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ADMIXTURE COMPOSITION TO IMPROVE STRENGTH OF CEMENT CURED
PRODUCTS

FIELD OF INVENTION

The invention relates to an admixture composition for use in cementitious compositions.

The invention further relates to an admixture composition for use in cementitious
compositions such that the properties of cement cured products (such as cement, concrete,

mortar and the like) made using said cementitious compositions are improved.

The invention further relates to an admixture composition which make it possible to
reduce the amount of water in a cementitious composition comprising said admixture
composition while maintaining concrete workability and improving the properties of

cement cured products made using said cementitious composition.

The invention further relates to a method for making cement cured products, such as

cement, concrete, mortar grout and the like with improved properties.

The invention further relates to the use of the admixture composition as cement grinding

aids in the production process for making cement.

BACKGROUND OF THE INVENTION

In the recent concrete industry, enhancing concrete performance through durability and
strength improvement are important. The use of admixtures, perhaps, is an important
means to achieve this, by modifying properties of cement cured product such as cement,
concrete, mortar, grout and the like in such a way as to obtain water reduction, improved
compressive strength, modified rate of hardening and setting, and increase rate of
production. Frequently, higher compressive strength can be obtained by reducing the

water content of the cementitious mixtures, hence decreasing the water cement ratio (w/c).
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Water reducers or often called cementitious dispersants are the most common type
admixtures and at the present time, there are essentially two types of water-reducers:

high-range water-reducers and conventional water-reducers.

The conventional water-reducers include polycarboxylate (e.g. modified polyacrylic acid,

polyacrylic-co-maleic acid, polyvinyl alcohol) and lignosulfonate.

High range water reducers, otherwise known as superplasticizers, which usually consist
of a naphthalene sulphonate formaldehyde condensate (NSF), melamine sulphonate
formaldehyde condensate (MSF), or comb-polymer dispersant, allow a 15-30 % water

reduction.

Various substances in the art have been used to enhance the strength of the cement cured
products such as tricthanolamine (TEA), methyl diethanolamine (MDEA),
dicthanolisopropanolamine (DEIPA), triisopropanolamine (TIPA), tetra hydroxylethyl
cthylenediamine (THEED).

FR 2,485,949 discloses an agent comprising tetrahydroxyethylene diamine along with
ethylene diamine derivatives for enhancing the strength of cement cured product such as

mortar and concrete, in which Portland cement, blended cement, etc, was used.

US 4,401,472 (Gerber et al) discloses an admixture comprising a
poly(hydroxyalkylated)polyethyleneamine or a poly(hydroxyalkylated)polyethyleneimine
or mixture thereof, wherein the admixture is sufficient to increase compressive strength

of the concrete hardened mixes.

US 4,519,842 (Gerber et al)) discloses an additive comprising an admixture of
poly(hydroxyalkylated)polyamine,  alkoxylated  poly(hydroxyalkylated)polyamine,

hydroxylated derivatives of the compound hydrazine, 1,2-diaminopropane and
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polyglycoldiamine and mixture thereof, wherein the admixture is cffective to increase

compressive strength of concrete.

US 4,990,190, US 5,017,234 and US 5,084,103 (Myers et al) describe
trihydroxyalkylamines such as triisopropanolamine (TIPA) and N,N-bis(2-hydroxyethyl)-
2-hydroxypropylamine (DEIPA) improve 7 and 28 days compressive strength of Portland

cement, particularly Portland cement containing at least 4% C,4AF.

US 6,290,772 (Cheung et al.) discloses N,N-bis-(2-hydroxyethyl)-2-hydroxypropylamine
(DEIPA) and N,N-bis-2-hydroxypropyl)-2-hydroxyethylamine (EDIPA) improve early
strength (1 and 3 days) in addition to late strength enhancement (7 and 28 days) in

Portland cement as well as blended cement.

US 6,899,177 (Chatterj et al) describes a method of cementing subterrancan zone
penetrated a well bore comprising a cement composition comprising hydraulic cement,
sufficient water to form slurry and a hydroxylamine selected from the group consisting of
TIPA, N,N-bis-(2-hydroxycthyl)-2-hydroxypropylaminc (DEIPA) and N,N-bis-2-
hydroxypropyl)-2-hydroxyethylamine (EDIPA)

In addition to this, a number of approached have been identified by providing chemical
composition containing water reducer and amine derivatives to achieve a rapid level of

strength development:

US 6,767,399 (Peev et al.) describes admixture compositions includes a superplasticizers,
thiocyanic acid, water soluble alkalonamines and ecthylene oxide adducts of

ethylenediamine and Morpholine derivatives.

US 7,972,435 (Burry et al.) describes a strength improvement admixture comprising a
strength improvement additive, polycarboxylate dispersant, wherein the strength
improvement additive sclected from the group consisting of

poly(hydroxyalkylated)polycthylencamines, poly(hydroxyalkylated)polycthylencimines,
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hydrazine, 1-2-diaminopropane, polydiglycoldiamine, poly(hydroxyalyl)amines and

mixtures thereof.

US 8,258,210 (Bury et al.) describes a strength improvement admixture comprising a
strength improvement additive, polycarboxylate dispersant, set retarder, wherein the
strength  improvement additive selected from the group consisting of
poly(hydroxyalkylated)polyethyleneamines, poly(hydroxyalkylated)polyethylencimines,
hydrazine, 1-2-diaminopropane, polydiglycoldiamine, poly(hydroxyalyl)amines and

mixtures thereof.

However, neither admixture composition described in the state of the art can satisfactory
increase the strength of cement cured products using the state of art admixture
compositions while maintaining the consistency of the cementitious composition for
making cement cured products and further reducing the amount of water required for

curing.
There is a nced for a further improvement of admixture compositions used in
cementitious composition for making cement cured products to achieve improved

strength all day strength.

AIM OF THE INVENTION

It is an object of the present invention to develop an admixture composition for use in
cementitious compositions suitable for making cement cured products such as concrete.
Said admixture composition especially developed to improve the properties of the cement
cured product. The properties being in particular improved compressive strength (at all

ages), improved rate of hardening and durability.

It is a further object of the present invention to develop an admixture composition for use
in cementitious compositions suitable for making cement cured products such as concrete

which makes it possible to reduce the amount of water required in the cementitious
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composition while maintaining concrete workability and improving the speed of curing
and final strength properties of the cement cured products made using said cementitious

composition.

It is a further object of the present invention to develop an admixture composition for use

as cement grinding aids for improving the grinding process.
It is a further object to develop a method for making cement cured products having
improved strength and durability thereby using the admixture composition of the present

invention.

SUMMARY OF THE INVENTION

Surprisingly we have found that the combination of a specific hydroxylamine compound
in combination with a specific dispersant selected from the group of polycarboxylate type
comb polymers in an admixture composition for usc in cementitious compositions gives a
synergetic cffect on the propertics of cured cement products such as cement, concrete,
mortar and the like made using said admixture composition. The improved properties are
compressive strength (at all ages), improved rate of hardening and durability of the cured

cement products.

According to a first aspect of the invention, an admixture composition for use in
cementitious compositions for improving the properties of said cementitious composition
is disclosed. said admixture composition comprising at least:
- One or more polycarboxylate type comb-polymer dispersants, and
- a hydroxyl amine compound sclected from EDIPA (N,N-bis (2 hydroxypropyl) —
N- (hydroxyethyl) amine) and according to formula (I):
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wherein the admixture composition comprises about 20% wt to about 95% wt comb-polymer
dispersant and about 5% wt to about 80% wt EDIPA based on the total dry weight of admixture

composition.

According to another aspect of the invention, an admixture composition for use in cementitious
compositions for improving the properties of said cementitious compositions, said admixture

composition comprising at least

- one or more polycarboxylate type comb-polymer dispersants, wherein the
polycarboxylate type comb-polymer dispersants are polymers comprising a carbon
chain backbone and pendant groups comprising alkylene oxides attached to the carbon
chain backbone via a functional group linkage, and

- N,N-bis (2 hydroxypropyl) —N- (hydroxyethyl) amine (EDIPA)

wherein the admixture composition comprises about 20% wt to about 95% wt comb-polymer
dispersant and about 5% wt to about 80% wt EDIPA based on the total dry weight of admixture

composition.

Preferably the admixture composition comprises about 40% wt to about 90% wt comb-polymer
dispersant and about 10% wt to about 60% wt EDIPA based on the total dry weight of admixture

composition.

Date Regue/Date Received 2020-11-12
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Preferably the amount of comb polymer in the admixture composition is higher than the amount

of EDIPA in the admixture composition.

Preferably the polycarboxylate type comb-polymer dispersant is selected from polymers
having carboxylic groups to which pendant groups comprising alkylene oxides (i.e. ethylene
oxide and propylene oxide) are attached in various compositions via linkages such as an amide,
imide, ester, or ether to provide further dispersing capabilities. Suitable examples are polyether

polyacrylamide, polyether poly(meth)acrylate.

The admixture composition according to the present invention is suitable for improving the

durability and increasing the strength of cement cured products.

The admixture composition according to the present invention is suitable for reducing the

amount of water required to make cement cured products.

Date Regue/Date Received 2020-11-12
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According to embodiments, the admixture composition according to the invention may
further comprise one or more polyhydroxyalkyl ethyleneamine compounds according to
formula [I1]:

I

I

Ra Rg
R4
\ /I:/\/N
'T
Rs
(1]
Wherein :

R], R2 = (CszO)X or (C3H7O)X
R3 = H, (C2H5O)X or (C3H7O)X

R4:HOICH3
n=1-10
x=1or2

wherein the total amount of EDIPA + polyhydroxylalkyl ethylencamine compound(s)
being present in the admixture composition is in the range 5 % wt up to 80 % wt

calculated on the total dry weight of the admixture composition.

Preferably, the one or more polyhydroxyalkyl ethyleneamine compounds are tertiary

amine compounds.

Preferably the one or more polyhydroxyalkyl ethyleneamine compounds are selected
from compounds according to formula I wherein R3 is selected from the list of (C,Hs0)x
and (C3H70)x.

According to embodiments, part of the EDIPA used in the admixture composition is
replaced by one or more polyhydroxyalkyl ethyleneamine compounds such that the total

amount of EDIPA + polyhydroxylalkyl ecthyleneamine compound(s) used in the
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admixture composition is in the range 5 % wt up to 80 % wt calculated on the total dry
weight of the admixture composition, preferably in the range 10 % wt up to 60 % wt

calculated on the total dry weight of the admixture composition.

The addition of a polyhydroxyalkyl ethyleneamine compound in the admixture
composition has the advantage that a further enhancement in strength of cement cured
product may be achieved when the admixture composition is added to a cementitious

composition.

According to embodiments, the admixture composition according to the invention further
comprises a polyhydroxyalkyl ethyleneamine compound according to formula [I1] and is
selected from aminocthylethanolamine (AEEA), ethylenediamine(EDA),
diethylenctriamine (DETA), tricthylene tetramine (TETA), tetracthylene pentamine
(TEPA), pentacthylene hexamine (PEHA), and high molecular weight ethylencamine (c.g.
Ethylenamine E100, sold by HUNTSMAN) and mixture thereof.

According to cmbodiments, the admixture composition according to the invention may
further comprise a defoamer or other additives such as air entraining agents, pigment or
colorants, retarder, viscosity modifier, anti shrinkage additives. Said additives may
enhance the performance of cement cured product. Defoamer or air detrainers, are usually

used to decrease the air content in the cementitious composition

According to embodiments, the admixture composition according to the invention may

further comprise an aqueous and/or organic solvent.

Further to the first aspect of the invention, a_cementitious binder is disclosed which

comprises the admixture composition according to the invention.

Preferably the amount of admixture composition added to the cementitious binder is in

the range of at least 0.01 % wt up to 2 % wt, more preferably in the range of at least
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0.1 % wt up to 1 % wt based on the total dry weight of the cementitious binder (cement

powder).

Preferably the total amount of EDIPA in the cementitious binder is in the range of about
0.0005% wt up to 1.6 % wt based on total dry weight by weight of cementitious binder,
more preferably in the range of about 0.005% wt up to 0.8 % wt based on total dry weight

by weight of cementitious binder.

Preferably the total amount of comb polymer dispersant in the cementitious binder is in
the range of about 0.002 % wt up to 1.9 % wt based on total dry weight by weight of
cementitious binder, more preferably in the range of about 0.02% wt up to 0.95 % wt

based on total dry weight by weight of cementitious binder.

Still further to the first aspect of the invention, a cementitious composition comprising

the admixture composition according to the invention is disclosed.

Preferably the cementitious composition is comprising at least:
a) acementitious binder containing the admixture of the invention, and
b) water, and optional

¢) aggregates and/or filler material

According to embodiments, the admixture composition may be incorporated (added) into
various cementitious compositions to improve strength of cement cured product meaning
that said cementitious composition comprises a cementitious binder; water; admixture
composition in accordance with present invention, and optionally aggregates. The

aggregates may be selected from cement, mortar, epoxy mortar, grout, and concrete.

The amount of comb-polymer dispersant used in the admixture composition of the
present invention depends on number of factors including the type of cementitious
binders used, the mix composition (i.c. binder or cement content, water to cement ratio)

and the amount of consistency desired (i.c. low, moderate and high slump).
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Furthermore, the use of the admixture composition as described herein is disclosed for use as an
additive in a cementitious binder and/or in a cementitious composition to fabricate cement cured
products. Use of the admixture composition as described herein may improve (increase) the
compressive strength (at all ages) of cement cured products,
improve (shorten) the rate of hardening of cement cured cement products, improve the durability of the
cured cement products and/or reduce the amount of water required in a cementitious composition to
make cement cured products while at the same time improving the properties of the cement cured

products.

According to a second aspect, a method for improving the compressive strength of cured cement

products, said method comprising at least the steps of

combining components (a)-(d) to obtain a cementitious

composition
(a) the admixture composition as described herein, and
(b) a cementitious binder, and
(©) water, in addition to any aqueous solvent and optional
(d) aggregates and/or filler material; and then

- curing the cementitious composition to obtain cement cured

products

According to embodiments, the admixture composition may be combined with the cementitious binder

(cement) before combining the other ingredients (c)-(d).

According to embodiments, the cement cured products made according to the method of
the second aspect as described herein have a significant higher compressive strength after 1

day of hardening

Date regue / Date received 2021-11-04
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According to a third aspect of the invention, cured cement products made according to
the method of the second aspect of the invention are disclosed, said products having a

significant higher compressive strength after 1 day of hardening.

According to a fourth aspect of the invention the use of the admixture composition
according to the invention as cement grinding aids for improving the grinding process is

disclosed.

The independent and dependent claims set out particular and preferred features of the
invention. Features from the dependent claims may be combined with features of the

independent or other dependent claims as appropriate.

The above and other characteristics, features and advantages of the present invention will
become apparent from the following detailed description, taken in conjunction with the
accompanying examples which illustrate, by way of example, the principles of the

invention.

DEFINITIONS AND TERMS

In the context of the present invention the following terms have the following meaning:

1) The expression “cement cured product” means any hardened material or unit
that is made using cement as a binder material and which is made under various
condition of normal curing (exposed to room temperature and atmospheric
pressure), steam curing, as well as made in subterrancan zone penetrated by a well
bore, having temperature from about 35 C to 250 C and pressures in the range of
from about 1000 psig to about 25,000 psig. A number of applications of cement
cured product include hardened materials for high rise building, roadways, bridge

decks, airport runways, parking garage decks, etc.
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3)

4

5)

12

The cxpression “water” in the cementitious compositions according to the
invention may be fresh water or salt water. The tem of salt water is used herein to
mean unsaturated salt solutions and saturated salt solutions including brine and

seawater.

The expression “cement” or ‘“cementitions binder” or “cementitious
composition” refer to Portland cement, cement in accordance with European EN
197-1 and American standard ASTM C1157 / C1157 M as well as API cement
standard for oil well cementing, masonry cement, and may also includes
limestone powder, calcined gypsum product, pozzolans, PFA pulverized fuel ash)
or fly ash, GGBS (ground granulated blast furnace slag), silica fume or
microsilica, metakaolin and ultrafine amorphous colloidal silica(nano-silica),
API cement having classes A, B, C, G, and H. Cements are usually powdered
materials which, when mixed with water, form a "paste” that hardens slowly. If
further mixed with sand it forms a "mortar" and if mixed with sand and coarse

aggregate, such as rock, it forms a "concrete”..

The expression “concrete mixtures” refer to a composition suitable for making
concrete materials after hardening. These mixtures are made by combining a
cementitious composition (with or without admixture composition), water, fine

and coarse aggregate.

The expression “aggregate” is intended to include both fine aggregate and coarse
aggregate, as is common in the art. Fine aggregates refer to a material wherein at
least 95% of the particles has an average diameter less than 9.5mm (3/4 inch).
This includes natural sand, manufactured sand, and/or a combination thereof.
Coarse aggregates refer to aggregate/gravel/crushed stone (non-cementitious) that
has particle size greater than 0.5m diameter. The coarse aggregate may be natural,
artificial, recycled from material previously used in construction, and/or
combination thereof, but it may in some cases consist of at least partially of

graded mectallic material such as iron chips, or manufactured aggregate, such as
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7)

8)

9

13

slag. The precise size, purity, quality, and quantity or ranges thercof, of the fine
and coarse aggregates will vary depending upon the desired use and properties of

mortar or concrete.

The expression “comsistency” refers to ability of cementitious mixtures to be
poured into form without any difficulty. Consistency includes workability,
flowability, moldability, fluidity cohesiveness, slump and compactability. The
consistency can be measured either by means of slump test, vebe test, flow table
test or specific method for cementitious mixtures for special applications, such as

self compacting concrete.

The expression “compressive strength” refers to the stress required to cause
fracture of the concrete and is measured according to standard reference test EN
12930. The concrete specimen is loaded to failure in compression testing
machine and the maximum load sustained is recorded and the compressive

strength of the concrete is calculated..

The expression "cement grinding aids” refer to grinding aids which are used to
improve the production efficiency of cement grinding plants and their energy
consumption. In addition, these products enhance the granulometry as well as

powder flowability of the finished cement as well as the compressive strength.

The expression “Comb-polymer dispersants™ refer to polymers comprising a
carbon chain backbone and polyether side chains attached to the backbone
through a functional group linkage, commonly a carboxylic ester, carboxylic
amide, carboxylic imide or an ether group, to provide further dispersing
capabilities. The dispersant is effective at dispersing and reducing the water
content of cementitious mixtures by electrical repulsion and steric hindrance,

resulting in an increase in the fluidity of the mixtures.
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10) The expression % wt and wt % of a compound refer to the dry weight (mass)
percentage of that compound. Unless otherwise specified the weight (mass)
percentage of a compound being present in a composition and calculated as the
weight of that compound divided by the total mass of the composition comprising
the compound multiplied by 100%. The weight (mass) percentage of a compound
may also refer to the wt % of a compound added to a composition and is
calculated as the weight of that compound divided by the total mass of the

composition without the compound multiplied by 100%.

DETAILED DESCRIPTION

According to a first aspect, an admixture composition is disclosed for use in cementitious

compositions for improving the properties of said cementitious composition and cement

cured products made from said cementitious composition.

The admixture composition according to the present invention comprises additives

suitable for improving the durability and increasing the strength of cement cured products.

The admixture composition according to the present invention also comprises at least an
additive suitable for reducing the amount of water required to make cement cured

products.

The admixture composition according to the present invention comprises at least an
hydroxyl amine compound selected from N,N-bis (2 hydroxypropyl)-N-(hydroxyethyl)
amine (EDIPA) and a dispersant selected from polycarboxylate type comb polymers.
The formula of EDIPA is shown below (I):
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The polycarboxylate comb-polymer dispersant is used to improve strength of cement
cured products by reducing the required amount of water in cementitious composition, at

given consistency.

Suitable polycarboxylate comb-polymer dispersants used in the present invention are
polymers having carboxylic groups to which pendant groups comprising alkylene oxides
(i.e. cthylene oxide and propylene oxide) are attached in various compositions via

linkages such as an amide, imide, ester, or ether to provide further dispersing capabilities.

Suitable polycarboxylate comb-polymer dispersants used in the present invention are
polymers having carboxylic groups to which pendant groups comprising alkylene oxides
(i.e. ethylene oxide and propylene oxide) are attached in various compositions via
linkages such as an amide, imide, ester, or ether to provide further dispersing capabilities.
Example of monomers having carboxylic groups are (meth)acrylic acid, maleic acid,
furmaric acid, itaconic acid, or citraconic acid and their monovalent metal salts, divalent

mctal salts, ammonium salts and organic amine salts.

Suitable polycarboxylate comb-polymer dispersants used in the present invention are
polymers having carboxylic groups to which pendant groups comprising alkylene oxides
(i.e. ethylene oxide and propylene oxide) are attached in various compositions via ether
linkages. Suitable examples are according to formula (III) and (IV), (V) and (VI).
Formula (III) may be made from o-allyl-o-hydroxy polyethylene glycol and maleic
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anhydride via radical copolymerization and as disclosed in EP 291073. Formula (1V)
may be made from 4-hydroxy butyl-polycthylene glycol vinyl cther which can be
copolymerized at low temperatures (<100°C) with maleic anhydride and as further
disclosed in EP 736553. Formula (V) may be made by copolymerization of isoprenol (3-
methyl-3-buten-1-o0l) polyethylene glycol and acrylic acid as disclosed in EP 850,895,
while Formula (VI) is disclosed in (WO00/48961), in which the comb polymer dispersant
is made by copolymerization of methallyl-w-hydroxy (2-methyl-2-propene-1-ol)

polyethylene glycol and maleic acid or acrylic acid.

COONa
;

-|-CHp~ CH———CH,-CH
i %
COONa CHy

o)
7
5
0

HJ n
H

(111)

(Iv)
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V)

(V)

Wherein n is a number from | to 150 and wherein a and be are a number from 1-10.

Suitable polycarboxylate comb-polymer dispersants used in the present invention are
polymers having carboxylic groups to which pendant groups comprising alkylene oxides
(i.e. ethylene oxide and propylene oxide) are attached in various compositions via ester
linkages. Suitable examples are according to formula (VII), (VIII). Formula (VII) may
be made from methoxy polyethylene glycol methacrylate and methacrylic acid monomer
and as further disclosed in EP 753488. Formula (VIII) may be made from hydroxyl ethyl
polyether methacrylate or hydroxyl propyl methacrylate and (meth)acrylic acid via
radical copolymerization and as further disclosed in EP 734359.
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(VIID)

Wherein n and m are a number from 1 to 150 and wherein a and be are a number from 1-
10.

Suitable polycarboxylate comb-polymer dispersants used in the present invention are
polymers having carboxylic groups to which pendant groups comprising alkylene oxides
(i.e. ethylene oxide and propylene oxide) are attached in various compositions via amide
linkages or via a combination of amide/ester linkages. Suitable examples are according
to formula (IX) and (X). Formula (IX) may be made from condensation of a mixture of
polyacrylic acid and polyether monoamine or from free radical copolymeriation of acryl
amide of methoxy polyethylene glycol and acrylic acid monomer and as disclosed in US

5393343, Formula (X) may be made from condensation of a mixture of
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polycthermonoamine (JEFFAMINE® M2070) and methoxy polycthylene glycol
(MPEG) and polyacrylic acid (MW = 4000) and as disclosed in EP 1138696.

5 (X)

Wherein n is a number from 1 to 150 and wherein a and be are a number from 1-10.

In addition, the polycarboxylate comb-polymer dispersant according to the formula (I1I),
(Iv), (V), (V) (VI) , (VIII) can be further modified by adding the third monomer

10 include unsaturated sulfonic acids, such as sulfoethyl (meth)acrylate, 2-methyl
propancsulfonic acid (meth)acylamide, or styrenesulfonic acid, and their monovalent
mctal salt, divalent mctal salts, ammonium salts and organic aminc salts; unsaturatcd
amides, such as (meth)acrylamide or (meth)acrylalkyl amide; vinyl esters, such as vinyl
acetate or vinyl propionate; aromatic vinyls, such as styrene; and the like.

15 The number of alkylene oxides (i.c. cthylene oxide and propylene oxide) in the

polycarboxylate comb-polymer dispersants are depending upon application and desired
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performance (i.c. high water reduction, long workability retention). Preferably the
number of alkylene oxides (n+tm < 15) is less than 15 when used in oil well cementing
applications (where e.g. the cement is pumped to the subterrancan zone), while the
number of alkylene oxides is preferably greater than 15 (nt+m > 15) when applied in

applications wherein high water reduction is required (in concrete applications).

The admixture composition according to the present invention is comprising at least:
- One or more polycarboxylate type comb-polymer dispersants, and
- a hydroxyl amine compound selected from EDIPA (N,N-bis (2 hydroxypropyl) —
N- (hydroxyethyl) amine)
wherein the admixture composition comprises about 20% wt to about 95% wt comb-
polymer dispersant and about 5% wt to about 80% wt EDIPA based on the total dry

weight of admixture composition.

Preferably the admixture composition comprises about 40% wt to about 90% wt comb-
polymer dispersant and about 10% wt to about 60% wt EDIPA bascd on the total dry

weight of admixture composition.

According to embodiments the admixture composition further comprises one or more
additional compounds selected from the group of polyhydroxyalkyl ethylencamine
compounds such that the admixture composition is comprising at lcast:
e one or mote polycarboxylate type comb-polymer dispersants, and
¢ a hydroxyl amine compound sclected from EDIPA (N,N-bis (2 hydroxypropyl) —
N- (hydroxyethyl)amine), and
e onc or more polyhydroxyalkyl ethyleneamine compounds as shown in structure

[11] below:
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a—=F
=

[

[11]
Where :
Ri, R, = (C,Hs50)x or (C3H,0)
R; = H, (C;Hs0)x or (C3H70)x

R4=HOI'CH3
n=1-10
x=1or2

Preferably, the one or more polyhydroxyalkyl ethyleneamine compounds are tertiary

amine compounds.

Preferably the one or more polyhydroxyalkyl ethyleneamine compounds are selected
from compounds according to formula If wherein Rz is selected from the list of (C;H50),

and (CsH7O)x.

The addition of at lcast onc polyhydroxyalkyl cthylencamine compound in the admixture
composition has the advantage that a significant further enhancement in strength of
cement cured product may be achieved when the admixture composition is added to a

cementitious composition.

Suitable polyhydroxyalkyl ethylencamine compounds include, but are not limited,
aminoethylethanolamine (AEEA), ethylenediamine (EDA), diethylenctriamine (DETA),
triethylene tetramine (TETA),tetracthylene pentamine (TEPA), pentacthylene hexamine
(PEHA), and high molecular weight ethyleneamine (e.g. Ethylenamine E100, sold by
HUNTSMAN), and mixture thereof. These products can be made by alkoxylating
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cthylencamine. Preferred alkylenc oxides (AQ) for the alkoxylation of cthylecamine in

the present invention include ethylene oxide and propylene oxide.

The amount of polyhydroxylalkyl ethylencamine compound(s) used in the admixture
composition of the present invention is such that the total amount (sum) of EDIPA and
polyhydroxylalkyl ethyleneamine compound(s) being present in the admixture
composition is in the range 5 % wt up to 80 % wt calculated on the total dry weight of
the admixture composition, preferably in the range range 10 % wt up to 60 % wt

calculated on the total dry weight of the admixture composition.

According to embodiments, the admixture composition may further comprise a defoamer
or other additives such as air entraining agents, pigment or colorants, retarder, viscosity
modifier, anti shrinkage, may be added in admixture compositions or present to enhance
the performance of cement cured product. Defoamer or air detrainers, are usually used to
decrease the air content in the cementitious composition. Example of defoamers that can
be utilized in the present invention include, but are not limited to tributyl phosphatem
dibutyl phtalare, octyl alcohol, water insolubele esters of carbonic and boric acid,
acetylenic diols, ethylene oxide-propylene oxide block or random copolymers, and

silicones.

According to embodiments, the admixture composition of the present invention may be

supplied in a pure concentrated form, or diluted in aqueous or organic solvents

Further according to the first aspect, a cementitious binder (cement powder) is disclosed

which comprises the admixture composition of the present invention or in other words a

cementitious binder to which the admixture composition is added.

The admixture composition according to the present invention may be added to a
cementitious binder (cement). The admixture composition may be added to (combined

with) the cementitious binder before making a cementitious composition or alternatively
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may be added as an additive at the stage of combining the different ingredients (sand,

water,...) used for making the cementitious composition.

Preferably the amount of admixture composition added to the cementitious binder is in
the range of at least 0.01 % wt up to 2 % wt, more preferably in the range of at least
0.1 % wt up to 1 % wt based on the total dry weight of the cementitious binder (cement
powder).

Preferably the total amount of EDIPA (or alternatively the total amount (sum) of EDIPA
and polyhydroxylalkyl ethyleneamine compound(s)) in the cementitious binder is in the
range of about 0.0005% wt up to 1.6 % wt based on total dry weight by weight of
cementitious binder, more preferably in the range of about 0.005% wt up to 0.8 % wt
based on total dry weight by weight of cementitious binder.

Preferably the total amount of comb polymer dispersant in the cementitious binder is in
the range of about 0.002 % wt up to 1.9 % wt based on total dry weight by weight of
cementitious binder, more preferably in the range of about 0.0.2 % wt up to 0.95 % wt
based on total dry weight by weight of cementitious binder.

Further according to the first aspect, a_cementitious composition is disclosed which

comprises the admixture composition of the present invention. Said cementitious
composition being a composition ready for making cement cured products. Said
cementitious composition may comprise at least:

(a) the admixture composition according to the invention,

(b) a cementitious binder, and

(¢) water, and optional

(d) aggregates and/or filler material

According to embodiments, the admixture composition may be incorporated (added) into
various cementitious compositions to improve strength of cement cured product meaning

that said cementitious composition comprises a cementitious binder; water; admixture
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composition in accordance with present invention, and optionally aggregates. The

aggregates may be selected from cement, mortar, epoxy mottar, grout, and concrete.

The amount of comb-polymer dispersant used in the admixture composition of the
present invention depends on number of factors including the type of cementitious
binders used, the mix composition (i.e. binder or cement content, water to cement ratio)

and the amount of consistency desired (i.e. low, moderate and high slump).

Further according to the first aspect, the use of the admixture composition according to

the invention as an additive in a cementitious binder and/or in a cementitious composition
to fabricate cement cured products. Said cement cured products may be any hardened
material made under various condition of normal curing, steam curing, as well as made in
subterranean zone penctrated by a well bore, having temperature from about 35°C to
250°C and pressures in the range of from about 1000 psig to about 25,000 psig. A
number of applications of cement cured product include hardened materials for high rise

building, roadways, bridge decks, airport runways, parking garage decks, ctc.

According to embodiments, the admixture composition according to the invention may be
used to improve (increase) the compressive strength (at all ages) of cement cured

products.

According to embodiments, the admixture composition according to the invention may be

used to improve (shorten) the rate of hardening of cement cured cement products.

According to embodiments, the admixture composition according to the invention may be

used to improve the durability of the cured cement products.

According to embodiments, the admixture composition according to the invention may be
used to reduce the amount of water required in a cementitious composition to make
cement cured products while at the same time improving the propertics of the cement

cured products.
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According to embodiments, a variety of cementitious binders can be utilized in the
cementitious compositions according to the invention. Examples include Portland
cement, cement in accordance with European and American standard as well as API
cement standard for oil well cementing, masonry cement, and may also includes
limestone powder, calcined gypsum product, pozzolans, PFA pulverized fuel ash) or fly
ash, GGBS (ground granulated blastfurnace slag), silica fume or microsilica, metakaolin
and ultrafine amorphous colloidal silica(nano-silica), API cement having classes A, B, C,

G, and H.

According to a second aspect of the invention a method for improving the compressive
strength of cured cement products is disclosed. Said method comprising at least the steps
of
- combining components (a)-(d) to obtain a cementitious composition
(a) an admixture composition, and
(b) a cementitious binder, and
(c) water, and optional
(d) aggregates and/or filler material; and then
- curing the cementitious composition to obtain cement cured products
characterized in that the admixture composition is comprising at least a polycarboxylate
type comb-polymer dispersant and a hydroxyl amine compound selected from EDIPA as

disclosed in the first aspect of the invention.

According to embodiments, the admixture composition may be combined with the

cementiticus binder (cement) before combining the other ingredients (c)-(d).

According to embodiments, the amount of comb-polymer dispersant present in the
admixture composition depends on number of factors including the type of cementitious
binders used, the mix composition (i.e. binder or cement content, water to cement ratio)

and the amount of consistency desired (i.c. low, moderate and high slump).
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Preferably the amount of admixture composition added to the cementitious binder is in
the range of at least 0.01 % wt up to 2 % wt, more preferably in the range of at least
0.1 % wt up to 1 % wt based on the total dry weight of the cementitious binder (cement

powder).

Preferably the total amount of EDIPA (or alternatively the total amount of EDIPA and
the amount of polyhydroxylalkyl ethylencamine compound(s)) in the cementitious binder
is in the range of about 0.0005% wt up to 1.6 % wt based on total dry weight by weight
of cementitious binder, more preferably in the range of about 0.005% wt up to 0.8 % wt

based on total dry weight by weight of cementitious binder.

Preferably the total amount of comb polymer dispersant in the cementitious binder is in
the range of about 0.002 % wt up to 1.9 % wt based on total dry weight by weight of
cementitious binder, more preferably in the range of about 0.02% wt up to 0.95 % wt
based on total dry weight by weight of cementitious binder.

Preferably the admixture composition is comprising at lcast:
¢ onc or mor¢ polycarboxylate type comb-polymer dispersants, and
e a hydroxyl amine compound selected from EDIPA (N,N-bis (2 hydroxypropyl) —
N- (hydroxyethyl)amine), and
e one or more polyhydroxyalkyl ethyleneamine compounds as shown in structure

[T1] below:

o—=F
=

¥ ]
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Wherein:
Ry, Ry = (C;H;50)x or (C3H;0)x
Rz =H, (CQHso)X or (C3H7O)X

R4:HOI'CH3
n=1-10
x=1or2

and wherein the amount of comb-polymer dispersant is in the range 20% wt to about 95%
wt and the amount of EDIPA + polyhydroxylalkyl ethylenecamine used in the admixture
composition is in the range 5 % wt up to 80 % wt calculated on the total dry weight of

the admixture composition.

Preferably, the one or more polyhydroxyalkyl ethyleneamine compounds are tertiary

amine compounds.

Preferably the one or more polyhydroxyalkyl ethyleneamine compounds are selected
from compounds according to formula Il wherein R; is selected from the list of (C:HsO)x
and (C3H7O)X.

Preferably the amount of EDIPA and the amount of polyhydroxylalkyl ethylenecamine
used in the admixture composition is in the range 10 % wt up to 60 % wt calculated on

the total dry weight of the admixture composition.

The addition of a polyhydroxyalkyl ethylenecamine compound in the admixture
composition has the advantage that a further enhancement in strength of cement cured
product may be achieved when the admixture composition is added to a cementitious

composition.

Suitable polyhydroxyalkyl ethyleneamine compounds include, but are not limited,
aminocthylethanolamine (AEEA), cthylenediamine (EDA), dicthylenetriamine (DETA),
tricthylene tetramine (TETA),tetracthylene pentamine (TEPA), pentacthylenc hexamine
(PEHA), and high molecular weight ecthylencamine (cthylenamine E100, sold by
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HUNTSMAN), and mixture thercof. These products can be made by alkoxylating
cthylencamine. Preferred alkylene oxides (AQ) for the alkoxylation of ethyleamine in

the present invention include ethylene oxide and propylene oxide.

The amount of polyhydroxylalkyl ethylencamine used in the admixture composition of
the present invention preferably comprises about 5% wt to about 95% wt calculated on

the total dry weight of EDIPA + polyhydroxylalkyl ethyleneamine.

According to embodiments, the admixture composition may further comprise a defoamer
or other additives such as air entraining agents, pigment or colorants, retarder, viscosity
modifier, anti shrinkage, may be added in admixture compositions or present to enhance
the performance of cement cured product. Defoamer or air detrainers, are usually used to
decrease the air content in the cementitious composition. Example of defoamers that can
be utilized in the present invention include, but are not limited to tributyl phosphate
dibutyl phtalate, octyl alcohol, water insoluble esters of carbonic and boric acid,
acctylenic diols, cthylene oxide-propylenc oxide block or random copolymers, and

silicones.

According to embodiments, the admixture composition of the present invention may be

supplied in a pure concentrated form, or diluted in aqueous or organic solvents

According to a third aspect of the invention, cement cured products made according to
the method of the second aspect of the invention are disclosed, said products having a
significant higher compressive strength after 1 day, preferably a compressive strength at
day 1 of at least 50% higher than the cement cured product without addition of the
admixture composition according to the invention and/or a compressive strength at 28
days of at least 20% higher than the cement cured product without addition of the

admixture composition according to the invention.

According to a fourth aspect of the invention the use of the admixture composition

according to the invention as cement grinding aids for improving the grinding process is
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disclosed. Preferably the amount of admixture composition (dry weight) added to the
cement (dry weight) is in the range of 0.01 % wt up to 2 % wt, preferably in the range of
0.1 % wtup to 1 % wt calculated on the dry weight of the cement powder.

The invention is illustrated with the following examples.

EXAMPLES

Examples of admixture compositions were tested for the effect of their addition in
cementitious compositions. The compressive strength of concrete made using said
admixture composition was evaluated.

The different compounds used to make comparative admixture compositions and admixture
compositions according to the invention (a comb-polymer dispersant and a strength

increasing additive selected from different hydroxyl amine compounds) are listed in Table 1.

Concrete mixtures were made with and without adding admixture compositions, in
accordance with BS 1881-125. Design of normal concrete mixtures, published by Building
Research Establishment (BRE) was followed to determine the amount of cementitious
compositions.

Concrete mixtures without admixture composition utilized 7.719kg of sand, 9.45kg of
aggregate, 3.118 kg of cement, and 1.8§83kg water, while concrete mixture with admixture
composition utilized 7.719kg sand mixed with 9.45kg aggregate, 3.118 kg cement and
1.543kg water. Cement type 11 32.5N B-M/SV from CBR was used in all examples.

Concrete mixtures containing a polycarboxylate dispersant which is not a comb polymer
type dispersant (SP3) utilized 7.719kg sand, 9.45kg aggregate, 3.118 kg cement, and
1.883kg water.
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Table 1
Compound . Dosage, wt%
Name Chemical formula added (*)
Dispersant
SP1 Comb-polymer dispersant: Polyether 0.2%
(Mw=2000) polyacrylamide
SP2 Comb-polymer dispersant: Methoxy 0.2%

Polyethylene Glycol Methacrylate
(Mw=1000)-co-methacrylic acid, Na salt
SP3 Polycarboxylate dispersant: (modified 0.5%
polyacrylic acid 5000Mw)
Amine compound

EDIPA (N,N-bis (2 hydroxypropyl) —N- 0.1%
(hydroxyethyl) amine)

TIPA Tri-isopropanolamine 0.1%

THEED Tetra hydroxyethyl ethylenediamine 0.1%

THPED Tetra Hydroxypropyl ethylenediamine 0.1%

PHEDETA | Penta hydroxyethy! diethylene triamine 0.1%

(*) wt % of the compound added (dry weight) to the dry weight of the cement

The hydroxyl amine compound was added to the concrete mixture in a concentration of
about 0.1% by weight calculated on the total weight of cementitious binder composition

used for making the concrete mixture.

The dispersant compound was added to the concrete mixture in a concentration of about
0.2% by weight calculated on the total weight of cementitious binder composition used to

for making the concrete mixture.

Defoamers were added to the concrete mixture to ensure that the concrete air content
(measured by air pressure method in accordance with BS EN 12350-7) is less than 2%. A
consistency of 150 £ 10mm was determined using slump cone in accordance with BS EN
12350-2. After the determination of air content, the concrete mixtures were poured in steel
mould and allowed to cure. Compressive strength was determined after 1, 3, 7 and 28 days,

in accordance with BS EN 12390-3.



10

15

20

25

CA 02928536 2016-04-22

WO 2015/062798 PCT/EP2014/070746

31

Example 1: Comparison admixture compositions containing EDIPA with and without
dispersant

This example illustrates the comparison of concretes made using an admixture composition
containing EDIPA (N,\N-bis (2 hydroxypropyl) —N- (hydroxyethyl) amine) without
cementitious dispersant as described in US 6048393 and US 6899177 and EDIPA with a
dispersant according to the invention (SP1). Concretes made using the admixture
compositions according to the invention comprising comb-polymer dispersant (SP1) and
EDIPA showed significant higher compressive strength than concretes made using an
admixture compositions which contains EDIPA without SP1 and concretes made using an
admixture compositions which contains SP1 without EDIPA. The results indicated that
unexpected synergy admixture compositions from present invention containing cementitious

dispersant selected from SP1 and EDIPA was achicved.

Table 2

Compressive strength, Increase compressive strength, %
Admixture MPa * P gth, 7o
compositions ) o o 28 1 . . 28
1day | 3days | 7days days day 3 days | 7 days days

None 34 10.7 17.5 263 100 100 100 100
EDIPA 5.0 11.5 214 31.1 145 107 122 118
SP1 25 11.3 18.7 313 71 105 107 119

Present Invention

SPI+EDIPA | 64 | 167 | 275 | 389 | 185 | 157 | 157 | 148

* The compressive strength is measured according to standard reference test EN 12930
using a sample having a dimension of 100 x 100 x 100 mm.

Example 2: Comparison admixture compositions containing different hydroxyl amine

compounds in combination with a polvcarboxylate type comb-polymer dispersant (SP1)

This example illustrates the compressive strength of concretes made using a cementitious
composition containing an hydroxylamine additive in the presence of a comb-polymer
dispersant selected from SP1. The example according to the invention was made using an
admixture composition containing an hydroxyl amine compound selected from EDIPA and

a comb polymer dispersant sclected from SP1. The comparative examples were made in
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accordance with admixture compositions described in US 7972435 comprising THEED or

TIPA in the presence of cementitious dispersant (SP1).

Table 3

Compressive strength, Increase compressive strength, %
Admixture MPa* P st 7o

compositions 28 1 28
1day | 3days | 7 days days day 3 days | 7 days days

SPI1 25 1.3 18.7 313 100 100 100 100

SP1 +TIPA 4.0 15.3 234 34.0 163 136 125 109
SP1 + THEED 34 15.5 27.8 37.6 137 138 149 120

Invention

SPI+EDIPA | 64 | 167 | 275 | 389 [ 260 | 149 | 147 | 124

* The compressive strength is mcasurcd according to standard reference test EN 12930
using a sample having a dimension of 100 x 100 x 100 mm.

Example 3: Comparison admixture compositions containing different hydroxyl amine

compounds in combination with a comb-polymer dispersant selected from a

polycarboxylate type comb-polvmer dispersant (SP2)

This example illustrates the compressive strength of concretes made using a cementitious
composition according to the present invention comprising comb-polymer dispersant of SP2
and EDIPA, and composition according to the present invention comprising comb-polymer

dispersant of SP2 and hydroxyl amine compounds EDIPA and THEED (at ratio of 50:50).

The results are illustrated in Table 4. The use of admixture composition in accordance
present invention showed higher compressive strength than use of admixture composition
according to state of the art using an admixture composition containing a dispersant selected

from SP2 and no hydroxylamine compound.
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Table 4

Compressive strength .
P gt Increase compressive strength, %

Admixture MPa*
compositions 28 1 , , 28
1 day | 3 days | 7 days days day 3 days | 7 days days
SP2 5.8 17.0 27.1 39.7 100 100 100 100

Present inventions

SP 2 + EDIPA 8.9 19.0 30.9 39.9 155 112 114 101

SP2+
2 2 o} "
EDIPA/THEED 7.2 20.2 32.7 43.0 124 119 121 108

* The compressive strength is measured according to standard reference test EN 12930
using a sample having a dimension of 100 x 100 x 100 mm.

Example 4: Comparison admixture compositions containing hydroxyl amine compounds in

combination with a dispersant selected from SP3 (not according to the invention).

Concrete materials made using a cementitious composition containing a dispersant selected
from SP3 (as described in US 7,972,435) and a cementitious composition containing a

dispersant selected from SP3 and EDIPA were evaluated.

As seen in Table 5, the compressive strength concrete materials using admixture
compositions comprising dispersant SP3 and EDIPA, did not show significant improvement

over admixture containing EDIPA without cementitious dispetrsant.

Table 5

Compressive strength, Increase compressive strength, %
Admixture MPa* pressive stength, o
compositions 28 1 28
1 day | 3 days | 7 days days day 3 days | 7 days days

None 34 10.7 17.5 26.3 100 100 100 100
EDIPA 5.0 11.5 214 31.1 145 107 122 118
SP 3 + EDIPA 4.5 12.0 22.0 32.0 132 112 126 122

* The compressive strength is measured according to standard reference test EN 12930
using a sample having a dimension of 100 x 100 x 100 mm.

Example 5: Comparison admixture compositions containing hydroxyl amine compounds

selected from EDIPA in combination with a polyhydroxyalkyl ethyleneamine compound

and a polycarboxylate comb polymer dispersant selected from SP1.
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This example illustrate further enhance performance of EDIPA in combination with
polyhydroxyalkyl ethyleneamine, in the presence of comb-polymer dispersant (SP1).

Three types of polyhydroxyalkyl ethyleneamine, namely THEED, THPED and PHEDETA
are used in the examples. The ratio of EDIPA and polyhydroxyalkyl ethylencamine is, but

not limited to, is at about 50:50.
Table 6 illustrates that admixture composition of the present invention improved
compressive strength of cement cured products, especially with respect to compressive
strength values using prior art chemical admixture compositions, as described in US
7,972,435.
Table 6
Compressive strength, Increase compressive strength, %
Admixture MPa* p s, 7o
compositions 28 1 28
1 day | 3 days | 7 days days day 3 days | 7 days days
SP1 2.5 11.3 18.7 313 100 100 100 100
SP1 + THEED 34 15.5 27.8 37.6 137 138 149 120
invention
SP 1+ 83 214 | 307 40.8 338 189 164 130
EDIPA/THEED ' ) ) )
SP1+ 8.3 20.5 31.5 42.0 338 182 168 134
EDIPA/THPED ) ' ) )
SP11+
EDIPA/PHEDETA 8.8 226 | 27.1 39.5 360 200 145 126
* The compressive strength is measured according to standard reference test EN 12930
using a sample having a dimension of 100 x 100 x 100 mm.
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CLAIMS

An admixture composition for use in cementitious compositions for improving the

properties of said cementitious compositions, said admixture composition comprising

at least

- one or more polycarboxylate type comb-polymer dispersants, wherein the
polycarboxylate type comb-polymer dispersants are polymers comprising a carbon
chain backbone and pendant groups comprising alkylene oxides attached to the
carbon chain backbone via a functional group linkage, and

- N,N-bis (2 hydroxypropyl) —N- (hydroxyethyl) amine (EDIPA)

wherein the admixture composition comprises about 20% wt to about 95% wt comb-

polymer dispersant and about 5% wt to about 80% wt EDIPA based on the total dry

weight of admixture composition.

The admixture composition according to claim 1 wherein the admixture composition

comprises about 40% wt to about 90% wt comb-polymer dispersant and about 10% wt

to about 60% wt EDIPA based on the total dry weight of admixture composition.

The admixture composition according to claim 1 or 2 wherein the functional group

linkage is selected from the group consisting of carboxylic ester, carboxylic amide,

carboxylic imide, and an ether group.

The admixture composition according to any one of claims 1-3, wherein the alkylene

oxides are ethylene oxides or propylene oxides.

The admixture composition according to any one of claims 1-4 further comprising at

least one compound according to formula [II]:

Ri WT\H T
N,M_, ~ M\]\J\
ﬂ ‘ - OH
Rz
[11]

wherein :
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Ri, R2 = C2H50H, (C2H50-C2HsOH), CsH70H or (C3H70-C3H7OH)

R3 =H, C2H50H, (C2Hs50-C2HsOH), C3H70H or (C3H70-C3sH70H)

R4 =H or CH3, and

n=1-10,

wherein the total amount of EDIPA and the at least one compound according to

formula [II] present in the admixture composition is in the range 5% wt to about

80% wt calculated on the total dry weight of the admixture composition.
The admixture composition according to claim 5, wherein the total amount of EDIPA
and the at least one compound according to formula [II] present in the admixture
composition is in the range 10% wt to 60% wt calculated on the total dry weight of the
admixture composition.
The admixture composition according to claim 5 or 6, wherein the at least one
compound according to formula [II] is a tertiary amine compound.
The admixture composition according to any one of claims 1-7 further comprising at
least one amine compound selected from aminoethylethanolamine (AEEA),
ethylenediamine (EDA), diethylenetriamine (DETA), triethylene tetramine (TETA),
tetraethylene pentamine (TEPA), pentaethylene hexamine (PEHA), and high molecular
weight ethyleneamine, tetra hydroxyethyl ethylenediamine (THEED), tetra
hydroxypropyl ethylenediamine (THPED), penta hydroxyethyl diethylene triamine
(PHEDEA), and a mixture thereof.
The admixture composition according to any one of claims 1-8 further comprising a
defoamer or other additives selected from the group consisting of air entraining agents,
pigment or colorants, retarder, viscosity modifier, and anti-shrinkage additives.
The admixture composition according to any one of claims 1-9 further comprising an
aqueous and/or organic solvent.
A cementitious binder comprising the admixture composition according to any one of
claims 1-10, wherein the total amount of admixture composition in the cementitious
binder is in the range of at least 0.01% wt up to 2% wt based on the total dry weight of

the cementitious binder.
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12.

13.

14.

15.

16.
17.

18.
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The cementitious binder according to claim 11, wherein the total amount of admixture
composition in the cementitious binder is in the range of at least 0.1% wt up to 1% wt
based on the total dry weight of the cementitious binder.
A cementitious composition comprising the cementitious binder according to claim 11
or 12, said cementitious composition comprising further:

(a) water in addition to any aqueous solvent, and optional

(b) aggregates and/or filler material.
Use of the admixture composition according to any one of claims 1-10 as an additive
in a cementitious binder and/or in a cementitious composition to fabricate cement cured
products.
A method for improving the compressive strength of cured cement products, said
method comprising at least the steps of

- combining components (a)-(d) to obtain a cementitious

composition:
(a) the admixture composition as defined in any one of
claims 1-10,

(b) a cementitious binder,
(© water in addition to any aqueous solvent, and
optional
(d) aggregates and/or filler material; and then
- curing the cementitious composition to obtain cement cured
products.

Cement cured products made according to the method of claim 15.
Use of the admixture composition according to any one of claims 1-10 as cement
grinding aids for improving the grinding process wherein the total amount of admixture
composition added to the cement is in the range of at least 0.01% wt up to 2% wt based
on the total dry weight of the cement.
The use according to claim 17, wherein the total amount of admixture composition
added to the cement is in the range of at least 0.1% wt up to 1% wt based on the total

dry weight of the cement.

Date regue / Date received 2021-11-04



	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - CLAIMS
	Page 39 - CLAIMS
	Page 40 - CLAIMS

