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BACKGROUND OF THE | NVENTI ON Field of the Invention The present
i nvention relwboewsssns t he use of polyneric additives conpri sesbTaiPoton4s
reaction product of a carboxylic acid polyner 'such as polyacrylic acid and
at | east one polyether of one or nore C2-C4 epoxides as additives for
cement. The invention also pertains to cenent conpositions containing
these additives. The additives function as water reducers and super

pl asticizers. Desciption of the Prior Art Additives for cenent to

I ncrease the fluidity of cenent p r %g concretes have been
known and in use for many years. ?@%M&ﬁ?m re al so known as water
reducers because they all owaé tggp ) ' nortar or concrete
wi thout | oss of slunmp (a ne Eﬁ(‘%ﬁbm tmmgbi lity). This class
of cenent additives permts the use of |ess water to obtain the sane
slunp, or the attainment of a higher slunp at a given water content, or
the use of less portland cenent to realize the sane conpressive strength.
The perf or manEgieldrefghe Invemtiins f or water reducing adm xtures are specified

I n ASTM Met hod C494-92, "Standard Specifications for Chem cal Adm xtures

for Concrete." In ASTM C494-92, a water reducing adm xture is
defined as an adm xture that

The present invention relates to the use of polymeric additives comprised of the
reaction product of a carboxylic acid polymer such as polyacrylic acid and at least one
polyether of one or more C,-C4 epoxides as additives for cement. The invention also
pertains to cement compositions containing these additives. The additives function as
water reducers and super plasticizers.

Descrintion of the Prior A

Additives for cement to increase the fluidity of cement paste, mortars and
concretes have been known and in use for many years. These additives are also known
as water reducers because they allow less water to be used in a mortar or concrete
without loss of slump (2 measure of consistency or workability). This class of cement
additives permits the use of less water to obtain the same slump, or the attainment of a |
higher slump at a given water content, or the use of less portland cement to realize the
same compressive strength. ‘The performance requirements for water reducing
admixtures are specified in ASTM Method C494-92, "Standard Specifications for
Chemical Admixtures for Concrete.”

In ASTM C494-92, a water reducing admixture is defined as an admixture that

reduces the quantity of mixing water required to produce concrete of a given



reduces the quantity of m xing water required to produce concrete of a

gi ven . WO 97/ 35814
PGT/ EP97/ 01445 2 consistency
by at | east wador3ssie A high range water reducing adm Xt gepmpsmifsknown’

as a superplasticizer, reduces the quantity of mxing water required to
produce concrete of a given consistency by 12% or greater. Comrerci al

wat er reduci ng adm xtures include lignin sulfonates and napht hal ene
sul f onat e- f or ral dehyde condensates. Mre,recently, new classes of flow
enhancers or water reducers have been deScribed. U S Patent 4,814,014
descri bes a lL.idgdN containing a graft co-polynmer containing a
pol ymeric bgc%%%y%ggg@hgr@ pol ymeric side chain noieties wherein one of

the polyneric ieties is a polyether , noiet nd the other is a

non- pol yet her fggnlé‘ﬁﬂl WE"&@W&%‘&%@B}\KW’@{VSH QNN a5 R SYPegRagticizent ed
mononers. U. S, Patent 5,393,343 describes a cenent conposition containing
an i ni di zedreduess the quantiphed mixingwateprequisechinpredudgyconesatetaf agivenpol yacryl i c
acid of 2000 nol ecul ar weight with a pol yethyl ene pol ypropyl ene oxi de

pol ymer of 26M3istency bgUR% onvgreattr. Cemmercidl svhtertreduvingeaithikiyres in¢ludeignin ani ne

group and at the other end by a methyl group. . The conpositions of
the prior agfifdnans aﬁwhaphhme@mfoﬂa&ennaﬂaeﬂﬁhwoﬁ%kﬁé@%fdmé@y h&g much
room for inprovenent. BRI EF DESCRI PTI ON THE

| NVENT! ON  classes of how aRAIEIRF Walk riilckiS HRICHER'dekBitEA! TPS: Phekn12S DeeN

found that the reaction
4,814,014 describes a cement composition containing a graft co-polymer containing a

polymeric backbone moiety and polymeric side chain moieties wherein one of the
polymeric moieties is a polyether moiety and the other is a non-polyether formed by
polymerization of ethylenically unsaturated monomers. U.S. Patent 5,393,343
describes a cement composition containing an imidized acrylic polymer made, for
example, by reacting a polyacrylic acid of 2000 molecular weight with a polyethylene
polypropylene oxide polymer of 2000 molecular weight terminated at one end by a
primary amine group and at the other end by a methyl group.

The compositions of the prior art have not, however, been entirely satisfactory

leaving much room for improvement.

BRIEF DESCRIPTION OF THE INVENTION
In accordance with the present invention, it has been found that the reaction
products of certain carboxylic acid polymers and certain polyethers are unexpectedly
effective as water reducing additives or superplasticizers in cement. In contrast to
other conventional superplasticizers based on polyethers, the reaction products of the

present invention perform well even at dosages as low as 0.1 weight % on cement, do



products of certain carboxylic acid polyners and certain polyethers are
unexpectedly effective as water reducing additives or superplasticizers in
cement. In contrast to other conventional superplasticizers based on

pol yet hers, tweowssasti on products of the present invention waERgiaus! |
even at dosages as low as 0.1 weight % on cenent, do WD 97/ 35814
PCT/ EP97/ 01445 3 not strongly
entrain air, and are not substantially reduced in perfornmance even when
used in coordination with a defoaner. Addifionally, at least in one

enbodi nent of the I nvention the tinme to total slunp loss is nuch | onger

o bag | he, 2dthdrstiengly, chitfinRiie afdhre not AHRBREAY REuGATRBEANAL OS2

super pl asti ci zers. is 1s an | nportant a nt age, he Ccenen

remai ns wor k . e f r.iod. - ntitiaqus conposition pay
set up befor Z‘IP%ﬁé‘? gg‘#ﬂ@%ﬁ'} %%tﬁ ?‘sdgfor?“%?'a@@q"f’ﬁ@%ﬁ& !:ela'grﬂ’ one 5%8 ment-ofdhe he
sustai ned ovey a sufficiently long perjod, with unfortunate consequences.
I n accor dance™¥fFatipnthe fimedo Féﬂ %@Fﬁ?ﬁ?""&fb@gﬁ using dheadditive of theopreseat

m xture of certain polyethers is enployed. By the use of such a mxture, a
reducti on of isventiogras campaned to convestiongbsuperplasticizersi Ghistis an #mpartampar ed wit h
the use of a single polyether as described above.

DESCRI PTI ON Gidvahiage; R ieRiehianthiseby bErhHifs workable ovéle greateh puidd. cAaci d
polymers utilized in the preparation of the cenment additives of the

; gygnt i on ar ecepntitobonpdsitibe iy @6t dpbaereithe &SmpaRioR is HD15ceRP sWifRichg 2b! e
slump cannot be sustained over a sufficiently long period, with unfortunate
consequences.
In accordance with a preférred embodiment of the present invention, a mixture
of certain polyethers is employed. By the use of such a mixture, a reduction of air

entrainment in the cement is achievable as compared with the use of a single polyether

as described above.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The carboxylic acid polymers utilized in the preparation of the cement additives

of the invention are comprised, in whole or in part, of one or more polymerizable acid
monomers characterized by the presence of at least one polymerizable ethylenically
unsaturated group in conjugation with a carboxylic acid, carboxylic anhydride or
carboxylic ester group. "Acid” in this context thus refers to any moiety capable of
functioning as an equivalent to or precursor of a free carboxylic acid group. Such
monomers include monomers corresponding to the
R!' O

!

I
structure H,C=C-—-COR’ wherein R' and R? are each independently hydrogen or C,-C,



nmononers characterized by the presence of at |east one polynerizable
ethylenically wunsaturated group in conjugation with a carboxylic acid,
carboxylic anhydride or carboxylic ester group. "Acid" in this context

t hus refers wooussgiani ety capable of functioning as an equoaE®Hbrad® Or
precursor of a free carboxylic acid group. Such nononers include nononers
corresponding to the [err] structure wherein Rerr] and R err] are each
i ndependent|ly hydrogen or CJerr]-C4 WO 97/ 35814

PCT/ EP97/ 01445 4 alkyl (e.g.,

met hyl, ethyl, propyl, butyl). Qher sui t4abl e nononers include cyclic

unsat ur at ed dride nd,unsat u c acids and Clerr]-C4

al kyl est er?ﬁqﬁ]xﬁégedﬁ’ %hﬁr £y ﬂ &??“@q?mp@?% "?"hﬂ“ﬂﬂ%‘“efﬁm" ludecyelit | i it ed
to, acrylic acid, nethacrylic acid, meth net hacryl ate, nethyl acrylate,
mal ei ¢ aci d unsAtwiated aahydrides aud unsAwrateshdicas 1‘361‘1‘»3“%‘1&@66}1{4%1 estemoxyl i ¢
acid may be present in salt form i.e., where Rerr] is replaced with

al kal i et althereofk riefecred acidrmensomers inglwde,hutare wot lintited|to kaerylicTeid, car boxyl i ¢
acid polymer thus may be in acid, partially neutralized, or fully

neut r al i zed nisthderylieratid, methyl mdtliucq&atéamathyhiwylaﬁ?ﬁfa&l@icld hRaleio\uilydeide. t he

polymer is conprised of repeating units having the structure
and combinations thereof. The carboxylic acid may be present in salt form, i.e.,
where R? is replaced with alkali metal, alkaline earth metal, ammonium, or the like.
The carboxylic acid polymer thus may be in acid, pa:ﬁally neutralized, or fully
neutralized salt form.
In certain embodiments of the invention, the polymer is comprised of repeating

units having the structure

Rl
|-
—CHz-C—-
I
o=2C
'2
OR

wherein R! is H or C,-C, alkyl and R? is H, C,-C, alkyl, alkali metal (e.g., Na,K),
alkaline earth metal, or ammonium {e.g., NH,, mono-, di-, or trialkylammonium, or
quaternary ammonium); or
— CH—~— CH—

! I

C=0C=0

| !

oR’ OR*
wherein R® and R* are the same or different and have the same meaning as R? above;

or



[err] wherein Rlerr] is Hor (Jerr]-C4 alkyl and Rerr] is H (err]-C4
al kyl, alkali netal (e.g., Na,K), alkaline earth netal, or ammonium (e.g.,

NH[err], mono-, di-, or trialkylamonium or quaternary anmoniun); or
[err] whereiwo$msss1id Rierr] are the same or different and hRCUEP@I4ETE
meani ng-as R2 above; or WO 97/ 35814

PCT/ EP97/ 01445 - 5 [err]

I n one enbodi nent of the invention, the carboxylic acid polymer consists
essentially of the acid nmonomer(s) in polgnmerized form(i.e. , the acid

nononer may conprise up to 100% of the polyner). However, satisfactory
results may al so be obtai ned-even-whelie—t he acid nononmer is copolynerized
with a different type of pol ywrerizabl e&mnonmer such as et hyl ene, or other
et hyl eni cal | y unsat ur at e®@ =c€npound. Prefefabl¥, however, at |east 25 nole
% of the repeating units in the\polgma'r’ are repeating units of the acid
nmononmer. Acrylic acid honopol yner particularly useful in the present

70% sol | g5 and_ hade Age FEPeRTEShotER INFEIly i sanoeio S8 Palyger consils” ~ °
essentially of the acid monomer(s) in polymerized form (i.e., the acid monomer may
comprise up to 100% of the polymer). However, satisfactory results may also be
obtained even where the acid monomer is copolymerized with a different type of
polymerizable monomer such as eth’y_lene, or other ethylenically unsaturated
compound. Preferably, however, at least 25 mole % of the repeating units in the
polymer are repeating units of the acid monomer. Acrylic acid homopolymer is
particularly useful in the present invention. Aqueous solutions of poly(acrylic acid)
containing from 30 to 70% solids and having molecular weights of between 1000 and
4,000,000 are available from commercial sources such as BASF (under the trademark
"Sokalan PA") and Aldrich Chemical Company. Poly(acrylic acid) is also
commercially available in solid form.

In another preferred embodiment of the invention, a copolymer of maleic acid
and acrylic acid is utilized. Such materials are available in solid or aqueous solution
form from BASF under the trademark Sokalan CP (molecular weight = 3000 to
70,000).

Other examples of carboxylic acid polymers suitable for use in the present
invention include, but are not limited to, poly(ethylene-co-acrylic acid), poly(ethylene-
co-methacrylic acid), poly(ethylene-co-maleic anhydride), and

poly(methylmethacrylate-co-methacrylic acid).



4,000,000 are available from comercial sources such as BASF (under the
trademark "Sokal an PA") and Aldrich Chem cal Conpany. Poly(acrylic acid)
is also comercially available in solid form I n anot her preferred

enbodi mrent wbeassignventi on, a copolynmer of nmaleic acid 39&&%?91%48 acid
Is utilized. Such materials are available in solid or aqueous solution
form from BASF under the trademark Sokal an CP (nol ecul ar weight = 3000 to
70, 000) . O her exanpl es of carboxylic acid polyners suitable for
use in the present invention include, byt are not limted to,

pol y(et hyl ene-co-acrylic acid), poly(ethylene- co-nethacrylic acid),

pol y(et hyl ene-c ' L des . . .
pol y( met hyl met hg{:"ri@;*%? igg g@%{ahgrg) i ﬁfgﬂgg?rgf xylic acid polyfpers nqtparticularly

] / . . ,
'Fr)ﬁl E ngi gé‘ﬁ’m Land ap R varnd ascdesired to sopt9l the progestigs phthe ﬁéwltin;swm

parti cul arl%lfﬁ.cri,#l ca: and may be varied as desired to control the
properties Yee TR iR@"?’éﬁém polymgr has 3, rumbey gyerage moletularweight 6fhe
pol ynmer has a nunber average nol ecul ar wei ght of from500 to 2,000, 000.

In one preffEemas@040B00:00: Infone peefemedserhbastiment fof theintention, M¥ AUABEYr

nol ecul ar wei ght ranges from 500 to 10, 000. I n one enbodi nent of

t he i nvent iaverage meoledular weighn cirges froin $0020d0j000t he synthesis of the cement
additives of the present invention is a polyether conprised of, in

By homopol yer or copfaenEof e Hiventih, TR e Sacl SR W bl " ¢
linkages Widffihd Wnent additives of the present invention is a polyether comprised of, in
polymerized form, one or more C,-C, epoxides. The polyether may thus be any
homopolymer or copolymer having repeating units linked by ether linkages with two
carbon atoms separating each ether linkage.
Preferred polyethers are polyethers containing one or more terminal hydroxyl
groups. Preferably, however, the polyether does not have a functionality greater than
2. Thatis, the use of polyethérs having one or two terminal hydroxyl groups is
desirable. Monofunctional polyethers are most preferred for use since problems with
undesirable gelling of the reaction product are thereby minimized. The precise
molecular weight of the polyether reactant is not considered critical, but may typically
range from 500 to 10,000 (number average). Suitable polyethers thus inciude, but are
not limited to, mono- and di- functional polypropylene glycols, polyethylene glycols,
and ethylene oxide-propylene oxide copolymers. The composition and molecular
weight of the polyether are desirably selected such that the cement additive obtained
from the polyether is water-soluble.
In a second embodiment of the invention, a mixture of polyethers is employed,

each of which is comprised of, in polymerized form, one or more C,-C, epoxides.



carbon atons separating each ether |inkage. Preferred polyethers
are polyethers containing one or nore term nal hydroxyl groups.
Preferably, however, the polyether does not have a functionality greater
than 2. Thatwp9ysssie use of pol yethers having one or two tercERMOtIYSIr oxyl
groups is desirable. Mnofunctional polyethers are nost preferred for use
since problens with wundesirable gelling of the reaction product are
thereby minim zed. The precise nolecular weight of the polyether reactant
is not considered critical, but may typicglly range from500 to 10, 000
(nunber average). Suitable polyethers thus include, but are not [imted

to, mono- andygi %%§ém&ti§ P{ebﬁbﬁﬁ%%gf ARY) &Rtirlone $k§mxﬂ%r5@é Béeculé)y col s,

and et hyl ene 0Xl1Ue? propy e oxl copol yners. e conposition and
nmol ecul ar wei‘g

t.of the 1 ir t the
cenent additi¥ P%‘BF&F}%BM?’?‘!P%%‘?%S%“p&ﬁﬁ'ﬁarﬁ%%ﬁawléﬁ&s’??ﬁ%@%? In a
second enbodi nent of the invention,, a mxture of pol yethers.is enployed,
each of whi CWP@@%FPSQES&FWW%W MFTE g‘@ﬂ' ﬁﬁfﬁ?e én@&?"%er%f xé‘f‘%]o-gm
epoxi des. WO 97/ 35814 . .
PCT/ EP97/ 01446,-C, epoxides; alternatively, different C,-C, epoxides may be used to preparg)the
pol yether is nonofunctional (i.e., contains one hydroxyl group per

nol ecul e), wabhofuhdtionaltand difondtionalpolyethersii f unctional (i.e., contains two
hydroxyl groups per nolecule). The polyethers may be derived fromthe sane

Cerr]-C4 epoxi de Tie pieeise sholeoilar welights of the polyettier eeactants tage it iconsidered

different C2-Clerr] epoxides may be used to prepare the nonofunctional and

di functional QYL HEmAy typically rangk'Tor? 506 t520,000 @bthber aveRige))t Thof the

pol yet her reactants are %’t‘ cgn3| der ed
compositions and molecular weights of the polyethers in the mixture are desirably
selected such that the cement additive obtained from the polyether is water-soluble. It
is desirable to control the amount of difunctional polyether relative to monofunctional
polyether in order to avoid excessive crosslinking, which tends to reduce the solubility
of the product derived therefrom in water. Th_é weight ratio of monofunctional to
difunctional polyether thus is typically maintained in the range 3:1 to 25:1.

For both of the above-mentioned embodiments of tl;e invention, preferred

C,-C, epoxides include propylene oxide, ethylene oxide, and mixtures thereof. For
example, the mole ratio of oxyethylene to oxypropylene repeating units in the
polyethers may vary from 1:99 to 99:1. Generally speaking, the incorporation of
higher proportions of oxyethylene repeating units in the polyether mixture will tend to
increase the water solubility of the resulting cement additive. However, the use of
oxyalkylene repeating units derived from substituted epoxides such as propylene oxide
and 1-butene oxide tends to increase the susceptibility of the polyethers to undergo the

desired partial cleavage during reaction with the carboxylic acid polymer. The

polyether may additionally contain repeating units other than those derived from C,-C,



critical, but may typically range from500 to 20,000 (nunber average). The
conpositions and nol ecul ar wei ghts of the polyethers in the mxture are
desirably selected such that the cenment additive obtained fromthe

pol yet her igowsh&asoluble. It is desirable to control thecHRPHMI448f

di functi onal polyether relative to nonofunctional polyether in order to
avoi d excessive crosslinking, which tends to reduce the solubility of the
product derived therefromin water. The weight ratio of nonofunctional to
di functional polyether thus is typicallygmaintained in the range 3:1 to

25: 1. For both of the above-nentioned enbodi nrents of the invention,

preferred - ' I_AC Y, | V. | de, and
it ur eq. t nEheges” KhpBHEE B CF pttucl WA Sy R Clier Sl EhEaAES,
oxypropyl ene repegting units Jn the l.yet hers vary from 1:99 to 99: 1.
Conoral 1y sPRAlRcde-Eprghydetiarh and thedike e beyser o piyahiastiolos FAmBIEL hy ene
repeating units in the polyether m xture will tend to, increase the water
sol ubi | ity Bfoneprefeseed aspastoiagembodiment ofithis inyspsior whichipmplays aymixture
oxyal kyl ene repeating units derived from substituted epoxi des such as
propyl ene osf palyethers, the difunctivnabpalyethes isia homopalymer-ofproppensiaxidepfiiehi | ity of
the polyethers to undergo the desired partial cleavage during reaction
with the cap&&nmﬂﬁﬂ@magbﬂomplyner. The polyether may additionally contain
repeating units other than those derived from C2-C4 WO 97/ 35814

PCT/ EP97/ 01445 P%lxethers corresponding to the foregoing description are well-knowh in@RO%#tdes.
Copol yners of C2- epoxides wmth other Cyclic ethers such as oxetanes,

I . ' '
For oxanpl ot g SOy chlatled Hom 2Rfinbpof obndlEll RS NATERERDT

whi chenpl OﬁreparaS Sration En%iu%e, for example, the base-catalyzed or double metal cyanide

complex-catalyzed reaction of C,-C, epoxide(s) with a suitable initiator having one or
two active hydrogen atoms. In the above-mentioned second embodiment of the
invention, the monofunctional polyether may be obtained by polymerizing a C,-C,
epoxide onto a mono-functional initiator (i.e., 2 compound having a single active
hydrogen atom such as a mono-alcohol) such as a C,-C,, aliphatic alcohol (e.g.,
methanol, ethanol, n-propanol); glycol ether (e.g., propylene glycol monomethyl
ether, diethylene glycol mono-t-butyl ether, tripropylene glycol monomethyl ether) or
the like. The difunctional polyether may be prepared by polymerizing a C,-C, epoxide
onto a difunctional initiator (i.e., 2 compound having two active hydrogen atoms such
as a di-alcohol) such as a glycol (e.g., propylene glycol, ethylene glycol, 1,4-
butanediol and the like) and oligomers thereof (e.g., tripropylene glycol, diethylene
glycol). The polyethers may also be recycled materials recovered by glycolysis or
hydrolysis from a polyurethane foam or the like.

The precise relative proportions of the foregoing reactants are not critical,

except that the number of equivalents of polyether or polyether mixture reacted should



of polyethers, the difunctional polyether is a honopolynmer of propyl ene
oxide (i.e., polypropylene glycol). Pol yet hers correspondi ng to

t he foregoing description are well-known in the art and may be readily
obt ai ned froxgoewssglaer of commercial sources. Methods for t RENEPITO1445
preparation include, for exanple, the base-catal yzed or doubl e netal
cyani de conplex-catalyzed reaction of C2-C4 epoxide(s) with a suitable
initiator having one or two active hydrogen atons. In the above-nentioned
second enbodi nent of the invention, the gonofunctional polyether may be
obt ai ned by polynerizing a C2-C4 epoxide onto a nono-functional initiator

(i.e., a conpaynd ﬂﬂﬂ‘éﬁé‘ﬂulﬁbéid?_ﬂgﬁvﬁ&{ti ¥ethe RuBoRARoAISO S G AF1id acid

nono- al cohol ) such as a (Jerr] err] aliphatic” al cohol (e.g.,” nethanol,

et hanol, n-pr | I y&al I

cther. i ot hpPBRE, el BR nubESts infindly) eRhBPi £ uth Rl TaNY |
ether) or the like., The difunctional | yet her .may be prepargd

pol yneri zi ng S5PuPfif the la ﬁmg%% t@ﬁ?#‘ﬁgﬂf‘fluﬂé’?gﬁ?“eﬁm 1%?%1‘?%? 05 e. |
a conpound having two active hydrogen atons such_ as a _di-al cohol) such as
a gl ycol (e.g;qnw@mblwessgh%&ﬁ; ﬁwmuwmmeefwmdgmmahm ol and the
| i ke) and oligoners thereof (e.g., tripropylene glycol, diethylene

gl ycol ). The caboyylicheeidspolpmentoshydivxyl groypd iadherpolyetherd or potyethee mixtubeyis

gl ycolysis or hydrolysis froma pol yurethane foamor the |ike.

The precise ppifefablyerdti 20Aroi2ons of the foregoing reactants are not
critical, except that the nunber of equival ents of polyether or polyether

g]Czl('; léerS?/r gi‘z'zgd S iR hfbredescribed Yély@ther3 o8 piyether mixture, and carboxylic de
polymer are reacted under conditions effective to achieve partial cleavage of the
polyether or polyethers and esterification of the polyether or polyethers and cleavage
products thereof by the latter reactant. While the precise mechanism of said reaction
and chemical structure of the mulfing product are not known, it is believed that
cleavage of some, but not all, of the ether linkages of the polyether or polyethers takes
place and that the resulting cleavage products ultimately participate in the desired
esterification of the acid groups originally present in the carboxylic acid polymer.
Where the polymerized acid monomer is present in alkyl ester form (i.e., R? in the
aforedescribed structure is C,-C, alkyl), the esterification process may be alternatively
described as interesterification wherein the C,-C, alkyl group is displaced by the
polyether or cleavage products thereof. It is preferred that the majority of the ether
linkages in the starting polyethers remain uncleaved. In one embodiment of the
invention, only from about 1 to 25% of such linkages undergo cleavage.

The desired reaction of the polyether and carboxylic acid polymer is catalyzed

by a strong protic acid. Suitable protic acids are those substances having a pKa less

than 0. Generally, the acid will be a stronger acid than a carboxylic acid. Preferred



be | ess than the nunmber of equivalents of the carboxyl groups in the
carboxylic acid polyner. That is, the nunber of hydroxyl groups in the
former reactant per carboxyl group in the latter reactant is selected to

be | ess tharydeysie pPreferably, less than 0.5, nost pref g ﬁmi‘?s t han
0.3. The equivalent ratio of carboxyl groups in the carboxylic aci

pol ymer to hydroxyl groups in the polyether or polyether mxture is
preferably from?20:1 to 2:1. The af oredescri bed pol yether, or
pol yether m xture, and carboxylic acid olyner are reacted under
conditions effective to achieve partial cleavage of the polyether or

pol yet hers ey ' e . ol v.e d ¢l eavage
Product s ¢ haratpat prilf il afllddfeptol Gkt Rni i O htoBiCackd R
said reaction, and chemcal structure of the resulti.ng product are not
nonn, 11 | CRBRRGASSRS incezenit B A DRafle apils vl B oot the Sl e bt e

| i nkages of the polyether, or polyethers, takes place and that the

resul ting chluRlageifsplublsdndhe feactinn mixjure. Qther;syitable acids are hydrogenshalides,
esterification of the acid groups originally present in the carboxylic acid
pol ymer. Vhalosulfonis agislsy tebnafluerdberid atidycheterepolyacidsy absulfuric acilky Migtatesr f orm
(i.e., Rerr] inthe aforedescribed structure is (JQerr]-C4 alkyl), the

esterifi cat opdifferent acids camybeassed. Tirstrative/sxXainpled &f acidPastfil $n the present
interesterification wherein the (Jerr]-C4 alkyl group is displaced by the

pol yet her ofnvemtRhiAEIads) vk kel ot LiRfiie8 8, p-ldiuené sRfGHiCadigd that the majority
of the ether Ilinkages in the starting polyethers renmain uncleaved. In one

oo o il ko BB s et g S |00
car DOy PSR ks R YR RS e S B B TR e
Actd WT D28 may've added i salt formm (e.., Zenc iHbte), Such that the acid 35 gencrated in
situ by interaction with the carboxylic acid polymer. |
The protic acid is used in an amount effective to promote the aforedescribed
cleavage and esterification reactions. The preferred amount to be employed depends
upon many factors, including the desired reaction rate, the types of reactants and
catalyst used, reaction temperature, and other consideratioris. Generally, suitable
amounts of protic acid are within the range of about 0.01 to 1 weight percent based on
the quantity of polyether or polyether mixture to be reacted.
The process of the invention is conveniently performed by combining the
polyether or polyether mixture, carboxylic acid polymer, and strong protic acid
catalyst in any desired order or manner and heating the mixture at a temperature
sufficient to cause the desired cleavage and esterification to proceed at sufficiently
rapid rates. The progress of the esterification reaction can be followed by measuring

the acid number, which will decrease as esterification proceeds, by conventional wet

chemical analytical techniques. Generally, it will be advantageous to conduct said
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protic acids include arylsul fonic acids, alkylsulfonic acids, and sul fonic

acid ion exefpeugssigesi ns. I norganic as well organic acids ripgi/Ero7bissd | zed;
the acid may be soluble or insoluble in the reaction m xture. O her
suitabl e acids are hydrogen halides, halosulfonic acids, tetrafluoroboric
acid, heteropol yacids, and sulfuric acids. Mxtures of different acids can
be used. Illustrative exanples of acids uggeful in the present invention

I nclude, but are not limted to, p-toluene sulfonic acid,

trifluoromet hangsl ‘I'ﬁwﬁa"?f k&@om%@@pﬁ%r%?io%@i%m@wﬁwIgﬁ(g'bghaci d,

phosphot ungsti ¢ aci d, I on" resins, resin, e like.
The protic ' added J 1. .form (e.q. jnc triflate), such that
the acid is g’ﬁf@mﬁgﬁ?‘&gq@?%@vﬁ?ﬂif‘gé&@%?ﬁWﬁ% carboxylic acid

pol yner. T\%eféﬁ%' c acid is used_ in an anount effective to pronote
the af or edescr i bedWheledas Belyethsiorsuixipe of palyethers iscamprised of repeatisgef er r ed
anount to be enpl oyed depends upon many factors, including the desired
reaction rat eoxyprepylepp anithderived dtoshpropylene oxide,cthg sxtentf polyethar tleavage
tenperature, and other considerations. CGenerally, suitable anounts of

protic acid amay be tériveniehtty clrecked i mohitaringQh®levelcof heud-tglidad REHes GRkagag sed On
the quantity of polyether or polyoether m xture to be reacted. The

process of t hiie polyethes DﬁNMR.CGﬂmHéaﬁ%lh!ad)ﬁﬁlfagéméapphr&ﬁﬁt}héFer&ﬂséﬁﬁblem .
strohg protic

pol yet her or polyether m xture, carboxylic acrd polyner, "and
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be less than the theoretical acid number (calculated from the relative proportions and

functionalities of the starting materials) which would be attained if esterification of the

original polyethers, but not any cleavage products thereof, had been completed.

The temperature selected should be sufficiently high so as to promote both the

desired cleavage and esterification. While the minimum temperature required for such

purpose will vary depending upon a number of factors, it has been found that where

the polyether or mixture of polyethers is derived in whole or in part from propylene

oxide, the carboxylic acid polymer is derived in whole or in part from acrylic acid, and

the strong protic acid is a sulfonic acid, temperatures in excess of 140°C (more

preferably, 150°C to 250°C) are needed. In one embodiment of the invention, the

reaction mixture is first heated to a somewhat lower temperature (e.g., 75°C to

140°C) for a period of time sufficient to accomplish substantial esterification (but not a

significant amount of cleavage) of the initially charged polyether or polyether mixture,

followed by heating at a temperature effective to cause polyether cleavage.
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PCT/ EP97/ 01445 reaction until from1l to 50% (nore typically, 2 to 20%
of the carboxyl groups initially present in the carboxylic acid polyner
are esterifahissie VWhere the polyether or mxture of pppk¥dicifssS 1S

conpri sed of repeating oxypropyl ene units derived from propyl ene oxi de,
the extent of pol yether cleavage may be conveni ently checked by
nonitoring the | evel of head-to-head ether |inkages in t he pol yet her by
NMR. Such head-to-head |inkages are appakfntly nore susceptible to

cl eavage than head-to-tail |inkages. The 'extent of reaction (i.e.,

esterification pl . ' asurenent of the
aci d nunber. V\her?g genfi e@%ﬁ%f%%ﬁ mggi{l g?ﬁ%%&f&oﬁ“ﬁﬁ'@%‘éﬁge i's
achieved, the acid numier.wll_typicall e | ess than e theoretical
aci d nunber r}?%d&ma&ﬁegﬁt ?@M’*B‘e‘%@ﬂ‘i%‘%&?ﬁdﬂ&ﬁﬁ?‘%ﬁpﬁ MY WAonal i ti es
of the starting materials) which wuld be attained if esterification of the

origi nal polPyeseidn dhe reactants initially) by approgeate mesant such ap distilationiay he ik

conpl et ed. ) The tenperature sel ected shoul d be sufficiently high so
as to pronotApplicationtofvacuius or anlinettgas sppegemay be helpfuli cati on. Wi le the
m ni mum tenperature required for such purpose will vary dependi ng upon a

nunber of fact or Once thewpripeiate degteedfiektatifisstion and tiegvage haehden att@inedni Xt ur e
of polyethers is derived in whole or in part from propyl ene oxide, the

carboxyl i ¢ @hftaltp) #oRabbst 018 id Y Rors), PliAkiitRh of furlitt indd{fRAUGF b thkC aci d,
and the strong protic acid is a sulfonic acid, tenperatures I n excess of
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somewhat | Ovt\ﬁer sut'o%rgr%%t?ct éjcric(ia m(ag ‘og 'rémo7v5eh%ryun§: sﬁ#able method such as filtration,
neutralization, or the like. The residual carboxylic acid groups in the additive may be
either left in the acid form, or, if so desired, converted in whole or part to the salt
form by reaction with a suitable source of alkali metal (e.g., sodium hydroxide,
potassium hydroxide), alkaline earth metal (e.g., calcium hydroxide), ammonium
(e.8., ammonia, alkyl amines such as uiethanol amine and triisopropanol amine) or the
like. The cation in the resulting salt thus may be an alkali metal cation. Ammonium
as well as alkaline earth metal cations may also serve as the cation for such purpose. If
the acid monomer used to prepare the carboxylic acid polymer was in anhydride form,
some or all of the anhydride groups which may still be present in the polymer after
reaction with the polyether may be converted into free acid or salt form by hydrolysis
or other such means using methods conventional in the art. Cleavage or hydrolysis of
the ester linkages between the polyether and the carboxylic acid polymer should,
however, be minimized by careful selection of the conversion conditions utilized.

The cements with which the additives of the invention may be used are

hydraulic cements, meaning cements which, when made into a paste with water, set



140[err]C) for a period of time sufficient to acconplish substanti al
esterification (but not a significant anmount of cleavage) of the initially
charged pol yether or polyether mixture, followed by heating at a

t'enper at ure widfwessde t o cause pol yet her cl eavage. WECYEPBAR445
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Esterification nay be favored by renoving the water or other by-products
formed as a result of esterification fromthe reaction mxture (as well as
any water present in the reactants initially) by appropriate neans such as
distillation or the like. Application of vacuumor an inert gas sparge may

be hel pful . and harden 49CRsIDEf RMicAPcadtichs beWeer tinf waet ﬁfdi deinent. | SuiabRd
cl eavage has been attained (typl cally, fromabout 0.5 to 18 hours)

f t .
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performed prior to its use as cement

protic aC|d be renp suita od _suc l,on,
neutralizat i%ﬁﬁ’m@rce{xﬁg \Bﬁéngg%PgscF@ﬁ'ﬁ %ﬁ%‘@@ﬂeﬂ h?f @'efﬁ’ 88’5@“9n t he
additive may be elther | eft t,he,aciqd form or, jf so desired, converted
in whol e or §saents of the,grdinary an ‘P%‘Pﬁk‘ Frang 1YPET axg; Parficylagly i degimble. s our ce of

al kai netal (e.g sodi um hydr oxi de pot assi um hydroxi de), al kaline earth
metal (e.g., cal cmﬂmamtyadéipveasﬁummm@emgfacm@mwhedw ofimi nes
such as triethanol amne and triisopropanol am ne) or the 1like. The cation
i n the resul estenification andpoiyetier cleavage atthined andrthe atlativel anmount éfpolyethenoras wel |
as al kal i ne earth netal cations may al so serve as the cation for such

pur pose. Yethed Ghisttu?® RATRE withtile iMOnBcaPuIyHc hél poBmiee X Mhe addiilél pol yner
was in anhy ide form sone or all of the anhydride groups which may still

be present i dhah@@ {8 B & inMcbéitiance with the invention is usually in the range of

0.01-10%, preferably 0.05 to 2%, based on the weight of dry cement. The quantity of

water to be used for setting the cement is not critical; generally weight ratios of water
to cement in the range 0.25:1 to 0.7: 1, preferably 0.3:1 to 0.5:1 are satisfactory.
Where desired, an aggregate such as pebbles, gravel, sand, pumice, or fired pearlite or
mixtures thereof may be employed in conventional amounts. The amount of
aggregate, for example, may typically comprise from about 40 to 80 percent by
volume of the tol_al cement compoSition.

Advantageously, the additives of this invention, which function as water
reducing agents and/or superplasticizers, are used in combination with other known
cement additives.

Among the optionally employable additional additives are: conventional
hardening accelerators, e.g., metal chlorides such as calcium chloride and sodium
chloride, metal sulfates, such as sodium sulfate, and organic amines such as
triethanol-amine; ordinary hardening retarders, e.g. alcohols, sugars, starch and

cellulose; reinforcing-steel corrosion inhibitors such as sodium nitrate and calcium



reaction with the polyether may be converted into free acid or salt form by
hydrol ysis or other such neans using nethods conventional in the art.

Cl eavage or hydrolysis of the ester |inkages between the polyether and the
carboxyli c ¢ ehaagigymer shoul d, however, be mnimzed by oeraesioas ection

of the-conversion conditions utilized. The cenents with which the
additives of the invention may be used are hydraulic cenents, neaning
cenments which, when nmade into a paste with water, set WO 97/ 35814
PCT/ EP97/ 01445 ' 13 and harden

. . 14 .
as a result of chem cal reactions between the water and cenent. Suitable
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cenents, alumn rnace slag cenent, cenent. O

t hese, portland .cepents,of. the ordinar kek-hardeni ng, types are
particul arl yo’EVézgbeﬁgﬁ dad dnd 5”"”’?%‘2“@%&%@?@“ hgge&ﬁ"ii@@c@ggld aﬁy vary with
factors such as_the degree of .esterifjication and pol yether c|eavage

att ai ned andentréners|other\supes plasHcizers; shonkagereductng agspis; trength eshancerssuchact ed
wi th the nonocarboxylic acid polyner. The additive quantity to be used in
accor dance vas triisopropytaming;iantifoamingsagentssu¢hast tibutybiphpsphatte; aix @itraining
preferably 0.05 to 2% based on the weight of dry cenent. The quantity of
wat er to be amwiftnirey; afe the lilg. tThe quentiip iof sischrmtoptiohdl ingrédierg O dhgredignidsy ght
ratios of water to cenent in the range 0.25:1 to 0.7: 1, preferably 0.3:1

to 0.5:1 ar eus?aagj', gflasgq;yyweigmr@mged, an aggregate such as pebbl es,
gravel, sand, pumce, or fired pearlite or mxtures thereof nay be
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same as with ordinary cement admixtures. For example, the additive can be admixed
with a suitable proportion of water and the resulting solution is mixed with cement and
aggregate. Asan altemaﬁve, a suitable amount of the additive may be added when
cement,- aggregate and water are mixed. Another method of introducing the additive is
to add it to the dry cement prior to or after grinding. The additive can be added prior
to, along with or subsequent to addition of the other components of the cement
compasition.

The concrete and the like incorporating the additive according to the invention
may be applied in conventional ways. For example, it may be trowelled, filled in
forms, applied by spraying, or injected by means of a caulking gun. Hardening or
curing of the concrete and the like may be by any of the air drying, wet air, water and
assisted (steam, autoclave, etc.) curing techniques. If desired, two or more such

techniques may be combined. The respective curing conditions may be the same as in

the past.



vol une of the total cenent conposition. Advant ageously, the
additives of this invention, which function as water reducing agents
and/ or superplasticizers, are used in conbination with other known cenent
additives. woowsssipnong the optionally enpl oyabl e additi onrCr/asstia1448es
are: conventional hardening accelerators, e.g., netal chlorides such as
cal ciumchloride and sodium chloride, netal sulfates, such as sodi um

sul fate, and organic am nes such as triethanol-am ne; ordinary hardening
retarders, e.g. alcohols, sugars, starchjand cellulose; reinforcing-stee
corrosion inhibitors such as sodiumnitrate and cal ci um WD 97/ 35814

PCT/ EP97/ 01445 14 nitrite;
ot her water reducing agents such as |1 gni nsuifoni c acid salts, as well as

salts of oxycarboxylic acid and formalin condensates of

napht hal enesul fonic acid; air entrainers; other super plasticizers;

shri nkage reduci agents; strength enhancers such as triisopropylam ne;
anti f oam ng E&!ﬂﬁg—lsuch as tributyl phosphate; air entraining adm xtures;
and the like. The quantity of such an optional ingredient or ingredients is
usual |y 0. 1- 6% byPelg(agrylic a¢id) (2002 haying a number averagg anolegulasweightfdi ng t he
additive of the invention to the cenent nmay be the sanme as with ordinary
cenent adm xappreximately 2000amgs| dissolvid inn200igtdistilled svatdp and thenmisted withia a

sui tabl e proportion of water and the resulting solution is mxed with
cenent and pggsfaséional puysttier 800cg) avinge nuinter avetigecmoletula weight dfe addi tive

may be added when cenent, aggregate and water are m xed. Another nethod of
i ntroduci ng impoaidiely 200/ atd p-toluene suifonic acid (8g). The monofunctional polyether

was prepared by reacting methanol with ethylene oxide and propylene oxide (70:30

molar ratio) in the presence of an alkali metal catalyst. The reaction mixture was

heated to 180°C while water was taken overhead and then held at 180°C for 3 hours.

The resulting reaction product had an acid number of 77 and was found to be useful as

a cement additive to increase the fluidity of cement paste, mortar, or concrete either in

acid form or as an aqueous solution of the sodium salt.

Example 2 (Comparative)

For comparative purposes, the procedure of Example 1 was repeated except that
the reaction mixture was heated to 140°C over 4 hours while water was distilled
overhead and then heid at 140°C for another hour. The resulting
reaction product had an acid number of 121, indicating that a lower degree of
esterification was achieved than in Example 1.

Example 3
The reaction products of Examples 1 and 2 were tested in fully neutralized

sodim salt form (25% aqueous solutions) in mortar mixes. Slump was measured using

a half-size slomp cone; air content was determined by ASTM method C185. The



to add it to the dry cenment prior to or after grinding. The additive can be
added prior to, along with or subsequent to addition of the other
conponents of the cenment conposition. The concrete and the |ike

i ncor por at i weh oAsgaaddi tive according to the invention ”Bi‘(':?/ﬁpﬁfb?hked in
conventional ways. For exanple, it may be trowelled, filled In or s,
applied by spraying, or injected by neans of a caul ki ng gun. Hardeni ng or
curing of the concrete and the Iike nay be by any of the air drying, wet
air, water and assisted (steam autoclgve, etc.) curing techniques. If
desired, two or nore such techniques be conbi ned. The respective

cur i ng condi L QO AR aftsuhiardiA T B2 thifowing B18 Wbicate thar, the Yepinn sar 0
EXAMPLES Exappl e, 1 ) PorIB%Sacryl ic acid) (200 g) having a nunber
aver age nol & § Mple,} reactignpraguat of Jvas capehie. fysn ai lowdevels) of greatig
distilled water and then m xed with a nonof uncti onal pol yether (800 Q)
havi ng a nuiisszasingdhe gumpof dhe martanmixgtia given watpricamenhsdtiol ove? the Gl

p-tol uene sulfonic acid (8g). The nonofunctional polyether was prepared
by react i ngobssrveainialthewaisencetdfthecatditivel dedditichally Othe Irexafts BérheitrateQhaGhe NOI ar
ratio) in the presence of an alkali netal catalyst. The reaction m xture

was  heat edatep/chiteheratib Can'be tedudealiy asWiich!846% 8iRE BRadaRVE of fign hel d at
180[err] C for 3 hours.

invention while maintaining an equivalent level of slump.

Additive Water/ wt% additive
cement on dry cement mm
none 0.42 0 20 9
none 0.50 _ 0 83 3
Example | 0.42 0.1 73 10
Example 1 |  0.42 0.3 97 10
(94)* @*

ﬁ Example 2 0.42 0.3 25 9

*0.03 weight % tributyl phosphate (defoamer) as additionally present.

Example 4
The reaction product of Example 1 was tested in sodium salt form in a concrete

mix. The performance of the reaction product as a cement additive as compared to a
control (no additive) and a commercially available superplasticizer is sumnmarized in

the following table. Adjusting for the differences in air content, the reaction product
of Example 1 gave comparable slump to the commercial superplastizer at one-half the

dosage level. The Example 1 reaction product also held its stump with time more



The resulting reaction product had an acid nunber of 77 and was found to be
useful as a cenent additive to increase the fluidity of cenent paste,
nortar, or concrete either in acid formor as an aqueous solution of the
sodi um sal t . wokseasgithe 2 (Conpar ati ve) For conpar at pPCEEPSWOIESES,
the procedure of Exanple 1 was repeated except that the reaction m xture
was heated to 140[err]C over 4 hours while water was distilled over head
and then held at 140[err]C for another hour. The resulting reaction
product had an acid nunber of 121, indicgking that a | ower degree of
esterification was achi eved than in Exanple 1. Exampl e 3 The

react 00 pr oghEiihefiunf MRb eitid Wpekplichak Sk b i oAl £ | 220

sodimsalt form (25 % aqueous sol ut In nortar m xes.

measur ed UST pdcrish [1Bble et eShoIE R i cBhibol (R0 hRhve) Ba BuELohpaSRY ASTM
PCT/ EP97/ 01445 , 16 results,

" which are suffFeReth, wes much imprevedt owi ng tabl e, indicate that, the sodium salt
formof the Exanple 1 reaction product of was capable, even at |ow | evels,
of greatly increasing the slunmp of the nortar mx at a given water/cenent
rati o over the slunp observed in the absence of the additive.
Additionally, the results denonstrate that the water/cenent ratio can be
reduced by as nuch as 16% using the additive of the invention while

mai nt ai ni ng an equi val ent | evel of slunp.



Additive Wat er/ w % addi tive sl unp, air, %

cenent. on dry cenent nMm  none 0.42

0. 20 - 9 none 0.50 0
83 WO97/33814 Exarrpl el 0.42 0.1 PCT/EP97/01445 73
10 Exanmple 1 0.42 0.3 97 10
(94)* (4)* Exanple 2 0.42 0.3 25

9 *0.03 weight %tributyl phospha¥8e (def oamer) as additionally present.
Exanpl e 4 The feaction praduct of Exanple 1 was tested in sodiumsalt
formin a concrete @Xx. The f ggmance s&f the reaction product as a
cement additive as cqapared 2 ntrolg(no additive) and a comrercially
avai | abl e super pl ast i‘g‘:i zer 8t smmmgrizedeen the follow ng table. Adjusting
for the differences ih ajlf coht@nt® the r@action product of Exanple 1 gave

conparable slunp to “he @nmmef ci al superpl astizer at one-half the dosage
| evel . The Exanple 1. eacCtion c§ct alg held its slunp with time nore
WO 97/ 35814 § ‘EO S 5

PCT/ EP97/ 01445 a. S 3 S 17 effectively
than the commercial $iperpl a3 iR Br. SeGtimes with the Exanple |
reaction product wer® conparabl®e t® the control (no additive) trials, but
conpressive strength was nuch inproved.
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A 3000 nol ecul ar wei ght copol yner of acrylic acid and naleic acid (50g of a
50% aqueous sol ution was conbined with the nonofunctional polyether used in
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Example 5

A 3000 molecular weight copolymer of acrylic acid and maleic acid (50g of a
50% aqueous solution was combined with the monofunctional polyether used in
Example 1 (100g) and p-toluene sulfonic acid (1g). The reaction mixture was heated
to 110°C to drive off water overhead and then held at 150°C for 1 hour. The resulting
reaction product had an acid number of 133. The acid number value was somewhat
lower than the theoretical acid number (139) calcunlated based on the relative
proportions of the reactants and the assumption that complete esterification (but no
cleavage) of the monofunctional polyether had taken place. The lower acid number
-confirms thaf partial cleavage of the monofunctional polymer and esterification of the
resulting cleavage products by the acrylic acid-maleic acid copolymer occurred. When -
tested in sodium salt form in accordance with Example 3 (wt % additive on dry cement
= (.3; water/cement ratio = 0.42 ), a slump of 72 mm and an air content of 8.0%
were observed. When the foregoing reaction was repeated using a reaction time of 2
hours at 150°C, the product obtained had an acid number of 107 and produced a slump
of 65 mm at an air content of 7.2%.
Example 6

A 2000 molecular weight polyacrylic acid (39g of a 65% aqueous solution) was
combined with "Pluracol W5100N" (a 3600 number average molecular weight n-butyl
terminated monofunctional polyether comprised of about 58% ethylene oxide and 42%
propylene oxide sold by BASF; 100g) and p-toluene sulfonic acid (1g). The reaction
mixture was heated to 110°C to drive off water, then held at 180°C for 2 hours. The

resulting reaction product had an acid number of 70. The acid number value was



Example 1 (100g) and p-toluene sulfonic acid (l1g). The reaction m xture was
heated. to 110[err]C to drive off water overhead and then held at
150[err]C for 1 hour. The resulting reaction product had an acid nunber
of 133. Thewapsrgsgiynber val ue was sonmewhat | ower than theckapeidiidscal
acid nunmber (139) cal cul ated based on the relative proportions of the
reactants and the assunption that conplete esterification (but no

cl eavage) of the nonofunctional polyether had taken place. The | ower acid
nunmber confirns that partial cleavage,Qf the nonofunctional polyner and
esterification of the resul ting cleavage products by the acrylic

aci d-mal ei ¢ L d. I rred. . Waen t d in ,sodiumsalt formin
ccor dance oAl Bl 8 lordieat s Rumodsy 1 aalated based g tne

wat er/cement ratio = 0.42 ), a slunp of 72 mm and an air content of 8.0%
wer e obser VERtVEREIpOrRDs of thegsaciants andthe anumation thebeareplete cstarification af t i on

tinme of 2 hours at 150[err]C, the product obtained had an acid nunber of
107 and pr dheogginal mpuefpnctiopal iyether had takem place; oThe significantlylvwer adikanpl e 6
A 2000 nol ecul ar wei ght polyacrylic acid (39g of a 65 % aqueous sol ution)

was  Cconbi mnber confirfisthapattiaV\EleHRYE of theNEHdIMMUIDAL poUeierARd BRESGMAA
wei ght n-butyl term nated nonofunctional polyether conprised of about 58 %

ethyl ene oxjfqRe alesvage R%duews%?xﬁ@my@&yﬁeaaai Scchired en &%%g%% ?‘ﬁi‘&f;‘{ p! uene

sulfonic acid (1g). The reacfion mxfure was heate _ ( 0°drive
or odugt - nad PR 1 Egribe ¥R ERabhfe 105 & 9 ulduve Viyerl Gt ol £ 6%),
gé{rf‘ggéé | oSepmp of 69 and an air content of 10.9% were observed. 20
| Example 7
This example demonstrates. the preparation of a cement additive in accordance
with the present invention using a mixture of monofunctional and difﬁnctional
polyethers.
A mixture containing (a) 309 g of a 65 weight % aqueous solution of
poly(acrylic acid) having a number average molecular weight of approximately 2000
and an acid number, measured for the solution, of 388 mg KOH/g sotution, (b) 800 g
of a monofunctional polyether (“MPI") having a number average molecular weight of
about 2000 corresponding to a hydroxyl number of 28 mg KOH/g, (c) 80 g of a
difunctional poly(propylene glycol) having a number average molecular weight of
about 4200, and (d) 8.6 g of p-toluene sulfonic acid monohydrate was heated in a 2L
reaction kettle equipped with a mechanical stirrer and an overhead takeoff with a
condenser. MPI had been prepared by reacting methanol with ethylene oxide and
propylene oxide (70:30 weight ratio) in the presence of an alkali metal hydroxide
catalyst. The difunctional poly(propylene glycol) had been prepared using a double

metal cyanide complex catalyst.



substantially |ower than the theoretical acid nunber (114) cal cul ated based
on the relative proportions of the reactants and the assunption that

conpl ete esterification of the original nonofunctional polyether had taken
pl ace. The swgw7sssantly | ower acid nunber confirnms that paCTERS7MI845avage
of the monofunctional polynmer and esterification of the cleavage products
by the poly(acrylic acid) occurred. Wien tested in sodiumsalt formin
accordance with Exanple 3 (0.3 W % additive; water/cenent ratio = 0.42), a
slunmp of 69 and an air content of 10.9% wgye observed. Exanple 7

Thi s exanpl e denonstrates the preparation of a cenent additive in

accordance W th thempigesids Helte® s 125YCUsiend hourdivtild sz ARRRhect | onal
and di functional polyethers. A m xture containing (a) 309 g of a 65

wei ght % aqueg}@ggfing%dgp%&ﬁcm@g.{ydf\g@g%whdgﬁﬁ%ﬂ%nc@wa THRMiRfre PUET 20€

nol ecul ar wei oxI nat e nunber, neasured for
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wei ght of about 4200, and (d) -t ol uene sul fonic acid nonohydrate

8.6 g of
was heat ed i nmixtgre aftep thetwater hed been-remoyed padia ealelated agid mumberof ¥t mgr er and
an overhead takeoff with a condenser. MPI had been prepared by reacting
met hanol wi t hKOEH/g lifin és assimied thatchll ¢fithe hydroxyl groupe iridally3present o therMPI aad i n
the presence of an al kali netal hydroxide catalyst. The difunctional
pol y( propyl enge polygsropylicigihestnhid efdedd fofih ege. doubl e  netal cyani de

conpl ex catal yst.

The performance of the product obtained in this manner was evaluated, both in
acid form and as an aqueous suspension of the sodium salt, as a cement additive.
Example 8

This example, like Example 7, also demonstrates the preparation of a cement
additive in accordance with the present invention using a mixture of polyethers. In this
example, however, a difunctional poly(propylene glycol) having a number average
molecular weight of about 4000 prepared using an alkali metal hydroxide-catalyst was
utilized. |

A mixture containing 309 g of 65 weight % aqueous solution of a 2000
molecular weight poly(acrylic acid), 800 g of the MPI monofunctional polyether
described in Example 7, and 8.6 g of p-toluene sulfonic acid was heated to 120°C for
3 hours to remove water, then heated for 13 hours at 170°C. Intermediate samples
were taken while the mixture was being heated at 170°C, with the sample taken at 7
hours having an acid number of 80 mg KOH/g and the sample taken at 10 hours
having an acid number of 73 mg KOH/g. The final product had an acid number of 68

mg KOH/g.
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m. xture was heated to 125[err] C over 2 hours while passing a stream of
nitrogen thyeughRsdhe kettle and while water was taken over pggagporldigusm Xt ure
was thereafter heated at 170[err]C for 5.5 hours. The product obtai ned
had an aci d nunber of 77 mg KOH g. This conpares to the initial acid
nunber of 112 ng KOH g for the m xture after the water had been renoved

and a cal cul ated acid nunber of 90 ng gif it is assunmed that all of
t he hydroxyl groups initially present on"the MPI and t he pol y(propyl ene
gl ycol) had%%@éﬂéw formesters. The performance of the product
obtained in I'S manner was eval uated, both in acid formand as an

aqueous suspensipn of t.he sodiumsalt, as a.,cenent additive. Exanpl'e 8
This exanple, Ii éerl‘f)?ma‘?',‘ pﬁgﬁsa’mt‘@’é‘gt 8&9{‘@23@&#%8%1 a cement
additive in accordance wiith the present |nvention using a m xture of

pol yet hers. ’W@ﬁi@"@ﬁ%@?’ﬁ%ﬂﬁ?’éﬂt}mﬂffmi menefungtiongdasdopy| ene

gl ycol) having a nunber average nol ecul ar wei ght of about 4000 prepared
usi ng an al KQPWCMPOIWQXMB@EmWn are prdvideddn Table 1. Infeabh Xt ur e

contai ning 309 g of 65 weight % aqueous solution of a 2000 nol ecul ar

vei ght pol y (case, the reactiondhixtude vag hedted tocabbll 140500b @five oBNAL wakk %A/ bRk
described in Exanple 7, and 8.6 g of p-toluene sulfonic acid was heated to

120[ err] C f Qjeated tdfe'ifidibated RIDERANIBFSY the iRhBRA! NP0 fﬁ?ﬂ.&g}%@@é@foc

Internedi ate sanples were taken while the m xture was

LTSI o AR ok s o SR o N 0
KCH'g. The fpiopyarrlle ; Ogdzy r%tlxnrx]r%dof %&y?e%g %x{]déma?zg rprc%fyle?lg oxlrﬁg (5(9% %‘eight ratio)

onto tripropylene glycol methyl ether using a zinc hexacyanocobaltate complex

catalyst. “DP1" was a 2200 number average molecular weight difunctional

poly(propylene glycol) made using a zinc hexacyanocobaltate complex catalyst. “DP2"

was a 4200 number average molecular weight difunctional poly(propylene glycol)

made using a zinc hexacyanocobaltate complex catalyst. “DP3" was an 8200 number

average molecular weight difunctional poly(propylene glyéol) made using a zinc

hexacyanocobaltate complex catalyst. “DP4" was a 4000 number average molecular

weight difunctional poly(propylene glycol) mad§ using an alkali metal hydroxide

catalyst.

Example 18 (Comparative)

This example demonstrates the preparation of a cement additive using only a
monofunctional polyether.

A mixture was made of 38.5 g of a 65 weight % aqueous solution of poly(acrylic

acid) having a number average molecular weight of 2000 with 100 g of monofunctional
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9-17 - A series of reaction products was prepared using the general
procedures ambomssigents described in Exanple 7, but utilizPGEERIRGI&Sent
nonof unctional and difunctional polyethers. Details of the preparation are
provided in Table 1. In each case, the reaction mxture was heated to
about 140[err]Cto drive off the water and then heated to the indicated
tenperature for the tine shown. "MP2" was23 nonof unctional polyether

havi ng a nunber average nol ecul ar wei ght of about 2000 nade by

pol yneri zi ng polyethéruMP1 ahd &tghy-toluene sulfahdc acid monohydrates Theimiktufe Was Reated ght
ratio) onto tripropylene glycol nethyl ether using a zinc

hexacyanocobajqt gioeCoREPE Shoutstboalrive off will andién Realed8 17PN BOYC GRS
nmol ecul ar wei ght di functi onal poly(propylene gl ycol ) made using a zinc

ES?Z%?Q?CSE?B%‘&E%W&‘?S“ﬁé‘?ﬁ&% Virogriow bipugh, f*ﬁg%‘”éemﬁ?f%ﬁ;@ e
0!
nﬁfiﬁﬁf‘g?cﬁe?ﬁm%@.ﬂf?@f&#ﬁ@* %%ﬁy@%m'@?ﬁ%ﬂé%éfg@%% gl RErn RS0

hexacyanocobal t at e c I ex al 4" wa 00 nunber aver age
mol ecul ar  wei ght TR Pctdéﬁy‘(fmaggw éﬁ@g Hée.u Thisgompares k al i
nmet al hydroxi de cat aI nple 18 Oorrpar ati ve) Thi s exanpl e

denonstrat es torhe pmqéamtnumbebpf bzlcm wategditge Hrsie assuming nengsier formation and
an acid number of 99 on a water-free basis if all the hydroxy!l groups initially present
on the MP1 had reacted to form ester groups.
Example 19 (Comparative)
A larger batch of product was prepared using the procedures and reactants
(including reactant ratios) described in Example 18. The reaction mixture was heated

to 180°C-190°C and water was taken overhead.
Example 20

The reaction products obtained in Examples 7-19 were tested in mortar mixes.
Slump was measured using a half-size slump cone; air content was determined using
ASTM method C185. The results obtained using Essroc cement are summarized in
Table 2. The resuits obtained using Saylor’s cement are summarized in Table 3. To
prepare these mixes, the required amounts of water and reaction-product (test sample)
were weighed into a mixing bowl; 1200 g cement and 2700 g sand (ASTM C778
graded) were added in accordance with the mix procedures of ASTM C305. All of the
reaction products tested were capable of greatly increasing the slump of the mortar mix
at a given water/cement ratio over the slump observed in the absence of the additive.

However, comparative Examples 16, 18 and 19 demonstrate that products made in the



nmonof uncti onal pol yet her. A m xture was nmade of 38.5 g of a 65
wei ght % aqueous solution of poly(acrylic acid) having a nunber average
mol ecul ar wei ght of 2000 with 100 g of nonofunctional WO 97/ 35814
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MP1 and 1 g p-tosgle‘ne sul foni c acid nonohydrate. The m xture was heat ed

to 130[err]C over 2.5 hours to drive off water and then heated to 170[err]C
- 180C for 3.5 hours to conplete the reaction. N trogen flow through the
reactor was used to help remove the water, which was then condensed and
collected in an overhead receiver. 24 The resulti ng product had a

final acid nunber of 69ng KOH/ hi s ¢onpares to the initial acid nunber
of 121 on aahﬁaa@ﬂf@%@%ﬁzsgpgﬂagb&%%snﬁéggw largs: sty PLaiy Whilg the ¢
nunber of 99 on a water-free basis if all the hydroxyl groups initially

present  caddition ofia défeamercIBP) genegallycheipeddo aeduge thepamount ¢fentmained air,
19( Conpar ati ve) A | arger batch of product was prepared using the

procedur es iepthlslaehfiained air tevelsiwede sill diffiailesotachieve. o Shhedestion pesliubls Exanpl e
18. The reaction m xture was heated to 180[err] C190[err] C and water was

taken over hadgined ifFERdpIEs 715 and 17, wiiaﬁure?étg&gﬁea' BSiAg ikBreaBF ai ned in
Exanpl es 7-19 were tested in nortar m xes. | unp V\gs measured using a

hal f-si ze s w1 S -ﬁ&% t ) 4S | : TMFE‘%{aJ}Pd C185.
The resul tshgg&élﬁsnie{%'aluﬁd;% ss{r;‘%icpc ?r%‘%?' ??;Hogﬁlﬂmr%?%%gallﬁ& abl'e 2. The
resul ts obt Ei neg Hil ng Saylor's cenent are summarized in Table 3. To

The reaction products of Examples 7 and 19 were tested in a concrete mix. The
cement additive performance of these reaction products as compared to a control (no
additive) and a commercially available superplasticizer is summarized in Table 4. An
air entraining admixture (“AEA") was also utilized in these tests. The ability to control
air is necessary to obtain concrete with good freeze-thaw resistance. ‘The reaction
product from Example 19 entrained some air on its own. In this instance, no defoamer
was needed to keep the entrained air level within the desired range, although varying |
the cement used or the additive level could result in excessive air entrainment.
Additionally, the air void size distribution may not be the same as that provided by a
conventional air entraining admixture. The reaction product from Example 7 did not
by itself entrain air; however, it was found to be fully compatible with the commercial
air entraining admixture so that the desirable level of entrained air could be readily

achieved.



prepare these m xes, the required anounts of water and reaction product
(test sanple) were weighed into a mxing bow; 1200 g cenent and 2700 ¢
sand (ASTM C778 graded) were added in accordance with the m x procedures
of ASTM C305wa\binsefs the reaction products tested were cajrdiereméiaqs eatly
increasing the slunp of the nortar m x at a given water/cenent ratio over

the slunp observed in the absence of tjpe additive. However, conparative
Exanpl es 16, 18 and 19 denonstrate th products nade in the. WO
97/ 35814 2

5 24 absence of

PCT/ EP97/ 01445 o
t he di functional pol yegher 3 eld (o &n§ a@dn Rae agounts of air. Wiile the
addition of a defoaner&(TBP) generally hel ped to reduce the anount of
entrained air, accept:ﬁbl e entrained air levels were still difficult to
achieve. The reaction products obtained in Exanples 7-15 and 17, which
were prepared using m-3tqres of nonofunctional and difunctional

pol yethers, did not enfrdi ig eBceSs @i R of tRei@ owg. Exanple 21 The
reaction products of E#agples 7 and 19 were tésted in a concrete nix. The
cenment additive perfor‘ha ce of these reaction products as conpared to a
control (no additive) and a commercially avail able superplasticizer is
sunmmari zed in Table 4.8 air entraining adm xture ("AEA") was al so
utilized in these test8.gThe abititey &0 eorirel aer i s necessary to obtain
concrete with good freRz®-t haw resi stance. The reaction product from
Exanple 19 entrained sone air onits owm. In this instance, no defoaner

was needed to keep thegaptrained air level within the desired range,

al t hough varyi ng the'ﬁ%em @[sed & the—addi & ve +evel could result in
excessive air entrain AR - -

65% sol,
38.4
38.4
46.1
38.4
38.4
38.5
38.5
38.9
45.1

TABLE |
Polyacrylic Acid, g p-Toluene Sulfonic
4.5
10
10
20
10
16
16
12

Difunctional Mono/Di
DP1 (20)
DP1 (10)
DP2 (120)
DP2(5)
DP3 (100)
DP4 (6.4)
DP4(6.4)
none
DP2 (10)

Example Monofunctional
No. Eolyether (g) Polyether (¢)

MP1 (90)
MP! (100)
MP1 (1200)
MP1 (100)
MP1 (1000)
MP1 (100)
MPI (100)

MP1 (50)

MP?2 (50)

MPI (47)

MP2 (70)

9
0
12
13
14
15
16
17



Additionally, the air void size distribution may not be the sanme as that
provided by a conventional air entraining adm xture. The reaction product
fromExanple 7 did not by itself entrain air; however, it was found to be
fully conpatwdbgsssi« h the commercial air entra| ni ng adm xtmﬁ%ﬁ];@t t he
desirabl e level of entrained air could be readily achieved.

97/ 35814
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PCT/ EP97/ 01445 26 . | 26
TABLE 2 Additive o \é\?t :(rj{ji y y/\g% agdl tnlnve on N Def oamel\kr)ne Sl unp,
(C):faggnt ary cement (% none )IABLE"Z 72 4 None
0.48 . TTONE 49 g
Additive Water/ | wt% additive on Defoamer Slump, %
Cement dry cement | (% of additive) mm Air
None 0.50 — none 72 4
None 0.48 -— none 49 8
None 0.42 — none 20 9
Example 9 0.42 ' 0.2 none 100 8
Example 10 0.42 0.2 none 106 8
Example 13 0.42 0.2 none 95 8
Example 14 0.42 02 none 102 6
Example 15 0.42 0.2 none 8 | 6
Example 17 0.42 0.2 none 86 10
Example 16* 0.42 : 0.2 none 133 26
Example 16* 0.42 0.2 TBP (8%) 117 | 13
Example 18* 0.42 0.3 none 116 17
Example 18* 0.42 0.2 TBP (6%) 60 6
Example 19* 0.42 0.3 " none 130 | 26
Example 19% 0.42 0.3 TBP (4%) 80 5
*comparative

TBP =tributyl phosphate



None 0.42 - none 20 9
Exanpl e 9 0. 42 0.2 none 100 8
Exanpl e 10 0. 42 0.2 none 106 8
Exanpl e 13 wo973581442 0.2 none PCTOEPI7/01445 8
Exanpl e '14 0.42 0.2 none 102 6
Exanpl e 15 0.42 0.2 none 86 6
Exanpl e 17 0. 42 0.2 none 86 10
Exanpl e 16* 0.42 0.2 ~ none 133 26
Exanmpl e 16* 0. 42 0.2 TBP (8% 117 13
Exanpl e 18* 0.42 0.3 none 116 17
Exanpl e 18* 0.42 0.2 TBP (6% 60 6
Exanpl e 19* 47 . o ope 13 . 26
Exanpl e 19" Kdiye Waterly gt addiive o Bngg@%“,’ Stmg | % Air {
*conmparative [TBP =tributyl |phf¥pihtf 9  p%hFadddwe, mm
PCT/ EP97/ 01445 cement 27
Additive nond/at er/ % aglgp tije on.. Defoansiope S| uRg, %09AI |
Cement e Y actd—ti-ve T
cenent nong none 0.59). 5p - none 83ong¢ 4
102 2 none 0. 50 none
83 4 2 0.48 Q48— none ¥ Inode
59 5 {none 0.45 — none 44 6
none 0.42 — none 24 8
Example 7 0.42 0.2 none 106 7
Example 8 (7hr) 0.42 0.2 none 103 7
Example 8 (10hr) 0.42 0.2 none 112 5
Example 8 (13hr) 0.42 0.2 none 23 6
Example 12 042 |. 0.2 none 110 7
Example 11 0.42 0.2 none 110 5
For the following mixes made with the Example 11 additive, dosage was adjusted to give
constant slump at varying w/c ratios
Example 11 0.35 0.4 none 77 8
Example 11 0.40 0.12 none 67 8
Example 11 0.42 0.1 none 65 7
Example 11 0.45 0.1 none 88 6
Example 11 0.48 0.05 none 81 6
Example 19* 0.42 0.2 none 129 21
Example 19* 0.42 0.2 TBP (5%) 113 6
Example 19* 0.42 0.1 none 76 12
Example 19* 0.42 0.1 TBP (7%) 77 7
*comparative

TBP = tributyl phosphate
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1. A cenent additive containing carboxylic acid groups obtai nabl e by
reacti on of wooess&mylic acid pol ynmer conprised of, in polyRETEPENIMSr M a
pol yneri-zabl e aci d nmononer characterized by the presence of at |east one
ethylenically wunsaturated group in conjugation wth a carboxyl group
selected fromthe group consisting of carboxylic acid, carboxylic
anhydride and carboxylic ester groups, agl a polyether conprised of, in
pol ynmerized form a (Cerr]-Cerr] epoxide, under conditions effective to
achi eve partgpAivBeavage of the polyether and esterification of the

pol yet her and cl eavage products thereof by the carboxylic acid polynmner.

2. A cenent agdi ti Vxeca&nemim%haﬁﬁﬁgawbaxyﬁh%ﬁ%ﬁ&%ﬁﬁ%ﬂ&# t the

Cerr]-C4 epoxide is selected fromthe group consis of et hyl"ene oxi de,
propyl ene oxi d ] r o) . . . nent additive as
claimed in Mﬁﬂ? %Pg%bﬁl}%émm%tégmp& ?t;ﬁ ? E%llyme{xﬁ:éf%gpy%t her has a
hydroxyl functionaljity of 1 or 2. . 4, A cepent additjve as
clai med i n 2AYMsEEARlE beif i Pipragtesives by s prepos Bhatran opahyjesicaliher
has a nunber average nol ecul ar wei ght of from 200 to 10, 000. 5.
A cement addnsatwated STOUR-in FORUBHIR| with3 carberil gzoupy seleeted ifrom thetgroup i s
produced by reaction of (a) a carboxylic acid polymer prepared by
pol yner i zi ngonsistinglof warboxylisl agid; carboxylicoanhydnideandi carboyylic ester gsoupsnand a
ethylenically unsaturated group in

polyether comprised of, in polymerized form, a C,-C, epoxide, under conditions

effective to achieve partial cleavage of the polyether and esterification of the polyether

and cleavage products thereof by the carboxylic acid polymer.

2. A cement additive as claimed in claim 1 characterised in that the C,-C,
epoxide is selected from the group consisting of ethylene oxide, propylene oxide, and
mixtures thereof.

3. A cement additive as claimed in claim 1 or claim 2 characterised in that
the polyether has a hydroxyl functionality of 1 or 2.

4, A cement additive as claimed in any one of claims 1 to 3 characterised
in that the polyether has a number average molecular weight of from 200 to 10,000.

5. A cement additive as claimed in claim 1 characterised in that it is
produced by reaction of (2) a carboxylic acid polymer prepared by polymerizing a
polymerizable acid monomer containing at least one ethylenically unsaturated group in
conjugation with a carboxyl group selected from the group consisting of carboxylic
acid, carboxylic anhydride and carboxylic ester groups and (b) a polyether mixture

comprising (i) a monofunctional polyether prepared by polymerizing a first epoxide

selected from the group consisting of C,-C, epoxides and mixtures thereof onto a



conjugation with a carboxyl group selected fromthe group H“Jm)muu“lLMMU I'
carboxylic acid, carboxylic anhydride and carboxylic estelil OUREARS!
a polyether mxture conprising (i) a nonofunctional polyether prepar ed by
pol yneri zi ngodyrhigist epoxi de selected fromthe group conspgtiepshnrissC2- C4
epoxi des and m xtures thereof onto a WO 97/ 35814

PCT/ EP97/ 01445 30

nonof unctional initiator and (ii) a difunctional polyether prepared by

pol ymeri zing a second epoxi de sel ected 6rom t he group consi sting of
Cerr]-C4 epoxides and m xtures thereo?, whi ch may be the sane as or

different from.the first. Xi de, to.a . di.fupctional, . initiatqr, wherein
(a) and (bymefof obd ifjtinRf A (5 a fRftnfichal Porkethes proipiea DY-PRIYENTING 8] 4

cl eavage of the polyether nixture and esterification of the pol yether

m xture andeqandgpayide élﬁfaﬁﬂrgmttﬁ%m cAYsisting of Sn1la eppxidesand migbirsser |

6. A cenent additive as clainmed in claim5 characterised in that the
first eposxtheteof, svhich may beithersame apor difforant fromsthe first gporidestdmyo 2ne oxi de,
propyl ene oxide, and m xtures thereof and the second epoxide is selected
from t he gidifupctiomabinitiatorg whireire(a yhd () avexredeted pndep pomdidomeeffdetiveatod M xt ur es
t hereof, which may be the sane or different fromthe first epoxide.

7. A cenBhikve} 'mia&vagesﬂ:aém?eth&ﬁi@@aﬁd%eﬁmméffhe fef i sed in
that the second epoxide 1s propylene oxide. 8. cenent

additi ve as,: ] 1' l-'d?fhés tlfe&éi'f Qhé’éar&]; "H‘aZ‘ g@ﬂ cterised in that
the first Zlggél?%gﬁ?g%h%%ure of et %I ene ox"?ge alﬁt?s roeg'yl ene oxi de.
6. A cement additive as claimed in claim 5 characterised in that the first

epoxide is selected from the group consisting of ethylene oxide, propylene oxide, and

mixtures thereof and the second epoxide is selected from the group consisting of

ethylene oxide, propylene oxide, and mixtures thereof, which may be the same or
 different from the first epoxide.

7. A cement additive as claimed in claim 5 or claim 6 characterised in that

| the second epoxide is propylene oxide.

8. A cement additive as claimed in claim 5, claim 6 or claim 7
characterised in that the first epoxide is a mixture of ethylene oxide and propylene
oxide.

9. A cement additive as claimed in any one of claims 5 to 7 the

: monofunétional polyether has a number average molecular weight of from 500 to
20,000 and the difunctional polyether has a number average molecular weight of from
200 to 20,000.

10. A cement additive as claimed in any one of claims 5 to 9 characterised

in that the weight ratio of monofunctional polyether to difunctional polyether is from

3:1 to 25:1.



9. A cenent additive as clainmed in any one of clains 5 toum“ﬁm““wmu(ﬂlm ﬁ
nonof uncti onal pol yether has a nunber average nol ecul ar weig 1 *
to 20,000 and the difunctional polyether has a nunber average nol ecul ar
wei ght of frowpeasdsi4 o 20, 000. 10. A cenent additircIER9T014a8 MEd
in any one of clainms 5 to 9 characterised in that the weight ratio of
nonof uncti onal pol yether to difunctional polyether is from 3:1 to 25:1.
WD 97/ 35814
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11. A cenent additive as clainmed in any one of clains 5 to 10

characterised i n%%)hat At&ﬁ:eﬂpidﬂf@\fgiai%milﬁe@ﬁi g,gregg%g@fg?hﬁgm ié%ﬁ% C

acid, and (a) and are reacted I n the pre an acid

any one-of ¢ nih BpERE gbltchabinacia monomkEpampdie SRR . v fpichaRre "

conprises at |east .25 nole pergcent of the K .carboxylic acid polyner.
13. A cenenteag®diin fheprasencs of ancasid catalystihaying a pigofdessthaddly i n” that t he

carboxylic acid pol yner consists essentially of the polynerizable acid
monomer in pol ynmed?.zedAfegment additive as claimed in anysaofi thepteedingeslaimscl ai ned
in claim1l3 characterised in that the carboxylic acid polyner is a
honopol yrmer . characterised isbthat thé acidnmononsatdbimiprisesas leakt=dSrmoleipercantyofahe of t he
preceding clains characterised in that at |least a portion of the
carboxyl i c aciesthakylieridogotymer. salt form
13. A cement additive as claimed in claim 12 characterised in that the
carboxylic acid polymer consists essentially of the polymerizable acid monomer in
polymerized form.
14, A cement additive as claimed in claim 13 characterised in that the
carboxylic acid polymer is a homopolymer.
15. A cement additive as claimed in any one of the preceding claims
characterised in that at least a portion of the carboxylic acid groups are in salt form.
16. A cement additive as claimed in any one of the preceding claims
characterised in that the polymerizable acid monomer is selected from the group
consisting of methyl acrylate, methyl methacrylate, maleic acid, maleic anhydride,
R'O
W |
and monomers having the structure H,C=C—COH wherein R' is hydrogen or C,-C,
alkyl and mixtures thereof.
17. A cement additive as claimed in any one of the preceding claims
characterised in that the carboxylic acid polymer has a number average molecular

weight of from 500 to 2,000,000.

18. A cement additive as claimed in any one of the preceding claims



16. A cenment additive as clainmed in any one of the precedllmmm‘“ I H“l
characterised in that the polynerizable acid nononer is sel

group consisting of methyl acrylate, nethyl methacrylate, mal el ¢ aci d,

mal ei ¢ anhyd $Rss14 PCT/EPYMILMS and
nononers having the structure H2C=C-COH wherein R is hydrogen or
Cerr]-Cerr] alkyl and m xtures thereof. 17. A cenent additive

as claimed in any one of the preceding clains characterised in that the
carboxylic acid polyner has a nunber avgsage nol ecul ar weight of from 500
to 2,000, 000. 18. A cement additive as clainmed in any one of the

precedlng C
BT EP977 0 1&&%%sed in that i hihibe? 38erdge molecular weight of the carboxylig acid

characterised in t? % r average nol ecul ar wei ght of the carboxylic
acid pol yrRYYME If {19/ 200" : 000. A cenent additive as
clainmed in any one of the precedl ng .cl ai s ar eri sed |n that the

equi val ent rati dt9f e‘hFﬁBWIad‘é}PYﬁuﬁsc‘?‘H‘ele‘éa%?'&f% ¢ pregeqing 5’(5‘Psyrner to
hydroxyl groups in the polyether is from?20:1 to 2:1. A

met hod f or ghamadigcisedhinghatdhe equivalimt :anoeof@gtbpaylrsrn@seartlmayboxahawd gr oups
conprising reacting a carboxylic acid polyner conprised of, in polynerized
form a pol érztoiydroxgl groupsiianke polyetherds fronv20i1 y21lhe presence of at

| east one ‘ethylenically unsaturated group in conjugation with a carboxyl
group sel ected fggOm tAhethod for producing a cement additive containing carboxylic acid
groups comprising reacting a carboxylic acid polymer comprised of, in polymerized
form, a polymerizable acid monomer characterized by the presence of at least one
ethylenically unsaturated group in conjugation with a carboxyl group selected from the
group consisting of carboxylic acid, carboxylic anhydride, and carboxylic ester groups
and a polyether comprised of, in polymerized form, a C,-C, epoxide, in the presence
of a strong protic acid catalyst for a time and at a temperature effective to achieve
partial cleavage of the polyether and esterification of the polyether and cleavage
products thereof by the carboxylic acid polymer to form the cement additive.
21. A method as claimed in claim 20 comprising reacting
(a) a carboxylic acid polymer prepared by polymerizing a
polymerizable acid monomer containing at least one cﬂlylerﬁcally unsaturated group in
conjugation with a carboxyl group selected from the gioup consisting of carboxylic
acid, carboxylic anhydride and carboxylic ester groups; and
(b)  a polyether mixture comptising
(i) a monofunctional polyether prepared by polymerizing a
first epoxide selected from the group consisting of C,-C,

epoxides and mixtures thereof onto a monofunctional



grbup consi sting of carboxylic acid, car b'oxyl I ¢ anhydri de, aj:tl*mmw)mﬂ “ltl |”!I|

ester groups and a polyether conprised of, in polynerized f

Clerr]-C4 epoxide, in the presence of a strong protic acid catalyst for a
time and at avoewsssmat ure effective to achieve partial cle®CXFPIT1445he
pol yet her and esterification of the polyether and cl eavage products
thereof by the carboxylic acid polyner to formthe cenent additive.

21. A nmethod as clained in claim20 conprising reacting

(a) a carboxylic acid polymer prepared3py polymerizing a polynerizable
acid nononmer containing at | east one ethylenically unsaturated group in
conjugation wth a carboxyl groygtigetemied fromthe group consisting of
carboxylic. acid, carboxylic anhydride and carboxylic ester groups; and

(b) a polyether m xture ri, S : ). .a
nonof uncti onal pol yet her p(rﬁeiggr 3?‘@’§°%%ﬂ?%¥?‘§?’r?g‘epaa’“’ by polyméh%mga

first epoxide sel ected fromtheﬁ%ogp consi st i ng. of thCZ-C4 . .
epoxi des and mixtures thereof oftE"% SREFLS SHicesISHn the group cqqsisyng 9651 4

PCT/ EP97/ 01445 . . .33
initiator; and C,-C, epoxides and mixgres thereph hich sy be tke
prepared by polynerizing a second epoxi de

sel ected fromthe group consi st isame a$ or different from the first epoxide, ontoa  C2-C4
epoxi des and m xtures thereof, which may be the
sane as or different fromthe fidifatctinpabdinifiatorpnt o a
di functional initiator;
in the presence of an acid catalyst having a pKa of less than 0 at a temperature
effective to achieve partial cleavage of the polyether mixture and esterification of the
polyether mixture and cleavage products thereof by the carboxylic acid polymer.

22. A method as claimed in claim 20 or claim 21 characterised in that the
acid catalyst is selected from the group consisting of arylsulfonic acids, alkyl sulfonic
acids, sulfonic acid ion exchange resins, and salts thereof.

23. A method as claimed in any one of claims 20 to 22 characterised in that
the temperature is greater than 140°C.

24. A method as claimed in any one of claims 20 to 23 characterised in that
it comprises the additional step of converting at least a portion of the carboxylic acid
groups to the salt form.

25. A method as claimed in any one of claims 20 to 24 characterised in that
the equivalent ratio of carboxyl groups in the carboxylic acid polymer to hydroxy!
groups in the polyether is from 20:1 to 2:1.

26. A method as claimed in any one of claims 20 to 25 characterised in that

the polymerizable acid monomer



in the presence of an acid catal yst having a pKa of |ess than :
tenperature effective to achieve partial cleavage of the po Itmlﬁmuu"r,u“,
and esterification of the polyether mixture and cl eavage products 't h&redf *
by the car bexys$iassiaci d pol yner. 22. A method as Gl-aip¥efpredy Cl @I M

20 or claim 21 characterised in that the acid catalyst is selected from
the group consisting of arylsulfonic acids, alkyl sulfonic acids, sulfonic

acid ion exchange resins, and salts thereof. 23. A nmet hod as
claimed in any one of clainms 20 to 22 chgfacterised in that the
tenperature is greater than 140[err]C. 24. A nethod as clainmed in

any one of clains 20 to 23 gmagpcterised in that it conprises the
addi ti onal step of converti n9 t | east a portion of the carboxylic acid

groups to t I —C . Anethod as clainmed in any one of
clains 20 t @gﬁgﬁc%;iahc%jeh??sgd ?R}fﬁgfmnﬁﬁéséﬁ%‘)gﬂ} etrfatkdl of car boxyl
groups in the caroxylic acid polyper to hydroxyl groups in the polyether
is from20:1 to 391 Awmmtw%gﬂ%wma@%@tmcmmmﬁﬁmw cl ai ms
20 to 25 characterised in that the polynerizable acid nononer VO
97/ 35814  claimed in any one of claims 1 to 19 or obtained by a method as claime® G AkPore 6FL445
34 [err] has the structure H2C=C-COH wherein R is hydrogen or (err]-C4
al kyl . claim®20 to 26\ cenent conposition conprised of cenent and a cenent
additive as claimed in any one of claims 1 to 19 or obtained by a method
as clainmed in anggpne A0¢ement composition as claimed in claim 27 characterised in that it
contains from 0.05 to 2% by weight, based on the dry weight of cement, of the cement
additive. |
29. A cement composition as claimed in claim 27 or claim 28, additionally
comprising water.
30. A cement composition as claimed in claim 27, claim 28 or claim 29
additionally comprising aggregate.
31. A method of increasing the fluidity of a hydraulic cement composition
comprising adding to the hydraulic cement composition from 0.01 to 10% by weight
based on the weight of dry cement of a cement additive as claimed in any one of

claims I to 19 or obtained by a method as claimed in any one of claims 20 to 26.
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(57) Abstract

Substances useful as water reducing and superplasticizer additives for cement compositions are formed by reaction of carboxylic
acid polymers with a polycther, preferably a mixture of monofunctional and difunctional polyethers, derived from Ca-Cq epoxides wherein
partial cleavage of the polyethers and esterification of the polyethers and the cleavage products thereof by the other reactant are achieved.
In one embodiment, 2 sulfonic acid is used to catalyze the reaction of poly(acrylic acid), 8 monofunctional ethylene oxide-propylene oxide
copolymer, and a difunctional poly(propylene glycol), at a temperature in excess of 140 °C.




