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of polymeric mcroparticles in hydraulically setting
buil ding material m xtures for the purpose of
enhancing their frost resistance and cycli cal
freeze/thaw durability. Decisive factors affecting the
resi stance of concrete to frost and to cyclical
freeze/t haw under sinultaneous exposure to thaw ng
agents are the inperviousness of its mcrostructure,
a certain strength of the matrix, and the presence of
a certain pore mcrostructure. The mcrostructure of a
cement - bAdditivsobuilding mtelﬁd\mbetutbsbgonmmiSihgry pores
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' pores ?ra%?ur t 'éﬁq nmf). \}V%?er present ln(iihese 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 vapour pressure over ice is lower
than that over water. Since ice and metastable water are present alongside one
another simultaheously, a vapour-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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i ntroduction of mcrofine air pores in the concrete
hence gives rise primarily to what are called
expansi on spaces for expanding ice and ice-water.
Wthin these pores, freezing water can expand or
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(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 "Powers spacing factor" of 500 ym 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
basis for air void systems characterization, Materials Science of Concrete VI
(2001) 129-214].
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Cement & Concrete Research 35 (2005) 1463-71]. Conventional air entralners
are mostly 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 um,
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.

The other type - for example sodium lauryl sulfate (SDS) or sodium dodecyl-
phenylsulphonate - reacts with calcium hydroxide to form calcium salts which, in
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surfaces of these air pores in the hardened concrete.
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control and different pumping and conveying equipment, and also the
introduction of these concretes in conjunction with altered subsequent
processing, jerking and temperaturé 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: Specificétion, 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 colour additions) likewise
adversely affects air entrainment. There may also be interactions with flow
improvers that have a defoaming action and hence expel air pdres, but may

- also introduce them in an uncontrolied manner.

All of these influences which complicate the production of frost-resistant

concrete can be avoided if, instead of the required air-pore system being
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di fferent m xer speeds and altering netering sequences
in the case of ready- m x concretes result in the
expul sion of the stabilized air (in the air pores).
The transporting of concretes with extended transport
times, poor tenperature control and different punping
and conveyi ng equi pnent, and also the introduction of
these concretes in conjunction with altered subsequent
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for the fact that they possess a void which is smaller than 200 ym (diameter)
and that this hollow core is composed of air (or a gaseous substance). This
likewise includes porous microparticles of the 100 ym scale which may possess

a multiplicity of relatively small voids and/or pores.

With the use of hollow microparticles for artificial air entrainment in concrete,
two factors proved to be disadvantageous for the implementation of this
technology on the market. Relatively high doses are required in order to achieve
satisfactory resistance of the concrete to freezing and thawing cycles. The
object on which the present invention is based was therefore that of providing a
means of improving the frost resistance and cyclical freeze/thaw durability for
hydraulically setting building material mixtures that develops its full activity even

in relatively low doses.

The object has been achieved through the use of polymeric microparticles,

containing a void, in hydraulically setting building material mixtures,
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| ess than 100 pm they can also be distributed nore
finely and uniformy in the concrete mcrostructure
than can artificially introduced air pores.
Consequently, even snmall anmounts are sufficient for
sufficient resistance of the concrete to the freezing
and thawi ng cycle. The use of polyneric mcroparticles
of this kind for inproving the frost resistance and

chegaétetigad irf theeard éﬁ@%ﬁﬁéﬁ*ﬁbhﬂa}m@és ?s%@rhﬁb@ed ﬁmo@é ERRIY9%
known from the prior art [cf. DE 222 Al

by weight ob®nesiers Lbsvmg%wawzsmbmmfgwsmg WY mOIThe
m croparticles described therein are notable in
particular for the fact that they possess a void

Unlebs etherwisenbicated, hiad s8RBilitissréfdtraaeb e this 8pécitibdion are
this hollow core is conposed of air (or a gaseous

alwaypHrogede)watehak209G.kew se i ncl udes porous
m croparticles of the 100 /gym scal e which may possess
a multiplicity of relatively small voids and/or pores.

As desult d)fethesmedxﬁmfrmrit ase of efaromndnsclitsvégrponr wdtecsalbility,
oncrete, two factors proved to be

, train
mlcm%ﬁaﬁﬁé@gg efcgwﬁtqhé\a\/@p@ YRBHA-PEIRT SHITRGR-s
technol ogy on the market. Relatively high doses are
required in order to achieve satisfactory resistance
Surpfisingly itlas beer found thaé tiragglatite useawf algcrcmixtrepart'dflm it is

obj ect which th I nv ase
posSis it adtleVhseme Siticty ity ™ Hik: heMe o8 GehG thee
res;étra%b té@ét@tﬁé&%r@rﬁeéz&ﬂhbﬁﬁé dth ETieé biaY if Wighmidantly
draulically setting bUI ding material 'm xtures
bettehﬁ*tarugugmc m@rtlctlgs havingacmove pplagsefacen rel ativel y
| ow doses. The object has been achi eved through the
use of polyneric mcroparticles,

As an explanation of this unexpected effect - without any intention that this
theory should restrict the scope of the invention - it is assumed that
microparticles of this kind with a non-polar surface exhibit poor attachment to
the building material mixture. As a resuit of this it is possible for capillary pores
to form at the interface between microparticles and building material matrix,

these pores contributing to an increase in resistance to frost and freeze/thaw

cycling.

The shell is composed in accordance with the invention more than 99% by
weight of monomers having a water-solubility of less than 10”" mol/l. The shell is
preferably composed more than 99.5% by weight of such monomers. With

particular preference the shell is composed exclusively of such monomers.

Since the inventive effect of the non-polar shell is apparently related to the
non-polar surface, it is sufficient if, in the case of a multi-shell structure of the

microparticle, the outermost shell satisfies the condition of being composed
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Unl ess otherwi se indicated, the solubilities referred
toin this specification are always those in water at
20C. As a result of the predom nant use of nononers
with very poor water-solubility, mcroparticles are
obt ai ned whi ch have a very non-pol ar surface.
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is preferably conposed nore than 99.5% by wei ght of
such nononmers. Wth . particular preference the shell

The @netbigssvate rxtetion ineeg Jenptes ek optyrpatasrylate, such as methyl

methacrylate, ethyl methacrylate, etc., but also acrylate, such as methyl

acrylate, ethyl acrylate, etc., and also mixtures of both.

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 particle size of 200 to 2000 nm. Maximum preference is given to

average particle sizes of 250 to 1000 nm.

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

significant amount of particles by means of transmission electron micrographs.

In the case of preparation by emulsion polymerization the microparticles are
obtained in the form of an aqueous dispersion. Accordingly, the addition of the
microparticles to the building material mixture likewise preferably takes place in

this form.
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and mixtures thereof. Acrylic acid and methacrylic acid are particularly

preferred.

The shell - where appropriate, outermost shell - B comprises, in accordance

with the invention, the stated monomers.

Where the microparticles are constructed as multi-shelled particles or as
gradient lattices, there are no particular restrictions on the monomers used

between core and outermost shell.

The preparation of these polymeric microparticles by emulsion polymerization
and their swelling by means of bases such as alkali metal hydroxides or alkali
metal hydroxides 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.



obtained in the formof an aqueous di spersion.

ingly, the addition of the mcroparticle

Wc?%@%&ggg?%g material mxtwWe |ikew se prBQJ/%IB2QO7/050895

takes place in this form WD 20071096231 8
PCT/ EP20071050895 During preparation and in the
di spersion, the voids in the mcroparticles are
water-filled. The particles develop their effect of
increasing the resistance to frost and to freeze/thaw

cycling in the building material m xture by at | east
partly relinquishing the water during and after the

h@pwﬁmrrm@ncént&inmdomldrdf)amcmtlﬁedaha y exditditad, Qils\é fi@ction
correspondingly gas-filled or air-filled hol | o
of thpRéaraster Aesgh@l weder eordert, pt a%eﬁof%%/caé:rmwgh’eme'gweof

I r particles
poiffyEE IS £lB8 1838 el of AIRRAR Bk PBIAEEL T (5
t he core/shell polyner particl es having been swoll en
se. The caore (A) of the particle

b
Polx%ﬁfnggﬁén fa 2% 1a6i0g o &Y R a:r&| FP"?fQEF%jalPQPYmQ&PO“temS of
0 whi ch t
RGO e RSN HBleIOTY S LD e

nonomers are preferably
sel ected fromthe group of acrylic aC| d, nmethacrylic

h drid
Wi b el RN el R 26 B peter
fllleé\‘iﬁlﬁl'dﬁérﬁ(%éj dﬁ‘@&ly@é Q%%hé( kd theBuithiRg PndiefidlirfidtRE! Mor that

preferred. The shell - where appropriate, outernost
purgdgs the-mirepapclies esa,s descrbed athave e arejcoagtlpted and isolated

[ [ h { at . e
fromh M Bl digBe it B8 sEPRRRT Ibngdi s Matian. egnirifuging,
sediéhtafibe analdeRantit)PfHEiNe patitles @fe sLbSSQueMQ diied.

particular restrictions on the nononers used between

core and outernost shell.
The water-filled microparticles are added to the building material mixture in a

preferred amount of 0.01% to 5% by volume, in particular 0.1% to 0.5% by
volume. The building material mixture, in the form for example of concrete or
mortar, may in this case include the customary hydraulically setting binders,

such as cement, lime, gypsum or anhydrite, for example.

A substanfial advantage through the use of the water-filled microparticles is that
only an extremely small amount of air is introduced into the concrete. As a
result, significantly irhproved compressive strengths are achievable in the
concrete. These are about 25%-50% above the compressive strengths of
concrete obtained with conventional air entrainment. Hence it is possible to
attain strength classes which can otherwise be set only by means of a
substantially lower water/cement value (w/c value). Low w/c values, however, in
turn significantly restrict the processing properties of the concrete in certain

circumstances.
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PCT/ EP2007/ 050895 The pol ymer content of the
m croparticles used nmay be situated, as a function of
the dianmeter and the water content, at 2% to 98% by
wei ght (wei ght of polyner relative to the total

Moi@jv@hthngiﬁerté&nM@s@fve@tﬂén@ﬂwé%@?'rﬁél@ it p8§§|w@etb ealEE He
of 2% to 60% by MEI? are preferred, polyner contents
8

that i reqriad for sirangth tordevelape@nd
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n1cropart|cles directly as a solid to the building
material m xture. For that purpose the mcroparticles
- as described above - are coagul ated and i sol ated
fromthe aqueous di spersion by standard nmethods (e.g.
filtration, centrifuging, sedinentation and
decanting) and the particles are subsequently dried.
The water-filled mcroparticles are added to the
building material m xture in a preferred anmount of
0.01 %to 5% by volune, in particular 0.1 %to 0.5% by
vol une. The building material mxture, in the formfor
exanpl e of concrete or nortar, may in this case

i nclude the customary hydraulically setting binders,
such as cenent, lime, gypsumor anhydrite, for
exanpl e. A substantial advantage through the use of
the water-filled mcroparticles is that only an
extrenely small amount of air is introduced into the
concrete. As a result, significantly inproved
conpressive strengths are achievable in the



concrete. These are about 25% 50% above the

[ strengths of cgncrete obtain |
Wé%ﬁ@é@%&ﬁil air entrainment!. Hence it |S%M%FQPQ7/9§0895
attain strength classes which can otherw se be set
only by neans of a substantially |ower water/cenent
value (wc value). Low w c val ues, however, in turn

significantly restrict the processing properties of
the concrete in certain circunstances. WO 2007/ 096231

10 PCT/ EP2007/ 050895 Moreover, higher conpressive
strengths may nake it possible to reduce the cenent
CLAMSent of the concrete that is needed for strength to
devel op, and hence nmay nmean a significant reduction
in the price per nB8 of concrete. WO 2007/096231 11
PCT/ EP2007/ 050895 CLAIMS 1. Use of polyneric
m croparticles, containing a void, in hydraulically
1. setWsegf pdﬂyiﬁed:bngucrrmeeﬁdzla‘s, containingsa vo:h!arrahjzcﬁahlzcmuyisetting
: that the. shel] e 1 Gr opar |cIeS|
DU MGUED P G G A HB AR P RRa el Gldbg pricropareies is
coni‘i&%éé?} bk tHin 99% 35 WF@@t &PmbnBRidrb ha@rn\%%gfaﬁalfrnsolubnlty of

pol ymeric m cropartic containing a
leshirdmal0{ owlly setting building material mXxtures
according to Caiml, characterized in that the shell

of the mcroparticles is conposed exclusively of

2. mﬂ%@éﬁpcﬂﬁ?bﬁ@ n%cV@ﬁia@fclé@'dHHtélhﬁrﬂg Ploibershydradiicklly Jsettlng

nol /| 'ymeric mcrop aticles, containing a
buildiiganatasted rruzdnge& @cczgrdmtm Claigh ar abarecterizadiin thatdhe shell of

T AT (R

solubility of less than 10 mol/l.

3. Use of polymeric micropaticles, containing a void, according to Claim 1,

characterized in that the outer shell contains styrene.

4. Use of polymeric micropaticles, containing a void, according to Claim 1,
characterized in that the outer shell contains styrene and/or n-hexyl
(meth)acrylate and/or n-butyl (meth)acrylate and/or isobutyl (meth)acrylate
and/or propyl (meth)acrylate and/or ethyl methacrylate and/or ethylhexyl
(meth)acrylate.

5. Use of polymeric microparticles, containing a void, according to Claim 1,
characterized in that 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.



characterized in that the outer shell contains styrene
nd/ or n- hexyl (neth)acrylate and/ or n-but

WO(?I‘%QH?%@?% ate and/or i sobu?yl (et h) acr yﬁ)ﬁtyréEP%QQY//%OS%
propyl (meth)acrylate and/or ethyl nethacrylate and/or
et hyl hexyl (meth)acrylate. 5. Use of polyneric
m croparticles, containing a void, according to O aim
1, <characterized in that the mcroparticles are
conposed of polyner particles which conprise a
pol ymer core (A), which is swollen by neans of an
aqueous base and contains one or nore unsaturated

6. cauxof pcﬂ)érﬁéhél n(ns:@rpbwﬂﬂégf%bntmng@\v&d @étsd;r@ng%mﬁ‘lm 5,
envel op i s conposed predoni nant |

charan’qemd:m tbah eettﬂaaaura diearhoyylie acid feerivadive mmomers are

selegie by ERyr éép RE %%%ﬁie"@%?m?seﬁifﬁéﬁ%%ﬁ el

anh§dridé farreiceldid edcbnictdtid ahberstopriadgi@t ed carboxylic
acid (derivative) nononers are selected fromthe -

group of acrylic acid, nethacrylic acid, maleic acid,

millfée of éﬁ&ﬂﬁ%ﬁé gﬁcrﬂé%{ﬂﬂ:gés cﬁﬁ{aqmnéta ' §cc%%|ﬂpgf§félaim 1,

crotoni m <criopartic

charauptérdded inghat WIelrchr@mrticlds rrngveca fdiamer tontent of 2% to 98% by
.characterized in that the mcroparticles have a

weigl yner content of 2%to 98%by weight. 8. Use of
pol ymeric mcroparticles, containing a void, according
to Caim1, characterized in that the mcroparticles

8. haUseaf mlwnargcerrpanpactlc&ess lczataamng@x()/cncd), adﬁi@@cﬁ)ngrﬁm Glaim 1,

chalgH el 1o OP AT o TARS LS Py SRR PR ifg o 100 t

5000phoparticles have an average particle size of 200 to

9. Use of polymeric microparticles, containing a void, according to Claim 8,
characterized in that the microparticles have an average particle size of 200 to
2000 nm.

10.  Use of polymeric microparticles, containing a void, according to Claim 9,
characterized in that the microparticles have an average particle size of 250 to
1000 nm.

11.  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.

12.  Use of polymeric microparticles, con’taining a void, according to Claim 11,
characterized in that the microparticles are used in an amount of 0.1% to 0.5%

by volume based on the building material mixture.



2000 nm 10. Use of polyneric mcroparticles,
containing a void, according to Claim?9,
WQBQPE/@%?gied in that the ﬂgcr oparticles R&J&ERR007/050895
average particle size of 250 to 1000 nm 11. Use of
polymeric mcroparticles, containing a void, according
to daiml, characterized in that the mcroparticles
are used in an anount of 0.01 %to 5% by vol une,
based on the building material m xture. 12. Use of
polymeric mcroparticles, containing a void, according
to Cdaim1ll, <characterized in that the mcroparticles
13.ar mwsﬂpmzm@ﬁcaﬁ@mﬂar@éleg -dontaihgla b8fd, Bycoral Claim 1,
based on the building material mXture. WO 2007/ 096231
charactelzrdirpthal tes@ting mamterial enisturps eyereeinposed of a binder
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mxtures are conposed of a binder selected fromthe
group of cenent, |ine, ngpsum and anhydrite. 14.
14. of Lﬂﬁﬂ?frmlymeﬁﬁéfﬂ@maﬁ' ¢ FONEYAINGi v dig, acesdiag to Clalm1

cha@&&?fﬂé&g\ fht er a Jﬂd?nxq m%@&fé?%&fdré?gr% Bordtele dMortar.

ures are concrete or nortar.



