WO 2005/063648 PCTjEP2904/014196 HIGH EARLY STRENGTH
SUPERPLASTICTZER FIELD OF THE INVENTION The present invention
relates to a new superplasticizer for concrete and other cement materials
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high mechanical strength, without causing any retardation of the

hydration during the hardening stage. Dye to these characteristics, with
the new superplasticizer of the. present invention it is possible to cast
concrete mixtures characterised by high fluidity and very low mixing water

which EIERDvVey fEsirYRIviR Nfegayrable climatic conditions, such as
those 10 characterised by the low temperatures typical of the winter time.

-fore pampEgsEIthnpeston inventonarelates toubstiparplastisizZe Withcrete and
thﬁ}gbove mentionedﬁfroperties which is further characterised by an
iNtGiE TN it tratiing ertle. DESCRAETION ORmER the initial workability

-OF- 15 Superplasticizers are extensjvely used in the )
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inYHetage ditiglgt leodplexd einfgecinglent Sysiesasc afacte HOWINRY with the

concrete can be easily 20 pumped and completely fills all the parts of the
B By e GRs Glirihe dyestins inderdingort complesshlsavingatheconcrete

ive and tricky wark of mechanical vibration. Furthermore, by using
ittt ]i)isﬁgs BIdHS LN R AR GeHGER A niRiFgngatertsy which

SUPEIPIASICIZTS It
adaeter femorg thand pe il having .25 mixtures characterised
by excelleﬁﬂﬁuidity. By thisﬁwcgﬁ%ﬁ%wé%%’s}i 1S TG, CORIHORS, %%hn@s those
cinacaetenisbdures Wb reswcadiisingwaleniioWal of the winter time. More

particularly, the present invention relates to a superplasticizer with the above
mentioned properties which is further characterised by an intrinsic low air-
entraining effect.

DESCRIPTION OF THE STATE-OF-ART

Superplasticizers are extensively used in the construction field. Their
addition to fresh concrete dramatically changes the rheological properties,
producing a sharp decrease of the viscosity of the cement mixtures and
allowing an easier casting of the concrete, even in the case of tight and
complex reinforcing bar systems. In fact, flowing concrete can be easily
pumped and completely fills all the parts of the moulds by effect of its own

mass, thus reducing or completely saving the expensive and tricky work of

‘mechanical vibration.

Furthermore, by using superplasticizers it is possible to considerably
reduce the mixing water by a factor of more than 20 per cent, still having
mixtures characterised by excellent fluidity. By this way, it is possible to

easily cast dense, flowing concrete mixtures with reduced mixing water (low
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WO 2005/063648 PC'T/EP2004/014196 2 water-cement ratio) which,
once hardened, are characterised by very high mechanical strength.

iti perplasticizers are based on the condensation products of
wﬁ%‘%%@ri halene sulfonic acid with formaldehyde (NSFC) ah§ 5EP2004/014196
condensation products of melamine sulfonate with formaldehyde (MSFC).

e superplasticizers, together with modified lignosulfonate (LGS), .
RaCE U AT ORER et 30 Baratgeis Y very high
ﬁgﬂjﬁ§ﬁﬂ§éﬁ§tge%tg@ﬁ|d 2nd generation superplasticizers. These
superplasticizers possess reduced fluidifying capabilities and therefore

they ndedditioazidsigskip eoticioierd Arvisiyes ahreltivelydigigrsagesducts of
in order to produce an adequate reduction of the mixing water. These

sdpectefrernpnhthalens of sufenitstatiér leaghattfactil detdydpre@ISEd) and
one,of the,main fagtors which discouraged the use of sugerplasticizers in

SRAJASAURRPHOLICE 106 dReLirews: sbifoaaltury it nevaaldeby des (MSFC).

I O MGTHGR 105, v
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described in Japanese Patent JP 58-74552 where a Superplasticizer

ﬁgrimmaﬁmmlymiﬁt@ﬁicifﬂmh)@m&lh: anigoviihablicizers possess reduced
methaxypolyethyleneglycol mono(meth)acrylic 20 ester has been claimed.
fhnor Herise pyarRabbitiessinngrethersferscdhiirig Esede thndwen addibdtof concrete

g.art, such hose described in the United States Patents US .
%&‘é{%%&?d%‘dﬂ)ﬁgg&ggn %%ggﬁfﬁﬁ%%gmiaﬁ gequate reduction
) ' id. with n thylenedlycel in the . .
o ] TR R e ol 1o
aditvd 21y @ alytheeipasienistibiiey TR NawigIFas ok AR MY Braged the use

superplasticizers is characterised by
of superplasticizers in the past.

Since the last two decades of 20™® century, a new class of
superplasticizers was developed, based on hydrophilic copolymers between
(meth)acrylic acid salts and (meth)acrylic esters. The first example of these
superplasticizers, called “polycarboxylates”, is described in Japanese Patent
JP 58-74552 where a superplasticizer derived by copolymerising a)
(meth)acrylic acid with b) methoxypolyethyleneglycol mono(meth)acrylic
ester has been claimed. Monomer (b) can be easily prepared according to the
known method of the art, such as those described in the United States Patents
US 2,815,369, US 3,041,371 and US 3,989,740 by esterification of
(meth)acrylic acid with monomethoxypolyoxyethyleneglycol in the presence
of suitable solvents, esterification or transesterification catalysts and
polymerisation inhibitors.

The new class of polycarboxylate superplasticizers is characterised by
much higher efficiency in reducing the viscosity and the mixing water of

concrete mixtures in comparison with the previous superplasticizers based on
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much higher efficiency in reducing the viscosity and the mixing water of
concrete mixtures in comparison with the previous superplasticizers based

R W% 00R24063648 PCT/EP2004/014196 3 naphthalene sulf P2004/014196
melamine sulfonate and lignosulfonate. Theslong polyoxyethylené chains

in the macromolecule are responsible for the better performances of

ﬁ@b&ﬁ@i’ﬁ%ﬂa@ﬁ!ﬁﬁ{@f‘%¥% e;:eﬁsiggntgt%yeg& erlis%lét))ili;ﬁé%n%% JFhe long

disperse the cement pairticles ef mixture throu

paligapethivleffecthawshinmetie effgciie deeomParso i8IS, the better

efficient "electrostatic effect” of the previous superplasticizers, as pointed
peioymansgshifvael xeagRiodats Ebegteoplatiti cizdiSierisgenusivehey better
Fo CEI of Organic Admixture on the Dispersion of Cement Particles in

HARAN e At (e san drardclethimidhsatorsh Goknress trough a
hemist Q.Gement.\Vol,,3, 3iii001, 1997). The higher dispersing .
Itélgf?i?:ii‘}ency of%gkéar%cgn%ﬁa?gfgﬁéérﬁgg CTDOFS &G ESstbSampaRyson with the

ledueffitie slosapR tlamparaQ Wi s n@%@%ﬁ@ %@%‘?{%‘ig icizers, as pointed

t
superplasticizers in order to attain the same fluidity e‘fresh concreéte

onixhyre{nidretikavd peakeitRifaadsCitedtwiha ComasRedgnulsive Force
reduction of the overall cost of the concrete. 15 For these reasons, tﬁe
O paisHsipittise s phe Rispsgamed Wieemifusiticliestie aesh Cement

Igles%ade nd this new clas ofsiootl,ymers is defined as the 3'd generation of
Sperpl s’i?o‘f?&%é.nﬁ% fesd thbnteigliangh&pngnesssepetprstbomistry of

RO e 00 e Byt iimersing etficiency of

In fact, the 20 poljcarboxylate su las |8izer§,

peiYeaebastivisye hayre A aand 2epdanex o @ntiabiaindai l%é%géethe dosage in

concrete during thestmixing. As a consequence, the uncoritroll
ErpRMbsent witir bulablésZﬂ‘{agqnmdninm superptastietiednit@rder to attain the

mechzﬁéilc;a%stren th development and on the appearance of the
SEORRret¥ It ts Rt ithsydicshecpnsertadmitage s (awitantbanaébfimr cent of

reduction), with a corresponding reduction of the overall cost of the concrete.
For these reasons, the use polycarboxylate superplasticizers gained wider
diffusion in the last decade and this new class of polymers is defined as the 3™
generation of superplasticizers.

Nevertheless, the use of 3™ generation superplasticizer described in
Japanese Patent JP 58-74552 is itself not free of drawbacks. In fact, the
polycarboxylate superplasticizers, due to their surface-activity, have a strong
tendency to entrain air bubbles in the concrete during the mixing. As a
consequence, the uncontrolled entrainment of air bubbles may produce
adverse effects on the mechanical strength development and on the appearance
of the concrete. In order to overcome this disadvantages, defoamers are often
blended with the 3™ generation superplasticizers but, being these substances
insoluble in water, they tend to separate from the polymer solution and
therefore their efficiency is reduced with the time of storage. Intrinsically low-

foaming 3" generation superplasticizers are described in United States Patents
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25 blended with the 3rd generation superplasticizers but, being these
substances insoluble in water, they tend to separate from the polymer
V@I%g;a&@% therefore their efficiency is reduced with the time of storage.
Intrinsically low- foaming 3 d generation superplasticizers are d)éjsjgﬁgé%)w 14196

United States Patents WO 2005/063648 PC'r/EP2004/014196 4 US
1553@23%4 6,139 : ﬂ%re ating to, palymers in which the )
defoémm@%zg;;%)?sfis t‘)%%dgﬁ %oglt?lge ol%/ﬁ'%r %izgﬁggyttﬂig\?\/&?ﬁfé in which the
degtoaming agegniistiabiised inbe peiype rc?ﬂﬁﬂo_ﬁgr%ﬁi@%\ﬂgfoﬁfﬁ'ﬁgfoaming
capacity Is maintained for longer time.” The defoaming efficiency of these
agelymey sstelrilisbd avertheallydlyther isapielad by dhetasddivgophadetipacity is
defoamiggaagents characterised by high stability in the polymer solution.

m3igtainethionAegestitas PRende® e 3dfidisripaalose polymers can
air-entraini uperplasticizer obtained by terpolymerization of monomers
bR a5 Welte BTG TmRIaEeS o B ALI R oLz Prral s 2maing agents

Nabadcherp Xi1S H2=C-C(NO--W.(1) 15O where W __ .
M T BBl S BT SO, 13 BARGSHRE United
Statse PORAMETS COBBNSTMONEIHIBAS Ay CHRMARNHEUIM BB Suporplasticizer

émeth)acrylate with molecular weight from 200 to 2000; and X X 2 ;
0

tieed oy verpebydetipation of monomers having the following formulas:

i
CHy=—C—C—0—2 )
O
where Z = H, Na, Li, % Ca and X is H or CHj,
|
CH=—=C—C—0O0— W (ID)
0

where W = -(-CH,-CH, -O-), -CHj, n is integer from 8 to 50 and X is H
or CHj; these monomers comprise polyethyleneglycolsmonomethylether-

(meth)acrylate with molecular weight from 200 to 2000; and

| |
CHp==C—C—O0—Y——C— C==CH2 (I1I)
II |
o]
where
L
Y = — (CH— CH2 — O)m —

and m is an integer from 2 to 50. These monomers are preferably
represented by polypropylene-glycol-di-(meth)acrylate with molecular weight

of approximately between 280 and 3100, i.e. with m approximately between 2
and 50.
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0 0 where CH3 1Y = -tCH-CH2-O)m 25 and m is an integer from 2 to 50.
These monomers are preferably represented by
polypropylene-glycol-di-(meth)acrylate with molecular weight of

VP pr8xiteitEly between 280 and 3100, i.e. with in approximateRUTAERB®A/014196
2 and 50. WO 2005/063648 PCTIEP2004/014196 5 A second drawback

of the 3rd generation polycarboxylate superplrgsticizers is their effect in
deprefsingtreTdte Sravebesienphydiltion,3moreenriatianheptiggarieoxylate

used at higher dosages and in unfavourable climatic conditions, such as .
SR dS TS oty ke B faar S ARy ration,
s e n imitati r i 0 0
mmech?rﬁggﬁgtr%yﬁgégl ﬁ%l%eﬁ%ﬁpt%ﬁﬁ%urs 0 ydr%ltt{lzct)an. n‘{fg%g%\;ourable

cIﬁm&é@cwmdhi@ﬁk;’:ng@ﬁk,@ﬂm@&i@hﬁfﬁmmmg bees ymUaiaderatures
with accelerating additives, such as calcium nitrate and alkanolamines,

tyiceisodothtiow e i pratlicsl aspedt ticpsekemts the ipotintiOstahilitheir use
of the resglting mixtures and commercial disadvantages owing to the

PRIgHSEABSEs AR cBitEh RIS HisHiavagtBgde depmeniiterheBisbyhours of
i B AR e oL TR VLN THORPLHG foSeAEicts have
bHBENHARFEIRES IR RINENLVALRL AR bﬁ&ftmgr'%ﬂi%rﬁm@mymﬁte and

which does not retard the cement hydration raté and therefore does not
alicuiip laffieicteitichmetianiotisisangil Beveppareiv0fraafiratmalry o the poor

ages. Due to these characteristics, with the new

stability of the resulting mixtures and commercial disadvantages owing to the
higher dosages and costs. This disadvantages become evident even by using
the aforementioned products described in United States Patent US 5,362,324.

SUMMARY OF THE PRESENT INVENTION

The present invention relates to a new water soluble or water-
dispersible polymer which does not retard the cement hydration rate and
therefore does not badly affect the mechanical strength development of
concrete at early ages. Due to these characteristics, with the new
superplasticizer of the present invention it is possible to cast concrete mixtures
characterised by high fluidity and very low mixing water which harden very
fast, even in unfavourable climatic conditions, such as those characterised by
the low témperatures typical of the winter time. Furthermore, the new
superplasticizers of the present invention are characterised by a low air-
entraining effect, even in the absence of external defoaming agents. The new
superplasticizers of the present invention are obtained by terpolymerisation of

the following monomers:
X

CHy=C—C—0—2Z av)

o)
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superplasticizer of the present invention it is possible to cast concrete
mixtures characterised by high fluidity and very low mixing water which
wWaHs5068EYs20 fast, even in unfavourable climatic conditions, %{?[@2004/014196
those characterised by the low temperaturgs typical of the winter time.
Furthermore, the new superplasticizers of the present invention are
charagigisedrby glqwa@im,e%r@igiggcpﬁeg,}qv&nmge absence of
external defoaming agents. The new superplasticizers of the present
invention are obtained by terpolymerSation of 25 the following
monomers: x CHy=c--C-O-z (IV) 11]WO 20051963648 PC
7EP2004/014196 6 where ZGHE=r&; t1; §2-C0ardt Wis H or CH3(K)I
CH2-C-11---0-W (V) 0 5 where W ~(-CH2-[EH2 -0-)" -CH3, n is integer
approximately between 51 and 300 and XQis H or CH3; these monomers

comprisge ROWEthY eneglycalsmengmethylether-(meth)acrylate with

molecu Ia? Wel?g(ﬁ]t agr;?oﬁjz r%?élyeggﬂ/v?e@r%ﬁ%bsa%nf %O%% %W&Wtféy between
5CHZad C-90Y-CahdCHZ (MY OB wWiere BH3; Y tHEE-CHAnBMErs  comprise
polyethyleneglycolsmonomethylether-(meth)acrylate with molecular weight
approximately between 2000 and 13000; and

| |
CH2==C—C—0—Y—C— C==CHz %
I |
0 O
where
P
Y = — (CH— CH2 — O)jy —

and m is an integer from 2 to 50. These monomers are preferably
represented by polypropylene-glycol-di-(meth)acrylate with molecular weight
of approximately between 280 and 11800, i.e. with m approximately between
2 and 200.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

The polymers of the present invention differ from those of the prior-art,
and particularly from those described in the United States Patent
US 5,362,324, for the molecular weight of the polyoxyethylene side chain of
the polyethyleneglycol-monomethylether-(meth)acrylate. In the
aforementioned patent, the number n of repeating units of ethylene oxide of
formula (II) is an integer from 8 to 50 while in the present invention the
number n of repeating units of ethylene oxide of formula (V) is an integer
from 51 to 300. What has been surprisingly found is that the length of the side

chains of the monomer of formula (V) is a fundamental parameter in
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15 and m is an integer from 2 to 50. These monomers are preferably
represented by polypropylene-glycol-di-(meth)acrylate with molecular

w\%ezi f}"[/ of approximately between 280 and 11800, i.e. with m
approxinately between 2 and 200. DETAED DESCRIPTION @I PRy 014196
PRESENT INVENTION 20 The polymers of the present invention differ
from thase of Epﬁe prior-art,. and particularly from those described in the

d?}ﬁﬁ%ld%eéc atéﬁf%@%é%?ﬁmtthé’%f&@ﬂ’arW@ght@lﬁ@queﬂﬂya the
dP@QIB%%%W' ﬁ@?ncé?:?x'gn?é)a/ﬁﬁt]ren i WVith the manomer of formula (II),

polyethyleneglycol-monomet er-(meth)acry

viiole IRETHDNRERRIGN T e SHERDSIIR @h’éﬁﬁeﬁﬁﬁﬂ R QI SIYIGRE Bi8des0), the

of 25 formula (I1) is an integer from 8 to 50 while in the présent invention
hyeatiomirete of rieeatinpnniis abghititele dxiiecpiciednyatié ikddftion of the
integer from 51 to 300. What has been surprisingly found is that the
SYRER aSHFIE Sid e SchaikBeofoare nonidraep sllal eoyrithadunnabherical States

i 05/063648 PCP/EP20Q4/014196 7 det ining th
P e, AU Lhe SR CE BB B By I aBgBNS R Csratda (V) of
ical: ith s f la (1) hich i R )
(HESPARIE iEveRath, VR MOOPRACEHAR 19 WIS chain (with n

inygeatinigiate ahifie aB@eNtoNeartivepMmiiaNREdYINeRdALIRR AL,y the
5 superplasticizer, as is the case of the polymers described in United

supenplastisizier @8dth6 48t mgtlod otheerside weith fastmeramer wifavourable
formuyla. (V) of the present invention, which is.characterised by a long

cligati shrdions-iskdeanihirsctibaratsuiso) hnd owdiemprerateresidgpical of
L LA e X o
odwopnosatss sk it WO T RARICRUEIN: e
oxidé repbatinglan(i)ofseiinyieneger higher than 50, but the best results in terms
of mechanical strength development are obtained when n in formula (V) is an
integer higher than 90.

The monomers of the formulas (IV), (V) and (VI) of the present
invention can be combined in different ratios. Even though many
combinations are possible, it has been observed that the best results, in terms
of early mechanical strength development and air-entraining effect, are
obtained when the amount of acrylic monomers (IV) and (V) is from 90 to
99.9 perceht of the polymerizable mass and the amount of monomer (VI) is
from 0.1 to 10 percent of the polymerizable mass. In turn, in order to obtain
the best results in term of mechanical strength development, the weight ratio
between acrylic monomers (IV) and (V) should be in the range from 0.05 to
0.5.

The different monomers can be polymerised by any of the free-radical

solution methods known by the art, such as those described in the

- “Encyclopedia of Polymer Science and Technology” by Herman F. Mark. The
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oxide of formula (V) is an integer higher than 50, but the best results in
terms of mechanical strength development are obtained when n in

wersiaéYouls an 15 integer higher than 90. The monomers of{,%eml 2004/014196
formulas (1V), (V) and (VI) of the present igvention can be combined in

different ratios. Even though many combinations are possible, it has been

I L S —

air-entr ect, are the amoun

kabaaty by rienemebyIr@pet Y )sie dam dAne §819ReiseaiohtRemperature, the

polymerizable mass and the amount of monomer (VI) is from 0.1 to 10
tyrecent efnbepodfmeitiziols mad svierturallinoydetdinghtamintveahelir agents.
results in term of mechanical strength development, the weight ratio

betwebReacisBsmaRImEe (Rhaanetevistirsuliblia theramgesief les present

.10 25 0.5. The different mpnpmers can.be polymeriseg by any of the

H}Ffeequlé)&}c%'ie 85%5%%&&%%fﬂ}qm%"t?§ﬁﬁp &Sthose described
in thegEA glia of Polymer Science and Technology" by Herman F.
Mark."Tﬁé“%%%‘i!%OS/063648 PCT/EP2004/014196 8 molecular weight of

the pQyongr earbeciegriaitd ipethencarpiass BrtaaslsJhnre P¥be At quipped

by properly selecting the polymerization temperature, the type and
vathoumedidnigalossiarat e vbatuainbiendatidg ik traostisgentEhtheystem is
scogg and the characteristics of the polymers of the present 5 invention
r

PUFESHrthEH e tAIBAS5 et oiArjf ekaripl ) Kk AP LmiKtme g of whser g of
P RS AR s,
g ol ka0 MRS A e gy 1 265
oflagsthacrylic acid, 180 g of water and 2.7 g of mercaptopropionic acid is
added to the reactor in five hours. In the mean time, 30 g of a 10% solution of
Na;5,0; are added by a separate funnel to the reaction mixture in five hours.
After both the additions have been completed, the polymerised reaction mixture
is neutralised with about 40 g of a 30% solution of NaOH. About 730 g of
polymer solution are obtained, having a total solids content of about 30%.

EXAMPLE 2

270 g of water are charged in a glass bottom-rounded reactor equipped

with mechanical stirrer, thermometer and reflux condenser. The system is

purged with nitrogen and heated at 90°C. A mixture of 150 g of

polyethyleneglycolmonomethylether methacrylate of molecular weight 10188,

3.9 gof polypropyleneglycol dimethacrylate of molecular weight 861, 23.3 g of
methaérylic acid, 204.5 g of water and 2.7 g of mercaptopropionic acid is added
to the reactor in five hours. In the mean time, 30 g of a 10% solution of
Na,S,04 are added by a separate funnel to the reaction mixture in five hours.
After both the additions have been completed, the polymerised reaction mixture

is neutralised with about 40 g of a 30% solution of NaOH. About 725 g of
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4.56 g of polypropyleneglycol dimethacrylate of molecular weight 861,
22.65 g of methacrylic acid, 180 g of water and 2.? g of
pionic acid is added to the reactor in five hours. In the mean
“?rgéﬁ%%&gg{)g a 10% solution of Na2S208are added by a sepafale-Rififkp14196
to the reaction mixture in five hours. 15 After both the additions have been

rised reaction mixture is.neutralised with about 4
D O A R P Rt S
obtaipsda Rgwing g total solids content of about 30%. EXAMPLE 2 270 g
of water are charged in a glass bottom-rounded reactor equipped 20 with

mechtidiicgl sfimartethermatetgediin tefilassdpoigoserotirisysientisr equipped
purged with nitrogen and heated at 90C. A mixture of 150 g of .
WHBI BRGhanien) catinsionteenmemetan cthdcnafierofenotiandar. welght system s

I I lycal dimeth late of molecular weight
PB 33 o R R A st 5 bt And2ge Of 1913 g of
ioni ol e reactor in five hours, In the.
PAREERNLSRIEE RABGIN DRI By 236
4.Rupref fotherigadias snpssraimiueabeptte Ofteh SRItIRE AAGBIANEND 7 ¢ of

been completed, the polymerised reaction mixture is neutralised with
meiaeritigasid, J6ug sl misteoANAQH, AbDu A2 0p WEl AN0HOGBEA8dded to
PC /EP2004/014196 9 polymer solution are obtained, having a total
the JiRactB iRt er Bosts sbvdhEmampimg 330 Eopivatélase bHivgeafilNa,S;0;

I m-rounded reactor equipped with mechanical stirrey,
o SR AT F AL e R e o B B oy both
thand dEaieskahdVe - SRS ILE/S Rl Pol merised reaction rtnixture is
polyethyleneglycolmonomethylether methacrylate of molecular welgh
neRB68isdds wid pdiymioSiie peglf ol AMethdaritaie of MIeMIanwedN8s7 ¢ of
861, 32.7 g of methacrylic acid, 75 g of water and 2.7 g of ~
Polyancs selwdpionie abiaisedideviog a total solids content of about 35%.

COMPARATIVE EXAMPLE 1

200 g of water are charged in a glass bottom-rounded reactor equipped
with mechanical stirrer, thermometer and reflux condenser. The system is
purged with nitrogen and heated at 90°C. A mixture of 216 g of
polyethyleneglycolmonomethylether methacrylate of molecular weight 818, 6 g
of polypropyleneglycol dimethacrylate of molecular weight 861, 60 g of
methacrylic acid, 30 g of water and 2.7 g of mercaptopropionic acid is added to
the reactor in five hours. In the mean time, 330 g of a 1% solution of Na,S,04
are added by a separate funnel to the reaction mixture in five hours. After both
the additions have been completed, the polymerised reaction mixture is
neutralised with about 100 g of a 30% solution of NaOH. About 945 g of
polymer solution are obtained, having a total solids content of about 30%.

COMPARATIVE EXAMPLE 2

270 g of water are charged in a glass bottom-rounded reactor equipped

with mechanical stirrer, thermometer and reflux condenser. The system is
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the reactor in five hours. In the mean time, 330 g of a 1%.soluti_on of _

Na2S208 10 are added by a separate funnel to the reaction mixture in .

' rs, After both the additions have been completed, the.polymerlse
V{gg&,g@f?ﬁﬁﬁure is neutralised with about 55 g of a 30% splutl8ﬁ78?1’200_4/014196

NaOH. About 887 g of polymer solution are obtained, having a total solids

t of-apout.35%. COMPARATIVE EX%E{;I}E 115 200 g of Wf’:lter are
p?r% %gdgiénﬁg?géé%%%?om@gunggﬁt?ga&& i ed\wm%ﬁﬁlé%gﬁigall 80 g of
retuhereresr b isdys FARKETARG HR AT B SIS Whighe 4468
pﬁgr[ogeir,}m%d eated at QOC.kLl?mixture o%Z% o%e ot mole %ar.weng 4468,
2gofethyiénmgifeainydiconithylegbes rBethagerals Phmolecianwel Ofropionic
818, 6 g of polypropyleneglycol dimethacrylate of molecular weight _6 :

2l gldrazslac tieashpliccasithangfofevhterand®.hg of caarcapOPBOPIEHE 2 10%
a igl. is ad t e reactor. in five hours. In the mean time, 330 g'of al% .
SLOtikBh @W&Z%@%@%@%&’B}P&S%B@E\QMI to the n@fiacmgn ;mxture in

X ip fi After both. .the additions have been completed, the i
poly?#glrlilgé ?g%%ltjiﬁo?@i%&ea ?{;dl&@?t?a 48§ jﬂﬁ?‘&p&%fé@tgdgf@gd%lymensed
eaititon o AR haut 8sea A 7R REymes goltion.ase pbtaine .

' having a tétal solilds content gf about 30%. égrngg%A$?/§ B&}g\mngNaOH

Ay B Gvgter grelghrigedlinianass BHAEAOUNARE FOARIRAEMIRR ontent of
with mechanical stirrer, thermometer and reflux condense_r. The system is

a8t 3856/063648 PCT/EP2004/0141% 10 purged with nitrogen and

90C. A mixture of 180 g of polyethyleneglycolmonomethylether

a3 SV VAT O\ LI 8, 22.65 g of methacrylic acid, 180 g

of w : r repionic_.acid,is dde_d to the reactor in .

O L AR e O AR cauippec

wattderdoh adepbrs(i b10nal v aRs BRI PEHG L B ARUTS- THE system is
both the additions have been completed, the polymerise

purged with nitrogen and heated at 90°C. A mixture of 216 g of

polyethyleneglycolmonomethylether methacrylate of molecular weight 818,
60 g of methacrylic acid, 30 g of water and 2.7 g of mercaptopropionic acid is
added to the reactor in five hours. In the mean time, 330 g of a 1% solution of
Na,S,0; are added by a separate funnel to the reaction mixture in five hours.
After both the additions have been completed, the polymerised reaction
mixture is neutralised with abdut 100 g of a 30% solution of NaOH. About
945 g of polymer solution are obtained, having a total solids content of about
30%.
EXAMPLE 4

In this example the results of concrete tests made by using the polymers
of the present invention, prepared according to Examples 1 and 3, are
compared with those obtained with the polymer of Comparative Example 1,
prepared according to the United States Patent US 5,362,324, All the concrete
mixtures were prepared with the same water/cement ratio and

aggregate/cement ratio. The coarse aggregate maximum diameter was 20 mm.
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reaction mixture is neutralised with about 40 g of a 30% solution of NaOH.
About 730 g of polymer solution are obtained, having a total solids content
of about 30%. 10 COMPARATIVE EXAMPLE 3 200 g of water are

wahasgedsts & glass bottom-rounded reactor equipped with meqt@pmowmﬂ%
stirrer, thermometer and reflux condenser. TThe system is purged with

nitrogen and heated at 90C. A mixture of 216 g of

Atilydbhyeneglysalmonearetiyietbarsaethacsylaimefm '
818, 15 60 g of methacrylic acid, 30 g of water and 28.7%5%‘%%%%@%0“(18’ both

ahéovapesppepisnic 4613 aaddediorthe Iréststontofivedialiisods IHPIRRN
time, 330 g of a 1% solution of Na2S20$ are added by a separate funnel
to the feXerdisisniresmane wetp1sadidphdie testadditions have been

compli%e the pﬁ%/meri%%j reaction mixture is neutralised with about 100

g of a 30% <8tition BPREBHE SRS APSEI P Ry idMdherioaeEM I 52.5R
RRIGHasss ENi0o1@ 491! solids content of about 30%. EXAMPLE 4 In this
examplethe results of'concrete tests made by using the polymers of the

presem)infaion poapaigdasrad e i Exanplessirand3; S‘fﬁ&@%M IV/A 42.5

compared with those obtained with the polymer of Comparative Example
accprehngeEMAEdRME o the United States Patent US 5,362,324. All the
concrete mixtures were prepared with the same water/cement ratio and

aggreGRBIPERIERY G tfEengid @fathe sperigsrsmeaxrduah hamtempematee (5°C)
I QRIS PELETRI0IAS W 0E LSS o
e e sermi (BT Bl it that
aCepddif2bfRcured at normal laboratory conditions (20°C) was measured after
28 days of curing for both the cements tested. The comparative results of the
concrete tests are reported in the following Table 1 for cement Type III and
Table 2 for cement Type I. |

TABLE 1. Concrete tests using the superplasticizers of the present
invention (Examples 1 and 3) in comparison with superplastiéizer prepared

according United States Patent US 5,362,324 (Comparative Example 1). Test
with cement Type III according to ASTM C-150.

Type of cement: portland Type IIT cement (ASTM C-150)

Dosage of cement: 360 kg/m®

Coarse aggregate maximum diameter: 20 mm

Water/cement ratio W/C: 0.43

Dosage of additives: Example 1 0.25% active matter by weight of cement
Example 2 0.25% active matter by weight of cement

Comparative Example 1 0.25% active matter by weight of cement



5 according ENV 197/1) 2) Type | portland cement according to ASTM

C-150 (CEM IV/A 42.5 according ENV 197/1) Compressive strength of

the specimens cured at low temperature (5C) was measured after 24
WoudshHeisrng in the tests with Type Il portland 10 cement ang-afi8h§§ /014196
hours in the tests with Type | portland cemdit, while that of specimens

cured at normal laboratory conditions (20C) was measured after 28 days

of curing for both the cements tested. The tomparativ resums or e N
concrete tests are reported in thie following| Table | fq SEsiysetreasth (MPa)

Table. 2 for cemenVajpedf THTABLEIR. Concrete tests usingfhe Normal
supeiﬁf%%f?fizers ofifhgopigIant | INVgRLGD ExEHiles Jgeamd 31) in Conditions
comp@gigbie with lsuperplasticizelr pr%} red| agoonjing I’ﬁ%&? &Mt8s .
Patent US 5,362|324 (Cbmparative B¥amgle 1). Test withément Type(RP°C)

according to ASTM C-150. Type of cement: portland Typg Woﬁ? ent g days
(ASTM-C-150) 20 Dosage of cement: 360/kg/m3 Cagarse aggregate

makiampldiameter: 2009n Water/gement ratio yV/C: 0.43psage pf

additives—Example-1-0.25% actjve matter by weight lof cement_Example 2

0.2B8smplivd majtter by3Reight qf cement 25 gompdrative Fxample|l 70

weight-gf-cement-WO-2005/063648

PPN h
V.C 111 Ler Uy LAAIAY LR gs

U 2070actly

Pg‘ﬁmﬁﬂﬁm 196 3}z Compressjve S ensdygVdPa) Tnpg of Value of75

"n"E&#8RI L ow| Normal additiye in formula content O Slump

Temperature Conditions (V) (%) (5C) (20C) ZZ&nouars 28 days
TABLE 2. Concrete tests using the superplasticizers of the present

invention (Examples 1 and 3) in comparison with superplasticizer prepared
according United States Patent US 5,362,324 (Comparative Example 1). Test
with cement Type I according to ASTM C-150.

Type of cement: portland Type I cement (ASTM C-150)

Dosage of cement: 380 kg/m®

Coarse aggregate maximum diameter: 20 mm

Water/cement ratio W/C: 0.46

Dosage of additives: Example 1 0.25% active matter by weight of cement
Example 2 0.25% active matter by weight of cement

Comparative Example 1  0.25% active matter by weight of cement

Compressive Strength (MPa)
Type of Yalue of“n” |  Air Stump Low Nor_n?al
. in formula | content Temperature | Conditions
additive (mm)
V) (%) (5°C) (20°C)
48 hours 28 days
Example 1 100 1.5 210 15.9 57
Example 3 52 2.2 220 11.0 59
Comparative
_ 17 1.6 215 9.7 56
Example 1
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Example 1 100 0.7 225 6.9 78 Example 3 52 0.9 220 4.1 70 Comparative
Example 117 1.3 215 0.8 75 TA13LE 2. Concrete tests using .the
@ml/.@gkgiggrs of the presgnt invention (Examp[es 1 apd 3) |Q?T
comparison with superplasticizer prepared ?gcordlng Unl_ted State
Patent US 5,362,324 (Comparative Examplé™). Test 5 with cement Type |

(ST 26 5 ) SEFRERE S60 % eliiod b cfaied clearly indicate
MR RMARE 20 MM, Water/cemen 9&%}3{4{3@ X%?nﬁﬁéﬁ%&%g)zha\/e the

additives: Example 1 0.25% active matter by wel cem

eaASGinctivesvatRIepbIRiabt ofcsarpant @mg&aﬁ%ﬁ&%@aﬁﬁ &8 chanical
re

active matter by weight of cement Compressive ngth (MPa) "Type of
Vareesh in AlosilitpoN onfidowdditivia ¢n fenpelentorderin(neothpatdson with the
Temperature, Conditions (V) (%) (5C (2;\;3 48 hours 28 days Example 1

PHBCIR 3StriEcessyt Epshnaeti v Bxanpie | dewrihndpardfiviadiStates Patent

.7 le WQ.2005/063648 PCT/FP2004/014196 13 The . .
f%é;?u%s’ %%%ﬁ%ﬁ?etga[&%%%a 12 f‘éﬁﬁﬂﬁﬁﬁré%’éaﬂé iﬁ&‘i%ﬁ’@le 1, which is

characterised by higher value of “n” in formula (V) (n = 100), develops earlier

P2004/014196

the mechanical strength at low temperature in comparison with the
superplasticizer of Example 3, which is characterised by a lower value of “n”
(n = 52), confirming that the molecular weight of the side chains of formula
(V) is a fundamental parameter in determining the rate of the cement
hydration and, consequently, the development of the mechanical strength. This
aspect is of paramount importance in those applications in which concrete is
cast in cold climates and it is necessary to develop mechanical strength in
short time. The value of the final mechanical strength after 28 days of curing
in normal conditions are quite similar for each cement tested, confirming the

acceleration of early age mechanical strength of the superplasticizer of the

present invention.

EXAMPLE 5

In this example the results of mortar tests made by using the polymers
of the present invention, prepared according to Examples 1 and 2, are
compared with those obtained with the polymer of Comparative Example 1,
prepared according to the United States Patent US 5,362,324, All the mortars
were prepared by using a Type III portland cement according to ASTM C-150
(CEM I 52.5R according ENV 197/1). The different cement mixtures were
prepared according ENV 196/1 method at the same W/C = 0.39 and by
conditioning all the raw materials (cement, normalised sand and water) at

10°C prior to use. The efficiency of the different polymers as superplasticizers
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that the superplasticizers of the present invention (Examples | and 3) have

the capacity to considerably accelerate the development of early age

mechanical strength in conditions of low curing temperature, in

comparison with the 5 superplasticizers of Comparative Example 1

e BRHBUNited States Patent US 5,362,324. In particular PHREP2004/014196

superplasticizer of Example 1, which is chaflacterised by higher value of

"n" in formula (V) (n = 100), develops earlier the mechanical strength at

[BRsterpEiatare ry conspavisog witte tHéo wupdt plasticizenofdxafdpde Jable test)
y a lower value of "n" 10 (n = 52), confirming that

Wpclccz)rll (ls chﬁra‘jﬁ_ i?ﬁ‘)d !

e MorEEulsr FFg ot e sAmerAgeagY)at heunabmsata(0.25% as
| inj t t h ti d e

O SRS N AR S IONEN B0 o v

reng a
di flaramauotinpaeanicediihase Applications 'urBW%.C*Tﬁ%n&éﬂtﬁ BatdBanical
cold climates and it is necessary to develop mechanical strength in 15
sH6R e dPHelonme ! theafinahemeiradicalfstrengtiniafter 88 daysrofrs at  low
uring in normal conditions are quite similar for each cement tested,
RN Gk

CORRRARG | atiEhl e s G arRBiRAA S tfhgt 6 tAun) for 14, 16
sHaerRlagligizerght At invention. MPLE 5 20 In this example, .
the results ofg mlic;irlt%t:E %%Pégr%%%veeb?%%ﬁsg %Eﬁ[;eolrflrﬁgr%r 6?S[F§eaﬁf’e§%?r€6d in the
Hovkntinng fkegiarsd according to Examples | and 2, are compared with
those obtained with the polymer of Comparative Example 1, prepared
accordingBd-H e UnivarBratéssRatesingdS thS62y4p i thizmertals thereresent
fé){f aéed b@sin%%gype Il partland cement according to ASTM C-150

?& A4 ordiFRAERN 19 PPINIPRRIS QRFfeTat CEpRImAshitiFes prepared
NVRES-dPK ea ' NV 196/ t he same. W/C = 0.39 and

%H@Q@ﬁent %%3 blé?é‘?h%%% itdom ara 1¥§n%x£ﬁép a?gr)‘

by conditioning all the raw materials ormalise
‘Bype0d petaeto: use. The efficiency of the dliggfﬁgﬁ(p §IB@nent (ASTM C-150)

superplasticizers WO 2005/063648 PCTIEP2004/014196

Normalised sand/cement ratio: 3.0

Water/cement ratio W/C: 0.39

Temperature of curing: 10°C

Dosage of additives: Example 1 0.25% active matter by weight of cement
Example 2 - 0.25% active matter by weight of cement

Comparative Example 1 0.25% active matter by weighf of cement

Type of Value of “n” Air Compressive Strength (MPa)
additive in formula content | Flow (%)
ltrve 0 14 hours | 16 hours { 18 hours
V) (%)
Example 1 100 5.5 132 3.7 6.7 11.0
Example 2 230 5.8 135 4.4 7.5 12.4
Comparative
17
Example 1 ; 6.1 129 0.6 1.0 1.8

The results of the mortar tests show that the polymer of Example 1 of

the present invention, characterised by a value of n = 100 in formula (V),
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14 was evaluated by measuring the flow of fresh mortars (drop table test)
according to UNI 7044 method at the same dosage of the polymers
(0.25% as dry admixtures by mass of cement). In these conditions the
warkatlityzefghe different mortars resulted in the range 125 - 1350&:pbhR /014196
early age mechanical 5 strength developmenpgwas measured after curing
the mortars at low temperature (10C) in steel prismatic moulds (40 x 40 x
16cremefond 4aty a5 AfBRMIR TG CAMBAAINS ACSHIRALLNS (BRNYy a factor
tests are reported in the following Table 37 TABLE 3. Mortar tests using
trd stipewipldsticinersofage, pinsenmparisvantioit Edamplsis hanth?) @omparative
g%r%%r‘iﬁon with smgoer lasticizer prepared according United States ' '

§ 5l3eWhilg (Esmpalimes ExEniprempleyge of céheertresemiariavention,

T Il.cement (ASTM C-150) Normalised sand/cement ratio: 3.0

V\é//égtgerr ééér]r:}{gﬁfi ratio QNY@,?I%%%P E%gﬁgeﬁt PP ArnG 1B dReGFatly age
apldiEN BRI 0;:22%1 @t ight t .Exampl :
L B S b irming

adtatethwatiev loywisighicdtloe ol yidk affdahse oFf 1Br IS IWPRaSsi¥Bndamental
Strength(MPa) ' in formula content Flow (%) additive M N 14 hours 16
HeFEM S Foinsdeteamipéng the me16D1BE G:menichFkatiple 2028@618equently,
]t%Seﬁ'g'vZ:l% 12.4 Cotmtﬁarati e176.11290.61.01.8

pment of the early age mechanical strength.

EXAMPLE 6

The polymer of Example 4 of the present invention has been compared,
in mortar tests, with the superplasticizer of Comparative Example 2. The
results are presented in the following Table 4. The mortars were prepared by
using Type III portland cement according to ASTM C-150 (CEM I 52.5R
according ENV 197/1). The different cement mixtures Awere prepared
according ENV 196/1 method at the same W/C = 0.39. The beha{riour of the
different polymers was evaluated by measuring the flow of fresh mortars (drop
table test) according to UNI 7044 method and the air entraining effect,
according to DIN 18555, at the same dosage of the polymers (0.25% as dry
admixtures by mass of cement).

TABLE 4. Mortar tests using the superplasticizers of the present
invention (Examples 4) in comparison with superplasticizer prepared

according Comparative Example 2.

Type of cement: portland Type III cement (ASTM C-150)
Normalised sand/cement ratio: 3.0

Water/cement ratio W/C: 0.38

Dosage of additives:Example 1 0.25% active matter by weight of cement

Comparative Example 2 0.25% active matter by weight of cement
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VRIS

Example 1 20 The results of the mortar tests show that the polymer of
Example 1 of the present invention, characterised by a value of n = 100 in
formula (V), WO 2005/063648 PCT/EP2004/014196 15 increase the early
age mechanical strength in cold climates (10C) by a factor of about 6, on
avera?e, in comparison with the polymer of Comparative Example 1,

HeY8lymer of Example 2 of the present invention, chdratBrid by 196
a value of n = 230 in formula (V), increase §1e early age 5 mechanical

5trength rcotd-ctimates \J.UC) by afactprof-about? bUIIﬁIIIIjIIg tirat Lilﬁ
ength (MPa)

- de chai RRISATEn aF
pard S R i h & PE S 1] R Py qetons
C

consequently, the development of the garly age m s gt?ekf?dﬁ? 24 hours

EXAMELE e polymer of Exampie 4 0f the present mventigrn has
beenlv(%mpg)rlégl, in mortar tes S'?With the su?égplastié?éé of Co%f@arm ive30'O

EoRIPRRR eI e Presgnted h Mg fglowSIghie 4 The |7 5
m

orfars were prepared by using Type lil portland cement adcording tg

CShpafatiteOEY14532.5R accoyding ENV]397/1). Theqdifferent gement 3 g

mixtures were prepared 15 according ENV 196/1 method at the same

WI/C = 0.39. The behaviour of the different polymers was evaluated b

meas HERUSWEF e s REHalEYdrdpdichie fhad thedErsgns the third
th aj ini : din [ , at th :
e e BRI AT R e  WSential
inerpesdudia d ABLE supdeslastesietising tha supesplasticiaoenibihe which are
present invention (Examples 4) in comparison with superplasticizer
chrspsterisagdurdiy disrapurativectoanlenl Mghe cortbementhasdrtdrsdrength.
Type 11l cement (ASTM C-150)
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Normalised sand/cement ratio: 3.0 25 Water/cement ratio W/C: 0.38

Dosage of additives: Example 1 0.25% active matter by weight of cement

Comparative Example 2 0.25% active matter by weight of cement WO

2005/063648 PCT/EP2004/014196 16 Compressive Strength (NWP&)-0YD WISE

Type of additive Air content Flow (%) 16 hours 18 hours 24 hours

Example 1 7.5 134 12.0 17.1 30.0 Conlparative Example 2 > 23 126 5.9

9.7 17.5 Comparative Example 3 > 23 132 0.4 1.0 3.8 The results of the

mortar tests indicate that the presence of the third monomer, represented
C’a"bil polypropylene- glyc ol-di-(meth) acrylate is essential in producing the

. SHRsRlasHieizers.of e present invention which are 5 characterised by low

R R s e R e T

\CGlaiitis 1. Superpiasocizino additive for concrete and other cement
mixtures with high strength development capacity and low air-entraining
effect, composing terpoiymers of the following mixture of monomers
respectively riving formulas 1?\/ V and VI x CH2-C-C-- O-Z (IV) 0 where
Z=H, Na, LI, Y Caand Xis H or CH,,, 20 X

CHy==C—C—Q=——2 (IV)
o

where Z =H, Na, Li, %2 Ca and X is H or CHj,

X

i

CHg=—=C—C—0—W )
O

where W = -(-CH,-CH, -O-}, -CH4, n is integer between 51 and 300 and X is H or CHg;

| |
CH2===C-—'C~——O——-Y-—-—E-—- C === CH2 (VI)
O o
where
CHa
Y = e (CH o CH2 ~ Q)

and m is an integer from 2 fo 50.

2. Superplasticizing additive according to claim 1, wherein the monomer of formuia V is polyethyleneglycolmonometh-
ylether-(meth)acrylate of molecular weight from about 2000 to about 13200.

3. Superplasticizing additive according to ctaim 1, wherein the monomer of formuia Vl is poiypropyleneglycal-di-(meth)
acrylate of molecular weight between about 280 to about 11800.

4.  Superplasticizing additive according to claim 1, wherein the amount of acrylic monomers (IV) and (V) ranges from
90 to 99.9 percent of the whole polymerized mass and the amount of monomer (V1) ranges from 0.1 to 10 percent



CH2-C - C-O- W (V) O where W =-(-CH2-CH2 -O-)n -CHS3, n is integer

between 51 and 300 and X is H or CH3; 30 x x 1135 CH2=C- C --O-Y- . --
C=CH2 (DTI) 40 where CH3 _.1Y =-(CH-CH2-0)gn and m is or inte%bYD WISE
from 2 to 50. 50 2. Superplasticizing additive according to claim 1, wherein .
the monomer of formula V is oolvethyleneglycolmonometn-

ylether-(meth)acryiate of molecular weiglét from about 2000 to about

13200. 3. Superplasticizing additive according to claim 1, wherein the

monomer of formula VI is poiypropvleneglycol-di-(meth) acrylate of
melectianweight between about 280 to about 11800. 4. Suoerplastieizing

additive according to claim 1, wherein the amount of acrylic monomers

AvrrraRd (v ridtes: trodng 80:tor99«@eger tent of théowhpte poalymerized:s (V) and (v) is
MA&LEd & Lntolint of monomer (V1) ranges from 0.1 to 10 percent

. EERYRLVMISE 18 ot dhe whole Polymerzed Mass -2nSHREIRIASICZING. e of te
adeditive according to claim wherein the weight ratio between acrylic

monomers ;IV) an is in the range from 0.05 o 0,5. 8. Cement mixtures

containing from 0.01 to 3.00 percent by weight of the cement, on a ary

basis of Inc additive of the claim .




