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m croparticles in hydraulically setting building
material m xtures for the purpose of enhancing their
frost resistance and cyclical freeze/thaw durability.
Concrete is an inportant building nmaterial and is
defined by DIN 1045 (07/1988) as artificial stone
formed by hardening froma m xture of cenent,
aggregate and water, together where appropriate with
concrete adm xtures and concrete ., additjons.
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however, is bound in the form of water of crystallization. Concrete, rather than
drying, sets: that is, the initially highly mobile cement paste (cement and water)
starts to stiffen, becomes rigid, and, finally, solidifies, depending on the
timepoint and progress of the chemical/mineralogical reaction between the
cement and the water, known as hydration. As a result of the water-binding
capacity of the cement it is possible for concrete, unlike quicklirhe, to harden
and remain solid even under water. Secondly, concrete undergoes deformation

under load, known as creep.

The freeze/thaw cycle refers to the climatic alternation of temperatures around
the freezing point of water. Particularly in the case of mineral-bound building
materials such as concrete, the freeze/thaw cycle is a mechanism of damage.
These materials possess a porous, capillary structure and are not watertight. If
a structure of this kind that is full of water is exposed to temperatures below

0°C, then the water freezes in the pores. As a result of the density anomaly of



These materials possess a porous, capillary structure
and are not watertight. If a structure of this kind
WO bhat7/0%62034l | of water is exposed to tenperaPCTEPADOVHR0905
0C, then the water freezes in the pores. As a result
of the density anomaly of WD 2007/096234 2
PCT/ EP2007/ 050905 water, the ice then expands. This
results in danmage to the building material. Wthin
the very fine pores, as a result of surface effects,
there is a reduction in the freezing point. In
m cropores water does not freeze until below -17C
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the freezing points of which may for example be well below -50°C [M.J.Setzer,
Interaction of water with hardened cement paste, Ceramic Transactions 16
(1991) 415-39]. Consequently, even when the concrete is' cooled to low
temperatures, some of the water in the pores remains unfrozen (metastable
water). For a given temperature, however, the vapor pressure over ice is lower
than that over water. Since ice and metastable water are present alongside one
another simultaneously, a vapor-pressure gradient develops which leads to
diffusion of the still-liquid water to the ice and to the formation of ice from said
water, resulting in removal of water from the smaller pores or accumulation of
ice in the larger pores. This redistribution of water as a result of cooling takes
place in every porous system and is critically dependent on the type of pore

distribution.
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A precondition for improved resistance of the concrete on exposure to the
freezing and thawing cycle is that the distance of each point in the hardened
cement from the next artificial air pore does not exceed a defined value. This
distance is also referred to as the "Powers spacing factor” [T.C.Powers, The air
requirement of frost-resistant concrete, Proceedings of the Highway Research
Board 29 (1949) 184-202]. Laboratory tests have shown that exceeding the
critical "Power spacing factor" of 500 um leads to damage to the concrete in the
freezing and thawing cycle. In order to achieve this with a limited air-pore '
content, the diameter of the artificially introduced air pores must therefore be
less than 200 - 300 ym [K.Snyder, K.Natesaiyer & K.Hover, The stereological

and statistical properties of entrained air voids in concrete: A mathematical
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entfdlhé@bymBixing i8 s@é’dﬂﬁieﬁi By the addition of the aforementioned air
entrainers [L.Du & K.J.Folliard, Mechanism of air entrainment in concrete,
Cement & Concrete Research 35 (2005) 1463-71]. Conventional air entrainers
are mbstly surfactant-like in structure and break up the air introduced by mixing
into small air bubbles having a diameter as far as possible of less than 300 ym,

and stabilize them in the wet concrete microstructure. A distinction is made here

between two types.

One type - for example sodium oleate, the sodium salt of abietic acid or Vinsol
resin, an extract from pine roots - reacts with the calcium hydroxide of the pore
solution in the cement paste and is precipitated as insoluble calcium salt. These
hydrophobic salts reduce the surface tension of the water and collect at the
interface between cement particle, air and water. They stabilize the »
microbubbles and are therefore encountered at the surfaces of these air pores

in the concrete as it hardens.
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The transporting of concretes with extended transport times, poor temperature
control and different pumping and conveying equipment, and also the
introduction of these concretes in conjunction with altered subsequent
processing, jerking and temperature conditions, can produce a significant
change in an air-pore content set beforehand. In the worst case this may mean
that a concrete no longer complies with the required limiting values of a certain
exposure class and has therefore become unusable [EN 206-1 (2000),

Concrete - Part 1: Specification, performance, production and conformity].

The amount of fine substances in the concrete (e.g. cement with different alkali
content, additions such as flyash, silica dust or color additions) likewise
adversely affects air entrainment. There may also be interactions with flow
improvers that have a defoaming action, and hence expel air pores, but may

also introduce them in an uncontrolled manner.
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The use of polymeric microparticles of this kind for improving the frost
resistance and cyclical freeze/thaw durability of concrete is already known from
the prior art [cf. DE 2229094 A1, US 4,057,526 B1, US 4,082,562 B1, DE
3026719 A1]. The microparticles described therein have diameters of at least
10 um (typically much larger) and possess air-filled or gas-filled voids. This
likewise includes porous particles which may be larger than 100 pm and may

possess a multiplicity of relatively small voids and/or pores.

In connection with the use of hollow microparticles for artificial air entrainment in

concrete, two factors have proven detrimental to the establishment of this

technology on the market. On the one hand, the production costs of hollow
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means. Thi s object has been achi eved through the use
of polyneric mcroparticles, containing a void, in
hydraulically setting building material mxtures,
Surprisingly it has been found that by means of nonionic emulsifiers it has

proven possible to achieve a marked reduction in the foaming propensity not

only in the dispersion but also in the building material mixture.

A reduced foaming propensity is of advantage because it entrains less air into‘
the building material mixtures, which leads in turn to a lower level of impairment

of the mechanical strength of the fully hardened building material mixture.

Nonionic emulsifiers are surface-active substances (surfactants) having an
uncharged group(s) which in the neutral pH range carries no ionic charge and
which is polar, hydrophilic, and water-solubilizing, and which adsorbs on
interfaces and, above the critical micelle concentration, undergoes aggregation

to form neutral micelles.
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and also fatty acid ethoxylates, fatty am ne
(oligeYoxygihyteme groups (polyethylene glycol groups$). These include, in

particular, fatty alcohol polyglycol ethers (fatty alcohol ethoxylates), alkylphenol
polyglycol ethers, and also fatty acid ethoxylates, fatty amine ethoxylates,
ethoxylated triglycerides, and mixed ethers (polyethylene glycol ethers with

alkylation at both ends).

In the case of macromolecular emulsifiers there are numerous possibilities for

arranging one or more hydrophilic blocks. Preference is given here to the use of

block copolymers.

The block copolymers employed in accordance with the invention (the term
block copolymer stands here for polymers whose molecules are composed of
linked blocks, preferably linearly linked blocks, the blocks being connected
directly to one another énd the term block referring to a section of a polymer

molecule that comprises two or more monomeric units which possess at least
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Examples of hydrophobic blocks are poly(propylene oxide), poly(siloxanes) and

poly(alkane)s.

The nonionic emulsifiers of the invention are used in amounts of < 5% by
weight, with particular preference of < 3% by weight, and most preferably < 1%

by weight, based on the polymer content of the microparticles.

The microparticles of the invention can be prepared preferably by emulsion
polymerization and preferably have an average particle size of 100 to 5000 nm;
an average patrticle size of 200 to 2000 nm is particularly preferred. Most

- preferable are average patrticle sizes of 250 to 1000 nm.

The average particle size is determined, for example, by counting a statistically

éignificant amount of particles by means of transmission electron micrographs.
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di spersion. Accordingly, the addi'tion of the
dispersiasparticles to the building material mxture
preferably takes place likewise in this formwth
nonionic enmulsifiers, in particular, being included in
the dispersion. In connection with the mcroparticles
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nd aré described in publications EP 22 633 Bl, EP 73
529 B1, and EP 188 325 131. Furthernore, these
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325pB1 nEyrthermerse thessoaicaeparticles are sold commercially under the
brand name ROPAQUE® by the company Rohm & Haas. These products were

hitherto used primarily in inks and paints for the purpose of improving the hiding
power and light impermeability (opacity) of coatings or prints on paper, boards,

and other materials.

At the preparation stage and in the dispersion, the voids of the micrbparticles
are water-filled. Without restricting the invention to this effect, it is assumed that
the water is lost by the particles during setting of the building material mixture,
~at least partly, after which, correspondingly, gas-filled or air-filled hollow spheres

are present.

This process also takes place, for example, when such microparticles are used

in paints.
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nononer s used include styrene, butadi ene,
vi nyl-t ol uene, ethylene, vinyl acetate,. vinyl chloride,
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The preparation of these polymeric microparticles by emulsion polymerization
and also their swelling by means of bases such as alkali or alkali metal
hydroxides, for example, and also ammonia or an amine are likewise described
in European patents EP 22 633 B1, EP 735 29 B1, and EP 188 325 B1.

It is possible to prepare core-shell particles which have a single-shell or
multishell construction or whose shells exhibit a gradient, the composition

changing from the core to the shell either in steps or in the form of a gradient.

The polymer content of the micro’pavrticles used may be situated, as a fuhction,
for example, of the diameter, the core/shell ratio, and the swelling efficiency, at

2% to 98% by weight.
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construction or whose shells exhibit a gradient, the

conposition changing fromthe core to the shell

either in steps or in the formof a gradient. The

pol ymer content of the mcroparticles used may be

situated, as a function, for exanple, of the
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efficiency, at 2%to 98% by weight. WD 2007/ 096234 12
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water-filled mcroparticles are added to the buil ding
material mxture in a preferred amount of 0.01%to 5%

by volune, in particular 0.1 %to 0.5%by volune. The
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air PRBYEBEH ‘Fm@'_the building material mixture at an extraordinarily low level.
On concrete, for example, improvements in compressive strengths of more than

35% have been found, as compared with concrete obtained with conventional

air entrainment.

Higher compressive strengths are of interest, in addition and in particular,
insofar as it is possible to reduce the cement content of the concrete, which is
needed for strength to develop, as a result of which it is possible to achieve a

significant lowering in the price per m? of concrete.
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pol ynmeric mcroparticles, containing a void, in
hydraulically setting building material m xtures,
characterized in that the mcroparticles are
stabilized by nonionic emulsifiers. 2. Use of

CLABV®neric nmicroparticles, containing a void, according
to claim1, characterized in that the hydrophilic
group of the nonionic enulsifiers used belongs to the
al cohol s, am ne oxides or (oligo)oxyal kyl enes or
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pol ynmer content the mcroparticles wused. 4. Use of
polymeric mcroparticles, containing a void, according
to cl aim2 characterized in that the nonionic
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3. Use of polymeric microparticles, containing a void, according to claim 2,
characterized in that the nonionic emulsifiers are used in amounts of
< 5% by weight, based on the polymer content of the microparticles

used.

4. | Use of polymeric microparticles, containing a void, according to claim 2,
characterized in that the nonionic emulsifiers are used in amounts of
< 3% by weight, based on the polymer content of the microparticles

used.

5. Use of polymeric microparticles, containing a void, according to claim 2,
characterized in that the nonionic emulsifiers are used in amounts of
< 1% by weight, based on the polymer content of the microparticles

used.
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are conposed of polyner particles which contain a
pol yner core (A), swollen by nmeans of an aqueous base
and based on an unsaturated carboxylic acid
(derivative) nononer, and a pol yner envel ope (B)
based on a nonionic, ethylenically unsaturated
nmononer. 7. Use of polyneric mcroparticles,
containing a void, according to claim 6,
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Use of polymeric microparticles, containing a void, according to claim 6,
characterized in that the nonionic, ethylenically unsaturated monomers
are composed of styrene, butadiene, vinyltoluene, ethylene, vinyl
acetate, vinyl chloride, vinylidene chloride, acrylonitrile, acrylamide,

methacrylamide, C1-C12 alkyl esters of acrylic or methacrylic acid.

Use of polymeric mibroparticles, containing a void, according to claim 1,
characterized in that the microparticles have a polymer content of 2% to
98% by weight.

Use of polymeric microparticles, containing a void, according to claim 1,
characterized in that the microparticles possess an average particle size
of 100 to 5000 nm.



11. Use of mcroparticles, containing a void,

according to claiml1, poI ymeri c characteri zed in '
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of 200 to 2000 nm 12. Use of polyneric

m croparticles, containing a void, according to claim

1, characterized in that the mcroparticles possess

an average particle size of 250 to 1000 nm 13. Use

of polynmeric mcroparticles, containing a void,

according to claim1, characterized in that the

m croparticles are used in an anount of 0.01 % to 5%
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13.  Use of polymeric microparticles, containing a void, according to claim 1,
characterized in that the microparticles are used in an amount of 0.01%

to 5% by volume, based on the building material mixture.

14.  Use of polymeric microparticles, containing a void, according to claim 1,
characterized in that the microparticles are used in an amount of 0.1% to

0.5% by volume, based on the building material mixture.

15.  Use of polymeric microparticles, containing a void, according to claim 1,
characterized in that the building material mixtures are composed of a

binder selected from the group of cement, lime, gypsum and anhydrite.

16.  Use of polymeric microparticles, containing a void, according to claim 1,
characterized in that the building material mixtures are concrete or

mortar.



