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the de5|red characteristics or only provide the desired characteristics in
| ow degr ees—+t+—+s—generally known, for exanple, that the copol yners of

al kenyl ethers nd nmal ei ¢ anhydride and the derivatives thereof can be
enpl oyed as. to-inmprove slunp | oss [Japanese Pat ent

Publ i cation ( 5140/ 1988 (equivalent to EP-A-0, 291,073) and
163108/ 1990] . | ymers of this—cRass which have been previously
used,- exhibit only small inpreovenent in slunp | oss or caused excessive
set retardation to the treated cenent conposition. JP-A-138319/1990
di scl oses copol yners of pol yoxyal kyl ene gl ycol nonoal |yl ether and maleic
anhydri de which are stated to be useful as scale inhibitors, chelating
agents, dispersants

afﬂe present invention relates to a cement admixture
compositioh. More particularly, it relates to an
| admixture composition for hydraulic cement compositions
5 such'as'mbrtér and concrete to dramatically improve their
workability by preventing decrease in their flowability
~over sustained periocds of time (herein called as “slump
loss"). '
Slump loss is a major problem in the concrete
10 industry. It is hlghly desired to have a cement addltlve
- which will impart high degree of flowability over an
- extended period of time while not imparting any
significant set retardation to the cement composition.
_ Various_proposals have been made to solve this problem
15 but,.suchfpfoposals have not provided a combination of
the desifed characteristics or only provide the desired
'eharacteristics in low degrees.
_ | it is generally known,'for example, that the
ucopolyﬁersfof alkenyl ethers and maleic anhydride and the
20 f"derivatiVes thereof can be employed as cement additives
to improve slump loss [Japanese Patent Publication
(Kokal) Nos. 285140/1988 and 163108/1990]. However,
‘copolymers ‘of this class which have been previously used,
_ exhibit only small improvement in slump loss or caused
28 excessive set retardation to the treated cement '
composition. ' _

It has now been found that certain copolymer
comp051tlons descrlbed below having a specified molecular
structure have remarkable effectiveness for the

30 prevention of slump loss without causing 51gn1f1can§ set
retardation. '



so on. It has now been—found-t hat certain copol ynmer conpositions descri bed
bel ow havi nE"F usggeg%ge pDI ecul ar structure have renarkabl e effectiveness
Ll

for the prev d 0ss wi t hout causi ng significant set
retardation. esent invention is directed to:a cenent adm xture
conposi tion whic the use of certai,n_al kenyl ether/naleic
anyhydride copolyners. Mre specifically, the present adm xture conposition
i s conposed of (i) an al kenyl ether/maleic anhydri de copol ymer havi ng
oxyal kyl ene chains with from60 to 95

The present invention is directed to a cement
admixture composition which requires the use of certain
_ alkenyl ether/maleic anyhydride copolymers. More
5 .  specifically, the present admixture compdsition is
composed of (i) an alkenyl ether/maleic anhydride
copolymer having oxyalkylene chains with from 60 to 95
oxyalkylene units ("Copolymer A"), as more fully
described herein below; or (ii) an alkenyl ether/maleic
10 anhydride copolymer having oxyalkylene chains with from 1
to 40 oxyalkylene units ("Copolymer B") in combination
with an alkenyl ether/maleic anhydride copolymer having
oxyalkylene chains with from 100 to 150 oxyalkylene units
("Copolymer C"), each as more fully described
15 hereinbelow: or (iii) an alkenyl ether/maleic anhydride
Copolymer C in combination with a polycarboxylic acid
‘type polymer, each of which is more fully:descrihed

hereinbelow.
_ The specific cement admixture compositions of this
20 invention have been unexpectedly found to impart a high

dégree of slump loss over a sustained period of time
while not imparting any significant set retardation.

The present invention is directed to a cement

25 admixture which has been unexpectedly found to provide a

| high flowability to cement-compositions such as concrete
‘and cement mortar, provide the high flowability over an
extended period of time without iﬁparting a significant
delay in the curing (set) of the cement composition.

30 - This combination of properties has been unexpectedly
achieved with the presently described cement admixture
compositions to provide the construction industry.



oxyal kyl eng, units (" Copol ymer A"), as nore fully described herein below, or
(i) an al kenyl gfisisheét Biad Bdet R ri de copol ynmer havi ng oxyal kyl ene chai ns’
with from1l to 40 its ("Copolynmer B") in conmbination with an
al kenyl et her/ nmal opol ynmer havi ng oxyal kyl ene chains with
from 100 to 150 o yf'ene units ("Copolymgy C'), each as nore fully
descri bed hereinbelow, or (iii) an al kenyl her/ mal ei ¢ anhydri de Copol yner
C in conbination with a polycarboxylic acid type polyner, each of which is
nore fully described hereinbel ow. The specific cenent adm xture
conposi tions of this ThiyFRTYH A Hae camparddians, restierad njde a
hi gh degree of fihayedntiinvenmtion doiffrfised RRIPAmr Idf"an alkenyl
ether and maleic anhydridé&.2 Three (3) specific
copolymers, when used in the manner described
5 hereinbelow, have been found to achieve the desired
combination of properties. Each copolymer, respectively,
has an alkenyl ether comonomer represented by the

formula:
R0 (A0) R? | (o).
10 . 1:.1_0_(1&0),,,1{2 (I1), or
R0 (a0) R {III1)

wherein in each of the above formulae
R! represents a C,.; alkenyl group;
R, represents a C,., alkyl group;
15 AO represents a C;,; oxyalkylene group in which O
| represents an oxygen atom and A represents an
alkylene group;
n represents an average adduct mole number
. of from 60 to 95 for the oxyalkylene qroup
20 '

m represents an average adduct mole number of
from 1 to 40 for the oxyalkylene group;
P represents an average adduct mole number of
25 from 100 to 150 for the oxyalkylene group
In the present description and in the appended
claims, the term "Copolymer A" shall mean a copolymer of
élkenyl ether I and maleic anhydride, as the anhydride,
or a partially or completely hydrolyzed product or as a
30 salt (alkali or alkaline earth metal) of the hydrolyzed
product and the mélar ratio of alkenyl ether I to maleic
anydride being from 30:70 to 70:30;



while not inparting any significant set retardation. The present invention

Is directed “%Hﬂﬂhé g&ﬁture whi ch has been unexpectedly found to
provi de a hig to cenment conpositions such as concrete and
cenment nortar hlgh flowabi ity over an extended period of tine
wi t hout |npart|ng a 5| cant delay in the curing (set) of the cenent

conmposi tion. This conbination of properti®esthas been unexpectedly achieved
with the presently described cenent adm xture conpositions to provide the
construction industry. - 3- _

“Copolymer B" shall mean a copolymer of alkenyl

ether II and maleic anhydride, as the anhydride, or a
partially or completely hydrolyzed product or as a salt
(alkali or alkaline earth metal) of the hydrolyzed
5 product and the molar ratio of alkenyl ether II to maleic
anydride being from 30:70 to 70:30; and '
"Copolymer C" shall mean a copolymer of alkenyl
ether III and maleic anhydride, as the anhydride, or a
partially or completely hydrolyzed product or as a salt
10 (alkali or alkaline earth metal) of the hydrolyzed
product and the molar ratio of alkehyl ether III to
" maleic anhydride being’from 30:70 to 70:30.
C,.s alkenyl groups represented by R! in each of the
above described formulae (I), II, and III, include for
15 exanple, vinyl, allyl, methallyl, 1,1-dimethyl—2-propehy1
and 3-methyl-3-butenyl groups and of these groups, allyl
group is preferably employed.
C,-1s OXyalkylene groups represented by A0 in the

above described formulae (I), (II) and (III) include, for -~ =

20 example, oxyethylene, oxypropylene, oxybutylene,
oxytetramethyiene, odeodecylene, oxytetradecylene,
othexadecylené and'oxyoctadécyléne groups. Of these
oxyalkylene groups, C,, oxyalkylene groups such as
oxyethylene, oxypropylene and oxybutylene are preferred.

25 The A0 may include tﬁo:or more types of oxyalkylene
moieties and such oxyalkylene moieties may be linked in
block or aﬁ random.

C,., ‘alkyl groups represented by R’ in the above
'described formulae I, II and III include, for example,

30 ‘methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl and
tertiary butyl groups. When the carbon atoms is more
than 4 in the R?, the amount of air entrained in the

mortar or concrete admixture is increased, and



The cenent additive conposiffdhs required by the present invention conprise

a copol yner 8fis Sheet HagBgey Re; r and mal ei c anhydride. Three (3) specific
copolyners,:mﬁ & manner descri bed herei nbel ow, have been found
to achieve th nation of properties. Each copol yner,
respectively, has-an al kenyl ether conononer represented by the forml a:
[err] wherein in each of the above fornul Zed[&rr] represents a [err]

al kenyl group; [err] represents a [err] alkyl group; AO represents a [err]
oxyal kylene group |3 Wihehy0 §EPLESgPifePe@¥dC0e PLOM 8NE, 1\ LAY £GP Gp 2N
when air entrainment is not desired.
Thus, in one embodiment of the present invention,
the cement admixture is composed of Copolymer A where the
5 average adduct mole number of the oxyalkylene group
represented by n is 60 to 95. This cement admixture
exhibits the properties of affecting the initial short
term dispersion of the particles comprising the cement
composition similarly to that caused by conventional
10 slump loss admixtures, such as naphthalene sulfonate
formaldehyde high range condensate types, sulfonated
‘melamine resin type or lignosulfonate type admixtures.
The present Copolymer A further unexpectedly increases
siump with the progression of time. Thus, the present
15 admixture composed of Copolymer A provides both initial
and progressive increases in slump to hydraulic cement
compositions. _ '
This cement additive has high dispersability and
ability to prevent slump loss and, in addition, low
20 setting retardation. Thus, when the cement additive is
used alone, the desired high effects can be obtained.
Furthermore, depending on the types of hydraulic
cement and aggregate and the compositions formed
therewith, the cement admixture of Copolymer A may also
25 contain small amounts (5 to 30 parts by weight, based on
100 parts by weight of Copolymer A, its hydrolyzed
product or a salt of the hydrolyzed ﬁroduct.of the
present invention), of Copolymer B or Copolymer C, their
hydrolyzed product or a salt of the hydroljzed product.
30 The desire to incorporate Copolymer B or Copolymer C can
be readily determined by conducting slump tests of the
cement composition to achieve the specific characteristic
desired.



aIkerne group, n represente—anmaverage adduct nol e nunber of fron160 to 95
for the oxyalkﬂhemﬁxgmg%p represents an average adduct nol e nunber of

from1l to 40 for ® group; p represents an average adduct nole
nunber of fronr t he oxyal kyl ene group In the present
descri ption and d clains, the term"Copolynmer A" shall nean a

copol yner of aIkenyI et her and nalerc amhy&dri de, as the anhydride, or a
partially or conpletely hydrolyzed product or as a salt (aIkaIi or al kaline

earth nmetal) of the hy Fg%ggs%ﬁpéggg g€§6 %B gg%e%eén q) alkenyl et her

| to maleic anydride b
limitation on the present invention, that Copolymer A of

the present invention more effectively increases the
dispersibility of the cement composition particles than

5 observed when using conventional cement slump enhancing
additives. The subject Copolymer A may form a hydrate
layer around the polyoxyalkylene group extending from the
main chain of the copolymer which is absorbed on the
surface of cement particles, and this layer must provide

10 steric hindrance which maintains the dispersibility of
-the cement particles for an extended period of time.
Thus, excellent dispersibility of cement particles, and
extended prevention of slump loss can be exhibited. At
the same time, Copolymer A does not substantially effect

15 the initial set time of a cement composition.

In a second embodiment of the present invention, the

above described Copolymer B is employed together with the
cbpolymer C at a mixing weight ratio of from 95 to 5
parts Copolymer B to 5 to 95 parts Copolymer C to form a

20 100 part mixture. This ratio is preferably from 80:20 to
20:80. ' This combination can render slump loss zero.
‘When the mixing weight ratio is outside the above
described range, sufficient retention of slump cannot be
obtained and there is a possibility of causing the

25 segregation of the particles of the cement composition
due to extremely high increase in fluidity with the
progression of time.

The average adduct mole number p of Copolymer C can

be a number of 100 or more and is not limited. However,

30 from the standpoint of ease of preparing such Copolymer
C, the average adduct mole number p is preferably between
100 to 150.



4'"Cbpolyner Bﬂmﬁmaﬁh h polyner of al kenyl ether Il and naleic
anhydri de;~as t a partially or conpletely hydrolyzed
preoduct or as a or al kaline earth nmetal) of the hydrol yzed

product and the f al kenyl ether Il to maleic anydride being
from30:70-to 70: 30 and "Cbpolyner C' shall nean a copol yner of al kenyl
ether 111 and nal eic anhydride, as the anhydritde, or a partially or

conpl etely hydrolyzed product or as a salt (alkali or alkaline earth netal)

of the hydrol yzed .
It is also believed, although not meant to be

limitation on the present invention, that the cement
additive comprising a mixture of Copolymer B and
Copolymer C of the present invention shows the
5 outstanding slump retention due to the interaction of
these copolymers with the cement particles. The ability
to greatly increase the dispersibility of the cement
particles at the initial stage may be provided mainly by
Copolymer B while the extended action of Copolymer C
10 provides the present unique cement admixture composiiion.
Further, a hydrate layer may be formed around the
polyoxyalkylene group extending from the main chain
predominantiy of Copolymer C which is absorbed on the
_ surface of cement particles, and this layer accompanies
15 steric hindrance which maintains the dispersibility of
the cement particles for a long period of time. Thus,
excellent dispersibility of cement particles and
preventioﬁ of slump loss can be exhibited. Again, set
retardation is not exhibited by cement compositions
20 having this admixture. _
" In a third embodiment of the present invention, a
cement admixture is composed of the above described
Copolymer C together with a polycarboxylic acid type of
polymer ("Polymer D") at a mixing weight ratio of
25 Copolymer C to Polymer D of from 56 ~ 95 : 95 ~ 5,
preferably of from 10-90:90-10. This combination renders
slump loss of zero. When the mixing weight ratio is
outside the above described range, high degree of slump
retention cannot be obtained and there is a possibility
30 - of causing segregation of the particulate of the cement
composition due to high degree of remarkable increase in
fluidity with the progression of time.



product and the—mplar ratio_of alkenyl ether Il to naleic anhydride being
from30:70 to 70:30. [err] al kenyl groups represented by [err] in each of

t he above descti! t HesBeedd Repla¢dd), |11, and 111, include for exanple, vinyl,
allyl, methally ” [ - 2-propenyl and 3-net hyl - 3- but enyl groups and
of these groups Is preferably enpl oyed. C218 oxyal kyl ene
groups represented by AOin the above descti®hed formul ae (r), (1r) and

(rrr) include, for exanple, oxyethylene, oxypropylene, oxybutyl ene,

oxyt et ramet hyl ene, oxygg %"efou‘?f@’ﬁ%{f@ﬁe%ﬁ”%ﬁﬁﬁ?ﬁx%?%}‘%3?@’%3—%

oxyoct adecyl ene groups. ese oxya e groups, <
groups such as oXemndiymare C sarphspErahaaier Golvble pedynes payiagred.

carboxyl group and is not particularly limited. The

Polymer D found useful in conjunction with Copolymer C
5 for an admixture of the present invention include

synthetic high molecular weight copolymers having a

carboxyl groups, such as, for example, copolymers of

- acrylic acid, methacrylic acid, maleic acid or maleic

anhydride with a C, or C; fraction produced in petroleum
10 refining, or styrene or acrylamide.

If other types of cement additives, such as
naphthalene sulfonate formaldehyde high range condensate
type are used with COpolymér C, one must use excessive
amounts. of the resﬁltant cement additive to obtain the

15 desired slump. In contrast, the cement admixture of
Copolymer C and Polymer D provides the desired
combination of effects at low dosages.

Copolymers A, B'and C of the present invention can
be prepared by the polymerization of an alkenyl ether of

20 formula (I), (II) or (III) and maleic anhydride in the
presence éf a peroxide catalyst in accordance with the
method described in Japanese Patent Application (Kokai)
No. 297411/1989. The mole ratio of the alkenyl ether of
formula (I), (II) or (III) to the maleic anhydride is

25 typically 30 ~ 70 : 70 ~ 30 and preferably 50 : 50. If
desired, the subject copolymers may contain another
monomer which is'cépolymerizable therewith such as _
styrene, an alpha-olefin or vinyl acetate in amounts of
up-to 30 percent by weight of the total weight of the

30 monomers. '



The AO may |ncI £B &wﬁmgﬁﬁngfﬁmgypes of oxyal kyl ene noi eti es and such

oxyal kyl ene noie nked in block or at random [err] alkyl
groups represent the above described fornulae I, Il and I

i nclude; for exa thyI propyl, isopropyl, n- butyl, I sobut yl
and tertiary butyl groups. Vhen the carbon atons is nore than 4 in the
[err], the anpunt of air entrained in the™n8rtar or concrete admi xture is
i ncreased, and This is the replacenent sheet Date: 2 1 JUL 1997

The hydrolyzed product of the copolymer is a product
having a hydrolyzed maleic acid unit resulting from the
hydrolysis of the maleic anhydride unit in the copolymer.

The salt of the hydrolyzed product of the copolymer

S A is a salt formed by the maleic acid unit. Exemplary
salts include alkali metal salts and alkaline earth metal
salts such as lithium salts, sodium salts; ammonium
salts; and organic amine salts.

The amount of the cement additive which may. be

10 employed to provide the desired effects of the present
invention is typically 0.05 to 2 parts by weight
preferably 0.1 to 0.5 part by weight based on 100 parts
by weight of cement of the cement coﬁpqeition'being
treated. When the amount is less than 0.05 parts by

15 weight, the desired effects cannot be expected and
amounts of more than 2 parts by weight_may unfavorably
cause the separation of the components or set retardation:
of the cement composition.

Conventional cement additives, such as air

20 . entrainers, water proofing agents, strength enhancers,
antifoaming agents and curing accelerators can be used
with the subject cement additive. These additives can be
mixed with the cement composition prior to, along with or
subsequent to the addition of the present cement

25 additive. .

The cement additive of the present invention can be
used for various types of cement such as normal portland
cement, high early strength portland cement, ultra high
early strength portland cement, portland blast-furnace

30 ' slag cement, moderate heat portland cement, fly ash
cement and sulfate resisting cement and other hydraulic
materials other than cement, such as gypsum.



achrdinegf_Tt is preferred to select a [err] al kyl group when air

entralnnentTm§mﬁauhds@h Thus, in one enbodi nent of the present

i nvention, t ture i s conposed of Copolyner A where the

aver age addu of= t he oxyal kyl ene group represented by n is 60
to 95. This e exhibits the properties of affecting the

ini.tial short tern1d|sper3|on of the partitcl@s=conprising the cenent
conposition simlarly to that caused by conventional slunp |oss adm xtures,
such as napht hal ene sul fonat e fornal dehyde hi range condensate types,

sul fonat ed mel ani ne r@@PnCF?S@toﬁdﬂ#§AU§uPfoﬁg?epryﬁgnﬁdhnYﬁntéQn TRer

present Cbpolyneexémbu@thehnusgxaaabadkﬁ kthe Aa%ehgSWHERrWELE the
progression of ti hus t he present
preparatlon of a cement composition and then mixed with
the cement composition, or it may be added to an already
5 mixed cement composition. Alternately, the cement
additive can be supplied as an agueous solution or
suspension.: -When in solution or suspension form, the
cement_coméosition may be up to 50% by weight.
The cement additive of the present invention imparts
10 high flowability to cement compositions such as mortar
ahd concrete without causing any remarkable setting’
retardation and, in addition, it has an excellent ability
to prevent slump loss over extended periods.
Accordingly, the cement additive of the present. invention
15 can bring about a significant improvement on workability
in construction works. Thus, the cement additive of the
_present_inventibn can have various applications. For
example, it can be effectively used as a fluidizing agent
or a high range water reducing agent or concrete such as
20 ready mixed concrete or as a high range water reducing
agent for the production of concrete secondary products.
The present invention is further explained by the
following -examples which are given for illustrative
, purposes and are not meant to limit the invention. All
25 parts and percéntagés are by weight unless otherwise
stated. |

Examples 1 to 14 and Comggratiﬁe_Examgles 1 to 14

Forty liters of the concrete composition as shown in
Table 1 and the cement additive as shown in Tables 3 and
30 4 were added in a 50 liter forced mixing type mixer and



adﬁixture'éonpoéed of Copolyner A provides both initial and progressive
i ncreases iThisSdhewHastme.mﬁn&ul I c cenment conpositions. This cenent additive

has- hi gh dis d ability to prevent slunp |oss and, in addition,
| ow setting i

hus, when the cenent additive is used al one, the
desired high e obtained. Furthernore, depending on the types
of hydraulic cement and aggregate and the Ttohbositions forned therewith,
the cenent adm xture of Copolyner A may al so contain snmall amounts (5 to 30

parts by welght h3sed 26,198 BaEbAalVsucbolpast PRAThYIREa’cohtfete

hydrol yzed product "0r a salt o uct the present
i nvention), of CbbéN}ngraBSéﬂmEbﬁﬁl}ﬁeﬁmcanﬁhénralr content of 4 to 5% by

volume by using a commercial air entrainer ("AE-140D", a
product of Denka-Grace K.K.) in order to attain the

5 desired air content. After mlxzng, the mixture was
transferred into a mixing boat and retempering was
conducted at a predetermined'number of times every 30
minutes and the change in slump and air content with the
progression of time was measured for up to 60 nminutes.

10 The procedures specified in JIS-A6204 were employed
to measure slump, air content, settihg:time and
compressive strength and to prepare test specimens for
measuring the compressive strength. The test results are
shown in Table 5 for Examples 1 to 14 and in Table 6 for

15 Comparative Examples 1 to 14.
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addi tives. The subj ect LopdTyner A may forma hydrate |ayer around the
polyoxyalkymﬁgﬁﬂgggﬁgl fa84di ng fromthe main chain of the copolyner which
is- absorbed of cenent particles, and this |ayer nust provide
steric hindi ntains the dispersibility of the cenent particles
for an exte time. Thus, excellent dispersibility of cenent
particles, and extended prevention of sl unmplBoss can be exhibited. At the
sanme time, Copolynmer A does not substantially effect the initial set tine
of a cement conposition. In a second enbodi nent of the present invention,

t he above described Copolynmer B is enpl oyelakleie2 her with the Copol ymer C
at a mxing weight ratio of from95 to 5 parts Copolyner Bto 5 to 95 parts
Copolynmer Cto forma

Number Aver-

Alkenyl Ethers of Formulae age Molecular
Copolymer (I) (I1) & (IIT) Weight
5 (a)  CH,=CHCH,O (C,H,0),CH, 20,000
(b) CH,=CHCH,0 (C,H,0) ;5CH; 20,000
(c) CH,=CHCH,0 (C3Hg0) ;5 (C,H,0) ;5sC,Hg"V 35,000
(4) CH,=CHCH,0 (C3Hs0) ¢ (C2H,0) 12CHy*? 30,000
(e)f .~ CH,=CHCH,0(C,H,0) ¢CH, 30,000
10 (f) CH,=CHCH,0 (C,H,0) ¢;CH; 40,000

(g) ' CI{2=CHCH2°( CZHQO) 115CH3 45 F) 000

%1) : (C;H0) (C;H,Q) : 15:15 random adduct

*2) 1 (CH0) (C,H,0) ¢ 6:12 block adduct

15 1. Preparation of Copolymer (a) .
The ingredients as set forth below were charged into
a fouanecked flask-equipped with a condenser, a nitrogen
gas inlet tube, a thermometer and a stirrer and then the
temperature was raised to a temperature of from 80°C to
20 - .90°C in a nitrogen atmosphere and stirring was continued
for 7 hours in the nitrogen atmosphere at the temperature
to-éarry out the copolymerization reaction.
CH,=CHCH,0 (C;H,0) 1;CH,

as alkenyl ether (II) 1668.0 g

25 Maleic anhydride . 308.7 g
Tert-butylperoxy-2-ethyl hexanoate 16.2 ¢

Toluene 556.0 g

After completion of the reaction, the toluene was
distilled off from the reaction solution at 110°C under a



100 part miXture. Thi s ratlo S preferably from80:20 to 20:80. This
conblnathmmsanHME | oss zero. When the m xing weight ratio is
out si de the ed range, sufficient retention of slunp cannot be
obtained'an ssibility of causing the segregation of the
particles o e cenent conposi tion due tozgftrenely hi gh increase in

fluidity Mﬁth the progression of tine. Is al so believed, although
not neant to be limtation on the present invention, that the cenent

reduced pressure of about 10 mm Hg to give a copolymer as
a brown viscous liquid.

2. Preparation of Copolymer (b)
The procedures of Preparation of Copolymer (a) were

5 'repeated except that the following ingredients were
employed.
CH,=CHCH,0 (C,H,0) 33CH;
as alkenyl ether (II) 1524.0 g
_ Maleic anhydride - 102.9 g
10 Benzoyl peroxide . 9.1 g
Toluene 508.0 g

As a result, a copolymer was obtained as a brown
solid at normal temperature.

3. Preparation of Copolymer (c)
15 The procedures of Preparation of Copolymer (a) were

repeated except that the following ingredients were
employed.
CH,=CHCH,0 (C3Hg0) 15 (C:H.0) 15CiHyq
.as alkenyl ether (II) (random

20 adduct) 1644.0 g

' ' Maleic. anhydride 102.9 g
Benzoyl peroxide ' 8.6 g

Toluene . 556.0 ¢

As a result, a copolymer was obtained as a yellow
25 viscous liquid.

4. Preparation of Copolymer (d)

The procedures of Preparation of Copolymer (a) were
repeated except that the temperature of from 75°C to 85°C
was employed and the following ingredients were employed.



addi tive conprising a m xture of Copolyner B and Copol ynmer C of the present
I nventi on '8} Beep Bendacehdi ng sl unp retention due to the interaction of

t hese copol cement particles. The ability to greatly increase
t he disperdi cenent particles at the initial stage nay be

provi ded mai nly by Copolyner B while the extended action of Copol yner C
provi des the present uni que cenent adm>d1u¥?dbnposition. Further, a
hydrate | ayer may be forned around the pol yoxyal kyl ene group extendi ng from
the main chain predom.yan YRY i,ch is absorbed on the
surface of cenent parf?@T%g¥H§%ggﬁﬁﬁg5F§§%§bQ@%%npanies steric hindrance

whi ch nai ntai ns the di spassialikenyy) ethere (I@)emas pdockcl es for a | on

period of tine. Thus, adduct 1864.0 g
Maleic anhydride : 205.8 g
5 Asobisisobutyronitrile 13.0 g
Toluene 621.0 g

As a result, a copolymer was obtained as a yellow
viscous liquid.

5. Preparation of Copolymer (e)
10 The ingredients as set forth below were charged in a

four-neck flask equipped with a condenser, a nitrogen gas
inlet tube, a thermometer and a stirrer and then the
temperature was raised to a tempefature of from 90°C to
100°C in a'nitrogen atmosphere and stirring was continued
15 for 3 hours in the nitrogen atmosphere at the temperature
to carry out the copolymerization reaction.
CH,=CHCH,0 (C;H,0) ¢sCH; |

as alkenyl ether (I) . 1785.6 g

Maleic anhydride 61.7 g

20 Tert-butylperoky-z-ethyl hexanoate = 13.0 g
Toluene ' 297.6 g

After completion of the reaction, the toluene was
distilled off at 110°C under a reduced pressure of about
10 mmHg to give a copolymer as a brown solid at normal
25 tenmperature. " |

6. Preparation of Copolymer (f)
The procedures of Preparation of Copolymer (e) were

repeated except that the following ingredients were
employed.



excel l ent dispersibility of cenent particles and prevention of slunp |oss
can be exhi bilfisghee n getardation is not exhibited by cement

conposi tions hE ﬂiu i xture. In a third enbodi ment of the present

i nvention, a. c e is conposed of the above described -

Copol yner C together with a polycarboxylic acid type of polyner ("Polyner
D') at a nixing weight ratio of Copol ymer “Cfo~Pol ymer D of from5 - 95 :
95 - 5, preferably of from 10-90:90-10. This conbination renders slunp | oss
of zero. Wien the mxing weight ratio is outside the above described range,
hi gh degree of slunp F&%ﬁ?&?&ﬁﬂ*‘lﬁ% obtained and there is a
possibility of causing sagragxiengl efthlele (zgrticul ate of t8eocemgnt

Maleic anhydride 20.2 g
Tert-butylperoxy-2-ethyl ethanoate 4.7 g
5 Toluene 133.3 g

As a result, a copoiymer was obtained as a brown
solid.

7. Preparation of Copolymer (dg)
The procedures of Preparation of Copolymer (e) were

10 repeated except that the following ingredients were
employed. ' '
CH,=CHCH,0 (C;H,0) 1,5CH,
as alkenyl ether (III) 2566.0 g

Maleic anhydride 51.5 g
15 Benzoyl peroxide o 13.0 g
Toluene : 427.7 g

As a result, a copolymer was obtained as a brown
solid at normal teﬁperature.



conposi ti on due-te--high degree of remarkable.increase in fluidity with the
progressroqhgg ti Polyner D found useful when enpl oyed together with
Copol ymner 4ced . sol ubl e pol ynmer havi ng carboxyl group and is
not partrcullwm,ﬁ The Pol yner D found useful in conjunction with
Copol yner C re of the present 7nvention I ncl ude synthetic
hi gh nol ecul ar wei ght copol yners havi ng a c&rboxyl-groups, such as, for
exanpl e, copolynmers of acrylic acid, nmethacrylic acid, maleic acid or

mal ei ¢ anhydride with a [err] or [err] fraphihpg produced in petrol eum

Amount Added

Based on
Weight
5 Example of Cement -
No. . Cement Additive (weight %) '
1 Copolymer (e) 0.21
2 Copolymer(f) 0.23
3 - Copolymer (f) /Copolymer (g) *1 0.17/0.03
10 4 Copolymer (£f) /Copolymer (b) *2 0.18/0.02
5 Copolymer (a) /Copolymer{g) 0.10/0.10
6 Copolymer (a) /Copolymer(g) ' 0.05/0.20
7 Copolymer (b) /Copolymer (g) 0.17/0.05
8 COpoiymer(c)/Copolymer(g) 0.12/0.12
15 9 COpolymei(d)/cOpolymer(g) 0.14/0.08
10 Copolymer(g) /PC(a) *3 0.10/0.14
11 Copolymer (g) /PC(b) *4 0.15/0.35
12 'Copolymér(g)/PC(c)*S 0.12/0.13
13 Copolymer (g) /PC(d) *6 0.03/0.22
20 14 Copolymer(qg) /PC(e) *7 . 0.04/0.25
*1) : Amount of cement in concrete composition in Table
1: 280 Kg/m®
Water reducing rate from plain concrete: 18%
25 %2): Amount of cement in concrete composition in Table

1: 450 Kg/n®
Water reducing rate from plain concrete: 18%

*3)3 PC(a): Sodium salt of polyacrylic acid type .
copolymer ("AQUALOCK FC-600S", a product of Nlppon
30 Shokubai Kagaku Kogyo Co., Ltd )



refining, or styrene or acrylamde. If other types of cenent additives,
such as napht M 8he ; or mal dehyde hi gh range condensate type are
used wi t h*Copol st use excessive anobunts of the resultant
cenent additiv . desired slunp. In contrast, the cenent

adm xture of Copolyner C and Pol yner D provides the desired conbi nation of
effects at | ow dosages. Copolymers A B afd3® 6f the present invention can
be prepared by the polynerization of an al kenyl ether of fornmula (1), (I1)
or (I1l') and nmal eic anhydride in the presence of a peroxide catalyst in

accordance with the, I@g gifﬁscgéfleﬁég%ié;ﬁqﬁg §§£ {3 %polduccqg I on (Kokai)
No. 207411/ 1089. Thit hbl et Tt RS, rfﬁolymer ("SMA~1000"
' a product of Sartomer Company)

*5): PC(c): Sodium salt of hydrolyzed product of
5 _ . isobutylene-maleic anhydride copolymer ("ISOBAN~
' 600", a product of Kuraray Co., Ltd.)

- *6): PC(d): Polycarboxylic acid type high range AE
reducing agent (“"CHUPOL HP-8", a product of
Takemoto 0il and Fats Co., Ltd.)

10 *7): PC{e): Polycarboxylic acid type high range AE
reducing agent (“"RHEOBUILD SP-8N", a product of
NMB Ltd.) . :



férnula (ry, (ngmﬂa}ﬁggéﬂké he mal ei ¢ anhydride is typically 30 - 70 :

70 - 30 and pref I f desired, the subject copolyners may
contai n anot her M$ mil’ i s copol yneri zabl e therewith such as styrene,
an al pha-ol efin I te in amounts of up to 30 percent by weight
of the total weight of the nononers. -9- The hydrol yzed product of the
copol ymer is a product having a hydrol yzed ¥l®ic acid unit resulting from

the hydrolysis of the maleic anhydride unit in the copol yner.

Table 4

Amount Added

Based on

Comparative : Weight
5 Example of Cement
No. Cement Additive ( weight %)

1 Copolymer (a) ' 0.17

2 Copolymner(b) 0.19

3 Copolymer (c) 0.18

10 4 Copolymer (d) 0.20
5 Copolymer (a) /Copolymer (b) 0.09/0.09

6 Copolymer (g) 0.32

7 NSFC *1 0.72
8 Copolymer (a) /PC(a) 0.10/0.07
15 9 Copolymer (c) /PC(a) 0.10/0.08

10 PC(a) _ : 0.18

11 PC(b) ' 0.45

12 PC(c) 0.20

13 PC(d) : 0.23

20 14 PC(e) 0.20

*1): NSFC: Naphthalene sulfonate formaldehyde
condensate type high range AE water reducing agent
("RHEOBUILD SP-9N", a product of NMB Ltd.)



The salt of theThi éeah saReh mppdyct of the copolymer Ais a salt fornmed by

t he mal ei'€haci d y sal ts include alkali netal salts and

al kaline earth !U% h as lithiumsalts, sodiumsalts; amonium
salts; and organi c The anount of the cement additive which may
be enpl oyed to prOV|de t he de5|red effects of the present invention is
typically 0.05 to 2 parts by weight preferably 0.1 to 0.5 part by wei ght
based on 100 parts by wei ght of cenent of the cenent conposition being

treated. When the anount is |l ess than 0.05 parts :b?/ ‘Wwei ght, the desired
effects cannot be expected and anounts of nore than 2 parts by wei ght may

unf avorably causeyt he separation of the conponents or set retjardation
> .
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of the cenent corrp05|t|on Conventlonal cenent additives, such as air
entrainers, Hasz strength enhancers, antifoam ng agents
and curing acce e used wi th the subject cenent additive. These
additives can b he cenent conposition prior to, along with or
subsequent to the |on o the present cenment additive. The cenent
additive of the present i nvention can be-ugdd for various types of cenent

such as normal portland cenment, high early strength portland cenent, ultra
high early strength pqgrtland cenent, portland bl ast-furnace sl ag cenent,

noder at e heat po?g and cenent, fly ash cenment and sulfate rgsisting cenent
and ot her hydrauh 0
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naterlals other t
- 10 - The

added to the
then m xed wi

AN C ed SUCh as gypsum This is te replacenent sheet
of the present invention, for exanple, can be
\ or the preparation of a cenent- conposition and

conposition, or it my be added to an already

m xed cenment conposition. Alternately, the zenent additive can be supplied
as an aqueous solution or suspension. Wen in solution or suspension form
the cenment conposition may be up to 50% hQLAEM§ht .

1. A cement additive which comprises at least one

copolymer A of an alkenyl ether of the formula

10

R'O(RO) R*  (I)

wherein

R! represents a C,; alkenyl group;

R? represents a C, alkyl group;

AO represents a G, oxyalkylene-group in which
O represents an oxygen atom and A represents
an alkylene group; and

n represents an average adduct mole number of the

oxyalkylene group of 60 to 95

and maleic anhydride at a mole ratio of the alkenyl ether

15 (I) to the maleic anhydride of 30:70 to 70:30, its

hydrolyzed product or a salt of the hydrolyzed product.

2. A cement additive according to claim 1 further

comprising 5 to 30 parts by weight, based on 100 parts by

weight of copolymer A, its hydrolyzed product or a salt of

20 . the hydrolyzed product, of a copolymer B of an alkenyl

ether of the formula:

25

R'O(20),R®  (II)
wherein
R! repreéénts a C,salkenyl group;
R’ represents a C, alkyl group;
AO represents a C,,; oxyalkylene group in which

O represents an oxygen atom and A represents

Hllllli HIIH IIIH Hlll H lll!
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The cenent TaRdhdiygpQf L he present invention inparts high flowability to
cenent conp k nortar and concrete w thout causing any
remar kabl e 3MMHU ition and, in addition, it has an excellent
ability to p '0ss over .extended periods. Accordingly, the
cenent additive of the present.invention carddrtng about a significant

I nprovenent on workability in construction works. Thus, the cenent additive
of the present invention ca@n HREYILRe FECBBH| #BAti ons. For exanple, it can

be effectively used as a fluidizing agent or a_high range water reducing
agent or concrete such %%P?%sa%&tﬁg%dgﬁﬁﬁégﬁtéde}‘gﬁsmal i B ‘a’tﬁg@%\/\g‘@r

bresent i nventi on i s PORTELEA® oER By Fran 1 eo°gY products. The
and maleic anhydride at a mole ratio of the alkenyl ether
S (II) to the maileic anhydride of 30:70 to 70:30, its
hydrolyzed product or a salt of the hydrolyzed product or a
copolymer C of an alkenyl ether of the formula:
R'O(A0) R? (IXII)
whereiri |
10 R!, A0 and R? are the same as defined in formula
- (II); and
P represents an average adduct mole number of
the oxyalkylene group of from 100 to 150,
and maleic anhydride at a mole ratio of the alkenyl ether
15 (III) to the ﬁaleic anhydride of 30:70 to 70:30, its
hydfolyzed 'p.__roduct or a salt of the hydrolyzed product at a
weight ratio of said copolymer B to said copolymer C of
95:5 to 5:95. '
3. A cement additive which comprises:
20 .- (1) at. least one- copolymef B of an alkenyl ether of
the formulé:
R'O(a0) R*  (II)
wherein
R!' represents a C,jalkenyl group;
25 R’ represents a Cy,alkyl group;
A0 i‘epresents a Cy 3 oxyalkylene group in which

O represents an oxygen atom and A represents

g



follomnng re given for illustrative purposes and are not

nmeant to | on. All parts and percentages are by wei ght
unl ess oth Exanples 1 to 14 and Conparative Exanples 1 to 14
Forty I|te ete conposition as shown in Table 1 and the cenent
additive as shomn in Tables 3 and 4 were-added-in a 50 liter forced m xing
type m xer and m xed for 90 seconds to prepare fluidizied concrete

having a slump of 18 cm areth alky Yenergeouppfandt o 5% by vol ume by using a

commercial air entrainer ("AE-140D"', a
m represents an average adduct mole number of the

oxyalkylene group of from 1 to 40
and maleic anhydride at a mole ratio of the alkenyl ether
S (II) to the maleic anhydride of 30:70 to 70:30, its
hydrolyzed product or a salt of the hydrolyzed product and
(2) at least one copolymer C of an alkenyl ether
represented by the formula:
R'O(A0),R?  (III)

io wherein .

R', A0 and R? are the same as defined in formula
(II); and

P represents an average adduct'mole number of
the oxyalkylene group of from 100 to 150,

15 and maleic anhydride at a mole ratio of the alkenyl ether
(III) to the maleic anhydride of 30:70 to 70:30, its
hydroiyzed ptbduct or a salt of the hydrolyzed product at a
weight ratio of said copolymer B to said copolymer C.of
95:5 to 5:95.

20 -4, A cement additive composition which comprises:

(3) at least one copolymer of an alkenyl ether
represented by the formula |
R'O.(AO),R’ (IXII)
wherein
25 R' represents a C,; alkenyl group;
R’ represents a C;,alkyl group;

A0 represents a C,;3 oxyalkylene group in which



LY

pr oduct ofmll:s)%ﬂka-Grac_e K.K') in order to attain the desired air content.

After mxin lacedas transferred into a m xing boat and,
r et enperi n?ﬁ at a predeterm ned nunber of tinmes every 30
m nut es an slunp and air content with the progression of

time was neasured for up to 60 mnutes. The 28 ecedures specified in

JI S- A6204 were enployed to neasure slunp, air content, setting tinme and
conpressive strength and t ® pegprssentstanpexygensaton apdsdrrepresents
conpressive strength. The test results are shown in Table 5 for Exanples 1
to 14 and in Table 6 for Cempaliylendgm@ipson aconixture thereof; and

p represents an average adduct mole numbexr of the
oxyalkylene group of from 100 to 150
5 and maleic anhydride at a mole ratio of the alkenyl ether
(III) to the maleic anhydride of 30:70 to 70:30, its
hydrolyzed product or a salt of the hydrolyzed product and

(B) at least one cement additive of the
polycarboxylic acid type at a weight ratio of the copolymer

10 C to the cement add_it'ive of polycarboxylic acid type of
5:95 to 95:5.

5. A cement additive according to any one of
claims 1 to 4, wherein the mole ratio of the alkenyl ether
(I), (II) or (III) to the maleic anhydride is about 1 : 1.

15 6. A cement- additive according to any one of the
preceding claims, wherein R! in the alkenyl ether (I), (II)
or (III) is an allyl group.

7. A cement additive aécording to any one of tﬁe
preceding claims, wherein R? in the alkenyl ether (I), (II)

20 -or (III) is a methyl group.

8. A cement additive according to any one of
claims 1 to 6, wherein R’ in the alkenyl ether (I), (II) or
(III) is a butyl group.

9. A cement additive according to any one of the

25 preceding élaims, wherein A0 in the alkenyl ether (I).' is a
C;4 oxyalkylene group. |

10. A cement additive according to claim 9, wherein

* c L L S *



ni;ed fd} 90 sti HasBe ged f| ui di zi ed concrete having a slunp of 18 cm
and an air cont I l by volune by using a comrercial air entrainer
(" AE- 140D', a ptiall a-Gace KK ) in order to attain the desired

air content. After mxing, the mxture was transferred into a m xi ng boat
and retenpering was conducted at a predetesgined nunber of tinmes every 30
m nutes and the change in slunp and air content with the progression of

ti me was neasthedC.oroxyalky dher growgs . is hen pooostthy bana pgrotped i n

JI S- A6204 were enployed to neasure slunp, air content, setting tinme and
conpressi ve strengt hland Aocpmepsr sdddtivepsccardintiotonsdain Ry twherein

conpressive strength. The test results are
the C,, oxyalkylene group is an oxypropylene group.

12. A cement additive according to claim 9, wherein
5 the C,, oxyalkylene group is an oxyethylene group and an
oxypropylene group.

13. A cement additive according to any one of the
preceding claims further comprising at least one cement
additive selected from air entrainers, water proofing

10 agents, strength enhancers, antifoaming agents and curing
accelerators.

14. An improved hydraulic cement composition
comprising a hydraulic cenent and a cement additive
according to any one of the preceding claims.

15 15. An improved hydraulic cement according to claim
14, wherein the cement composition is a concrete composed
of a portland cement, fine aggregate, coarse aggregate and

water.

Oy



shomn‘ln Tab e tﬁ” =X laéﬁ 1to 14 and in Table 6 for Conparative
Exanmpl es 1 t pa? - 13 - Table 2 Nunber Aver- Al kenyl Ethers
of Formul ae |‘Hl“|ﬂ“‘ ar Copol ymer () () & (1)
Vi ght
_2’]_
ABSTRACT

CEMENT ADMIXTURE COMPOSITION

Cement admixture compositions formed from alkenyl
ether/maleic anhydride copolymers having specific
molecular structures have been found to impart a high
degree of slump loss over a sustained periocd of time
while not causing any significant set retardation of the
treated cement basgd composition.



(a) «[err]

[ erE] 35,000 (d) [err] 30, 000 (e) L;&@EPLACEMENH‘SHEE$9,0QQG(f)”
[err] 40,000 (g)  [err] £ Doscrifio0fagel]. |t phgdd 2).
15:15 random adduct *2) : [err] : 6:12 block Jo@fiClaith(s)Pr epaseatdotn phged 26,

Copol yner (a) The ingredients as set forth beljoW Yer@inghR: ge&d Al © paged—
four-necked flask equi pped with a condens®ry d gTrae0p g@&ﬁﬁy&ﬁ@§g 2
thernoneter and a stirrer and then the tenperdture was raised to a
tenperature of fromJ[err] to

20, 000 (b) [err] . 20.000 (Q)

-----

CLE A saens

DATE oF RECEPT 21)1193..

The present invention relates to a cement admixture
composition. More particularly, it relates to an
admixture composition for hydraulic cement compositions
such as mortar and concrete to dramatically improve their
workability by preventing decrease in their flowability
over sustained periods of time (herein called as "slump
loss").

Slump loss is a major problem in the concrete
industry. It is highly desired to have a cement additive
which will imparﬁ high degree of flowability over an
extended period of time while not imparting any
significant set retardation to the cement composition.

Various proposals have been made to solve this problem
but, such proposals have not provided a combination of
the desired characteristics or only provide the desired
characteristics in low degrees.

It is generally known, for example, that the
copolymers of alkenyl ethers and maleic anhydride and the
derivatives thereof can be employed as cement additives
to improve slump loss [Japanese Patent Publication
(Kokai) Nos. 285140/1988 (equivalent to EP-A-0, 291,073) and
163108/1990]. However, copolymers of this class which have been
previously used, exhibit only small improvement in slump loss or
caused excessive set retardation to the treated cement
composition. _

JP-A-138319/1990 discloses copolymers of polyoxyalkylene
glycol monoallyl ether and maleic anhydride which are stated to
be useful as scale inhibitors, chelating agents, dispersants and
so on. It has now been found that certain copolymer compositions
described below having a specified molecular structure have
remarkable effectiveness for the prevention of slump loss without
causing significant set retardation.
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[err] in a nitrogen atnosphere and stirring was continued for 7 hours in
the ni'trogen atnosphere at the tenperature to carry out the

copol ynmeri zation reaction. [err] as al kenyl ether (I1) 1668.0 g
Mal ei ¢ anhydri de 308.7 g Tert-butyl peroxy-2-ethyl
hexanoat e 16.2 g Tol uene 556.0 g After

conpl etion of the reaction, the toluene mwa¢ distilled off fromthe reaction
solution at [err] under a - 14 -

The present invention is directed to a cement
admixture composition which requires the use of certain
alkenyl ether/maleic anyhydride copolymers. More
specifically, the present admixture compdsition is
composed of (i) an alkenyl ether/maleic anhydride
copolymer having oxyalkylene chains with from 60 to 95
oxyalkylene units ("cépolymer A"), as more fully
described herein below; or (ii) an alkenyl ether/maleic
anhydride copolymer having oxyalkylene chains with from 1
to 40 oxyalkylene units ("Copolymer.B") in combination
with an alkenyl ether/ﬁaleic anhydride copolymer having
oxyalkylene chains with from 100 to 150 oxyalkylene units
("Copolymer C"), each as more fully described
hereinbelow; or (iii) an.alkenyl ether/maleic anhydride
Copolymer C in combination with a polycarboxylic acid
type polymer, each of which is more fully described
hereinbelow.

The specific cement admixture compositions of this
invention have been unexpectedly found to impart a high
degree of flowabilityover a sustained period of time
while not imparting any significant set retardation.

The present invention is directed to a cement
admixture which has been unexpectedly found to provide a
high flowability to cement-compositions such as concrete
and cement mortar, provide the high flowability over an
extended period of time without imparting a significant
delay in the curing (set) of the cement composition.
This combination of properties has been unexpectedly
achieved with the presently described cement admixture
compositions to provide the construction industry.
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reduced pressure of about 10 mmHg to give a copolyner as a brown viscous
liguid. 2. Preparation of Copolyner (b) The procedures of Preparation of.
Copol ynmer (a) were repeated except that the follow ng ingredients were
enpl oyed. [err] as al kenyl ether (I1) 1524.0 g Mal ei ¢ anhydri de
102.9 g Benzoyl peroxide 9.1 g Tol uene

508.0 g As a result, a copolyner was obt-aidied as a brown solid-at nornal
tenperature. 3. Preparation of Copolyner (c)

The cement additive compositions required by the
present invention comprise a copolymer of an alkenyl
ether and maleic anhydrid&. Three (3) specific
copolymers, when used in the manner described
hereinbelow, have been found to achieve the desired
combination of properties. Each copolymer, respectively,
has an alkenyl ether comonomer represented by the

formula:
R'O(RO) R? (),
R'0(A0)R? (II), or
RO (A0) R? (III)

wherein in each of the above formulae

R! represents a C,.; alkenyl group;

R represents a C;., alkyl group;

AO represents a C,.;3 Ooxyalkylene group in which ©
represents an oxygen atom and A represents an
alkylene group;

n represents an average adduct mole number
of from 60 to 95 for the oxyalkylene group

m represents an average adduct mole number of

from 1 to 40 for the oxyalkylene group;

p represents an average adduct mole number of

from 100 to 150 for the oxyalkylene group

In the present description and in the appended

claims, the term "Copolymer A" shall mean a copolymer of
alkenyl ether I and maleic anhydride, as the anhydride,
"or a partially or completely hydrolyzed product or as a
salt (alkali or alkaline earth metal) of the hydrolyzed
product and the molar ratio of alkenyl ether I to maleic
anydride being from 30:70 to 70:30;
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The procedures of Preparation of Copolyner (a) were repeated except that
the followi ng ingredients were enployed. [err] as al kenyl ether (I1)
(random adduct) 1644.0 g Mal ei ¢ anhydri de

102.9 g Benzoyl peroxide 8.6 g Tol uene

556.0 g As a result, a copolynmer was obtained as a yell ow viscous |iquid.
4. Preparation of Copolyner (d) The procedures of Preparation of Copol yner
(a) were repeated except that the tenperature of fromJ[err] to [err]

“Copolymer B" shall mean a copolymer of alkenyl
ether II and maleic anhydride, as the anhydride, or a
partially or completely hydrolyzed product or as a salt
(alkali or alkaline earth metal) of the hydrolyzed
product and the molar ratio of alkenyl ether II to-maleic
anydride being from 30:70 to 70:30; and

"Copolymer C" shall mean a copolymer of alkenyl
ether III and maleic anhydride, as the anhydride, or a
partially or completely hydrolyzed product or as a salt
(alkali or alkaline .earth metal) of the hydrolyzed
product and the molar ratio of alkenyl ether III to

" maleic anhydride being”from 30:70 to 70:30.

C,.s alkenyl groups represented by R! in each of the
above described formulae (I), II, and III, include for
example, vinyl, allyl, methallyl, 1,1-dimethyl—2-propeﬁy1
and 3-methyl-3-butenyl groups and of these groups, allyl
group is preferably employed.

C;-1s Oxyalkylene groups represented by AO in the
above described formulae (I), (II) and (III) include, for
example, oxyethylene, oxypropylene, oxybutylene,
oxytetramethylene, oxydodecylene, oxytetradecylene,
othexadecylene and oxyoctadecylene groups. Of these
oxyalkylene groups, C,., oxyalkylene groups such as
oxyethylene, oxypropylene and oxybutylene are preferred.
The A0 may include two or more types of oxyalkylene
moieties and such oxyalkylene moieties may be linked in
block or at random.

C,-, alkyl groups represented by R® in the above
described formulae I, II and III include, for example,
methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl and
tertiary butyl groups. When the carbon atoms is more
than 4 in the R?, the amount of air entrained in the

mortar or concrete admixture is increased, and
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was énployed and the follow ng ingredients were enployed. his is the

repl acement sheet - 15 - [err] as alkenyl ether (Il) as bl ock adduct
1864.0 g Mal ei ¢ anhydri de 205.8 g 5

Asobi si sobutyronitrile 13.0 g Tol uene

621.0 g As a result, a copolyner was obtained as a yellow viscous |iquid.

-5 =

accordingly, it is preferred to select a C,., alkyl group
when air entrainment is not desired.

Thus, in one embodiment of the present invention,
the cement admixture is composed of Copolymer A where the
average adduct mole number of the oxyalkylene group
represented by n is 60 to 95. This cement admixture
exhibits the properties of affecting the initial short
term dispersion of the particles comprising the cement
composition similarly to that caused by conventional
slump loss admixtures, sudh as naphthalene sulfonate
formaldehyde high range condensate types, sulfonated
‘melamine resin type or lignosulfonate type admixtures.
The present Copolymer A further unexpectedly increases
slump with the progression of time. Thus, the present
admixture composed of Copolymer A provides both initial
and progressive increases in slump to hydraulic cement
compositions. ' '

This cement additive has high dispersability and
ability to prevent slump loss and, in addition, low
setting retardation. Thus, when the cement additive is
used alone, the desired high effects can be obtained.

Furthermore, depending on the types of hydraulic
cement and aggregate and the compositions formed-
therewith, the cement admixture of Copolymer A may also
contain small amounts (5 to 30 parts by weight, based on
100 parts by weight of Copolymer A, its hydrolyzed
product or a salt of the hydrolyzed ﬁroduct of the
present invention), of Copolymer B or Copolymer C, their
hydrolyzed product or a salt of the hydrolyzed product.
The desire to incorporate Copolymer B or Copolymer C can
be readily determined by conducting slump tests of the

cement composition to achieve the specific characteristic
desired.
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5. Preparation of Copolyner (e) 10 The ingredients as set
farth bel ow were charged in a four-neck flask equi pped with a condenser, a
nitrogen gas inlet tube, a thernoneter and a stirrer and then the
tenperature was raised to a tenperature of fromf[err] to [err] in a

nitrogen atnosphere and stirring was continued 15 for 3 hours in
the nitrogen atnosphere at the tenperature (o_carry out the

copol ynmeri zation reaction. [err] as al kenyl ether (1) 1785.6 ¢
Mal ei ¢ anhydri de 61.7 g 20

Tert-butyl peroxy-2-ethy ikepangawed, aldnBughTabdefeant to be a

297.6 g After coqghﬁ Bgﬁo%fo%h%hgg%gggggt Egse%gkg%?etggﬁ Copolymer A of
the present invention more effectively increases the
dispersibility of the cement composition particles than
observed when using conventional cement slump enhancing
additives. The subject Copolymer A may form a hydrate
layer around the polyoxyalkylene group extending from the
main chain of the copolymer which is absorbed on the
surface of cement particles, and this layer must provide
steric hindrance which maintains the disperéibility of
.the cement particles for an extended period of time.
Thus, excellent dispersibility of cement particles, and
extended prevention of slump loss can be exhibited. At
the same time, Copolymer A does not substantially effect
the initial set time of a cement composition.

In a second emEodimenﬁ of the present invention, the
above described Copolymer B is employed together with the
cOpolymer-c at a mixing weight ratio of from 95 to 5
parts Copolymer B to 5 to 95 parts Copclymer C to form a
100 part mixture. This ratio is preferably from 80:20 to
20:80. This combination can render slump loss zero.

When the mixing weight ratio is outside the above
described range, sufficient retention of slump cannot be
obtained and there is a possibility of causing the
segregation of the particles of the cement composition
due to extremely high increase in fluidity with the
progression of time.

t
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distilled off at [err] under a reduced pressure of about 10 mmHg to give a

copolyner as a brown solid at normal 25 tenperature. 6. Preparation
of Copolymer (f) The procedures of Preparation of Copolyner (e) were
repeat ed except that the follow ng ingredients were enpl oyed. [err] as
al kenyl ether (1) 800.0 g Mul ei ¢ anhydri de

20.2 g Tert-butyl peroxy- 2-et hyl ethanoate__7 _4.74¢9

It is also believed, although not meant to be
limitation on the present invention, that the cement
additive comprising a mixture of Copolymer B and
Copolymer C of the present invention shows the
outstanding slump retention due to the interaction of
these copolymers with the cement particles. The ability
to greatly increase the dispersibility of the cement
particles at the initial stage may be provided mainly by
Copolymer B while the extended action of Copolymer C
provides the present unique cement.admixtu:e.composiiion.
Further, a hydrate layer may be formed around the
polyoxyalkylene group extending from the main chain
predominantly of Copolymer C which is absorbed on the
surface of cement particles, and this layer accompanies
steric hindrance which maintains the dispersibility of
the cement particles for ahlong period of time. Thus,
excellent dispersibility of cement particles and
preventioﬁ of slump loss can be exhibited. Again, set
retardation is not exhibited by cement compositions
haying this admixture.

In a third embodiment of the present invention, a
cement admixture is composed of the above described
Copolymer C together with a polycarboxylic acid type of
polymer ("Polymer D") at a mixing weight ratio of
Copolymer C to Polymer D of from 5 ~ 95 : 95 ~ 5,
preferably of from 10-90:90-10. This combination renders
slump loss of zero. When the mixing weight ratio is
outside the above described range, high degree of slump
retention cannot be obtained and there is a possibility
of causing segregation of the particulate of the cement
composition due to high degree of remarkable increase in
fluidity with the progression of time.
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Tol uene 133.3 g As a result, a copol yner was
obtai hed as a brown solid. 7. Preparation of Copolyner (g) The procedures
of Preparation of Copolyner (e) were repeated except that the follow ng

i ngredients were enployed. [err] as al kenyl ether (I11) 2566.0 g Maleic
anhydri de 51.5 g Benzoyl peroxide 13.0 g
Tol uene 427.7 g As a result, a copolymer was

obtained as a brown solid at nornal tenperature.

Polymer D found useful when employed together with
Copolymer C can be any water soluble polymer having
carboxyl group and is not particularly limited. The
Polymer D found useful in conjunction with Copolymer C
for an admixture of the present invention include
synthetic high molecular weight copolymers having a
carboxyl groups, such as, for example, copolymers of
acrylic acid, methacrylic acid, maleic acid or maleic
anhydride with a C, or C; fraction produced in petroleum
refining, or styrene or acrylamide.

If other types of cement additives, such as
naphthalene sulfonate formaldehyde high range condensate
type are used with Copolymer C, one must use excessive
amounts of the resultant cement additive to. ocbtain the
desired slump. 1In contrast, the cement admixture of
Copolymer C and Polymer D provides the desired
combination of effects at low dosages. )

Copolymers A, B and C of the present invention‘can
be prepared by the polymerization of an alkenyl ether of
formula (I), (II) or (III) and maleic anhydride in the
presence of a peroxide catalyst in accordance with the
method described in Japanese Patent Application (Kokai)
No. 297411/1989. The mole ratio of the alkenyl ether of
formula (I), (II) or (III) to the maleic anhydride is
typically 30 ~ 70 : 70 ~ 30 and preferably 50 : 50. If
desired, the subject copolymers may contain another
monomer which is copolymerizable therewith such as .
styrene, an alpha-olefin or vinyl acetate in amounts of

up to 30 percent by weight of the total weight of the
monomers.
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- 17 -, Table 3 Anmobunt Added Based on Wei ght Exanple

of . Cenent No. Cenment Additive (weight %9 1
Copol yrer (e) . 0.21 2 Copol ymer (f)
0.23 3 Copol yner (f)/ Copol yner(g) *1 0.17/0.03 4
Copol yner (f)/ Copol ymer (b) *2 0.18/0.02
- G -

The hydrolyzed product of the copolymer is a product
having a hydrolyzed maleic acid unit resulting from the
hydrolysis of the maleic anhydride unit in the copolymer.

The salt of the hydrolyzed product of the copolymer
A is a salt formed by the maleic acid unit. Exemplary
salts include alkali metal salts and alkaline earth metal
salts such as lithium salts, sodium salts; ammonium
salts; and organic amine salts.

The amount of the cement additive which may. be
employed to provide the desired effects of the present
invention is typically 0.05 to 2 parts by weight
preferably 0.1 to 0.5 part by weight based on 100 parts
by weight of cement of the cement compoéition being
treated. When the amount is less than 0.05 parts by
weight, the desired effects cannct be expected and
amounts of more than 2 parts by weight may unfavorably
cause the separation of the components or set retardation
of the cement composition.

Conventional cement additives, such as air
entrainers, water proofing agents, strength enhancers,
antifoaming agents and curing accelerators can be used
with the subject cement additive. These additives can be
mixed with the cement composition prior to, along with or
subsequent to the addition of the present cement
additive.

The cement additive of the present invention can be
used for various types of cement such as normal portland
cement, high early strength portland cement, ultra high
early strength portland cement, portland blast~furnace
slag cement, moderate heat portland cemenﬁ, fly ash
cement and sulfate resisting cement and other hydraulic
materials other than cement, such as gypsum.

L 4

This is the replacement sheet

pate: 2 1 JUL 1997



5 . Copol ymer (a)/ Copol yner (g) 0.10/0.10 6

Copol yner (a) / Copol yner (g) 0.05/0.20 7 Copol yrner (b)
/ Copol yrer (g) 0.17/0.05 8 Copol yrer (c¢) / Copol yner (g)
0.12/0.12 9 Copol yner (d) / Copol yrer (g) 0.14/0.08 10
Copol ynmer (g)/ PC(a)*3 0.10/0.14 11

Copol yner (g) / PC(b) *4 0.15/Q 3p 12

Copol ymer (g)/ PC(c) *5 0.12/0.13 13

Copol yner (g)/ PC(d) *6 0.03/0.22 14

Copol yner (g)/ PC(€)*7 The cement additilH GEScHd)préEeni!ifeneiB £4r
concrete conposition in Table 1: 280<%err] WAt ef redUC|q$ rate fromplain
concr et e: 18%*2)3."%%‘:{ HAN REAfdeh IR BRIERHIG T I il e

preparation of a cement composition and then mixed with
the cement composition, or it may be added to an already
mixed cement composition. Alternately, the cement
additive can be supplied as an agqueous solution or
suspension. When in solution or suspension form, the
cement composition may be up to 50% by weight.

The cement additive of the present inwvention imparts
high flowability to cement composxtions.such as mortar
and concrete without causing any remarkable setting
retardation and, in addition, it has an excellent ability
to prevent slump loss over extended periods.

Accordingly, the cement additive of the present invention
can bring about a significant improvement on workability
in construction works. Thus, the cement additive of the
present invention can have various applications. For
example, it can be effectively used as a fluidizing agent
or a high range water reducing agent or concrete such as
ready mixed concrete or as a high range water reducing
agent for the production of concrete secondary products.

The present invention is further explained by the
following examples which are given for illustrative
purposes and are not meant to limit the invention. All

parts and percentages are by weight unless otherwise
stated.

Examples 1 to 14 and Comparative Examples 1 to 14
Forty liters of the concrete composition as shown in

Table 1 and the cenment additive as shown in Tables 3 and
4 were added in a 50 liter forced mixing type mixer and
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1: 450.[err] Water reducing rate fromplain concrete: 18%*3): PC(a):
Sodium salt of polyacrylic acid type copolyner ("AQUALOCK FC-600S", a
product of N ppon Shokubai Kagaku Kogyo Co., Ltd.) - 18 - *4): PC(b):
Sodi um salt of hydrol yzed product of styrene-mal eic anhydri de copol yner
("SMA-1000", a product of Sartoner Conmpany) *5): PC(c): Sodiumsalt of
hydrol yzed product of isobutyl ene-nul ei c.aphydride copol ynmer ("I SOBAN-

mixed for 90 seconds to prepare fluidizied concrete
having a slump of 18 cm and an air content of 4 to 5% by
volume by using a commercial air entrainer ("AE-140D%, a
product of Denka-~Grace K.K.) in order to attain the
desired air content. After mixiné, the mixture was
transferred into a mixing boat and retempering was
conducted at a predetermined number of times every 30
minutes and the change in slump and air content with the
progression of time was measured for up to 60 minutes.

The procedures specified in JIS-A6204 were employed
to measure slump, air content, setting time and
compressive strength and to prepare test specimens for
measuring the compressive strength. The test results are
shown in Table 5 for Examples 1 to 14 and in Table 6 for
Comparative Examples 1 to 14.
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600", a product of Kuraray Co., Ltd.) *6): PC(d): Polycarboxylic acid type
high range AE reducing agent ("CHUPOL HP-8", a product of Takenmoto G| and

Fats Co., Ltd.) *7): PC(e) Polycarboxylic acid type high range AE reducing
agent ("RHEOBUI LD SP-8N', a product of NMB Ltd.) This is the repl cenent
sheet - 19 - Table 4 Anount Added

mixed for 90 seconds to prepare fluidizied concrete
having a slump of 18 cm and an air content of 4 to S% by
volume by using a commercial air entrainer ("AE-140D%", a
product of Denka-Grace K.K.) in order to attain the
desired air content. After mixiné, the mixture was
transferred into a mixing boat and retempering was
conducted at a predetermined number of times every 30
minutes and the change in slump and air content with the
progression of time was measured for up to 60 minutes.

The procedures specified in JIS-A6204 were employed
to measure slump, air content, setting time and
compressive strength and to prepare test specimens for
measuring the compressive strength. The test results are
shown in Table 5 for Examples 1 to 14 and in Table 6 for
Comparative Examples 1 to 14.
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% 1
Copol yner (c)/ PC( a)

Copol yner (9)
0.18

0.72 8

Wi ght Exanpl e
( wei ght

Copol ymer ( b)
0.18 4

0.20 5
0.09/0.09 6
0.10/0.07 9

0.17 2

Th&iétherepbnement
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Cenent Additive

Copol ymer (c)
PC( a)

NSFC *1

Copol yner (a) / Copol yrer (b)

Based on Conparative
0.32 7

of . Cenent No.

Copol ymer( a)

0.19 3
Copol yner (a) / PC( a)
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0.10/0.08 10
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11 . PC( b) 0.45 12 PC(c)
0.20 13 PC( d) 0.23 14 PC( e)
0.20 *1): NSFC. Napht hal ene sul fonate fornmal dehyde condensate type high

range AE water reducing agent ("RHEOBU LD SP-9N', a product of NMB Ltd.)
- 20 -

- 13 -
Table 2
Number Aver-
Alkenyl Ethers of Formulae age Molecular
Copolymer (T) (TT) & (IIT) Weight

(a) CH,=CHCH,0 (C,H,0) 1;CH; 20,000
(b) CH,=CHCH,0 (C,H,0) 33CH3- 20,000
(c) CH,=CHCH,0 ( C3H0) 15 (C,H,0) 15C.Ho™ 35,000
(d) CH,=CHCH,0 (C3H0) 5 (C2H,0) 1,CH;*? 30,000
(e) CH,=CHCH,0 (C,H,0) sCH; 30,000
(£) CH,=CHCH,0 (C,H,0) :CH, 40,000
(9) CH,=CHCH,0,(C,H,0) 1;5CH; 45,000

*1) (C.Hg0) (C,H,0) : 15:15 random adduct

*2) : (C;H0) (C,H,0) : 6:12 block adduct

1. Preparation of Copolymer (a)

The ingredients as set forth below were charged into
a four-necked flask equipped with a condehser, a nitrogen
gas inlet tube, a thermometer and a stirrer and then the
temperature was raised to a temperature of from 80°C to
90°C in a nitrogen atmosphere and stirring was continued
for 7 hours in the nitrogen atmosphere at the temperature
to carry out the copolymerization reaction.

CH,=CHCH,0 (C,H,0) 1;CH;

as alkenyl ether (II) 1668.0 g
Maleic anhydride 308.7 g
Tert-butylperoxy-2-ethyl hexanoate 16.2 g
Toluene 556.0 g

After completion of the reaction, the toluene was
distilled off from the reaction solution at 110°C under a
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- 21 -. 22 CLAI M5 1. A cenent addi.tive which conprises at |east one
~copol ynmer A of an al kenyl ether of the formula [err] wherein [err]
represents a [err] al kenyl group; [err] represents a [err] al kyl group; AO

represents a [err] oxyal kyl ene group in which O represents an oxygen atom
and A represents

- 14 -

reduced pressure of about 10 mm Hg to give a copolymer as
a brown viscous liquid.

2. Preparation of Copolymer (b)
The procedures of Preparation of Copolymer (a) were
repeated except that the following ingredients were

employed.
CH,=CHCH,0 (C,H,0) ;,CH,
as alkenyl ether (II) 1524.0 g
Maleic anhydride: 102.9 g
Benzoyl peroxide 9.1 g
Toluene 508.0 g -

As a result, a copolymer was obtained as a brown
solid at normal temperature.

3. Preparation of Copolymer (c)

The procedures of Preparation of Copolymer (a) were
repeated except that the following ingredients were
employed.

CH,=CHCH,0 (C3Hg0) 15 (C2Hi0) 15CiH;q

.as alkenyl ether (II) (random

adduct) 1644.0 g
Maleic. anhydride 102.9 g
Benzoyl peroxide " 8.6 ¢
Toluene . 556.0 g

As a result, a copolymer was obtained as a yellow
viscous liquid.

4. Preparation of Copolymer (d)

The procedures of Preparation of Copolymer (a) were
repeated except that the temperature of from 75°C to 85°C
was employed and the following ingredients were empioyed.
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an al kyl ene group; and n represents an average adduct nol e nunber of the
oxyal kyl ene group of 60 to 95 and nal eic anhydride at a nole ratio of the
al kenyl ether (1) to the naleic anhydride of 30:70 to 70:30, its hydrolyzed
product or a salt of the hydrolyzed product. 2. A cenent additive
according to claim1 further conprising 5 to 30 parts by weight, based on
100 parts by weight of copolyner A, its hydrolyzed product or a salt of the
hydrol yzed product, of a copolyner B of -ansalkenyl ether of the fornula:
[err] (I'l) wherein [err] represents a [err] al kenyl group;

CH,=CHCH,0 (C;H0) ;4 (C,H,0) ;,CH,
as alkenyl ether (II) as block

adduct 1864.0 g

Maleic anhydride - 205.8 g

S Asobisisobutyronitrile 13.0 g
‘Toluene 621.0 g

As a result, a copolymer was obtained as a yellow
viscous liquid.

5. Preparation of Copolymer (e)

10 The ingredients as set forth below were charged in a
four-neck flask equipped with a condenser, a nitrogen gas
inlet tube, a thermometer and a stirrer and then the
temperature was raised to a tempefature of from 90°C to
100°C in a nitrogen atmosphere and stirring was continued

15 for 3 hours in the nitrogen atmosphere at the temperature
to carry out the cbpolymerization reaction.

CH,=CHCH,0 (C,H,0) ¢sCH,

as alkenyl ether (I) . 1785.6 g

Maleic anhydride 61.7 g

20 ’ Tert~butylperoiy-2-ethyl hexanoate 13.0 g
Toluene . 297.6 g

After completion of the reaction, the toluene was
distilled off at 110°C under a reduced pressure of about
10 mmHg to give a copolymer as a brown solid at normal

25 | temperature.
6. Preparation of Copolymer (f)

The procedures of Preparation of Copolymer (e) were
repeated except that the following inqredients were
employed.
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[err] represents a [err] alkyl group; AO represents a [err] oxyal kyl ene
group in which O represents an oxygen atom and A represents - 23 - an
al kyl ene group; and mrepresents an average adduct nol e nunber of the
oxyal kyl ene group of from1 to 40 and nal eic anhydride at a nole ratio of
t he al kenyl ether (I1) to the naleic anhydride of 30:70 to 70:30, its
hydr ol yzed product or a salt of the hydrol yzed product or a copol yner C of
an al kenyl ether of the formul a: - 16 -

CH,=CHCH,0 ( C,H,0) ¢,CH,

as alkenyl ether (I) 800.0 g
Maleic anhydride 20.2 g
Tert-butylperoxy-2-ethyl ethanoate 4.7 g
Toluene 133.3 g

As a result, a copolymer was obtained as a brown
solid.

7. Preparation of Copolymer (g)

The procedures of Preparation of Copolymer (e) were
repeated except that the following ingredients were
employed. '

CH,=CHCH,0 (C,H,0) ,;5CH,

as alkenyl ether (III) 2566.0 g

Maleic anhydride 51.5 g
Benzoyl peroxide ' 13.0 g
Toluene 427.7 g

As a result, a copolymer was obtained as a brown
solid at normal temperature.
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[err] . (1) wherein [err], AO and [err] are the sanme as
defined in formula (11); and p represents an average adduct nol e nunber of
t he oxyal kyl ene group of from 100 to 150, and nal ei c anhydride at a nole
ratio of the alkenyl ether (111) to the maleic anhydride of 30:70 to 70: 30,

its hydrolyzed product or a salt of the hydrolyzed product. 3. A cenent
additive which conprises: (1) at |east one copolynmer B of an al kenyl et her
of the forrmula: [err] (1) wherein - 17 -

Iable 3

Anount Added

Based on
Weight
Example of Cement
No. Cement Additive (weight %)
1 Copolymer (e) 0.21
2 Copolymer (£f) 0.23
3 -cOpolymer(f)/Copolymer(g)*l 0.17/0.03
4 Copolymer (f) /Copolymer (b) %2 0.18/0.02
5 Copolymer (a) /Copolymer (g) 0.10/0.10
6 Copolymer(a) /Copolymer (g) 0.05/0.20
7 Copolymer (b) /Copolymer(qg) 0.17/0.05
8 Copolymer (c) /Copolymer (q) 0.12/0.12
9 Copolymef(d)ICOpolymer(g) _ 0.14/0.08
10 Copolymer (g) /PC(a) *3 0.10/0.14
11 Copolymer(g) /PC(b) *4 0.15/0.35
12 Copolymer(g) /PC(c) *5 0.12/0.13
13 Copolymer (g) /PC(d) *6 0.03/0.22
14

Copolymer(g) /PC(e) *7 . 0.04/0.25

*1) : Amount of cement in concrete composition in Table
1: 280 Kg/m®

Water reducing rate from plain concrete: 18%
*#2): Amount. of cement in concrete composition in Table
1: 450 Kg/m’ .
Water reducing rate from plain concrete: 18%
*3): PC(a): Sodium salt of polyacrylic acid type

copolymer (“AQUALOCK FC~-600S", a product of Nippon
"~ Shokubai Kagaku Kogyo Co., Ltd.)
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[err] represents a [err] al kenyl group; [err] represents a [err] alkyl
group; AO represents a [err] oxyal kylene group in which Orepresents an
oxygen atom and A represents - 24 - an alkylene group; and mrepresents
an average adduct nol e nunber of the oxyal kyl ene group of from1l to 40 and
mal ei ¢ anhydride at a nole ratio of the al kenyl ether (Il1) to the maleic
anhydride of 30:70 to 70:30, its hydrolyzed product or a salt of the
hydr ol yzed product and - 18 -

*4): PC(b): Sodium salt of hydrolyzed product
of styrene-maleic anhydride copolymer ("SMA-1000",
a2 product of Sartomer Company)

*S5): PC(c): Sodium salt of hydrolyzed product of
isobutylene-maleic anhydride copolymer (“ISOBAN-
600", a product of Kuraray Co., Ltd.)

*6): PC(d): Polycarboxylic acid type high range AE
reducing agent (“"CHUPOL HP-8", a product of
Takemoto 0il and Fats Co., Ltd.)

*7): PC(e)¥irPolycarboxylic acid type high range AE

reducing agent ("RHEOBUILD SP-8N", a product of
NMB Ltd.) :

This is the replacement sheet
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(2) at. | east one copolyner C of an al kenyl ether represented by the
formula: [err] (Il1) wherein [err], AO and [err] are the sane as defined
in formula (11); and p represents an average adduct nol e nunber of the
oxyal kyl ene group of from 100 to 150, and mal eic anhydride at a nole ratio
of the al kenyl ether (l1l11) to the nmaleic anhydride of 30:70 to 70:30, its
hydr ol yzed product or a salt of the hydrol yzed product at a weight ratio of
said copolyner B to said copolynmer C of 9533 to 5:95. 4. A cenent

addi tive conposition which conprises:

Table 4
Amount Added
) Based on
Comparative : Weight
Example of Cement
No. Cement Additive ( weight %)
1 Copolymer(a) 0.17
2 Copolymer (b) 0.19
3 Copolymer (c) 0.18
4 Copolymer(d) 0.20
S Copolymer(a) /Copolymer (b) 0.09/0.09
6 Copolymer(qg) ' 0.32
7 NSFC *1 0.72
8 Copolymer(a) /PC(a) 0.10/0.07
9 Copolymer(c) /PC(a) 0.10/0.08
10 PC(a) . 0.18
11 PC(b) 0.45
12 PC(c) 0.20
13 PC(d) 0.23
14 PC(e) - 0.20

*1): NSFC: Naphthalene sulfonate formaldehyde
condensate type high range AE water reducing agent
("RHEOBUILD SP-9N", a product of NMB Ltd.)
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[err]

AO represents a [err] oxyal kyl ene group in

group;
25 - 0 represents an oxygen atom and A represents an al kyl ene

represented by the fornula

et her

represents a [err] al-kenyl

al kyl group;

‘| east one copol yner of an al kenyl
(I'11) wherein [err]

represents a [err]

whi ch

(A at

[erT]

and p represents an average adduct nol e nunber

group or
of the

a m xture thereof;
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7. A cenent additive according to any one of the preceding clains,
wherein [err}-in the alkenyl ether (I), (Il) or (IIl) is selected froma
met hyl or buti roup. 8. A cenment additive according to any one of the

I
precedi ng c in the al kenyl ether (1) is a [err]
ﬂ’@@'””ﬁ'!”“'ﬂenent additive according to claim8, wherein
I

oxyal kyl ene
the [err] oxyal kyl end gfoup is selected_fi'nlan oxyet hyl ene or oxypropyl ene

group. - 26 - 10. A cenent additive according to claim8, wherein
CLAIMS
1. A cement additive which comprises at least one

copolymer A of an alkenyl ether of the formula
R'o(a0) R? (I) |

wherein

R! represents a C,; alkenyl group;

R® represents a C,,alkyl group;

AO represents a C, oxyalkylene' group in which

O represents an oxygen atom and A represents
an alkylene group; and

n represents an average adduct mole number | of the

oxyalkylene group of 60 to 95
and maleic anhydride at a mole ratio of the alkenyl ether
(I) to fhe maleic anhydride of 30:70 to 70:30, its
hydrolyzed product or a salt of the hydrolyzed product.

2. A cement additive according to claim 1 further
comprising 5 to 30 parts by weight, based on 100 parts by
weight of copolymer A, its hydrolyzed product or a salt of

- the hydrolyzed product, of a copolymer B of an'alkenyl

ether of the formula:
| ' R'O(AO_),R’ (IX)
wherein
R repre's‘énts a C,salkenyl group;
R® represents a C,,alkyl group;
AO represents a C,;; oxyalkylene group in which

O represents an oxygen atom and A represents

This is the replacement sheet
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the C24 oxyal kylene—group is an oxyethyl ene group and an oxypropyl ene
group. 11. nt additive according to any one of the preceding clains
further cony'm c”’ one cenent additive selected fromair

entrai ners, Wwatcel m#lgents, strength enhancers, antifoam ng agents
and curing accelerators’ 2 A hydraulic cenent conposition conprising a

hydraul i c cenent and a cenent ‘additive acgqr ding to any one of the
preceding clains. 13. A hydraulic cenment Conposition according to claim12,

wherein the cement. . ., alkylehe® '.et gonposed of a portland
cenent, fine aggregate, coarSe~aggregate and water and conprises from 0. 05

to 2 parts by vwei gt r@bresents an average adduct mole number of the
oxyalkylene gfoup of from 1 to 40
and maleic anhydride at a mole ratio of the alkenyl ether
(II) to the maleic anhydride of 30:70 to 70:30, its
hydrolyzed product or 'a salt of the hydrolyzed product or a
copolymer C of an alkenyl ether of the formula:
R'O(A0) R  (III)
wherein
R!, A0 and R’ are the same as defined in formula
(IX); and
P represents an average adduct mole number of
the oxyalkylene group of from 100 to 150,
ana maleic anhfdride at a mole ratio of the alkenyl ether
(IXI) to thé-ﬁaleic anhydride of 30:70 to 70:30, its

hydrolyzed product or a salt of the hydrolyzed product,-

3. A cement additive which comprises:

(1) at least one copolymer B of an alkenyl ether of
“the formula:

R'O(A0) R (II)

wherein

R! represents a C,salkenyl group;

R! represents a C; alkyl group;

AO represents a C,,; oxyalkylene group in which

O represents an oxygen atom and A represents
This is the replacement sheet
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cenent *additive per--100-parts by wet ght of portlaﬁd cenent. 14. A
hydraul i ¢ cement co [ £ ording to claim 13, which further conprises
at | east one aﬂmu \Wjﬁ@g@gﬂ‘hom air entrainers, water proofing agents,
strengt h enhanddkilil b ng agents and curing accel erators.
- 24 -
an alkylene group; and
m represents an average adduct mole number of the
oxyalkylene group of from 1 to 40
and maleic anhydride at a mole ratio of the alkenyl ether
(II) to the maleic anhydride of 30:70 to 70:30, its
hydrolyzed product or a salt of the hydrolyzed product and
(2) at leést one copolymer C of an alkenyl ether
represented by the formula:
_ R'O(AO) R*  (III)
wherein .
R!, A0 and R?® are the same as defined in formula
(II); and
P represents an average adduct mole number of
the oxyalkylene group of from 100 to 150,
and maleic anhydride at a mole ratio of the alkenyl ether
(III) to the maleic anhydride of 30:70 to 70:30, its
hydrolyzed product or a salt of the hydrolyzed product at a
weight ratio of said copolymer B to said copolymer C of
95:5 to S5:95.
4. A cement additive composition which comprises:
(A) at least one copolymer of an alkenyl ether
represented by the formula
R'0(A0) R? (III)
wherein
R' represents a C,s alkenyl group;
'R? represents a C,,alkyl group;

AO represents a C,;; oxyalkylene group in which

This is the replacement sheet
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- 25 -
0 represents an oxygen atom and A represents
an alkylene group or a mixture thereof; and
P represents an average adduct mole number of the
oxyalkylene group of from 100 to 150
and maleic anhydride at a mole ratio of the alkenyl ether
(III) to the maleic anhydride of 30:70 to 70:30, its

hydrolyzed product or-a salt of the hydrolyzed product and

(B) at least one cement additive,.a polycarboxylic acid
polymer D which is a water soluble polymer which contains
carboxyl group at a weight ratio of the copolymer C to the

polymer D of 5:95 to 95:5.

5. A cement additive according to any one of
claims 1 to 4, wherein the mole ratio of the alkenyl ether
(I), (II) or (III) to the maleic anhydride is about 1 : 1.

6. A cement additive according to any one of the
preceding claims, wherein R' in the alkenyl ether (I), (II)
or (IXII).is an allyl group.

7. A cement additive according to any one of the
preceding claims, wherein R?® in the alkenyl ether (I), (II)
or (III) is selected from a methyl or butyl group.

8. A cement additive according to any one of the
preceding claims, wherein A0 in the alkenyl ether (I) is a
C,., oxyalkylene group.

9. A cement additive according to claim 8, wherein .
the C, , oxyalkylene group is selected from an oxyethylene

or oxypropylene group.
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- 26 -

10. A cement additive according to claim 8, whe_zin
the C,, oxya;kylene group is an oxyethylene group and an
oxypropylene group. )

11. A cement additive accordiﬁg to any one of the
preceding claims further comprising at least one cemént
additive selected from air entrainers, water proofing
agents, strength enhancers, antifoaming agents and curing
accelerators..

2. A - hydraulic cement composition
comprising a hydraulic cement and a cement additive
according to any one of the preceding claims.

3. -A.hydraulic cement composition according to claim
12, wherein the cement . is a concrete composed
of a portland cement, fine aggregate, coarse aggregate and
water and comprises from 0.05 to 2 barts by weight of
cement additive per 100 parts by weight of portland cement.

14. A hydraulic cement composition
according to claim 13, which further comprises at least one
additive selected from air entrainers, water proofing
agents, Strength enhancers, antifoaming agents and curing

accelerators.
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ABSTRACT
CEMENT ADMIXTURE COMPOSITION

Cement admixture compositions formed from alkenyl
ether/maleic anhydride copolymers having specific
molecular structures have been found to impart a high
degree of slump loss over a sustained period of time
while not causing any significant set retardation of the
treated cement based composition. '
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