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present invention is directed to a superplasticizer adm xture for hydraulic
cenment conpositions and to the resultant inproved hydraulic cenent
conposition. Spewo¥imssdsl y, the present invention relates to hyeowusssaisos
cenent conpositions having certain 10 derivatives of polyacrylic
acid polymers, as fully described herei nbel ow, which are capabl e of

i mparting the conbined properties of high flowability to the treated
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conpletion of the str a&
sus 1ne period of time without imparting a significant

15 delay in the initial set time and controlling air voids
in the set composition in amounts and of the nature to
impart strength and/or durability to the resultant

formation.
Hydraulic cements, such as Portland cement, are
20 useful in forming structural formations, such as building

members, precast members and the like. These hydraulic
cements are mixed with aggregate to form mortars (cement,
small aggregate, such as sand, and water) or concrete
(cement, small aggregate, large aggregate, such as stone,.
25 and water) formations. It is highly desired to increase
the flow (slump) properties of the initially formed
hydraulic cement composition to aid in placement of the
compogition and to extend the period of high flowability
in order to provide working time to finish the placement
30 of the structure. While extending the period of time
that high slump is imparted to a cement composition, it
is not desired to have the initial set time significantly
" delayed as such delay would disrupt the desired work
schedule and delay completion of the structural
. 35 formation.



35 ° formation. WO 97/ 03929

PCT/ US96/ 11505 -2- Increased flowability can be attained by using | arge
dosédges of water in the hydrating cenent conposition. However, it is well
known that the resultant cenent based structure will have poor conpressive

strength and r el 9fo3nze properties which will make it upemobshhsosas
a structural formation. Various additives have been proposed to increase
the flowability to hydraulic cenent conpositions w thout increasing the

wat er content of the initially formed conposition. Such additives have been
classified 10 as "cenment superplasticigzers" and include, for
exanpl e, conpounds such as napht hal ene sul f onat e-f or mal dehyde condensat es,
lignin sulfonates and the like. In certain instances, the superplasticizers
have been used as a neans of reducing the water to cenent ratio in the 15
conposi tion (to enhance the strength of the resultant structure) w thout
detracting fromthe convinnesssr Flovabibier tqass ber astained by uFingeddenng

the water to cenmentdésddes (o wakeESEeh dﬁarmml ng Skinkht eidhBEitd cnhe flow

properties. 20 e r rs_of.al ken et hers and
acrylic acid or malBPEESHydE 48, Wﬁﬁ@%@%ﬂaﬁc}%‘eﬁ h&PEBIta l?l}a\f\ée based
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anhydri de or he al FYRRASRnqvArLaRe. a8 Elves TaveabbaR PORTIRA 66 mal ei o
anhydri de such as diumt&nnajﬁhe flOWabllltY to hydraulic cement compositions
' without increasing the water content of the initially
formed composition. Such additives have been clasesified

10 as "cement superplasticizers" and include, for example,
éompounds such as naphthalene sulfonate-formaldehyde
condensates, lignin sulfonates and the like. In certain
instances, the superplasticizers have been used as a
means of reducing the water to cement ratio in the

i5 composition (to enhance the strength of the resultant
structure) without detracting from the conventional fiow
properties or as a means of reducing the water to cement
ratio to a lesser degree while still enhancing the flow
properties.

20 ) More recently, copolymers of alkenyl ethers and
acrylic acid or maleic anhydride, and derivatives
thereof, have been proposed as agents suitable to enhance
slump [Japanese Patent Publication (Kokai) Nos. 285140/88
and 163108/90]. Further, copolymers formed from the

25 copolymerization of hydroxy-terminated allyether and
maleic anhydride or the allyether and a salt, ester or
amide derivative of maleic anhydride such as disclosed in
U.S. 4,471,100 have been proposed as cement admixtures
capable of enhan01ng slump. Still further, U.S. Patent

30 5,369,198 teaches the use of maleic acid derivatized
polymers as a suitable superplasticizer.



U.S. 4,471,100 have been proposed as cenment adnmi xtures capabl e of enhancing

slunmp. Still further, U S Patent 30 5, 369, 198 teaches the use of
mal ei ¢ acid derivatized polyners as a suitable superplasticizer. WO
97/ 03929 PCT/ US96/ 11505 -3- In each

of the above | nwowmmse t he proposed cenent adm xture agents wanmosssedes n a
cenent conposition do not provide the desired conbinati on of properties or
only provide themin | ow degrees. For exanple, esterified 5

acryl ate copol ynmers, while providing good slunp enhancenent, al so causes
the treated cenment conposition to exhibit excessive set retardation. In
addition, it has been observed that pol ycarboxyl ates, such as described in
U S. 5,369, 198, provide good slunp but may 10 i ntroduce excessive
amounts of air to the resultant structural formation. Al though a certain
degree of air in the formof mcrobubbles is desired to enhance freeze-
thaw characteristics of Thearbsaftthe ahoveinstaneqsesthe Praposef: rFaranent

i s not Ses} red gs | ddntiattane 2a§ent:?1 wher?3 RAEEC 0B E8méke cﬁixzrp@éaﬁ;hﬁﬁf abhfot
ontrainers) or - reddio it HETRENAKE R REIBECRE ntorinelln B2 BRE 1o he
effects other addi tRXAsidearaennin Jow tdeaness .ccFent exampicssi ©sserifdedver .
it has begn 20 acryla@éndobbimé e, RUMGADROYILSLE Fobe dlhultpl i Ci zers are
not readily m xed wi th c%degtlo al air detrai ning_agents to rOV|dg.a
stabl e adm xture conBBEISTSH! 'A??%?rp‘f% %5 ft&FmtﬁegF% I‘ée“ﬁﬂpé‘%f“?%ﬁ H3R | ed
to the proposal to th ssdiibdtcexcessivefaatninegardenisni n In mdddithba, potyner
or to has been observed that polycarboxylates, such as
described in U.S. 5,369,198, provide good slump but may
10 introduce excessive amounts of air to the resultant
structural formation. Although a certain degree of air
in the form of microbubbles is desired to enhance freeze-
thaw characteristics of the resultant structure,
excessive air entrainment is not desired as it causes
15 reduction in the strength of the structure formed.
Various agents have been proposed to either enhance (air
entrainers) or reduce (air detrainers) the air content by
counteracting the effects other additives have on a
particular cement composition. However, it has been
20 found that the polycarboxylate superplasticizers are not -
readily mixed with conventional air detraining agents to
provide a stable admixture composition. Attempts to form
a stable composition has led to the proposal to dissolve
certain defoaming agents in a miscible polymer or to
25 disperse microparticles of the agents in the polymer'to
provide a single composition having the ability to
enhance flowability without excessive air entrainment.
However, these ptoposed compositions do not exhibit
v stability for extended periods. In commercial
30 applications, they would not be stable during extended
. storage either by the producer and/or at the job site.



25 di sperse mcroparticles of the agents in the polyner to provide
a single conposition having the ability to enhance flowability w thout
excéssive air entrainnment. However, these proposed conpositions do not
exhibit stability for extended periods. In comrercial 30

applications, twesnaedd not be stable durin st or agP@IISEG115DS/
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dosage probl enms and not achi eve the q@&gl is highly desired to
have a single, storage stable cenent LH-—E ' en admnistered to a
5 structural hydraulic cenent conposition |ﬁparps a high degree of slunp,
causi ng high slunp over an extended period of tinme, not causing excessive
set retardation and providing suitable air entrainment properties to the
resultant hydraulic cenment structure. It is desired to 10 have a cenent
adm xture capabl e Qf providi t he sl nd air__entrai nnent_.
properties which | &7 SEPETBLEI HPUNA SHRERTECRPERAOT REROIERET S8 Mot
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present invention is rected tO dn I nprov C cenent ad xture and
to cement conposit SEAPLEr FERERF (aARLRtHTE) MEAER waen admipistere aEﬂ1§ture i s
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be represented by t enera
peri d of time, not causing excessive set retardation and

providing suitable air entrainment properties to the
resultant hydraulic cement structure. It is desired to

10 have a cement admixture capable of providing the slump,
set and air entrainment properties which is stable over
an extended period from manufacture, storage shipping and
job site storage without having the problems of
dissociation, separation and the like.

15
SUMMARY OF JTHE INVENTION
The present invention is directed to an improved
hydraulic cement admixture and to cement composition
formed with said admixtures, wherein the admixture is an
20 agqueous solution of an imidized acrylic polymer further
having alkoxypolyoxyalkylene ammonium carboxylate units
therein. The polymer can be represented by the general

formula
25 R R R R R R R
(-C-CH,-], (-C-CH,~]p, [-C-CH,-C-CH,-]. ([-CH,-C-C-CH,-1, [-C-CH,-1,
cooa CONHR'’ =C C=0 =C C=0 CO0s
N N HZ*
RY R’

30
wherein each R independently represents hydrogen atom or
a methyl (CH,-) group; A represents hydrogen atom, a C;-C,,

This Sheet Has Been Rep

T




formul a 25 [err] 30 wherein each R independently represents hydrogen
atomor a nethyl (CHerr]-) group; A represents hydrogen atom a
Cerr]-Cerr] al kyl group, R. or an alkali or alkaline earth netal
cation or a mxture thereof; R represents a hydrogen atomor a

Cerr]-Cerr] (pwebwssy Cerr]-d group or RCpussealsesy
(1-200, preferably from1 to 70) of}| $HISASKETURA BEENhi ch is termi nated
with a (Jerr]-Cerr] alkyl group (R') or REPKAGERSs t hgreof; HZ[err] .

represents an ammoni um cati on whererHa~Z-ts—a group X err]N (BO[err]R "
such that X represents hydrogen, (BOJ[err]R I gr_m xtures thereof and R"
represents H Cerr]-Cerr] alkyl group or BNH err]; B represents a
Cerr]-Cerr] alkylene 10 (preferably CJerr]-Clerr] al kylene) group or

m xture of said groups and z is from5 to 200 (preferably 10 to 100 and
nost preferably from10 to 50); and a,- b,_c, d and_e represent nol ar

per cent ages of the BOFYhegrauRyt PucPErénsﬁHFP]tlhzﬁr #lradigevearih et@out 50

tod90 thefsumbf)f fc::&thon Ptie thiktugk tRéséoR; R0 FepdksenDs EEJI?EH gdéwe)]
and is preferably Lean re .t +c+d+
and e is 0.1 to 10. E@rre %Qacg)coﬁpg‘:? ??gﬁgéﬁ%ﬁ#e? (‘?‘t)hlg’?tﬂra[L 9?%?/6%‘%@@%% 13of
the present inventi BhuFakdtndir20unpredersihifiran Aoto Rpyokiamise gspups

sl urrpdovers a sgst ai grikcpeid mk;:ﬁf;_nhtaa Tmthfea r‘(gt.cnauungla@yo@ orE-i eant set
retardation and are unexpect pable_o rting_desired air,
PEREIBES ierto P Ao p R alily. (Rlaltel ity iion

control ling properti
| NVENTI ON The pr esewhereizef iigh a gronpe¥idedBOd R isygtokbat X represents

hydrogen, (BO)},R’" or mixtures thereof and R‘" represents
H, C,-C,, alkyl group or BNH,; B represents a C,-C,,

10 alkylene (preferably C,~-C, alkylene) group or mixture of
said groups and z is from 5 to 200 (preferably 10 to 100
and most preferably from 10 to 50); and a, b, ¢, 4 and e
represent molar percentages of the polymer’s structure
such that a plus e has a value of about 50 to 70; the sum

i5 of ¢ plus @ is at least 2 to a value of [100 - (a+e)] and
is preferably from 3 to 10; and b is not more than [100 -
(a+c+d+e)] and e is 0.1 to 10.

Cement compositions formed with the improved cement

of the present invention have been found to exhibit a

20 high degree of slump over a sustained period of time
while not having any significant set retardation and are

unexpectedly capable of imparting desired air controlling
properties. '

25 DETAILED DES PTION OF B INVEHTI N
The present invention is directed to an improved
cement admixture. The presently described improved
cement admixture product has been unexpectedly found to

* be stable over an extended period of time while being
30 capable of imparting to a cement composition, such as
' mortar or concrete, high flowability over a sustained
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cenent adm xture. The presently described i nproved cenment adm xture product
has been unexpectedly found to be stable over an extended period of tine
whi Le being 30 capable of inparting to a cenent conposition, such as
nortar or concrete, high flowability over a sustained WO 97/ 03929

PCT/ US96/ 11505 -wéeepessod of tinme without inparting a significrotusehasesi n
the initial set time of the conposition and providing desired air
entrainment to the resultant structure. Thus, the presently achi eved cenent
conpositions are 5 capable of being readily formed into a desired
shape, having substantial self-leveling propergi-es and can be worked over
an extended period from comencenent of hydration. At the sane tine, the
presently achi eved cenent conpositions do not exhibit extensive delay in
set 10 and, therefore, do not delay the tinmetable for formng the
desired structure. Finally, the present cenent ,conposjtion, can reidl

achi-eve the desi recP?}é‘@deé’foFlﬁFrwémmbllmam%ﬂﬁ heigrifiqat & éyagﬁte
air detraining agentheeiitieiallyssepeimé cofifglle catnposiviomsaml pProedding

product whi ch typi gcféét Mred BILALES réixﬁehﬁ%&"é& Bl W0 dslt!lQ:chx% ch”ent

adm xt ure product e presen I on 1S cohpose |
acrylic pol yner, 'I}hee§€F59%91%e#QRﬂeWﬁdoﬁémBPtaEOQPQﬁ%qkﬂﬂﬂ RERL ur e
with 20 s hyd!@dhl(é oEnbBing iéwdmnma:‘neanlhﬁbselmma shipany

oo Lo ishe WS e Yooy YRATED oLy HAIG CACpeen
cement, ultra hi gh worked over an extended perlod from commencement of
hydration. At the same time, the presently achieved
cement compositions do not exhibit extensive delay in set
10 and, therefore, do not delay the timetable for forming
the desired structure. Finally, the present cement
composition can readily achieve the desired degree of air
control without the need for a separate air detraining
agent either by separate application or as a mixed
15 _ product which typically separates from solution upon
standing.

The cement admixture product of the present
invention is composed of an imidized acrylic polymer;ias
fully described below, alone or as a uniform mixture with

20 hydraulic cement. The cement can be selected from any
conventional hydraulic cements such ag, for example,
normal portland cement (meeting the requirements of ASTM
C-150), high early strength portland cement, ultra high
early strength portland cement, blast-furnace slag

25 cement, fly-ash cement, blended portland cements, calcium
aluminate cewments, calcium sulfate cements, magnesium
phosphate cements and the like.



earl'y strength portland cenment, blast-furnace slag 25 cenent,
fly-ash cenent, blended portland cenents, calcium alum nate cenents,

cal eium sul fate cenments, nagnesi um phosphate cenents and the |ike. - 7 -
The subject polynmers are amonium salts of imdized acrylic polyners. The

term"acrylic pwosmes2e as used herein the appended cl aicTeoseémshe
sel ected from honopol ymer or copol yner pTHIScSHRHTCHAS BEEN Tet hacrylic 5

acid, their alkali netal and anmoni um s@alts &spwetdp as t Heir Cerr]-Clerr]
al kyl esters and/or polyners forned fro —s-lconmpounds havi ng
ethyl enic unsaturation suitable for vinyl pal yrerization and providing

al pha- beta or al pha-gamma positioned carboxylic acid groups, 10 such as
mal ei ¢ anhydride, maleic acid and salts thereof. In addition, the acrylic
pol ynmer reactant and the resultant imdized acrylic polyner may contain
units derived fromother singly and doubly ethylenically unsaturated
noneners, such as styrefRge gRpIREL Polymersypseyreranivyisedtat of idvjdised
acrylonitrile, \%t Wﬂ&caﬁdlﬁﬁ@réb j k&hé‘t%bm@"'ﬁ@ﬁyﬂ&%ﬂcﬂ&h@@"‘ : yasngsédr at ed
nmononer " units, en _present . ¢ e present. in_the subject po rein
anount of up to abc@)lt?%eg fﬁ?'e%’gp%}b? y,pptﬁa %Fg SEBHPS 1?3”\’\?& jﬁ e gg@eﬁ’f"%f t he
total 20 pol yner Poo@Pedrmerer t¢ealymern aft acnytie arishr perbagsyiber is
wat er sol gbl e. Suchcadheeneihya B Xidlulet alnsaRUaRGESEE P HATRE H8rWwH¥el @i ts,

e e &30 s 8o S e e RS

t her eof . other monomeric compounds having ethylenic unsaturation
suitable for vinyl polymerization and providing alpha-
beta or alpha-gamma positioned carboxylic acid groups,

10 such as maleic anhydride, maleic acid and salts thereof.

~ In additionm, 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-

15 methylstyrene,'sulfonated styrene, acrylonitrile,
butadiene and the like. Such other ethylenically
unsaturated monomer units, when present, can be present
in the subject polymer in amount of up to about 20
{preferably, up to about 10) weight percent of the total

20 polymer provided that the resultant imidized acrylic
polymer is water .soluble. Such other ethylenically
unsaturated monomer derived units, although not shown in
the structural formula exemplifying the subject imidized
acrylic polymer, are contemplated to optionally be a part

25 thereof.

The imidized acrylic polymer found useful in the
present invention has a structural formula (I) of:

R R R R RR R
[-Cc-CH,-1, [-C-CH,~), [~C-CH,-C~CH,-1. [-CH,-C-C-CH,-], [-C-CH,-],
30 cooa CONHR' 0=C C=0 0=C C=0 Co0-
N N HZe
’ R’ :

e —
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The i mdized acrylic polymer found useful in the present invention has a
structural fornmula (I) of: [err] 30 -8 - wherein each R independently
represents hydrogen atomor a nmethyl (CHerr]-) group; R' represents a

hydrogen atomor a Clerr]-Clerr] (preferably C[err] C[err]) oxyal kyl ene

group (BO or awdswesszety (1-200, preferabl
which is termnated with an R' group

(preferably (ferr]-Clerr] alkyl) grouptor RUP@&Dtherf; A represents a
hydrogen atom a (err]-Cerr] al kyl gnos —an al kali or al kaline
earth nmetal or mxtures thereof; HZ[err] reprgsents an amoni um cation 10
wherein Zis a group Xerr]N (BOJ[err]R " such that X represents hydrogen,
(BO[err]R "™ or mxtures thereof and R" represents H (Cerr]-Clerr] alKkyl
group or BNHerr]; B represents a (Jerr]-(err] alkylene (preferably
Jerr]-Cerr] al kyI ene) group or mxture of _said groups and z is from5 to

200. (preferably 10%heresd adeh 1B inderepdentlyprspressntey hydrogen a%Rm LT b,
c, d and e represeat meeh@l pmscengaaep,m"t Memer aShpdfogdrnilaomiofr that

ais an integer of fr 0 0 Ius east
about 2 to a val ue3f Tl%p&?g%}g, )c? afr)ld %ggi'géfera N g%bg ‘?% eis
a value of 0.1 20 Pluyazbbyt (120G @fr@féﬂfﬁylﬂﬁmm) 32%72’) aﬁdsgldssmps
nore thans[ 100 - (ahetH+e3] tePnitafer] WA BhORZ g Wlﬂrchoi'ebbés&ﬁt%%“

nvent fon has e RIS EANLARRIN e O SRRV fen gL SRy on
of these annon|un1§&brsof A represents a hydrogen atom, a C,;-C,, alkyl
group, R’ or an alkali or alkaline earth metal or
mixtures thereof; HZe represents an ammonium cation
10 wherein Z is a group X,N (BO),R’" such that X represents
hydrogen, (BO).,R’" or mixtures thereof and R’" represents
H, C;-C,, alkyl group or BNH,; B represents a C,-C,,
alkylene (preferably C,-C, alkylene) group or mixture of
said groups and z is from 5 to 200 (preferably 10 to 100
1s and most preferably from 10 to 50); and a, b, ¢, d and e
represent molar percentages of the polymer’s structure
such that a is an integer of from about 50 to 90; the sum
of c plus @ is at least about 2 to a value of [100 - (a +
b + e})] and is preferably from 2 to 10; e is a value of
20 0.1 to about 10, preferably from 0.2 to 2; and b is not
more than [100 - (a+c+d+e)].

A preferred imidized polymer of the present
invention has "e" monomeric units composed of carboxylic
acid-ammonium salt in at least 0.1 molar percent of the

25 polymer structure. The BO units of these ammonium salts
should be a plurality of from 5 to 200 units per chain
forming the salt and the units are preferably from 10 to
100 and most preferably from 10 to 50 units. The BO
oxyalkylene units are preferably a mixture of C,-C,

30 alkylene oxide units wherein a major portion (at least 50
percent) are C,-C, alkylene units with the remainder being

- This Sheet Has Been RTi




should be a plurality of from5 to 200 units per chain formng the salt and
the units are preferably from110 to 100 and nost preferably from 10 to 50
uni £s. The BO oxyal kyl ene units are preferably a mxture of CJerr]-Cerr]
30 al kyl ene oxide units-wherein a major portion (at |east 50 percent) are
Clerr]-Cerr] avwgbmesounits with the renmai nder being -9- CPET/U$96U1805 S .
For exanpl e, the oxyal kyl ene chain can BEEN . .
pol yoxypr opyl ene/ pol yoxyet hyl ene rando 'f"%b$ I inirn wiich the .
majority i s oxypropylene units, preferaply a RERLD f _PQIFO of at least 5:1
and nost preferably at 5 | east 10:1. 1In cergain instances the chain may
be fornmed entirely of CJerr]-Cferr] units or mxtures thereof. It is
believed that these salt units provide the air detraining properties to the
subj ect polyner. The exact anmount of these units in a particul ar pol yner

product* (value of e) 10, w ] depend_ on the exact air controlli ng]:P
properties desired %r BAHES park9 fXamBd6, yFhe Fyaeylenss sheipnednthof

Pol ymer s not havi ngpdlhoxamropyliens Abdltesiatiylane erandsay o dlocki chain in

controlling propert , . d ':g':asé IS repr d_b
the 15 IagO\I?e 1? orrrukﬁthl }%\%hﬁéﬁéﬁiﬁzdﬁéhm& 0 gﬁ%’%m@%é’i ?%éﬁggg? r)c/)m
50 to 90 wei ght per’@iiic &F PREERPH Nk Ja?ﬁftcgr’rﬁrﬁ§€smw \Resferpplanator
pol yoxypr 8pyl ene  uridsstonornxt uLRScéedfvfindtdnthe e rhain Glyl be, £bameBO

i ts and B" 1S o SRURIY SEnet Ciorheed U MBRNSSEChENRRE e veg

pol ymer of the predeakigvagekba nthaée g;% tqngﬁSoPrPfiiad?rmleﬁ a}éé‘lro {égﬁgraégg@g
the "a" nononeric Yhidpertd@Bot8deRé sbfsct\pR1$mBrA The exact amount of
these units in a particular polymer product (value of e)
10 will depend on the exact air controlling properties
desired from a particular polywmer of the present
invention. Polymers not having the ammonium salt
desired herein have poor air controlling properties.
The preferred imidized polymer is represented by the
15 above formula in which A is a hydrogen atom; R’ is at
least from 50 to 90 weight percent of the polymer and .
comprises polyoxyethylene or polyoxypropylene units or
mixtures thereof and the ammonium cation, has BO units
formed from a polyoxyethylene/polyoxypropylene random or
20 ‘block units and R'" is a methyl, ethyl, or propyl group.:
Further, a preferred polymer of the present
invention has a portion of the molar percentage of the
"a® monomeric units composed of units wherein A
represents covalently bonded R’ units and the remainder
25 of A represents alkali metal ion. The amount of "a" units
wherein A represents R’ can be from 2 to 30 percent of
the total "a" molar units. Still further, it is
preferred that "a® has a numerical value of from 60 - 70;
and the sum of "c" plus *d" is a numerical value of at
30 least 3 to a value of [100 - (a+b+e)l.
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represents covalently bonded R units and the renai nder 25 of A
represents al kali netal ion. The anmpbunt of "a" wunits wherein A represents
R ecan be from2 to 30 percent of the total "a" nolar units. Still further,
it is preferred that "a" has a nunerical value of from60 - 70; and the sum
of "c" plus "d" woopesmseneri cal value of at 30 | east 3 to a veer/BSEi190400
- (at+e)]. WD 97/ 03929

PCT/ US96/ 11505 - 10 - The present acrylic polyner may be forned by a
process of reacting a prefornmed acrylic polymer with at | east one
derivati zi ng reactant capable of coval ently-boading between the carbonyl
groups and primary amne 5 cont ai ni ng conpound, as fully descri bed
herein bel ow. The reactants can further include secondary am ne- contai ning
het er ocycl i ¢ conpounds and/ or hydroxy term nated oxyal kyl ene conpounds. The

derivati zing reactants ﬁ%”'pﬂgg%%?se‘j i r}ﬁJ y%ggnm%{(\gﬁs)t i chio yt%l c 10
equi-val ent with respect HHHW I p | ymer .
The use of a prefopredessr pEi vepctingra prefodmedaaceglid e:mlynem'ewﬁ.th at

admi xture product Ofaad2! bneOBbLPratty %‘é.'c%ﬁn‘é’ebgﬁébfé‘%ﬁ g? Hﬁﬂlﬂ ed

constituents. 15 The acry polymer reactant us ein

are | ow nol ecul ar RGPS BREWESR tipg c‘f?‘ YdoBheRRS | 31 RTimazy) 9@?1?% such
as wat er. 5They shomdqixtlaané.ng oconpeundyy ersafallyl desteibeditgrieinl belowm about

1,000 10 100, 000, " Bl gl nt§OCARLRM: ko500t 8a20n 0haellyf sthLT © 20

pol ymer reactants o onopo copo aract'er are fornmed by
conventional free fggﬁ@&plng heterocycllc compounds and/or hydroxy

terminated oxyalkylene compounds. The derivatizing
reactants should be used in less than the stoichiometric

10 equivalent with respect to the carbonyl functional groups
of the polymer. The use of a preformed acrylic polymer
provides a resultant cement admixture product of well
controlled molecular weight and of the desired
constituents.

15 The acrylic polymer reactant useful herein are low
molecular weight polymers which are soluble in polar
solvents such as water. They should have a number
average molecular weight of from about 1,000 to 100,000,
preferably from about 1,500 to 20,000. The acrylic

20 polymer reactants of both homopolymer and copolymer
character are formed by conventional free radical
polymerization and are commercially available.

The acrylic polymer admixture of the present
invention is formed by initially reacting an acrylic

25 polymer with ammonia or an alkoxylated amine. When an
alkoxylated amine (preferred) is used as a reactant, the
imidization may be carried out neat, as the acrylic
polymers are soluble in such amines. However, the
reaction should be carried out so that at least 50 molar

30 percent of the carboxylic acid groups remain unreacted
and are not formed into amide and/or imide groups.



pol ynmeri zation and are comercially avail able. The acrylic polyner

adm xture of the present invention is forned by initially reacting an
acrylic 25 pol ymer with amonia or an al koxyl ated am ne. Wen an
al koxyl ated am ne (preferred) is used as a reactant, the imdization nay be
carried out neawoermaszbe acrylic polyners are sol uble in such suse&11505
However, the reaction should be carried out so that at |east 50 nolar 30
percent of the carboxylic acid groups renmain unreacted and are not forned
into am de and/or imde groups. WO 97/ 03929

PCT/ US96/ 11505 - 11 - The amine reactant usefyl .in formng the desired
am di zed/ i mdized acrylic polynmer can be selected fromanmonia or an

al kyl -term nat ed pol yoxyal kyl ene anmi ne represented by the fornula: 5

Herr]N- (BOJ[err] - R (I'1) in which BOrepresents a CJerr]-(err]
(preferably a (Jerr]-Clerr]) oxyal kyl ene group in which O represents_an
oxygen atom 10 Thel Fpins) resskant queefil | incferppingpkbe cdemined

(C[ er ][] - %CIL Ier r]C% al i{nheaeze?m?kdtlrzea' hbuyﬂia apél yher thebenhaleclzﬁé@r%ﬂ?ﬂ er ; ]
rerer err| - Ik ' QU n n, | a 1 N [.Sel eclte rom
D 00 el eran v Fimhid)of!a (i khAUReRRE IS RRIANEIRES BF0 PR [T O 0

reactant, 15 repragented |y tyhsl Formudan be further forned with hydroxy
t erm nat egl pol yoxyal kyl enes represented by the fornula HO - (BOJ[err] - R

(rrr) 20 wherein BO, R' and n e defined, in for Il above. The

hydr oxy term nated conmpound, when pregg‘?\t, '9)“ dR Q‘ﬁ?

in which BO represents a C,-C,, {preferably a C,-C,)
oxyalkylene group in which O represents an oxygen atom
10 and B represents a C,~C,, (preferably C,-C,} alkylene group
or mixture; and R" represents a C,-C,, (preferably C,-C,)
alkyl group and n is an integer selected from 1 to 200
éreferably from 10 to 120.
In addition to the polyoxyalkylene amine reactant,
15 the acrylic polymer can be further formed with hydroxy
terminated polyoxyalkylenes represented by the formula

HO - (BO),- R" (II1)

20 wherein BO, R" and n are defined in formula II above.
The hydroxy terminated compound, when present, is
normally used in a mole ratio of amine terminated to
hydroxy terminated compound of from about 0.5 to 1.5,
preferably from about 1 to 1.5. The compounds of formula

25 III react with the carboxyl groups of the acrylic polymer
to provide a portion of the A constituent of ‘the
amidized/imidized acrylic polymer product of formula I.

The subject polymer can also contain small amounts

of derivatives of compounds II and III in which R" of

30 compound II is a primary amino group and R" of compound

B III is a hydroxyl group. Such derivatives have the



normal ly used in a nole ratio of anmine termnated to hydroxy term nated
conpound of fromabout 0.5 to 1.5, preferably fromabout 1 to 1.5. The
conmpounds of fornula 25 1l react with the carboxyl groups of the
acrylic polyner to provide a portion of the A constituent of the

am di zed/ i m di zegygpgfogdzbC pol ynmer product of fornmula |I. The sulpcgvdssgoisysrer

can al so contain snmall anmobunts of derivatives of conmpounds Il and Il in
which R' of 30 conmpound Il is a primary am no group and R' of
conpound 111 is a hydroxyl group. Such derivajg ves have the WO 97/ 03929

PCT/ US96/ 11505 - 12 - fornmula Z(BO[err]Z where each Zis a primary am no
or a hydroxyl hgr ougfofinalaemm@)q,t ghei:ar@dcrprm\ﬂsd%pexmﬁﬁ%iﬂcgbxshurrp |
properties. These | Lye r | y
Cp Lo 5% py ovi ded ¢ RXCEERLY Sed. Dt FREAL WY, MRyt BELFERLs Bheliid
sol ubl e. The total paphoRiammproRertdeEai nThese cdaniaatd veeemay r hel pyesentd

in fromabout .5 to 9@ apl toes anicerit] preEerably gy & & beovlas®! tmar cart
based on tgle acryli ¢ acig?#l[_n txso(gqu:sent ,n_the acr%ﬁllﬂ% polymer. 10

The acrylit pol yner “8Ra P FERT A CT2AP B ER BT 1 *‘conbined with a
hydroxy term nated reactFhe tega (o ndxyalbilene dodhiandng reapgovayrmratsy

heating the reactanhgrhidpruddy ah FHeROUBoaL! HtiONHPmJIegbrabne! Y4t ed
tenperatures of fro

preferably from 100?@%2%%?&%’%%% %.ozg%g‘r’i ]e%C%%rn%?liiéB@gr PT‘e'ahn%fécmtfé:r
anbi ent pressure or aciddenite (prasante inowbe abzyl tnipadnymepr.essure. Furt her,
when the fgaction is carfheda @il iR vARRI 8RS Shisd Bdthhak! Y1680 GOt
further combined with a hydroxy terminated reactant form
the desired imidized acrylic polymer by heating the
reactants either in an aqueous solution or neat at
elevated temperatures of from about 60°C to 250°C and
15 most preferably from 100°C to 225°C. The reaction is
carried out under ambient pressure or, under a pressure
lower than ambient pressure. Further, when the reaction
is carried out under ambient or substantially ambient
pressure it is preferred to conduct the reaction while
20 passing air or nitrogen gas over the ligquid reaction
medium oxr by bubbling the gas through the medium to
remove water and other low molecular weight by-products
from the reaction zone.
A catalyst may be employed to further the reaction
25 and to permit reduction of the reaction temperature.
Catalyst enhanced reaction normally can be carried out at
temperatures of at least about 60°C, preferably from
about 100° to 140°C., The desired imidization occurs more
readily when using higher reaction temperatures}
30 Therefore, when optional reactants are also employed it

is desired to carry out the reaction as a two step
process by first heating the reactants to greater than
150°C for a period of time to cause the primary amine
reactant to substantially combine with the polymer
35 carboxyl groups and then to lower the reaction
temperature to 75° - 140°C (preferably 100° to 130°C),



pressure it is preferred to conduct the reaction while 20 passi ng
air or nitrogen gas over the liquid reaction nediumor by bubbling the gas
t hrough the nediumto renove water and ot her | ow nol ecul ar wei ght
by-products fromthe reacti on zone. A catalyst nay be enpl oyed to further
the reaction 25 wow93929 and to permt reduction of the reacti opCTUSI6/ 11505
tenperature. Catal yst enhanced- reaction normally can be carried out at
tenperatures of at |east about 60[err]C, preferably fromabout 100[err] to
140[err] C. The desired imdization occurs nor é readi | y when usi ng hi gher
reaction tenperatures. 30 Therefore, when optional reactants are

g' S}?, eWF' ﬁye?. it j{%.rﬂf?c%dh%@t B.O'ctﬁééiy’s@,;ﬂast {a%s&%%&%%,? &‘@n@ﬁﬁﬁagﬁocess
y firs eating reactants to greate an err Qr a period,o
e 1o cause the MR eAnt REP SRR £ S ABELEH: F RSF BB EARE R he
pol yner- 35 eetiongefupte arrratizatst ikbwehe tderyldac podymer .
{Ne)rrg%r gg Srg to 75[err] -rnbAQbeimbd é&{&ﬂ‘ﬁ&ﬁ%ﬂio@!%?% S%rg/tlz%o 5E_E:]i.t@11?jr

' A i ntroduce
a catal §sP, as desCFIITENE YR FREA ehs dagresn et B?\%?tﬁ%ﬁlﬁsgfﬁpe fggea
period to pernmt substantbdoniditbon| ean dre cfetichrminedcbpnéimplie h t he acrylic
pol ynmer. The Opti”4§ﬁﬁﬁ§ﬂk&kgﬂi h! | depend on the particular 5

reactants used and the degree of reaction desired.  The exact_  condition can
be deternined by sinpl e BepdFiAerRbien reantdomnranzhei hanesd Y¥n can be
enhanced by conducteorgiudtdngeahei peactidihanpthecpeesehca dihis Gaklc

catal yst goan acid cakaligae o 9614 SAANVAE B8R S ANSn oAt Al Yot S

may be selected froma tertiar )
catalyst. Such catalysts may be selected from a tertiary

amine, such as dicyclohexylamine, 1,1,3,3-tetramethyl-
guanidine, 1,3-diphenylguanidine, quinoline,
isoquinoline, 4-benzylpyridine, 4-phenylpyridine, 2,3-

15 benzodiazine, 1,4-benzodiazine, 1l-benzazine, 1,3-
benzodiazine, N,N’'-dicyclohexylcarbodiimide, 2,2’-
bipyridyl, 2,3’-bipyridyl, 2,4’-bipyridyl or such
catalyst can be selected from the group consisting of p-
toluenesulfonic acid, HC1l, Sb,0,, Ti-(OCH,),, NaNH,, SnO,,

20 potassium or sodium alkoxides, manganese acetate, and the
like. The catalyst can be present in amounts of from 0.1

to 5 weight percent based on the amine reactant.
The reactants are contacted with each other at the
above desgcribed reaction conditions for from about 1 to 8
25 hours and preferably from about 1.5 to 3 hours. During
the course of the reaction, water {(a by-product) is
removed to drive the reaction to imidization. When the
reaction is carried out at ambient or substantially
ambient pressure, the removal of water can be enhanced by
30 sweeping a gas, such as nitrogen, through the reaction
zone.
The degree of reaction can be substantially
monitored by the amount of water removed from the



am ne, such as dicycl ohexyl anine, 1,1,3,3-tetranethyl- guanidine,

1, 3-di phenyl guani di ne, qui noline, isoquinoline, 4-benzylpyridine,

4- phenyl pyridine, 2,3- 15 benzodi azi ne, 1, 4-benzodi azi ne,

1- benzazi ne, 1,3- benzodiazine, N, N -dicyclohexylcarbodiimde, 2,2'-

bi pyridyl, 2,3 wo@wssdyl, 2,4 -bipyridyl or such catal yst canedigusveissos ed
fromthe group consisting of p- toluenesulfonic acid, HC, Sb[err]derr],
Ti- (CJerr]Herr])[err], NaNH err], Snderr], pot assi um or

sodi um al koxi des, manganese acetate, and the'ﬂﬁke The catal yst can be
present in ampunts of fromO0.1 to 5 wei ght percent based on the am ne

(rj eact aBt . The reaciaattion ezt a(ﬂpeﬂf wbinbletidn dihaheatrebhbeiahpviche

escri bed reaction b L] .0 t t hours and
preferably fronlaboégggié#§§¥§§ tUﬁg @Bg?g& %?mgiﬁﬁﬁﬁég ‘of the reaction,
wat er (a by-product) i sThenimistized @FWéthEOlEm iieh nosmaM Wi 2aBighr When

the.reaction is cabbmﬂngwls?éc_m %ﬂldoivhiéﬂSi@@dﬁﬂt'aht&ﬁ@l?”éof@tﬁ]@ﬁéL!erﬁ

t he rem)vgl of water, can cﬁ?%:}"a ce %g°ﬁ@§?e£mjoqlzregep nﬂlgaﬁ%er N as

ni trogen,” t hrough MAESFea
substantial ly noni teked ty i1 @ Aumebusf sadubion envihed pir ofh the solwigon

97/03929 s ad usted or maintained to bé¥3¥l€5%5/%¥égérabi from
reaction zone. Upon etlo of t he reac uct
cooled and filterel °?ﬁe i 7P JOEH pEe 8F a“hi P

boi I'i ng viscount | tqumdnahedrpmlsycswtaslﬂcazﬂehal isg mﬁmﬁ\madn 1ﬁto the aquenus .

The initjgl Iy for ”%th{{ighzt?&‘ I’ afObifiBhitR SAKEWitR BB 28a80UgOUS
solution. The pH of the sol ution
portion of the remaining free carboxylic acid units of

the polymer. The amine terminated polyoxyalkylene used
to produce the salt is preferably selected compounds of
Formula IV |
15
X,N(BO) R’ " ()

wherein X represents hydrogen, (BO),R’" or mixtures
thereof and R*" represents'H, C,-C; alkyl group or BNH,; B

20 represents a C,-C,, alkylene {preferably C,-C, alkylene)
group or mixture of said groups and z is from 5 to 200
(preferably 10 to 100 and most preferably from 10 to 50).
The molar amount of acrylic acid-ammonium polyoxyalkylene'
units which are present in the polymer admixture

25 (represented by "e") may range from about 0.1 to 10 and
preferably from about 0.2 to 2.

It has been unexpectedly found that the presence of
units "e" of the subject polymer admixture provide
superplasticizer properties with the ability of achieving

30 air content (in the form of microvoids) of less than 5
percent by volume and preferably less than 3 volume
percent in concrete compositions. Similarly, the subject
polymer can achieve reduced air content in mortar



is adjusted or maintained to below 6.5, preferably fromabout 3 to 6 and
nost preferably from3 to 5. An am ne term nated pol yoxyal kyl ene is

i ntroduced into the aqueous 10 solution to provide an amoni um sal t
with at least a portion of the remaining free carboxylic acid units of the
pol yner. The amiwisosiodsei nat ed pol yoxyal kyl ene used to produce HdTaSO6i1508 S
preferably sel ected conpounds of Formula IV 15 X[ferr] N(BO[err] R™

(I'V) wherein X represents hydrogen, (BOJ[err] R"™ or mxtures thereof. and
R" represents H (err]-Clerr] al kyl group oriSBNH2; B 20

represents a CJerr]-Clerr] al kylene (preferably C[err] Cerr] al kyl ene)

group or mxture Ofc od 181 889 SoB NG ek 't%aﬁr@nbéré&i@%d %ﬁ?éf@i}‘/ 1dkd 0

100 and nost preferab y from10 to he nol ar ampu

201 - ammon; um pol yGRFE By PERESER ¢ Fhniighes, SaRERE IRt Mi RRREONG e

adm xt uwre 25 desiiregd; etbat ezndnt 'copostyioancan fheororabbed @ithto 10
and. pref er abl y 11 ocaivant 10n2) o122 eﬂeraaﬂargeenm@eg%éxﬁdbm{,mafddaé@t the
presence of unlts ect po m xt'ure provide

super pl &sPi ci zer %FFE‘@ '%J gf aL¥ kA e§oa°t1"1ty' air

content (in the fomhmbmcrmubarls@mmhtl eﬁsuhlhaa %e pere erhikyevbheneiand

preferably Iess th%n%rmllﬁﬁg \gﬁ&%ﬁj@ m&cas%sn&qsmé' tlle Oa§ac§ V%swféy

t he subj ect polymer can ac alr cont ent
97/ 03929 and molar proportlon of the ot Tﬂﬂﬁﬂ@??ﬁ 5of the_

conposi tions of | eyolyhetr Bdptkcers andigllchsr ahéynanase tdfathé pemestit . |f

hi gher aggunts of fﬂdﬁﬁ%%&%ﬁ@h ﬁéing treated. The molar amount of units "e"
needed to achieve a desired air entrainment level can be
readily determined by experimental design with the aid of
the present teaching.

It has been unexpectedly found that aqueous

15 solutions of the subject polymer admixture is storage
stable over extended periods of time. Thus, the forming
solution having a pH of less than 6.5 can be used as the
product solution which can be stored, shipped, and
retained at the job site without exhibiting separation or

20 other stability problems. associated with prior known
mixtures of agents.

The improved cement of the present invention is
composed of a substantially uniform mixture of the
hydraulic cement and the imidized acrylic polymer which

25 are both described herein above. The imidized acrylic
polymer should be present in from 0.005 to 5 (preferably
from 0.03 to 1 and most preferably from 0.05 to 0.3)
weight percent based on the weight of hydraulic cement.
In order to aid in forming the uniform mixture, the

30 imidized acrylic polymer can be mixed with the cement as
an agqueous solution having from about 30 to 50 weight
percent imidized acrylic polymer solids in the solution.



desired, the cenent conposition can be treated with conventional air
entrainers. The present polyner does 5 not detract from
conventional air entrainer activity. The exact nolar anount of units "e" to
achieve the air controlling properties will depend upon the exact nature

and nol ar proporybefieaete t he ot her conponents of the pol yner adecyiosdsaises
well as the nature of the cenent 10 conposition being treated. The

nol ar anount of units "e" needed to achieve a desired air entrainment .l evel
can be readily determ ned by experinental desigésith the aid of the
present teaching. It has been unexpectedly found that aqueous 15

sol utions of the subj ectyRoliywiBR z8dMhek4 fo igb1Ynier82eat 88! Coriifty Xt gaded
periods of tinme. Thus, the forning solﬁ€$q@%havig8{a gH of ] ess than 6.5
an be used as i he LRI AE 3P, PEASHHPEH LR PaERE §; BErRbiR A SAy
retained at the jobFer texamplieouthexpobymengaeher atked at @fe cement wdflher
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i nproved cenment of {he present invention is conpos of "a, subst ant

uni form mixt ure of tHER [RRNERY POWHERent Th kAR RSO PG FRBLiRd g thsocpmERt
whi ch 25 arpovwde diesicgi hed biResdinglwiivh othee dny dhanesiadrsy ftioc
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hydraul i c cement. |9e%ARfer ROFZHLGNLE FEPeRthENhEDENLAlem ni xture, the 30
i mdized acrylic pol yneratairnateliylethai ifpidied cemehtasanbadgiRMied in
solut i on pvi ng {10 APolErs3y theBolEhE e ANy h baRthe YRS RI™"
such as a mortar mix (hydraulic cement, sand and water)
or a concrete (hydraulic cement, sand, large aggregate,
such as stone, and water). The subject imidized polymer
can be added (conventionally as an aqueous solution) as
15 part of the water of hydration or can be added
separately. In the later method of application, the
water of the aqueous polymer solution should be
calculated as part of the total water content of the
cement composition.. The total water to cement ratio of a
20 structural cement composition is normally from 0.2 to 0.8
with from 0.35 to 0.65 being preferred. The present
superplasticizer polymer admixture permits one to reduce
the water to cement ratio while retaining or even
enhancing slumps to thus provide a structural product of
25 enhanced strength.

The present polymer is soluble in water in all
proportions and is capable of remaining as a solute
therein to provide a storage stable admixture. It is
preferred to have the solution at a pH of less than 6.5,

30 preferably from 3 to 5 and the polymer is present in from
10 to 50 weight percent, preferably from 25 to 45 weight
percent.



WO 97/ 03929 . PCT/ US96/ 11505 - 16 - The
I mdized acrylic polyner treated cenent can be fornmed at any stage of the
cenent's formation or use. For exanple, the polynmer can be m xed at the
cement mll with clinker cenent raw material during its grinding to 5

form cenment powggyo7padzb can al so be applied to the cenment powderrngbesayses its
bl ending with other dry material$ to prepare a specific type of cenent,
such as bl ended cenent, pozzolanic cenent and the like. Alternately, the

i nproved cenent can be formed in 10 st té during the course of
preparing a cenent conposition such as a nortar mx (hydraulic cenent, sand

a?d Waterzj orta ;:on% etgsgéwk%éwla@baveege%iaﬁmud H0e ggggﬁeaiﬁdw as
stone, and water). e.su i_m ol ymer can be adde

(conventional ly as ?5?51’%13]56-%%@1’“&% Lﬁ&: éﬁ‘f §§e¥%nt- iaventioh ?rBYi‘?‘FI%_%t er of
hydration or can bémpudeedsegmentt lwhethert Ae 4 dxy bemdodfotememt iand i on,

the. water of the agueoWsrPOL YABIL- Sl 1ANs$ERUAS AiGC JeCehal v fH lofOf
the total _water content of the cenent cogggéltlon. The total water t

coment fabio of a SoWet unset (Gemant,cOMPRELELERL JHAR HHEROLEMRE FEIFIFY  om
0.2 to 0.8 with frdm pré8sesiv In Exdreiingopr tbes | eoireffmblyefean 0.03 to 1
super pl-asti ci zer p%h&”ﬁbsﬁdgi%ééﬁfﬁzlﬁﬁrf%h%?@? t d.%d%‘igﬁgepméﬁtt@f

1

cenment ratio while retalnin even enhancing sl unps tot hus gi %lde a
structural product Bgfigspolymer praguct.based, ergthe weighty efef g lyner is
sol ubl e in water i hydrhupiopesthermmnofantiel semaptbtammisitdoni.ni ng as a sol ute

Soi Uti ont St a pH of | asopay FalbdeFiGat thined i RS’ PEEERRE MlgGed

solution™at a pH of |ess

the polyner is preserentnhayenm @i Sgapsilynhigesr drgres: efcfhovabilbhy 25

to 45 wei ght (higher degree of slump) than compositions formed with
conventional hydraulic cement. Further, the present
cement compositions are capable of retaining their high

15 degree of slump over a sustained period of time giving
the artisan an extended period to work the cement
composition into its final shape. Still further, the
present cement composition achieves initial set without
exhibiting excessive retardation. Thus, the use of this

.20 _ cement composition does not cause delay of the working
time required to form a particular structure. Finally,
the treated cement composition exhibits desired air
entrainment properties to provide a strong and durable
structural product.

25 Conventional cement additives, such as air
entrainers, water proofing agents, strength enhancers,
corrosion inhibitors, and curing accelerators and the
like can be used with the subject cement additive. These
additives can be mixed with the cement composition prior

30 to, along with or subsequent to the addition of the
present cement additive.

The present invention is further explained by the
following examples which are given for illustrative



percent. WO 97/ 03929 PCT/ US96/ 11505
- 17 - As stated above, the ammopniumsalt of the imdized acrylic pol yner
of the present invention provides an inproved cenent (whether as a dry

bl end of cenment and polymer or as formed in situ as part of the formation

of 5 a WeyoWhanbke cenment conposition) when the pol yner peegwssiises
present in fromO0.005 to 5, preféerably fromO0.03 to 1 and nost preferably

fromO0.05 to 0.3 wei ght percent of solid polyner product based on the.
wei ght of solid hydraulic cenent of the cenenrttg&anposition. 10
Cement conpositions formed with the present inproved cenent have a

significantly hi gh?uﬂﬁe%eoﬁﬁ. flaﬁa/aarélﬂdt (daagﬂetodgmﬁe e arw&:)ubhan

COI’TpOSI tions forne
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present cenent corrp%%l‘ief ?’g kgﬁaﬁ}% Fﬁ%?? h!lg‘r} fgr%s and
degree of slunp ovepexcannag@snedepbYlwzhghttunﬁesglathgrwheeasuab§d1 an
extended period to work the cenent conposition into its final shape. Stil
further, the present cenent conposition achieves_initial set wthout
exhi bi ti n§ excessive retardation. Thus, th&Z3¥BLER tnhjs 20 cenent
conposition does not cause delay of the working tinme required to forma

particul ar structure. Finally, the treatedggéﬁgﬂ%ffonposition exhibits
desired air entrainment properties to prov rong and durabl e

structural product. 25 Conventional cenent additives, such as
air entrainers, water pranffargsag€nassostiqiagive aslasdiensof o ipaiyaetylic

I nhibitong and curi gy 3E Y@l Bl ecaldy Wiight was combined with 80 parts
of a polyethylene-polypropylene oxide polymer of
molecular weight 2000 which was terminated at one end by
a primary amine group and at the other end by a methyl
group. The mixture was heated and maintained at 180°C

15 while under flowing nitrogen gas stream for a total of 2
hours. The water of solution and formed as by-product
was removed in the nitrogen gas stream. The resulting
product was an amber viscous liguid.

20 Example 2

40 parts of solid polyacrylic acid of 5000 molecula;
weight was added to 60 parts of a polyethylene -
polypropylene oxide polymer of molecular weight 700 which

25 : is terminated at one end with a primary amine group and
at the other end by a methyl group. The reaction mixture
was stirred for 30 minutes at ambient temperature
followed by 1 hour and 10 minutes at 180°C under a blanket
of flowing nitrogen gas. The water by-product was

30 removed in the nitrogen gas stream. The resultant product
was a viscous amber ligquid. The liquid was analyzed by
infrared spectroscopy and the resultant spectra had peaks
at 1720 cm?, 1630 em?, and 750 cm? which indicates the



li ke can be used with the subject cenent additive. These additives can be
m xed with the cenent conposition prior 30 to, along with or
subsequent to the addition of the present cenent additive. The present
invention is further explained by the foll ow ng exanpl es which are given

for illustrati vog7giesd 97/ 03929 PCT/US96/11505
PCT/ US96/ 11505 - 18 - purposes only and are not neant to limt the

i nvention, as defined by the clains, appended hereto. Al parts and
per cent ages are by wei ght unl ess ot hervm se sigped. S
EXAMPLES Exanple 1 40 parts of a 50% aqueous sol ution of a polyacrylic 10

ac: d ?L |5000 mD: e ééeﬂ& O 1g@aec§m§@df vmiilfg §@q§§ﬁtﬁa§faﬁso anal zeﬁ

pol yet hyl ene- pol ypj op e Qqxi of m i ch was
termnated at one & og‘PRf{] %"f“ﬁgf'g a %aﬁ%ﬁngngkﬁt nt érmgﬁ"ﬁ? By a
met hyl .group. The wexe ufaundasohbavedamntl: hrenridsi:imddat gﬁ@ﬂ? etrat]JCO 15

whi l.e under flowi ng nitrogen gas streamfor a total of 2 hours. The water
of solution and forned as by-product was renoved in the nitrogen gas

stream’ Fhe resulting product was an ambeEX3WR¥&e |iquid. 20
Exanple 2 40 parts of solid polyacrylic acid of 5000 nol ecul ar wei ght was

added to 60 parts of a .pc%]*%tgj@él ggesolgglgjerﬁg@?gg 9¥k e POl ygpr of

nol ecul ar wei ght 700_ whi at one end, with a
primary amine grouBPHRRMIAT WedobtnERs cRUSIRLEdrdthy - ToPRERS 98P ’é’t?@t i on
m xture was stirregatéet. 30ranvhiserestl tait csdlutdmewatuadded 52.1 parts

10 of a polyethylene-polypropylene oxide polymer of
molecular weight 2000 which was terminated at one end by
a primary amine group and at the other end by a methyl
group. The mixture was heated and maintained at 180°C
under a flowing nitrogen gas blanket for a total of 2

15 hours to remove the water of solution and that formed as
a reaction by-product. The resulting product was an
amber viscous liquid.

Example 4
20
The polymer product of Example 1 above was

introduced into water to form a 40 wt percent agqueous '
gsolution. This solution had a clear, amber color and a pH
of 4.0. Alkoxylate amines as described below, were

25 introduced into separate samples of the solution in a
dosage of 2 weight percent based on the weight of polymer
contained in the solution. The alkoxylated amines were:

1. Methoxy terminated polypropylene oxide/poly-
30 ethyleneoxide mono amine
M.W. = 2000 PO/EC = 10:1



folfowed by 1 hour and 10 m nutes at 180[err] C under a bl anket of flow ng
nitrogen gas. The water by-product was 30 renoved in the nitrogen
gas- stream The resultant product was a viscous anber liquid. The liquid
was anal yzed by infrared spectroscopy and the resultant spectra had peaks
at 1720 cnferr] ,wdonsdosnierr], and 750 cnierr] which indi cat esptiresssnisnd
97/ 03929 PCT/ US96/ 11505 - 19 -
presence of imde groups. This liquid was al so anal yzed by conductionetric
titration and the nitrogen |inkages were found 34 _have an 4:1 am de:in de
group ratio. 5 Exanple 3 7.5 parts of solid
pol yacrylic acid of 200Q.mol eelyekypedsifilensntetnifigty@drith primaayt amine
dei oni zed water. To this resultant solution was added 52.1 parts 10

of a polyethylene-polypropylgﬁgugﬁide pol ymer of nol ecul ar wei ght 2000

whi ch was term nated at one end MyWa r3¢fy ani ne Beoemplaind at the ot her
end by a nethyl group. The m xture mas heated and nmai ntai ned at 180C under
a flomjngsnitrogen-gas | ank tlfor 5@ % Jhour s . % renove
the water “of solution arfd thaf Vo?ﬁ%EV ?P%aQ%& e; Pafed, t i aReS g

resul ting product was an anbelyeesybusridluindtigrenpl e 4 20 The pol yner

product of Exanple 1 above was igtgoducgghd nt o wat egstpoidd B b8aM
per cent aqueous solution. This solution had a clear, anber color and a pH

of 4.0. Al koxylate am nes as descri bed bel ow, were 25 i ntroduced
into separate sanpl es of4.t he Tsdl(hydooxy ritexrminated polyoxypropylene/
10 polyoxyethylene) amine (commercially sold as

Tetronic 901 by BASF)

Each of the solutions were stirred for about 0.5
hours at ambient temperature and pressure to produce
i5 solutions having a pH of 4.5. The resultant solutions
were stored at ambient conditions for about 90 days
without showing any phase separation.

Example 5
20 _ |
Salt products are prepared in the same manner as
described herein above in Example 4 with each of polymers.
formed according to Examples 2 and 3 above. The resultant
. solution show no instability over extended periods of
25 time.

Xa e 6

The ammonium salt polymers formed accoraing to
30 Example 4 above were each tested as part of an ordinary
portland cement mortar in a method for slump based on
Japanese Industrial Standard (JIS) A 6204 and for air
content based on ASTM C-185. The sand/cement/water ratio



dosage of 2 wei ght percent based on the weight of polymer contained in the
solution. The al koxyl ated am nes were: 1. Methoxy term nated pol ypropyl ene
oxi de/ pol y- 30 et hyl eneoxi de nono amne MW = 2000

POEO = 10:1 WD 97/ 03929 -

PCT/ US96/ 11505 wold3/03922 .- Pol yoxypropyl ene term nated w t h preROTRISys/HSISE
groups MW = 2000 PO only 5 3. Pol y propyl ene oxide
based triamnes with glyceryl triol initiator. MW = 5000 85. nol es
PO total 4. Tri (hydroxy term nated pol yoxyp_rT?fxl ene/ 10

pol yoxyet hyl ene) amine (commercially sold as Tétronic 901 by BASF) Each of

the sol utitons wgr eoﬁtiéliﬁﬂ.izoﬁva%blﬁétbdoiﬁ éu&;arﬁtaaﬁai.?nzhéedqr%@ ld:ffeltf@dt
pressure O produce utl ons avil n a p Q . ). res an
B OT ULt ons were st oPRUVEST AR G2 BRCERDITHT T Bor S0P ARy, 1o, Bt id
showi ng any phase sepentt(®is) Evatpeemsridr SalSetprdtest wene cngrayraded in

the. same manner asd raD e el pBANErometa@ MR sh1vs! Bre & in
pol ymers formed acco |an tq Exanples 2 and 3 above. The resultant sol ution
show no’ ithst abi | it r é?&ﬁé?’lﬁed peri ods of 25 time. Exanple 6 The

ammoni um salt polynmers formed according to



30 Exanpl e 4 above were each tested as part of an ordinary portland
cenent nortar in a nmethod for slunp based on Japanese | ndustrial Standard
(JIS) A 6204 and for air content based on ASTM C-185. The sand/ cenent/wat er
ratio WD 97/ 03929 PCT/ US96/ 11505 -
21 - of 3/1/0. 43y@eme3esed i n each instance. The dosage of the pelyssiisess
0.12 percent based on solid polyner to solid cenent (s/s) in the nortar.
Set tines were neasured using an autonated.pgpetroneter. Results are given
in Table 1 bel ow. WD 97/ 03929

PCT/ US96/ 11505 - 22 - [err] - 23 - Wiat is clained: 1. An inproved
cenent conprising an essentially uniformm xture of a hydraulic cenent and

from0.01 to 2 5 we he wei ght of said hydraulic
cenment of an imdizefl acr prigsented by the structure of:
[err] 10 15 wherein %a,cj R i epresents hydrogen at om or
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a methyl (CHerr]-) group; R represents a hydrogen atomor a
Clerr]-Cerr], oxyal kyleme—gro up represented by (BO[err]R" in which 0
represents an oxygen at O%isﬁxe&‘ﬁ%ﬁ&@nm rr]-Clerr] al kylene group or

m xtures thereof, R' repr Clerr] alkyl and 20 n represents
an integer of f4e 939360 mw
a Jerr]-Cerr] aI kyl gro kal i mpgh CE[? kal'ijne earth or

er efgf SHEEF RRS *B‘Eﬁﬂt S hydiragesisésom
a

anmoni um cation or a m xture thereof; HZ[ ef+J—epresents—an amoni um.cati on
wherein Z is a group X err]N (BO)[err]R'" sucgg that X represents 25
hydrogen, (BOJ[err]R " or mxtures thereof and R " represents H,
Clerr]-derr] al kylyfisouR g&aﬁ%grr], B represents a CJerr]-Cerr]
al kyl ene group or mxture of sard groups and z is fromb5 to 200; and a, b,
c, d and e are nunerical values representing nolar percentage of the
pol ynerns structure such it.haRnaimpr&@ed cemsmitueombrasing aBGsmtam:iahkysum

of ¢ +dis a val uql fa‘ﬁp@iﬁ?ggé oto H%ﬁ_,a%lig{gr L& éng ﬁ&a m[ 3081 to

(ate)]; and bis avalue o e) i s, a val ue
of frorh 051 to abouteight Qerce%eb?%?ﬁd"\%dﬂ\?eﬁ’éﬁﬁhBW@ %ﬁlrﬂ PMH'@P%F-H HZ is
an ammoni um pol yoxyd.drdeﬂbelaﬁ et inddived aarylic pepyrsenteprgsentedSby the
-Cerr] alkyl, Q¥ygen, B represents propyl ene or ethylene or
m xt ures thereof an as a nurrerl cal value of from 10 to 100. 3. The

i nproved cenent of C a| m 2 wherein e 10 represents a nol ar percentage of
from about 0.2 to 2. R4, The & nproved Rceneht of O ai mR2Rwherein ®he
amoni um}dol yoxyal kirkcessg-1gcati-@eufas b CpoH, yorNal Kyl-emec-ched, fl.coApidi ng a

m xture of oxypropydegRe/ oxyesax! enep kS @i tS i N &badb0 Of @bod €ast 5:1.

N N Hz*
R’ R’
15 wherein each R independently represents hydrogen atom or

a methyl (CH,-) group; R’ represents a hydrogen atom or a
C,-C,, oxyalkylene group represented by (BO),R" in which O
represents an oxygen atom, B represent C,-C;, alkylene
group or mixtures thereof, R" represents a C,~C;, alkyl

20 and n represents an integer of from 1-200, or mixtures
thereof; A represents hydrogen atom, a C;-C,;, alkyl group,
R’ or an alkali metal, alkaline earth or ammonium cation
or a mixture thereof; HZe represents an ammonium cation '
wherein Z is a group X,N (BO),R’" such that X represents

25 hydrogen, (BO),R’" or mixtures thereof and R’" represents
H, C,-C,, alkyl group or BNH,; B represents a C,-C,,
alkylene group or mixture of said groups and z is from 5
to 200 (preferably 10 to 100 and most preferably from 10
to 50); and a, b, ¢, d and e are numerical values

30 representing molar percentage of the polymers structure
such that a is a value of about 50 to 90; the sum of c +
d is a value of from about 2 to the numerical value of
[100 - (a+b+e)]; and b is a remainder value of [100 -

WL A



5. ° The inproved cenent of Claim1 wherein R represents an oxyal kyl ene
group (BO[err] R V\hereJrn—Br—t—s—%r‘t[’e‘r’r’T Clerr] alkylene group; and n is
an:integer of from1l to Shé .Been Replacett Npr oved cepent Claim2 wherein
at least a portion of A ya@SHEE?FWSOBEEN BO) [err] R'" wherein
Bisaderr] -wGbtdds al ﬂmm N REPIATEDN! 0| Of PETmBNIINS 70,
25 7. An ammoniumsalt im polynei—+epresented

structural fornula: [err] 30 - 25- vvherel n ch R i ndependent |y

by the
represents hydrogen atomor a nethyl (CH err'] “group; R represents a
hydrogen atomor a Cerr]-Cerr] oxyal kyl ene group represented by
(BO[err]R" in whi dh+Ex8e@)ksand eanisonygaiuat ofn £ @nriegénabodat 0 to
Cerr]-(err] alkyhgne 5 group or mxtures thereof, R' represents a
Cerr]-Cerr] al kyll and n represents-an integer of froml 200, or mxtures
thereof; A represents hgdrogBie dimmrovedcrenept plrGlais laywhgiremp HZ? igramn

al kali netal, al kabhﬂ@n@ﬁﬁtﬁom&s:%}al%l@ﬁ@aaemﬁ&Fﬁé&%ﬁf Ra® Wkéﬁ:ﬂé@eﬂ&‘@r@,of
anl.on

HZ[ err] presents a on o rb ic acid

hhoreih s a g opCxEay Coirpersrats witash g Teotenruis RiotK aRs,eR
(BOJ[err]R "™ or methydeneher guixtamesRtherepf camthts Ha,s @ eumprifal rfakhiskyl
group or BNHerr]; o8 kephesents shdllerr]-Cerr] alkylene group or mxture
of said groups and z is fromb to 200; and a, b, c, d, and e 15 are
nunerical val ues representing nolar percentage of the polynmers structure
such that a is a value 8t abDhe Hipraved cement of Claim 2 wherein e

10 represents a molar percentage of f£rom about 0.2 to 2.

4.’ The improved cement of Claim 2 wherein the
* polyoxyalkylene chain of the cation is a mixture of
oxypropylene/oxyethylene units in a ratio of at least
15 5:1.

5. The improved cement of Claim 1 wherein R’
represents a covalently bonded oxyalkylene group, (BO) R"
wherein B is a.C, - C; alkyl group; and n is an integer of
20 from 1 to 70.

6. The improved cement of Claim 2 wherein at least
a portion of A represents an oxyalkylene group (BO) ,R"
wherein B is a C, - C; alkyl group; and n is an integer of
25 from 1 to 70.

7. An ammonium salt imidized acrylic polymer
represented by the structural formula:

30 R R R R RR R
[-C-CH,-1, [-C-CH,~]1, [-C-CH,-C-CH,-]1. [-CH,-C-C-CH,-]1, [-C-CH,-1,
cooa CONHR' 0=C C=0 0=C C=0 cod®
N N HYe
R R’

R



90: the sumof ¢ + d is a value of fromabout 2 to the nunerical val ue of
[100 - (a+b)]; and b is a val ue_.oi__LJ,OQ————(a+c+d+e)] and e is a val ue of

fromO0.1 to 10. 20 8. The poI represents
hydrogen atom 9.  The 'ﬂud 7>v&H§E§| oY ast a 25 portion
of A represent swaprgs! k [erRﬁPa.AQﬁﬂarel B i s reTfjses/Tis0s
Cerr] alkylene group or ' s aderr] - (err] alkyl
group; and n is an integer of from lto 70 3 10. The pol yner. of
Claim 8 wherein the anmmoni um pol yoxyal kyl ene cat ion has a pol yoxyal kI ene
chain conprising a m xture of -26- oxypropyl ene/ oxyet hyl ene units in a

ratio of at |east SiHercih ohi® Rohﬁa%eﬂlier@l%‘ ffe r@@@ﬁ@é &%@ﬂt éran
5 oxyal kyl ene grou | S v 3{-“8‘}{ °]f
n°f * an

err wher e
group or mixtures teheﬁgegglll F@C‘LIPS) egré[ué’r'r]R rﬁ’ﬁ?‘? méﬁ lfﬁ/lh
i ntegers of from 1 t@-7% bXyahkybewetgraly xepresennpd iy n@caaR'aq:meddnmo
admi xture conprisi %ﬁbs?&ﬂt‘aso‘dﬁ SMéﬁ%&@V'ﬂ"Q-eb&QHéﬁéQ ézoct Oaiﬁy!ﬂStht

percent pal ynmer of

alm 8 therein an ess
13. A cknrent adni xt TR G X EHgeant ?1{1%%‘{15%1"5 rgpéf&ﬁ?’%‘f%rae %oﬁfyr Pghb an
aqueous sol uti on haamdign frepreseats af imtddemeifgifropel 200, ot ywistuekesCl ai m

9 therein and havi ng, &4t Ofa LepsebbAls AAModir atdh, & ELENLIRIT ZLHGS,

conpri si ng an aqueous
R’ or an alkali metal, alkaline earth metal or ammonium

cation or a mixture thereof; HZe represents an ammonium

10 cation of a carboxylic acid anion wherein Z is a group X,N
(BO) ,R’" such that X represents hydrogen, (BO),R'" or
mixtures thereof and R’" represents H, C,~C, alkyl group
or BNH,; B represents a C,-C,, alkylene {(preferably C,-C,
alkylene) group or mixture of said groups and z is from 5

15 to 200 (preferably 10 to 100 and most preferably from 10
to 50); and a, b, ¢, d, and e are numerical values
representing molar percentage of the polymers structure
such that a is a value of about 50 to 90; the sum of ¢ +
d is a value of from about 2 to the numerical value of

20 [100 - {(a+b)]; and b is a remainder value of [100 -
{a+c+d+e)]; and e is a value of from 0.1 to 10.

B. The polymer of Claim 5 wherein R’ represents
hydrogen atom.
25
9. The polymer of Claim 6 wherein at least a
portion of A represents an oxyalkylene group (BO) R"
wherein B is a C, - C; alkylene gfoup or mixtures thereof;
R" is a C, - C, alkyl group; and n is an integer of from 1
30 to 70.

10. The polymer of Claim 8 wherein the
polyoxyalkylene chain of the cation is a mixture of

(I



20 ~ adnmixture conprising an aqueous sol ution having from about 10 to 50
wei ght percent polyner of--€&armi0 therein and having a pH of | ess than

about 6.5. 15. A cenent agfickiiif pe@FphciNg an aqueoys .25 adm xture
conpri sing an aqueous sol utf ' om gﬁ ET HAS gpﬁgNS wei ght percent

pol ynmer of O ai Ryd$izesr ei MIEHH ﬂum H pH § than about p61/Bs96ibs05 A
cenent adm xture conprisin 0 ] ri sing an agueous
sol ution having fromabout 10 to 50 wei ght percent polynmer of Claim12
therein and having a pH of |ess than about 6-526 = 17. An inproved cenent
of Claim1l wherein z is from10 to 100. 18. An inproved cenent of Claiml
wherein z is from Soxypfopplébe/direttiacpel ufitts 0in @ aabib viieati Dedst S
from10 to 100. 10 5:1 20. The polymer of Caim?7 wherein z is from 10
to 50. ' T :

11. The polyner Of Claim 5 wherein R’ represents an
5 oxyalkylene gorup, {(BO),R" wherein B is a C, - C, alkylene
group or mixtures thereof; R" is a C, - C, alkyl group;
and n is an integer of from 1 to 70.

12. A cement admixture comprising an agueous
10 admixture comprising an agueous solution having f£rom
about 10 to 50 weight percent polymer of Claim 8 therein
and having a pH of less than about 6.5.

13. A cement admixture comprising an agqueous
15 admixture comprising an aqueous solution having from
about 10 to 50 weight percent polymer of Claim 9 therein
and having a pH of less than about 6.5.

14. A cement admixture comprising an agueous
20 admixture comprising an agueous solution having from
about 10 to 50 weight percent polymer of Claim 10 therein
and having a pH of less than about 6.5.

15. A cement admixture comprising an aqueous
25 admixture comprising an aqueous solution having from
about 10 to 50 weight percent polymer of Claim 11 therein
and having a pH of less than about 6.5.

16. A cement admixture comprising an agueous
30 admixture comprising an agueous solution having from
about 10 to 50 weight percent polymer of Claim 12 therein
and having a pH of less than about 6.5.
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