WD 2011/ 026825PCT/ EP2010/ 062671 Spr ayabl e hydraul i ¢ bi nder conposition and
nmet hod of use Description 5The present invention relates to a process for

t he prepawaetzonmzed2sa sprayabl e hydraul i ¢ bi nder conposi corepr24io@ezmpr ayabl e
hydraul i ¢ bi nder conposition and a nethod of the use of the conposition.
Background of the invention 10 The application of cementitious conpositions
such as corrpraaelehydgaudiobideaeampnsitionraadimgined eivse nozzle is a

wel | - establ i shed technol ogy, and is widely used in such applications as the
lining of tunnels. It is a requirement that such conpositions are able to
be easily &$$0@8t®d (usually by punping) to a spray nozzle. This can be

achi eved by the 15addition to the cenentitious conposition that is to be
punped and sprayed, at the mi x stage, of an adm xture which confers
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acryl i c polugensf theaeinpioeition.20 Sprayed concrete or shotcrete is mainly used
i n underground construction. Its application consists in the conveying of a
nortar or concrete to a nozzle, where a set accelerating adm xture and air
are added, Baskigroungofgheinvetiiamal | y projection at high velocity onto a
substrahe. | ndeed, fast setting and early strength devel opnent are needed
to 25all'ow concrete adhesion on the wall wthout falls and hence earlier
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accel er at oror bbglicpdlghentasiilléscat e hydrate (C S-H) precipitation can be
st rong?ks accel erated allow ng faster devel opnent of the nechanical

properties. 5A process for the preparation of a liquid accelerator is
descri bed |8prd§l%d038>hat@&9<?r éhotwe&-f & mal’nhwée'dGruiJlﬁH@gr@eh@ba’ﬁsancmﬂﬂﬂtaiapblng
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1964825 corph] sR8lefdbrsafich lsubd B deVe@PRicht Sahé nRBRAMNEal BrdpRFR)s sasi d and
silicic acid., WD 2005/ 075381 descri bes a water-based accel- 15 erating

admi xt ure ZAECAINEF §RIAYRY CAUERIPS §P3¥ed BI°MRYdr aul i ¢ bi nder, conpri si ng
sul fate, al um num and organi c acid, wherein the nolar ratio of alumnumto

or ganié aci d |s | ess than 0.65. Caonventjonal setting accel erators for
shot cr 8Pe &8 BQ%V‘a&é‘?Fé‘fPe'é'@ltﬂréirﬁ'Pﬁ@C%E?@W@F'%” Q@&?%g ficipken #IPEFe¥CNn t hat
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tunneling projects with know set accel erators Therefore, the demand for
nore efficient and highly robust accel erator adm xtures, which are suitable
for a wde variety of cenents on a world-w de basis and conmply with

m scel | aneous specification, is high. 30 Furthernore, adm xtures for

buil ding material m xtures conprising hydraulic binders typically also

cont ai n hardeni ng accel erators which increase the early strength

devel opment rate of the hydraulic binder.



WO 2011/ 0268253PCT/ EP2010/ 062671 According to WD 02/ 070425, cal ci um
silicate hydrates, can be used as such a hardeni ng accel erator. However,
conmmer ci avbyoavasd2abl e cal ci um silicatehydrates and di gpemre@nscicher eof
may be regarded only as hardeni ng accel erators which have little effect.
SThe object of the invention is to provide a sprayable hydraulic binder
conposi t i ofBYasldingd1) 8 prrggaing ceerie@tas copsislinady ealckpy silgaty bydratae apd &) ing of
substrat es.g {&hcg%rrétbrct‘ﬁle%rélcmr‘@3|ll&% nHEABES H) BrdifiBiier 85 FBo SRR 4dieh | on
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sodi um si | itleaat @65.The har deni ng accel erator can be as wel| 35added

simul taneously with the set accelerator at the nozzle. WO

2011/ 0268254PCT/ EP2010/ 062671 Especi ally when sprayed on a substrate, a
cenentiti oneenmtpnsi §dtttng acstlerntas fammotoeste andvsier seentesontaining klayerialsor such
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conpound, tf.h@t.dne@q{.grpn of the water-sol uble cal cium corrpound with the

wat er - al ubl e silicate conpound being preferably carried out in the

presen of an aqueous solution which contains a water-soluble comb pol ymer

sui t abl e ag aheinfstd,| ddnfiRUrdsabr BB WhateridlinnderFss od %gmy&raar@usla%g carried
out in the presence of polycondensates containing (1) | east one
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a pol yet heropmeq;\pra@@ptﬁe hpiralRy @Rder. & poly al kyl ene glycol side chain, nore
preferably a poly ethyl ene glycol side chain and



25 (I'l) at |east one structural unit consisting of an aromatic or

het eroaronatic noiety bearing at |east one phosphoric acid ester group
and/ or itwo=alo2ss2e present in the aqueagus sol ution whi e0TEPRIBIGR7R

wat er - sol ubl e comb pol ymer suitable as a plasticizer for hydraulic binders.
30 Preferably the aqueous solution in which the reaction is carried out

cont ai ns béscerdingtth Ve §r)7PB2S palciumn silieaie AYFraiegnean beTuredascigt agsrdater is a
pol yconden i _.and
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2011/ 0268255PCT/ EP2010/ 062671 The pol ycondensates according to this

enbodi ment are known in the prior art (US 20080108732 Al) to be effective
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t hereof, which result in an inproved plasticizing effect of inorganic
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Typical ly mhﬁepokmemmﬂmnSate contalns (I') at |east one structural uni t
consisting of an aromatic or heteroaromatic noiety bearing a pol yether side
chain, preferably a polyal kyl ene glycol side chain, nore preferably a

pol yet hyl efetgjledaebcriptide otthaiimventibie struc- 15 tural unit consisting of an
aromatic or heteroaromatic nDiety bearing a polyether si de chain
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phenol derin gaﬁalté/@Sfl-%&iddfdlrﬂlﬁlg W6t SiHenBIcIiase bERNESA/ATat RS giths nbeteveen 300
g/ nmol and 10,000 g/ nol (for exanpl e pol yet hyl engl ycol nonophenyl et hers).
Typical Iy the pol ycondensate contains (I1) at |east one phosphated

structural gubrsirfeBNshsd bétd BlindihaRENSBH sRicBle @@Faﬁé@ﬁfpﬁ@@ the pERb@iancBear i ng
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2011/026825 PCT/ EP2010/ 062671 phosphoric acid and optional addition of
bases). lvbrC@rn@rr@fl@? abl1e2 hpedeaingadmixvwrnsHehasat qs‘éalﬁrai@f abe (‘B hgtdeping
phosphor i ¢ fiu@ThRlait GUAARALAE rjasRls! TRE (48t RRBRPRGF LdrshE & 51 o
group (for exanpl e polyethylengly nDnophenerther phosphates wth | ess
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units), the al koxyl ated phenols bearing at | east one phosphoric acid ester
group and/or a salt of the phosphoric acid ester group (e.g. by
esterification with phosphoric acid and optional addition of bases). 10



I n anot her enbodi nent of the invention the process is characterized in that
I n the poly-condensate the structural units (I) and (11) are represented by
the fol | owongugressal fornmulae 15(1) I1-4 HH AB [Il 11@cREPERR0/0Gdser e 20A
are identical or different and are represented by a substituted or
unsubstituted aromatic or heteroaromatic conpound having 5 to 10 C atons
where B ar &Espaealtyi when sarayfidiqned syhistraled ageaep SORPesitiony sNch pp{cencrefes
where n is ' ' i ' | W ; ; .
independenpﬁﬁﬁ%?ﬁghéq@%o'ﬁgf?ui}%u%%éﬁvkﬁng%géﬁf?rérgﬁ¥ an ugﬁgmﬁﬁpre-
sented by &aksransceali petakhydspxida bavediagncised.tlovgver. sineglthesgdcealerategs- t o 08-

cycl oal kyl _ragdi gl Lot adi radi "
20111 0268280 BT R0 15 Gey LAY DAerchPrfihg Bho HordR conaitions.. o
r epr eseft edhesefers, lowtadpdirant agalifree@cgelorabuh daee eerr rropeadtdoptdining aldt f f er ent
and are re ‘ﬁ&ﬁQ%QQOQMFQ branched or straight-chain G- to G o-al kyl
to -

radi cal, 05- cycloal kyl radical, aryl radical, heteroaryl radical or
H, preferably H, wher e D are identical or different and are
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having 5 to at ons are i tical or erent and are
r epr esent ednddgriadly andHliging0isReiimghat either they result in rapid setting and relatively low

10  early strength or lead to slow setting in combination with relatively high early strength.

In principle, the hardening accelerator contains inorganic and organic component. The
inorganic component may be regarded as a modified, finely dispersed calcium silicate
hydrate (C-S-H) which may contain foreign ions, such as magnesium and aluminum.
15  The calcium silicate hydrate (C-S-H) according to a preferred method is prepared by
reaction of a water-soluble calcium compound with a water-soluble silicate compound,
the reaction of the water-soluble calcium compound with the water-soluble silicate
compound being preferably carried out in the presence of an aqueous solution which
contains a water-soluble comb polymer suitable as a plasticizer for hydraulic binders

20 and/or preferably carried out in the presence of polycondensates containing

() at least one structural unit consisting of an aromatic or heteroaromatic moiety
bearing a polyether side chain, preferably a poly alkylene glycol side chain,

more preferably a poly ethylene glycol side chain and

25
(I) at least one structural unit consisting of an aromatic or heteroaromatic moiety
bearing at least one phosphoric acid ester group and/or its salt
are present in the aqueous solution which contains a water-soluble comb poly-
mer suitable as a plasticizer for hydraulic binders.
30

Preferably the aqueous solution in which the reaction is carried out contains besides
the comb polymer a second polymer. The second polymer is a polycondensate as de-
scribed in the following text of this embodiment and following embodiments. Preferably
the comb polymer used together with the polycondensate is obtainable by a radical

35  polymerization.



mis 2 if Eis Nand mis 1 if Eis NH or 0 where R3 and R4,

i ndependently of one another, are identical or different and are
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to 08- cycloal kyl radical, aryl radical, heteroaryl radical or H where b
are identical or drfferent and are represented by an integer from1l to 300
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|ffere n re represente o(1), (I1),
ot ur  her JDBRLTALATCS o/ PRk PGB R RS S L ReoE Ry IR cal o
different and are represented by H CH3, COOH or a substituted or

unsubstituted aromatic or, heteroaromatic conpound having 5 to 10 C atons,
pref erabl y Typiga\yte @olycondensate contains (I1) at least one phosphatedstructural unit con-

sisting of an aromatic or heteroaromatic moiety bearing at least one phosphoric acid
30 ester group and/or a salt of the phosphoric acid ester group, which is selected prefera-
bly from the group of alkoxylated hydroxy-functionalized aromates or heteroaromates
(for example phenoxyethanol phosphate, polyethylenglycol monophenylether phos-
phates) and/or alkoxylated amino-functionalized aromates or heteroaromates (for ex-
ample N,N-(Dihydroxyethyl)aniline diphosphate, N,N-(Dihydroxyethyl)aniline phos-
35 phate, N,-(Hydroxypropyl)aniline phosphate), which bear at least one phosphoric acid

ester group and/or a salt of the phosphoric acid ester group (e.g. by esterification with



R6 are identical or different and are represented by H CH3, COCH or a
substituted or unsubstituted aromatic or heteroaromatic conpound having 5
to 10 C avomsives2ferably H 20The pol ygondensates are pypirpadopsgprepar ed
by a process in which (1) at |east one struc- turaI unit consisting of an
aromatic or heteroaromatic noiety bearing a yet her side chain (for
exanpl e poIpyewhwlpéﬁ'é@ln?é@ﬂ?rﬁﬁiﬁé%@mi b@teﬁ)ef\/y orepegferable ase alkegdated ple-
structural iy oaRRASE bt Phodbhoilc et dsfor Qfolbeh RIG Qi kte msﬁﬁancbear' ng
at | east one p osp oric acid ester group and/or salt of the osphoric
aci d est er agidaster (e (@r@r@m@Iwlwwmphaﬁmpteﬁwgwﬁbphqspaetea\AétbtleﬁS) are
reacted w h nomer
naving a ket o anpefie DEATRLS) B PReFhrEEr dIoBR R Rl oyl AR U e
WO 20115026@!55‘@@19&119 E%Ott@/emw@emaeweghtdémwem 208ra/ ot dnsk &6t o/enati(ferr e

or et or oarSapleprEr By st AiSpRte il mBRopfeE NPT e
are identi oath 2oto 16 Eﬂ'ﬁ)é@@t).lycahml’fa} ¢he aljoryitent ther@ts’ beariQpiat leagkaHeahdsor a
substitute r SR ng 5
to 10 C at rrr]tgIrIC %‘9‘2? er agrto%aqd%gg%@gfgg phg%éte”?r%%@%%%avr n %ngg%ygr oup

i s sel ect edafiorowith heo@hourpa@d aRe pplmes| amfefreof@bﬁ@s)bel ng an al dehyde, m)st
pr ef er BI y formal dehyde. Exanples for chem cals according to general
structure (111a) are formal dehyde, acetal dehyde, acetone, glyoxylic acid
and/ or benzaboghgrdenbdeimenstl of greyideerition ineeproceds! iecharémptmmtlyatmtmml% in
i trerent. salepatbs suldRRRREIn RaB b br s B O b BRI ¢ 1
H. I n anot maragr ef erred enbodi nent of the invention the nolar ratio of the
structural units [(I) + (11)] : (111) is 1:0.8 to 3 in the pol ycondensate.
20 Preferably the polycondensation is carried out in the presence of an
aci dic1bat dl)yst, this catal yst preferably being sul phuric acid,

met hanesul phoni ¢ aci d, para-tol uenesul phonic acid or m xtures thereof. The
pol ycondensati on and the phosphati on are advgntageously carried out at a

t enper at ure between 20 and 15pCrandHa pressurle between 1 25 and 10 bar. In

particular, a tenperature ran bet 0 and 130C has proved to be
expedi ent. The duration of t acgoq% )% e between 0.1 and 24 hours,
depending on tenperature,'th m al g of the nmononmers used and the
desired degree of crosslinkin Crobslinkiang [can preferably occur if
monosubstituted nononmers of s rtp@t ugal unit Il and/or 11 are used because

t he condensation reaction can\occur in the twm 30ortho positions and the
para position. Once the desired degree of polycondensati on has been
reached, which can also be determ ned, for exanple, by neasurenent of the
vi scosity of tM&efeaction mixture, the reaction mixture is cool ed. The
reactiofg m xt U%@ar@r(@?ﬁrc@%r%H@fé?ﬁ%ﬁ&jateorearersgﬁ’t%%g aaétubﬁ'rtrtutteﬁ%hﬂﬁ%tlt%tteoa pH
between 8 35 and 13 and a tenperature between 6 130C after the end of
t he condensat i @Preais QsetaserieMaiCc e@rraUNgmaving 5aIOr1@s(t?JBtO”t§*f the thermal after
treatment, which advanta- WD 2011/02682511PCT/ EP2010/ 062671 geously | asts
for between 5 mnutes and 5 hours, it is possible substantially to reduce
t he al dehyde cofeent, in particular the formal dehyde content, in the
reaction sol utigofe |(ﬁ1!ntt él%@ﬁlff\éﬁénYah@Sreﬁ%ﬁf‘e’sb%d’BgN WiPoc@n be subjected to a
vacuum treat nent or ot nown in the prior art to reduce the
cont en®9of (form al dehyde. 5 In order to obtain a better shelf life and
better product prpaperties, it is advantageous to treat the reaction
solutions with basr C corrpounds It is therefore to be regarded as being
preferred to redgt ifthhis M eatnisohifiEigNter @fter the end of the reaction with
a basic sodium potassium ammoni um or cal ci um conpound. Sodi um hydr oxi de,
pot assi um hy- 10dr oxi de, ammoni um hydr oxi de or cal ci um hydroxi de has proved
to be particul ahege expe- dient here, it being regarded as being preferred
to neukpal i ze C: r
Al kol B0 car th P s o eor@kh tne BREE Cro RENGL 8L 6L Ien(EAPugtBle: ooy ¢
of the phosphatsenteptvt/yadmardme;eatretralglst -Gheain C1 16M1@<$bylsed|¢ai ©f ta Ge phosphat ed
pol ycondensat et% 8%I§ﬁrasoqcakl)e rrgtﬁgél?tqetg%af:y?%%tda?&ﬁf t he pol ycondensat es

Si unads.

with at | east Cc conmp



The catal yst used can also be separated off. This can conveniently be done
via the salt formed during the neutralization. If sulphuric acid is used as
a cat al yswoand/zbgsr eacti on 20sol ution i-s treated with ealr@peemobyrroxi de,

t he cal ci um sul phate formed can be sepa- rated off, for exanple, in a
sinple manner by filtration. Furthernore, by adjusting the pH of the
reaction solution to 1.0 to 4.0, in particular 1.5 to 2.0, the phosphated
pol ycondensat e ,¢3p, be separated fromthe aqueous salt solution by phase
separation and can be isolated. The phosphated pol ycondensate can 25 then
be taken up i natdieidgetical eddifanhandareigpresentediiaeintegariem hta HH¥Hs known to
the person skilled in the art, such as dialysis, ultrafiltration or the use
of an ion exchanger, are also suitable for separating off the catalyst.

In a préferredwetodi nent, the water-soluble conb polynmer suitable as a

pl astici zer for - Aaul i . i I - nhi

contains, ont é§%g¥%ﬁ§ﬂé#§T£§$@§ﬁ€ﬁ%ﬁﬁg&%§®?§§9§¥ﬁ%&9%§ﬁ%?ﬁ%ﬂ@hgﬁﬁ‘acid
functions. |n &ploddentkgradichlo Gsrterfls;cychelkwaadical sarylptisale beterqany! yarical
suitable as a Bpﬁs@%ﬁ%gggkfor hydraulic binders is present as a copol yner
whi ch is produced’by free radical polyneri- 35zation in the presence of
acid nononer, preferably carboxylic acid nononer, and pol y- ether
nacronggongw, so that altogether at |least 45 nmol % preferably at least WO
2011/ 02682512PCT/ EP2010/ 062671 80 nol % of all structugal units of the
copol ynmer are produced by incor/poration of acid nononer,
carboxylic acid nononer, and
pol ymeri zed units. Acid nono
whi ch are capable of free rad|fa
car bon doubl e 5bond, cqnt ai
carboxylic acid function, a et afan &ijd i isan aquegus nedi um
Furthernore, acid nononer is al\sp to Be undergtood aspfpahi ng nmonomners

whi ch are capable of free radi\cal ,copdl,ymerization, havé /at | east one
carbon doubl e bond, format |eRsR oneRacid function, pre @rably a
carboxylic acid function, in an\aqueous nediumas a resdlt of a hydrolysis
reaction and react 10as an acid in an aqgueous nedi um (exanple: maleic
anhydride or hygrplysable esters of (meth)acrylic acid). In the context of
the present invention, polyether macronononers are conpounds which are
capabl e of fred® araddenticalongdileyant pnd atd represhated bata Jubatittitedras upswlistivtetbubl e
bond, aBd have g, L 8850t X@n;?éJﬁ‘arhaQ?ﬁFﬁ%etBJ@tco%msWth.the proviso that the
pol yet her 15 macronononer structural units present in the copol ynmer have
si de chains which contain at |east two ether oxygen atons, preferably at

| east 4 ether n atons, nore preferably at |east 8 ether oxygen atons,
nost preferably at | east 15 ether oxygen atons. 20Structural units, which
do not constit it aeaderdicaldr niffecant and areareprisgetet dy NygNdt on@no- ner can be for
exanpl e styrene and derivatives of styrene (for exanple nethyl substituted
derivatives), vinyl acetate, vinyl pyrrolidon, butadiene, vinyl

propri @fate, umdetal- rated hydrocarbons |ike for exanple ethylene,

propyl ene and/ r. ( i?g)igHt%ld%'?sw i-FEiig NH (Srté ng i s a non-exhaustive
enuneration. Preferable are nmononers with not nore than 25 one carbon
doubl e bond. In a preferred enbodi nent of the invention the water-soluble
conb- pol yner s%}%%Qle as plasticizer for hydraulic binders is a copol yner
of styrene and Q Fal f ester of maleic acid with a monof uncti onal

pol yal kyl ene glR}@od.R‘Pneémsralbhlyy sfnk aaothepdry identiczhor Hiffe@dpaatlareedpry free
radi caly-pol yneri zation of the nmononers styrene a mal.ei c. anhydri de (or

al e 02801y T ReGeR oy ST apea o AT R QLA T P BT P ERetE yool 5
preferably al kglyclpaky ahdigdl.eargd rgdiiyalphetefopryéfaeiicabbyHal kyl pol yet hyl ene

gl ycols, nost preferably nethyl polyethyl eneglycol) are reacted with the
copol yner of styrene and nal eic anhydride in order to to achi eve an
esterificationwblerd he acid groups. Styrene can be conpletely or 35partially
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preferably

IHethe macr ononoger in tNe form of

[s to be undgrstgod as negni ng nonomers
cop#lyneri atiHn, @k &t | east one
east lone acifd f i




Copol yners of this preferred enbodi ment are described in US 5, 158, 996, the
di scl osure of which is incorporated into the present patent application.

Frequent Iwo 2a11gi6826t ural unit is producgd in the copol ywren/spyoionemrpor ati on
of the acid 5nmononmer in the form polynerized units, which structural unit
I's in accordance with the general fornulae (la), (Ib), (lc) and/or (I1d)
(la) HRL ( where ¢ C

M is independently of one another an alkaline metal ion, alkaline earth metal ion,
ammonium ion, organic ammonium ion and/or H, a is 1 or in the case of alkaline

earth metal ions 1/2.

The groups A and D in the general formulae (1) and (l) of the polycondensate are pref-
erably represented by phenyl, 2-hydroxyphenyl, 3-hydroxyphenyl, 4-hydroxyphenyl, 2-
methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl, naphthyl, 2-hydroxynaphthyl, 4-
hydroxynaphthyl, 2-methoxynaphthyl, 4-methoxynaphthyl, preferably phenyl, it being

10 possible for A and D to be chosen independently of one another and also in each case
to consist of a mixture of said compounds. The groups B and E, independently of one
another, are preferably represented by O. The radicals R, R2, R3 and R* can be cho-
sen independently of one another and are preferably represented by H, methyl, ethyl or
phenyl, particularly preferably by H or methyl and especially preferably by H.

15
In general formula (1) a is preferably represented by an integer from 1 to 300, in particu-
lar 3 to 200 and particularly preferably 5 to 150 and b in general formula (I1) by an inte-
ger from 1 to 300, preferably 1 to 50 and particularly preferably 1 to 10. The respective
radicals, the length of which is defined by a and b, respectively, may consist here of

20  uniform building blocks, but a mixture of different building blocks may also be expedi-
ent. Furthermore, the radicals of the general formulae (1) or (I1), independently of one
another, may each have the same chain length, a and b each being represented by a
number. As a rule, however, it will be expedient if mixtures having different chain
lengths are present in each case so that the radicals of the structural units in the poly-

25 condensate have different numerical values for a and independently for b.

Frequently, the phosphated polycondensate according to the invention has a weight
average molecular weight of 5.000 g/mol to 200.000 g/mol, preferably 10.000 to
100.000 g/mol and particularly preferably 15.000 to 55.000 g/mol.

30
The phosphated polycondensate can be present also in form of its salts, as for exam-
ple the sodium, potassium, organic ammonium, ammonium and/or calcium salt, pref-

erably as the sodium and/or calcium salt.

35  Typically the molar ratio of the structural units (1):(1l) is 1:10 to 10:1, preferably 1:8 to

1:1. It is advantageous to have a relatively high proportion of structural units (1) in the



HCO X R2 where RL are identical or different and are represented by H
and/ or a non-branched chain or a branched G - 04 al kyl group; X are

i dent i calwonodi2és2sent and are representged by NH (CnH2npcwere@onezs7il, 2, 3
or 4 and/or 0O-(CnH2n) where n =1, 2, 3 or 4 and/or by a unit not present;
R2 are identical or different and are represented b%PCH 503H, PO3HZ,

0- PO3H2 20&8lcordenants-beghdts 3 talayelgdighinegstigtchajpe A

AGOhMers Bes apeed i X

|52 unit nakeREeseo Rl o heRLESERIAY by O (1) HR 3 (1 CC 25H(Cnrdn) R

4 WO 2011/ 02682514PCT/ EP2

10/ 062 where R3 are identical or different

and are represented by H and/or a non-branched chain or a branched G - 04

al kyl group; Brg,r %Bﬁj ém8§ m%n%f tﬁ%lﬁ%eﬁtfo% thQBQrgb&r%r'en Jie Ab AR g%cgrtﬁé%o@H (¢

represent ed

-PO3H2 and/ or ra-su strtue

( H1 B e tural unit (1) whrch is represented by the foIIowrng formula
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Y, independently of one another, are identical or different and are represented by

(111

where

(), (1), or further constituents of the polycondensate

where

R5 are identical or different and are represented by H, CHs, COOH or a substi-
tuted or unsubstituted aromatic or heteroaromatic compound having 5 to 10 C at-
oms, preferably H

where

R® are identical or different and are represented by H, CHs, COOH or a substi-
tuted or unsubstituted aromatic or heteroaromatic compound having 5 to 10 C at-

oms, preferably H.

The polycondensates are typically prepared by a process in which (1) at least one struc-
tural unit consisting of an aromatic or heteroaromatic moiety bearing a polyether side
chain (for example poly(ethyleneglycol)monophenyl ether) and (Il) at least one struc-
tural unit consisting of an aromatic or heteroaromatic moiety bearing at least one phos-
phoric acid ester group and/or a salt of the phosphoric acid ester group (for example
phenoxyethanol phosphoric acid ester) are reacted with (llla) a monomer having a keto
group. Preferably the monomer having a keto group is represented by the general for-

mula (llla),
O
P
e
(ITla) R R

where
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R? are identical or different and are represented by H, CHs, COOH and/or a substituted
or unsubstituted aromatic or heteroaromatic compound having 5 to 10 C atoms, pref-

erably H,

where
R® are identical or different and are represented by H, CHs, COOH and/or a substituted
or unsubstituted aromatic or heteroaromatic compound having 5 to 10 C atoms, pref-

erably H.

Preferably the monomer having a keto group is selected from the group of ketones,
preferably being an aldehyde, most preferably formaldehyde. Examples for chemicals
according to general structure (llla) are formaldehyde, acetaldehyde, acetone, glyoxylic

acid and/or benzaldehyde. Formaldehyde is preferable.

Typically R% and R8 in structural unit (lll), independently of one another, are identical or

different and are represented by H, COOH and/or methyl. Most preferable is H.

In another preferred embodiment of the invention the molar ratio of the structural units
[+ (IH] : (1) is 1: 0.8 to 3 in the polycondensate.

Preferably the polycondensation is carried out in the presence of an acidic catalyst, this
catalyst preferably being sulphuric acid, methanesulphonic acid, para-toluenesulphonic
acid or mixtures thereof. The polycondensation and the phosphation are advanta-
geously carried out at a temperature between 20 and 150°C and a pressure between 1
and 10 bar. In particular, a temperature range between 80 and 130°C has proved to be
expedient. The duration of the reaction may be between 0.1 and 24 hours, depending
on temperature, the chemical nature of the monomers used and the desired degree of
crosslinking. Crosslinking can preferably occur if monosubstituted monomers of struc-
tural unit | and/or Il are used because the condensation reaction can occur in the two
ortho positions and the para position. Once the desired degree of polycondensation
has been reached, which can also be determined, for example, by measurement of the

viscosity of the reaction mixture, the reaction mixture is cooled.

The reaction mixture might be subjected to a thermal after treatment at a pH between 8
and 13 and a temperature between 60 and 130°C after the end of the condensation

and phosphation reaction. As a result of the thermal after treatment, which advanta-



\ / , where 15R5 are identical or different and are

represented by H and/or a non-branched chain or a branched G - 04 al kyl
group; Zwoeoidess2scal or different andqare representedpoy/EP2@006mr1 NH;

20( | d)

where WO 2011/ 02682515PCT/ EP2010/ 062671 Q are identical or

different and are represented by NH and/or O;
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geously lasts for between 5 minutes and 5 hours, it is possible substantially to reduce
the aldehyde content, in particular the formaldehyde content, in the reaction solution.
Alternatively the reaction mixture can be subjected to a vacuum treatment or other

methods known in the prior art to reduce the content of (form)aldehyde.

In order to obtain a better shelf life and better product properties, it is advantageous to
treat the reaction solutions with basic compounds. It is therefore to be regarded as be-
ing preferred to react the reaction mixture after the end of the reaction with a basic so-
dium, potassium, ammonium or calcium compound. Sodium hydroxide, potassium hy-
droxide, ammonium hydroxide or calcium hydroxide has proved to be particularly expe-
dient here, it being regarded as being preferred to neutralize the reaction mixture.
However, other alkali metal and alkaline earth metal salts and salts of organic amine

are suitable as salts of the phosphated polycondensates as well.

Mixed salts of the phosphated polycondensates can also be prepared by reaction of the

polycondensates with at least two basic compounds.

The catalyst used can also be separated off. This can conveniently be done via the salt
formed during the neutralization. If sulphuric acid is used as a catalyst and the reaction
solution is treated with calcium hydroxide, the calcium sulphate formed can be sepa-
rated off, for example, in a simple manner by filtration.

Furthermore, by adjusting the pH of the reaction solution to 1.0 to 4.0, in particular 1.5
to 2.0, the phosphated polycondensate can be separated from the aqueous salt solu-
tion by phase separation and can be isolated. The phosphated polycondensate can
then be taken up in the desired amount of water. However, other methods known to the
person skilled in the art, such as dialysis, ultrafiltration or the use of an ion exchanger,

are also suitable for separating off the catalyst.

In a preferred embodiment, the water-soluble comb polymer suitable as a plasticizer for
hydraulic binders is present as a copolymer which contains, on the main chain, side

chains having ether functions and acid functions.

In a preferred embodiment, the water-soluble comb polymer suitable as a plasticizer for
hydraulic binders is present as a copolymer which is produced by free radical polymeri-
zation in the presence of acid monomer, preferably carboxylic acid monomer, and poly-

ether macromonomer, so that altogether at least 45 mol %, preferably at least



R7 are identical or different and are represented by H, (CH2n)-S03H where n
=0, 1, 52, 3 or 4, preferably 1, 2, 3 or 4, (CH2n)-OH where n =0, 1, 2, 3
or 4, prevenabloests 2, 3 or 4; (CH2n)-PO3H2 where n = 0pCi/EP2010862171 4,
preferably 1, 2, 3 or 4, (CH2n)- OPO3H2 where n= 0, 1, 2, 3 or 4,
preferably 1, 2, 3 or 4, (C6H42 SO3H, (C6H4)- PO3H2, (C6H4) 0P03H2 and/ or
(Cn1—|2rr)e oB@AQ@)%,-qﬂée"\ﬁrrwterahvm sf the capolymes areiprogbieqddbyiprgrparation okacig 4, e

=0 1 cf‘ll pere%T@ @a?byxy%c agrd nordmet, arfy poWe@rer%éc?omoN&?ﬁér@n the0 X" =

2 3, 4or & = an Integer from1l to 350 where RO are
i dent i cal mrrrdoffrroemertzeandlt%r il émne@emsé@r bpyingefisned s aApRANRY BRROMESr a

branched G hrchoa‘re%ahé(ﬂle gfﬁ)ékpradrcal de Wrﬂén&é{hqnah&;é é’tQ% 44 Bhe Ubbn lddus 0duced

in the cop(\)lY by 1 ncorporation macr onononer in the
f or m of 5po|b9né,rqozrta¢n alrlpass onmp@ﬁumtlpncnremblm r:tarbpsylrcracwd‘umtrondmreami th

the gener a aWdHH |ﬁ%n(alqa%%s &%é?)n @éﬂﬁ%&n&el&%d |(nq>rl16’3'1)nerl is a'Is% té b(a%li‘éﬁ) 0

-EG(AO)-R are I n each case ent1 cal
di fferent amd asrrdeqmrnmelnnd)ryer@fwmﬁeararcapa@etoheee reglical cenotyesasizeiéah, lbyveH

and/or a n%rt'r e%gwg%n borfl, AN heds Ghe aCI&)ﬂm%{(ﬁygF{%ﬁ%HR’ ahcarb(lJ:x-"’lr e

| dent i cal are represented by aln or
br anched Cryllc a6 furickign, ermen gfleemis npedidire g lal ryStﬂJtzof-a ln@irelysis feagtiorgarmlieacta

Gb1- 14 ShararrbegRenbeo i a b bR B BB RIBEAA O o o

i dentical dmeth)ddrdiceatid) and are represented by 0, NH and/or CONH, with the

DI OVE SO 0l g dopfen B B Wb Al er LSSl &y SR RLESEN o Ao od T { N0t

present Aare rcar arent are represente X where x
=2, 3, 4 armﬂrmreﬁaszétpe of feeataldicakcopoB)megimaticoy, h&SH2GHEASE BB panboardeublelentrcal

or d' ffer ertr) Inaﬂ}da}‘{a%e a?%r Ft%%te%jerl&ggeér %Omé wr"ﬁ‘l th% ({)\g otha thel%og(e arare

i dentical or erent are repr ed by an i ger yb 350
(pref efabl ynakﬁdrﬁonorﬂé‘r&)mctﬁﬁa?b uaitsepriedenrttin thal copolynhref havesside eminsawleich epm-esent ed

by H, a non-branch n_or a branch rou CO- NH2, and/ or
char: 15 HBF Boa o P ietpane) et 4 A iy Sl R TR
preferably at least 8 ether oxygen atoms, most preferably at least 15 ether oxygen at-

oms.

20  Structural units, which do not constitute an acid monomer or a polyether macromono-
mer can be for example styrene and derivatives of styrene (for example methyl substi-
tuted derivatives), vinyl acetate, vinyl pyrrolidon, butadiene, vinyl proprionate, unsatu-
rated hydrocarbons like for example ethylene, propylene and/or (iso)butylene. This
listing is a non-exhaustive enumeration. Preferable are monomers with not more than

25 one carbon double bond.

In a preferred embodiment of the invention the water-soluble comb-polymer suitable as
plasticizer for hydraulic binders is a copolymer of styrene and a half ester of maleic
acid with a monofunctional polyalkylene glycol. Preferably such a copolymer can be

30 produced by free radical polymerization of the monomers styrene and maleic anhydride
(or maleic acid) in a first step. In the second step polyalkylene glycols, preferably alkyl
polyalkylene glycols (preferably alkyl polyethylene glycols, most preferably methyl
polyethyleneglycol) are reacted with the copolymer of styrene and maleic anhydride in
order to to achieve an esterification of the acid groups. Styrene can be completely or

35 partially replaced by styrene derivatives, for example methyl substituted derivatives.



where 20R14 are identical or different and are represented by H and/or a
non- branched chain or branched Cl- 4 al kyl group; E are identical or

di f f er entwendiianes2sepr esent ed by a non-bganched chai n orcliEepelbacedl- C6

al kyl ene group, preferably a C2 - C6 al kyl ene group, a cycl ohexyl ene group,
25CH2- C6H10, ortho-, neta- or para-substituted C61-14 and/or by a unit not
present; GGanelymesn of thigipreferred PMepdiRenhae dgseripesiip é’sge%ﬂé%%@s the din¢le- not
present , ’SUM'!)f%ﬁérpirs WE@?M’EteWﬂtg'tﬁe}ﬁe%rm%%gt éﬁﬁlﬁatldnf Eis aunit not
present, Gis also present as unit not present;
2011/02682517PCT/EP2010/062671 n are identical or dlfferent and are
represente ; 'gﬁ{gri f nd are
repr esent eg’E %}ﬁegplyl nsttléjg{;:teur?)aIfuf-lgﬁq o@ua% Iﬂt%&gr ﬁﬁcggqorﬂofnéﬁ?%%rceld;t and
are repPes émnr@mebw thederim pelyneireddmiis, whiph sirgtael it Iwrtarccprd@nm with 81 t hat
if Dis a t 2, 3o0or 4and c =0, 1, 2, 3 or 4,
where b + ?@hégﬂ@?m@%gyﬁg (wi)’BhCTtaﬁ%/Oé IOIvi sothat if Dis NH and/ or 0, b =0,
1, 2 or 3, c =0, 1, 2 or 3, where b + ¢ =2 or 3; Rl15 are identical or
different and(l@re represented by H, a non-branched chain or branched G -
04 al kyl group, CO NH2, and/or 000H3; (1lc), R18 R17 i\\ where 20R16, R17
and R18 are in each case identical or FiffeLen and, independently of one

an- other, are represented by H andfor|a nop-brianched chain or branched G
- 04 al kyl group; E are identi cal ffere d are represented by a
non- branched chain or a branched 25,C |- 06| al kyl ene group, preferably a
02- 06 al kyl ene group, a cycl ohexyl ene Lr oup 2- C6Hi o, ortho-, neta- or

par a-substituted C61-14 and/or by a unit not—présent; preferably Eis not a
unit not present; A are identical or different and are represented by
CxH2x where x = 2, 3, 4 and/or 5 30 and/or 2CH( C6H5) ; WD

2011/ 02682518PCT/ EP2010/ 062671 n are identi‘cal or different and are
represented by 0, 1, 2, 3, 4 and/or 5; L arge identical or different and are
represented by CxH2x where x = 2, 3, 4 and/He 5 and/or CH2-CH(C6l-15); 5 a
are idq tical or different and are represented by an integer from2 to 350;
d are entical or different and are represented by an integer from1l to
350; 10R19 arehe¢rgentical or different and are represented by H and/or a
non- branched chain or

R are identical or different and are represented by H and/or a non-branched chain

or a branched C1 - C4 alkyl group;

15
X are identical or different and are represented by NH-(CnH2,) where n =1, 2, 3 or 4
and/or O-(CnH2,) where n = 1, 2, 3 or 4 and/or by a unit not present;
R? are identical or different and are represented by OH, SOsH, POsH», O-POsH-

20 and/or para-substituted CsH4-SO3sH, with the proviso that, if X is a unit not present,

R? is represented by OH;

(Ib)

25



a branched G - 04 alkyl group, R2 are identical or different and are
represented by H and/or a non-branched chain G - 04 alkyl group. 15 In a
further ewbadimeess2sof the invention a sgjuctural unit i ecpmrduossern the
copol ymer by incorporation of the polyether macronmononmer in the form of

pol yneri zed units, which structural unit is in accordance with the general
formula (1id)where Il 0 45where R21, R22 and R23 are in each case
identical or different and, independently of one another, are represented
by H and/or a non-branched chain or branched G - 04 al kyl group; WO
2011/ 0268251 9RCIEHHETIte) WELETant And aee Tepeapented| bydt and/pf @ pemrbrangbiecpleain
represented b § = . 4 and/or 5 and/or CH2CH(C6H5); a are
i dentical or %ﬁf??ﬁgﬁ%hgﬁgcé?%w g% esented by an integer from2 to 350; 5
R24 arebdentical or different and are represented by H and/or a

non- br anched qlg% B 9r: g pranched G - 04 alkyl group, preferably a G - 04
al kyl group. 10AI'koxXyl ated i soprenol and/or al koxyl ated hydroxybutyl vinyl
et her and/or al koxyl ated (neth)allylal cohol and/or vinylated

met hyl pol yal kyl ; hayi I ' h | o Lyt i C mean
nunber of 4 t% %@ﬁd%k§§ﬁtfpgﬁgﬂgpgS%%E%§Q%¥g%g?ag;§tﬁgéﬁzggp?ﬁgzg@@%gther
macr ononomner . pavetshibstityted €sdeB®:Hacryl ic acid, maleic acid, nmaleic
anhydrﬁge, a nonoester of maleic acid or a mxture of a plurality of these
conponents is 1l5preferably used as the acid nononmer. Usually, a suspension
contai ning thec)cal ciumsilicate hydrate (C-S-H) in finely dispersed formis
obt ai ned. This suspension effectively gccelgrates the hardeni ng process of
hydraul i ¢ bi nders. 20 Oten, the wat/erqsol ubl eycal ci um conpound i s present
as calciumchloride, calciumnitrat ¢al ci um flormate, cal ci um acetate,

cal ci um bi car bonate, cal ci um br om-de—galetg bonate, calciumcitrate,
cal cium chl orate, cal ciumfluoride, ‘calciumgludconate, calcium hydroxide,
cal cium hypochlorite, calciumiodate, c¢alciumiodide, calciumlac- 25tate,
calciumnitrite, calcium oxal ate,Yéaletum phesphdte, cal ci um propi onat e,
calciumsilicate, calciumstearate, café{ sul fate, cal ci um sul phate

hem hydrate, cal cium sul phate di hydrate, £al ci um sul phide, calciumtartrate
and/ or calciqu&Juninate, tricalciumsilicate and/or dicalciumsilicate.
30The wat er-sol'ubl e cal cium conpound is preferably present as cal ci um
chloride, calciumnitrate and/ or cal ciumformate. Oten, the

wat er - g@l ubl egsili.cate co ung i resent as, ,sqdiumsilicate, £,assSi um
o cats, vt B geddd Bar IR bf oP BRI BR A Pl S P EREnBFRETT] U
silicate, caloiabnadbsad CcaCealkgigtaupi c aci d, sodi um netasilicate and/ or
potassium netasilicate. WD 2011/ 02682520PCT/ EP2010/ 062671 The

wat er-sol uble silicate conpound is preferably present as sodi um

nmet asi | i cat e, Z pad idssticahomdifferent andadre repredemtediayt Oragpdas SH; I n principle, a
calciumsilicate (provided that it is soluble) nmay be used both as a
silicate

20 (Id)
H RS
O0—C CcC—0
Q OH
R7
where

R® are identical or different and are represented by H and/or a non-branched chain

25 or a branched C1 - C4 alkyl group;



5source and as a cal cium source. In many cases, however, this is not
preferred. As a rule, species of different types are used as the

wat er - solwbl2e11gizk$26at e conpound and as ke wat er - sol ubl ecrapeevnsmoenpound.
The sprayabl e hydraulic bi nder conposition prepared by the nethod of the

i nvention 10does not only inprove the setting and/or early strength

devel opnent in hydraulic binder conpositions, but also nakes possible to
reduce the cemupl idEAA0! dRBEnASH S¥GoSREENAN bpR Slo/Gas] v strength

devel opnment. In a preferred enbodi nent of the present invention the
hydraulic binder is clinker, gyp- 15sum calciumsulfate, bassanite
(cal ci um sul prat e ihsH-avsr j cak gl hat ),
lime, a Iatenﬂ? %lr;%raull ?Iccggﬁ?géenrt a?g%é.j'réfo f‘%eggﬂwﬂfggﬁ_' Zf‘)ﬁér;%%%g?nglllélarg ?F ¥
pozzol ahs), add widkpiaferablyHeReddr 4 pfGiend whewrn Fénd, 2 & preferably 1Cement

is typically i.n~the_ LQm i4N j royn Iraul ic
bi nder 20f or %%f&n‘!g?%'bﬁr%@r@@wn%ﬁ gr rb(;ogg?é{% @gﬁdg a’)r?dgfo?ﬁi @ﬁ‘g%ﬁparts.
Portl and cenme@PO:H:2 whérasi=0,ilngr & di 4mrefofablyoh s 8toe 4, (GaHt)eFO4th dCetbyt
non-speci al it [0 \¥ S se_fof F c iS4 n the
production of Iyg%_r'lzé a) Bgowﬁ@% £érth i@mgz"&cjeoﬁp@sﬁ“swn@(%gﬁal %gg’ir%il?’yosréénsi sting
of aggregat e grgfeastdy 1ah@ arahe)= 0,252e%ent, praiechblat 61, 3 i, A" & Ghstr wbeicon

mat eri af, congre ' )SE _any: N onece

har dengé, cag)?be%’g?’ﬁgad; 52%95%%‘?&:&%5{)@6& b?ﬁ?‘%@?‘p@?rﬂqﬁéﬁé”sg%@ I531n%}%cemsnt
may be a gr ayidentioahorn diffeyaet andrare rqnresesteceloy @ nbotiramehed chdire oag gramgbees ar e
sel ected fronbt_hé 9k :ép onsi sting 30of sand, organic and/or inorganic
granul ates, graveéfs % A rably with a size distribution fromO - 16 mm
preferably 0 - 8 mm In a preferred enbodi nent the set accel erator contains

hercof . MEPoaU PoIHebB S BB TS SHROUBEL AP sBb bl sl Bty

sever all 5¢c hether alacsmhoranos|ire thetfoms obpaynmerided kindsywhidmsttuctieal witds in@Tpor-sed by

t he present, invention are al kali d i.d ilicates, fluorosilicates,
cal ci um fordﬁﬁ?ee‘,”'”% h& g.ﬁ[ﬁe(r:ark?%mulfg,(n%)ak@ﬁSpngl(sg’m@bi de, calciumnitrate and
calciumnitrite. Additionally, the set accelerating effect on cenent is

i ncreased Rl?( m xi ng the anor- 5phous al um num hydroxi de with water-sol ubl e
sul f ates, Prates and formates of the alkaline earth and transition
nmetals. In a preferred enbodi nent the set accelerator contains sulfate in
anounts between 15 and #0 %11by weight, referred to the weight of said
accel erator, and/or,aljum nymin 10oxi dation state 3 in amounts between 3
and 10 % by weight, referrad t§ the weight of said accel erator. In a
preferred enbodi of —the 4 ntion the calciumsilicate hydrate

cont ai ni ng conponent i|ls a dalciumsilicate hydrate itself or a cal cium
silicate hydrate cohtdifing 15m xture. In a further preferred,genbodi ment

t he cab?i um si li cate hydr atenlilgnlosed—wW th—=F catF ams{4 PEion(Ca/ Si ) - nol ar
ratio of 0.5 to 2.0, preferably 0.7 to 1.9, nore preferably 1.6 to 1.8. 20
In a further preferred enbodinent the calciumsilicate hydrate (G S-H)

cont ai ni ngwhenmponent is a suspension or a solid, preferably a suspension.
In a preferred enbodi ment, the hydraulic binder is used in anmounts from 300
to 600 25kg/ nB8, preferably 380 to 500 kg/nB, nore preferably 350 to 450
kg/ nB. I n &R'%WR't hed RfFraeé ér ¢amth casb Gidintieal or tifferebahed, imiepehdeardly @f byelaat e

- S i ni i dded he hyd | i.c_bi i h
T ot R o

and/ or at tgheupspray nozzle, nore preferably to the 30batching water.

E are identical or different and are represented by a non-branched chain or branched
C1 - Cs alkylene group, preferably C, - Ce alkylene group, a cyclohexylene group, CH-

30  CgHuio, ortho-, meta- or para-substituted CsH4 and/or a unit not present;



In a further enbodinent the calciumsilicate hydrate (C S-H) containing
conponent is obtainable by reaction of a water-soluble cal cium conpound
with a waveneseete silicate conpound, 4ghe reaction of pCEPa@i@s263D! UDI €
cal ci um conmpound with the water- 35soluble silicate conmpound being
preferably carried out in the presence of an aqueous sol ution which

cont ai ns atC preddentisaloniffesent oo @ke eepprsiepiadrby @rir apdier ¢OaNB) with theiFer or a
VO 2011/ 026829RAPCE/ERZAIAOAGREIH, & WALPHASEHCILInit MBrodengf er ably a comb
pol ymer as dispersant preferably suitable as a plasticizer for hydraulic

bi nders according to EN 934-2. It can contain any other type of adm xture
such as ret A L i I 1e9fa, e cont ext
o the. pr edcnt B R e e e O B L Pood as
pol ymer § whpreferakly & =ralaatiov @HCHEpllss i de chai ns (havi ng a nol ecul ar wei ght
of in each case at |east 200 g/nol, particularly preferably at |east 400
g/nmol) on a linear main chain at nore or |less regular intervals. The

| engt hs of ntdreddentical or difaient and arefrepggentet Py ApprHyd ArndloySequal but may
also differ greatly fromone anot her (for exanple when 10pol yet her

macr onononer s having side chains of different |lengths are incorporated in

t he form ofa grelidemtical pediffersnt sid ark represbried py ehdanteget freombd t Bethtpreferablyi s

i nvent i19n [ 2 Rp ayabl e hydraul i ¢ bi nder containing conmposition which can
be prepar ec] by a’process. 15 The invention furthernore conprises a
sprayabl e hydraulic binder containing conposition additionally conprising a
super pl astigi zer: r ef erabl I et .preferably a
i Sper si on ey eg koAl BRI T A NG oA B

i ncrease t bearghad 1 e plkgr grolpi GO-NH208nd/oreCO@Hst erial to which they are
added, these include plastics, cenment, concrete, wallboard and clay bodies.
Pl asticizers for concrete fluidify the mx before it hardens, increasing
its worlkabi(lib)ty or reducing water, and are usually not intended to affect
the properties of the finalDproduct after it hardens. Additionally,
concrete superplasticiz a ol ycar- 25 boxyl ate ether pol yner-based
conposite adm xtures an( @)P s( f_' 6nat e nel am ne fornmal dehyde condensate,

sul f onat e napht hal ene ffoknal dehyde condensate, or acrylic polymer famlies.
It has the advant ageaus a slunp retention ability. It is
specially adapted to tRe procht on of high durability concrete,

sel f conpacti ng-concrete, lhj,gh rkabi lity-retaining cqoncreise, and al so
concrete with good appearRance(Crngmgl re- O3O_rlﬁeﬁé1fi_n§flq%§/,_3 he invention
conprises a nethod of use of the conposition for the coating of substrates
W th spr ayg&eg@ncr ete or sprayed nortar. WO 2011/02682523PCT/ EP2010/ 062671
erosion of Treshly exposed rock surfaces by air in the tunnel or mne, for
t he suppression of radon gas in an uraniummnmne or for stabilizing
enbankggnt s, . |l e § r r. stabilizi s or
the 11 8. e aig SIRER G difbedhu MR ropt ep ity AB0H DOEDRrod BUISHE 20
respecti velbyarichpd &y e &4 athylcgretig” and "sprayed nortar”, may al so conpri se
ot her cenentitious materials. For exanple cenment based grouts for mning
and cenentitious nortars for fire protection of concrete. 10The invention
is to be désariidedicalrordificeerdehdite teptesentedtby a rednelvranchedtanaincoriorangheg am
pl es. The follow ng exanmples.il|lustrate this invention, 15Exanple 1:

i1 uence S e IR PRTBRYR Gt roaRurns HEEEchBIRERR SR oG8 ci um
sil i caké hyH,alqbl{, CGrtBeHmetacbr phicasubsiitueel (INa20ekpr by 2Unbyotysriegdrit) set
accelerators (Figure 1) Thi s exanple shows the effect of the inventive
conbi nation of calciumsilicate hydrate 20(CS-H) and a set accel erator
(al kal i - f r eeareNagfieql ot diffcber¥oaldy averephdsentddyralumigndt @résiing ) NEHandior t he

early hydration kinetics of Poriland cenment paste. To neasyre the hydration

cneti cn. s ST SRuRe ks NAPGRRRP e i ARSI AN N | s

tightly seare@dnt;rmedi ately after mxing with the water or adm xture-water
30

A are identical or different and are represented by CxHax where x = 2, 3, 4 and/or 5
and/or CH2CH(CeHs);



25 solution (the adm xtures, if required, were previously dissolved in the
wat er) and then placed into an isothermal calorineter TAM Air. The

measur enewbdowenes2per f ornmed at the tenpgyature of 20 C. pBaimh@emernt1 past e
m xtures are conposed as follows: 30 Table 1 Conponent (in g) M. 1
ML.2 ML.3 ML.4 ML.5 ML.6 CEM | 42.5N Hei del berg Anl aggni ng 2. 000 2.000
2.000 2.000 2.000 2.000 Water 0.900 0.812 0.900 0.900 0.812 0.812 Cal cium

silicate hydngi®nitsReAfRM afd dbdepresented by 0, 1, 2, 3, 4 and/or 5
a are identical or different and are represented by an integer from 2 to 350;

D are identical or different and are represented by a unit not present, NH and/or O, with
the proviso that if D is a unit not present: b=0,1,2,30r4andc=0,1, 2, 3 or4,
where b + ¢ = 3 or 4, and with the proviso that if D is NH and/or O, b=0,1,20r 3,¢c =
0,1,20r3,whereb+c=2o0r3;

10
R are identical or different and are represented by H, a non-branched chain or
branched C1- C4 alkyl group, CO-NH>, and/or COCHz3;

(llc)
15

where

20 R, R and R'8 are in each case identical or different and, independently of one an-
other, are represented by H and/or a non-branched chain or branched C - C4 alkyl

group;

E are identical or different and are represented by a non-branched chain or a branched
25 Ci- Cs alkylene group, preferably a C,-Ce alkylene group, a cyclohexylene group, CHo-
CsH10, ortho-, meta- or para-substituted CsH4 and/or by a unit not present; preferably E

is not a unit not present;

A are identical or different and are represented by CxHax where x = 2, 3, 4 and/or 5
30  and/or CH,CH(CeHs);



0.112 0.112 Both alkali-free set accelerator 1 and 2 are based on al um num
sul fate. The results are shown in Figure 1. The lines are isothermal

cal ori metwyp 20at@es2and the Ssynbols idenggfy individual eetraErsewsc26The
addition of calciumsilicate hydrate (C-S-H has a significant accel erating
effect on the second (C3S hydration) peak (the maximumrate is increased
and the ti mearediandeaier diferanaged pedrPgeented ¥ @) 1. et @ad/of Ae additi on of set
accelerator has a significant accelerating effect on the first

(di ssolution) peak. The conbination of both shows accel erati on of both
hydration pedRydentical pxdiffpreat and are repieseriad &Y &nHixéesak Fy2, Byfiead/ooh ki neti cs
of the conby N hciumsilicate hydrate (CS-H) and al kali-rich
(Na20eq >n%(%a%§/baeeicg-ﬁl(tcg§%bordi ng to EN 480-12) set accelera- 15tors (Figure
2) Thi s9exanpl e shows the effect of the inventive combination of calcium
silicate h e (G S I .wei ght

accordi ng %éggrghﬁfgga-l?5)6%8@93@@?%%@{6'8?6%?1 Y %ﬁlﬁﬁg?%;%ﬂ%?@a%yodn ki netics of
Portl and cenent paste. A cenent paste is pre- 20pared and the hydration

ki netics Fed.. SO I ' .e mixtures are
composed & To1{ouc of HAEFGH bfe BERREIES by ot ERe It (PR 5 5% 2 4
M2.5 M2.6 CEM | 42.5N Hei del berg Anl aggni ng 2. 000 2. 000

10 R"are identical or different and are represented by H and/or a non-branched chain or

a branched C1 - C4 alkyl group,

R20 are identical or different and are represented by H and/or a non-branched chain C4

- C4 alkyl group.

15

In a further embodiment of the invention a structural unit is produced in the copolymer

by incorporation of the polyether macromonomer in the form of polymerized units,

which structural unit is in accordance with the general formula (11d)
20

(Id)
o5 R2! R22
35
R® ¢c—— 0—— (AO),— R*
o)

45 where

R21, RZ and R? are in each case identical or different and, independently of one
another, are represented by H and/or a non-branched chain or branched C1 - C4
alkyl group;

50



2.000 2.000 2.000 2.000 Water 0.900 0.812 0.900 0.900 0.812 0.812 Cal cium
silicate hydrate suspension 0.112 0.112 0.112 Set accelerator 3 0. 180
0.180 Sewoaor@l2es2at or 4 0.140 0. 140¢g PCT/EP2010/062671

A are identical or different and are represented by CxHox where x = 2, 3, 4 and/or
5 and/or CH,CH(CeHs);

a are identical or different and are represented by an integer from 2 to 350;

R24 are identical or different and are represented by H and/or a non-branched

chain or a branched C1 - C4 alkyl group, preferably a C4 - C4 alkyl group.

10  Alkoxylated isoprenol and/or alkoxylated hydroxybutyl vinyl ether and/or alkoxylated
(meth)allyl alcohol and/or vinylated methylpolyalkylene glycol having preferably in each
case an arithmetic mean number of 4 to 340 oxyalkylene groups is preferably used as
the polyether macromonomer. Methacrylic acid, acrylic acid, maleic acid, maleic anhy-
dride, a monoester of maleic acid or a mixture of a plurality of these components is

15  preferably used as the acid monomer.

Usually, a suspension containing the calcium silicate hydrate (C-S-H) in finely dis-
persed form is obtained. This suspension effectively accelerates the hardening process
of hydraulic binders.
20
Often, the water-soluble calcium compound is present as calcium chloride, calcium
nitrate, calcium formate, calcium acetate, calcium bicarbonate, calcium bromide, cal-
cium carbonate, calcium citrate, calcium chlorate, calcium fluoride, calcium gluconate,
calcium hydroxide, calcium hypochlorite, calcium iodate, calcium iodide, calcium lac-
25 tate, calcium nitrite, calcium oxalate, calcium phosphate, calcium propionate, calcium
silicate, calcium stearate, calcium sulfate, calcium sulphate hemihydrate, calcium sul-
phate dihydrate, calcium sulphide, calcium tartrate and/or calcium aluminate, tricalcium

silicate and/or dicalcium silicate.

30  The water-soluble calcium compound is preferably present as calcium chloride, calcium

nitrate and/or calcium formate.

Often, the water-soluble silicate compound is present as sodium silicate, potassium
silicate, waterglass, aluminium silicate, tricalcium silicate, dicalcium silicate, calcium

35 silicate, silicic acid, sodium metasilicate and/or potassium metasilicate.



WO 2011/ 02682525PCT/ EP2010/ 062671 Set accel erator 3 is based on sodi um
silicate whereas set accelerator 4 is based on sodium alum nate. The

resul ts awe28hwwass2sn Figure 2. The |inegpare isothernmal pcalpprowmbroyt dat a,
and the 5synbols identify individual data sets. As in exanple 1, the
addition of_calciumsilicate hydrate (C-S-H) has a significant accel erating
effect on tlhe walersrpltblecsbeaty eerapowg)is peedgably peeseakansrfiyametasiicates peased

and the tipgdim H%aé‘shlcg@eanrda;rava@&gﬂésgecreased) whereas the addition of set
accelerator has a significant accelerating effect on the first

(di ssolution) peak. The conbination of both shows accel eration of both

hydration J”Q %lll%ate (Rrowdfelj 'MAW@Q? @ElSEgﬁgHtgngBbtﬁ%s%%g[@t i on

on the early strengt evel opre a Port ure 3)
In the Bxamsplise3ndiae aedafciym sourcanlrarlnaay pageseleowaver.dais df mt@mferr@dw Ave early

strength d?%lgl%%@tofmﬁe%n Ieé Qﬂedu ?”é%%e WARE b s‘ﬁi% at gWP%Qg&E& + set

ef fect of e 1 nventive co calcrumsilicate

accel er at orthe witer-salublegatsjiam e@ma@tmirdu ng 20 to the European Nor m EN 196-1
were chosen as m xtures for exam nation. Said m x- tures are conposed as
follows: Table 3 Conponent (in g) M3.1 M3.2 CEM | 42.5N Hei del berg

Anl aggni ng TH8GpryebIRdwdasiéie binBer coagosRS0 plgried/it e nxgRodboftiAF iryention

Super phgstighz fbt dlPihdréNOfie Lefing afdio 8T d4BngiH BB NN 8BS BRAS! On
compositions, but also makes possible to reduce the cement content and achieve

same or better early strength development.

In a preferred embodiment of the present invention the hydraulic binder is clinker, gyp-
15  sum, calcium sulfate, bassanite (calcium sulphate hemihydrate), anhydrite (anhydrous
calcium sulphate), lime, a latent hydraulic binder (e.g. fly ash, blast furnace slag or poz-

zolans), and mixtures thereof, preferably Portland cement.

Cement is typically used in the construction industry as finely ground hydraulic binder

20 for making concrete, mortar, concrete stones and finished parts.

Portland cement is a basic ingredient of concrete, mortar and most non-speciality
grout. The most common use for Portland cement is in the production of concrete.
Concrete is a composite material mainly consisting of aggregate (gravel and sand),
25 cement, and water. As a construction material, concrete can be cast in almost any
shape desired, and once hardened, can become a structural (load bearing) element.

Portland cement may be a gray or white one.

In a preferred embodiment, the aggregates are selected from the group consisting
30 of sand, organic and/or inorganic granulates, gravel, preferably with a size distribution

from 0 — 16 mm, preferably 0 — 8 mm.

In a preferred embodiment the set accelerator contains as main components sulfate,
aluminium in oxidation state +3 or mixtures thereof.
35



32.0 Alkali-free set accelerator 49.5 40.5 25 The nortar sanples were
exam ned with a Penetroneter of the conpany LBG which neasures and records
a conti nuwoogreesal increase of the copgistency of thepoinEPRIB©S6267W0
2011/ 02682526PCT/ EP2010/ 062671 The positive influence of the conbination of

calciumsilicate hydrate (C-S-H) and set accelerator on the early strength

devel opnmentU333408R4 dadosasdhalpeveral ehastical sefaggalesatars arpweldapwp.daclededcal ci um
silicate hydgabgp ﬁ]%dsoy}'%e'd@e%’ﬁeﬁt% HELHAN H%d?&@d%fa sﬁu@&’teQW&%F&ﬂubﬁl@@' set

accelerator with this Portland cenent F? ctor of 2 wt
Shours, at ca%mf%@ﬁ’@nsomyéhghtor%vv@icw@p Iae@%lcgicmnltra@sﬁgie:almnﬁmt@ 4:

I nf 1 uence ofy Bl PRl U ROTHISHAOM OOnLS: Fafdaked by AAMJudaKEhopment of

a Portland 1 cene n the exa fect of an
al kal i - Pr e®hees alawmnehmrgmd@wﬂh M@t@iiipluplesﬁtﬂféi‘ﬁgt rmtrdf@e@hdmmwtesmf the Port | and

cement Typegllind éarﬂpgﬂﬂﬁfrﬁ%t@' gh?-‘i%@e effect of the inventive conbination

(calciumsilicate h + set accelerator). Mrtar m xtures are
pre- 15pared and exanm ned as described in exanple 3. Said m xtures are

conposed a < : Vv
42 BR Nor canr 2cyet b ERsediehend s RERRRaRl o R A pueilcd 5
Super pl ast iaod A8r% Hpygheighatnrgderred to the weight of said accelerator, and/or aluminum in

10  oxidation state 3 in amounts between 3 and 10 % by weight, referred to the weight of

said accelerator.

In a preferred embodiment of the invention the calcium silicate hydrate containing
component is a calcium silicate hydrate itself or a calcium silicate hydrate containing

15  mixture.

In a further preferred embodiment the calcium silicate hydrate is used with a cal-
cium/silicium (Ca/Si)-molar ratio of 0.5 to 2.0, preferably 0.7 to 1.9, more preferably 1.6
to 1.8.

20
In a further preferred embodiment the calcium silicate hydrate (C-S-H) containing com-

ponent is a suspension or a solid, preferably a suspension.

In a preferred embodiment, the hydraulic binder is used in amounts from 300 to 600
25  kg/ms3, preferably 380 to 500 kg/m?3, more preferably 350 to 450 kg/ms3.

In a further preferred embodiment the calcium silicate hydrate (C-S-H) containing com-
ponent is added to the hydraulic binder in the cement plant, in the ready-mix plant, to
the truck mixer, to the convey pump and/or at the spray nozzle, more preferably to the

30 batching water.

In a further embodiment the calcium silicate hydrate (C-S-H) containing component is

obtainable by reaction of a water-soluble calcium compound with a water-soluble sili-

cate compound, the reaction of the water-soluble calcium compound with the water-
35 soluble silicate compound being preferably carried out in the presence of an aqueous

solution which contains at least one water-soluble polymer, preferably a plasticizer or a
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accelerator 49.5 40.5 20 The positive influence of the inventive
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Exanple 5 I'nfluence of the inventive conbination on t early strength
devel oprentadatixtarepych pareiagierse alr emypaens| orgontlingtieps theredsages of cal ci um
silicate hydrate (GS-H) (Figure 5) 5In the exanple 5 the effect on the
devel opnent of the early strength of Portland cenent type |I of the

i nvent i Pe doiHisi epataxbaf the paisehiinegritionahe tarm ‘spinpb pgtyenanyid tabe updergopl agdosages

5 Said i A ars BhEh e e BRE o eI Fepy AR aEAE R S M
5.1 M 5.2 NBSe 8t IS .200 gFWl| parficularyipreteraity af leastidQ0igbrel) an a linear main
chain at more or less regular intervals. The lengths of these side chains are frequently
approximately equal but may also differ greatly from one another (for example when
10  polyether macromonomers having side chains of different lengths are incorporated in

the form of polymerized units).

A further preferred embodiment of this invention is a sprayable hydraulic binder con-
taining composition which can be prepared by a process.

15
The invention furthermore comprises a sprayable hydraulic binder containing composi-
tion additionally comprising a superplasticizer, preferably a polycarboxylate ether and

more preferably a dispersion thereof.

20 Plasticizers or dispersants are additives that increase the plasticity or fluidity of the ma-
terial to which they are added, these include plastics, cement, concrete, wallboard and
clay bodies. Plasticizers for concrete fluidify the mix before it hardens, increasing its
workability or reducing water, and are usually not intended to affect the properties of
the final product after it hardens. Additionally, concrete superplasticizers are polycar-

25  boxylate ether polymer-based composite admixtures and/or sulfonate melamine for-
maldehyde condensate, sulfonate naphthalene formaldehyde condensate, or acrylic
polymer families. It has the advantageous effect of a slump retention ability. It is spe-
cially adapted to the production of high durability concrete, selfcompacting-concrete,
high workability-retaining concrete, and also concrete with good appearance require-

30 ment.

Finally, the invention comprises a method of use of the composition for the coating of

substrates with sprayed concrete or sprayed mortar.

35 By spraying the coating under the pillar (over head) its load bearing capability is in-

creased. The coating may also be applied to reduce or prevent weathering, that is the



450 450 450 450 Norm sand EN 196 1350 1350 1350 1350 Water 202.5 198.3
190.0 177.5 Superpl asticizer H gh range 0.9 0.45 0.45 0.45 Calciumsilicate
suspensi om0 2611846826. 0 32. 0 Al kali-free ggt accel erator P6TEPIG0O6H610 36.0
By increasing the calciumsilicate hydrate (C-S-H) conponent dosage a
proportional inprovenent on the early strength is shown in Figure 5.
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6) In the exanple 6 The effect on the devel opnent of the early strength of
Port | and cdnemy. fergebilizingfoofshef tinneteerithelikonbi nati on at different
tenperatures is shown. Mirtar m xtures are prepared and exanm ned as

described in exanple 3. Said m xtures are conposed as foll ows:
5  According to this invention the terms “concrete” and “mortar”, respectively “sprayed

concrete” and “sprayed mortar’, may also comprise other cementitious materials. For
example cement based grouts for mining and cementitious mortars for fire protection of

concrete.

10  The invention is to be described in more detail below with reference to working exam-

ples.
The following examples illustrate this invention.

15 Example 1:
Influence on the early hydration kinetics of the combination of calcium silicate hydrate

(C-S-H) and alkali-free (Na20eq < 1% by weight) set accelerators (Figure 1)

This example shows the effect of the inventive combination of calcium silicate hydrate
20 (C-S-H) and a set accelerator (alkali-free, Na Oeq < 1.0 % by weight, according to EN

480-12) on the early hydration kinetics of Portland cement paste.

To measure the hydration kinetics, about 2 g of cement was weighted in a glass am-

poule which is tightly sealed immediately after mixing with the water or admixture-water
25  solution (the admixtures, if required, were previously dissolved in the water) and then

placed into an isothermal calorimeter TAM Air. The measurements were performed at

the temperature of 20 °C.

Said cement paste mixtures are composed as follows:

30
Table 1
Component (in g) M 1.1 M12 M13 M14 M15 M1.6
CEM | 42.5N Heidelberg Anlaggning | 2.000 2.000 2.000 2.000 2.000 2.000
Water 0.900 0.812 0.900 0.900 0.812 0.812
Calcium silicate hydrate suspension 0.112 0.112 0.112




WD 2011/ 026825 Table 6 Conmponent (in g) 28 M5.1 Ms. 2 PCT/EP2010/ 062671 Mb. 3

CEMII/A-LL 42.5 HolcimFluvio(r)4 450 450 450 Norm sand EN 196 1350 1350
1350 Wat ew0202/d068282.5 177.5 Super pl astbgi zer H gh rangec® 2009618715

Cal cium silicate hydrate suspension 32.0 Alkali-free set accel erator 36.
36.0 36.0 Tenperature during experingnts (O

10

15

20

25

Alkali-free set accelerator 1 0.160 0.160
Alkali-free set accelerator 2 0.180 0.180

Both alkali-free set accelerator 1 and 2 are based on aluminum sulfate.

The results are shown in Figure 1. The lines are isothermal calorimetry data, and the
symbols identify individual data sets. The addition of calcium silicate hydrate (C-S-H)
has a significant accelerating effect on the second (C3S hydration) peak (the maximum
rate is increased and the time to reach the rate peak decreased), whereas the addition
of set accelerator has a significant accelerating effect on the first (dissolution) peak.

The combination of both shows acceleration of both hydration peaks.

Example 2:

Influence on the early hydration kinetics of the combination of calcium silicate hydrate
(C-S-H) and alkali-rich (Na>Oeq > 1% by weight according to EN 480-12) set accelera-
tors (Figure 2)

This example shows the effect of the inventive combination of calcium silicate hydrate
(C-S-H) and an alkali-rich (Na20O > 1.0 % by weight according to EN 480-12) set accel-
erator on the early hydration kinetics of Portland cement paste. A cement paste is pre-

pared and the hydration kinetics measured as described in example 1.

Said cement paste mixtures are composed as follows:

Table 2

Component (in g) M21 M22 M23 M24 M25 M26
CEM | 42.5N Heidelberg Anlaggning 2.000 2.000 2.000 2.000 2.000 2.000
Water 0.900 0.812 0.900 0.900 0.812 0.812
Calcium silicate hydrate suspension 0.112 0.112 0.112
Set accelerator 3 0.180 0.180

Set accelerator 4 0.140 0.140
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addition to an accelerated 5nortar can conpensate the |ower strength
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(dissolution) peak. The combination of both shows acceleration of both hydration

10 peaks.

Example 3:
Influence of the inventive combination on the early strength development of a Portland

15  cement Type | (Figure 3)

In the example 3 the effect of an alkali-free set accelerator on the early strength devel-

opment of a Portland cement Type | is compared with the effect of the inventive combi-

nation (calcium silicate hydrate (C-S-H) + set accelerator). Mortars prepared according
20 to the European Norm EN 196-1 were chosen as mixtures for examination. Said mix-

tures are composed as follows:

Table 3

Component (in g) M31 M3.2
CEM | 42.5N Heidelberg Anlaggning 450 450
Norm sand En 196 1350 1350
Water 2025 1775
Superplasticizer High range 0.9 0.45
Calcium silicate hydrate suspension 32.0
Alkali-free set accelerator 49.5 40.5

25
The mortar samples were examined with a Penetrometer of the company LBG, which
measures and records a continuous gradual increase of the consistency of the mix-

tures.



1350. 00 WD 2011/02682529 PCT/ EP2010/ 062671 water 202.50 202.50 182. 60
H gh range superplasticizer 0.90 0.90 0.45 Al kali-free set accel erator

36. 00 36.W0 28fi/@6s2€0nposi tion (% bcw) ogWater/cenent OpéS/EP2645/062640 Hi gh
range superplasticizer 0.20 0.20 0.10 Ca?ciun1silicate hydrate active

content 0.60 0.60 o . -
The positive influence of the combination of calcium silicate hydrate (C-S-H) and set

accelerator on the early strength development is obvious and can be seen in Figure 3.
The addition of calcium silicate hydrate (C-S-H) improves the performance of the con-
ventional set accelerator with this Portland cement Type | by a factor of 2 within 1 -6

5 hours, at 2% by cement weight lower set accelerator dosage.

Example 4:
Influence of the inventive combination on the early strength development of a Portland

10  cement Type Il (Figure 4)

In the example 4 the effect of an alkali-free set accelerator on the early strength devel-
opment of a Portland cement Type Il is compared with the effect of the inventive com-
bination (calcium silicate hydrate (C-S-H) + set accelerator). Mortar mixtures are pre-

15 pared and examined as described in example 3. Said mixtures are composed as fol-

lows:

Table 4

Component (in g) M41 M4.2
CEM II/A-V 42.5R Norcem 450 450
Norm sand EN 196 1350 1350
Water 2025 1775
Superplasticizer High range 0.9 0.45
Calcium silicate hydrate suspension 32.0
Alkali-free set accelerator 49.5 40.5

20
The positive influence of the inventive combination on the early strength development

of a Portland cement type Il is obvious and is shown in Figure 4. The addition of cal-
cium silicate hydrate (C-S-H) improves the performance of the conventional set accel-
erator within 1 - 6 hours by a factor of 1.5 at 2% by cement weight lower dosage of set

25 accelerator.



Al kali-free set accelerator 8.00 8.00 8.00 The addition of calcium
silicate hydrate (G S-H) powder shows a conparabl e i nprovenent of the set
accel er atwo 2pawi2e8280Nce as the additionypf cal ci um sili eatreprbydnsicer ( CS- H)
i n suspension formcan bee seen in Table 7b. 5 Table 7b M7.1 M7.2 M. 3
Initial set (mn:s) 02:30 02:30 02:00 Final set (mn:s) 13:30 14:30 13: 00
Conpr essi vé&EXempENgth 6h (N nmR) 2,9 4,6 4,5 Conpressive strength |d (Nm

n2) 18,7 2ZhRielle 8 R TRERAR] dniitdtRAYh N BarlyNtiaBin RéeRBmnBdr o Portiand

cement Type Il at different dosages of calcium silicate hydrate (C-S-H) (Figure 5)

5 Inthe example 5 the effect on the development of the early strength of Portland cement
type | of the inventive combination at different calcium silicate hydrate (C-S-H) dosages
is shown. Mortar mixtures are prepared and examined as described in example 3. Said

mixtures are composed as follows:

10 Table 5
Component (in g) M51 M52 M53 M54
CEM II/A-LL 42.5 Holcim Fluvio®4 450 450 450 450
Norm sand EN 196 1350 1350 1350 1350
Water 2025 198.3 190.0 177.5
Superplasticizer High range 0.9 0.45 0.45 0.45
Calcium silicate suspension 5.34 16.0 32.0
Alkali-free set accelerator 36.0 36.0 36.0 36.0

By increasing the calcium silicate hydrate (C-S-H) component dosage a proportional

improvement on the early strength is shown in Figure 5.

15
Example 6:
Influence of the inventive combination on the early strength development of a Portland
cement Type Il at different temperatures (Figure 6)

20

In the example 6 the effect on the development of the early strength of Portland cement
type Il of the inventive combination at different temperatures is shown. Mortar mixtures
are prepared and examined as described in example 3. Said mixtures are composed
as follows:

25
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early conpressive strength devel opnent
si |l i cat e Wopdnateef2€- S-H) (Tabl e 8b) 15

with the calciumsilicate hydrate (C S-

e conbination on the sprayed concrete
at different dosages of cal cium
Spgayed concrete Pestep20n626per f or med
and set accel erator conbi nation

according to the invention and the conparative exanples with regard to the
conpr essi véadlerengt h devel opment accordi ng to EFNARC Eur opean Specification

for Sprayed Concrete 1999. Said concre
WO 2011/ 026825 Tabl e 8a Conposition 30
CEMENT CEMGampRnent (pg)s Hol ci m Fl uvi o

te m xtures are conposed as foll ows:
PCT/ EP2010/ 062671 MB. 1MB. 2 MB. 3
NS TkgV ©20 WG3420 SAND TYPE A

0-4nmm [ kq] f/AL2l90 & %ﬁ%{R/i-J%EE B
range superplasticlzer cw 1.

Norm sand EN 196

Water

Superplasticizer High range

Calcium silicate hydrate suspension

Alkali-free set accelerator

Temperature during experiments (°C)

4B [ kg 5345534 534 ADDI Tl VE High

1350 1350 1350
202.5 2025 177.5
0.9 0.9 0.45
32.0
36.0 36.0 36.0
20 20 10

As shown in Figure 6, the calcium silicate hydrate (C-S-H) addition to an accelerated

mortar can compensate the lower strength development at low temperatures within the

of calcium silicate hydrate (C-S-H) and set

accelerator at 10 °C and the set accelerator alone at 20 °C have a comparable strength

Effect of the inventive combination on setting and compressive strength of a Portland

silicate hydrate (C-S-H) component in powder

In the example 7 the effect of the inventive combination on the setting time and on the

compressive strength of a Portland cement type | when the calcium silicate hydrate

(C-S-H) component is added as powder is compared with the addition of calcium sili-

cate hydrate (C-S-H) as a suspension. Mortar mixtures are prepared and examined

5

first hours of hydration. The combination
development in the first two hours.

10
Example 7:
cement Type |l when adding the calcium
or suspension form (Table 7b)

15

20

according to EN 196 1-3. Said mixtures are composed as follows:

Table 7a
Composition (g) M 7.1 M7.2 M7.3
CEM II/A-V 42.5 R Norcem 450.00 450.00 450.00
Calcium silicate hydrate powder 7.00
Calcium silicate hydrate suspension 25.30
sand norm EN196 1350.00 1350.00 1350.00



1.2 1.2 Calciumsilicate hydrate suspen- ADDI TI VE sion [%cw * 0.0 0.2
0.4 ACCELERATOR Al kali free set accelerator [%cw 8 8 8 Water/ Cenent Ratio
0. 45 0. 43w0.2441/028528r cent age based on achyve substance SPoe/preswlotz7of the
sprayed concrete tests with the inventive conbi nati on show a strong

| nprovenent on the early strength deve] opnent as can be seen in Table 8b.

Tabl e 8b water 02.50 202.50 182.60
High range superplasticizer 0.90 0.90 0.45
Alkali-free set accelerator 36.00 36.00 36.00

Composition (% bcw)

Water/cement 0.45 0.45 0.45
High range superplasticizer 0.20 0.20 0.10
Calcium silicate hydrate active content 0.60 0.60
Alkali-free set accelerator 8.00 8.00 8.00

The addition of calcium silicate hydrate (C-S-H) powder shows a comparable improve-
ment of the set accelerator performance as the addition of calcium silicate hydrate (C-

S-H) in suspension form can bee seen in Table 7b.

5
Table 7b

M 7.1 M72 M7.3
Initial set (min:s) 02:30 02:30 02:00
Final set (min:s) 13:30 14:30 13:00
Compressive strength 6h (N/mm?) 2,9 4.6 4.5
Compressive strength 1d (N/mm?) 18,7 22,3 22,4
Compressive strength 7d (N/mm?) 34 38,9 33,7

10 Example 8
Influence of the inventive combination on the sprayed concrete early compressive

strength development at different dosages of calcium silicate hydrate (C-S-H) (Table
8b)

15  Sprayed concrete tests were performed with the calcium silicate hydrate (C-S-H) and
set accelerator combination according to the invention and the comparative examples
with regard to the compressive strength development according to EFNARC European
Specification for Sprayed Concrete 1999. Said concrete mixtures are composed as
follows:

20



MB.1 MB.2 MB.3 STRENGTH AFTER 3 min [Nmm®] 0,09 0,10 0,12 STRENGTH AFTER 6
mn [NmR2] 0,14 0,17 0,14 STRENGIH AFTER 15 min [Nmm®] 0,21 0,27 O, 26
STRENGTH wbBER/@68281 n [ N 2] 0, 32 0, 45,0, 43 STRENGTH APTERP2010/0567TMR]
0,63 0,70 0,66 STRENGITH AFTER 2 h [N/m‘r% 2,44 3,37 4,56

Table 8a
Composition M81 M82 MS8.3
CEMENT CEM II/A-LL 42.5 Holcim Fluvio®4 [ka] 420 420 420
SAND TYPE A 0-4mm [ka] 1246 1246 1246
SAND TYPE B 4-8mm [ka] 534 534 534
ADDITIVE High range superplasticizer [%obcw] 1.2 1.2 1.2
Calcium silicate hydrate suspen-
ADDITIVE sion [Y%obcw]* 0.0 0.2 0.4
ACCELERATOR  Alkali free set accelerator [Y%bcw] 8 8 8
Water/Cement Ratio 0.45 043 044

*percentage based on active substance

5 The results of the sprayed concrete tests with the inventive combination show a strong

improvement on the early strength development as can be seen in Table 8b.

Table 8b

M 8.1 M 8.2 M 8.3
STRENGTH AFTER 3 min [N/mm?] 0,09 0,10 0,12
STRENGTH AFTER 6 min [N/mm?] 0,14 0,17 0,14
STRENGTH AFTER 15 min  [N/mm?] 0,21 0,27 0,26
STRENGTH AFTER 30 min  [N/mm?] 0,32 0,45 0,43
STRENGTH AFTER 1 h [N/mm?] 0,63 0,70 0,66
STRENGTH AFTER 2 h [N/mm?] 2,44 3,37 4,56
STRENGTH AFTER 4 h [N/mm?] 4,32 5,57 7,53
STRENGTH AFTER 6 h [N/mm?] 7,73 8,67 12,52
STRENGTH AFTER 24 h [N/mm?] 27,34 27,46 33,11

10



STRENGTH AFTER 4 h [NNnmR] 4,32 5,57 7,53 STRENGTH AFTER 6 h [N mmR] 7,73
8,67 12,52 STRENGITH AFTER 24 h [N mmR] 27,34 27,46 33,11 10 WO

2011/ 02688b620A@b64262010/ 062671 CLAI MS 134 Process for thecpmepanaticon of a
sprayabl e hydraulic binder composition contain- 5ing as nain conponents
wat er, aggregates, hydraulic binder, set accelerator, characterized in,
that a calciumsilicate hydrate (G S-H) containing conponent is added
before and/qQm@g the spray nozzle. 2. Process according to claiml1,
characterized in, that the hydraulic binder is ce- 10nment, gypsum

bassanite or anhydrite, line, | atent hydraulic binder (e.g. fly ash, bl ast
furnace slag orp R h | # efirent .
3. Process éccorﬁﬁﬁéé)tooﬂ%l)%?ﬁn% %d?%a%?g aélg%t?)rerﬁ%z}efgﬁﬁéé c{h@tn t he

aggr egabes are ®glasdoaia comamqﬂhsewgteﬁqugmm%hydfgulmrfbnmidset gcqmra@r es,
gravel , pr ef er apl ¥ dbfifag 0, ]tﬁa':‘t' £&idiRl rIchf#tHy(afb ET(%’@ 9 con%a% 85 %bl y 0

- 8 mm 4. Process accor to one ara terlzed in,
t hat the set acaddesrkafoe adfldmrat e sarymuizaleconponent s sul fate, al um niumin
oxi dation state + 3 or m xtures thereof. 5. Process according to one of
the clains 1 to 4, characterized in, that the set ac- celerator contains
sul fate i nZanoUfrosessetcaerdimg1s clitd 140%radigriaediighibat thehedradis hinder feecanei ght  of
sai d aggel erat d i tween 3
and 10 55 by wei ot Pl Badyab b B byl ARl o baBFRLR o8, BEE0
accordi ng to ordastfurtdce slda@ornm)zZolaos)Smlxtthras Hetreof] pretbrably Pottland téreental ci um
silicate hydrate containing conponent is calciumsilicate hydrate (C S-H)

or a CGS-Hcontaining mxture. 307.Process according to one of the clains 1
to 6, char &ct erRreesbsiaccordimgtto thaén dalrclaimm?2, characterized in, that the aggregates are

selected from the group consisting of sand, granulates, gravel, preferably with a

15 size distribution from 0 — 16 mm, preferably 0 — 8 mm.

4. Process according to one of the claims 1 to 3, characterized in, that the set ac-
celerator contains as main components sulfate, aluminium in oxidation state + 3
or mixtures thereof.

20

5. Process according to one of the claims 1 to 4, characterized in, that the set ac-
celerator contains sulfate in amounts between 15 and 40 %, by weight, referred
to the weight of said accelerator, and/or aluminum in oxidation state 3 in amounts
between 3 and 10 % by weight, referred to the weight of said accelerator.

25

6. Process according to one of the claims 1 to 5, characterized in, that the calcium

silicate hydrate containing component is calcium silicate hydrate (C-S-H) or a

C-S-H containing mixture.

30 7. Process according to one of the claims 1 to 6, characterized in, that the calcium
silicate hydrate is used with a calcium/silicium (Ca/Si)-molar ratio of 0.5 to 2.0,

preferably 0.7 to 1.9, more preferably 1.6 to 1.8.

8. Process according to one of the claims 1 to 7, characterized in, that the C-S- H

35 containing component is a liquid or in solid form, preferably a dispersion.



silicate hydrate is used with a calciunfsilicium(Ca/Si)-nolar ratio of 0.5
to 2.0, preferably 0.7 to 1.9, nore preferably 1.6 to 1.8. 8. Process
accor di ngwpaonmes2f the clains 1 to 7, gharacterized i npcrhzbobhes S- H
35cont ai ning conponent is a liquid or in solid form preferably a

di spersion. WO 2011/ 02682532PCT/ EP2010/ 062671 Process according to one of
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amounts {1om Sqfndep isGea9LABunRIRAPSRM0BHY O pRA ﬁgg@,tomsg/mseferably
350 to 450 kg/ nmB3. Process according to one of the c

characterized |fﬁ0retﬂﬁ@f?ratblve359dpél59ﬂf9§ﬁsl i cate hydrate (C-S-H) containing
conmponent is added to the hydraulic binder in the cement plant, in the
ready-m x plant, to the truck mxer, to the convey punp and/or to the spray
nozzl e. 5Pr d@essl’ra@eﬁ@ra@pwglngdoon@OBWetqlvem@Hat@ Rschiaragieriagd icHbatdoe ealtizend i n,

t hat the cal ci

obt ai nabl e by %g]g%t[ |H3/r?1j g( té:rgr-]téoﬁllr@b@én@g%lﬂ%%b@% qug%%l# tgnder

wat er - sol ubl e di lhec@ﬁrreerttotapbuntﬂle reqdy-mixadantoto tod trumnmat,éq’ thealopéye cal ci um
compound Wi th the ate conpound being preferably carried
out in the pre ené)e O?&t?%eu%?yﬁ#éﬁe\cmat er-sol ubl e polyner, nost preferably
a conb polyner, the conb pol yner as dlspersant preferably suitable as a

Pl st 1 ibzerf oferbuede aubdrinbROGSE 51 AEEAIHL 1 10, G ARy PR LSoum
hydraul rc bi hder contai conposition pre rocess according
to one of the pilieatediydigpte(@&Brd). co@tahpwcmmmnmtsm%maj)le by tdagtion dfp wa-

cont aini ng addi{d Qald ¥oi8uRURFTRLAS A A er GIELANY oAnBOINC BN at e

et her and nore prefe y as suspensi on. 0 e us

conposi tion of tibhef thlea[va’mr sblubde cdl@yumfammpoled maﬁhm‘gaief-sdulbietsmaehte$oas

sprayed concr etp‘?)ur%r b?% %Ve?&aw Eﬁred out in the presence of at least one water-soluble
15 polymer, most preferably a comb polymer, the comb polymer as dispersant pref-

erably suitable as a plasticizer for hydraulic binders according to EN 934-2.

12. Sprayable hydraulic binder containing composition preparable by a process ac-
cording to one of the preceding claims.
20
13. Composition according to claim 12, containing additionally a superplasticizer,

preferably a polycarboxylate ether and more preferably as suspension.

14. Method of the use of the composition of the claims 12 or 13, for the coating of

25 substrates as sprayed concrete or sprayed mortar.



