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EMULSI FI ED COVB POLYMER AND DEFOAM NG AGENT COWVPGOSI T1 ON

AND MVETHORWOSsNAs NG SAVE FcHds
I nvention 5 The present invention relates to chem cal adm xtures
for use in hydraulic cement conpositions such as concrete, and nore

parti cul ar EMURSEFIEDIGOMB POLYMERAN) DEFOAMINEG RGN
antifoam ng agent wth a

backbone to which are attache ers and oxyal kyl ene
groups; a nethod of meking.a stable enulsion 10 adm xture conprising the
conb polyner; and a hydraulic ce/Rield afthiedavehfion conprising the

adm xt ure. Background of the Invention

It is kflown to The presdhtiaviEss bRty a\éxhﬁapsaﬁﬁinﬁégfms ' -
exanple, in US Patelf\rt@ 5,393,343, incorporated fully herein g%/é ?{;f\gggﬁ%:hec

Darwi n et g¢@ment compggitmedsmh Eﬁ)’cpme}@eamd) mhoxeo particulardpftol am adanixture
super pl astici zer. for ret ai .in con(érete a hi h degree of_ slunp

(e.g., highoFPERLsH i Fppd Ry, fnglsitying a8 antfoaming Agent vithia,copply’h palymer
i nparting Rhgm 5 hcﬁiboﬁ-@bnfa%ﬁigdﬁﬁé%ne'&ﬁ) WAgEh are AEACRel’ cdliénd fx{éﬂorm(g PO'

I s synononous th the term "oxyal kyl ene group” an serves as
conveni ent mbers‘handl oxyalkglegaageoyps; ymxmthqd eofe ngaldtigsa( Stable eRulsion

et hyl ene oxi,de/ propyl ene . OXI e copol Thus, for present purposes, the
- ter m® ECPEBIX % ‘)6/’ reo'ﬁ’éﬁe yaky red & hydauliqeement componifion
car bon [2)Tea dsTo) &&mﬁ‘l@" e attached pendant carboxyl ate groups (which
function as ﬁ)ce nt anc orﬁg groups in the cenentitious m xture) and

al so conparatively: | onger I\ ant 59 r_"conbs" such as ethyl ene

oxi de (EO) groups, propylene M%@%—e I and/ or a conbination of
EQ PO groups. Tﬁe ndantt rougs c{n C,.0r non-ionic.

WD 98/ 31643 0 use comb polym TS 1n hy aulic cement compositions. For

PCT/ US98/ 0@893ple, in US Patent 5,3 i Bt % Of
convent i onal grﬁe#lrtl ad Ellteflvesbg;:‘}@3 %@o@%%%%hﬁgﬁy l?egg% g agek‘tg ﬁ %t '
m xed Wt hal. hdiscleswdtarc @PHROL type pomby podymer useful as a superplastlcxzer for
- retaining in concrete a high degree of slump (e.g., high flowability) over a
sustained period of time without imparting significant set retardation. As used

herein, the term “EO/PO” is synonomous with the term “oxyalkylene group” and
serves as a convenient short-hand to designate polyoxyalkylene groups (e.g.,

20 ethylene oxide/propylene oxide _copolymérs). Thus, for present purposes, the
term “EO/PO type comb polymer” means and refers to a polymer having a carbon
backbone to which are attached pendant carboxylate groups (which function as
cement anchoring groups in the cementitious mixture) and also comparatively
longer pendant groups or “combs” such as ethylene oxide (EO) groups, propylene
25 oxide (PO) groups, and/or a combination of EO/PO groups. The pendant groups

may be ionic or non-ionic.




al dng wi th, or subsequent to the addition of the superplasticizer. It is

know t hat EQ PO type conb pol ynmers conmmonly entrain excessive air in

t e cenentwdg}ﬁ 43° m xture, and thus antifoam ng agents were needed.
Ant i f oami ngCagents exhi bit very linmted stability in afSdftP39889t i ons
because they are hydrophobic and tend to separate in the liquid

adm xture solution which contains the conb pol yner. Commonly used

anti foam ng age def oamers”) include EQ-PO type def oaner s
(especial ly one?ﬁ?’%ﬁ#@ﬁ? g?‘ﬁci"ssfa tg‘???c‘,’ﬁﬁég', 059911‘%5@%%&%@&3% 10
al kyl pht hakadtess # %ﬁ% ' abi 14 ' . Ls I Ng
agent conbi n?tliﬂgn re . ér}gé' ?ﬁéﬁ B%ﬁg%e%gﬂgfg{ibgﬂfﬂ#gﬁgnﬁ?%@gﬁ#éggg and
m xed j ust alemigowith, or subsequepbtatheoaddition éfihecupenplasicipasi itiio kno®v that

- concrete), lternatively, that t hey be contained in a tank
requiring g‘g*@:{(gﬂp"sf? | PR}y mers segnmaorlytentiain excessivggair,in the cementitioushas
a shortsshgli b f | AR ' d expense, for, .t he
concr et & pfﬂe%gdrrg't %%%g%%gi?%on. %@&%@%@eqﬁg?%e% Jat e "&ﬁ%ﬁf‘ c%ffl'f"bﬂ No.

0 725 043 (ee) livtiteGostakilityt irdaquevasivelutiditbecause eyidrediydiepRasialand pHAh as
certain polyal ké_l ene. gi\?ygiol s, or derivatives thereof, can be grafted as
si de chai n& §FP¥ate in qyid admixturgsebeiien arhich cantainsithe comb polymer.

conpri sing j I r . pol.ya} cohol,t o form nb

pol ymer. 2 | gggg%rg %){ac r g}&lﬁ g‘é %Egétgpgogdué%ag‘%f/c}r Sjusde %&?Fﬁg WPeer
| i nkage t odafdamvers (espepelallyi eh&@btich rifl POS@nied), silteorl&s QﬁﬁBd'tgl %%9%&@9 Ghiihe
car bon-cont ai ni ng backbone. . . UK Patent 2 280 180" A owned by
Sandoz 9t dalkylrbinglates. t e phasednstability of gla¢ gorb polyrineh and mptifeadingiagent

derived fr r y [ lic acid. . nonomner I 0 an-aqueoQu :
ol ut 1 on whOBRRa BGSel Sl Ty bE et intn sorpras ks and piued s bofarag
the pol ynemdbapoRtiod ink SRR i$s r ' sgd.in
particles of ng gr eat?r@?ﬂéarﬁ 20 i[Eg?r ?M {j{?)zl f%’r ?&%ﬁg%ﬁ'aoﬁiaétﬁerrﬂéﬁgﬁ?’ bt
however, mieybdepprerteinedsimid dank weqenizing dconstaner stintings alvd adlyr event, the

pr ol onged . Storage. monl y. kno ncret e def oaners, such as
tri-butyl Sﬁgg’é’fsﬁ‘é? e§°q‘é9%‘|’ﬁc%as a %&fgﬁ %,hmeéff)g‘?%eﬁrea%g KINGRRVerenem |ansc added

phase- $8paEgbense for the concrlCpIatAR8A operation
PCT/ US98/ 00893 ® coner ngé/%ew ofopﬁaemfnor egoi ng di sadvant ages of the

bol yrrr and ant FPEvRG 5 PUBRT NGB 725 HE Raf Ok Sihlea (i, edifes it
control , aastifoanhing agentsiBkdh s deRgrin pobralldflene glycoRIedbrivatives thereof, can

Summary of the Invention.
be grafted as side chains directly onto a carbon backbone along with side chains

D}

comprising an oligoalkyleneglycol and / or polyalcohol to form the comb polymer.
20  This approach relies on reproducible hydrolysis of the ester linkage to allow

predictable release of the defoaming agent from the carbon-containing backbone.

UK Patent 2 280 180 A owned by Sandoz Ltd. disclosed the use of a
polymer, which comprised units derived from unsaturated carboxylic acid
monomers, in an aqueous solution wherein an oxyalkylene-based defoaming agent

25 present during the polymerization of the monomers becomes dissolved or
dispersed in particles of no greater than 20 pM diameter. Such a dispersion,
however, may be phase unstable at elevated temperatures and during prolonged
storage. Commonly known concrete defoamers, such as tri-butyl phosphate, even

when dispersed are known to coalesce and phase-separate.
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I n surndunting the di sadvantages of prior art, the present invention

provi des an enul sion adm xture conposition for hydraulic cenent
CORPOSi t i OQ%o 98/316430NPr i sing: (a) a conb pol ymer having a cang@,pmg% b1i NQ. ..
backbone to which 10 are attached both cenent-anchoring nenbers suc as
carboxylic or carboxyl ate groups and oxyal kyl ene groups attached for
exanpl e, by linkages selected from the group consisting of an amde, an

i mde, an estery, ?m; g}ég@;u iy

with said conb po yme of tgglf nt ﬁgggnafﬁ’gnga eeﬁ?g t‘hEi ge{]ﬁgage %%étier%@%m t he
group consadmixtgre)fcom ant EQYRQ\ypeg ¢dmb fpolymien drid aiﬂﬂ)iﬁr@ [agent,
wher ei n R | err] - e I Kyl p, phosphate e an al kyl
ester, a Whighalews dor areélalaéa ¢ it ranael apd: mpth GQE % Pgesams Alfer ;

and (c) ogR nor e surfactant (s) operatlve to stabl lize said
enul sifie co poI ymer and said antifoam ng agent, said
surfactant-stabilizers being selected fromthe group conprising (1) an

esterified fatty acid ester of a carbohydrate selected fromthe 20 group
consisting of a sugar, sor bi taﬁwﬂiwwﬁﬂtmna di saccharide, and a
pol ysacchari de, (2) a (err] err] al cohol containing ethylene oxide and
propyl ene bx isgempuBting Oty glsmb@nf@gﬁs ©8)pridix tagt, etheo fpresestt. invention

The term’ r gﬁn!pa

between th poPyrrer %Elmlbﬁglo%(yi [ c! ate ko ro(g)ftﬁifpogl fgkg‘ycﬁgﬁ%%e%g%t téat ron lstlorls
present n e@Mpriging: e(@ne combnpelyanerdhaving mecarbonwantainingnbarkbonetto which
Cement jg | OH%bH@técheW”b%% Eélﬁent—ancho'fﬂgp Qem%‘éi’g %ﬁEhtzﬁoé% B? dafbdxiAate

pol ymer backbone are | eved faC| Itate utlon off cenent
particles GFaunsnangh Oéﬁeﬂwl@ecﬁmmttm fpx example, e 98 seleated Sromer s

conpri se agRagkhgh RohSisHRE Jfr&m;ﬁﬁiael AN ﬁﬂid an ester,umdi &y ahe&h@ngag%
and, as pendapit droups on t backhb t%cg oxi de EO .gro

propyl ene BRHPATIIPE)agent gHu %EW fi(ﬁf’p‘ié Y,’@ﬁ’{yl said jagifoaming agents  An
exenpl ary bblifnfg&fél@dléd qmr ﬂ@egratp eshsisting o af @bimpoam& aa{zﬁf tHe formula

car bohydr a r eate
PCT/ USS8/ ob%@li& RlsWhereln ﬁ @%&V& £1q4s & PRRSANEHS esﬁ%ﬁf é“oq]-‘gx’g%sé?fe&
t hat by errbbﬁaté whteg, 4 ﬁﬁcwrﬂenvatxmlay\ﬂleﬁomﬁt uyfpeaiéfmnagwid (crbfle oY mhGt ant

h b
obtai ned.  PTRBRSReteth 107 abEhs Taid esturihed ROME TS Bds ot
pol ]}/me [ ?ahhf aggmtsaﬁchosur@caimesiahhlzersc d’mtn§ sekmteﬂre&&)m el group

act ant - SR i
;;J(r)cess to 3&'}&1& ege ‘ﬁne erru*:‘%%Lri d%%gl epetr &u hgédrate se%%%%n%%%ﬁ%{usl y
di stri but egrop coykisting tdfea aqgenwrbﬂan,ea rfrhnasacelm'ndwemtdlmahande, and a
ant | f0am ng AASRInaHA] (37 a'¢) - RU MBS ininl) B 184 B0 Brndl P nedY

i tself
“oxide (“EO/PO") groups, and (3) mixtures of such.

"’

The term “cement anchoring” is meant to refer to ionic bonds formed

between the pOIYmér’s carboxylic(ate) groups: and the calcium cations present n

25  the cement when the admixture is admixed into a wet cementitious mix, while the
“EO/PO” pendant “comb” groups on the polymer backbone are believed to
facilitate the distribution of cement particles within an aqueous cementitious mix.
Exemplary comb polymers comprise a backbone formed from ethylenically-
unsaturated monomers, and, as pendant groups on the backbone, ethylene oxide

30 (EO) groups, propylene oxide (PO) groups, or EO/PO groups in combination.

" An exemplary surfactant comprises an esterified fatty acid ester of a

carbohydrate, preferably sorbitan monooleate.
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forma stable emulsion in water with the surfactant, is able to forma .
synergistic 10 enulsion of EQ POtype conb pol yner/antifoam ng agent

m.crodropl ets. Accordi ngly, an exenplary nmethod of the invention
conpri sesWh8/31643 eyl sification of all three of these critPECEUSSRNO8IeNt 57
along with an appropriate anount of dilution water (e.g., 40-90% by

wei ght), wherein the anmount of conb pol yrrer Is 80-98.9% (dry w), the

anount of antifoam ng agent is 1-15% (d and the amount of

surfactant is Gugprisiglystherioventors have Ifxls;oue@e(djﬂypt\hy) emulsifying the comdp to
o031 e S0 ST S0 e AL S
groups  gthdi AHmHRERABLRGoRHIBRCHE | dbtainBd AJMH (G %rHQeaﬂr&\&éé)@P @ﬁséagent

(conponent "b") which s separate fromthe conb pol yner but whi
be presenteritical ngn@@nenwe-emmbspmiymp eptifnamingadgent (adtl grafted cado comb

conbi ne vm't the co and urfact nt to,formthe- crodro | ets.
The pré&seR® g)m ag‘ﬁ "E"gaqﬂt"t Qs E‘Bﬂgﬁ’f‘ eIl o Fresemts %g.
the above gmafificatihe. rEl:'ésTsh% fa@ﬁi‘e%e?m%”%mulsxé%@vaciﬁogﬂﬁ Q\frh;Eﬂ.eréHl\é tion

are described herel nafte scription o

Exenpl ary }Efrhogerlmuﬂs]y di&&xbuted ﬂuoﬁgimdt&hmaquemphamp’ﬁhus lwmnmﬁml be
used herein refers to paste tars, grouts such_as_oil wel

cement i ng @téee@m&ﬁge%mhea%ﬁkbnﬁéghwme, which othsrwise dpes ngrohsamqel&
cement bi nglefy a-gg%h% erlfisioR IR WWater g,?ﬂg &ﬁé &agt is abfef{bcfo%r? 2 %&éﬁ{,@ﬁ of

art: pastes are m xtures conpose cenen
(usual foy, dulsisii ofEOY PO-eeycontpblyaner /aﬁﬁmtml m memaplewr Mor t ar
30 cenent and may al so include |inmestone, hydrated fly ash, bl ast

furnace sl ag, ccorai@?' ldrt® Gexde{Pila aff Rkfid r@%ah&éﬁw%&ﬁ{%wﬁ@' in

such cenents) and 98/ 31643
PCT/ US98/ O&a@Bification ofrall three af ﬁlepmsm'ﬂxzahckninponeaﬂsl glongowithiargappropriate
aggregate, and copcretes are addi ti o Jﬁ%!‘, I ncl udi ng co rse

aggr egat e. amaunt@ t‘E’Br’?ﬁB‘?F ?00?0 % rhstelgh pprant

mxing re o I
wat e Sﬁ?l?ﬁ%rﬁ%%?g?s’éf(dwgr o e LR O apfotuing’s n*'yg B F‘%‘if‘%ﬁ
parti cw ar arec ither arenmtafi durfaetdre i8 P.05100%, preferably 0. 1-5Ef)8er(ﬂi-)awyt),ehvbae on

adm xtures of the invention are aqueous soQl utiqQns nprising, in
addi tion t#eRitpRhtain sdiquid admixture sRRRRSILOR: wlacfpsmfﬁﬁe@s B taltlg enulsion, o

oroups. (o PRRVARE: 3 MEREVS S el RERB ol AT ORI o PE SBRPET

a having defoaming properties in addition to the antifoaming agent (component

“b”) which is separate from the comb polymer but which must be present during
20 the emulsion process, as aforesaid, in order to combine with the comb polymer
and surfactant to form the microdroplets. The present invention also relates to
cement compositions confaining the above -admixture. Further features and

advantages of the invention are described hereinafter.

Detailed Description of Exemplary Embodiments

25 The term “cement composition” as may be used herein refers to pastes,
mortars, grouté such as oil well cementing grouts, and concrete compositions
comprising a hydraulic cement binder. The terms “paste”, “mortar” and
“concrete” are terms of art: pastes are mixtures composed of a hydraulic cement
binder (usually, but not exclusively, Portland cement, Masonry cement, or Mortar

30 cement and may also include limestone, hydrated lime, fly ash, blast furnace slag,

and silica fume or other materials commonly included in such cements) and water;

e
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10 surfactant operative to provide a stable enulsion of the comb pol yner
Snd o ant i foam ng agent. These three critical conponents, which are
escri bed detail hereinafter, are present in éxﬁu i ng
anount s, b‘gse on dry wei ght in t he agqueous adm xture soﬂ;u |%%]Id{'§#l ch
thus conprises dilution water): conb pol ymer (80-98.9%; antifoam ng
agent (1-15%; and surfactant (O.1- 5% More 15 preferably, the conb

pol ymer
P Y he ancRFERF Al padSEsid oty itk idine %‘eta%éﬁ AR Eoncretss P asd"
armount  of ﬂddxﬁiz(naﬂyidmdmimgr tamtsanagg@gpteese hei cempmt coppesitiony. Qf4‘thlswbst

oent - VEeiRohThe) PETAARRY Hy Blfe sERi e dilits G cottpy afials 8 20, «

(havi ng pehy!dx&ulemem&gr watey and finplar gaarse aggrqggge,.as may be app gable to

| nventi pn the pa %&f&nﬁ’&{t%ﬁ{p%s&'ioﬁﬁaﬂg%ﬁ%dt her eof whi ch may
be imdi ze uc as those taught in US Patént 5, 393,343 assigned to W
\T/h. 31 ace & Co R %lﬁpdema%&qﬁﬁé;ﬁsr@ ﬂxebi'mf&ftﬁii'ﬁﬁfeea HB6u @blitRins

|

| whi

o B B oA A et
Zgj[ gr st hi:j (ch? ﬁﬂgﬁﬂl 'aré”&&talr:]hed carbl‘éﬂ 1 éeméﬁt #tHoritty gi‘kﬁ% ps f{ld? Itgd}-lk?rﬁ Péﬁ?iaﬁd kyl

acrylic
o i sed aBRGHEY (BbHpARtiRagL peshh elipiedovitholte b PS5 B 8y
alndhdo%)lt %s@ﬁfﬁ&tﬁﬁﬂldiﬁh'?ﬁ{v@ Ii? a%deech ml:ﬁrérﬁﬂtﬁl ulstorc lof athe combsppt}emel; and
al pha- met hyst.yrene, “su e
Ut ad ene. HRtGaRNEAgEnt ol ftredhire craikn FaRPRaFd Wi HE SR b Bh ey
d fe.r i vefl detaihhé&maﬁern ary ]amaht irc e Fellgwingearoiints, asqxb lopindry welgimlnunt
of up to a pr.ef
total pol ygﬁ anFB\’ﬁ (Tg that cﬂ éﬁ’n (%‘rl%a}éu {?%#m?p%ls&ﬂg%xgm r C poI erEI’eI S .
wat er sol ulpobymer (80-98.9%); anifoaeiegpagent (153 )z @dtdasm;fatttenp(ﬁg J£056). mivlotee
formed \SUCh88-hty! ACLANE Hiynfdl i8 Hrdddct, BRUSE diy ' WeRHHHA' theddriture

al koxyl e am
- 5- compaBitigy, 3nehe amount of 84-97.5 A, the antifoaming agent is present in the

PCT/ US98/ 00895 nt of 2- lﬂ%efa'ﬁd b &%’Eﬁ} : er réé@ﬁé ﬁ?‘i’h@ﬁ%ﬂrﬁ SObBIBE. CRdsPe

sel ected from anmon nat ed al koxy am ne_represented by
t he for nul greferably, the relatwe amounts are: comb polymep 88-] -3%;( anifoapying aggnt

5-10%; and surfactant 0.75-2%.

20 Exemplary comb polymers (having pendant EO/PO groups) suitable for

use in the present invention c.:omprise acrylic polymers or copolymers thereof,

_ which may be imidized, such as those taught in US Patent 5,393,343 assigned to W.

R. Grace & Co.-Conn. and incorporated herein by reference. The polymer which

may be imidized is an “acrylic polymer,” by which term is meant, for example, a

25 homopolymer or copolymer of acrylic acid, methacrylic acid, their alkali metal

salts, as well as their C; - Cso alkyl esters. Additionally, the acrylic polymer

reactant and the resultant imidized acrylic polymer may contain units derived

from other singly and doubly ethylenically unsaturated monomers, such as

styrene, alpha-methystyrene, sulfonated "styrene, maleic acid, acrylonitrile,

30 butadiene and the like. Such other ethylenically unsaturated monomer derived

units, when present, can be present in the polymer in amount of up to about 20

(preferably, up to about 10) weight percent of the total polymer, provided that the
resultant imidized acrylic polymer is water soluble.

An exemplary imidized acrylic polymer may be formed such as By reacting
35 an acrylic polymer with ammonia or an alkoxylated amine. The amine reactant

—§en



in which BOrepresents a Jerr] - (err] (preferably a (Jerr] - Jerr]).
oxyal kyl ene group in which 5 O represents an oxygen atom and B represents

a-Cer

r]

Clerr] (preferably a CJerr] - (err]) al kyl ene group or

m xt ure; woldB1643cpresents a Cerr] - Cerr] (preferably CRCT/sSosnopasr]) =

al kyl group and n is an integer selected from1 to 200 and preferably
froml to 70. The reaction conditions and catal ysts are generally
known. See e.g., US Patent 5, 393, 343 at Colums 34. 1|0 An

exenpl ary usafyl indformiry thel desived aurplie palynyerocan behseledted from ianmsiontaod an s

suitable f

car bon

fol |l ow ng

(rv):

[err]

each R independently

a‘ikgijfe?n&‘ﬁa%a CC%JQQ exle %&ﬁ@dﬁg@ f@ﬁ“’ﬂﬁ%tion conprises a

alning ba roups shown by the
structures (I) and (Hh_a(%q)op »Hnally structures (I II) and .
[err] 20 ) ® (ren) 30

in which BO tsaCz-C eferabl ii 1 n
epena: re?reef)%sgntzs amr%l(.jrolge i atom ofa }al h egé'?gg fi"ﬁl\ﬁﬁ@l‘l

CHerr]y g@orqpres&ntepnenqgtm dtoxniv and 1B a¢presents @[ €5 F1Cro (ﬁiefera]bl;alak@i dThup,

R or an

| kal i ne Lh netal catjon nol am ne, or a
mxture t h%llf‘@Lﬁ“e W“Péﬁr@%ﬂ’f %aé representy@ 5‘16%‘ 1Y Gy - Cy) alkyl
PCT/ US98/ Ogﬁﬁfp and n is an integer selected from 1 to 200 and preferably from 1 to 70. The
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40

reaction conditions and catalysts are generally known. See e.g., US Patent 5,393,343
at Columns 3-4.

An exemplary acrylic comb polymer, preferably one that is imidized, that is
suitable for use as comb polymer in the present invention comprises a carbon
containing backbone.to which is attached groups shown by the following
structures (I) and (II) and optionally structures (1IT) and (IV) '

R (I) R (1I)
[ |-
[—- C- CH~ 1, [— C—- CH ]» .
] ]
COOA CONHR'
{III)
R R

l. |
[— C~ CH; — C— CHy 1,
| i

o=C c=0
\ /
N
ll
R
(IV)
R R
| | '
[~ CHy~ C — G- CHy 14
| |
o= c=0
N/
N
|
R’

wherein each R independently represents a hydrogen atom or a methyl group (-
CHs) group; A represents hydrogen atom, a C; - Cyo alkyl group, R’ or an alkali or
alkaline earth metal cation, an alkanolamine, or a mixture thereof; R’ represents a

-




hyaroger'\ atomor a CJerr] - ([err] oxyal kyl ene group represented by
(BOJ[err]R" in which O represents an oxygen atom B represents a (Jerr]
- Jerr] /Siags 9roup, R' represents a Cerr] - Jerr | kyl and n
represent?bé#mteger of from1 - 200, or mxtures thereof;]Péﬁ&ﬁém“g? b, -
c, and -d are nunerical values representing nolar percentage of the

polymer's 5 structure such that a is a value of about 50 - 70; the sum of

pl di t f 00- d,i Ly fr, 3
tC oplg;s anlc}%{)&{oggﬁ%?&nr}éreaoﬁérgf i%%lﬂ?(&l he group 12 E%ré_ntel‘f by r(ﬁb(i'r‘ﬁ'b"%/H’I;‘O t her
eT(Err})! ary (Drreﬁteémtsawqmgenpm:p@Irepresems aChyQroalkylene gn@up,riﬁ" reprebdgtsi ?r
al kal i ne . - Vel ercent o
the 10 pol i ARV &R h3Bprelents SuthusdS Bt T - Xp; oot inebSiaRg o)
m xtures a b, ciangd d@re nemarical valuesagpresonting moter pexentageiof the polyrmefs -
70, t NBrFUR - ; ' ' l.
(pr e?gﬁabl y .at Iecegz;'lscffl ﬂé'?t ?.(ljéét]g%ﬁ\%fffg’og?B‘?rigg%evﬁwggg}lﬁ d éé‘éfea& Z,Eﬁ?t her
exenpl ary @ue ohdi0Praandds preferably dremeéntockds and oistnatmadresthan100-(a + ¢ +

pol ymeri zagyjon of ethylenically-unsaturated carboxylic acids to formthe

backbone, and grafting or otherwi se attaching to the backbone a nunber
of other non-i dal farther exBRIPIAF inSidR:RE acrlie F‘Mﬁ'ﬁ@ﬁ?@\ RN H/HBELS &
: ' are coval ently agt achoe - an

car boxylic . d attin itesS.to. ,.Whi c

air-detr aiﬂﬁ%‘éof gh‘éilpﬁﬁ ?t?‘s’f‘ﬁfél erbeRR 1%'%136%&%% 50 - 90 weight pracentyof the
opti onal | ypalgmietiand edmprises palysigathyleke of HhRskypropylent tdifits 8P mixkueage) -
Sui t abl e al tlfng_. sj,tes i ncIHde free carhoxylic, acid q&or sal t hereof}
groups. Carpbitn é’lihl?ﬁ'e%% Y AHEMeRC (ﬂai}/fﬁs?f o 60 - 0. and\the spampf ¢-
unsat ur at exhdrdrio aemamenieat vahubbf atelehst 32 (Preferhblytdadst 5y te ¢he dak@of (100aci ds
(e.qg., a) allyl carboxylic acids) such as acrylic, nethacrylic, naleic,
fumaric, ci’traconic, Itaconic, (neth)allylsulfonic, vinyl sulfonic,

| f oet hyl t -2 t l.am do_2-net hyl . sul i C,
mmsaconi o, or bk blemplaty b DRSS b W "RvERRER DarDhe iR by £
aci d cHr bapelymerizetion od ethylenigally-mosgaratedicarloxylic acidsotoyforinthe batksores; i d.
5- to 200- : . -t - d 5-
Lo 100- mer i Erdififie it GeBeibite SRRCALE HHA3ng saRiel BY hiber non e
car boxy! i cPerdant groups. ohhe haclgwinecmayosgrprise catbdxylichanid grafting) sites to
unester i figflickofre (VaferitlyF hRAARNY aﬁb&éﬁaiﬁﬂ{? R:[nc%lﬁﬁigside chains. The ¢ Bghary

non-ioni c pendant groups may conprise alr detrain ) Si de
chai ns whikarkPoRe 1 1g) eREanally | sontains dntsrvening etormsd ke okygemafiet yether
and |exel Jinkdgh® CORRABle Ofrablhs Hites HMPNALE fe8V @Bk 0
grafting si tesééy of te(r)\%r car%orll Backbone. ?Tﬁégse an%g{ndtaqglrega%sﬂ%?go ot
the same o8P efarlqr bagkbones may be\ipade by) pelymerization of ethylenically-

PCT/ US98/ O@Réhturated monomers, preferably ethylenically-unsaturated carboxylic acids (e.g.,
allyl carboxylic acids) such as acrylic, methaérylic, maleic, fumaric, citraconic,
itaconic, (meth)allylsulfonic, vinyl sulfonic, sulfoethyl(meth)acrylic, 2-
2s  (meth)acrylamido 2-methylpropane sulfonic, mesaconic, or dicarboxylic acid half-
. esters. Preferred polycarboxylic acid carbon backbones are, e.g., polyacrylic or
polymethacrylic acid. 5- to 200-mers are preferred, more preferably 5- to 150-mers,
and 5- to 100-mers particularly preferred. Preferably about 5% or more of the
carboxylic acid groups on the polycarboxylic acid backbone remain unesterified,
30  more preferably about 10% or more.

Exemplary non-ionic pendant groups may comprise air deﬁ:aining _
functional side chains which function chemically to stabilize entrained air quality
and level in the cement or mortar, and are covalently attached to the grafting sites
of the carbon backbone. (These pendant groups are not the same as the emulsified

i 2



el MR R el L AR ERR D e VRTINS e T

aﬁtifoaning agents being clainmed herein). The side chains may conpri se.
pol yoxyal kyl ene groups of the general fornmula:

R.err]-(QAlerr])[err]-Q wherein Q =0 or NH;
5 WO 93/31643 Alerr]= Cerr] - ( erPCTES8/008%; ~~
X = 1 to 200; and Rlerr] = (ferr] -
Cerr] alkyl. The termal kyl ene is nmeant herein to enconpass

| i near or branched al kyl ene roups, and al so include (where

st r uct ur aleRdiforming, lagpnts yﬁ!é\gecmedr ezginy| erdel gideychains. may omprised
air detra?yl%tgy éﬁé) ulpgld;%gg%émf&hgﬂg] Clerr] - Cerr] alkylene,

nore pref t'he r] grotps are a mxture of ethylene oxide ("EO")
and propyl ene oxi de ("PO"). AR~QK)ining perfornmance appears to be
particularly good when the weight ratio of EQPOin the air detraining

functional side chain is Wherefy onRERBAN -1 to 0.3 : 1, nore preferably
fromabout 1.5: 1 to 0.6 : 1. leAi‘f')C.-pfﬁeq‘lle'lea%Iy 0, and x is preferably 1

to 100. Rlerr] is advantageously but\he200ysierably a n-butyl group. It
is believed that a range of pol yoxgakgy. Jﬁpr@(yal cohol s avail abl e from
Hunt sman Chem cal Corporation (Houston, Texas) under the tradenane

%]EFFOX W : | f gl‘ﬂ‘tel tennarl]kylehé B mémt hetein tocartoatbass lmear dlebfamched glkylene

t
SERFOK e EBBBPR epdlotebiie (uhoR BRSSO FPRERE arvlons U s anofipd:
aver age ntgreupb ain prefpited aif cblramn funci6ndl sidel chﬂﬁ@ AFesﬁ‘aet(Es/elkylemnd
h th f "\
rave e ARG W I by sl i xdd ('B0")and
O her exermbpy}emod»ydgjél’@y) eddr getnisingpeafomandecappenis ¢d be particularly
ont of at t aGhogs LReh ie FRIFRTHE DK RSP in HIFaft URARYTRRELOSNSAC HRMnNEVE

the 25
R er] O_g(fnpmr abayt]:3r 1] to{ ABerly |mpre preferqlyr from about 1.5:1 to 06:1. Q is

\;lvher ei B ?%%férl\bly & &id kis pxqf@zrably kKOG RS is advantageously b\ityl Opg§6erab1r¥ 2 20
Rlerr] = ap-bhtyl groaperktis deligyed that a rapgs 066&}%@@?@% elcokiolreavailablee

graft ed Orfr@inl PRIHESMAA ChéEmEAI B@&dﬁwr@ﬂouston, Tokad) uﬁﬂbﬂiqnar@é&énazﬁé de

| i nkage, i n whi ch_case, the attached group | d have or roul

Rlerr ? O (EFEM Y& fapetjory ﬂp&blf paeR- n(%?@t%%t%t% detraining rfungnm%lrﬁlg% 0

~ signi fy t Véhains in tO¥SinBNHolbaiRes &Qh@tmeénﬁé@r@ f]mo&ansoeo atn:ai W\paso

car bon rbons on@i&f lbgfég}? . e. |mdeI|1nk e, h f b

hydr og )gsxh plcpho V(?rf“f er average molecu we1g ts of about

- 8- 3500 and 1850, respectively, and have the formula (CsHo)(OA2)xOH, where OA2? is
a mixture of EO and PO, and the EO/PO weightratiois~1:1.

Other exemplary polyoxyalkylene amines which can be grafted
onto/attached to the carbon backbone of the comb polymers herein may have the
25  general formula:

R%-0-(A’0),~(A%),-NH,
wherein A’=C, - C, alkylene;
=1 to 200;
p=1to 50; and
30 - R¥*=C, - Cjp alkyl.
Such polyoxyalkylene amines may be grafted or attached to the carbon backbone
by an amide and/or imide linkage, in which case the attached group would have
the formula R5-0-(A30)y-(A3),-N= (note that the “=" sign is meant to signify two
covalent bonds to other atoms, for example, to two carbonyl carbons on the
35 backbone, i.e., imide linkage, or to a hydrogen atom and a carbonyl carbon on the

—-§em
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PCT/ US98/ 00893 - backbone.) In preferred pol yoxyal kyl ene am nes,

Alerr] rr] al kyl ene; nore preferably, the A30 groups are a _
m xt ur e of‘%@é’b’a%gPO. An EQ PO wei ght ratio of about 7: 1‘99"§£@“8931 has
been found suitable. y is preferably in the range of 1to 100. pis

preferably in the range of 1 to 5, nore preferably 1 to 2. Rerr] is 5

Prom - VelPee) sl Brblertsg, sl Bnn Copiesr A R alloerer rimenane

JEFFAM NE pmabbe mhe dﬂﬁlﬂgmmpsainé a mixtuteof BQeard BQ AnEO/ PERRAMHYFatiB 000

d Y4 |
?Rei r MZ&G% ect'l ve produ }ngt%lr?ﬁbg%}%la Sﬁkﬁ};ﬁ% yJ Eﬁ%?ﬁég' 388 rapg% ‘ot
fornmul a 10 WHEG:r ]}D@sb\[pe'efe}‘alylyem HeHrangd OF(10d 5r m]o):éxll-ﬂrefer}:blyv\dmoe ARS8 iss a

oo OPIERR, B ( (ki &7 u;wg BolyixyBdioe B piniy By
pol yoxyal Einatanan c Ghemi CBB‘PQ@M oustom 'Eexars) undtan the ltrademarnke
vei ght ratjepeQinnd) hdve Baer &W%ﬂﬁl 1ﬁbﬂ’i‘étm?79nt1c]nteﬁ§],g l\l{l&E% ghby

be seen that rying the anount of the pol yoxydl coho

chai ns 15 Mg 234 X’é‘%}& gn‘imbeba%‘f@%ﬁ% "@}@ﬁ%fa?/‘yey ightm q%teﬁpendmgarmbéhemde

in accordamgecuve vigrBdhbe. myRBeisOn WhiTp Wgéémﬁh@&ucqgﬁ;@”%ﬁg

vari ance i 6 g;ﬂ t he cen;sntl I OUS m X B erre corrb

pol ynet? cd &ﬁg&s‘f@s g'% S‘FH@)%&Vhefe“’(\ Qrise pixtyropf EQ angkPOeen grafted a)

ol yoxyal kyl en sof the fornu

E:H[ gr r ]yO( A%/er r ]9'5% &e FCﬁQF@r?f L‘Frﬂ“}‘lﬂ‘[“éﬁ‘?‘}‘e’ imdhe poleacrylic jasich taja)t ur e

of EO and p&% lk?lbn&@muﬁ@'aﬁ@ id)bxyaikylenk alcbhamabw a%r&llz::::‘gu§2 i and
Kt he

b I h f QA OH,
whers A PR st 10 AR A rvagell

[err] 1°:1be seen Hiat’ by varying theFamblat oéxhﬁ'qi dxy@lﬂ?leﬁ@ la}dBHot stle thains
I nvent \50 n gxlyte'dn&ltgqﬁe I%%'cl\étr)rc?l{e, exemplahryvc!'orllgb Fymers canabe made in accordance

with the invention which will produce corresponding variance in entrained air in
the cementitious mix. One preferred comb polymer comprises polyacrylic acid
(“PAA”") to which has been grafted a) polyoxyalkylene amines of the formula
CH30(A30)yCH,CH(CH3)NH2, where A%0 is a mixture of EO and PO and the
20 EO/PO weight ratio is from about 5:1 to 0.5:1 and b) polyoxyalkylene alcohols

of the formula (CsHs)(OA2)«OH, where OA? is a mixture of EO and PO and the
EO/PO weightratiois~1:1.

25

Further exemplary comb polymers of the invention may include polymers
having the formula

.
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PCT/ US98/ 00893 [err] wherein each R err]

i ndependently represents a hydrogen atomor a Cerr]-C[err] al kyl 20

group; A wQo®3mA3s a mixture of Z and Rl err]; Z representsPOYAISISeesInt om ™
nonoval ent or dival ent netal cation, ammoni um group or organic am ne group;
R2 represents an air detraining polyoxyal kyl ene group represented by (BOnN
Rlerr] in whi ch O represents an oxygen atom B represents a _
Clerr]-d err]®al kyl ene group,R'R3 repr esentB’ a CleR]-Cerr] alkyl
group and n rlepresents an-intkger of from 1-200} or 251 ni xtures thereof;
Rlerr] repFesenCza lpol yoxyEr&yI®ae broup refreSerftiar 6y ¥BO ke Rl err];

and a, b, ¢ ahd d are nureri chi val ues representing nollar percentage of the
pol yners s st rf®®Pure such t hat@H% a val ue of ®Ffout 1 }°0=°99; the sumof c +
dis a value of 0 to the nunerical val ue of 5‘11‘90 - a); and b is a
remai nder val ue of [100 - (a +c+d)]. 30 ais preferably from
about 30 to 99, nore preferably from50 to 99. In the Rerr] group, B
preferably represents a C[errLfC[errL}al kyl ene group, Rlerr] represents a
Jerr]-Cerr] alkyl group, and represents an integer of from 1-100.
More preferably, the BO aRQuUp _ lr_e 2_m' ture of EO and PO Air

detrai ni ng performance e{ppe’ar to bel. pafticul arly good when the wei ght
ratio of EQOPOis from aboutggc: 1 toddo3 :1, 35 nore preferably from about
1.5 1 49 0.6: 1. Rerr] is adva(Qtageously butyl, preferably a n-butyl
group. R6 represent gga pol yoxyal kyl ene group represented by
(BOJ[err] Rerr], and is advant ageousl y '

Rlerr]-O-(Alerr]Oferr]-(Alerr])[gar]-, wherein Alerr] = CJerr] - (err]
al kylene; y =1 to 200; p=1to 50; and Rerr] = derr] - (err]
al kyl . PrebH{eabiny eachl R 'ihdepéhderitly repietérith #IHgdregen dvone ofUa MTeCe by,
the Alerr] O grou%s are a mXxture of ndf% % Q PO vei hc{r ratio
20 ~ group; represents a mixture o an 2 represents l'gy ogen -atom,
monovalent or divalent metal cation, ammonium group or organic amine group;
R2 represents an air detraining polyoxyalkylene group represented by (BO)x R® in
which O represents an oxygen atom, B represents a Ci-Cio alkylene group, R3
represents a C1-Cio alkyl group and n represents an integer of from 1-200, or
25  mixtures thereof; RS represents a polyoxyalkylene group represented by (BO)n R?;
and a, b, c and d are numerical values representing molar percentage of the
polymer’s structure such that a is a value of about 1 to 99; the sum of c + d is a
_value of 0 to the numerical value of (100 - a); and b is a remainder value of [100 - (a

+c+d)].

30 a is preferably from about 30 to 99, more preferably from 50 to 99. In the R?
group, B preferably represents a C>-Cs alkylene group, R3 represents a C1-C4 alkyl
group, and n represents an integer of from 1-100. More preferably, the BO groups
are a mixture of EO and PO. Air detraining performance appears to be
particularly good when the weight ratio of EO/PO is from about 3:1 t0 0.3:1,

35 more preferably from about 1.5:1 to 0.6 : 1. R¢is advantageously butyl, preferably
a n-butyl group.

R¢ represents a polyoxyalkylene group represented by (BO)x R? and is
advantageously R5-O-(A30)y-(A3%)p-, wherein A? = C; - Cio alkylene; y = 1 to 200;
p=1to50; and RS = C, - Cyo alkyl. Preferably, A>=C; - Cs alkylene; more

40 preferably, the A30 groups are a mixture of EO and PO. An EO/PO weight ratio

-10--
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WD 98/ 31643 -
PCT/ US98/ 00893 of about 7: 1 to 0.5 :1 has been found suitabl e.y S

preferably in the range of 1 to 100. pis preferably in the range of 1
to 5, nor WQPHESEEbly 1 to 2. Rerr] is preferably met RATY ?1).
I'n a particularly preferred enbodiment, a) R6 is of the formul a

CH[err]O(A[err]O)[err]CH[err]CH(CH[err])[err] where Alerr]0 is a mxture
oha o) RO a7 @ B3 AT e Phoi S YH DAL Bk fofes ot
$1hxt ure o:‘ 160 190d BQsa fefedablyr %Paievm%s of 1t036lhbﬂe lp&eie%m liLtoz RS is
e exe ar in 0 a

ani ne Orr]r}[:)O ax-{%%éﬁ%&ﬁ@@ Ig“bgéﬁ %ﬂ? &F&%?’B@Pfi{ﬂ‘aﬁiés SQ)HS of the

(r]I eaction), fdﬁnulméﬂs@(APO)y@I@H(?m)ﬁ Pﬂlgt'_eaﬁmw hlmvaardiobﬁc)(bﬁdd’@naﬁdll r
etrainin ne. al.coho | S e ol t
s beli évgc}h?h%ﬁ?hy "g%‘(lgbﬁ B0 i ffﬁﬁ} QPé ¢ %éelgltt ‘Il)ttgd(i rﬁ"?nph ﬁg B%H-Be
bef ore gr af(CiHeo)(OA2).&¥ wheve (A2 iea mixtutmok EQhend PO arehthe BQ/ ROeweighti ed

out in an Q5¥g ﬁp fque at nosphere, in a reacti on vessel having a
condenser for facil'itating water renoval, e.g., a jacketed- 15 coiled

d fitt -
feactions, | e ﬂ?%gfigoﬁ%%&g‘ﬁ%ai?%ﬁﬁée P ptRE § sbly Gfallgtene
reaction t@mmemmq @rpqucarboxyllc tahwl lebcmt (a;mdxmmmz/anudxza@oapxeatnen).

t C
to abou ﬁ%@% ¢ B ol B pdlyEgbylic sl WackBing O3k hit Cajtidiihe)
hours, or (PR Vpxxailéyl&nf: @lcpérpl Griniestegificatipn seactionymbt ’étt@he('ﬁ@ ahat thgcalcohol
reference 'xﬁayﬁélﬁotwe aﬁedpéﬁt%“fth%'%acﬁbéﬁé befdre ?li]?&ﬁgur ithitt | d gt#echﬁf

which is ncorpo ated herein reference fo
reaction.) The rgagtionst aaeatcawd Ox¢tinoAn ex %tam@sa ey inoa

catal yze th@aa%ﬁéédepaam Ptohdé@iser for f&hﬁeﬁﬁglm&??&nabapl&% 4 ckE€ed-

graft pol yner, _Any ch. w catalyze e or mati.on’ ma
used (i e, cailedyapd Fg?f‘g fgbeémt aubﬁm— &%&r%&éeecwm reactions,

facilitate wherf(®@ &é@dﬁo@xrbpiarmﬁy id feribestd E@Hnﬁr@&ﬁé |r@£éhor§t&f:bx§\ pletion.) In
napht hal ene  sul car bo |m de, -tol uene suI ni c aci )

fo
D o CReeiipeipn/ imiffpation” Sieporths Tesrtanowhish ars CoPEicies Tih cchs
at 100C to aﬂh@tlhndaﬁ@téd)fo H09Q! tolaBont885°C fohabuong, 1 £ Sﬂ'@hi@pte&b@wy dbdutt o

2.5 hours, t he-esterifli I on, €O roduct
is rem)ved éx;J’ howgs, pE Aty ‘?/e?ég’é téorbr,r/pmlé’&aﬂpﬂe réﬁﬁpﬁ?fﬁ 3égam,
pr oﬂuct fd S ﬂﬂrbheé isfmﬁdarl:d» ldIhs Patedit Mol 5, BI;!B,MS , ithe emitixé distlesuere adj wihichdis
wi th sol vent esi.r Qr.necessar r i i 0 a_cenent

conposi ti on R rag‘& gsgenag%d-sference o ﬁé’i‘ﬁ%?ﬁgﬁifé §E t%‘l” Jﬁgﬁ&g?rf'gnl:%yt e
used as | oneptexsfication eeactmanta patalystrishadded to datalyeéahacesterifitdtion of the
descri bed-h

20 PO or oupBySeRalkti HIARA fo EEL At BofoRE, Pony Bhiyich P ldlyke rer
et hyl eni cal fqmpmloytnmayzbdaneect zérdnpnlyhydraamgjagm defined herein as those which
ethyl enpcal LYnRMMAE 4R S of water in chemical reactions; such as naphthalene sulfonic

acid, carbodiimide, or p-toluene sulfonic acid), with p-toluene sulfonic acid

preferred. The temperature is maintained at 100°C to about 185°C for about 1 to 8
hours, preferably about 1.5 to 2.5 hours, or until the esterification is complete.
Water by-product is removed as above. The reaction vessel is cooled, the reaction
30  product is neutralized and the total solids of the mixture are adjusted with solvent
if desired or necessary for addition to a cement composition in a desired dosage.
Other methods of preparation may be used as long as the resultant polymer has
the characteristics described herein. For example, certain comb polymers
(containing EO/PO groups) of the type obtained by polymerization of
35 ethylenically-polymerizable carboxylic acids and ethylenically-polymerizable
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pol yoxyal kyl enes, as exenplified by U S. Patent Nos. 4,471,100 and

4,946, 904, the entire disclosures of which are incorporated herein by
ref er ence, Wwoospiéase a carbon backbone and grafting sites KCHUSBRshI3C
acid groups). It is intended that air detraining functional side chains
as described herein may be esterified to the free 5 carboxylic acid groups
of these conb polynmers containi ng pendant pol yoxyal kyl ene groups to

i npart t he pedyexyiallylenesaiab esermnplified byJdUc8. Patent Nasg4,471,100 Ehdpmm@ tlad €

eQEaﬁg?:?yt (%ogge Val%&?rée}}%gguflstaﬂ'g e%}reoﬁrcoéﬂ) %ﬁ&[dhglgf)%s%trefwgﬁ? d Sq{npnse a

conpri se a catul ooe an rg;‘h#mgmtds;(tmbexﬁht acidt groapa)k ]tes)rrftendedadqztt)mi he
|0 foll ow g?ﬁ#g duc the
copol ymer, IH(%rtlfa s | t @nﬂ%ﬁy ro yze prodélf?e&£¥€£épt¥€§ %%n%’reeé' VA
represeﬁtscal' Qyligy eacid these ngedmb m polymess hyadndainird) pendans;
"AO' repre Sx | 0 r

X reptestnty ﬁ“a%‘é%?éf E”°q*'&’* “ﬁ%#%s%%p Bpiaaed Hiehf SR YRiing
atoms; "R' PERER m%sér?\’iﬂ?‘&"é{ ﬁmﬁpngonfpumvmom carbon at ons;
"a" represe s,l1 to 1, " presentsbg. "m represents 0 to
2; and ' dsther exem) anyocoynb P ymersguitable,for -‘152 mcths prE$ﬁryt(m\1ent;on n")

is |ess tha:ompnseq ua@pdp;(rz.ar of & 1 Sy alk% leR8 derivdtive § %@eni&i
greater thek “RE’?%%}CP ! velstaﬂga U] Patenly
946, 984, Pugying i dpaleic, anhydride, oy R¥srolyzedomrodpt (f ﬂéﬁent
| s incor pormpelyrhqr oehaaltof thealydifolyzad praihict;f orth herei n
Anot her exenpl ary comb pol yner suitable for use in the present invention

I's disclosed in US Patent 5,369,198, owned by Chem e Linz Gessellshaft
mb.H , 30 incorporated herein By, rence. Such conb polyners are

conposed of the <followi ng gtructural elements:
15 Z —[O(AO)H]m
\
- [O{AO).R]a

wherein “Z” represents a residue of a compound having from 2 to 8 hydroxy

20 groups; “AO” represents an oxyalkylene groﬁp having from 2 to 18 carbon atoms;

“X" represents an unsaturated hydrocarbon group having from 2 to 5 carbon

atoms; “R” represents a hydrocarbon group having from 1 to 40 carbon atoms; “a”

represents 1 to 1,000; “1” represents 1 to 7, “m” represents 0 to 2; and “n”

- represents 1 to 7; “I” + “m” + “n” = 2 t0 8, “m” /(“1” + “n”) is less than or equal to

25 %, and “al” + “bm” + “cn” is equal to or greater than 1. The copolymer shown

above is taught in US Patent 4,946,904, issued to Akimoto et al.. (and assigned to
NOF), which patent is incorporated by reference as if fully set forth herein.

Another exemplary comb polymer suitable for use in the present invention
is disclosed in US Patent 5,369,198, owned by Chemie Linz Gessellshaft m.b.H.,

30 incorporated herein by reference. Such comb polymers are composed of the
following structural elements:
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PCT/ US98/ 00893 [err] wher eby M
represents H or a cation such as alkaline or alkaline-eart -
anmoni umﬁ'Po‘{?@ 68 the residue of an or gani ¢ am no group; Rfﬁ#gy%‘%gsesents
Cerr]. to Cerr] alkyl, CJerr] to (Jerr] cycloal kyl or aryl group
residue; R err] represents H, Cerr] to Jerr] alkyl or hydroxyal kyl ,
Clerr] to (ferr]. @ucl oghkyl or aryl group residue in whi 1 or nore H
atons can be substjituted by the structural elenents - - SG8M and/ or

PJ err]Merr] asd&%&'c@é@h\%ﬁ tlgral units of the General Formula
(C[err]H[err]O)[err]R[erri ich - 35 optionally can be repeated; R err]

represegits Heap neighy cgt net hyl engppr Qg wWhigh can¢gp substituted if
necessary and whigh foyns ana/o@ 8-nenbgr rimpg or an indene ring which
i ncludes Rl err]; Heerreorepresents H, a cooMhygbnmez et hyl group; R err] :
represents 'H, \Jegrr]-Cerr] alkyl, Cerr]-Cerr] cycloal kyl or aryl
group residue, an alkoxy carbonyl group, an al koxy group, an al kyl or
aryl caoboxyl ate graup, a carboxylate group, a 40 hydroxyal koxy carbonyl
group; mrepresents®i whol e nunber from2 to 4; and n represents a
whol e nunber from 0- 100, pra’fda’rcecbl ¥e¥ r omCl- 20€ Het hods for maki ng t he
af orenenti oned copol yner are provided iniUS chtent 5,369, 198, i ncorporated
herein by reference. COOM CONR?,
15 (C)
. R
{
-CH - C ~
I |
20 R} R
and, optionally, -

(a) —CH —CH— and/or {b) ~CH ~ CH - (D)

2 © o oo coom
A
o

whereby M represents H or a cation such as alkaline or alkaline-earth metal, an
30  ammonium group, or the residue of an organic amino group; R! represents C, to
Cao alkyl, Cs to Cs cycloalkyl or aryl group residue; R? represents H, C, to Cy, alkyl
or hydroxyalkyl, Cs to Cs cycloalkyl or aryl group residue in which 1 or more H
atoms can be substituted by the structural elements -COOM, -SO;M and/or
PO,M,, as well as structural units of the General Formula (C.JH,,0),R!, which
35 optionally can be repeated; R® represents H, a methyl or methylene group which

can be substituted if necessary and which forms a 5 to 8-member ring or an indene

ring which includes R5; R* represents H, a methyl or ethyl group; RS represents H,

C;-Cyo alkyl, Cs-C, cycloalkyl or aryl group residue, an alkoxy carbonyl group, an

alkoxy group, an alkyl or aryl carboxylate group, a carboxylate group, a
40 hydroxyalkoxy carbonyl group; m represents a whole number from 2 to 4; and n

represents a whole number from 0-100, preferably from 1-20. Methods for making

the aforementioned copolymer are provided in US Patent 5,369,198, incorporated

herein by reference.
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WO 98/ 31643 PCT/ US98/ 00893 -
Anot her exenpl ary conb pol yner suitable for use in the present invention
conpri ses water-soluble linear :copolynmers of N-vinylam des with nononeric
addi tion YQA8821643 of ami nes, amino acids, amino groups cont RCATURISAN8Batic ™
sul foni c acids, am no al cohol s of maleic anhydride as well as maleic esters |
. of 5 pol yoxyal kyl enegl ycol s or their nonoet hers One structural unit is
represent ed by Formula (A) or by Forrmula (B); the other partial
structure unit Baotkerrexemplamt eamb poywrmmlule owyemthepresent{rmenpon
wherein

repr esenf[ ﬁ%’k’é‘%ﬁ v&t@f—é&tlubl@‘gl r@axméﬁggg' v‘i'}‘ley %gggvm%i&%lh Iﬁaﬁgmenc
optional | ya ﬂtﬁ%@r wets jof me%mﬁa gmmo grou@ﬁk%ﬂnta@%r%rﬁmmcm

oSt dus. unt SRo eI BAlrTHICLROf! OF alfl Mty Be hell oo matif RRrsRIAL €
metal sdil feﬁgpéyelky Yqﬁ’és% mengethers. rgRg s ggagg nit s pgRyessnted by
group, Fonaﬁm‘ PO By Fobiriil® (B); € bther ParfuDS@NMBES Bt BEIRE RepftseRitr

t oget her the f nitrogen atomto which they are bound, forma

mor phol i ne Yl ﬁ’gm“ﬂﬁ (g)presents a hydrogen ion, a monoval ent or

di val ent nmgagl ion or a subs@®)tuted ammonium (€) group; R represents a
hydrogen atom or &GPQMkyl group ha¢PeM1 to 4 car R atons; p, ¢, and
r are iffitegers; alrepresents an integer ranging frlom1 to 100; R[err]

and R4 whi cli‘nﬁ‘?‘l?@‘tlhe samdoFBdr¥¥ erlent, eachlT &reSBntl hydrogen, a
Cerr] to derk]- 30 alkyl rdsidue, a phenyl redi dué, or may together

forma di-, PFF-, or tetranetTf ene group, B cH formwith the
i ncl usi on of the resi due of théforrru‘la [err] \
15 O-(R-O),R X-CH C=0
/ \ ' | |
R‘ Rz . . : RJ R‘

wherein R! and R?, which may be the same or different, each represent hydrogen,

20 a Ci - Coo alkyl residue which may optionally include alkali metal carboxylate or
alkaline earth metal carboxylate groups, an aromatic group, an aliphatic or
cycloaliphatic residue which may optionally include sulfonic acid groups or alkali

metal sulfonate or alkaline earth metal sulfonate groups, a hydroxyalkyl group,
preferably a hydroxy ethyl- or hydroxypropyl group, or may together with the

25 nitrogen atom to which they are bound, form a morpholine ring; M represents a

| hydrogen ion, a monovalent or divalent metal jon or a substituted ammonium
group; R represents a hydrogen atom or an alkyl group having 1 to 4 carbon
atoms; p, q, and r are integers; a represents an integer ranging from 1 to 100; R3
and Rt which may be the same or different, each represent hydrogen, a C; to Ci2-
30  alkyl residue, a phenyl residue, or may together form a di-, tri-, or tetramethylene

group, which form with the inclusion of the residue of the formula:

|
N
/\
35 X-CH C=0
| |
R R

a five, six, or seven membered ring; R% and R® which may be the same or different,
40 each represent hydrogen, a C; to Ciz-alkyl residue or phenyl residue; and X
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a five, 'six, or seven nenbered ring; R err] and R err] which may be the
sane or different, 40 each represent hydrogen, a Cferr] to Cferr]-alkyl
resi due or Q/I resi due; and X WO 98/ 31643 .
PCT/ US98/ 0 %8? represents hydrogen, a Clerr]. to C err] - BCE{SO$/0893 ¢, -
a carboxylic acid group, or an alkali met al car boxyl ate group. Such

copol ynmer is known and taught in US Patent 5,100, 984 issued to Burge et

o A o 8 G o ot ST g

of the pr esmetallmbuxylate geoup.heSuabr om;bcziymer 16F1€Mw0nﬂ)ri¢l’cm]lgmmﬁi &I Iﬁgégi& a
- f rp a

o oup, A mogt 0098 Beucl Rhs & B ST St fy SR CAGL el pafept s

tri-n- butyIlncorpqrhtﬂsﬂndlyd)yreﬁtnenheasxfaehgutﬂohhtdmc oily liquid at ambient

tenperature. It is . believed that other exenplary antifoam ng agents
sui t abl €5 f or useAi prefemyed randifoaming @genhof dlie presanthimventionchas it femalaan

tri-butyl

csters: ' si | OROREM Va%%;se%@ﬁcﬁﬂﬁﬂ P More prefEIBRRKIE €0 Rl

pol yoxyal kyS¥WP. Waymesf rref ﬁ@tﬂiwnpagtageat isduichuty} phicspinate(pg. (dEifobutyls,
| h

Svni | bl ¢ PROSHa] C 4 HyshiBhoBle SNEIHRLA ot Rplers 2efPlhnies, 1t s

bel i eved t ob%léﬁﬁSFll that other gxemplary @téekn%reg)egsrﬁé suitablejfor pee i thejinvention

havi ng a»n aﬁ{chid@ph ﬂggftth 9]
pr\é:‘ e?abl e wgen co Iﬁg@égt?iﬁsngt pri gﬂ:iﬂéﬁﬁtyw&bghﬂk?eﬁgtg’ﬁﬁtﬂfé @g] &lhb‘:ltyl
anti f oani ngP ?"@I % ﬁsaﬁflgﬂnSn‘il‘%}’“éﬁtE’@ﬁb(eg pebrajkd; silpxanes aand &s a

non- hormgenpulyodysmglerannavm t defoamin® Broperties] Siich as HOLPOS 8efoamers
anti f oam ng agenﬁlgl S bel | eve? be nore readi I control. 20

air in the g5Pups.n&n exempl ary ié?)) P,é) HP@?@?@G available
sur f act ant ﬁ‘babBJASFeIndﬁ‘r thé eradenaniet oﬂ PMERGNIC 2BRRrArERs believed t6biipridecd

fatt t bohyd t bi t

ronosacthar PAEOLE BIoER| GRAIERET e adlirRdr 48 Haxdi A AR tionineapgents

rCT:hDSt I pr emmlsxﬁek;l n;mh aqu eoummhmcaip'ia?/w pmfenabmt]vélehrmlbﬁledﬁg%ﬂnﬁl pilor art
mcals u 2] " n er

su?f act ant - g‘?& |%‘|&§t3rl§1 f&lﬁlﬁﬂ &%NEHF'F ng a%%}ﬂ;pﬁ e F"@S‘ﬁo?mt?aﬁ Reb

chain | engt pOb’fmei[ er rfreser] & a] noahdmaegenops edispetioys (i‘ﬂGthe aquédhey sdlutioint h

2’? hE)?;/ rgt ed/p op % sgﬁfcfa?:@ﬁé gen@‘elé péﬁ%@éf ° g% fr&gr om ﬁﬂ&t ggﬁb{?n%’e?oqtﬁ%l

t radenad® S@R mmeasazﬁﬂnctlonofhmehas been found that use of the
af orenentioned fatty acid ester surfactant-stabilizers in the invention
provi des an addi & preferiedy sunfagant-stabiliger of the present invention comprises an

. esterified fatty acid ester of a carbohydrate such as a sugar, sorbitan, a
monosaccharide, a disaccharide, or polysaccharide. Sorbitan monooleate is most
preferred, and is commercially available from ICI Specialty Chemicals under the

25 tradename “SPAN.” Another preferred surfactant-stabilizer of the invention
comprises an alcohol having a chain length of Cz - C, and more preferably Cie-
Cis, with an EO/PO ratio of less than 1. A suitable surfactant of this
ethoxylated/propylated alcohol type is available from Huntsman under the
tradename SURFONIC LF 27.

30 It has been found that use of the aforementioned fatty acid ester
surfactant-stabilizers in the invention provides an additional advantage in that
these products slowly hydrolize in the cement environment and entrain very fine
air bubbles in the cement compositions to which the inventive emulsions are
added. These fine air voids provide an excellent defense against damage to the

35 cement compositions caused by alternate freezing and thawing of the cement
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t hese products slowy hydrolize in the cenent environment and entrain very
fine air bubbles in the cenent conpositions to which the inventive

emul sions are added. These fine air voids provide an excellent defense
agai nst dW9RS1643 t he 35 cenent conpositions caused by al t BERAISES/H88%7i ny”~
and thaw ng of the cenent WD 98/ 31643 .
PCT/ US98/ 00893 conpositions. Mreover, the use of (Jerr]-(Jerr] EQ PO
cont ai ni ng al cohol s as surfactant-stabilizers has been found to further

i npact addfempeeitionss odvieregver, e Iysei of CrConEQAHOsicontaining labcahole rasi on

parti cul ar kyrfldthhidétaBiizbds mr@éelno found S&am&f ﬂ&%%c@ %&ﬁﬁoﬁﬂ”ﬁgﬁia&ﬁi‘i\gs
whi ch t he en;lll sions_are ag ded. 8@: ther t hese ypes when used vmth
f

the fatty AeHiiegdpethe; pu lngm pmwlﬁrm&wg spplyshydrationded
to cement §ﬁg§9%f tthe I&Snﬁeﬁﬂka d%&x&w‘etﬁﬂﬂh&[l%e emulsiohs %ErﬁdEmQFﬁMES
such as_gum ros 67#&‘ S@} al ns VI de seé cemen rrp05|t|ons
whi ch eXhi oifj Seb é?g eWéﬂ‘d Y el h%“ﬁ’érﬁéﬂ? frEctants inTyyg
the nost phefeeﬁvecé:ﬁmshﬁtsm afidedaol dentdtiti compostions behtairdhgt davefitional
af or edescrl bed fatlﬁ acid ester and EQ,.PO al,c, surfact ant - at abilizers.

A nost pref¥ gt FIcthAT S LoEBRABd t |18?P frefing, PIRVdE Sehcampent
conpri ses (:arh sﬁm&bvﬂublyl&khb@ﬂ‘opﬂhauhyaﬁ-\dﬁdsysm@ésﬁmellﬁ)aﬁﬁhd:eméi&&tent

_ 5 393, 343) ) 4an .an t coM tri=but

(preferabl N? th mo}ht E%F"%m@b {o&g g? t'éctﬂ’f UPEWt S@Eﬁp?fsﬁ?g
sor bi t an neforetesribed d4attyvatid esfer aasd BOYHQ aibbholesmfamtam#stabﬂmeison wat er
(e.g., 40-90%water by total nmass). A cenent conposition of the

i nventi on conpr Asestipreferred emulsifjett adaiikture compusition iof ithe Snvéntiber thius

nb | faat
Sover Y MEbmpilef ) B W (R e BeAERY abd (and 11108 et
emul si fi ed5293.343i(Rran @n ApHng agent @mpngmgdg:ebwl phnephatmﬁpmfen;aﬂvbr fri-
anti f oam ng BASN bhoPihte); andS zlfaas(ifrﬁi&ant cofmo? W‘g sorBitén %&?@&{e tbné(@g\{e'l n

can be further appreci ated 1 n" Vi ew of exan'i)a
are prddidas & éwtablrampam ok dilntinn avaten (6:8. 40°90% water by total mass). A

Exanpl € 1 28ment composition of the invention do 5213tV §eab€Sohe hydratable
An exenplary conh po r having pendant oxy yl.ene groups, was made

Yy
in accor daSEReRIHRUS ANGRI: A SIRI: POITHEH A0rA °PHFB&tagsn§@3‘d3Q:§urffCera%f
pol yacryl i ¢les&iibed above000) was conbi ned with 10 nol es of a pol yet hyl ene-

An exémplary method of the invention for making the emulsified
20 admixture comprises blending together the comb polymer, antifoaming agent, and
surfactant.

The present invention can be further appreciated in view of the following
examples, which are provided for illustrative purposes only.

Example 1
25 (Comparative Test) .

An exemplary comb polymer 'having pendant oxyalkylene groups was
made in accordance with the method described in US Patent 5,393,343. 1 mole of
polyacrylic acid (mw 5000) was combined with 10 moles of a polyethylene-
polypropylene oxide polymer (molecular weight 2000)(available from Huntsman

30 under the tradename Jeffamine M-2070). The polyethylene-polypropylene oxide
polymer used in this synthesis contained a primary amine group and a methyl
group as the terminal groups. The mixture was heated .and maintained at 180

degrees C, while under flowing nitrogen gas stream for a total of two hours. The
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pol ypr opyl ene oxi de pol yner (nol ecul ar wei ght 2000) (avail abl e from Hunt sman
30 under the tradenane Jeffam ne M 2070). The pol yet hyl ene- pol ypropyl ene
oxi de oYRER’ used in this synthesis contained a pri mepgrRRHsdess OUp- -
and a rretWyI group as the term nal. groups. .The m xture was heated and
mai nt ai ned at 180 degrees C, while under flow ng nitrogen gas stream
for a total of two hours. The _ WO 98/ 31643

PCT/ US98/ QP88 of solutidhladid ﬂate%qbﬁhéa&s@myc-p%&ﬁctfwé&%ﬁea. NYpbh Cdbhg T ©
removed. Upon cool i ng to [err]50[err] °C; the reaction produtt was

neut r al i zad =&0? I, hesdantiontprodyciewas neattalized swith 4@% {wtg vit) dguenijsNa©H1t o
30%to 40%wth ngﬁ& zed wa The resul ting product was_an anber

vi scous | jagG fpta adj gfr%'cﬁ%%’sﬁq"étWéﬁbsdﬁionﬁﬁds“@(S% pahe, resulting

t ' 1 Tri-n-butyl ph hate, in th t
of - 50 basdToUSt ¥ dh amber bl Miia. 01 - B DU PROSR I Bt o The sl ut on,
whi ch hakep,, Th | t,ant | Ut i, | qudy. , Thi [
i o Shak e T, Lo o b A
demnst I algagilias CTASABLA! pHOERMBE h e Auht bf 5%bHsul diPihehRiHYahe

floating to the top of the solution. The polyner provided a clear |ayer
bel ow. polymer, was mixed into the solution, which waEshakémr ZThe resultant solution

bhosphat e Wit LBy pdRREPLItOn VRS SRredma GtifoRtdoRec R glas dibpnand
Exanple 1, n t | ry e Lgh bfs 1. £
bl ades. T 6 BAGE dEREbi et Dl sepataibl Maubld of el s byty]

phosphat e plassphathfioating by the srpdefithiedodutidmu Tha ol penedr $06visledud cleas layfer
the conb polyner. However, the resultant solutions again showed phase

separ ati orP8iP%hi n one week. 20 _ Exanpl e
3 _ (Conpar ative Test 3)

Enul sification of a surfactant wth (Bxamplei2f oaning agent, prior to

addi tion of the conmb pol yner,, di d nat Fendar a stabl e enul sion. An
enul si on was nade usi ng sor (SPAN 80), an esterified

wbi ght “of tho. CORBUSBIEPAE! 0 Bens the o Aiptip) Phosphatg RBY SENLPORIIORMa 56 of
cort by g e B e Bl S offentd o, RS Riton HE
_ blender with emulsifier blades. Thus, 5% by weight (based on polymer) of the tri-
n-butyl phosphate was mechanically blended into about 30% and 40% solutions of
the comb polymer. However, the resultant solutions again showed phase

. separation within one week.

20 Example 3
{Comparative Test 3)

Emulsification of a surfactant with the antifoaming agent, prior to addition
of the comb polymer, did not render a stable emulsion. An emulsion was made
using sorbitan monooleate (SPAN' 80), an esterified fatty acid ester of sorbitan, in

25 an amount of about 1% based on the weight of the comb polymer, with tri-n-butyl
phosphate, added at 5% of the weight of the comb pblymer, mixed into water.
However, when the comb polymer wés introduced into this previously made
emulsion, the emulsion did not remain stable and phase separation was observed

within one week.
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enul sion, the ermulsion did not remain stable and phase separation was
observed W thin one week. WD 98/ 31643

PCT/ US98/ 00893 Simlarly, when the conb polyner and tributyl
phosphat e W@@a8B164% nade in Exanple 1, were emul sified t FSSHH¥R0P§PBst
and then the sorbitan nonool eate was subsequent |y added, phase
separati on was observed w thin one week. '
Exanple 4 5 Ermul si ons cont ai_ni ng 30% and 40% sol utions of the conb
pol ymer s pr Sizailadly axhem the eombpolymge aad kidatylphosphate ush ap mpade in

i - buty PR Retvers sUARE oBReEE Bl aRH, sh, the 3ot Bk 2*85 Tl s

The emul si ghabseqaeRtlpaddadephd: seBardﬁ_Bﬂ whé pbsgved svidlgftoreovyeter ant i f oam
agent and surfactant toget si mul t aneously in one step. Upon

enul-si fication, these solutions becangxgﬁgfgg but renained stable over
si x nonths of storage at terrperatures 15[err]F. No phase

[ nstabiLity was shaEioS ontaining 30% and K &b oPAESETY BORRR! one of

the emul'si on admxture produce ove ncrete

rmr tar testprepired aBehBR 1Tdvéﬁeenaaepéaemﬂsﬁa ¥&bitahafbAdoledtecaddedsdt
sanple (control) conprised a solution contalnlng only the conb pol yner

(0. n%O% Is/ si% lﬂaﬁ@zclsrpm:thfpcr»rsngm@|o£z-the[1 eomb pohaner and nm-b%b'éyhosz)hate@dﬁsduaéed a
The ool %8@@*&%@#9@9?&%‘53@% TR s B BB W e 1

Exanpl e 1 aBQvsif e\é@ﬁm 2| fttifdahd dretittabil sw@faa’funt&sgéme} ne M 2005 20
def oaner avail abl e from Hu n). The third sanple (conb pol yne

tri-butwl sunultptnm{;sﬁgairepmastﬂps Mpcacemnisxﬁieajm tlaesersohmlﬁdzee:;mmgﬂad

enmul si on as descrj

sanmpl es wertdt éﬁwgﬁﬁdﬁtﬁﬁs oY eﬁ?’%t’f}gghtﬁéég‘?@ﬁf at Eﬂﬂaeramsm%ft%elﬁlﬁe&f’avi ng

.a water/ce e iRt wl dga sand/cenent wei ght ratio of 3. Sanple 25
1 was adde t % l% xt S?&;’s%? 0.10% s/ s (based on wei ght of the cement);

added a abgﬁf " 18 S dfecihuBitin 8¢ HRE G PEREAT AR SR 101
vere then rExxesblbdrabave, m1cr6b<5httr6€e bt tat Qéslté’we?élﬁeﬁfbﬁﬂe@.nq‘hﬁéélsﬁrﬂplléﬁl or to

neasurenents of slu a air content taken at 9, 18, 30, 45 and 60
m nut esist h@ye@ftestgdngﬂgﬁpsmma(m@d) cemprised a solution contalmng only the

comb polymer (0.10% s/s). The second sample, for comparative purposes,

comprised a comb polymer having a defoamer that was coupled by an ion pairing
to the polymer (essentially a comb polymer similar to the‘one described in
. Example 1 above which was formulated using 3% by weight Jeffamine M-2005
20 defoamer available from Huntsman). The third sample (comb polymer, tri-butyl
phosphate, and surfactant (sorbitan monooleate) was an emulsion as described in

Example 4 above.

The three samples were admixed into a mixture of cement, sand, and water
having a water/cement ratio of 0.42 and a sand/cement weight ratio of 3. Sample
25 1wasadded into the mixture at 0.10% s/s (based on weight of the cement); while
each of samples 2 and 3 (each having additional defoamer) were added at about
0.11% s/s (based on the weight of cement). The samplés were then mixed for 5
minutes initially, and then one minute prior to measurements of slump and air

content taken at 9, 18, 30, 45, and 60 minutes thereafter. Slump was measured in
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WO 98/ 31643 -
PCT/ US98/ 00893 accordance with Japanese Standard JIS A-1173, and air
content WagoWAgesed i n accordance with ASTM C 185 (1995). F?éﬂbkﬁ;;&&&

provi ded in the Table 1 bel ow. WO 98/ 31643

PCT/ US98/ 00893 Table 1 Adm xture Slunmp (cm

Alr Cup (% Ti me set m nut es: 9 18 30
45 60 Secordihce with se Sndafdl IS A-1 w 6.5
20 a3 qegorddice withjaghhese Sindafl NS A-1173, and @ Poflint was méigired it (%

4.8 3.8 Hacgordan@e viithl ASTM C TB5(1995)5 Results are providéd iRthelTabled befoW. 5.8
4.8 4.1 4.8 4.4 4.8 4.2 43 227 SPAN The results
denonstrated that sanple 3, the emul sion adm xture of the invention,
elimnated a significant anmount of air when conpared to the control sanple

1, and was as effective as sanple 2 which was fornulated with a

def oamer (Jeffamne M 5 2005 which is rich in PO groups). The
f oregoi ng exanples are provided for illustration only and are not

intended to limt the scope of the invention, as clained.

Exanpl e 5 An enul sion as described in Exanple 4 is prepared
except that in addition 10 to the conb polyner, sorbitan nonool eate and
tri-n-butyl phosphate ingredients, 1% (based -upon the wei ght of the
conb polymer) of a (Jerr]-Clerr] et hoxyl at ed/ propyl at ed al cohol havi ng

an EQPOratio of less than 1 (e.g., such as
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avai |l abl e under the tradenane Surfonic LF27) is included in the

si nul t aneous emul sification step. The enmulsion will exhibit stabili ty
simlar to that of the 15 enulsion of Exanple 4, and further hydrated
cenent conW&¥F6#s cont ai ni ng such will exhibit desirBOT/Bshaieosesd air™
voi d systens rendering themresistant to freeze-thaw damage.

- 20- WD 98/ 31643 .

PCT/ US98/ 00893 W claim 1. An emul sion adm xture
conposi ti onraBlert hydraulic cenent conpositions, conpri si ng:

(a) a co pal yoer having a carbon-containi ng backbone to which are 5
attached cerrenx\dna,mmorlsnglp(m;mers and oxyal k,yﬂ@,pg‘)groups . Timeset | (D)
an anti f ogrng—egent—grt-s-ef—wri—sa-a—eprb—pol Slich
ant i f oam ng apwinttesconyrd si g a| onpdsi tlieon heaw ugztreofo 43Ul 360 | min ]
PO (O R)[|err wWnar er n $ a QLerty - eT at ooy ptrosphat e
fastZag; a%[aﬂ_k,yff"m% er: %8 pbtat aa%st%f" el - Y #"torglderﬁ“vm Vel 28r &

pol yoxyal ki eng,m{;yagg,gg odef pam nheo priQperiftdgest ssanfls; 14 5 ss (¢}sal,J.eapt one
sur f act ant -eppratve—Ho—stabi-ze—gai-d-lerH-s4 m=Velaall vfur 2.
-The conposjiX i prrmbE et Jidh 1f dhel 84 n [sai A Qur feict amt dJaaprjses|gd) |am
esterified fa [ $PaNaci d lestefy of |a car bohydra e s¢l ectled from {he gproup

consi stin a
The results demonstrated that sample 3, the emulsion admixture of the invention,

eliminated a significant amount of air when compared to the control sample 1, and
was as effective as sample 2 which was formulated with a defoamer (Jeffamine M-

5 2005 which is rich in PO groups).

The foregoing examples are provided for illustration only and are not

intended to limit the scope of the invention, as claimed.

Example 5

An emulsion as described in Example 4 is prepared except thét in addition
10 to the comb polymer, sorbitan monooleate and tri-n-butyl phosphate ingredients,
1% (based upon the weight of the comb polymer) of a C16-Cis
ethoxylated/ propylated alcohol having an EO/PO ratio of less than 1 (e.g,, such as
- available under the tradename Surfonic LF27) is included in the simultaneous
emulsification step. The emulsion will exhibit stability similar to that of the
15 emulsion of Example 4, and further hydrated cement compositions containing
such will exhibit desired enhanced air void systems rendering them resistant to

freeze-thaw damage.
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sugar, sorbitan, a nonosaccharide, a disaccharide, and a pol ysaccharide; or
(2) a Cerr] - quO’PO groups or (3) mxtures of
(1) and (v 9s/31643 ﬂ"lmm ion of claim1l whepgirpishdlfogdsount. -
of antifoam ng agent %J’i’e amount of surfactant 1s

0. 05-10. 0% bot h based upoh the tweing t he conb pol yner. : :

4. The conposition of claim1l wherein said conb polyner is forned by

reacting 4% aigiml i ¢ polymer with ammonia or an al koxyl ated ami ne
represented by 20 the formla:

H N - (BO
(E)(ra;!arablg a) etrai]rf“R anelsx oxyabﬁnfene (?u%s\%%' ((::%l?’dﬂuh Crtgélre%a‘sents

an oxygencmmmd\s&dmpﬁmgms a Jerr] - C[err] (preferably a C2 - C4)
~al kyl ene group or m xture; and R' represents a Cerr] - Clerr] (preferably
Qerr] - derrld) & Bint?polyhaRaiity B dafb@lcbiabing BRIBBEo L] oke 200
and preferably from1l to 7 onposition of claim1
wher ei 8 s attdcheshtementyarshotimgpmesdersand oxyalkyleme groupsi ni ng backbone to
which is attached groups shown by the follow ng - structures (1) and
(11) and opti oy | yars tantifdarnirfy (dgeht endlsified : with said comid Bile@4 Baid
PCT/ US98/ 00893|0?)|err] Be Bty

antifoaming agent comprising a composmon having the formula (PO)(O-R):

wherein R is a C; - C alkyl group; a phosphate ester; an alkyl ester; a borate ester;
a silicone derivative, or a polyoxyalkylene having defoaming properties; and

10 (c) atleast one surfactant operative to stabilize said emulsion admixture.

2. .The composition of claim 1 wherein said surfactant comprises (1) an
esterified fatty acid ester of a carbohydrate selected from the group consisting of a
sugar, sorbitan, a monosaccharide, a disacéharide, and a polysaccharide; or (2) a

Cz2 - Cy alcohol having EO/PO groups or (3) mixtures of (1) and (2).
15 3. The composition of claim 1 wherein the amount of antifoaming agent
is 1-15% and the amount of surfactant is 0.05-10.0% both based upon the weight of

the comb polymer.

4, The composition of claim 1 wherein said comb polymer is formed by
* reacting an acrylic polymer with ammonia or an alkoxylated amine represented by

20 the formula:
HoN - (BO)a -R”

in which BO represents a C; - C1o (preferably a Cz - C4) oxyalkylene group in which

O represents an oxygen atom and B represents a Cz - Cyo (preferably a Cz - Cy)

alkylene group or mixture; and R” represents a Ci1 - Cio (preferably C; - Cy) alkyl
25  group and n is an integer selected from 1 to 200 and preferably from 1 to 70.

5. The composition of claim 1 wherein said comb polymer comprises a
carbon containing backbone to which is attached groups shown by the following

structures (I) and (I) and optionally structures (IIT) and (IV):
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wherein each R i ndependen sents a hydrogen atomor a methyl group
(- 30 CH[err]) group; A}M”z@ﬂm, WUWen atom a (Cerr] - (err] alkyl
group, @é% kall or th metal cation, an al kanol am ne,
or a mxtu 1 represents a° * hydrogen atom or FCEE§98/00893 .
C[err] .oxyal kyl en_e group represented by (BOJ[err]R" in which O
represents an oxygen atom B represents a Cerr] - (err] alkylene group,
R' represents ra (erriy- Jey] alkyl ?ﬁq n represents an integer of
from1l - 200, or ym xtures thereofi; and 35 "a, b, ¢, and d are nuneri cal

val ues represebticrgcH®l Ar per centagmefl,t he pol yner's structure such
that a js a valud of about 50 - 70; the sumof c plus d is at least 2 to a
val ue (100-a) BRY is preferabFP# om 3 to 10; and b is not nore than

[100-(a + c + d]. 6. The conposition of claim 5
wherein said copolyner further 40 cor(pﬁ-,ses at | east one group fromthe
structures (I11) and (1V)R R The conposition of claim®6
wher ei B sai d conb polynerlis forlmed by reacting an acrylic polyner wth
ammoni a, an al koxyl at ed™ B2 oS CHrpH yoxyal kyl ene al cohol to provide a
functional side chain r esent %goby t he ~ formul a WO 98/ 31643
PCT/ US98/ 00893 \ / Ra-(OAlerr])[err]-Q
whereims Q = O or NH N Alerr] = (err] -
Clerr] alkylene; "5 I : X =1 to 200; and
Rlerr] = (err] - (err] al k#l. 8. The conposition of claim?7
wherein said conb pol ynmer conprises a(m car bon- cont ai ni ng backbone havi ng

cenent @t t achi ng groups agd oxyal kyl eme groups attached to the backbone
by a |inkage selected fromamgde and imde, said |0 groups having the
structures (1) and I ¥~ and opticagaliby structures (I11) and (1V):

I

25 : N/

wherein each R independently represents a hydrogen atom or a methyl' group (-

30 CHs) group; A represents hydrogen atom, a C; - Cyo alkyl gi'oup, R’ or an alkali or

alkaline earth metal cation, an alkanolamine, or a mixture thereof; R’ represents a

hydrogen atom or a Cz - Cio oxyalkylene group represented by (BO).R” in which

O represents an oxygen atom, B represents a Cz - Cyo alkylene group, R” represents

. aC1 - Cpo alkyl and n represents an integer of from 1 - 200, or mixtures thereof; and

35 a, b, ¢, and d are numerical values representing molar percentage of the polymer’s

structure such that a is a value of about 50 - 70; the sum of ¢ plus d is at least 2 to a

value of (100-a) and is preferably from 3 to 10;-and b is not more than [100-(a + ¢ +
d)]. '

6. The composition of claim 5 wherein said copolymer further

40 comprises at least one group from the structures (III) and (IV). '
7. The composition of claim 6 wherein said comb polymer is formed by
reacting an acrylic polymer with ammonia, an alkoxylated amine or

polyoxyalkylene alcohol to provide a functional side chain represented by the

formula
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[err] 30  wherein-each Rerr] independently
represents a hydrogen atomor a (err err] alkyl 40 (preferably nethyl
(CH err]) waesmigss A represﬁmnumuu il Cﬁ Z and Rlerr]; Zpoamssseesys -
hydrogen atom nonoval ent cation, anmmoni um group or
organit am ne group;, R2 repl’esents an alr detra| ni ng pol yoxyal kyl ene group
represented by (BOn R err] in which Orepresents an oxygen atom B
represents a (Cerr] Clerr] al kylene group, Rlerr] represents a

Cerr]-Cerr] alkyl group and n req{ﬁ_?égﬁ;@ an integer 45 of from 1-200,
X

or mxtures thereof; R6 represents yal kyl ene group WO
98/ 31643 " wherein OorN PCT/ US98/ 00893
represented by (BOnNnRerr]; and a, %,H I-fiklare nunerical val ues
representing nol ar percent age of tHe af ifer' s structure such that ais
a val u€ of about 1 fo 99; the Suht B9R0%and g js a value of 0 to the
nunerical value of (100 - a); and RteCiaCoelgl nder value of [100 - (a +
c +d)].

8. The composition of claim 7 wherein said comb polymer comprises a

carbon-containing backbone having cement attaching groups and oxyalkylene
groups attached fo the backbone by a linkage selected from amide and imide, said
10  groups having the structures (I) and (IT), and optionally structures (III) and (IV):

(1) : (11)
R? R
| ]
{~ C CH~ ]. [-C-CH 1p
15 . J
COOA CONHR®
(II1)
R R!
20 o !
[- C—~ CHy~ C— CHy~ ].
1 [
o=C c=0
. \ /
25 N -
26
(V)
30 R R
. I |
[FCH~C — C-CHr la
| 1
o=C c=0
35 \ /
N
|
RG
wherein each R! independently represents a hydrogen atom or a Ci-Cs alkyl
40  (preferably methyl (CHs-)) group; A represents a mixture of Z and R% Z represents

hydrogen atom, monovalent or divalent metal cation, ammonium group or
organic amine group; R? represents an air detraining polyoxyalkylene group
represented by (BO)n R3 in which O represents an oxygen atom, B represents a Ci-
Cio alkylene group, R® represents a Ci-Cio alkyl group and n represents an integer

45 of from 1-200, or mixtures thereof, RS represents a polyoxyalkylene group
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5. 9. The admi thﬂ’gwﬁi n said copol yner conprises an’
i mdized acrylic polyner an urther conprises at |east one of the .
structur and (| The conposit of claiml
wher ei n sg'(#s(:é}“ 3conb “pol yrrﬁ"‘m)m‘l I““a“l‘lmma copol yner of g&i‘ /US98/00893

pol yoxyal kyl ene derivative and & nwml €ic®an ydrlde 10 11. The
conmposi tion of claim1 wherein said conb polyner conpri ses | i near

I f NV h ,addi t duct |l ected f th
ar oup” conteertnie By Alhe B aiid 1,47 Sl anf pichesieaL PEE FeteRr e ToMAR | o
sul fonic Eﬁidéﬁta MheSDAFRRES éli-u&&l—éb&d?&{b)tch’ is98 vaRIof BHGUICT £5 99! fhedf
pol yoxyal kyl enedgl ycol s ‘or “t hei r nonoet hers. WO 98/ 31643

PCT/ US98/ 6G80 ¢ + d is a value of 0 td the nuniErizatvaipesif (101 a)f and &i imalrentaindem
sai d conbvgﬁlleyoﬁimf?&pl Icie&].[ err] - and, optionally,

5 9. The admixture of claim 8 wherein said copolymer comprises an

imidized acrylic polymer and further comprises at least one of the structures (III)
and (IV).
10.  The composition of claim 1 wherein said (a) comb polymer comprises

a copolymer of a polyoxyalkylene derivative and a maleic anhydride.

10 11.  The composition of claim 1 wherein said comb polymer comprises
linear copolymers of N-vinylamides with addition products selected from the
group consfsting of amines, amino acids, amino groups containing aromatic
sulfonic acids, amino alcohols of maleic anhydride, and maleic esters of

polyoxyalkyleneglycols or their monoethers. .
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[err] 30 whereby Mr ts Hor a cation such as al kaline or

al kal i ne-earth netal, anlgﬂmaﬁ umiuﬂ"or t he resi due of an organic
am no gr owp;9sBiesr] repr Tt S0 Wh@NC err] alkyl, Cerp¢r/sosijossy] --
cycl oal kyl or aryl group residue; Rlerr] represents H (err] to
Cerr] alkyl or hydroxyal kyl, Clerr] to (Jerr] cycloal kyl or aryl group
residue in which 1 or nore H atons can be substituted by the
structural el egentsqyg - ergs kLM and/,or P ekr err as_well as 35
structural unit% of%%ﬁ@%?—%&m W@Eﬂ%&%—%@?‘&ﬂ?ﬁﬁ&?‘ﬁ%mmh
optionally can be repeated; Rlerr] represents H, a met hyl or nethyl ene
group which can be substituted if necessary and which fornms a 5 to 8-nenber
ring or an — iamdener+i ng which includes Rerr]; R erqd)represents H a
met hyl or ethyl droup} Rlerr] represents H (err]-Clerr] alkyl, Cerr]-

d err]scycl oal kylcooM eeglC.HsOuRYr esi due, an al koxy carbonyl group, an

al koxy group, an al kyl or aryl carboxylate group, a carboxylate group,

a hydroxyal kaky <% bof§t+ group; miPkpr&¥ert SHa whol e nuk®er from2 to 4;
and 40 n repredentsla wadogunber frlom 04100, preferably from 1-20.

13. The conposi®iof®of claim 1 wherSOOM SEN &Rt i f oani ng agent has the
forrrullﬁ(PO)(OR)[\er/] wherein R= Cerr]- (err].
- 25- - WO 38/ 31643
PCT/ US98/ 00893 A 14. The conposition of claim 13 wherein said
anti f oam ng agent R conprises tri -butylrcﬁghosphate. 15. The
conposition of claim14 °F sdfl st ctant conpri ses sorbitan
monool'date. 5 16. The conpositi Wcé i 14 wherein said
surfactant conprises an al cohol havi a n chai(g) | ength of Cerr]
- (Jerr] and pol yoxyal kyl ene groups. RS :
: _ i
20 ' ~CH-—C -~
;3 R|5
and, optionally,
25 (a) - CH~—CH-— and/or (b) — CH — CH - (D)
| ] | |
co co COOM COOM
\ /
o

30
whereby M represents H or a cation such as alkaline or alkaline-earth metal, an ammonium group, or the
+ residue of an organic amino group; R' represents C; to Czo alkyl, Cs to Cg cycloalkyl or aryl group residue;
R? represents H, C, to Cpq alkyl or hydroxyalkyl, Cs to Cg cycloalkyl or ary! group residue in which 1 or
more H atoms can be substituted by the structural elements -COOM, -SO,M and/or POsM,, as well as
35  structural units of the General Formula (CpH2,0)nR', which. optionally can be repeated; R® represents H, a
methy! or methylene group which can be substituted if necessary and which forms a 5 to 8-member ring or an
indene ring which includes R®; R* represents H, a methyl or ethyl group; R® represents H, C;-Cp alkyl, Cs-
Cy cycloalky! or aryl group residue, an alkoxy carbonyl group, an alkoxy group, an alkyl or aryl carboxylate
group, a carboxylate group, a hydroxyalkoxy carbonyl group; m represents a whole number from 2 to 4; and
40  nrepresents a whole number from 0-100, preferably from 1-20.

13.  The composition of claim 1 wherein said antifoaming agent has the
formula (PO)(O-R)s wherein R = C; - Ca.

25
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17. A method of maki ng rruI stf+ed_conposi tion for hydraulic cement -
Corrp03|t|ons conpri si ngmm %@her a conb pol yner havi ng a carbon-

gont ai ni kRone to cement - anchor i ngp, d 10,
oxyalkylene groups an antifoah ng and a surfactant ggerg¥§§§pto
stabilize said enul sified conmb pol ymer and said anti foam ng agent

18. The nethod of claim 17 wherein conb pol yner corrprl ses a carbon

Coretured CrPEC o Alpghck, B PRURCIS! SRRl Bl a&"é%"@%' S

20 comprises tri-butyl phosphate.

15. The composition of claim 14 wherein said surfactant comprises

sorbitan monooleate.

5 16. The composition of claim 14 wherein said surfactant comprises an

alcohol having a carbon chain length of Cz - Coo and polyoxyalkylene groups.
17. A method of making an emulsified composition for hydraulic cement

compositions comprising: mixing together a comb polymer having a carbon-
containing backbone to which are attached cement-anchoring members and
10 oxyalkylene groups; an antifoaming agent; and a surfactant operative to stabilize

said emulsified comb polymer and said antifoaming agent.

18.  The method of claim 17 wherein comb polymer comprises a carbon
containing backbone to which is attached groups shown by the following
structures (I) and (II) and optionally structures (III) and (IV):

15 ' R (1) R (II)
| {
[- C~ CHy~ ]. [-C-CH~ Ip
| {
cooAa CONHR'’
20
. {(ITI)
- R "R
| ( :
25 {—~ C- CH, — C~ CHx~ ],
l l
o=C c=0
\ /
N
30 |
R'
(IV)
R R
35 | |
[-CH~-C — C— CHyr la
| l
0=C c=0
N/
40 N
|
Rl
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wher ei i each R independently represents a hydrogen atomor a methyl group
(= CHerr]) grou')ﬂ"mmﬂﬂn& ydrogen atom a Cerr] - (err] alkyl
group, R wis ogisiedd ka mll e earth metal cation, CTAbdo8/k0dean ne -

or am'xturethereof;*R'cre‘pré‘seﬁts*a - fry g or a (err] -

C err] -oxyal kyl ene group represented JN%C@;‘E‘?)@%' [ I ch O
represents an oxygen atom B representls a LAVED ] al kyl ene group,
R' represents a Cerr] - derr] al

and n represents an integer of
from1l - 200, or mixtures thereof: and a, b, ¢, and d are nuneri cal

val ues r epvieaein éath Rihdepareladlyt sepresdnts chyrdrogenratom or ashettod Lgreugt(ch

Tepr
that a is al ue of. about -, 70: the sum, of ~C s d is at | ea to a
Vo of - Gy Bt 2BNsenRidRgen Al 4% 250 Ak o’ Ko pr abiaikati
[100- (a @lkaline eatt}l metal cation, an alidholamine; erentriixture thereof;®'i depoesents a

conprisin hydr at abl e cenmeptiti i nder. Y avi .

car bongco y?lrﬂg%bg‘é)g’g l?go @2 t g‘\’/\/ﬁfgﬁig}%‘e £ 3§h{§g r&%@%ﬁ%‘é r‘?b;l?}ghg} %&
menber s ar@represdrity Anoxygen apsnaB representsy Ci rKmpdkylene growp, R” regnesents he
group consjsti ' WA " Px?l;’ftttﬁ’ . .

anti f oam ?\dgéhggﬁtaiﬂ&}él?\%cgﬂg T g%{&gﬁnﬂ?ege?%f%hﬁ ggb’do e c%grr%lom ff a(:I)Irlldof
claim 1 whbreiandsdiage oupwricabyalyes kepresenting munlpr persentagenfbg polymer’s d,
an acryl | GrAfhite SHRRAAL I Va8 D bonSUBYB, thedtid] of 8 plus dfidlhiRab2 8Fhd. 2
citraconi c acl an itaconic acid, a Fmath al lyl'sul fonic acid, a viny

sul foni0c alee ob(10fa) aplds preferally from 3 to 10; and b is nottrere-thasdd @@ ot
claim1l ein said components (a), (b), and (c) are formed into an
enmul sion by ermul sifying all three of said conponents together W th

di lution water 190 acdliRuerfiidusi édrfiffosition @InMpHsitRos t8aRIatablél iceidenbitiond
t hroughout the water phase. ) The conposition of claim
1 wher ei n binder; sonibypolymmen kavipg laaqarb@l-contahyagcharkbommtmwgwme attached
conposi ti on _whereby f.ine ait bubbles e, entrai ned . 23.

The" conposFRIA AgEherng menbsRA ARxskileRe eouPs ctasadby Irkagpeidered 1o
prevents t e gintHe g%ogar&e@ishagsaf AnCEABAS, £0TRAGS! bR eddrOMrld 487 BrHelA%n
cycling. 4, The conposition of claim23 wherein said

sur f act antantifopmingagentf and § sacfadtasdt er .
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20. The composition of claim 1 wherein said copolymer backbone
comprises a carboxylic acid, an acrylic acid, a methacryiic acid , a maleic acid, a
fumaric acid, a citraconic acid, an itaconic acid, a (meth)allylsulfonic acid, a vinyl

20  sulfonic acid, or mixture thereof. |
21. The compositioh of claim 1 wherein said components (a), (b), and (c)
are formed into an emulsi_on- by emulsifying all three of said components together

with dilution water to achieve emulsified dioplets homogeneously distributed

throughout the water phase.
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