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e present invention relates to additives for cementitious compositions, and
more particularly to a hydraulic cement admixture that enhances high early strength,
e.g., within the first 24 hours, in concrete, cement, masonry, and mortar compositions,
and particularly in precast cement. High early strength is achieved by adding a

calcium salt, such as calcium nitrite, and a copolymer having carbon-containing

- backbone comprising canent-mchoﬁng groups, such as pendant carboxyl groups, and

also having pendant oxyalkylene groups attached to the backbone by amide and/or
imide linkages.
Background of the Invention

The term “precast” concrete refers to a manufacturing process in which a
hydraulic cementitious binder, such as Portland cement, and aggregates, such as fine
and course sand, are placed into a mold and removed after curing, such that the unit is
made and formed before delivery to a construction site.

In precast applications, it is desired that the cementitious mixture have
sufficient fluidity that it flows through and around the reinforcement structure to fill
out the mold and level-off at the top of the mold. Typically, the mold needs to be
agitated to facilitate the levelling-off of the mixture, which requires time and effort.
In spite of this need for flowability, however, is the equally important but opposed
need for achieving high early strength. The term “high early strength” refers to the
compressive strength of the cementitious mass within the first twenty four hours after
pouring into the mold. Since precast concrete units are customarily removed from the
mold at about 18 hours, it is highly desirable that the cementitious mixture be

flowable but have high early strength before and by the first 18 hours.
Summary of the Invention
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and imide. The calcium salt may comprise calcium nitrite, calcium nitrate, calcium

chloride, calcium formate, or a mixture thereof. The copolymer to calcium salt ratio
10 is preferably 1:0.5-20 s/s (solids on solids), and more preferably 1:7.5 s/s. The

amount of copolymer that can be used is at least 0.005 weight percent, and usually in

the range of 0.005 to 5, preferably 0.03 to 1.0 weight percent, and more preferably 0.1

- 0.25 s/s based on the weight of hydraulic cement binder in the composition.

An exemplary copolymer comprises a carbon containing backbone to which is

15  attached groups shown by the structures (I) and (IT), and optionally groups shown by

structures (III) and (I'V), as shown in Formula J below:

(1) (II)
R R
20 | |
{--C--CH;--1, l--clz--cu,--l..
COOA. CONHR'’

-
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hydraullc concrete, masonry, cenment, or nortar m xtures generally,
are believed especially suitable for use(nn achieving high early
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attached groups shown by the
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(rrr) and (1V) as shovvn (tm-@ str@ePures al together hereinafter "Formula J")
20 N\ JJerr]
N
20 [
R'

25

30

wherein each R independently represents a hydrogen atom or a methyl group (-CH;)
group; A represents hydrogen atom, a C, - C,, alkyl group, R’ or an alkali metal
cation or a mixture thereof; R’ represents a hydrogen atom or a C, - C;, oxyalkylene
group represented by (BO),R’’ in which O represents an oxygen atom, B represents a
C, - Cy¢ alkylene group, R’’ represents a C, - C;, alkyl and n represents an integer of
from 1 - 200, or mixtures thereof; 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 50 - 70; the .

sum of ¢ plus d is at Ieast 2 to a value of (100-a) and is preferably from 3 to 10; and b
is not more than [100-(a + ¢ + d)].

(The letter “B” is being used for lexographical convenience herein to derote an
alkylene group. Those of ordinary skill in the art will realise that “B"” herein does
not represent boron).
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In another preferred cement admixture of the invention, a preferred copolymer
comprises a carbon-containing backbone to which is attached groups having structures
(1) and (II), and optionally groups having structures (III) and (IV), as shown in
Formula K:

(1) {x1)
R r*
| |
[--C--CH,--], [-~C--CH,--1,
! |
COOA CONHR®
(I1I)
R R
| |
{--C-CH,-C~-CH,~-~],
| |
O=C C=0
N/
N
L‘ ' This Sheet Has Been Replaced |
w [T
RJ. RI.

| I
t--cnz--c'-cn,-cl--cuz--la

O=C Cm=O

wherein each R' independently represents a hydrogen atom or a C;-Cj alkyl
(preferably methyl (CH;-)) 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),R’ in which O represents an oxygen atom, B represents a C;-Cy, alkylene group,
R} represents a C,-C,, alkyl group and n represents an integer of from 1-200, or
mixtures thereof; R® represents a polyoxyalkylene group represented by (BO), R’; and
a, b, ¢ 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 ¢ + d is a value of O to the
numerical value of (100 - a); and b is a remainder value of [100 - (a + ¢ + d)].

| Exemplary methods of the invention for obtaining high early strength
comprise combining a hydraulic cementitious composition with a calcium salt and a
copolymer as described above. Preferably, this is done before pouring the

cementitious mixture into a mold; and, most preferably, by incorporating the calcium
- 4 -
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20 : W?)q 4 ach R i ndependently represents a hydrogerp@iosomgas
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salt and copolymer simultaneously in the form of a single admixture blend, such as in

n

the addition water.
The invention is further directed to a hydraulic cement composition

comprising the high early strength compositions above described.

The term “cement composition” as may be used herein refers to pastes,
mortars, grouts such as oil w¢ll cementing grouts, and concrete compositions’
comprising a hydraulic cement binder. The terms “paste”, “mortar” and “concrete”

10  are terms of art: pastes are mixtures composed of a hydraulic cement binder (usually,
but not exclusively, Portland cement, and may also include fly ash, blast furnace slag,
and silica fume or other materials commonly included in such cements) and water;
mortars are pastes additionally includihg fine aggregate, and concretes are mortars
additionally including coarse aggregate. The cement compositions of this invention

15  may be formed by mixing required amounts of certain materials, e.g., a hydraulic
cement, water, and fine or coarse aggregate, as may be applicable to make the
particular cement composition being formed.

An exemplary admixture of the invention for achieving high early strength in
cement compositions comprises (1) a calcium salt; and (2) a copolymer comprising a

20 carbon-containing backbone to which are attached cement-anchoring members, such
as carboxyl groups, and oxyalkylene groups attached to the backbone by linkages
selected from the group of axmde and imide lmkages The use of one or more of the
amide and/or nmde members to connect the oxyalkylene groups to the backbone wiil
be further discussed hereinafter.

25 The calcium salt may comprise calcium nitrite, calcium nitrate, calcium
chloride, calcium formate, or a mixture thereof. Calcium nitrite is preferred. Caicium
nitrite is commercially available as a 30% (by weight) aqueous solution from W. R.
Grace & Co.-Conn., Cambridge, Massachusetts, under the name “DCL.” In further
exemplary embodiments, a combination of calcium nitrite and calcium nitrate may be

30 employed. |

A preferred copolymer suitable for use in the invention is taught in U.S. Patent
5,393,343, assigned to W.R. Grace & Co.-Conn., and incorporated fully herein by
reference. According to U.S. 5,393,343, the copolymer comprises an imidized “acrylic

- 5.
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group; A represents hydrogen atom a Cferr] - Cerr] alkyl group, R or an
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group, R rp@lymnmlduehnmﬂ:rsto@ﬂmenrobomnkeyloremblyme:ecpﬂaegeictaeuhn i nt eger of
from 1 - 200 or m Xt ur.e ther% and a, b, ¢, and d are nuneri cal :
val ues reprE@gﬁfd‘Wﬂiﬁ their alkali metal: a@é"’?ﬂascﬁ‘lé‘rﬁ‘ol ﬁm?lkx astersict ure such

Lo a val ue AR, RERCPmErealh A The oyl GrRb AR i} pAlymé]C) 2
more than [ }a9coRtain hits détived from other smglﬁ dREdoudly @ﬂhyieﬁlca!lf ukékhitgtel s edf or

| exogr aphi cal " conveni ence herein to denote an kyl ene group. Those of
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epresent bgcrrgﬂnitrﬂe, 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. |

10 An exemplary acrylic copolymer as described herein may be formed such as

by reacting an acrylic polymer with ammonia or an alkoxylated amine. The amine
reactant useful in forming the desired acrylic polymer can be selected from ammonia
or an alkyl-terminated alkoxy amine represented by the formula:
H;N - (BO),-R”

15 in which BO represents a C, - Cy, (preferably a C, - C,) oxyalkylene group in which
O represents an oxygen atom and B represents a C, - C,, (preferably a 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 and preferably from 1 to 70. The

- reaction conditions and catalysts are known. See g g,, U.S. Patent 5,393,343 at

20 Columns 3-4. Generaily, one may obtain pendant groups shown by the structures (1) -
(IV) above by heating the reactants in an aqueous solution at elevated temperatures of
from about 150° C to 250° C (as discussed in US 5,393,343 at Col. 3, 1l. 46 et seq.),
but structures (I) and (IT) may be predominantly or solely formed (even to the
exclusion of structures (III) and (IV) herein) by using temperature ranges lower than

25 150°C.

An exemplary copolymer for use in the invention comprises a carbon
containing backbone having cement anchoring groups and oxyalkylene groups shown
by the structures (I) and (I) and optionaliy having groups shown by structures (III)
and (IV) (see e.g., US 5,393,343 ), as shown in Formula J below: |
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wherein each R independently represents a hydrogen atom or a methy] group (-CH3)
group; A represents hydrogen atom, a C, - Cy, alkyl group, R’ or an alkali metal
cation or a mixture thereof: R’ represents a hydrogen atom or a C, - C,, oxyalkylene
group represented by (BO),R’’ in which O represents an oxygen atom, B represents a
C, - Cyq alkylene group, R’’ represents a C, - C,o alkyl and n represents an integer of
from 1 - 200, or mixtures thereof; and 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 c 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)].

A preferred copolymer is: represented by the above formula in which A is a
hydrogen atom or an alkali metal cation; R’ is at least from 50 - 90 weight percent of
the polymer and comprises polyoxyethylene or polyoxypropylene units or mixtures
thereof. Further, a may have a numerical value of from 60 - 70, and the sum of c and
d is a numerical value of at least 3 (preferably at least 5) to the value of (100 - a).

Other exemplary copolymers suitable for use in the invention may comprise a
carbon backbone having intervening atoms like oxygen (i.e., ether linkage). Suitable
grafting sites include free carboxylic acid (or salt thereof) groups. Carbon backbones
may be made by polymerization of ethylenically-unsaturated monomers, preferably
ethylenically-unsaturated carboxylic acids (e.g., allyl carboxylic acids) such as acrylic,
methacrylic, maleic, fumaric, citraconic, itaconic, (meth)allylsulfonic, vinyl sulfonic,
sulfoethyl(meth)acrylic, 2-(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

-7 -
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m xtures thereo Herr] represents a polyoxyal kyl ene group represented by

(BO[err]Rerr]; Eﬁé}ﬂglary pol?exﬁlkﬂexﬁ@mﬂas‘%lﬁcﬁ‘ﬂﬁ?'Bb‘é@llal&ﬂi}“ﬁ&cﬁ%%@nt Ing

nol ar per cent age of
5  backbone of the copolymer may have the general formula

R'-(0AY),-Q-
wherein Q=0orNH;
A?=C, - C,y alkylene;
x =110 200; and
10 R*=C,- Cypalkyl

The term alkyl(ene) is meant herein to encompass linear or branched alkyl(ene)
groups, and also include (where structurally possible) aryl(eme) and arylalkyl(ene)
groups. In preferred air detraining functional side chains, A? = C, - C; alkylene; more
preferably, the OA; groups are a mixture of ethylene oxide (“EQ”) and propylene

15  oxide (“PO™). It is noted that the polymer’s ability to detrain air in the cement
mixture appears to be particularly good when the weight ratio of EQ/PO in the side
chain is from about 3 : 1 to 0.3 : 1(70 : 30 to 30:70), more preferably from about 1.5:1
10 0.6:1. Q is preferably O, and x is preferably 1 to 100. R* is advantageously butyl,
preferably a n-butyl group. It is believed that a range of polyoxyalkylene alcohols

20 available from Huntsman Chemical Corporation (Houston, Texas) under the
tradename Jeffox will function suitably when incorporated as side chains in the
imidized acrylic copolymers of the invention, e.g., Jeffox WL5000 and WL660.
These polyoxyalkylene alcohols have number average molecular weights of about
3500 and 1850, respectively, and have the formula (C,H,)(OA%),0H, where OAZis a

25  mixture of EO and PO, and the EO/PO weight ratiois~ 1 : 1.

_—
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i ncorporating the cal cium R%0-(A’0),«(A%,-NH, - 4-
Attorney Case PCT 3529C salt and, copol yner sinultaneously in the form
of a single adnixture bl endwhesich as Ar™Ci-CodldErsiddi ti on wat er.
5 y = 1 10 200;
p=11t050; and
R*=C,-Cpalkyl.

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

10 formula R*-0-(A%0),-(A%),-N=_(note that the “=* sign is meant to signify two
covalent bonds to other atoms, for example, to two carbonyl carbons on the backbone,
i.e., imide linkage, or to a hydrogen atom and a carbonyl carbon on the backbone .) In
preferred polyoxyalkylene amines, A* = C,-Cs alkylene; more preferably, the Ao
groups are a mixture of EO and PO. An EO/PO weight ratio of about 7: 110 0.5: 1

15  has been found suitable. y is preferably in the range of 1 to 100. p is preferably in the
range of 1 to S., more preferably 1 to 2. R’ is preferably methyl (CH;-). For example,
polyoxyalkylene amines available from Huntsman Chemical Corporation (Houston,
Texas) under the tradename Jeffamine have been found suitable in the invention, e.g.,
Jeffamine M1000 and M2070, having number average molecular weights

20 corresponding to their respective product numbers. The Jeffamines have the formula
CH3O(A3O),.CH2CH(CH3)NH2, where A%0 is a mixture of EO and PO.

“The mole ratio of polyacrylic acid to a) polyoxyalkylene amine and b)

polyoxyalkylene alcohol is generally about 2 : 1 to 9 : 1, and the weight ratio of a) to
b) is generally about 20 : 1 to 2 £ 1. It can easily be seen that by varying the amount

25  of the polyoxyalkylene alcohol side chains grafted onto the backbone, imidized
acrylic copolymers can be made in accordance with the invention which will produce
corresponding variance in entrained air in the cementitious mix. One preferred
copolymer comprises polyacrylic acid (“PAA”) to which has been grafied a)
polyoxyalkylene amines of the formula CH;O(A3O),.CH2CH(CH3)NH2, where A’0 is

30 a mixture of EO and PO and the EO/PO weight ratio is from about 5: 110 0.5: 1 and
b) polyoxyalkylene alcohols of the formula (C,HoW(OA?),OH, where OA? is a mixture
of EO and PO and the EO/PO weight ratio is =~ 1 : 1. |

(T
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i nvention for achieving high early strength |n x cement conpositions
conprises (1) a calciumsalt; and (2) a copolyneq conprising a 20

car bon- cont ai ni ng backbone to which are attached gEenent - anchoring nenbers,
such ;s as carboxyl groups, and oxyal kyl ene groups attached to the

backbone by |i nkages sel ected fromt@gygroup of am de and im de
| i nkages. The use of one or nglre of* t he am de and/or imde nenbers to
connect the oxyal kyl ene groupp to §he backbone w || be further
di scussed hereinafter. g5cm,--c-ca,dtre-cagl-¢gjum salt may conprise cal cium
nitritep calciumnitrate, cal fium| chloride, calciumformate, or a
m xture thereof. Calciumni ba¢te is=referred. Calcium
' N/
N
. I‘
25 R

wherein each R independently represents a hydrogen atom or a C,-C;
alkyl(preferably methyl (CHj;-)) 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

30 represented by (BO), R3 in which O represents an oxygen atom, B represents a Cy-Cy,
alkylene group, R represents a C,-Cy, alkyl group and n represents an integer of from
1-200, or mixtures ihereof; RS represents a polybxyalkylene group represented by
(BO), R®; and a, b, ¢ 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 ¢ + d is a value

35 of 0 to the numerical value of (100 - a); and b is a remainder value of [100 - (a+ ¢ +

dj].

a is preferably from about 30 to 99, more preferably from 50 to 99. In the R?
group, B preferably represents a C,-C; alkylene group, R’ represents a C,-C, alkyl
group, and n represents an integer of from 1-100. More preferably, the BO groups are

40  amixture of EO and PO. Air detraining performance appears to be particularly good
when the weight ratio of EO/PO is from about 3 : 1 to 0.3 : 1(70 : 30 to 30:70), more
preferably from about 1.5 : 1t0 0.6 : 1(60 : 40 to 40:60). R*is advantageously butyl,

- preferably a n-butyl group.
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nitrite is cormercially avai l abl e as a 30% (by wei ght) aqueous sol ution

fromW R e & Co.-Conn., Canbridge, Massachusetts, pagaISoT/mM48)S
federal ly reg|s¥ered trademark "DCl[err]" In further exenplary
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Attorney Cas sré?&Ib1§5ﬁx3Q3o group@ﬂbhriﬁﬁaurewwﬂaﬂd@m AREOAPO WeiphPfitidT ymer

or copol yner " of acryllc a yI|c acjd, their alka

saFts, asSwepboutd lgiG5 CF bﬁlfecn f@f‘g‘fﬂm‘g 1s§§qur,a§ly in the raRSﬁPHé‘hngécfy,

t he acryl ic BQéPféﬁralﬁlﬁﬁﬂﬁﬁﬁnMItﬁes WP&@E&bNyWﬁ'ZQ@FB Yomethyer

may contain units derived from gt he Myand gloub) thLaemcaIIy
unsat ur at ed §CHadnBhpasticulady p ‘{ﬁ'@ Imigpts AhR st }gqfﬂf@ﬁ sul f onat ed
styrene, mal g, RAPE) CHch(eHS)V,' wnefer A*@ is Qﬁﬁdﬁe&ff%@ﬂﬁh Pbemhd R EGHPO)

ot her ethylenically, dnsdt urat ed rmno degr, |%g uni.t when present,
can be pr eseMeIght ritids Seom agut b3 éﬁ%i Land by R ds E(Cd'!b)(o <P MEES abl y,

up to abqypt PR? %I:ﬂmur@efggrmdqfomembcsmrroowé;gnﬁhnowml :ded that the
resuftant imdized acrylic polyner is water sol uble.

Exemplary copolymers described immediately above may be made by grafting
a polyoxyalkylene amine onto a polycarboxylic acid backbone
(amidization/imidization reaction), then grafting onto the polycarboxylic acid
backbone an air detraining polyoxyalkylene alcohol (via esterification reaction). It is
15  believed that the alcohol may also be grafted onto the backbone before grafting the
amine onto the backbone. The reactions are carried out in an oxygen-free atmosphere,
in a reaction vessel having a condenser for facilitating water removal, e.g., a jacketed-
coiled condenser fitted with a Dean-Stark trap. (During the course of the reactions,
water (a reaction by-product) is removed to drive the reaétion to completion.) In the
20 amidization/imidization step, the reactants which are contacted with each other and
heated to 100°C to about 185°C for about 1 to 8 hours, preferably about 1.5 to 2.5
hours, or until the amidization/imidization is complete. (Again, reference is made to
U. 8. Patent No. 5,393,343, th_e entire disclosure of which is incorporated herein by
reference for further details of the reaction.) For the esterification reaction, a catalyst
25  isadded to catalyze the-ésteriﬁcatién of the polyoxyalkylene alcohol to the graft
- polymer. Any agent which will catalyze ester formation may be used (i.e.,
dehydrating agents, defined herein as those which facilitate the formation 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
30  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 product is neutralized and the total solids of the

mixture are adjusted with solvent if desired or necessary for addition to a cement

- - This Sheet Has Been Replaced
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10 An exenplary acrylic copolymer as described herein may be forned
such as by reacting an acrylic polynmer with ammonia or an al koxyl at ed
ani ne. TheW@9i44288 reactant useful in form ng the desire®CIAISPTHT48

pol ymer can be sel ected from amoni a or an al kyl -term nated al koxy

ani ne repre&ﬂﬁésﬂﬁ’orbiﬁd&&xré@ﬂ E@- Other methods of preparation ma beused aslon Herr]N
(BO[err] R' 15 in which BO represents a&perr err] (prererably a-

C[ err] - @%ﬂn]@swmqumm dhacharacterigtics desoribed hercmp Fos exemple,cettaingen
21 Kyl ane PoISByATy eds-SoptsiFipEpolsers B heShpeaiinined by pplgimepizbticn g 1]

(preferabl er sel ected
from1l to )Z('(S'gie gﬁ;]({?ll&p ogn? érf)%i)lef rom Xg{ %%ﬁlf?ﬁgy? %lg%l )l §°]§Hleh%b§ nditions and - -
catal ys§ s polgokyulkylendscas éxetplifiell By LIRS, PatentNGS 3,431 3 00tandad, 9950043tk 20
Ceneral |y, one may obtain_ pendant groups shown by the structur.es (ry - (1v

above by entire|disglashresiofiavhicheare incomargied eraquaom&rmmmnsgta carlmmt ed

t t f f t 150,.C t 250 i
5105 a5 eckBhné b ARRY sites (coraPlic adif efibef k¥ inlendSd BF B dlirimiog) ) vy
be predoni fipftibyal Sidehhibls s heycrBed ﬁéﬁfﬁﬂn{fbé Ek‘i‘erﬁi@al iﬁ@ﬂe@%ag@%faefde

(Ir1) and (1V) herein) by using tenperature ranges |ower t

25 ~ grofips ekthews polyoxyajiglenemrodpsito irmpart thet beaefits detailed herein)1Buches a

car bon ontalnlng backbone havi ng cenent anchorlng groups and

oxyal k¥ entesyiting gerydicsppolymers haying such groyps gre.intended tohe withip %Wﬂt i onal |y
havi ng 9" OYPSury oBy structures (111) and (1) (see e.g., US

5, 393, 343), as ‘'shown (the structures altogether hereinafter "Formul a
J") bel ow Commercially available copolymers suitable for use in the invention, and

falling within the description above, are available from W. R. Grace & Co-Conn.
under the tradename “ADVA.”

15 In further exemplary embodiments of the invention, the copolymers can be
formed at any stage of the cement or mortar’s formation or use. For example, the
polymer, with or without the calcium nitrite, can be mixed at the cement mill with
clinker cement raw material during its grinding to form cement powder. The polymer
can also be applied to the cement powder, with or without the calcium nitrite, during

20  its blending with other dry materials to prepare a specific type of cement, such as
blended cement, pozzolanic cement and the like. Alternately, improved cements of
the invention can be formed in sitir during the course of preparing a cement
composition such as a mortar mix or a concrete. The copolymer, preferably in pre-
mixed form together with a calcium salt, such as calcium nitrite, can be added as an

25  aqueous solution as part of the water of hydration, or can be added separately.

An exemplary method of the invention for obtaining high early strength in a
concrete, cement, masonry, or mortar mix comprises combining a hydrautic
cementitious composition with calcium nitrite and copolymers, as described above.
As previously mentioned, the calcium nitrite to copolymér ratio is 1:0.5-20 s/s (solids

30 on solids), and more preferably it is 1:7.5 s/s. Preferably, the calcium nitrite and |
copolymer are added to the cement, and intermixed, before the mixture is poured into
a mold; and, most preferably, by incorporating the calcium nitrite and copolymer
simultancously in the form of a single admixture blend. The admixtures can be added
separately or simultaneously with the addition water. The present invention is further
35  directed to a hydraulic cement composition comprising a hydrauhc cementmous

- ) - 12 - Sheet Has Been Rep s Been Replaced -

i I|I|\ Il lII




15

10

15

20

25

30

35

40

Attorney Case PCT 3529C [err] 5 10
WO 97/44288 PCT/US97/07148

binder, such as Portland cement, and a calcium salt and copolymer as previously
described. In precast applications, the water to cement ratio will be equal to, or less
than, 0.45 by weight (water:cement).

Exemplary copolymers in accordance with the invention can be made as
follows. Polycarboxylic acid (MW = 5000), polyoxyalkylene alcohol, and |
polyoxyalkylene amine are combined in a reaction vessel equipped with a N, sweep,
mechanical stirrer and a jacketed-coiled condenser fitted with a Dean-Stark trap. The
polyoxyalkylene amine is grafted onto the polycarboxylic acid backbone at 140°C to
185°C for two hours. p-toluene sulfonic acid was added as an esterification catalyst,
and the reaction mixture was heated for an additional two hours, to allow for the
esterification of polyoxyalkylene alcohol onto the polycarboxylic acid backbone.
Upon cooling to ~ 50°C, the reaction product was neutralized with 40% (wt/wt)
aqueous NaOH and total solids adjusted to 40% with deionized water.

As previously mentioned, copdlymers having oxyalkylene groups attached to
the carbon containing backbone useing primarily or predominantly amide linkages
(see “structures” designated as “II”” above) can be formed by grafting oxyalkylene
amines onto polycarboxylic acids at temperatures below 140°C. It is believed
possible that amide linkages (e.g., structure (II) could be used to the total exclusion of
imde linkages (e.g., structures III and IV). '

-

Still further exemplary acrylic copolymers suitable for use in the invention
may include polymers having the general formula (I) and (II), and optionally (III),
(IV), and (V), as shown in Formula L below: '

(1) . (II) .- {IIX)
R R R R
I I | I
[--C--CH,-1, [--C--CH,-1, [-Cc-CH,-C-CH;-1,
| ! i I
COOA | CONHR'’ O=C C=0
N/
N
|
Rl
{ IV) (V)
RR R
1} |
- [‘G‘z-C‘C"cH:“]‘ - [-C-CH,-].
|| I
0=C C=0 coo'”!
\/ This Sheet Has Been Re laced
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20 wherein each R i ndependently represents a hydrogen atomor a

met hyl grou - CH3) group; A represents hydrogen ato err] -
Clerr] al W‘F%ﬁ"ﬁﬁ’b, R or an alkali nmetal cation ’ﬁb?ﬁyﬂ?
thereof; R represents a hydrogen atomor a Cerr] - (err] oxyal kyl ene
group whRéreinreapi RSadépedddngly(rEiesents hydrogen ardrn ob a thetleyl (€5 ¥)tgeowp) Axygen

o bsont SRR Bydobtlbd 4 G G i gORET o Bt ¥ aHoRR R (o1

1 - 200, ometal adtiones ammothermﬁm’axeptﬂﬁemS addrogematormanzeC;j €6l val ues

that o i's QRAERHY Gy Gooyelky e EERERE lyalty 100 ieterghi ] ¥ P 2

I38ast tztmfasalcbgmapsljgg(chﬁu)teamnamgmmp@iﬂ,@ﬂkyl gromm’)mnﬁﬁmrsnd bis e
+ C + r L.r r n

20 1 el AR ey il b Gt SRRl T B e ooent o

melt alme(r: a; i smoh ﬂﬁtrxl mpﬁasex:)tle hgdrofem BOYOR’ Bf)m(;ulﬁtugb thqnf)ufcalag Ré’bfer;:iressents rH’m' x% _Eses

Pher eof Pt 7o Ayl EoonRG i eaientl'a G S MBI AR pRRTBINC2 B T o

of ¢ and alkyleRé) group or mixtmreof said igroups and afis ﬁbmlSeanDOQpl@feraiﬂyrlﬁbbyoa,t | east

i 1 2% 145 s Brefeehly frorf A0 o 500 g ol i e el Slen RS bRk BRE VT 0

hav:c ng i ntthe polyimey’satractard such that ngdus ¢ hasa valwt dfabolt Skkiadie) ﬂ}e&nﬁ ofd e
00 BRSSO O 3

et hyl eni c ahdtynora shen 160 e (ehevdberipand e mGi o th y
et hyl eni cal | y-unsaturated car boxa/l ic acids (e. dg al I yI car boxylic acids)
eh

such as acryl i cThe amine reactant usefulip/formingahejust cnbydlacryllclcppab'mercan
|tacon|c | sul fonic,
Sul T ooty YIS YmRmGT H’é%ﬂ‘%lr‘)‘ﬁpaf%aff@ poloxpliylen minrentaseing ¢

Mesaconi ¢, yofhe formula:

H,N - (BO), -R”’ “(L1)
in which BO represents a C, - C,, (preferably a C, - C,) oxyalkylene group in which
O represents an oxygen atom and B represents a C, - C, (preferably a C, - C)
20  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 and preferably from 10 - 120.

In addition to the polyoxyalkylene amine reactant, the acrylic polymer can be
further formed with hydroxy terminated polyoxyalkylenes represented by the formula

HO - (BO),-R” (L2)

25  wherein BO, R” and n are defined as in formula (L1 above. The hydroxy terminated
compound, when present, is normally used in a mole ratio of amine terminated to
hydroxyfr terminated compound of from about 0.5 to 1.5, preferably from about 1 to
1.5. The compounds of the formula (L2) react with the carboxyl groups of the acrylic
polymer to provide a portion of the A constituent of the amidized/imidized acrylic

30  polymer product of the immediately preceding structures (I) -(V) above.

The polymer shown by Formula L can also contain small amounts of
derivatives of compounds L1 and L2 in which R” of compound L1 is a primary amino
group and R” of compound L2 is a hydroxyl group. Such derivatives have the
formula Z(BO),Z where each Z is a primary amino or a hydroxyl group. The resuitant

35  polymer provides extended high slump properties. These derivatives may be present
- 18 -
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di carboxylic acid half-esters. Preferred pol ycarboxylic acid carbon
backbones ayR) 97/44288 e.g., polyacrylic or polynethacrylic pcrmsey?071480
200-ners are preferred, nDre

-7 3529

150- mers, ani@ - t°t8c¥"’I‘('§'(§‘tt rPé‘?nfe‘ya}gg'a‘f‘? T?Wvﬁcgf}@ﬁ %es%?égggg abﬁ%gﬁ- e

5% or nore ofatehsolaieboxyl i c acid groups on the pol ycarboxylic acid
batkbone remain unesterified, nore preferably about 10% or nore.
Exenpl ary pol yoxy‘makwtdlpelmyalkylenélbmhammg xbmcmsaieammallﬁhiaﬁhémmo t he

g[ elr)?]c k ?%Zf § ? g? %’ Pr@l %ercent "d pmafémbi t?ox%elrbetEﬂO m& percent mfgg op the Q=0

or* NH, 5 acrylic acid units present in the acrylic polymer. Alerr] = Cerr] -
C err] al kyl ene; '
The acrylic polymer and amine reactants alone or further combined with a

hydroxy terminated reactant form the copolymer by heating the reactants either in an
aqueous solution or neat at elevated temperatures of from about 60 degrees C to 250
degrees C and most preferably from 100 degrees C to 225 degrees C. The reaction is

10  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 passing air or nitrogen gas over
the liquid reaction medium or by bubbling the gas through the medium to remove
water and other low molecular weight by-products from the reaction zone.

15 The optimum condition will depend on the particular reactants used and the
degree of reaction desired. The exact condition can be determined by simple
experimentation.

The imidization reaction can be enhanced by conducting the reaction in the

presence of a basic catalyst, an acid catalyst and/or a transamination catalyst. Such

20 catalysts may be selected from a tertiary amine, such as dicyclohexylamine, 1,1,3,3-
tetramethylguanidine, 1,3-diphenylguanidine, quinoline, isoquinoline,_4-
benzylpyridine, 4-phenylpyridine, 2,3-benzodiazine, 1,4-benzodiazine, 1-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-

25  toluenenesulfonic acid, HCl, Sb,0,, Ti-(OC,Hs),, NaNH,, SnO,, 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 described reaction
conditions for from about 1 to 8 hours and preferably from about 1.5 to 3 hours.

30 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 embient or substantially
ambient pressure, the removal of water can be enhanced by sweeping a gas, such as
nitrogen, through the reaction zone.

o
15 heet Has Been Re] ]aced

T



x =1 to 200; and 10 Rerr] =

Cerr] err] al kyl. ' The term al kyl (ene) is Pﬁm
enf:orrpass DIU42 " by anched al kyl (ene) groups aég SO | ncI ude
(where structurally possible) aryl (ene) and aryl al

kyl (ene)
gr ajps. ] I n Er ef diheddgree of mcﬁaxicaniys‘ubstanﬁaﬂyahomtm‘ag bmhmomqteprtet Cerr]
err r s are a
m xture of ?Hgﬁ‘gr)i(e ’8%"‘{““@8"? Uﬁgﬁpr ogﬁpéﬁgfm%%ﬁ Lrhkr%é:ﬂl(wPO') It is
not ed t hat ptdthlcpmlcpobdaadﬁhetedty to detrain air in the cenent

m xture appears to be particularly good when the weight ratio of EQ PO in
the side The ummcndwrpq}mmmpnaaﬂna high¢ebodling  yizepus iguidgwhigh 70) |

nore pr fer f bly O
and 1S piEbapialy S5l pwath The iniilly fomn olfmy is ke b/ e 201 Y
plr ef ﬁr ?bl yaqueoubaolynogr E'hT)pHIOtf th&ssub@mr@sedluswdprmarmwgedmgqi@wﬁe‘&yal kyl ene
al cohol s i

gref%%gly i abSRt Fro 5 B@mwmg e rSGtﬁ 5, %%ﬂi&%ﬁﬁnﬁt’é@us'ﬁ on,

Texas) und nction_ sultably

when i ncor porymmknlsns 1sdatr@¢mdn intp the aguepys ta@rgmd%arwpmoym galbf t he
i nventi on, e#{éf E%ﬁo lhe%ﬁ%ﬂﬁné‘ﬁge B hc acid umts of theTEtﬂ $iter. The

polyoxyalky ene a ave nunber- avera | ecul ar wej ghts of about

3500 anfl 1880ne tconjnated; mo;cyal&ﬁh:ng aeed tpmoc?qu ithg salt is preferably selected
(err]Her LlaOH where OAlerr] is a 25 t f EO
pne s 2 maues

and PO, and ratio is [err] 1:1.
XNBO).R™

wherein X represents hydrogen, (BO),R’™ or mixtures thereof and R”’ represcnts H,
C, - C; alkyl group or BNH,; B represents a C, - Cy, alkylene (preferably C, - C4

15 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 (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

20  polymer admixture provide superplasticizer properties with the ability of the
achieving 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 compositions of less than 6 percent
and preferably less than 4 percent. If higher amounts of air content are desired, the

25  cement composition can be treated with conventional air entrainers. The present
polymer does not detract from conventional air entrainer activity. The exact molar
amount of units “e” to achieve the air controlling properties will depend upon the
exact nature and molar proportion of the other components of the polymer admixture
as well as the nature of the cement composition being treated. The molar amount of

30 units “e” need to achieve a desired air entrainment level can be readily determined by
experimental design with the aid of the présent teaching. .

The following examples are given for illustrative purposes only and are not
meant to be a limitation on the claims appended hereto. All parts and percentages are

by weight unless otherwise indicated. —_—
35 : This Sheet Has
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- 8- Attorney Case PCT 3529C O her exenpl ary
pol yoxyal k G 95 nes whi ch can be grafted onto/attached PCTIUS9YH 48
car bon backbone o t he copol yners herei n may have the general fornula

\T[hhg; Q n oA 2{ ;%{O%xee;r it 'pbn]\[ag E)Qg?agq%:l{)) grater and inverting the drum to

>

y = 1 to 20Qyow its interior to drain. The drum was nghted and loaded with ordinary Portland
Cement (OPC), water, fine aggregate (sand), and coarse aggregate (stone) at the
following addition rates: stone at the rate of 1750 Ibs./yd®; sand at the rate of 1230

5 lbs./yd3‘ water at the rate of 320 lbs./yd3 ; and cement at the rate of 658 lbs/yd3. The
sand and stone conformed to the standard specification for concrete aggregates in
accordance with ASTM C 33 (1993). The drum was mixed in accordance with
standard practice for making and curing test specimens in the laboratory (ASTM C-
192-90A), then placed into cylinder molds (steel) having a four inch diameter and
10  eight inch length.-

In addition to control Samples, samples having calcium nitrite, an imidized

acrylic copolymér, and both the calcium nitrite with the copolymer were produced.
The additives were introduced into the sample by incorporating them into the water
component of the sample. The calcium nitrite (“DCI” from W.R. Grace & Co.-Conn.,

15 Cambridge, Massachusetts) was used at the addition rate of 0.2-4.0 % s/s based on the
cement (solid calcium nitrite/solid cement, s/s). The copolymer (“ADVA” from
Grace, in accordance with Formula K described above) was used at the addition rate
of 0.05-0.5% s/s based on solids cement. In the samples containing “ADVA” only
and the DCI/ADVA combination, since the “ADVA” operates as a superplasticizer to

20 fluidify the mixture, the rate of addition of water was decreased to 250 lbs./yd3 , and
the rate of addition of sand was increased to 1400 Ibs./yd’ to adjust for yield.

The control samples and test samples were cast into the cylinders, left
undisturbed, and stripped from the molds at periodic intervals of 6, 10, 14, and 18
hours. The samples were subjected to a standard test method for measuring

25 compressive strength cylindrical concrete specimens (ASTM-C-39-94) in which an
axial load is applied until the samples crack, and the compressive strength in terms of
pounds per square inch (psi) is determined. The results are presented in Table 1
below. Sample 1 (“control”) had no calcium nitrite or the acrylic polymer; Sample 2
(“DCT™) had calcium nitrite only; Sample 3 (“ADVA”) had the imidized acrylic

30 polymer only; and Sample 4 (DCI/ADVA) had both the calcium nitrite and the
copolymer demonstrated a synergistic effect in achieving high early strength at the

' indicated intervals. The “net” compressive strength values are computed by
substracting the control values. For example, Sample #2 yielded a strength value of
123 psi at 6 hours, but the “net” strength value is “85” psi when the control value of

35 38 psiis substracted. TTT——

This Sh
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p=1to 50; and Rlerr] = derr] -
C[er] al kyl . Such pol yoxyal kyl ene am nes may be grafted or attached
0 the carWOPTH&Bhone by an anide and/or inide |inkag&CT{USOURTIA, case

the attached group would have the 10 formula

Rlerr]- O ( AMPL® [ er r 16 Hhe (pdi) | er 10 Evar (péiot o4 Hgir () * =18 Fawp (psi) Teant

to signify two coval ent bonds to other atons, for exanple, to two
car bonyl cail{esstrody t hed®backbone, 195 i.e., imshd |inkage, 943to a
hydrogen atom and a carbonyl carbon on the backbone .) In preferred
pol yoxyal kyR¢DElaly)es, 123[(85 nkt)= C[ 802 [507[mety | 084 yUdMast) nor ¢499 56 mat)l v,
the A30 groups are a mxture of EO and PO An EQ PO wei ght ratio of
about 7: 1#8¢ADVA only)1552 (1dqet)een f 0061¢D nat) t abl et85y0met)pr ef el 208 R62met)he
range of 1 to 100. p is preferably in the range of 1 to 5, nore

pr ef er abl y #& (DCVADVRA)er342 (364 petdf er 4b44/(940triet)l (1BAR€1311-net) FR636(69D Inet)

pol yoxyal kyl ene am nes avail abl e from Hunt sman Chem cal Corporation

(Houst on, Texas) under the tradenane Jeffam ne have been found
suitable in the invention, e.g., JEFFAM NE[ err] MLOOO and M2070,
havi ng nunber average nol ecul ar wei ghts 20 corresponding to their
respective product nunbers. The JEFFAM NE conpositions have t he

forml a CH[err]O(A[err]O)[err]CI—I[err]CH(CI—I[err])NH[err] where Alerr]Ois a
m xture of EO and The nole ratio of polyacrylic acid
to a) pol yoxyal kyl ene am ne and b) pol yoxyal kyl ene al cohol is
generally about 2: 1 to 9: 1, and the weight ratio of a) to 25 b) is
generally about 20: 1 to 2: 1. It can easily be seen that by varying the

anount of the pol yoxyal kyl ene al cohol side chains grafted onto the
backbone, imdized acrylic copolyners can be made in accordance with
the invention which will produce correspondi ng vari ance in entrained

air in the cenentitious mx. One preferred

-
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copol ymer conprises polyacrylic acid ("PAA") to which has been grafted a)

30 pol yoxw 5%6? am nes of the formula PCT/USY7/07148
CH[err]O( err fagrr]CI—I[err]CH(CI—I[err])NH[err] where Alerr]Ois a
m-xture of EO and PO and the EQ' PO weight ratio is fromabout 5:-1 to 0.5:
1 and W%P‘yoxyal kyl ene al cohols of the fornula

(Cerr]Herr])(ON err 7 3}T§t¥édg O and
PO and the EQ Pgﬁwel gl]%‘%ée?g‘lthl* %ai%xlsﬂl%}@ o e@ﬂ{e@h{d hlgﬁ edl ﬂ?conrx]%r:sxg(eﬁpl Zpy

COIO0| yrrer?] &dMéitaidalt; At (2)aeopdslytdeehavmg:abmtbnn-rcaytalmng babkbase toewhich lare y
pol ymers aV|n rousvmth structures(l) a d (Il1) and
- 0- X attac ecg qrmnt@pcmgu e gszg@xyalk yleng sfezéPm%g&i 1’3( ? fa“'é?réfor (1V),
?:r f] O‘Q“s (tge ectec{ H’ S Ero%lptc&qselgt?&ro At c'agt?& frfide, PO Mul a K") bel ow.
2. The admixture of claim 1 wherein said calcium comprises calcium

nitrite, calcium nitrate, calcium chloride, calcium formate, or a mixture thereof.

3, The admixture of claim 2 wherein the calcium salt comprises calcium -
nitrite.
10 4, The admixture of claim 1 wherein the copolymer to calcium salt ratio
is 1:0.5-20 s/s (solids on solids).
5. The admixture of claim 3 wherein the copolymer to calcium nitrite

ratio is 1:7.5 s/s (solids on solids).
6. The admixture of claim 5 wherein the amount of copolymer used is at
15 least 0.005 weight percent, and usually in the range of 0.005 to 5, preferably 0.03 to
1.0 weight percent, based on the weight of hydraulic cement binder in the
composition. |
7. The admixture of claim 1 wherein said co;;olymer is formed by
reacting an acrylic polymer with ammonia or an alkoxylated amine represented by the
20 formula ,
| H,N - (BO), -R”
in which BO represents a C, - C,, (preferably a C, - C,) oxyalkylene group in which
O represents an oxygen atom and B represents a C, - C,, (preferably a C; - C,)
alkylene group or mixture; and R”’ represents a C, - C,q (preferably C, - C,) alkyl
25  group and n is an integer selected from 1 to 200 and preferably from 1 to 70.

P
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10 \

25 wherein each R independently represents a hydrogen at

Clerr] - C[ SVOPT4428§| (preferably methyl (CH err]-)) groug&&{s?@%rléssent s .
a mxture of Z and Rlerr]; Z represents hydrogen atom nonoval ent or
dival ent nmetal @ati orfheadmiixtuteofglainp! whereingsaid copatymer comprises a carborR] er r ]

represents an air detraini pol yoxyal kyl ene group represented by (BO/J[err] -
Rlerr] in containjug mckbmeetprvguelmsgﬂaehq@@gm showmby the &ﬂow&]st@%ﬂes 1))

~Jerr]-derr | kyl ene 0 ] 30 represents a (Jerr]-Cerr] alkyl
group and b@@ge‘?ﬂt? g‘ﬁ?’ﬁﬁ?@'&&%f from 1-200, or m xtures t her eof ;

Rlerr] representsgra pol yoxgal kyl eme group remmesented by (BO[err] Rerr];

and a, b, ¢ and d are nuneri¢al val ues representing molar percentage
of the polyner' ls.-et-xcm;t-ure [-sgeickhdy a is a val ue of about 1 to 99;
the sumof ¢ + d ifs a value of 0 tfo the nuneri cal
COOA CONHR’
10
: . - {IIX)
R R

| I
[--C-CH, -C--CH;--1,

15 | |
O=C C=0
\ /
N
|
20 R
(V)
R R
| |
25 {~-CHy~~Conm- C--CH,--1,
; |
O=C C=0
N/
N
30 |
R'

wherein each R independently represents a hydrogen atom or a methy! group (-CH;)
group; A represents hydrogen atom, a C; - Cyg alkyl group, R’ or an alkali metal
cation or a mixture thereof; R’ represents a hydrogen atom or a C, - C;, oxyalkylene
35  group represented by (BO),R’’ in which O represents an oxygen atom, B represents a
C, - C;o alkylene group, R*” represents a C; - C;q alkyl and n represents an integer of
from 1 - 200, or mixtures thereof; and a, b, ¢, and d are numerical values representing
molar ﬁercentage 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
40  is not more than [100-(a + ¢ + d)].

Has Been Re laced :
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val ue of (100 - a); and b is a remainder value of [100 - (a + ¢ + d)]. 35
a is prefegpabbyshgpm about” 30 to 99, nore preferably from 50PCT/USHTONMS t he
Rierr] group, B preferably represents a CJerr]-Cerr] al kyl ene group,

Rierr] representsg a.(Jerr].-Clers] .al — D an
i nteger of from f- 1é‘g.e_qgﬂ“’étgﬁr(g;cl‘?%é(y”&’eﬁe%saggé@%?@pgc{&%ﬁg&%ﬁt ure of
EO and PO Aféaist 6t group from the stractoms (Bl)apd€B)s to be particul arly good

when the weight ratio of EQPOis fromabout 3: 1 to 0.3: 1(70: 30 to
30:70), nore 40 preferably fromabout 1.5:¢¥I}o 0.6: 1(60 : 40 to 40:60).

Rlerr] is advantageously bdtyl, R preferably a n-butyl group.
Rlerr] répresents a pol yoxy'al kyl'ene group represented by (BOJ[err] Rerr],
and is advantageouslty" ¥ ?‘B‘J(A{"err]O)[err]-(A[er-r])[err]-, wherein
Alerr] = Cerr] - (err] alkylene; y =+t to 200; p= 1 to 50; and
Rlerr] = derr] - (err] BT‘f\yI. c'I'-"'r"eferably, Alerr]=Cferr] - Cerr]
al kyl ene, more n/ - 10-
Attorney Case PCT 3529C I '
e
xv)
15 R R

I |
I--‘cn,--c-ca,-cl:--cn,--la
i

O=C CuO
20 \ /

25  wherein A is a hydrogen atom or an alkali metal cation; R’ is at least from 50 - 90
weight percent of the polymer and comprises polyoxyethylene or polyoxypropylene
units or mixtures thereof: a has a numerical value of from 60 - 70, and the sum of ¢
and d is a numerical value of at least 3 (preferably at least 5) to the value of (100 - a).

10. The admixture of claim 1 wherein said copdlymer is formed by reacting
30  an acrylic polymer with ammonia or an alkoxylated amine represented by the formula

R-(0A),Q- -
wherein Q=0o0rNH;
A?=C, - Co alkylene;
_ x = 1 to 200; and
35 ,. R'=C, - C,yalkyl

wherein A>=C, - Cs alkylene;OA2 comprises ethylene oxide, propylene oxide, or a
combination thereof. '

—_— This Sheet Has Been R

L AN

- 21 -




preferably, the Alerr] O groups are a mxture of EO and PO. An EQO /PO wei ght

rati o of about 7: 1 to 0.5: 1 has been found suitable. | ferably
i - the ran¥@93M4288¢ o 100. pis preferably in the rangeP?.'?ir}"’%srpé)ﬁg’?a mor e
preferably 1 to 2. Rerr] is preferably nethyl (CHerr]-). Ina

particul arly pr eflerTiechdmikimes ofddim H) whreir daid eopolyrhéracofnptises acarbon-

poy ant 1 heopiaraby balSoig falid featent ek Bugl i el il © 21 ™

Rl err] is afttathed t6 @ecbackbirerby] g likape selpotpd froinamideland émide, saidgfonps] is a

Ex)étrglr:r gf ﬁg&%?@cﬁggﬁ{lpgﬁm ﬁ%mﬁgﬁgﬁv %%@éésmye%'g](ﬁa)de by grafting

a pol goxyal kyl ene ampe onto a pehycarboxylic acid backbone 10
(am di zation/imdigzati on reactiongt then grafting onto the pol ycarboxylic
acid backbongq an air detralnqng pol yoxyal kyl ene al cohol (via
esterification feactégn);, | St--c--cety,eved that the al cohol may al so be
grafted onto the Qackbone before grafting the am ne onto the backbone.
The reawtions arecoexried out in zommelygen-free at nosphere, in a
reaction vessel having a condenser for facilitating water renoval, e.g., a
j acketed- 15 coiled condenser f| tted wi t KEEE)DEAN- STARK[ err] trap. (During

t he course of the read®®’i on®' water (a reaction by-product) is renoved
to drive the reaction to | conpletion.) In the anmdization/imdization
step, tMe reactants whicli~d-EBec@nt bl with each other and heated to
100[err] C to about 185[err]ic forl about 1 to 8 hours, preferably about

1.5 to 2.5 hours, or unti?=§he i zation/imidization is conplete. (Again,
20 reference is made to U \S. fatent No. 5,393,343, the entire disclosure

of which is i ncor por at ed®herein by reference for further details of
t he reé@tion.) For the ésterlflcatlon reaction, a catalyst is added
to catalyze the esterificatioff of the polyoxyalkylene al cohol to the
graft polyner. Any agent which wl| cata“ ester formati on may be
used (i.e., dehydrating aggpts, gefined herein as those which
25 | I
[--CH,--C-CH,-C-~CH,~~14
l |
O=C C=0
N/
30 N
I,

wherein each R' independently represents a hydrogen atom or a C,-C; alkyl

35  (preferably methyl (CH;-)} group; A represents a mixture of Z and RLZ represents
hydrogen atom, monovalent or divalent metal cation, ammonium group or organic
amine group; R? represents an air detraining polyoxyalkylene group represented by
(BO), R® in which O represents an oxygen atom, B represents a C,-C,, alkylene
group, R? represents a C,-C,, alkyl group and n represents an integer of from 1-200,

40  or mixtures thereof: R® represents a polyoxyalkylene group represented by (BO), R’
and a, b, ¢ 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 ¢ + d is a value of 0 to the
numerical value of (100 - a); and b is a remainder value of [100 - (a + ¢ + d)].

12. The admixture of claim 11 wherein said copolymer comprises an imidized
45  acrylic polymer and further comprises at least one of the structures (III) and (IV). |

-2 - |
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25 facilitate the formati on of water in chem cal reactions; such as
napht hal ene\g 9{& acid, carbodiimde, or p-toluene swdmussy/oasd),
with p-toluené sultonic acid preferred The tenperature i s naintained

at. 100[err]C to about 185[ ers: Cf r .abput 1.to our s,
Sbout 5 5 1o 5 5thouThe copenin of GRitbL e (aif FRpLsalt g Rl orabEe by
product is rgEnWQed fspemRPuRl thI&B% htfsducabile 6 acemeentiuotaepodition asamt i on

product is 30 neutralized and the total solids of the m xture are adjusted
with sol ventcampaesdt-r ed or necessary for addition to a cerrent

conposition in a desjred dosa ods of tion may be
used as | ong as the Ib%&?‘!‘ﬁ?ﬁ“?%‘?&@ hgg’r&%"%’ﬁa?%mﬁ 8‘1‘] %

-11- At t grne se PCT .3529 cri bed herel

exanpl e, Tertainlpol PoRGRP TIRPIQVing 5‘?’%’ }Héhﬁgf’ﬁéf‘gmws ﬁé“tm&‘cmtgfﬂ'é’a
Obga' ned b%/hﬁf&' rR ¢|e¥ﬁén| hﬁlau@xfnuaﬁﬂeﬁ @mxm?alshuaﬂ@hwfwlymbhmm@a b@? cdag | da
an et hyl eni cal | y- pol yneri zabl e nes, as,exenplified by
S. Patent NoSontamnmg b&"‘ﬁ@’[‘ }1 hé"ﬁbarﬁ g%g‘eéﬁﬁ“\{‘ tl%‘c Oring membesi AR o5 of

whi ch are i nggydiefieiesstndait@réupiattached to the backbone by linkages selected from amide

and imide.

10 16. The method of claim 15 wherein said calcium salt and said copolymer are
added simultaneously as a one-component admixture, ratio of copolymer to calcium

salt in said admixture being 1: 0.5-20 s/s (solids on solids):

17. A cement composition having improved high early strength comprising a
hydraulic cement, a calcium salt, and a copolymer having a carbon-containing
15  backbone to which are attached cement-anchoring members and oxyalkylene pendant

groups attached to the backbone by linkages selected from amide and imide linkages.

18. The cement composition of claim 16 wherein said composition comprises

water and cement in a water:cement weight ratio no greater than 0.45:1.
19. The cement composition of claim 18 wherein said salt comprises calcium
20  nitrite.
20. The admixture of él;aim 1 wherein said copolymer backbone comprises

polyacrylic or polymethacrylic acid.

'\
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5 reference, conprise a carbon backbone and grafti n?GT(lés (%er;o:.‘)‘(;yl' i'.ch'?'

acid groups). It is intended that air detraining functional .side :
chajns as described herein nay be esterified tog]PMSeﬁcﬁi@Ag/yI}ng
aci d groups Atorne&ase RCA13529G/al kyl ene groups to inpar't the benefits
detail ed herein. Such resulting acrylic copolyners having such groups

are intendod EHGHEARLY STRENGTHENHANCING ADMIXTURE FOR PRECAST
Conmerci al |y aRYDRAULIC CREMENEAND COMROSITIONS CONTAINING SAME, and
falling within the description above, are available fromW R Gace &

Co- Conn. under the U. S. registered tradenane "ADVA." In
further oxenph3hiore APASibvarith, ARMiad Afush VUL S\ BEXE D Chiaties Dhrki,
formed at any stage of the cement or nortar's formation or use. For

exanmpl e, the 1BllispdartincGartner; Leslie JardinelamdscF. daimbevtyand LartyeR. Robertse i xed
at the cement mll with clirnker cenment raw material during its
grinding to formcenent powder. The pol yner can al so be applied to the

cement powder, with or w thout thﬁ"eﬁ&'oﬂ%%ﬁﬁ“ e, during its
—Fﬁ—prepa-r-e-—a—ep

bl ending with other dry materials ecific type of cenent,

such as bl en’liﬁéigfe@éiﬁ HhvenHOR 261aRB k6 addifioey forRembM@tiduslkcdmpokitiens)aingl v,
| nproved cenents of 20 the invention can be forned in situ during the

cour se 0f0 prmpee pariculady teeahydraulic cemens admivmresthehenhancesrhigh garlyrstrength,a
cal ci um sal 168s SO e SavCIAHRR £ farsretd sement mAshp sd orar Sipefiont " °
A xenpl ar y e PR e e en A e MR Y 1
25 concr et ecalcieanesdlt, sushcasr galciom nitritea randi a copotpmies davingnésarbomgomtaining
Copol yror's,  RPkBERE RS RS RE-anchorinG SBRRS: G0 Y PRAGREH GAHRRRST BHUPEATY um

or e pr el or SHES HATEE JeBli gk R fak Yl he beckndi, APk anghit

imide linkages.

Background of the Invention

The term “precast” concrete refers to a manufacturing process in which a

hydraulic cementitious binder, such as Portland cement, and aggregates, such as fine
20 and course sand, are placed into a mold and removed after curing, such that the unit is
made and formed before delivery to a construction site.

In precast applications, it is desired that the cementitious mixture have
sufficient fluidity that it flows through and around the reinforcement structure to fill
out the mold and level-off at the top of the mold. Typically, the mold needs to be

25 agitated to facilitate the levelling-off of the mixture, which requires time and effort.
In spite of this need for flowability, however, is the equally important but opposed
need for achieving high early strength. The term “high early strength” refers to the
compressive sire_:ig'th' of the cementitious mass within the first twenty four hours after
pouring into the mold. Since precast concrete units are customarily removed from the

30 mold at about 18 hours, it is. highly desirable that the cementitious mixture be
flowable but have high early strength before and by the first 18 hours.

-1-
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copol yner are added to the cenment, and internixed, lPeEI/gst h% 7m/xpu2eliltu

poured into 30 a nold; and, nost preferably, by in I gl _ jum
nitrite and copol yner simul taneously in the foﬁ%&sﬁ%%ﬁﬁﬁggure
bl end. The AdémicCis€BCTIzr9be added . separately or sinultaneously with
the addition water. The present invention is further directed to a
hydraul i ¢ cement conposition ccSihinaryof theTndentién C cenentiti ous

bi nder, such as Portland cenent, and a calciumsalt and copol yner as
previ ousl y The admixtures of the invention are useful in hydraulic concrete, masonry,

Attorney Cagse PCT 3529C . _described. .In precast applications, the. water
Lo cenmnt r SEPETpF POREF mipe Eenerafly, ind e BERR esBRRal Gl lE g b
(wat er : cenegéhieving high early str fredast SRRtt@Riguied, accordance with the

i nvention can be nade as ol I'ows Pol ycarboxylic acid (MV [err]

5000), pdlyoxyal ik exemplacyhhigh early ;Strengthobe;meqtah&mim afrithe mwventomnbi ned
In a reaction vesse) equipped with N2 sweep, mechani cal stirrer and a
j acket ed- cow@anieérééﬁs@gﬁma& apgl (®) & copelymst Kaprising a catbon-containing *

backbone having pendant cement-anchoring members, such as carboxyl groups, and

pendant oxyalkylene attached to the backbone by linkages selected from an amides
and imide. The calcium salt may comprise calcium nitrite, calcium nitrate, calcium

10 chloride, calcium formate, or a mixture thereof. The copolymer to calcium salt ratio
is preferably 1:0.5-20 s/s (solids on solids), and more preferably 1:7.5 s/s. The
amount of copolymer that can be used ié at least 0.005 weight percent, and usually in
the range of 0.005 to 5, preferably 0.03 to 1.0 weight percent, and more preferably 0.1
- 0.25 s/s based on the weight of hydraulic cement binder in the composition. '

15 An exemplary copolymer comprises a carbon containing backbone to which is
attached groups shown by the structures (I) and (II), and optionally groups shown by
structures (III) and (IV) as shown (the structures altogether hereinafter “Formula J”)
below:

5 20 (1) (1I)
gt R R

25 COOA CONHR'
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trap. The pol yoxyal kyl ene amine is grafted onto the Bﬁpﬁéﬁb@ cOe'}b]pl_}g

backbone at 140C to 185[err]C for two hours.

was added as an esterification catal yst, and thdﬂm g iéggs
heat ed for &ttoerdtd Cased@i35290 hours, to allow for 10 the esterification of
pol yoxyal kyl éne al cohol onto the polycarboxyllc aci d backbone. Upon
cooling to [err] 50[err]C, the reaction {(pFBduct was neutralized with 40%
(wt/ wt) aqueous NaCH arfd totpal solids adjusted to 40% w th dei oni zed
wat er . As pr E\fl qij%y% Jalgy ojned copol ymers havi ng oxyal kyl ene
groups atstached to - t he on contélnlng backbone usei ng prlnarlly or
predom nantly am de |i nkaq.qs 15 c=(osee "structures" designated as "II"
above) can be fornmed by grafting oxyal kyl ene am nes onto pol ycarboxylic
acids at tenperatures below 180[err]C. It is believed possi bl e t hat
ami de |inkages (e.g., structude (I1) could be used to the total exclusion
of itde |inkages (e.qg., s®ructures 111 and V). Still

further exenplary acrylic copolyners suit e for use in the invention 20
may include pol yners havinggthe general formula (1) and (I1), and
optionally (II11), (I'V),yand (V), as shown (the stuctures altogether
her ei naf tser " For nul a{t"qH.ped ow. d ercy, -125 30

| ]

o=C Cc=0
N/
N
S~ 20 - |
- RI

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

group; A represents hydrogen atom, a C, - C,, alkyl group, R’ or an alkali metal cation

25  or a mixture thereof; R’ represents a hydrogen atom or a C, - C,, oxyalkylene group

represented by (BO),R’’ in which O represents an oxygen atom, B represents a C, -

| C,, alkylene group, R’ represents a C, - C,, alkyl and n represents an integer of from

1 - 200, or mixtures thereof; 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 50 - 70; the sum

30 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}].

(The letter “B” is being used for lexographical convenience herein to denote an
alkylene group. ‘Those of ordinary skill in the art will realzse that “B” herein does
not represent boron).
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X torney | peryg 97/ 07148

Attorney Case PCT 3529C wherei n each R i ndependent|y repreésents

hydfogen atomor a methyl (CHerr]-) group; A reprlﬁmslngjgggg:{ 1998

atom a ([ enttbrey EisRPET 35889¢y! group, R or an alkali or™a

In another preferred cement admixture of the invention, a preferred copolymer
comprises a carbon-containing backbone to which is attached grdups having structures
(@) and (II), and optionally groups having structures (III) and (IV), as shown (the
structures altogether hereinafter “Formula K) below:

5 (I) (II)
R? _ R
| }
[- C -CH; -]. [ -C -~ CH; -]y
f I
10 COOA CONHR®
(III)
R Rr?
| ) :
15 [- C-CH,-C~- ~CH; -],
- { i '
i o=C C=0
N/
N
20 |
RG
{(IV)
Rr! R
_ | 1
25 [- CH; ~C ~CH,~-C -CH; ~]q4
: | i
o=C Cc=0
N\ /
N
30 {
RS

wherein each R' indepéndently represents a hydrogen atom or a C,-C; alkyl

(preferably methyl (CH,-)) group; A represents a mixture of Z and R?; Z represents

e hydrogen atom, monovalent or divalent metal cation, ammonium group or organic

35 amine group; R? répresents an air detraining polyoxyalkylene group represented by

(BO),R’® in which O represents an oxygen atom, B represents a C,-C,, alkylene group,

R? represents a C,-C,, alkyl group and n represents an integer of from 1-200, or

mixtures thereof: R® represents a polyoxyalkylene group represented by (BO), R?; and

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

40 structure_suchthataisa_valueofabout 1 to 99; the sum of ¢ + d is a value of 0 to the
numerical value of tl()d 2a); and b is a remainder value of [100 - (a + ¢ + d)].

Exemplary methods of the invention for obtaining hlgh early strength
comprise combining a hydraulic cementitious composition with a calcium salt and a
copolymer as described above. Preferably, this is done before pouring the

45  cementitious mixture into a mold; and, most preferably, by incorporating the calcium
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metal cation or a mixture thereof: R represents a hydch@'rﬂH&r@c?/an'? 148
Cerr] - Jerr] (preferably Cerr] - Cerr]) oxyal kyl ene group or

plurality (1-200, preferably from1l to.70) 5 of said g]P%NUﬁn %6 MAY ]998
t ermi nat ed wattdingy (GpePCT]3529€] err] al kyl group (R') or mXxtures

t her.eof ; HZ[err] represents an ammoni um cation wherein Z is a group Xerr]N
(BJ err]) R’ salt and copalynteh aimultanequsbhsiarthe fdrydefoaysingle (aBffixeure] hlédd, soch a8 int ur es
t hereof and R' epresents H, Cerr] - (Jerr] alkyl group or BNH err];
B representsthéaéf PP]WaIefC[err] al kyl ene (preferably Clerr] - err]

al kyl ene) group o Ofis Sfirfiled’ a

(preferably 10 to)q.lléc’)rI R,%E}ﬁmarﬁtl ms?‘gp&rﬂééggeflag romlilgzmt “%8 Z&Qnr%)smon

d and e represaapi m@ﬁ\amxglﬁéaelqrshegghceﬁ:posmoniélmadbscﬁaéds structure such
that a plus e has a value of about 50 to 70; the sumof c plus d is at

| east 2 tb a val ue of 1100 - (a + e)] and is preferably from3 to 10; and b

is not nore than [100 D e t?nd chl 0.1.to 10.
The am ne reactant useful i acrylic copol yner

can 15 Dbe sel ect ¢fe fre/in ‘QEMER! @o os?t'ibrf""Q’WB&”&%@&%@R'I@H@HK%&Q@

am ne represent ed by the fog
H err] N - ( BHjprtass; jgrouts:such as o ell cementing grouty, ghd CANGSESe; EPMBRLNERS o

Clerr] - : C egérhp ﬁﬁﬁ@EQ{yﬂE&uﬁc Zefaefif bihder. Otmé terths % ’ky‘hﬁﬁ@:’]gaxwpcdnere&g: ch 0
represents an oxygen, atom an presents err er y a
Clerr] -1 efrefismai AT rRas %%yeapowapgiaﬁ&uw% @Qﬂri err]
Qerr] (pr Bﬁt&{cﬁ@k&luﬁbﬁy Portlaitd €snidnk, adidliay aﬁ@uﬁlxﬁﬁdlwash blasti farrabe slag.eger
selectedfro% &ygand referalyfro q]éﬁ
addition to 1@1@? offics eatals o sl dn gurky cerpents) wdewateaﬂ be
further fornarats ﬁrefp&fe@auditﬁhmwmcmim@ﬂihemgfdgadeﬁm comdrEtes ard arbriays t he
]E ErZ;m la additionally including coarse aggregate. The cement g:om}al)s ﬁoxls of tl.l:\':xs invention
15 may be formed by mixing required amounts of certain materials, e.g., a hydraullc
cement, water, and fine or coarse aggregate, as may be apphcable to make the

particular cement composition being formed.

An exemplary admixture of the invention for achieving high early strength in
cement compositions comprises (1) a calcium salt; and (2) a copolymer comprising a
20 carbon-containing backbone to which are attached cement-anchoring members, such

as carboxyl groups, and oxyalkylene groups attached to the backbone by linkages

O

selected from the group of amide and imide linkages. The use of one or more of the
amide and/or imide members to connect the oxyalkylene groups to the backbone will
be further discussed hereinafer. |
25 The calcium salt may comprise calcium nitrite, calcium nitrate, calcium
chloride, calcium formate, or a mixture thereof. Calcium nitrite is preferred. Calcium
nitrite is commerclally avallable as a 30% (by weight) aqueous solution ﬁ'om W. R.
Grace & Co. -Conn Cambndge, Massachusetts, under the US federally registered
trademark “DCI®.” In further exemplary embodiments, a com_bmatlon of calcium
30  nitrite and calcium nitrate may be employed.
A preferred copoiymer suitable for use in the invention is taught in U.S. Patent
5,393,343, assigned to W.R. Grace & Co.-Conn., and incorporated fully herein by
reference. According to U.S. 5,393,343, the copolymer comprises an imidized “acrylic

-5-
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25 wherein BO, R' and n are defined as in formula (L1) gabove” The y{y@r'b&ﬂ*b
term nat ed conpound, when present, is normally useg in a‘'nole ratio of
amne termnated to hydr oxy term nated conmpound of f;f"_’r-_d;rr'iu.%% m@xt@ 8
1.5, prefer atitoynelyCase PIBE29CL t O " 1.5. The conpounds of the fo 'a ( g
react with the carboxyl groups of the acrylic pol ymer to provide a
portion of tpudymerdomvdtich vemm refers he arhodiapelymeri di zepolgmey|dfcadPlic peidymer
product .of the, i '

di afely .precedi ng structure 1), -( above
The pol ymer REBAGYHS aptsh el kel pnetal SBltsont A qir &roulos ally! esters.
derivatives G ugds : | | . {: l.mary
am no g‘?%ﬁl}g and’ Ebf}, %:Hl };ﬁ%‘hﬁ‘a&%&ms&g %5%&%@?%‘% Ed)d k‘é‘&‘éﬁ polykiler .
derivatives mayeohtaih units dériveduframZotBed bidplyl dandVdeiikly eigylenicaly andahiraRdy
am no or a hydroxyl group. The resultant

- 14- 5 monomés; Sichegs chisencp@iptpemetystyrene, pafansted giyrenedomlein tasitied
hi gh sl Lies, T depi viat i b t ] to 8
percent - br eERBHIIES gl R e fic e S then B AR, prsaprated cbShobifs; ns

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. _

10 An exemplary acrylic copolyt_ner as described herein may .be formed such as

.. by reacting an acrylic polymer with ammonia or an alkoxylated amine. The amine
reactant useful in forming the desired acrylic polymer can be selected from ammonia
or an alkyl-terminated alkoxy amine represented by the formula:

HN - (BO),-R”

15 in which BO represents a C, - C,, (preferably a C, - C,) oxyalkylene group in which O
represents an oxygen atom and B represents a C, - C,, (preferably a 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 and preferably from 1 to 70. The reaction

~ conditions and catalysts are known. See e.g, U.S. Patent 5,393,343 at Columns 3-4.
_ (;‘) 20 Generally, one may obtain pendant groups shown by the structures (I) - (IV) above by
heating the reactants in an aqueous solution at elevated temperatures of from about
150° C to 250° C (as discussed in US 5,393,343 at Col. 3, I1. 46 et seq.), but structures
(I) and (IT) may be predominantly or solely formed (even to the exclusion of structures
(IIT) and (IV) herein) by using temperature ranges lower than 150° C.

25 An exemplary cépblymet for use in the invention comprises a carbon
containing backbor__xe__hpying cement anchoring groups and oxyalkylene groups shown
by the structures (I) and (I) and optionally having groups shown by structures (III)
and (IV) (see e.g., US 5,393,343 ), as shown (the structures aitogether hereinafter
“Formula J”) below:



wéter sol ubl e. The total pol yoxyal kyl ene contgi njng.r. tp -
are,normally used in from 5 about 5 to 90 nol percent .a‘ l‘r :e?%rzif@a?rgrﬁg_

10 to 20 nol percent based on the acrylic acid units present in the
acrylic pol ymterney Case PCT 3529C  The acrylic polymer and apgne 1eagia I-_f@ga
or further conbined with a hydr oxy terni nat ed reacg’n’t“ ’for% t mﬂ"g "

copol ymer by heatid® the reactants ef%Her in an aq&®Bs sol ution or
neat at el evat®d tenperatures Pf from about 6 degf‘ees Cto 250 10 degrees

C and nost pe efc%?'f% from %DQ: dggzrg:ﬁs C topz 5cﬁ',¢ér§‘&§ _@. The reaction is
carried gut unger anbient pressgure or, under @ pregsuré |ower than anbient

pressure. cdon t her, when témwareacti on i 9=carri esoout under anbient or
substantial |y anbi ent pressure it is preferréd to conduct the reaction
whil e passing air or nitrogen gas over theNiquid reaction nedi um or
by bubbljng the gas through the mediumto renovel,15 water and other |ow
mol ecul @ wei ght by-products. fromthe reaction Zone. The
optimum condition w |l depend on the partigul ar reactants used and the
degree of reaction desired. Thg exagt condition can be determ ned by sinple
experimentati on. I The im di zation reaction can be enhanced by
conductildg the reaction [nhcHhreC20- grestHacdaof a basic catal yst, an acid
catal yst and/or a transaminati én cafal yst. Such catal ysts may be
sel ected froma tertiary am P8¢ suc/ﬁ=%s di cycl ohexyl anmine, 1,1, 3, 3-
t et r amet hyl guani di ne, 1,3-diph§qylguanidine, qui nol i ne, isoquinoline,
A4- . Renzyl pyridine, 4-phenylpgyridine, 2,3-benzodiazine,
1,4- benzodi azi ne, 1-benzazine, gr .

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

group; A represents hydrogen atom, a C, - C,, alkyl group, R’ or an alkali metal cation

or a mixture thereof;, R’ represents a hydrogen atom or a C, - C,, oxyalkylene group

25 represented by (BO),R’’ in which O represents an oxygen atom, B represents a C, -

'C,, alkylene group, R’’ represents a C, - C,, alkyl and n represents an integer of from

-1 - 200, or mixtures thereof; and 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

30  not more than [100-(a + ¢ + d)].

g:) A preferred copolymer is represented by the above formula in which A is a
- hydrogen atom or an alkali metal cation; R’ is at least from 50 - 90 weight percent of
the polymer and comprises polyoxyethylene or polyoxypropylene units or mixtures
thereof. Further, a may have a numerical value of from 60 - 70, and the sum of ¢ and

35 dis a numerical value of at least 3 (preferably at least 5) to the value of (100 - a).

Other exemplary copolymers suitable for use in the invention may comprise a
carbon backbone having intervening atoms like oxygen (i.e., ether linkage). Suitable
grafting sites inclide free carboxylic acid (or salt thereof) groups. Carbon backbones
may be made by polymerization of ethylenically-unsaturated monomers, preferably

40  ethylenically-unsaturated carboxylic acids (e.g., allyl carboxylic acids) such as acrylic,

' methacrylic, maleic, fumaric, citraconic, itaconic, (meth)allylsulfonic, vinyl sulfonic,
sulfoethyl(meth)acrylic, 2-(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

-7



1, 3- benzodi azi ne, N, N -di cycl ohexyl carbodi i ni de, 2, 2" -bipyr dp (Zaltj U7 1 3—;-8
2,3 -bipyridyl, 25 2,4'-bipyridyl or such catal yst can be¥déFatt ro -

the group consisting of p- t ol uenenesul foni ¢ aci SAAH] -
Ti - (O] err] Htermey ChePCF 3526NH err], SnJerr], pot assdéﬁgﬁéozﬁjmﬁ%oﬁéé
al koxi des, manganese acetate, and the Ilike. The catal yst can be present in
anount s of preferaplyofn to. 1504mers, andiSghe 19@meenparticsady prefirted. al?refembd)ealm:nmnt

The react ant ction
10° oot o1t 8t ok 0 GE Lol hol oufl S fne ot clfhoR VY Fil BAGHORE ferk L' O
3 hours. me@gmﬁ%mmepmn@aabouﬂ%pemom on, water (a by-product) is
renoved to drive the reaction to imdi zation. When the reaction is

carried out at arbiemplaryrpolymxyalkileneigrgups which mayeba coiatently rattachadetor thapval
of wat er scanpepdriRREREED Mmﬂﬁi‘.‘ﬁ‘a?.l' | A8 ‘g@ Rﬁé% ) ni trogen, through
the reaction azondgfa pB A tﬁgrﬁgil grg? “gh;zgc The

degree of reaction can be spiy@igpgplal ly nonitored by the-anmpunt of water
renmoved fromthe reaction zone. Upon conpletion of the reaction, the

reaction product is cowherdinand fQl=©roedNH;
A?=C, - C,, alkylene;
x =1 to 200; and
10 I{4 =-C1 - Cw alky1.
- The term alkyl(ene) is meant herein to encompass linear or branched alkyl(ene)

gfoups, and also include (where structurally possible) aryl(ene) and arylalkyl(ene)
groups. In preferred air detraining functlonal side chains, A? = C2 C; alkylene; more
preferably, the OA, groups are a mixture of ethylene oxide (“EO”) and propylene
15 oxide (“PO”). It is noted that the polymer’s ability to detrain air in the cement
mixture appears to be particularly good when the weight ratio of EO/PO in the side
chain is from about 3 : 1 to 0.3 : 1(70 : 30 to 30:70), more preferably from about 1.5:1
to 0.6:1. Q is preferably O, and x is preferably 1 to 100. R*is advantageously butyl,
-preferably a n-butyl group. It is believed that a range of polyoxyalkylene alcohols
20 available from Huntsman Chemical Corporation (Houston, Texas) under the
tradename JEFFOX™ will function suitably when incorporated as side chains in the
C:) imidized acrylic copolymers of the invention, e.g., JEFFOX™ WL5000 and WL660.
These polyoxyalkylene alcohols have number average molecular weights of about
3500 and 1850, respectively, and have the formula (C,H;)(OA%),OH, where OA? is a
25  mixture of EO and PO, and the EO/PO weight ratiois= 1 : 1.



The i midized acrylic polymer

which 5

t aken up in an aqueous sol ution. The pH of the sol - -
‘mai nt ai ned AttornegCase/PET 3529C preferably from about 3 tabmngg{ M;A?d‘l%B

preferably from3 to 5. An amine term nated
i ntroduced i nt o Qther exgmplarg pgbtouyalkyﬂenc)aqmm|vdnclanarahergraﬁedtommmtached with

I's substantially soluble in water.

pol yoxyal kyl ene is

a1 east 2 opie e HackiRieof B QLB ol R CRBAM e Al B LD

pol ymer .

The

amne termnate yoXxya ene use O pro

Is preferably sel ected R-CLQLBRAN Smsi)f the formul a
Xerr]N(BO [err]R" wherei X represents hydr ogen, (BOJ[err]R ™"

m Xtures thereof and R''

BNH[ err
Clerr]

pr esent

t he

5 al kyl ene) group or m xtur®e
(preferably 10 to 100
amount of acrylic acid-ammoni um

in the pol yner adm xture (r

cnexpoct et b doRR Rt BRines ol Bt 3y udchod go e garton packpleyB7° °°°"

pol ymner adranxamnb quddori utﬂde;lllpkagnL antwlnclzeasepﬁnmﬂat:h&dsgrduphwmkid kdvelthey of

desired,
entrainers. g giss £t aHikture of EO and PO. An EO/PO weight ratio of about 7:1 0 0.5 : 1

AN

2 3

15

20

25

30

35

B represents a CJerr] - C[err] gh&yl ene (preferably Cferr]

sp__gby 1Iég;l ene un| ts which are

has been found suitable. y is preferably in the range of 1 to 100. p is preferably in the
range of 1 to 5, more preferably 1 to 2. R® is preferably methyl (CH,-). For example,
polyoxyalkylene amines available from Huntsman Chemical Corporation (Houston,
Texas) under the tradename Jeffamine have been found suitable in the invention, e.g.,
JEFFAMINE™ M1000 and M2070, having number average molecular weights
corresponding to their respective product numbers. The JEFFAMINE™ compositions
have the formula CH;0(A*0),CH,CH(CH;)NH,, where A’O is a mixture of EO and
PO. '

The mole ratio of polyacrylic acid to a) polyoxyalkylene amine and b)
polyoxyalkylene alcohol is generally about 2 : 1 to 9 : 1, and the weight ratio of a) to
b) is generally about 20 : 1 to 2 : 1. It can easily be seen that by varying the amount
of the polyoxyalkylene alcohol side chains grafted onto the backbone, imidized
acrylic copolymers can be made in accordance with the invention which will produce
corresponding variance in entrained air in the cementitious mix. One preferred
copolymer comprises -polyacrylic acid (“PAA”) to which has been grafted a)

~ polyoxyalkylene amines of the formula CH,0(A’0),CH,CH(CH;)NH,, where A’O is

a mixture of EO and PO and the EO/PO weight ratio is from about 5:1t0 0.5: 1 and

is normally a high-boiling viscous Iiquid
The initiallyfenrmed ppliyger i s-'-

uce the salt

or

relpereinent s Al =C, - C,Qllefléde;- CJerr] al kyl group or

'd groups and z is from5 to 200 .
and nost pt)#eftesajomd from10 to 50). The nol ar

"e") may range from

3 r af_“ f an 5
per cent by vi'q?u%lrenlgsaﬁo(rA 65)%&@?& er a Itﬂag @Fhan %Qﬁ& etér}ceéf??’ﬁrﬁ&'
concret e coopalsit bomds to Gther atemb Mor em;ﬂetttp two carbonyltoarl;om nntthb@khbme

Ted d d
bref or abi y o intele, A Ehy SOJRP Rol 0% G Su Sy BBl ) 1o
t Ipwefegred cp@l!omxwaldmhpemmm ztamCtrQs talkadeney mprerprefenabint thsnAfO air

b) polyoxyalkylene alcohols of the formula (C,H,)(OA?),0H, where OA? is a mixture

of EO and PO and the EO/PO weight ratiois ~ 1 : 1.

Other exemplary copelymers suitable for use in the invention may include
exemplary polymers having groups with structures (I) and (II) and optionatlly
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pol yrrer does not detract from conventional air entrai nﬁ a.mlmwty7

exact nol ar anount of units "e" to achieve the ai (co Vn q 1,18
R 5
of

properties will depend upon the ~exact nature a d m)l ar pro gf
the other comeareChs Pl 368y pol yner adni xture MA‘@%B

t he: cenent conposition being treated. The nol ar armunt of 30 unlts "e"
need to ach Isﬁ‘uetuﬂesc(ﬁii) aebloB{IV ), 43! shaiwhnEiy stheviebs altopeliRr heritidfér dBbmeiula ned
expers.i design wwth the aid of the present teaching.

The fol |l ow %)E Ies are given for illustrative purposes only and are not
nmeant to be a Ilmtat(%on on the C|8.I£l§ appended hereto. Al parts and
percent ages @qe) y wei ght unl eés ot herwi se i ndi cat ed.

- 16- 5 R Attorney CaserPCT 3529C R! R
EXAMPLE 1 | | | | .
{[- C -CH; -1. [ - C-CH; -1, [- C-CH; -C ~CH; -1,
| | | |
COOA CONHRS® 0=C c=0
10 N/
N
-
RS
15 (IV)
' RrR! RrR?
| |
....... [~ CH; -C-CH,-C -CH; -1,
{ I
20 o=C C=0
N/
N
I
R‘

25  wherein each R’ independently represents a hydrogen atom or a C,-C; alkyl(preferably
methyl (CH;,-)) 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), R® in
which O represents an oxygen atom, B represents a C,-C,, alkylene group, R®

30 represents a C,-C,, alkyl group and n represents an integer of from 1-200, or mixtures

e thereof; R® represents a polyoxyalkylene group represented by (BO), R and a, b, ¢

e 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 ¢ + d is a value of 0 to the numerical
value of (100 - a); and b is a remainder value of [100 - (a + ¢ + d)].

35 a is preferably from about 30 to 99, more preferably from 50 to 99. In the R?
group, B preferably represents a C,-C, alkylene group, R? represents a C,-C, 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 to 0.3 : 1(70 : 30 to 30:70), more

40  preferably from about 1.5 : 1 to 0.6 : 1(60 : 40 to 40:60). R*is aavantageously butyl,
preferably a n-butyl group.

R® represents a polyoxyalkylene group represented by (BO), R®, and is
advantageously R*-0-(A’0),-(A”)p-, wherein A’ = C, - C,, alkylene; y = 1 to 200;
p=1t050; and R®* = C, - C,, alkyl. Preferably, A*=C, - C, alkylene; more

-10-

AMENDED SHEE,



A nixer drumwas prepared by wetting it with water and i nv&&Tpg< Ke Arfum/ L <

to . allowits interior to drain. The drumwas ri ght g‘qr__gfr}“ﬂcrfgclazf (ﬂ/tlggg

or.di nary Portl and Cenment (OPC), water, fine aggreg&t’ﬂﬁ(’sﬁhgi, W/

coarse aggr egAbmeyCdsOPE) 37abct he 5 fol l owing addition rates: stone at the

rate of 1750 I bs./yd[err]; sand at the rate of 1230 ~ Ibs./yd[err];

}I\ﬁt‘ ;ar d-?t t ]hepreﬁrably‘;‘ the 200 froupy afeer mixtwersf B@rrd POt AnfEOPD weipht 64ild of
s/yd[err].

Th t dto.t t.andar d
speci ficati oﬁb?ugg :clotﬁcq?i? g“%ﬁ?‘% 8{1‘12%31*9%{)% nflsef’ég%’?gg'nset g\f%geﬂg'f‘l\%’ 09
( 12_93) . Tge griypreﬁtrrabltmindmb @angaoﬁptdﬁ,hnﬂerlevpreferably 1ts Qalitlil/leisc ﬂrqﬂérabn{i rgagy%
maki ng and Cykjsn S s in.dhe .C- - ,
t hen gl aced m%lﬁgcyﬁﬁnaer%%p%@'( gfeg[g‘l"g h%@ﬁfﬁg&gﬁ%/o{f tndh %ﬁ;gh%t éorrmg d
ei ght i nch | EEOKA’0),CH,CH(CH;)-, | wherd A0 3ra tnixturenafi BO andrf0.cand theBO/RO

e, o Bl B 0, 1, AN 18 P OPL RS bl

calciumnitrit he " copol'yner "we Wer e
i ntroduced i MAT is AmistgpdEEQ pand ROandaha EOMRO mreight raticis rhle: hat er 15
conponent of the sanple. The calciumnitrite (avail abl e under the

t radenane" DCl " Exemplany vopRlyreers descgibed immediately aoviemajyles mhde by grafiing t s)
was used at theaditiéﬁ‘g rate of 0.2-4.0 %IS/Sbba ed on. the c nt

(solid cal ci @m rRAYPYalylsney ADMBR: &~ onf) aTypolycarboxylie \ agid ("%@EF%%]"
from G agg, | I oy N gutl] dﬁl%?ﬁli e at
t he addi ﬁ?onkég?gﬁg?ﬂ@g'ﬁ?gbg%%%%é?gg]o SOéID Stggﬁ%n%a?lyf:%rb{) eﬁs;h%rrﬁes
20__ cont ai ni backbbidy/at atrrdeyraimirg pdlgoxyaliyiene]alodBol\(vio sherbfidation reactione It e

"ADVA" conposition operates as a superplasticizer to fluidify the _m xture,

y
the rate beligved that; the glcohol may alspche gratted autothe paskhone heforg graffing theng
the rate of 1 11 . . 140 0
adj ust for ylgg’?iclle.tél&g ﬂ?efbaiﬁﬂcﬂxe‘.'\%g r?:%:ﬁlf) #%&?gﬁrr%ﬁé’gl?g#gj %éjg?&#gxrr%@&sgp\l}\er <]
cast into thengYedcfio véssel IRiving a condenser for facilitating water removal, e.g., a jacketed-
15 coiled condenser fitted with a DEAN-STARK™ trap. (During the course of the

_ reactions, water (a reaction by-product) is removed to drive the reaction to

completion.) In the amidization/imidization step, the reactants which are contacted

with each other and heated to 100°C to about 185°C for about 1 to 8 hours, preferably

about 1.5 to 2.5 hours, or until the amidization/imidization is complete. (Again,

3 20 reference is made to U. S. Patent No. 5,393,343, the entire disclosure of which- is
‘i&: incorporated herein by reference for further details of the reaction.) For the
~ esterification reaction, a cataiyst is added to catalyze the esterification of the
polyoxyalkylene alcohol to the graft polymer. Any agent which will catalyze ester

formation may be used (i.c., dehydrating agents, defined herein as those which

25 facilitate the formation 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 product is

30 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



25 undisturbed, and stri pped fromthe nol ds at perlBE-m ’Stngal{s"Zf '1'6)4'6
10, 14, and 18 hours. The sanpl es were subj ect edujg%ms ngéMAYt évl‘q
oAC

met'hod for neasuring conpressi ve strength cylind¥i ete

speci nens ( AAlkbin€y G&le PAY 3529CWhi ch an axial load is applied until the
sanpl es crack, and the conpressive strength in terns . of pounds per
square, i nchd(eqysibyd ihsredet Eontxmple Tdeetanepmlymsyaﬁ(}éermmmmngl pblytﬂ'em lo€ the 30
bel ow. Sanple 1 ("con had no fumnitrite or the [IC

Sanpl e 2 qb@ms b aolaera oL Fihy g yrPolymepizable car ids a@’ had

the imdizedgg ?[erEéaﬁg ﬁgl}{tﬁ&%ﬁﬁeﬂolg&g?ﬂ#%géﬁg%Sﬁ"&emrpgi{éw ﬁDgA)Pa%Eil\ﬁﬁt h

t he cal ci um n| enonst synergistic

effect in acki4n|100 dndoh946:904y tisd entirg idischdsuiel @f which aredincaipohtéd hereinabys
The ."net" conpressive strength val ues are_conputed by 35 substractl ngi t he
control vél udeferenes, c@mnmécarba pekbepe and prafiing, sitps (earbexyligacidgron t

T v LB G Gt i S s ol 5

esterified to the free carboxylic acid groups of these polyoxyalkylene groups to impart

the benefits detailed herein. Such resulting acrylic copolymers having such groups
are intended to be within the scope of our invention. |

10 Commercially available copolymers suitable for use in the invention, and
falling within the description above, are available from W. R. Grace & Co-Conn.
under the U.S. registered tradename “ADVA®.”

In further exemplary embodiments of ‘the invention, the copolymers can be

formed at any stage of the cement or mortar’s formation or use. For example, the

15 polymer, with or without the calcium nitrite, can be mixed at the cement mill with

clinker cement raw material during its grinding to form cement powder. The polymer

can also be applied to the cement powder, with or without the calcium nitrite, during

its blending with other dry materials to prepare a specific type of cement, such as

blended cement, pozzolanic cement and the like. Alternately, improved cements of

20 the invention can be formed in situ during the course of preparing a cement

C:) composition such as a mortar mix or a concrete. The copolymer, preferably in pre-

’ mixed form together with a calcium salt, such as calcium nitrite, can be added as an
aqueous solution as part of the water of hydration, or can be added separately.

An exemplary method of the invention for obtaining high early strength in a

25 concrete, cement, masonry, or mortar mix comprises combining a hydraulic
cementitious composition with calcium nitrite and copolymers, as described above.

As previously mentioned, the calcium nitrite to copolymer ratio is 1:0.5-20 s/s (solids

on solids), and mere preferably it is 1:7.5 s/s. Preferably, the calcium nitrite and
copolymer are added to the cement, and intermixed, before the mixture is poured into

30 a mold; and, most preferably, by incorporating the calcium nitrite and copolymer
simultaneously in the form of a single admixture blend. The admixtures can be added
separately or simultaneously with the addition water. The present invention is further
directed to a hydraulic cement composition comprising a hydraulic cementitious
binder, such as Portland cement, and a calcium salt and copolymer as previously
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 AMENDED S,



3'8 p5| i's substracted. ?57 b3 “TA@ gﬁ

6 Hour (psi) 10 Hour (psi) ~ 14 Hour (psi) 18 I-bugé‘(lm)%

38 195 551 "erri
only) 123 A8&mnex€ase PCT FPIC( 507 net) 981 (430 net) 1499 (556 net) #3
(ARVAlerr] only) 52 (14 net) 106 (O net) - 485 (0 net) 1205 (262
net) #4 (Ddescaped. Aln/pieeast ppplFationsathe waley to cemen ratgy wilh be equalgepon less 1
net) 2636 ( 3 orney Case PCT 3529C W claim
1. A cerrea%t% %ggbit el%htf(‘g?tmég nll%? ng high early strength conprising: (1)

Exemplary copolymers in accordance with the invention can be made as

follows.  Polycarboxylic acid (MW = 5000), polyoxyalkylene alcohol, and

5  polyoxyalkylene amine are combined in a reaction vessel equipped with a N, sweep,

mechanical stirrer and a 'jacketéd-coiled condenser fitted with a DEAN-STARK™

trap. The polyoxyalkylene amine is grafted onto the polycarboxylic acid backbone at

140°C to 185°C for two hours. p-toluene sulfonic acid was added as an esterification

catalysf, and the reaction mixture was heated for an additional two hours, to allow for

10 the esterification of polyoxyalkylene alcohol onto the polycarboxylic acid backbone.

Upon cooling to » 50°C, the reaction product was neutralized with 40% (wt/wt)
aqueous NaOH and total solids adjusted to 40% with deionized water.

As previously mentioxied, copolymers having oxyalkylene groups attached to
the carbon containing backbone useing primarily or predominantly amide linkages
15 (see “structures” designated as “II” ébove) can be formed by grafting oxyalkylene
amines onto polycarboxylic acids at temperatures below 140°C. It is believed
possible that amide 'linkages (e.g., structure (II) could be used to the total exclusion of

" imde linkages (e.g., structures III and IV).

Still further exémplary acrylic copolymers suitable for use in the invention
20 may include polymers having the general formula (I) and (IT), and optionally (III),
(IV), and (V), as shown (the stuctures altogether hereinafter “Formula L") below:

v, (1) (11) (11II)
C; R . R R R
} | } |
25 [- C -CH;~]. =~ '[~- C -CH;~1} _ [-C~CH,~-C-CH,~],
I { { |
cooA CONHR' - Ou=C c=0
: \ /
N
30 . {
R'
IV )
R R R R
35 i f | .
-[-CH,-C C-CHz~]a =[-C~CH;-] e
| |
O=C C=0 coo®?
\ /
40 N Hz '
I
Rl
B -13-



a cal ci um salt; and (2) a copolynmer conprising a car bonm{u& 98 l/aQKZolehB

havi ng (a) pendant cenent-anchoring nenbers and ’%@?ﬂ g?p MAeY ‘[9
oxyal kyl ene groups attached 5 to the backbone by I ectéd from
t he group conﬁome)r&gebﬂwmde and im de. : The adm xture of

clatm 1 wherein said calciumsalt conprises cal cium nitrite, cal CI um
nitrate, cal shereicedchrR d&l,epnﬂientlpmp&esenmﬁxgdmgen atom et aimethyh CHgd group; A

3. The ad I
vt ten 10 eptdhs MR g, AREISCT RS R 0L P AR ERUCT 1T
has a rati o ufetal catlonomrpmlrgaxmre tthereat; dl’urapsesbmtsca‘ hydrogén 2abm /.2 C, - C,

copol ymor o ey o P bafio iR Gl 87 Bl Y1.40F, ey Bl 0 700,

claim5 wher ef rsatdhgroapmwmclbfs tmpniasedemthsaedl. i-sCatalkyl groupaB{’) Or GiZtures ght

pereent . tereofs 27 represchliead St o Wbkl & M1EEELD 2N fBOJRO! Y er

al koxyl at ed awéhibat XgereMSthqugm&O,) > pomixtines thereof and R”’ represents H,
11 S Tl A PRSBSL , d rfb -C
y lene) group or mixture of said groups and z is from 5 to 200 (preferably 10 to 100,

~~ 10  and most preferably from 10 to 50); and a, b, ¢, d and e represent molar percentages of
v the polymer’s structure such that a plus e has a value of about 50 to 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 - (at+ct+d+e)] and e is 0.1 to 10.

The amine reactant useful in forming the just described acrylic copolymer can
15  be selected from ammonia or an alkyl-terminated poloxyalkylene amine represented
by the formula: |

HN - (BO), -R” ' 1)
in which BO represents a C, - C,, (preferably a C, - C,) oxyalkylene group in which O
represents an oxygen atom and B represents a C, - C,, (preferably a C, - C,) alkylene
: ,\,‘W 20 group or mixture; and R”’ represents a C, - C,, (preferably C, - C,) alkyl group and n
is an integer selected from 1 to 200 and preferably from 10 - 120.

In addition to the polyoxyalkylene amine reactant, the acrylic polymer can be
further formed w1th hydroxy terminated polyoxyalkylenes represented by the formula

HO - (BO),, R” ' L2
25  wherein BO, R” and n are defined as in formula (L.1) 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 the formula (L2) react with the carboxyl groups of the acrylic
polymer to provide a portlon of the A constituent of the amidized/imidized acrylic
30  polymer product of the immediately preceding structures (I) -(V) above.

The polymer shown by Formula L can also contain small amounts of
derivatives of compounds L1 and L2 in which R” of compound L1 is a pnmary amino
group and R” of compound L2 is a hydroxyl group. Such derivatives have the
formula Z(BO),Z where each Z is a primary amino or a hydroxyl group. ‘The resultant

-14-
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atom and B represents a CJerr] - Clerr] alkyl ene group BPHUSXQU?Q/ 071 48

t hereof; and R’ represents a (CJerr] - C[err] al kyl group and n is
i at eger selected from1 to 200. : The a %@ﬁ!% B m,q},'nigga
wher ei n sai dtiofep Cye®PCT36290M | Ses a car bon cont ai ni ng- backbone t o whi

are: attached groups shown by the follow ng structures 25 (I) and (11) and
opt i onal | y (polyimergmavides@xtended high slumptpropertss. Chlsese AeEfival29 hay be present [ er r |
10

ir up to 8 percent, preferably up to 5%, provided that the resultant product remains
water soluble.

The total polyoxyalkylene containing reactants are normally used in from '
5 about 5 to 90 mol percent and preferably from 10 to 20 mol percent based on the
acrylic acid units present in the acrylic polymer.

The acrylic polymer and amine reactants alone or further combined with a
hydroxy terminated reactant form the copolymer by heating the reactants either in an
aqueous solution or neat at elevated temperatures of from about 60 degrees C to 250

10 degrees C and most preferably from 100 degrees C to 225 degrees 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 passing air or nitrogen gas over
the liquid reaction medium or by bubbling the gas through the medium to remove

15 water and other low molecular weight by-products from the reaction zone.

The optimum condition will depend on the particular reactants used and the
degree of reaction desired. The exact condition can be determined by simple
experimentation. -

v The imidization reaction can be enhanced by conducting the reaction in the
p— 20 presence of a basic catalyst, an acid catalyst and/or a transamination catalyst. Such
' ' catalysts may be selected from a tertiary amine, such as dicyclohexylamine, 1,1,3,3-
tetramethylguanidine,  1,3-diphenylguanidine, quinoline, isoquinoline, 4-
benzylpyridine, 4-phenylpyridine, 2,3-benzodiazine, 1,4-benzodiazine, 1-benzazine,
l,3-benzodiaziné, N,N’-dicyclohexylcarbodiimide, 2,2’-bipyridyl, 2,3’-bipyridyl,
25 2,4’-bipyridyl or such catalyst can be selected from the group consisting of p-
toluenenesulfonic acid, HCl, Sb,0,, Ti-(OC,H,),, NaNH,, SnO,, 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 aré contacted with each other at the above described reaction

30 conditions for from about 1 to 8 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 sweeping a gas, such as
nitrogen, through the reaction zone.

-15-
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20 25 wherein each R i ndependently represemi.faiahyaZgérUa(t o‘m"bp
a nethyl group (-CH3) 30 group; A represents hydrog t . I4
C[err] al kyl group, R or an alkali netal cation masg%e er‘ggfa,
representa i E%g gmor a Clerr] - Cferr] oxyal kyl ene group
represent ed by (‘ {err |n which O represents an oxygen atom B

represents a (Jer
crerr] alkyl, an d"ﬂrl]le de% ree gg[rrfdgﬁgrrx] @ﬁ%ﬁ%g:ﬁt%hgﬂ@moﬁto{eﬁmy%g an%uﬁt ﬁf@ﬁt&l)

and d are nuBeRPYes) from thesreaetinne gens: i qnopcanplse%@ﬁttbgée@mahéxessﬁacuon

pol ymer' s st bsduet R coblell ahd &lterdi S @ val.ue of about 50 - 70; the sumof c
plus d is at |l east 2 to a value of (100-a); and b is not nore than

[100-(a + ¢ + d)] The 1m1dlzed acrﬁic J&l?meﬁm ﬁermany afhigh-Bbiling WideBiLliquid 3tich
copol ymer Scorlle[ 2{1&%11?‘1211 so?u%le in water. ’?l'rl uﬁtlal{ Ort%rmeﬁ Se[lr#lgrt ijsr e en uI I1)n gt{
(1V): y poly: p
aqueous solution. The pH of the solution is adjusted or maintained to below 6.5,
preferably from about 3 to 6 and most preferably from 3 to S. An amine terminated
polyoxyalkylene is introduced into the aqueous solution to provide an ammonium salt
with at least a portion of the remaining free carboxylic acid units of the polymer. The
’”f\ ' 10 amine terminated polyoxyalkylene used to produce the salt is preferably selected
compounds of the formula

XN(BO),R™

wherein X represents hydrogen, (BO),R’” or mixtures thereof and R’” represents H,
C, - C, alkyl group or BNH,; B represents a C, - C,, alkyle‘né (preferably C, - C,

15  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 (represented by
“e”) may range from about 0.1 to 10 and preferably from about 02t02.

It has been unexpectedly found that the presence of units “e” of the subject

20 polymer admixture provide superplasticizer properties with the abi'lity of the

achieving 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 compositions of less than 6 percent

and preferably less than 4 percent. If higher amounts of air content are desired, the

25 cement composition can be treated with conventional air entrainers. The present

polymer does not detract from conventional air entrainer activity. The exact molar

- amount of units “e” to achieve the air controlling properties will depend upon the

exact nature and molar proportion of the other components of the polymer admixture

as well as the nature of the cement composition being treated. The molar amount of

30  units “e” need to achieve a desired air entrainment level can be readily determined by
experimental design with the aid of the present teaching.

The following examples are given for illustrative purposes only and are not
meant to be a limitation on the claims appended hereto. All parts and percentages are
by weight unless otherwise indicated.
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EXAMPLE 1

A mixer drum was prepared by wetting it with water and inverting the drum to
allow its interior to drain. The drum was righted and loaded with ordinary Portland
Cement (OPC), water, fine aggregate (sand), and coarse aggregate (stone) at the
following addition rates: stone at the rate of 1750 Ibs./yd’; sand at the rate of 1230
Ibs./yd* water at the rate of 320 Ibs./yd’® ; and cement at the rate of 658 Ibs/yd®>. The

'sand and stone conformed to the standard specification for concrete aggregates in

accordance with ASTM C 33 (1993). The drum was mixed in accordance with
standard practice for making and curing test specimens in the laboratory (ASTM C-
192-90A), then placed into cylinder molds (steel) having a four inch diameter and
eight inch length. '

In addition to control samples, samples having calcium nitrite, an imidized
acrylic copolymer, and both the calcium nitrite with the copolymer were produced.
The additives were introduced into the sample by incorporating them into the water
component of the sample. The calcium nitrite (available under the tradename“DCI®”
from W.R. Grace & Co.-Conn., Cambridge, Massachusetts) was used at the addition
rate of 0.2-4.0 % s/s based on the cement (solid calcium nitrite/solid cement, s/s). The
copolymer (“ADVA®” from Grace, in accordance with Formula K described above)
was used at the addition rate of 0.05-0.5% s/s based on solids cement. In the samples
containing “ADVA®” only and the DCI®/ADVA® combination, since the
“ADVA®” composition operates as a superplasticizer to fluidify the mixture, the rate
of addition of water was decreased to 250 1bs./yd®, and the rate of addition of sand was
increased to 1400 Ibs./yd’ to adjust for yield.

The control samples and test samples were cast into the cylinders, left
undisturbed, and stripped from the molds at periodic intervals of 6, 10, 14, and 18
hours. The samples were Subjected to a standard test method for measuring
compressive strength cylindrical concrete specimens (ASTM-C-39-94) in which an
axial load is applied until the samples crack, and the compressive strength in terms of
pounds per square- inch, (psi) is determined. The results are presented in Table 1
below. Sample 1 (“control”) had no calcium nitrite or the acrylic polymer; Sample 2
(“DCI®”) had calcium nitrite only; Sample 3 (“ADVA®”) had the imidized acrylic |
polymer only; and Sample 4 (DCI®/ADVA®) had both the calcium nitrite and the -
copolymer demonstrated a syhergistic effect in achieving high early strength at the
indicated intervals. The “net” compressive strength values are computed by
substracting the control values. For exaniple, Sample # yielded a strength value of

-17-
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5 10 15 20 wherei n each R i ndependent| yPCJEﬂbSe&?A 07 1 i} 8
hydrogen atomor a methyl group (-CH3); group A lggro

an alkali metal cation; R is at |least from50 - B r&ggﬁ@ 3993

t he polyner ,&ndneycmpn(seszwl yoxyet hyl ene or pol yoxypr opyl ene 25 units or

m xt ures thereof; a has a nunerical. value of from60 - 70, and the sumof c

and d is a nmiiepsu anb lmai-s,lbubthea‘neﬂ’esa-smgtﬁ vialuerie {85 apdi ywieen theasﬁtrcﬁ)v]ahtemft he
val ue of (10 10. The adm xture of claim1 wherein
sai d copol yrrggpsllsls ?u(?tsﬁécéedoy reacting

TABLE 1 _
SAMPLE 6 Hour (psi 10 Hour (psi) 14 Hour (psi) 18 Hour (psi)
#1 (control) 38 195 551 943

#2 (DCI® only) 123 (85net)  702(507nef) 981 (430net) 1499 (556 net)
#3 (ADVA®only) 52 (14net) 106 (O net) 485 (0 pet) 1205 (262 net)
#4 DCIBADVA®) 342 (304 net) 1144 (949 net) 1862 (1311 net) 2636 (1693 net)
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an acrylic polymer with ammoni a or an al koxyl ated ami ne-represented by 't'"hé J;f
Rlerr]-(QAlerr])[err]-Q, - wherein Q

NH, Al = - | kyl : =1 to 200; and <
Gorr1" C aemhencirrcr b 111 e 1 2o R g 1998

formula 30

Q or

4 .
O s

10

IS

20

We claim:

1. -A cement admixture for achieving high early strength comprising: (1)
a calcium salt; and (2) a copolymer comprising a carbon-containing backbone having
(a) pendant cement-anchoring members and (b) pendant oxyalkylene groups attached
to the backbone by linkages selected from the group consisting of axhide and imide.

2. The admixture of claim 1 wherein said calcium salt comprises calcium

" nitrite, calcium nitrate, calcium chloride, calcium formate, or a mixture thereof.

3. The admixture of claim 2 wherein said calcium salt comprises calcium

nitrite.

4, The admixture of claim 1 wherein said admixture has a ratio of

copolymer to calcium salt of 1:0.5-20 s/s.

5. The admixture of claim 3 wherein said admixture has a ratio of
copolymer to calcium salt of 1:7.5 s/s. '

6. The admixture of claim 5 wherein the amount of copolymer used is at
least 0.005 weight percent.

7.  The admixture of claim 1 wherein said copolymer is formed by
reacting an acrylic polymer with ammonia or an alkoxylated amine represented by the
formula

HN - (BO), -R”
in which BO represents a C, - C,, oxyalkylene group in which O represents an oxygen
atom and B represents a C, - C,, alkylene group or a mixture thereof, and R”
represents a C, - C,, alkyl group and n is an integer selected from 1 to 200.

8. The admixture of claim 1 wherein said copolymer comprises a carbon
containing backbone to which are attached groups shown by the following structures
(1) and (II) and optionally (III) and (IV):

e

T
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cl aim 10 wherein said copolyner conprises a carbon-
baﬁ‘:kbone having (a) attached cenent-anchoring nmenbers a
oxyal kyl eneagsraeyGasePCEB329d t 0 t he backbone by a |inkag

ant de or
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« .contai ni ng

(11), and optionaITy 5 st(FUcturel§ (111) and@}1v): [err]
[-C -CH -]a [- C - CH: -1
| I
COOA CONHR’
(III)
R R

0=C c=0
A4
N
'l
R
(IV)
R R
: | |
[- CHz -C - C - CHz -]d
1 I
0=C C=0
\ /.
N
|
RI

wherein each R independently represents a hydrogen atom or a methyl group (-CH,)
group; A represents hydrogen atom, a C, - C,, alkyl group, R’ or an alkali metal cation
or a mixture thereof; R’ represents a hydrogen ﬁtom or a C, - C,, oxyalkylene group
represented by (BO),R” in which O represents an oxygen atom, B represents a C-
C, alkylene group, R’ represents a C, - C,, alkyl, and n represents an integer of from
1 - 200; and a, b, ¢, and d are numerical values fepresenting molar pércentage 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 b is not more than [100-(a + ¢ + d)}.

9. The admixture of claim 8 wherein said copolymer contains at leést one
group from the structures (III) or (IV): o

* [ L M S *

=20-
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J . . ¢ Q7 /) ot +53
15 20 25 30 35 wherein each Rerr] mde;?n Sezr@eﬁmfs!ggg
a hydrogen atomor a (err]-Cerr] alkyl (preferably® S

((CH err]-)) group; Arepresents a mxture of Z and Rlerr]; Z represents

hydr ogen at Atternexase/BCE3R296r di val ent nmetal cation, anmmoni um group or

organic - amne group; Rlerr] represents_an air detraining
pol yoxyal kyl ene group reprgsent d by (‘Bﬁ’[err] Rlerr] in which O
represents- an oxygen atom 'B re&r esents a Cerr]-Cerr] al kylene group, .
o : _ [- C-CH,-C- CH; -1,
5 | 1
: o=C Cc=0
N/
N
!
10 : R’
(Iv)
R R
1. |
15 [- CH,- C-CH,-C -CH, -la
| | :
- o=C Cc=0
A
_ _ : N
20 |-
RI

wherein each R independently represents a hydrogen atom or a methyl group (-CH,);
group A is a hydrogen atom or an alkali metal cation; R’ is_at least from 50 - 90
weight percent of the polymer and comprises polyoxyethylene or polyoxypropylene
25  units or mixtures thereof; a has a numerical value of from 60 - 70, and the sum of ¢
and d is a numerical value of at least 3 [(preferably at least 5)] to the value of (100 -

a).
10. The admixture of claim 1 wherein said copolymer is formed by reacting

an acrylic polymer with ammonia or an alkéxylated amine represented by the formula
30 R-(0A)-Q-
wherein Q = O or NH; A>=C, - C,, alkylene; x =1 to 200; and R* = C, - C,, alkyl.

-

R

=21~
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40 R[err] represents a CJerr]-Cerr] alkyl group and n repres

I nteger of from 1-200; R err] represents a pol yo yal ﬂ-j‘en é
represented by (BO[err] Rerr]; and a, b, ¢ and d are lhbnmamer"f gﬂAY 1999

val ues repratfopieyicag porissgeger cent age of the polynmer's structure such that a
I s-a value of about 1 to 99; the sumof ¢ + d is a value of 0 to the -

nunerical val ue U The adnikfiffe of alaimalfdwherein said coprilyrder coraprises afcafme - (a

+c +d)]. 45 12. The_ admixture of claim 1l wherein said ¢co Iymer
conpri ses aenfavingzberkbone having (@) pchAd cEMENtITPORNE %Fmpﬁréstm‘g @Bof -

d st 1
3557 oMU Sikyfene drallfs dathed.fo. the backbone by a linkagg selegted from.amide or

cl ai m 7 whempfie afidiwhefeih @Ré afchied groffschave struchres {I) ahd \(Ipnand optiayaliyp or a

m Xture thereof . 14. The adm xture of claim 11 wherein said
cal ci umSsal mwﬁﬁrﬁlﬁbmd;ﬁ\/bl um nitrite.
(1) (II)
R R!
| ' |
[- C- CH; -], [- C- CH: -1
10 : I |
COOA CONHR®
: (III)
15 Rl R"
I |
[- C-CH,~C -CH; ~],
i |
o=C c=0
20 \ 7/
N
1
RG
25 (IV)
R! R!
| J
» [" CHz- C- CHz-C "CHz "]d
. { |
S 30 o=C Cc=0
: N/
N
|
RG

35 wherein each R' independently represents a hydrogen atom or a C,-C; alkyl
(preferably methyl (CH,-)) 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), R® in which O represents an oxygen atom, B represents a C,-C,, alkylene group,

40 R represents a C,:Cj,-alkyl group and n represents an integer of from 1-200; R®
represents a polyoxyalkylene group represented by (BO), R’ and a, b, c and d are
numerical values representing molar percentagé of the polymer’s structure such that a
is a value of about 1 to 99; the sum of ¢ + d is a value of 0 to the numerical value of
(100 - a); and b is a remainder value of [100 - (a + ¢ + d)].

45 12. The admixture of claim 11 wherein said copolymer comprises an imidized
acrylic polymer and contains at least one of said structures (III) or (IV).

> R D A
* [ L M S *
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5 15. A nethod for inproving early high strength TohprTSing

I ntroducing into a hydraul i c cenentitious m xture | gicum sel joan
&%’m %m EH " are °8

and (2) a copolyner having a . car bon- cont ai ni ng bac are
attached (ahttersexGase BQEARICNg nenbers and (b) oxyal kyl ene pendant
groups attached to the backbone by |inkages sel ected from am de or
imde. 10 13. 1@he Bdmixmrenoficlaim g whereinssaish Br wepresents @ Cak Santkkdane and
said copolyner are . ddeg si mul t aneously as a one-conponent adm xture,
sai d adni xt &F%‘Pr?é@im&“geﬂﬁ@ i copol ymer to calciumsalt of 0.5-20
s/ s. : 17. A cenent conposition having inproved high early
strength conpri dfng The admixtysepf glaimd 1cuhesein said calgivm salf semprises galcium

copol yner h '-&g a carbon-containing 15 backbone to which are attached (a)
cenent - anchoring nmenbers and (b) oxyal kyl ene pendant groups attached
to the backbone hy I|jnk s. selected fro m de or im,(de |, | | nkages.

18. The Sonent ddmpdsmerie for imaraying sariy Hlghtrenath campsige ntrodine Ay
conpri ses : . - ce b ght o) . 0, 45: 1.
20 10 D uBE SeRRidolCh RO LA sgl YOk SoBRYSE: hade s 07
conpri ses  carboabfiaitiihg)bickbbse to which are attach¥d. (a) CetnentHanctioning mémbdreiand 1

wherei n sai d copol yner having a carbon- cont ai ni ng backbone caonpri ses
pol yacrylic (b oxisilkyienerpandgnti groups aftached to the backbone by linkages selected from
amide or imide.
10 16. The method of claim 15 wherein said calcium salt and said copolymer are

added simultaneously as a one-component admixture, said admixture having a ratio of
copolymer to calcium salt of 0.5-20 s/s.

17. A cement composition having improved high early strength comprising a

hydraulic cement, a calcium salt; and a copolymer having a carbon-containing

15 backbone to which are attached (a) cement-anchoring mexﬁbers and (b) oxyalkylene
pendant groups attached to the backbone by linkages selected from amide or imide

linkages.

18. The cement composition of claim 17 wherein said composition further

comprises water and has a water:cement weight ratio no greater than 0.45:1.

20 19. The cement composition of claim 18 wherein said calcium salt comprises
calcium nitrite.
20. The admixture of claim 1 wherein said copolymer having a carbon-
containing backbone comprises polyacrylic or polymethacrylic acid.

A
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