HEDP), amino-tris(methylenephosphonic
acid) (ATMP) or [[(2-hydroxyethylimino]bis(methylene)]bisphosphonic acid and mixtures
thereof. The respective chemical formulae of the preferred di- or triphosphonates are given in
the following:

I ?Hﬁ
HO“T“?WT“OH
OH CH30H

OH (ATMP)

[[(2-hydroxyethyl)imino]bis(methylene)]bisphosphonic acid

The phosphonates are retarders for cementitious systems and have the advantage that they are
efficient in prolonging the open time.

Suitable a-hydroxy carboxylic acids or salts thereof include tartaric acid, citric acid, glycolic acid,
gluconic acid, and their salts and mixtures thereof. Sodium gluconate is particularly preferred.

In a preferred embodiment, the compound D is a a-hydroxy carboxylic acids or salts thereof,
preferably gluconic acid or a salt thereof. Sodium gluconate is particularly preferred.

Suitable polyhydroxy compounds with a carbon to oxygen ratio of C/O > 1.5 include diethanola-
mine, methyl diethanolamine, butyl diethanolamine, monoisopropanolamine, diisopropanola-
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mine, methyl diisopropanolamine, triethanolamine, tetrahydroxypropylethylenediamine, trime-
thylaminoethylethanolamine, N,N-bis(2-hydroxyethyl)isopropanolamine, N,N,N'-trimethylami-
noethylethanolamine, and N,N,N’,N’-tetrakis(2-hydroxypropyl)ethylenediamine and polyvinylal-
cohol and condensation products thereof.

The weight ratio of component a) to component d) is in general in the range from about 10:1 to
about 1:10, preferably about 5:1 to about 1:5 or about 3:1 to about 1:1.

In one embodiment, the mixture of the invention further comprises

e€) atleast one dispersant, which is selected from

- comb polymers having a carbon-containing backbone to which are attached pendant
cement-anchoring groups and polyether side chains,

- non-ionic comb polymers having a carbon-containing backbone to which are at-
tached pendant hydrolysable groups and polyether side chains, the hydrolysable
groups upon hydrolysis releasing cement-anchoring groups,

- sulfonated melamine-formaldehyde condensates,

- lignosulfonates,

- sulfonated ketone-formaldehyde condensates,

- sulfonated naphthalene-formaldehyde condensates,

- phosphonate containing dispersants, preferably the phosphonate containing disper-
sants comprise at least one polyalkylene glycol unit,

- cationic (co)polymers, and

- mixtures thereof.

In an embodiment, the dispersant is a comb polymer having a carbon-containing backbone to
which are attached pendant cement-anchoring groups and polyether side chains. The cement-
anchoring groups are anionic and/or anionogenic groups such as carboxylic groups, phosphonic
or phosphoric acid groups or their anions. Anionogenic groups are the acid groups present in
the polymeric dispersant, which can be transformed to the respective anionic group under alka-
line conditions.

Preferably, the structural unit comprising anionic and/or anionogenic groups is one of the gen-
eral formulae (1a), (Ib), (Ic) and/or (1d):

H C=0
X

|
R2

-

la
wherein
R' is H, C4-C4 alkyl, CH2COOH or CH,CO-X-R3, preferably H or methyl;
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X is NH-(CnH2n) or O-(ChH2n) withn = 1, 2, 3 or 4, or a chemical bond, the nitrogen atom or
the oxygen atom being bonded to the CO group;

R2 is POsM; or O-POsMy; or, if X is not present, RZ is OM;

R3  is PO3M,, or O-PO3M3;

5
R
(c—¢
4
H (C,H,))—R
b
wherein
R3 is H or C4-C4 alkyl, preferably H or methyl;
10 n is0,1,2, 3 o0r4;
R4  is POsMy, or O-PO3sMy;
H R

15 Ic
wherein
R is H or C4-C4 alkyl, preferably H;
Z is O or NR7;
R7 is H, (ChH21)-OH, (CrhH2n)-PO3sMz, (CrH2n)-OPO3M2, (CsHa)-POsM2, or (CsH4)-OPO:M2, and
20 n is1,2,3o0r4;

wherein
25 R& is Hor C4-C4 alkyl, preferably H;
Q is NR” or O;
R?” is H, (CiH2n)-OH, (CnH2n)-PO3M3, (ChH2n)-OPO3M2, (CsHa)-PO3My, or (CeHa)-OPO3My,
n is1,2,30r4; and
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where each M independently is H or a cation equivalent.

Preferably, the structural unit comprising a polyether side chain is one of the general formulae
(l1a), (1ib), (lic) and/or (l1d):

10 511
R

{2
R C H,—Z—E-G-{AO}R"
lla
wherein
R19, R" and R'2 independently of one another are H or C-C4 alkyl, preferably H or methyl;
Z is OorS;
E is C,-Cs alkylene, cyclohexylene, CH2-CsHyo, 1,2-phenylene, 1,3-phenylene or 1,4-phe-
nylene;
G is O, NH or CO-NH; or
E and G together are a chemical bond;
A is C,-Cs alkylene or CH;CH(CsHs), preferably C,-Cs alkylene;
n is0,1,2,3,4 or5;
a is an integer from 2 to 350, preferably 10 to 150, more preferably 20 to 100;
R is H, an unbranched or branched C+-C4 alkyl group, CO-NH; or COCHj;

lIb
wherein
R, R'7 and R'8 independently of one another are H or C4-C4 alkyl, preferably H;
E is C,-Cs alkylene, cyclohexylene, CH,-CsH1o, 1,2-phenylene, 1,3-phenylene, or 1,4-phe-
nylene, or is a chemical bond;
A is C,-Cs alkylene or CH;CH(CsHs), preferably C,-Cs alkylene;
n is 0,1, 2, 3, 4 and/or 5;
L is C,-Cs alkylene or CH;CH(CsHs), preferably C,-Cs alkylene;
a is an integer from 2 to 350, preferably 10 to 150, more preferably 20 to 100;
d is an integer from 1 to 350, preferably 10 to 150, more preferably 20 to 100;
R1® is H or C4-C4 alkyl;
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R20 is H or C4-C4 alkyl; and
n is0,1,2,3,4 or5;

llc

wherein
R21, R and R2 independently are H or C4-C4 alkyl, preferably H;
W is O, NR2%, oris N;
\YJ is1if W=0orNR2? andis 2 if W=N;
A is C,-Cs alkylene or CH;CH(CsHs), preferably C,-Cs alkylene;
a is an integer from 2 to 350, preferably 10 to 150, more preferably 20 to 100;
R2* is H or C¢-C4 alkyl;
R25 is H or C-C4 alkyl;

wherein
R6 is H or C4-C4 alkyl, preferably H;
Q is NR', N or O;
\YJ is1Tif W=0orNR"andis2ifW=N;
R is H or C-C4 alkyl;
A is C,-Cs alkylene or CH,CH(CsHs), preferably C,-Cs; alkylene; and
a is an integer from 2 to 350, preferably 10 to 150, more preferably 20 to 100.

The molar ratio of structural units (1) to structural units () varies from 1/3 to about 10/1, prefera-

bly 1/1 to 10/1, more preferably 3/1 to 6/1. The polymeric dispersants comprising structural units
() and (Il) can be prepared by conventional methods, for example by free radical polymeriza-
tion. The preparation of the dispersants is, for example, described in EP0894811, EP 1851256,
EP2463314, and EP0753488.
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More preferably, the dispersant is selected from the group of polycarboxylate ethers (PCESs). In
PCEs, the anionic groups are carboxylic groups and/or carboxylate groups. The PCE is prefera-
bly obtainable by radical copolymerization of a polyether macromonomer and a monomer com-
prising anionic and/or anionogenic groups. Preferably, at least 45 mol-%, preferably at least
80 mol-% of all structural units constituting the copolymer are structural units of the polyether
macromonomer or the monomer comprising anionic and/or anionogenic groups.

A further class of suitable comb polymers having a carbon-containing backbone to which are at-
tached pendant cement-anchoring groups and polyether side chains comprise structural units

(1) and (IV):
TB%AO—/}—R%

[
wherein
T is phenyl, naphthyl or heteroaryl having 5 to 10 ring atoms, of which 1 or 2 atoms are het-
eroatoms selected from N, O and S;
is1or2;
is N, NH or O, with the proviso thatnis 2ifBis Nandnis 1if Bis NH or O;
is an C,-Cs alkylene or CH2CH(CsHs);
is an integer from 1 to 300;

® > @ >

R25 is H, C4-C+o alkyl, Cs-Cs cycloalkyl, aryl, or heteroaryl having 5 to 10 ring atoms, of which 1
or 2 atoms are heteroatoms selected from N, O and S;

where the structural unit (IV) is selected from the structural units (IVa) and (IvVb):

] O
?ME‘E—%AO—};%W{JM}

oM

IVa
wherein
D is phenyl, naphthyl or heteroaryl having 5 to 10 ring atoms, of which 1 or 2 atoms are het-
eroatoms selected from N, O and S;
is N, NH or O, with the proviso thatmis 2ifEis Nand mis 1if Eis NH or O;
is C2-Cs alkylene or CH2CH(CgHs);
is an integer from 0 to 300;

=2 T > m

independently is H or a cation equivalent;
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Vb
wherein
V is phenyl or naphthyl and is optionally substituted by 1 to 4 radicals, preferably two radi-
cals selected from Rg, OH, ORS, (CO)Rg, COOM, COOR8, SOzR8 and NOy;
R7” is COOM, OCH,COOM, SOsM or OPO3My;
M is H or a cation equivalent; and
R® is C4-C4 alkyl, phenyl, naphthyl, phenyl-C+-C4 alkyl or C4+-C4 alkylphenyl.

Polymers comprising structural units (Ill) and (IV) products are obtainable by polycondensation
of an aromatic or heteroaromatic compound having a polyoxyalkylene group attached to the ar-
omatic or heteroaromatic core, an aromatic compound having a carboxylic, sulfonic or phos-
phate moiety, and an aldehyde compound such as formaldehyde.

In an embodiment, the dispersant is a non-ionic comb polymer having a carbon-containing
backbone to which are attached pendant hydrolysable groups and polyether side chains, the hy-
drolysable groups upon hydrolysis releasing cement-anchoring groups. Conveniently, the struc-
tural unit comprising a polyether side chain is one of the general formulae (lla), (lIb), (llc) and/or
(Ild) discussed above. The structural unit having pendant hydrolysable groups is preferably de-
rived from acrylic acid ester monomers, more preferably hydroxyalkyl acrylic monoesters and/or
hydroxyalkyl diesters, most preferably hydroxypropyl acrylate and/or hydroxyethyl acrylate. The
ester functionality will hydrolyze to acid groups upon exposure to water, and the resulting acid
functional groups will then form complexes with the cement component.

Suitable sulfonated melamine-formaldehyde condensates are of the kind frequently used as
plasticizers for hydraulic binders (also referred to as MFS resins). Sulfonated melamine-formal-
dehyde condensates and their preparation are described in, for example, CA 2 172 004 A1, DE
4411797 A1, US 4,430,469, US 6,555,683 and CH 686 186 and also in Ullmann's Encyclope-
dia of Industrial Chemistry, 5th Ed., vol. A2, page 131, and Concrete Admixtures Handbook -
Properties, Science and Technology, 2. Ed., pages 411, 412. Preferred sulfonated melamine-
sulfonate-formaldehyde condensates encompass (greatly simplified and idealized) units of the
formula
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—:CH;NHT//NTTNH—CH;O:—
Na N
Y

ITIH
CH

| 2
— SO, Na* -

in which n stands generally for 10 to 300. The molar weight is situated preferably in the range
from 2500 to 80 000. Additionally to the sulfonated melamine units it is possible for other mono-
mers to be incorporated by condensation. Particularly suitable is urea. Moreover, further aro-
matic units as well may be incorporated by condensation, such as gallic acid, aminobenzenesul-
fonic acid, sulfanilic acid, phenolsulfonic acid, aniline, ammoniobenzoic acid, dialkoxybenzene-
sulfonic acid, dialkoxybenzoic acid, pyridine, pyridinemonosulfonic acid, pyridinedisulfonic acid,
pyridinecarboxylic acid and pyridinedicarboxylic acid. An example of melaminesulfonate-formal-
dehyde condensates are the Melment® products distributed by BASF Construction Solutions
GmbH.

Suitable lignosulfonates are products which are obtained as by-products in the paper industry.
They are described in Ulimann's Encyclopedia of Industrial Chemistry, 5th Ed., vol. A8, pages
586, 587. They include units of the highly simplified and idealizing formula

H2C|)OH H2C|)OH
_o@CH—CH—O@?H—CH—O C|)H—CH2—C|>H—SO3H
(|) SO,H OH
Lignin OCH,
?O?,H
HO CH-CH-CH,OH
OCH,
H2C|>OH
HO C|>H—CH OH
SO,H
OCH, OCH,

where n stands generally for 5 to 500. Lignosulfonates have molar weights of between 2000
and 100 000 g/mol. In general, they are present in the form of their sodium, calcium and/or
magnesium salts. Examples of suitable lignosulfonates are the Borresperse products distributed
by Borregaard LignoTech, Norway.

Suitable sulfonated ketone-formaldehyde condensates are products incorporating a mono-
ketone or diketone as ketone component, preferably acetone, butanone, pentanone, hexanone
or cyclohexanone. Condensates of this kind are known and are described in WO 2009/103579,
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for example. Sulfonated acetone-formaldehyde condensates are preferred. They generally com-
prise units of the formula (according to J. Plank et al., J. Appl. Poly. Sci. 2009, 2018-2024:

m n
0 0
OH MO;S

where m and n are generally each 10 to 250, M is an alkali metal ion, such as Na+, and the ratio
m:n is in general in the range from about 3:1 to about 1 :3, more particularly about 1 .2:1to 1 :1
.2. Furthermore, it is also possible for other aromatic units to be incorporated by condensation,
such as gallic acid, aminobenzenesulfonic acid, sulfanilic acid, phenolsulfonic acid, aniline, am-
moniobenzoic acid, dialkoxybenzenesulfonic acid, dialkoxybenzoic acid, pyridine, pyridinemono-
sulfonic acid, pyridinedisulfonic acid, pyridinecarboxylic acid and pyridinedicarboxylic acid. Ex-
amples of suitable acetone-formaldehyde condensates are the Melcret K1L products distributed
by BASF Construction Solutions GmbH.

Suitable sulfonated naphthalene-formaldehyde condensates are products obtained by sulfona-
tion of naphthalene and subsequent polycondensation with formaldehyde. They are described
in references including Concrete Admixtures Handbook - Properties, Science and Technology,
2. Ed., pages 411 -413 and in Ullmann's Encyclopedia of Industrial Chemistry, 5th Ed., vol. A8,
pages 587, 588. They comprise units of the formula

SOzNa

Typically, molar weights (Mw) of between 1000 and 50 000 g/mol are obtained. Furthermore, it
is also possible for other aromatic units to be incorporated by condensation, such as gallic acid,
aminobenzenesulfonic acid, sulfanilic acid, phenolsulfonic acid, aniline, ammoniobenzoic acid,
dialkoxybenzenesulfonic acid, dialkoxybenzoic acid, pyridine, pyridinemonosulfonic acid, pyri-
dinedisulfonic acid, pyridinecarboxylic acid and pyridinedicarboxylic acid. Examples of suitable
B-naphthalene-formaldehyde condensates are the Melcret 500 L products distributed by BASF
Construction Solutions GmbH.

Generally, phosphonate containing dispersants incorporate phosphonate groups and polyether
side groups.

Suitable phosphonate containing dispersants are those according to the following formula
R-(OA)n-N-[CH2-PO(OM2)2]2



WO 2020/173723

wherein

20
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R is H or a hydrocarbon residue, preferably a C4-C1s alkyl radical,
A is independently C,-C+s alkylene, preferably ethylene and/or propylene, most preferably

ethylene,

5 n is an integer from 5 to 500, preferably 10 to 200, most preferably 10 to 100, and
M is H, an alkali metal, 1/2 earth alkali metal and/or an amine.

Useful as dispersant are also cationic (co)polymers. The cationic (co)polymers comprise prefer-

ably
10

a) 3to 100 mol-%, preferably 10 to 90 mol %, more preferably 25 to 75 mol % of a cati-

onic structural unit of formula (V)

—CH2—(|3R1—

(CH2),

(CO) m

Y

V

R* (X)

wherein

(V)

R' in each occurrence is the same or different and represents hydrogen and/or

15 methyl,

R2  in each occurrence is the same or different and is selected from the group

consisting of:

Z——

wherein

X)m)

, and/or
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R3, R4 and R®% in each occurrence are the same or different and each independently
represent hydrogen, an aliphatic hydrocarbon moiety having 1 to 20 carbon
atoms, a cycloaliphatic hydrocarbon moiety having 5 to 8 carbon atoms, aryl
having 6 to 14 carbon atoms and/or a polyethylene glycol (PEG) moiety,

5 in each occurrence is the same or different and represents an integer from 0
to 2,
m in each occurrence is the same or different and represents 0 or 1,
n in each occurrence is the same or different and represents an integer from 0
to 10,
10 Y in each occurrence is the same or different and represents an absent group,

oxygen, NH and/or NRS3,
V in each occurrence is the same or different and represents -(CH2)x-,

: , and/or : , wherein

X in each occurrence is the same or different and represents an integer from 0
15 to 6, and
(X)) in each occurrence is the same or different and represents a halogenide ion, a
Ci.s-alkyl sulfate, a Cy-s-alkyl sulfonate, a Cs.14-(alk)aryl sulfonate and/or a mo-
novalent equivalent of a polyvalent anion, which is selected from a sulfate, a
disulfate, a phosphate, a diphosphate, a triphosphate and/or a polyphosphate.
20
Preferably the cationic (co)polymers comprises

b) from 0 to 97 mol-%, preferably 10 to 90 mol %, more preferably 25 to 75 mol %, of a macro-
monomeric structural unit of formula (V1)

—CH2—(|3R1—

(CH2),

(CO) m

J( (V1)

|

\

Lo
25 wherein

R8 in each occurrence is the same or different and represents a polyoxyalkylene
group of the following formula (VII)

Rs
o) R3
-7 O
)
Ry (VI

wherein
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o] in each occurrence is the same or different and represents an integer from 1
to 300, and
R', R3,I,m,Y,V, and x have the meanings given above,

provided that, in both structural units (V) and (VI), Y represents an absent group when x
is =0.

Preferably in the cationic (co)polymer the monomer components corresponding to the structural
unit (V) are selected from quaternized N-vinylimidazole, quaternized N-allylimidazole, quater-
nized 4-vinylpyridine, quaternized 1-[2-(acryloyloxy)ethyl]-1H-imidazole, 1-[2-(methacrylo-
yloxy)ethyl]-1H-imidazole, and mixtures thereof.

Preferably in the cationic (co)polymer the monomer components corresponding to the structural
unit (V1) are selected from vinyl ethers, vinyloxy Cis-alkyl ethers, in particular vinyloxy butyl
ethers, allyl ethers, methallyl ethers, 3-butenyl ethers, isoprenyl ethers, acrylic esters, meth-
acrylic esters, acrylamides, methacrylamides, and mixtures thereof.

In the cationic (co)polymer o is preferably from 5 to 300, more preferably 10 to 200, and in par-
ticular 20 to 100.

In the cationic (co)polymer the oxyalkylene units of the polyoxyalkylene group of formula (VII)
are preferably selected from ethylene oxide groups and/or propylene oxide groups, which are
arranged randomly, alternatingly, graduatedly and/or blockwise within the polyoxyalkylene

group.

The cationic (co)polymer is preferably characterized in that the polyoxyalkylene group of for-
mula (VII) is a mixture with different values for o within the specified definition.

Preferable is the cationic (co)polymer comprising 10 to 90 mol-% of the cationic structural unit
and 90 to 10 mol-% of the macromonomeric structural unit, preferably 25 to 75 mol-% of the cat-
ionic structural unit and 75 to 25 mol-% of the macromonomeric structural unit.

Preferably, the cationic (co)polymer has a molecular weight in the range of from 1000 to
500000, more preferably 2000 to 150000 and in particular 4000 to 100000 g/mol. Preferably,
the molecular weight is determined by the gel permeation chromatography method (GPC) as
indicated in the experimental part.

The cationic (co)polymers are particularly useful for dispersing agqueous suspensions of binders
selected from the group comprising hydraulic binders and/or latent hydraulic binders. The latent
hydraulic binder is preferably blast furnace slag.

The mixture according to the invention can be present as a solution or dispersion, in particular
an aqueous solution or dispersion. The solution or dispersion suitably has a solids content of 10
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to 50 % by weight, in particular 25 to 35 % by weight. Alternatively, the mixture according to the
invention can be present as a powder which is obtainable, e.g., by drum-drying, spray drying or
flash-drying. The mixture according to the invention may be introduced into the mixing water or
introduced during the mixing of the mortar or concrete. The dosage of the mixture of the inven-
tion in weight % of inorganic binder is preferably from 0.05 to 5 %.

The present invention also relates to a construction material composition comprising at least
one inorganic binder and the mixture according to the invention. In a preferred embodiment, the
construction material composition comprises the mixture according to the invention in an
amount of from 0.05 to 5 % by weight of the inorganic binder.

The inorganic binder may be a hydraulic binder, a latent hydraulic binder, a calcium sulfate
based binder, or a mixture thereof.

Suitable hydraulic binders include Portland cement, calcium aluminate cement, sulfoaluminate
cement, and mixtures thereof.

The mineralogical phases are indicated by their usual name followed by their cement notation.
The primary compounds are represented in the cement notation by the oxide varieties: C for
Ca0, S for SiO,, A for Al,O3, $ for SOs, H for H,0; this notation is used throughout.

The term "Portland cement" denotes any cement compound containing Portland clinker, espe-
cially CEM I, II, I, IV and V within the meaning of standard EN 197-1, paragraph 5.2. A pre-
ferred cement is ordinary Portland cement (OPC) according to DIN EN 197-1 which may either
contain calcium sulfate (< 7% by weight) or is essentially free of calcium sulfate (<1% by
weight).

Calcium aluminate cement (also referred to as high aluminate cement) means a cement con-
taining calcium aluminate phases. The term "aluminate phase" denotes any mineralogical phase
resulting from the combination of aluminate (of chemical formula Al,O3, or "A" in cement nota-
tion), with other mineral species. The amount of alumina (in form of Al,O3) is = 30 % by weight
of the total mass of the aluminate-containing cement as determined by means of X-ray fluores-
cence (XRF). More precisely, said mineralogical phase of aluminate type comprises tricalcium
aluminate (CsA), monocalcium aluminate (CA), mayenite (C12A7), tetracalcium aluminoferrite
(C4AF), or a combination of several of these phases.

Sulfoaluminate cement has a content of yeelimite (of chemical formula 4Ca0.3A1,03.50; or
C4As$ in cement notation) of greater than 15% by weight.

In one preferred embodiment, the inorganic binder is a hydraulic binder, which is selected from
Portland cement, calcium aluminate cement, sulfoaluminate cement, and mixtures thereof. In
another preferred embodiment, the inorganic binder comprises a mixture of Portland cement



10

15

20

25

30

35

40

WO 2020/173723 24 PCT/EP2020/053931

and aluminate cement, or a mixture of Portland cement and sulfoaluminate cement or a mixture
of Portland cement, aluminate cement and sulfoaluminate cement.

In an embodiment, where the construction chemical composition contains an aluminate-contain-
ing cement, the compositions may additionally contain at least one sulfate source, preferably
calcium sulfate source. The calcium sulfate source may be selected from calcium sulfate dihy-
drate, anhydrite, a- and B-hemihydrate, i.e. a-bassanite and B-bassanite, or mixtures thereof.
Preferably the calcium sulfate is a-bassanite and/or B-bassanite. In general, calcium sulfate is
comprised in an amount of about 1 to about 20 weight%, based on the weight of the aluminate-
containing cement. In a further embodiment, the construction chemical composition additionally
contains at least one alkali metal sulfate like potassium sulfate or sodium sulfate, or aluminum
sulfate.

Preferable are construction material compositions, which comprise a hydraulic binder and in
which the weight percentage of sulfate with respect to the weight of clinker is from 4 to 14
weight%, preferably from 8 to 14 weight% most preferably from 9 to 13 weight%. The mass of
sulfate is to be understood as the mass of the sulfate ion without the counterion. Preferably the
sulfate is present in the form of calcium sulfate, more preferably in the form of a-bassanite
and/or B-bassanite.

Addition of sulphate to hydraulic binders (cements), which are poor in the contents of sulphate
helps to encourage the formation of ettringite and leads to a better early strength development.

The construction chemical compositions or building material formulations may also contain la-
tent hydraulic binders and/or pozzolanic binders. For the purposes of the present invention, a
"latent hydraulic binder" is preferably a binder in which the molar ratio (CaO + MgO) : SiO; is
from 0.8 to 2.5 and particularly from 1.0 to 2.0. In general terms, the above-mentioned latent hy-
draulic binders can be selected from industrial and/or synthetic slag, in particular from blast fur-
nace slag, electrothermal phosphorous slag, steel slag and mixtures thereof. The "pozzolanic
binders" can generally be selected from amorphous silica, preferably precipitated silica, fumed
silica and microsilica, ground glass, metakaolin, aluminosilicates, fly ash, preferably brown-coal
fly ash and hard-coal fly ash, natural pozzolans such as tuff, trass and volcanic ash, natural and
synthetic zeolites and mixtures thereof.

The slag can be either industrial slag, i.e. waste products from industrial processes, or else syn-
thetic slag. The latter can be advantageous because industrial slag is not always available in
consistent quantity and quality.

Blast furnace slag (BFS) is a waste product of the glass furnace process. Other materials are
granulated blast furnace slag (GBFS) and ground granulated blast furnace slag (GGBFS),
which is granulated blast furnace slag that has been finely pulverized. Ground granulated blast
furnace slag varies in terms of grinding fineness and grain size distribution, which depend on
origin and treatment method, and grinding fineness influences reactivity here. The Blaine value
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is used as parameter for grinding fineness, and typically has an order of magnitude of from 200
to 1000 m2 kg™, preferably from 300 to 600 m2 kg-'. Finer milling gives higher reactivity.

For the purposes of the present invention, the expression "blast furnace slag" is however in-
tended to comprise materials resulting from all of the levels of treatment, milling, and quality
mentioned (i.e. BFS, GBFS and GGBFS). Blast furnace slag generally comprises from 30 to
45% by weight of CaO, about 4 to 17% by weight of MgO, about 30 to 45% by weight of SiO,
and about 5 to 15% by weight of Al,Os, typically about 40% by weight of CaO, about 10% by
weight of MgO, about 35% by weight of SiO; and about 12% by weight of Al,Os.

Electrothermal phosphorous slag is a waste product of electrothermal phosphorous production.
It is less reactive than blast furnace slag and comprises about 45 to 50% by weight of CaO,
about 0.5 to 3% by weight of MgO, about 38 to 43% by weight of SiO,, about 2 to 5% by weight
of Al,O3 and about 0.2 to 3% by weight of Fe,O3, and also fluoride and phosphate. Steel slag is
a waste product of various steel production processes with greatly varying composition.

Amorphous silica is preferably an X ray-amorphous silica, i.e. a silica for which the powder dif-
fraction method reveals no crystallinity. The content of SiO; in the amorphous silica of the inven-
tion is advantageously at least 80% by weight, preferably at least 90% by weight. Precipitated
silica is obtained on an industrial scale by way of precipitating processes starting from water
glass. Precipitated silica from some production processes is also called silica gel.

Fumed silica is produced via reaction of chlorosilanes, for example silicon tetrachloride, in a hy-
drogen/oxygen flame. Fumed silica is an amorphous SiO, powder of particle diameter from 5 to
50 nm with specific surface area of from 50 to 600 m; g-'.

Microsilica is a by-product of silicon production or ferrosilicon production, and likewise consists
mostly of amorphous SiO; powder. The particles have diameters of the order of magnitude of
0.1 um. Specific surface area is of the order of magnitude of from 10 to 30 m2 g*.

Fly ash is produced inter alia during the combustion of coal in power stations. Class C fly ash
(brown-coal fly ash) comprises according to WO 08/012438 about 10% by weight of CaO,
whereas class F fly ash (hard-coal fly ash) comprises less than 8% by weight, preferably less
than 4% by weight, and typically about 2% by weight of CaO.

Metakaolin is produced when kaolin is dehydrated. Whereas at from 100 to 200°C kaolin re-
leases physically bound water, at from 500 to 800°C a dehydroxylation takes place, with col-
lapse of the lattice structure and formation of metakaolin (Al;Si>0O7). Accordingly, pure me-
takaolin comprises about 54% by weight of SiO, and about 46% by weight of Al,Os.

For the purposes of the present invention, aluminosilicates are the abovementioned reactive
compounds based on SiO; in conjunction with Al,Os which harden in an aqueous alkali environ-
ment. It is of course not essential here that silicon and aluminium are present in oxidic form, as
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is the case by way of example in Al,Si;O7. However, for the purposes of quantitative chemical
analysis of aluminosilicates it is usual to state the proportions of silicon and aluminium in oxidic
form (i.e. as "SiO," and "Al,O3").

A particularly suitable latent hydraulic binder is blast furnace slag.

In one preferred embodiment of the invention, the inorganic binder is a latent hydraulic binder,
which is preferably blast furnace slag.

The latent hydraulic binder is, in general, comprised in an amount in the range from about 1 to
about 30 wt%, based on the weight of the aluminate-containing cement.

In case construction material composition contain low amount of hydraulic binder (e.g. < 10%)
an alkaline activator can be further added to promote strength development. Alkaline activators
are preferably used in the binder system, such alkaline activators are for example aqueous so-
lutions of alkali metal fluorides, alkali metal hydroxides, alkali metal aluminates or alkali metal
silicates, such as soluble waterglass, and mixtures thereof.

The construction chemical compositions or building material formulations may also contain a
calcium sulfate based binder.

In one preferred embodiment, the inorganic binder is a calcium sulfate based binder, which is
selected from calcium sulfate dihydrate, calcium sulfate hemihydrate, anhydrite, and mixtures
thereof.

The construction material composition can be for example concrete, mortar, cement paste or
grouts. The term "cement paste” denotes the inorganic binder composition admixed with water.

The term "mortar” or "grout”" denotes a cement paste to which are added fine granulates, i.e.
granulates whose diameter is between 150 um and 5 mm (for example sand), and optionally
very fine granulates. A grout is a mixture of sufficiently low viscosity for filling in voids or gaps.
Mortar viscosity is high enough to support not only the mortar's own weight but also that of ma-
sonry placed above it. The term "concrete" denotes a mortar to which are added coarse granu-
lates, i.e. granulates with a diameter of greater than 5 mm.

The aggregate in this invention can be for example silica, quartz, sand, crushed marble, glass
spheres, granite, limestone, sandstone, calcite, marble, serpentine, travertine, dolomite, feld-
spar, gneiss, alluvial sands, any other durable aggregate, and mixtures thereof. The aggregates
are often also called fillers and in particular do not work as a binder.

The present invention also relates to the use of the mixture according to the invention for modi-
fying the hardening of inorganic binder containing building material formulations, and/or for pro-
ducing building products, in particular for concretes such as on-site concrete, finished concrete
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parts, pre-cast concrete parts, concrete goods, cast concrete stones, concrete bricks, in-situ
concrete, sprayed concrete (shotcrete), ready-mix concrete, air-placed concrete, 3D printed
concrete, concrete repair systems, industrial cement flooring, one-component and two-compo-
nent sealing slurries, slurries for ground or rock improvement and soil conditioning, screeds, fill-
ing and self-levelling compositions, such as joint fillers or self-levelling underlayments, adhe-
sives, such as building or construction adhesives, thermal insulation composite system adhe-
sives, tile adhesives, renders, plasters, adhesives, sealants, coating and paint systems, in par-
ticular for tunnels, waste water drains, splash protection and condensate lines, screeds, mor-
tars, such as dry mortars, sag resistant, flowable or self-levelling mortars, drainage mortars, or
repair mortars, grouts, such as joint grouts, non-shrink grouts, tile grouts, injection grouts, wind-
mill grouts, anchor grouts, flowable or self-levelling grouts, ETICS (external thermal insulation
composite systems), EIFS grouts (Exterior Insulation Finishing Systems), swelling explosives,
waterproofing membranes or cementitious foams.

The present invention is further illustrated by the following examples.
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Examples
Preparation of glyoxylic acid addition or condensation products and dispersants

Retardant 1:

148 g glyoxylic acid hydrate (50% in water) were charged into a reaction vessel and mixed with
594 g ethanol. 380 g sodium pyrosulfite (Na;S20s) dissolved in 750g of water were then added
to the mixture. After stirring for 4h the obtained suspension was cooled to 1 °C and allowed to
stand for 24h. The product crystallized and was isolated and dried. It was characterized by
means of NMR.

Retardant 2:

14.81 g Glyoxylic acid (50 % solution in water) was added into a vessel and neutralized to a pH
of 5 with potassium hydroxide. After adding 10.0 g urea, the mixture was heated to 80°C. After 7
h, the highly viscous substance was analyzed by gel permeation chromatography method
(GPC) as described below. The molecular weight was My, = 1500 g/mol.

Dispersant 1: The dispersant is a Polycarboxylic ether, more specifically a copolymer of 4-hy-
droxybutyl monovinyl ether ethoxylated with 64 moles of ethylene oxide in average and acrylic
acid in a ratio of 1/10.

Gel permeation chromatography method (GPC):

Column combination: OH-Pak SB-G, OH-Pak SB 804 HQ and OH-Pak SB 802.5 HQ by Sho-
dex, Japan; eluent: 80 Vol.-% aqueous solution of HCO2;NH4 (0.05 mol/l) and 20 vol.-% metha-
nol; injection volume 100 pl; flow rate 0.5 ml/min. The molecular weight calibration was per-
formed with poly(acrylate) standards for the RI detector. Standards were purchased from PSS
Polymer Standards Service, Germany.

Example 1

The following additives were used: As a reference, Retardant 1 was used alone (Ex.-No. Ref-1).
Furthermore, Retardant 1 was used as a mixture with glycerol in a weight ratio of 4:1 (Ex.-No.

1),

The additive was added to dry mortar mixture comprising 1100 g Portland cement and 1650 g
sand according to DIN EN 196-1 available from Normensand GmbH. After adding the mixing
water (w/c = 0.35), the mortar mixture was mixed analogous to DIN EN 196-1 in a Toni-Mixer as
follows:

0-60s: Rilem level 1
60 - 90 s: Rilem level 2
90-180s: Pause

180 - 240 s: Rilem level 2
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The compressive strength was measured after 3 h and 24 h at 4x4 ¢cm prisms. At each time 3
prisms were tested and the average of the values was calculated.

The results are shown in the following table 1.

Table 1
Compressive strength [MPa]
Ex.-No. | Additive 3h 24 h
Ref-1 2 % Retardant 1 2.1 7.8
1 2 % Retardant 1 + 0.5 % glycerol 4.5 12.8

The early compressive strength and the final compressive strength is improved in case of the
additive comprising the Retardant 1 and glycerol in comparison to the use of Retardant 1 alone.

Example 2

The effect of polyhydroxy compounds in an additive is demonstrated in a mortar with the follow-
ing recipe according to Table 2. Water to cement ratio is w/c = 0.37. The weight percent amount
of the compounds used as additive is provided in Table 3.

Table 2

Mortar ingredient Amount
Fillers Calcit MS-12 Pa.1 134.43 g
CEM 1 42.5R 1075.44 g
Quarz 0.1/0.3 250.22 g
Quarz 0.3/1 200.17 g
Sand 0/4 217513 ¢g
Splitt 2/5 565.00 g

The cement mortar was prepared in a 5L RILEM mixer. The mixer was charged with cement,
aggregate and sand. Thereafter, mixing was started at low speed (140 rpm). After 30 s mixing
water and the therein dissolved additives was uniformly added to the mixture. The mixing speed
was then increased (285 rpm) and continued for 90 s.

The slump was determined using a cone with height of 15 cm and an internal diameter at the
top of 5 cm and 10 cm at the bottom. The cone is completely filled immediately after mixing, the
cone is lifted, and the slump of the concrete measured. Furthermore the compressive strength
was measured as described in Example 1. The results are provided in Table 3.
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Table 3
Slump flow | Compressive
Strength [MP4a]

Dispersant | Retardant | Na;COs | Na-Glu- | Glycerol | 5 15 2h 5h |24h
1 2 conate min | min
0.1 % 0.3 % 0.50% | 0.10% | 0.00 % 12 12 47 |59 15
0.1 % 0.3 % 050% |010% |0.2% 116 | 102 |64 |64 17.8

The addition of glycerol improves early strength of the mortar by up to 30 %.
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Claims

1. A construction material composition comprising at least one inorganic binder and a mix-
ture comprising
a) atleast one compound A selected from glyoxylic acid, salts thereof, condensation or
addition products of glyoxylic acid or salts thereof, and mixtures thereof; and
b) atleast one polyhydroxy compound B and/or salts or esters thereof, wherein the pol-
yhydroxy compound B is selected from polyalcohols with a carbon to oxygen ratio of
from C/O = 1 to C/O < 1.5 and mixtures thereof.

2.  The construction material composition according to claim 1, wherein the compound A is
selected from

(0]
H
Yo
Ay O ,
0
HO,
ox

o“ T%a

A2) ox , and

A3) an amine-glyoxylic acid condensate selected from the group consisting of a mela-
mine-glyoxylic acid condensate, an urea-glyoxylic acid condensate, a melamine-
urea-glyoxylic acid condensate and a polyacrylamide-glyoxylic acid condensate;

and mixtures thereof;

wherein X is in each case independently selected from H or a cation equivalent K,

wherein K is an alkali metal, alkaline earth metal, zinc, iron, aluminium, ammonium, or a

phosphonium cation, and wherein a is 1/n, wherein n is the valence of the cation.

3.  The construction material composition according to claim 1 or 2, wherein the polyhydroxy
compound B is selected from polyalcohols with a carbon to oxygen ratio of from C/O = 1 to C/O
< 1.25, and mixtures thereof.

4.  The construction material composition according to claim 1 to 3, wherein the polyhydroxy
compound B is selected from sugar alkohols and their condensation products, alkanolamines
and their condensation products, carbohydrates, pentaerythritol, trimethylolpropane, and mix-
tures thereof, and is preferably glycerol.

5.  The construction material composition according to claim 1 to 4, wherein the polyhydroxy
compound B has a molecular weight of from 62 g/mol to 25000 g/mol, preferably from 62 g/mol
to 10000 g/mol and most preferably from 62 g/mol to 1000 g/mol.
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6.  The construction material composition according to any one of claims 1 to 5, wherein the
compound(s) A and the compound(s) B are present in a weight ratio of from 10:1 to 1:10, pref-
erably from 1:1 to 1:8.

7.  The construction material composition according to any one of claims 1 to 6, wherein the
mixture further comprises
¢) atleast one compound C selected from
(i) a borate source,
(i) a carbonate source, wherein the carbonate source is selected from inorganic car-
bonates and organic carbonates,
and mixtures thereof.

8.  The construction material composition according to claim 7, wherein the compound C is
an inorganic carbonate, which is preferably selected from potassium carbonate, sodium car-
bonate, lithium carbonate, magnesium carbonate, and mixtures thereof.

9.  The construction material composition according to any one of claims 1 to 8, wherein the
mixture further comprises
d) atleast one compound D, which is selected from
- polycarboxylic acids or salts thereof whose milliequivalent number of carboxyl
groups is 5.00 meg/g or higher, preferably 5.00 to 15.00 meg/g, assuming all the
carboxyl groups to be in unneutralized form;
- phosphonates which comprise two or three phosphonate groups and no carboxyl
groups; and
- o-hydroxy carboxylic acids or salts thereof;
- a polyhydroxycompound with a carbon to oxygen ratio of C/O > 1.5;
- and mixtures thereof.

10. The construction material composition according to claim 9, wherein the compound D is a
o-hydroxy carboxylic acids or salts thereof, preferably gluconic acid or a salt thereof.

11. The construction material composition according to any one of claims 1 to 10, wherein the
mixture further comprises

€) atleast one dispersant, which is selected from

- comb polymers having a carbon-containing backbone to which are attached pendant
cement-anchoring groups and polyether side chains,

- non-ionic comb polymers having a carbon-containing backbone to which are at-
tached pendant hydrolysable groups and polyether side chains, the hydrolysable
groups upon hydrolysis releasing cement-anchoring groups,

- sulfonated melamine-formaldehyde condensates,

- lignosulfonates,

- sulfonated ketone-formaldehyde condensates,
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- sulfonated naphthalene-formaldehyde condensates,

- phosphonate containing dispersants, preferably the phosphonate containing disper-
sants comprise at least one polyalkylene glycol unit,

- cationic (co)polymers, and

- mixtures thereof.

12. The construction material composition according to any one of claims 1 to 11, wherein the
inorganic binder is a hydraulic binder, which is selected from Portland cement, calcium alumi-
nate cement, sulfoaluminate cement, and mixtures thereof.

13. The construction material composition according to any one of claims 1 to 11, wherein the
inorganic binder is a latent hydraulic binder, which is preferably blast furnace slag.

14. A mixture comprising

a) atleast one compound A selected from an amine-glyoxylic acid condensate se-
lected from the group consisting of a melamine-glyoxylic acid condensate, an urea-
glyoxylic acid condensate, a melamine-urea-glyoxylic acid condensate, a polyacryla-
mide-glyoxylic acid condensate, and mixtures thereof; and

b) atleast one polyhydroxy compound B and/or salts or esters thereof, wherein the pol-
yhydroxy compound B is selected from polyalcohols with a carbon to oxygen ratio of
from C/O = 1 to C/O < 1.5 and mixtures thereof.

15. The use of the mixture as defined in claim 14 for modifying the hardening of inorganic
binder containing building material formulations, and/or for producing building products.
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