Additive building material m xtures containing
different-sized mcroparticles The present invention
relates to the use of polyneric mcroparticles in
hydraulically setting building material mxtures for

t he purpose .of enhancing their frost resistance and
cyclical freeze/thaw durability. Concrete is an

i mportant building material and is defined by DIN 1045
(07/1988) as artificial stone fornmed by hardening
froma mxture of cenent, aggregate and water,

t oget her where appropriate with concrete adm xtures
and concrete additions. One way in which concrete is
classified is by its subdivision into strength groups
(BI-Bll) and strength classes (B5-B55). Mxing in
gas-forners or. foamfornmers produces aerated concrete
or f oAdditivednilding matergbmixtureseontainipg differentsiged
Georg Thienme Verl ag). qgggaﬁgﬁkﬁé§ two time-dependent
properties. Firstly, b rylng out, it undergoes a
reduction in volunme that is terned shrinkage. The
majority of the water, however, is bound in the form
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Concrete has two time-dependent properties. Firstly, by drying out, it undergoes
a reduction in volume that is termed shrinkage. The majority of the water,
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 quicklime, 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



the freezing point of water. Particularly in the case
of m neral -bound building materials such as concrete,
the freeze/thaw cycle is a mechani sm of damage. These
mat eri al s possess a porous, gapillary structure and
are not watertight. If 2 a structure of this kind
that is full of water is exposed to tenperatures bel ow
0C, then the water freezes in the pores. As a result
of the density anonaly of water, the ice then
expands. This results in damage to the buil ding
material. Wthin the very fine pores, as a result of
surface effects, there is a reduction in the freezing
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pores (radius: 2 - 50 nm). Water present in these pores differs in its state as a
function of the pore diameter. Whereas water in the capillary pores retains its
usual properties, that in the gel pores is classified as condensed water
(mesopores: 50 nm) and adsorptively bound surface water (micropores: 2 nm),
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



Interaction of water with hardened cenent paste,
Ceram c Transactions 16 (1991) 415-39]. Consequently,
even when the concrete is cooled to | ow tenperatures,
some of the water in the porgs remains unfrozen
(nmetastable water). For a given tenperature, however,
the vapor pressure over ice is lower than that over
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G.W.Scherer, J.Chen & J. Valenza Methods for protecting concrete from
freeze damage, US Patent 6,485,560 B1 (2002); M.Pigeon, B.Zuber &
J.Marchand, Freeze/thaw resistance, Advanced Concrete Technology 2 (2003)
11/1-11/17; B.Erlin & B.Mather, A new process by which cyclic freezing can
damage concrete - the Erlin/Mather effect, Cement & Concrete Research 35

(2005) 1407-11].

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



freeze damage, US Patent 6,485,560 Bl (2002);

M Pi geon, B. Zuber & J. Marchand, Freeze/thaw

resi stance, Advanced Concrete Technol ogy 2 (2003)
11/1-11/17; B.Erlin & B. Mather, A new process by which
cyclic freezing can damage concrete - the

Erlin/ Mather effect, Cenent & Concrete Research 35
(2005) 1407-11]. A precondition for inproved

resi stance of the concrete on exposure to the
freezing and thaw ng cycle is that the di stance of
each point in the hardened cenent fromthe next
artificial air pore does not exceed a defined val ue.
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comparison. This numerical value is termed the weathering factor.

The formation of an artificial air-pore system depends critically on the
composition and the conformity of the aggregates, the type and amount of the
cement, the consistency of the concrete, the mixer used, the mixing time, and
the temperature, but also on the nature and amount of the agent that forms the
air pores, the air entrainer. Although these influencing factors can be controlled
if account is taken of appropriate production rules, there may nevertheless be a
multiplicity of unwanted adverse effects, resulting ultimately in the concrete's air
content being above or below the desired level and hence adversely affecting

the strength or the frost resistance of the concrete.

Avrtificial air pores of this kind cannot be metered directly; instead, the air
entrained by mixing is stabilized 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



graded using a scale defined by reference to
conparison sanples (for instance, fromO = no danage
to 5 = very severe damage), thereby allowi ng a
qualitative conparison. Thig nunerical value is
termed the weathering factor. The formation of an
artificial air-pore systemdepends critically on the
conmposition and the conformty of the aggregates, the
type and anount of the cenent, the consistency of the
concrete, the m xer used, the mxing tine, and the
tenperature, but also on the nature and anount of the
agent that forns the air pores, the air entrainer.
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contrast, are soluble, bu WhICh exhibit an abnormal solution behavior. Below a
certain critical temperature the solubility of these surfactants is very low, while
above this temperature their solubility is very good. As a result of preferential
accumulation at the air/water boundary they likewise reduce the surface
tension, thus stabilize the microbubbles, and are preferably encountered at the

surfaces of these air pores in the hardened concrete.

The use of these prior-art air entrainers is accompanied by a host of problems
[L.Du & K.J.Folliard, Mechanism of air entrainment in concrete, Cement &
Concrete Research 35 (2005) 1463-71. For example, prolonged mixing times,
different mixer speeds and altered metering sequences in the case of ready-mix

concretes result in the expulsion of the stabilized air (in the air pores).

The transporting of concretes with extended transport times, poor temperature

control and different pumping and conveying equipment, and also the



solution in the cenment paste and is precipitated as
i nsol ubl e calciumsalt. These hydrophobic salts
reduce the surface tension of the water and coll ect at
the interface between cenerg particle, air and water.
They stabilize the mcrobubbles and are therefore
encountered at the surfaces of these air pores in the
concrete as it hardens. The other type - for exanple
sodium | auryl sulfate (SDS) or sodi um dodecyl -
phenyl sul fonate - reacts with cal ci um hydroxide to
formcalciumsalts which, in contrast, are sol uble,
but which exhibit an abnormal sol ution behavior. Bel ow
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decrease in the mechanical strength of the concrete with increasing air content.

All of these influences which complicate the production of frost-resistant
concrete can be avoided if, instead of the required air-pore system being
generated by means of abovementioned air entrainers with surfactant-like
structure, the air content is brought about by the admixing or solid metering of
polymeric microparticles (hollow microspheres) [H.Sommer, A new method of
making concrete resistant to frost and de-icing salts, Betonwerk &
Fertigteiltechnik 9 (1978) 476-84]. Since the microparticles generally have
particle sizes of less than 100 ym, they can also be distributed more finely and
uniformly in the concrete microstructure than can artificially introduced air pores.
Consequently, even small amounts are sufficient for sufficient resistance of the

concrete to the freezing and thawing cycle.



change in an air-pore content set beforehand. In the

wor st case this may nean that a concrete no | onger
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providing a means of improving the frostTesistance and cyclical freeze/thaw
durability for hydraulically setting building material mixtures that develops its full
activity even in relatively low doses. A further object was not, or not
substantially, to impair the mechanical strength of the building material mixture
as a result of this means. Additionally, the intention was that the weathering

factor should be improved.

The object has been achieved through the use of polymeric microparticles,
containing a void, in hydraulically setting building material mixtures,
characterized in that at least two types of microparticles are used which have a

different average particle diameter.

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

significant amount of particles, employing transmission electron micrographs.



The use of polyneric mcroparticles of this kind for
inproving the frost resistance and cyclica
freeze/thaw durability of concrete is already known
from the prior art [cf. DEg229094 A, US 4,057,526
131, US 4,082,562 61, DE 3026719 Al]. The
m croparticles described therein have dianeters of at
| east 10 pm (usually substantially larger) and
possess air-filled or gas-filled voids. This |ikew se
i ncl udes porous particles, which can be l[arger than
100 pmand nay possess a nmultiplicity of relatively
smal | voi ds and/or pores. Wth the use of holl ow
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Nidlsgipparticles, containing a void, in hydraulically
setting building material m xtures, characterized in
that at |east two types of mcroparticles are used

whi ch have a different average particle dianeter. The
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counting a statistically . , . .
prepared actually at the synthesis stage with an at least bimodal particle size

distribution.

In all cases it is preferred for at least one of the types of particles present in the

mixture to have an average particle size of less than 1000 nm.

Surprisingly it has been found that by virtue of these mixtures it is possible to
achieve an outstanding improvement in the resistance of building material

mixtures toward frost and cyclical freezing/thawing.

In contrast to air pores, which weaken the mechanical strength of the concrete,
no notable deterioration is observed when using the hollow sphere mixtures of

the invention.

In comparison between a sample of concrete equipped with inventively different
microparticles and samples containing the microparticles used in the mixture



significant anount of particles, enploying
transm ssion el ectron m crographs. 8 The
m croparticles used nay be of the sane kind and may
differ merely in the particje size. The difference in
average particle sizes is preferably at |east 20%
Particular preference is given to a difference in
average particle sizes of at least 50% In a further
preferred enbodinent it is also possible to use
particles of different kinds. In this case it is
possi bl e, for exanple, to use core/shell particles
prepared by enul sion polynerization, having a swoll en
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number of particles and so is distributed very uniformly in the building material

matrix.

The combination of these two contributions shows an effect which goes beyond

the effect of the microparticles employed separately.

The microparticles of the invention can be prepared, for example, by emulsion
polymerization and in that case preferably have a particle size of 100 to
5000 nm.

Microparticles prepared in other ways and used in combination with these
microparticles may have substantially larger particle diameters. In the case of

Expancel, for example, between 20 and 150 ym.

The particle size is determined by, for example, measuring and counting a
statistically significant amount of particles, employing transmission electron

micrographs.



In conparison between a sanple of concrete equi pped
wth inventively different mcroparticles and sanpl es
containing the mcroparticles used in the m xture 9
each individually in the saqg anount, the best

weat hering factor was found for the sanple equi pped
in accordance with the invention. As an expl anati on,

t hough not intended to restrict the scope of the
invention, it is assuned that |arge mcroparticles

| ose nore quickly the water they contain, if indeed
not - as in the case of Expancel - containing any
water fromthe outset. Very soon after the hardening
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determ ned by, for exanple, nmeasuring and counting a

In the case of preparation, and in the dispersion, the voids in the microparticles
are water-filled. Without restricting the invention to this effect, it is assumed that
the water is lost - at least partly - from the particles as the building material
mixture hardens, after which, correspondingly, gas-filled or air-filled hollow

spheres are present.

This process also takes place, for example, when microparticles of this kind are

used in paints.

According to one preferred embodiment the microparticles used are composed
of polymer particles which possess a core (A) and at least one shell (B), the

core/shell polymer particles having been swollen by means of a base.

The core (A) of the particle contains one or more ethylenically unsaturated
carboxylic acid (derivative) monomers which permit swelling of the core; these
monomers are preferably selected from the group of acrylic acid, methacrylic
acid, maleic acid, maleic anhydride, fumaric acid, itaconic acid and crotonic acid



statistically significant anmount of particles,
enpl oyi ng transm ssion electron mcrographs. 10 1In
the case of preparation by enul sion polynerization the
mcroparticles are obtainegqiin the formof an aqueous
di spersion. Accordingly the addition of the
mcroparticles to the building material m xture takes
pl ace preferably likewise in this form
M croparticles of this kind are already known in the
prior art and are described in the publications EP 22
633 Bl, EP 73 529 Bl and EP 188 325 131. Furthernore,
these water-filled mcroparticles are sold
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It is possible to prepare core-shell particles which have a single-shell or multi-

shell construction, or whose shells exhibit a gradient.

The polymer content of the microparticles used may be situated, as a function
for example of the diameter, the core/shell ratio and the swelling efficiency, at
2% to 98% by volume.

Whereas in accordance with the invention the water-filled polymeric microparticles
are preferably used in the form of an aqueous dispersion, within the scope of the
present invention it is entirely possible to add the water-filled microparticles
directly as a solid to the building material mixture. For that purpose the
microparticles for example - by methods known to the skilled worker - are
coagulated and isolated from the aqueous dispersion by standard methods (e.g.
filtration, centrifuging, sedimentation and decanting). The material obtained can be
washed in order to arrive at a further reduction in the surfactant content, and is

subsequently dried.



nononers are preferably selected fromthe group of
acrylic acid, nethacrylic acid, nmaleic acid, nmaleic
anhydride, fumaric acid, itaconic acid and crotonic
acid 11 and m xtures there@h. Acrylic acid and
methacrylic acid are particularly preferred. The
shell (B) predom nantly of nonionic, ethylenically
unsat urated nononers. As such nononers, preferably,
use i s made of styrene, butadiene, vinyltol uene,

et hyl ene, vinyl acetate, vinyl chloride, vinylidene
chloride, acrylonitrile, acrylam de, nethacryl am de,
Cl-Cl2 al kyl esters of (meth)acrylic acid or mxtures
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Higher compressive strengths are of interest, in addition and in particular,
insofar as they make it possible to reduce the cement content of the concrete
that is needed for strength to develop, and as a result of this the price per m? of

concrete can be lowered significantly.



m croparticles for exanple - by nmethods known to the
skilled worker - are coagulated and isolated fromthe
aqueous di spersion by standard nethods (e.qg.
filtration, centrifuging, seginentation and
decanting). The nmaterial obtained can be washed in
order to arrive at a further reduction in the
surfactant content, and is subsequently dried. 12
The water-filled mcroparticles are added to the
buil ding material mxture in a preferred anmount of
0.01%to 5% by volune, in particular 0.1 %to 0.5% by
vol une. The building material mixture, in the formfor
exanpl e of concrete or nortar, may in this case

e the customary hydraulically setting binders,
such as cenent, linme, gypsum or anhydrite, for
exanpl e. Through the use of the mcroparticles of the
invention is it possible to keep the introduction of
air into the building material extraordinarily Iow. On
concrete, for exanple, findings have included
1.mpr dlsernfpolymericopiepopasticies costairing en@idin hydrauligaly setting
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m croparticles, containing a void, in hydraulical I%/

Kk amegd 150 um are used, at least one of the types of microparticles present

in the mixture having a diameter of less than 1000 nm.

3. Use of polymeric microparticles, containing a void, according to claim 1,
characterized in that at least one type of the microparticles are composed of
polymer particles which comprise a polymer core (A), which is swollen by
means of an aqueous base and contains one or more unsaturated carboxylic
acid (derivative) monomers, and a polymer envelope (B), which is composed

predominantly of nonionic, ethylenically unsaturated monomers.

4. Use of polymeric microparticles, containing a void, according to claim 1,
characterized in that at least one type of microparticles are composed of gas-
filled polymer particles having a diameter of more than 10 ym and at least one
further type of microparticles in the mixture has a diameter of less than

1000 nm.



buil ding material m xtures, characterized in that
different-sized mcroparticles are used. 2. Use of
pol ymeric mcroparticles, containing a void, according
to claim1, characterized if that m xtures of

m croparticles having a dianeter of between 100 nm
and 150 pm are used, at |east one of the types of

m croparticles present in the mxture having a

di ameter of |less than 1000 nm 3. Use of polyneric

m croparticles, containing a void, according to claim
1, characterized in that at |east one type of the
mcroparticles are conposed of polynmer particles
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_ de, fumaric aci d,
Itaconi c aci d and crotonic aci d 6. Use of polyneric
m croparticles, containing a void, according to claim

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

volume.

8. 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.

9. Use of polymeric microparticles, containing a void, according to claim 7,
characterized in that the microparticles are used in an amount of 0.1% to 0.5%

by volume, based on the building material mixture.

10.  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.



characterized in that the nonionic, ethylenically
unsat urated nononers are conposed of styrene,
but adi ene, vinyltol uene, ethylene, vinyl acetate,
vinyl chloride, vinylidenejghloride, acrylonitrile,
acryl am de, nethacrylam de, Cl1-Cl12 al kyl esters of
acrylic or nethacrylic acid. 7. Use of polyneric
m croparticles, containing a void, according to claim
1, <characterized in that the mcroparticles have a
pol ynmer content of 2%to 98% by volune. 8. Use of
pol ynmeric mcroparticles, containing a void, according
to claiml1, characterized in that the mcroparticles
are used in an anount of 0.01 %to 5% by vol une,
based on the building material mxture. 9. Use of
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based on the building material m xture. 10. Use of
pol ynmeric mcroparticles, containing a void, according
to claiml1, characterized in that the building
material m xtures are conposed of a binder selected
fromthe group of cenent, |ine, gypsum and anhydrite.
15 11. Use of polyneric mcroparticles, containing a
voi d, according to claim1l, characterized in that the
building material m xtures are concrete or nortar.



