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& FLUIDITY CONTROL OF CEMENTITIOUS COMPOSITIONS

This invention relates to fluidity control of cementitious compositions, to admixtures
for achieving such control and to cementitious compositions comprising such

admixtures.

Water-reducing compositions are widely used in cementitious compositions such as
concrete to reduce the water content (and thereby increase strength) while
maintaining fluidity or "slump" (so that the compositions can flow easily, for example,
around complicated formwork). Typical water-reducing agents are the so-called
"superplasticisers”, for example, B-naphthalene sulphonate-formaldehyde ("BNS")
condensates and various polycarboxylate-based materials. One of the problems which
water-reducing agents, especially the aforementioned polycarboxylates, can introduce
is the entrainment into the cementitious composition of excessive volumes of air.
While the presence of some air is harmless and even beneficial, excessive air
entrainment leads to reduced strength. Air entrainment can of course be reduced by
reducing the concentration of water-reducing agent used, but the desired slump
control is then diminished. It has been proposed to use known defoaming agents to
counteract excessive aeration, but this has also often proved unsatisfactory, one
reason being that a mixture of water-reducing agent and defoaming agent, a

commercially desirable package, is usually unstable.

It has now been found that it is possible to make an admixture which confers high
slump on cementitious compositions, but without excessive aeration. There is
therefore provided, according to the present invention, a fluidity-controlling
admixture for cementitious compositions, comprising at least one cement-dispersing

agent and at least one defoaming agent, characterised in that

(a) the cement-dispersing agent is an aqueous solution of polymer; and

————
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(b) the defoaming agent is oxyalkylene-based and is either dissolved in the polymer

solution or is stably dispersed therein in particles of no more than 20pM diameter.

When the defoaming agent is soluble in the aqueous polymer solution, the admixture
according to the invention is prepared simply by dissolving the defoaming agent in
the solution. When the defoaming agent is not soluble in the solution, it is dispersed
such that the disperse particles are no greater than 20pM in diameter. It is to be
understood here that the use of the word "particle” encompasses not only solid
particulate matter (in which case the diameter referred to is the largest dimension of
the particle) but also droplets of di.épersed liquid, whether of inherently liquid matter

or of dissolved solid material.

The particles are stably dispersed in the solution. By "stably dispersed” is meant that.
when prepared and allowed to stand, a dispersion will remain a dispersion for at
least 24 hours. The reason for this is not fully understood, but it is noticeable that a
dispersion which does not comply with this requirement does not give such good
results in a cementitious composition, even when it is used when it is still a

dispersion, for example, immediately upon preparation or shortly thereafter.

Dispersion of an insoluble defoaming agent is achievable in two ways. The first way

is simple dispersion of the defoaming agent in the solution so that a dispersion of the

appropriate particle size is given. The second way is the dispersion of the defoaming
agent in the presence of polymerisable monomer and polymerisation of the monomer
to give the polymer. It has been found that dispersions prepared in this second
manner give especially good results and are preferred. A further practical advantage
is that the achievement of the desired small particle size is more easily achievable.

Details of preferred monomer compositions are given hereinunder.

The polymer for use in this invention may be any polymer which is water-soluble
and which is a water-reducing agent or a cement-dispersing agent. However, it has
been found that certain polymers give especially good results. Thus, in a preferred

admixture, the polymer comprises a main component which is selected from at least
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one of

(A) a copolymer obtained by polymerising a monomer mixture which comprises

an unsaturated carboxylic acid monomer;
(B) the neutralised salt of (A); and

(C) the polymer obtained by crosslinking (A) and/or (B) by means of a aossinking
agent.

In a preferred embodiment, the monomer mixture comprises from 5-98% by weight

of an alkylene glycol mono(meth)acrylic acid ester monomer (a) of the formula I

RZ

|
R-CH=C-COO(R*0),-R* @

wherein R! and R? are independently hydrogen or methyl, R® is an alkylene group of
from 2-4 carbon atoms, R* is hydrogen or an alkyl group of 1 to 22 carbon atoms, and
m represents an integer of 1 to 100, and 2 to 95% by weight of a (meth)acrylic acid

base monomer (b) of the formula (II)

RZ
l
R-CH=C-COOM' (I

wherein R! and R? have the abovementioned significances, and M' is hydrogen,
monovalent metal, divalent metal, ammonium group or an organic amine group, and
0 to 50% by weight of a monomer (c) capable of being copolymerized with these
monomers provided that the sum of (a), (b) and (c) shall be 100% by weight.

In a further embodiment of the invention, said monomer mixture comprises from 5-
98% by weight of an alkoxypolyalkylene glycol meno(meth)allyl ether base monomer
(d) of the formula (I);

This Sheet Has Been Replaced

[T

I"FHIS SHEET HAS BERN 1
i REPLAC S B

s MRS S b



10

15

20

25

154-0244 4

R2
|
R-CH=C-(CH,),-O-(R°0),-R* (Im)

wherein R}, R?, R3, R* and m are as hereinabove defined and nis O or 1, and 2 to 95%

by weight of a (meth)acrylic acid base monomer (b) of the formula (IV)

Y Z

|
X-C=C-COOM’ ()

wherein X and Y are independently selected from hydrogen, methyl and -COOM®,
or X or Y together with -COOM? form an anhydride ring, Z is selected from

-CH,COOM?, hydrogen or methyl and M? and M® are independently selected from
the significances of M* given hereinabove, an alkyl group of 1-20 carbon atoms, an
alkylene glycol of 2-4 carbon atoms and a polyalkylene glycol of from 2-100 mols of
a glycol adduct, provided that at least one of M? M’ is selected from hydrogen,
monovalent metal, divalent metal, ammonium group and an organic amine group;
and from 0-50% by weight of monomer (f) capable of copolymerisation with (d) and
(e), (d)+(e)+(f) being 100% by weight.

In a further preferred embodiment, said monomer mixture comprises from 5-98% by
weight of at least one a-olefinic monomer (g) having from 2-12 carbon atoms, from
2-95% by weight of an ethylenically unsaturated dicarboxylic acid anhydride base
monomer (h) and from 0-50% by weight of monomer (i) copolymerisable with (g) and
(h), (g)+(h)+(i) being 100% by weight.

Polycarboxylic acid base is a general name of a cement-dispersing agent which
contains as a main component a copolymer (A) obtained by polymerising a monomer
mixture containing an unsaturated carboxylic acid base monomer as an essential
component and /or a copolymer (B) obtained by further neutralizing the copolymer
(A) with an alkaline substance and/or a cross-linked copolymer (C) obtained by post
cross-linking the copolymer (A) by using a cross-linking agent. The unsaturated
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carboxylic acid monomer may include unsaturated monocarboxylic acid such as
(meth)acrylic acid and monovalent metal salt, divalent metal salt, ammonium salt and
an organic amine salt thereof; an unsaturated discarboxylic acid such as maleic acid,
fumaric acid, citraconic acid, itaconic acid, etc. and monovalent metal salt, divalent
metal salt, ammonium salt, an organic amine salt, anhydride thereof or a monoester
of these acids with an aliphatic alcohol having 1 to 20 carbon atoms or a glycol
having 2 to 4 carbon atoms or a polyalkylene glycol having 2 to 100 addition mol

number. One or more of these can be used.

Further preferable monomer mixtures comprise a mixture containing 5 to 98%,
preferably 50 to 97%, by weight of an alkylene glycol mono(meth)acrylate (a)
designated by the abovementioned general formula (I), 2 to 95% by weight, preferably
3 to 50% by weight of a (meth)acrylate base monomer (b) designated by the
abovementioned formula (IT) and 0 to 50% by weight, preferably 0 to 30% by weight
of monomer (c) capable of being copolymerized with these monomers, provided that
the sum of (a), (b) and (c) is 100% by weight; a mixture containing 5 to 98% by
weight, preferably 50 to 97% by weight of an (alkoxy)polyalkylene glycol
mono(meth)allyl ether base monomer (d) designated by the abovementioned general
formula (III), 2 to 95% by weight, preferably 3 to 50% by weight of an unsaturated
carboxylic acid base monomer (e) designated by the above mentioned general formula
(IV), and 0 to 50% by weight, preferably 0 to 30% by weight of monomer (f) capable
of being copolymerized with these monomers, provided that the sum of (d), (e), and
(f) is 100% by weight; and a mixture of 5 to 98% by weight, preferably 10 to 70% by
weight of an o-olefinic monomer (g) having 2 to 12 carbon atoms, 2 to 95% by weight,
preferably 30 to 90% by weight of an ethylenically unsaturated dicarboxylic acid
anhydride base monomer (h), and 0 to 50% by weight, preferably 0 to 30% by weight
of monomer (i) capable of being copolymerized with these monomers, provided that
the sum of (g), (h) and (i) is 100% by weight.

Examples of monomer (a) include hydroxyethyl (meth)acrylate, hydroxypropyl
(meth)acrylate, polyethylene glycol mono(meth)acrylate, polypropylene glycol
mono(meth)acrylate, polybutylene glycol mono(meth)acrylate, polyethylene glycol
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polypropylene glycol mono(meth)acrylate, polyethylene glycol polybutylene glycol
mono(meth)acrylate, polypropylene glycol polybutylene glycol mono(meth)acrylate,
polyethylene glycol polypropylene glycol polybutylene glycol mono(meth)acrylate,
methoxy polyethylene glycol mono(meth)acrylate, methoxy polypropylene glycol
mono(meth)acrylate, methoxy polybutylene glycol mono(meth)acrylate, methoxy
polybutylene glycol mono(meth)-acrylate, methoxy polyethylene giycol polypropylene
glycol mono(meth)acrylate, methoxy polyethylene glycol polybutylene glycol
mono(meth)acrylate, methoxy polypropylene glycol polybutylene glycol
mono(meth)acrylate, methoxy propyethylene glycol polypropylene glycol
polybutylene glycol mono(meth)acrylate, ethoxypolyethylene glycol
mono(meth)acrylate, ethoxypolypropylene glycol mono-(meth)acrylate,
ethoxypolybutylene glycol mono(meth)acrylate, ethoxypolyethylene glycol
polypropylene glycol mono(meth)acrylate, ethoxypolyethylene glycol polybutylene
glycol mono(meth)acrylate, ethoxypolypropylene glycol polybutylene glycol
mono(meth)acrylate and ethoxypolyethylene glycol polypropylene glycol

polybutylene glycol mono(meth)acrylate. More than one such monomer may be used.

Suitable examples of monomer (b) include acrylic and methacrylic acids and their
monovalent metal salts, divalent metal salts, ammonium salts and organic amine salts.

More than one such monomer may be used.

The monomer (c) is a monomer capable of copolymerization with the monomers (a)

and (b). Examples of monomer (c) include esters of aliphatic alcohols of 1 to 20

carbons with (meth)acrylic acid unsaturated dicarboxylic acids of maleic acid, fumaric

acid, citraconic acid, etc., or monoesters or diesters of these acids with aliphatic
alcohols of 1 to 20 carbons or glycols of 2 to 4 carbons, or polyalkylene glycols of
added mol number 2 to 100 of these glycols, unsaturated amides such as
(meth)acrylamide and (meth)acryl alkylamide, vinyl esters such as vinyl acetate and
vinyl propionate, aromatic vinyls such as styrene, unsaturated sulfonates such as
vinyl sulfonates, (meth)allylsulfonic acid, sulfoethyl(meth)acrylate, 2-(meth)-
acrylamido-2-methylpropane sulfonic acid and styrene sulfonate, and their

monovalent metal salts, divalent metal salts, ammonium salts and organic amine salts.
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More than one such monomer may be used.

Examples of the monomer (d) include alkoxypolylkylene glycol mono(meth)allyl
ether, e.g., polyethylene glycol mono(meth)allyl ether, polypropylene glycol

~ mono(meth)allyl ether, polyethylene glycol polypropylene glycol mono(meth)allyl

ether, polyethylene glycol polybutylene glycol mono(meth)allyl ether, polypropylene
glycol polybuthylene glycol mono(meth)allyl ether, polyethylene glycol polypropylene
glycol polybutylene glycol mono(meth)allyl ether, methoxypolyethylene glycol
mono(meth)allyl ether, methoxypolypropylene glycol mono(meth)allyl ether,
methoxypolybutylene glycol mono(meth)allyl ether, methoxypolyethylene glycol
polypropylene glycol mono(meth)allyl ether, methoxypolyethylene glycol
polybutylene glycol mono(meth)allyl ether, methoxypolyethylene glycol
polypropylene glycol polybutylene glycol mono(meth)allyl ether, ethoxypolyethylene
glycol mono(meth)allyl ether, ethoxypolypropylene glycol mono(meth)allyl ether,
ethoxypolybutylene glycol mono(meth)allyl ether, ethoxypolybutylene glycol
mono(meth)allyl ether, ethoxypolyethylene giycol polypropylene glycol

. mono(meth)allyl ether, ethoxypolyethylene glycol polybutylene glycol mono(meth)ally

ether, ethoxypolypropylene glycol polybutylene glycol mono(meth)allyl ether, and
ethoxypolyethylene glycol polypropylene glycol polybutylene glycol mono(meth)allyl
ether, and an alkoxypolyalkylene glycol monocrotyl ether, polyethylene glycol
monocrotyl ether, polyethylene glycol monocrotyl ether, polypropylene glycol
monocrotyl ether, polybutylene glycol monocrotyl ether, polyethylene glycol
polypropylene glycol monocrotyl ether, polyethylene glycol polybutylene glycol
monocrotyl ether, polypropalene glycol polybutylene glycol monocrotyl ether,
polyethylene glycol polypropylene glycol polybutylene glycol monocrotyl ether,
methoxypolyethylene glycol monocrotyl ether, methoxypolypropylene glycol
monocrotyl ether, methoxybutylene glycol monocroty! ether, methoxypolyethylene
glycol polypropylene glycol monocrotyl ether, methoxpolyethylene glycol
polybutylene glycol monocrotyl ether, methoxypolypropylene glycol polybutylene
glycol monocrotyl ether, methoxypolyethylene glycol polypropylene glycol
polybutylene glycol monocrotyl ether, ethoxypolyethylene glycol monocrotyl ether,
ethoxypolypropylene glycol monocrotyl ether, ethoxypolypropylene glycol monocrotyl
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ether, ethoxypolybutylene glycol monocrotyl ether, ethoxypolybutylene glycol
monocrotyl ether, ethoxypolyethylene glycol polypropylene glycol monocrotyl ether,
ethoxypolyethylene glycol polybutylene glycol monocrotyl ether, ethoxypolypropylene

‘glycol polybutylene glycol monocrotyl ether, ethoxypolypropylene glycol

polybutyleﬁe glycol monocrotyl ether, and ethoxypolyethylene glycol polypropylene
glycol polybutylene glycol monocrotyl ether. More than one of these monomers may

be used.

Examples of the monomer (e) include an unsaturated monocarboxylic acid and
monovalent metal salt, divalent metal salt, ammonium salt and an organic amine salt
thereof, e.g. acrylic acid and methacylic acid; an unsaturated dicarboxylic acid and
monovalent metal salt, divalent metal salt, ammonium salt, an organic amine salt and
anhydride thereof, e.g., maleic acid, fumaric acid, citraconic acid and itaconic acid; or
a monoester of these acids with an aliphatic alcohol having 1 to 20 carbon atoms or
glycol having 2 to 4 carbon atoms or a polyalkylene glycol having 2 to 100 mols of

these glycols. More than one of these monomers may be used.

Examples of the monomer (f) include ester of an aliphatic alcohol having 1 to 20
carbon atoms and acrylic acid, and a diester of an unsaturated dicarboxylic acid such
as maleic acid, fumaric acid and citraconic acid acids with an aliphatic alcohol having
1 to 20 carbon atoms or glycol having 2 to 4 carbon atoms or a polylkylene glycol
having 2 to 4 carbon atoms or a polyalkylene glycol having 1 to 100 mols of these
glycols; an unsaturated amide such as (meth)acrylamide and (meth)acry! alkylamide,
a vinyl ester such as vinyl acetate and vinyl propionate; an aromatic viny! such as
styrene; an unsaturated sulfonic acid such as vinyl sulfonic acid, (meth)allyl sulfonic
acid, sulfoethyl (meth)acrylate, 2-(meth)acrylamide-2-methylpropane sulfonic acid and
styrene sulfonic acid and monovalent metal salt, divalent metal salt, ammonium salt

and an organic amine salt thereof. More than one of these monomers may be used.

The monomer (g) may be an unsaturated hydrocarbon having 2 to 12 carbon atoms,
and examples of the monomer (g) include ethylene, propylene, 1-butene, 2-butene,

isobutylene, n-pentene, isoprene, 2-methyl-1-butene, n-hexane, 2-methyl-1-pentene,
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3-methyl-1-pentene, 4-methyl-1-pentene, 2-ethyl-1-butene, diisobutylene, 1,3-
butadiene, 1,3-pentadiene, 1,3-hexadiene, 1,3-octadiene, 2-methyl-4-dimethyl-1-
pentene, 2-methyl-4-dimethyl-2-pentene. Isobutylene also means return BB containing
isobutylene. Preferably a-olefin having 2 to 8 carbon atoms, especially a-olefin having

4 to 5 carbon atoms is used. More than one kind of these monomers may be used.

Examples of the monomer (h) include maleic anhydride, itaconic anhydride, citraconic
anhydride and mesaconic anhydride,. Maleic anhydride is the preferred monomer
because of its reactivity, quality and lower cost. More than one such monomer may

be used.

Examples of the monomer (i) include (meth)acrylic acid and monovalent metal salt,
divalent metal salt, ammonium salt, and an organic amine salt thereof; an ester of an
aliphatic alcohol having 1 to 20 carbon atoms with (meth)acrylic acid; an unsaturated
dicarboxylic acid such as maleic acid, fumaric acid and citraconic acid, and mono- or
diester of these acids with an aliphatic alcohol having 1 to 20 carbon atoms or glycol
having 2 to 4 carbon atoms or a polyalkylene glycol having 2 to 100 mols of these
glycols; unsaturated amide such as (meth)acrylamide and (meth)acryl alkylamide; a
vinyl ester such as vinyl acetate and vinyl propionate; and aromatic vinyl such as
styrene; an unsaturated sulfonic acid such as vinyl sulfonic acid, (meth)allyl sulfonic
acid, sulfoethyl (meth)acrylate, 2-(meth)acrylamide-2-methylpropane sulfonic acid and
styrene sulfonic acid and monovalent metal salt, divalent metal salt, ammonium salt,

and an organic amine salt thereof. More than one such monomer may be used.

Examples of suitable defoaming agents include polyoxyalkylenes such as
(poly)oxyethylene (poly)oxypropylene (poly)oxyalkylene alkyl ethers such as
diethylene glycol heptyl ether, polyoxyethylene oleyl! ether, polyoxypropylene butyl
ether, polyoxyethylene polyoxypropylene-2-ethyl hexyl ether, and oxyethylene
oxypropylene adducts of high alcohols of 12 to 14 carbons; polyoxyalkylene
(alkyl)aryl ethers such as polyoxypropylene phenyl ether and polyoxyethylene
nonylphenyl ether; acetylene ethers of alkylene oxide additional polymerized with
acetylene alcohols such as 2,4,7,9-tetramethyl-5-decyn-4,7-diol, 2,5-dimethy}-3-hexyn-
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acetylene alcohols such as 2,4,7 9-tetramethyl-5-decyn-4,7-diol, 2,5-dimethyl-3-hexyn-
2,5-diol, 3-methyl-1-butyn-3-ol; (poly)oxyalkylene aliphatic acid esters such as
diethylene glycol oleic acid ester and ethylene glycol distearic acid ester;
(poly)oxyalkylene sorbitan aliphatic acid esters such as polyoxyethylene sorbitan
monolauric acid ester, and polyoxyethylene sorbitan trioleic acid ester;
(poly)oxyalkylene alkyl (aryl)ether sulfuric acid esters such as polyoxypropylene
methyl ester sodium sulfate and polyoxyethylene dodecyl phenol ether sodium
sulfate; (poly)oxyalkylene alkyl phosphates such as (poly)oxyethylene stearyl
phosphates; and (poly)oxyalkylene alkylamines such as polyoxyethylene laurylamine.
More than one kind of these may be used.

The copolymer (A) is obtained by polymerization of a monomer mixture containing
an unsaturated carboxylic acid base monomer as hereinabove described. As
previously mentioned, this is preferably carried out in the presence of the defoaming
agent. The proportion of the unsaturated carboxylic acid base monomer in the
mixture is from 2 to 95% by weight; it is essential that this range be adhered to,
otherwise the advantages of the present invention are not given. The proportion is
preferably from 50 to 95% by weight, and more preferably from 3-50% in the cases
of ia),(b),(c) and (c),(d),(e), and from 30-90% in the case of (g),(h),(i).

To manufacture the copolymer (A), the abovementioned monomer mixture is
copolymerized in, when required, the presence of the abovementioned defoaming
agent using a polymerization initiator. The quantity of defoaming agent to be used
is in the range of 0.01 to 10 weight percent of the monomer mixture, preferably 0.05
to 5 weight percent. When less than 0.01 weight percent of defoaming agent is used,
adjustment of entrained air content of the cement mixture is difficult and a cement
mixture of stable strength cannot be obtained. When the quantity of defoaming agent
used exceeds 10 weight percent, the performance of the admixture obtained is

reduced and a cement mixture of good fluidity cannot be obtained.

The copolymer (A) may be synthesised by known methods such as solution
polymerization or bulk polymerization.
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polymerization or bulk polymerization.

Solution polymerization may be done by a batch or a continuous process. Solvents
which may be used include water, alcohols such as methyl alcohol, ethyl alcohol and
isopropy! alcohol, aromatic or aliphatic hydrocarbons such as benzene, toluene,
xylene, cyclohexéne, and n-hexane and ketone compounds such as acetone and
methyl ethyl ketone. For solubility of both the monomers and the resuitant
copolymer (A), it is desirable to use at least 1 solvent selected from the group
consisting of water and lower alcohols of 1 to 4 carbon atoms. Methyl, ethyl and

isopropyl alcohols are especially effective alcohols.

When the polymerization is carried out in an aqueous liquid, water-soluble
polymerization initiators such as ammonium persulfate, sodium persulfate, hydrogen
peroxide and azoamidine compounds such as azobis-2-methyl propionamide
hydrochloric acid salt may be used. Accelerators such as sodium hydrogen sulfite
may be used in combination with these initiators. Further, in polymerization with
a lower alcohol, an aromatic hydrocarbon, an aliphatic hydrocarbon, an ester
compound or a ketone compound as the solvent, peroxides such as benzoyl peroxide
and lauroyl peroxide; hydroperoxides such as cumene hydroperoxide; and azo
compounds such as 2,2'-azo-bis-isobutryonitrile may be used as polymerization
initiators. In this case, it is possible to use accelerators such as amine compounds in
combination. Further, in the event of using a water-lower alcohol solvent mixture,
one of the various polymerization initiators or combinations of polymerization
initiator and accelerator may be selected as suited and used. The polymerization
temperature may be selected as required according to the solvent and polymerization

initiator, but normally, the polymerization is carried out in the range of 0° to 120°C.

Bulk polymerization is carried out using peroxides such as benzoyl peroxide and
lauroyl peroxide, hydroperoxides such as cumene hydroperoxide and aliphatic azo
compounds such as 2,2"-azo-bis-isobutyronitrile as polymerization initiators and in a

temperatures range of 50 to 200°C.
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The copolymer (A) obtained in this manner can be used as prepared as the main
ingredient of a fluidity-controlling admixture according to the invention. The
copolymer (B) obtained by further neutralizing copolymer (A) with an alkaline
substance as necessary may also be thus used, as may a crosslinked copolymer (C).
Alkaline substances particularly suitable for neutralisation include hydroxides of
monovalent metals and divalent metals, inorganic salts of sulfates and carbonates

ammonia and organic amines.

Further, although the cross-linking agent may be selected from any suitable
crosslinked agent capable of reactions with a functional group such as carboxyl
group, hydroxyl group, amino group, sulfonic acid group, etc. contained in the
copolymer (A), a cross-linking agent which has at least one divalent group designated
by the following general formula (V)

—-<R5-|CI-C»R6—>—
0

wherein R’ and R°® are independently selected from the group consisting of
T’] R’

-CH,-, -CH-, —@—— : ? and -CH,CH-,

RS
wherein RO is
OH
_CH2CH‘,
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R’ may be unnecessary, and R’ and R® are independently alkyl group of 1 to 5 carbon
atoms, as a structural unit and/or can be formed is preferable. Examples of these
cross-linking agents include polyvalent glycidyl compounds such as ethylene glycol
diglycidyl ether, polyethylene glycol diglycidy! ether, glycerol polygiycidyl ether,
diglycerol diglycidyl ether, polyglycerol polyglycidyl ether, sorbitol polyglycidyl
ether, pentaerythritol polyglycidyl ether, propylene glycol diglycidyl ether,
polypropylene glycol diglycidyl ether, resorcin diglycidyl ether, 1,6-hexanediol
diglycidyl ether, adipic acid diglycidyl ester, s-phtalic acid diglycidyl ester, etc.

It is desirable that the weight average molecular weight (hereinafter "M,") of
copolymer (A) (either as such or as the raw material of copolymer (C)) and copolymer
(B) lie in the range of 500 to 500,000. When the monomer mixture comprises
monomers (a), (b) and (c), M,, lies preférably in the range of 5,000-500,000, when the
mixture comprises monomers (d), (e) and (f) or monomers (g), (h) and (i), it lies
preferably in the range 500-100,000. If M,, is less than 500, the water-reducing
capability and slump loss prevention capability of the cement dispersing agent are
reduced. When M,, exceeds 500,000, the water-reducing capability of the cement

dispersing agent is reduced.

The copolymer (A) and /or the copolymer (B) and/or the crosslinked copolymer (C)
may be used as a cement dispersing agent in an admixture according to the invention
in the form of an aqueous solution or an aqueous emulsion and the air-entraining
property in a cementitious mixture such as concrete may be adjusted arbitrarily by
suitably adjusting the variety and/or dosage of the defoaming agent used. Further,
with (A) and/or (B) and/or (C) as main ingredient, it is permissible to use the
admixture according to the invention in combination with another known admixtures.
Examples of such cement admixtures include conventional cement dispersing agents,
air-entraining agents, cement wetting agents, expansion agents, waterproofing agents,
retarding agents, quick-setting agents, water-soluble polymeric substances, thickeners,
coagulants, drying shrinkage reducing agents, strength increasing agents and

hardening accelerators.
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The admixture of the invention may be used with hydraulic cements such as portland
cement, high alumina cement and various blended cements or hydraulic materials

other than cement, such as gypsum.

The admixture of this invention gives excellent performance even when relatively
small quantities compared with conventional dispersing agents are used. For example,
when used in mortars or concretes containing hydraulic cement, quantities used are
typically from 0.01 to 1.0%, preferably from 0.02 to 0.5% by weight of cement.
Various desirable effects such as increase in slump, reduction in unit water content,
increase in strength and improvement in durability are brought about by such
addition. With less than 0.01% addition, the performance is inadequate, whereas,
when a large quantity in excess of 1.0% is used, the results are no better and costs

more. It has the additional advantage of long shelf stability.

The invention therefore also provides a process of modifying the fluidity of a
cementitious composition, comprising the incorporation into the composition of an
admixture as hereinabove described. The use of an admixture as hereinabove

described to modify the fluidity of a cementitious composition is also provided.

The invention is further described with reference to the following examples. In the
examples, unless otherwise stated, "percent"” and "part” shall indicate "weight percent”

and "part by weight" respectively.

Example 1 for manufacturing Admixture No. 1

1695 parts of water is introduced in a glass reaction vessel equipped with a
thermometer, a stirrer, a dropping funnel, a nitrogen introduction tube, and a reflux
condenser, and the interior of the reaction vessel is purged with nitrogen while
stirring and heating to 95°C is carried out under a nitrogen atmosphere. An aqueous
solution of monomer comprising 750 parts of methoxy polyethylene glycol

monomethacrylate (average mol addition number of ethylene oxide, 10), 250 parts of
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methacrylic acid, 7 parts of "Pluronic" (trade mark) L-64 (polyoxyethylene-
polyoxypropylene adduct manufactured by Asahi Denka Kogyo KK) as oxyalkylene
base defoaming agent, and 1500 parts of water, and 672 parts of a 5% ammonium
persulfate aqueous solution is then drip-fed for 4 hours, and after completion of
dropping, 168 parts of 5% ammonium persulfate is further drip-fed for 1 hour. The
temperature is then maintained at 95°C for 1 hour to complete the polymerization
reaction. An admixture of the present invention comprising an aqueous solution of

a copolymer of Mw 35,000 is obtained.
Examples 2 to 5 for Manufacturing Admixtures Nos. (2) to (5).

Admixtures (2) to (5) of the present invention comprising the copolymer (A)
manufactured by operations similar to those in Example 1 are summarized in Tables

1and 2.
Example 6 for manufacturing Admixture No. 6.

349.6 parts of water, 1648 parts of polyethylene glycol monoallyl ether (average mol
addition number of ethylene oxide, 5) and 23.2 parts of oxyethylene oxypropylene
adduct to C,,-C,, alcohols as oxyalkylene base defoaming agent in a glass reaction
vessel equipped with a thermometerl, a stirrer, a dropping funnel, a nitrogen
introduction tube and a reflux condenser, and the interior of the reaction vessel is
purged with nitrogen while stirring, and heating was carried out to 95°C under a
nitrogen atmosphere. A monomer/polymerization initiator mixture aqueous solution
comprising 687 parts of maleic acid, 1030 parts of water and 57.2 parts of 5%
ammonium persulfate aqueous solution is then drip-fed for 2 hours, and after
completion of dropping, 527 parts of 5% ammonium persuifate aqueous solution is
dropped for 1 hour. The temperature is then maintained at 95°C to complete the
polymerization reaction. The result is an admixture (6) of the present invention

comprising an aqueous solution of a copolymer of average molecular weight of 6,000.

Example 7 for manufacturing Admixture (7)
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Admixture (7) of the present invention is obtained by drip-feeding 185 parts of 50%
NaOH aqueous solution into the admixture (1) obtained in Example 1, this bringing
it to pH 8.

Examples 8 to 21 for manufacturing Admixtures Nos. (8)-(21).

Admixtures (8) to (21) comprising the copolymer (B) of the present invention obtained

in a similar method to Example 7 are summarized in Tables 3 and 4.
Examples 22 for manufacturing Admixture No. (22)

5000 parts of 20% admixture aqueous solution (solids content: 1000 parts) obtained
in Example 1 is introduced into a glass reaction vessel equipped with a thermometer,
a stirrer, a nitrogen introduction tube and a reflux condenser, and heating to 95°C is
carried out. 35 parts of o-phthalic acid diglycidy! ester is then added. The temperature
is maintained at 95°C for 3 hours to complete the cross-linking reaction and the result

is admixture (22) comprising a cross-linked copolymer aqueous solution.
Examples 23 to 25 for manufacturing Admixtures No. (23) to (25).

Admixtures Nos. (23) to (25) of the present invention comprising the cross-linked
copolymer (C) of the present invention manufactured by a similar method to Example

22 are summarized in Table 5.
Example 26 for manufacturing Admixture No. (26)

420 Parts of 1-hexane, 490 parts of maleic anhydride, 9.1 parts of oxyethylene
oxypropylene adduct of C,,-C,, alcohols, 27 parts of azobisisobutylonitrile and 2730
parts of toluene are introduced in a glass reaction vessel equipped with a
thermometer, a stirrer, a dropping funnel, a nitrogen introduction tube and a reflux
condenser, and the interior is purged with nitrogen under stirring. After reacting at

80°C for 7 hours under nitrogen atmosphere, and precipitated while polymer was
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154-0244 17

collected and dried. 2500 Parts of 10% aqueous sodium hydroxide solution is added
into 644 parts of the copolymer thus obtained and heated at 90°C under stirring to
obtain an admixture (26) of the present invention comprising a copolymer of average

molecular weight of 6100.
Examples 27 to 28 for manufacturing Admixtures Nos. (27) to (28)
Admixtures (27) to (28) of the present invention comprising the copolymer (B) of the

present invention manufactured by a similar method to Example 26 are summarized

in Table 6.

——
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Table 1
Reaction. composition : numerals in brackets are parts by weight
Admixture unsaturated
Example N
No. :Eisgzg c::f;’gals? other monomer other monomer
monomer
MPEGMMA (n=10)
1 (1) water [1695.0] |Maa {250.0] [750.0]
PEGMA (n=2
2 () |vater [1695.01 |an (200,01 FEGHA (neBS)
MPEGMMA (n=25) |methyl
y (4)  |water [1695.0] {MAR  [300.0] PEG’E’?,‘gofg;ﬁ’
: PEGMAE (n=25)
5 (5) water [1800.0] | TEGMM [369.6] [630.4)
PEGMAE (n=25)
6 {6) w_ater [349.6] |MA [687.0) £1648.0)
MA4A methaerylic aecid
AA acrylic acid
TEGMM : tetraethylene glycol monomaleate
MA : maleic acld !
MPEGMMA : methoxy polyethylene glycol monomethacrylate
PEGMA : polyethylene glycol monoacrylate
PEGMME : polyethylene glyeol monomethallyl ether
PEGMAE : polyethylene glycol monoallyl ether
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19 Case 154-0244
Table 2
Reaction composition : numerals in brackets are
parts by weight reaction
Exzample temngSture miii&;ﬁ?r
polymerization
defoaming agent (II) initiator
1 Pluronic L-64 a) anmonium persulfate 95 35000
{7.0] [20.0)
polyethylene glycol azobis-2-methyl
2 polypropylene glycol propiomidine 80 38000
nonyl phenyl ether hydrochloride
{5.0] [20.0]
oxyethylene
3 oxypropylene adduct of ammonium persulfate 95 23000
Ci2 - C14 algohols [40.0}
[1-0]
4 Surfynol 440 b) amwonium persulfate 95 30000
{7.0] [20.0]
polyethylene glycol
5 polypropylene glyecol ammonlium persulfate 95 10000
nonyl phenyl ether [15.0]
[5.0]
oxyethylene
6 oxypropylene adduct of ammonium persulfate 95 6000
C12 ~ C14 alcohols (85.8]
[23.2]
a) polyoxyethylene polyoxypropylene adduct (Asahi Denka K.K.) _
b) acetylene alecohol polyoxyethylene adduct (Nisshin Kagaku Kogyo K.X.)
e) Monomer mixture is added in 40 % aqueous solution and polymerization

initiator is added in 5 4 agueous solution.
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Table 3
Reaction composition : numerals in brackets are parts by weight
Admixture unsaturah.ed
Eranpie No. e:irgeg c::f:?:;ec other monomer other monomer
solvent.
monomer
' EGMMA (n=10)
T (7Y |water [1695.0] |Mas  [250.01] MF [750.(0]
8 (8) water [2838.0] |MaA  [239.0] “"E‘E’ggofg;m
MPEGMMA (n=25)
g (9) water [2838.0) |MAA  [239.0] [1200.0]
EGMMA (n=50
10 (10)  |water [2931.0] {Ma®  [239.01] M [mofo] )
EGMMA (n=50
1 (1) |water [3158.0] an (239,07 | MPECHMA (no50)
EG =50
12 (12)  |water [3077.0) |Maa  [177.01} MP t‘g‘e‘zfg]'”
13 (13)  |water [2972.0) |MaR  [239.0} ”E?ﬁﬂ;gofg;m
GMMA (n=50
14 (14)  {water {3334.0]|sA  ([288.0] “"E[”mfgf )
15 (15)  |water [2195.0] |MAA  [239.0) _PE‘E";‘;’QQfg?)
. MPEGMMA (n=50) |[sodium sulfo-
16 (16) water [2823.0]) IMAA [235.0] [1080.0] ethacrylate
[120.0]
=50
17 (17) water [2924.0] {MAA  [215.0) MPE?ggofg]“ methyl{za.‘;.:.rg;.ate
. MPEGMMA (n=10)
18 (18) water [1695.0] |{MAR {250.0] [750.0]
19 (19)  |water [1695.0] [MAR  [300.0] PEG‘;‘T‘gof‘g;ZS)
PEGHAE (n=2%5
20 (20)  [water [1695.0] [MAA  [300.0] mofg] )
PEGMAE (n=5)
21 (21) water [340.6] |MA [687.0] (1648.0]
MAA : wethacrylic acid
SA sodium acrylate
MA : maleie acid
MPEGMMA . methoxy polyethylene glycol monomethacrylate
PEGMMA : polyethylene glycol monomethacrylate
PEGMAE :

polyethylene glycol monoallyl ether
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Table 4§
Reaction composition : numerals in brackets are parts by weight reaction alkalins molecular
Example temperature | oo ce pH weight
defoaning agent (11) polymerization initiator (*C)

7 Pluronic L-64 a) {7.0]} APS (20.0)] 95 50% NaOH 8.0 36000
8  |Pluronic L-64 a) [7.0) APS (38.0] 95 50% NaOd 8.0 Loooo
g Pluronic L-64 a) [1.4) APS [38.0] 95 50% NaCH 8.0 39000
10 [Qryernyine oxypropylene Adduet ot APS £33.0] 95 50% NaoH | 8.1 37000
1 polyoxyethylene polyoxypropylene . APS (22.0]) 95 50% NaCk 8.',?‘ 113000

nonyl phenyl ether {7.0] .
12 surfynol 440  b) [7.0] APS [26.1) 95 50% NaCH 7.7 53000
13 polyoxyethylene polyoxypropylene APS [31.3) 95 504 NaCH 7.6 34000

oleate {7.0] _
M| Eemethyiens polyompropyiens ws o 2.5) 5 | sorMacn | 8.0 | 16000
- : gzﬁ"g:g{::;opyJ.eue dodecyl benze?ghoj APS (69.5] 95 50% NaGH 8.0 78000
16 polyoxyethylene stearate [21.0] APS [33.0] 95 50% Na(H 7.9 19000
17 |polyoxyethylene laurylamine [21.0) APS (33.0} 95 50% NaOH 8.1 32000
18 |Pluronic L-64 a) [7.0] APS [20.0] g5 30% ca(oH)2 | 7.5 35000
19 surfynol 440 b) [7.0]} APS (20.0] 95 50% NaOH 7.1 30000
20 surfynol 440  b) {7.0] APS {20.0] 95 TEA 7.1 30000
21 oxyethylene oxypropylene adduct of APS [85.8] 95 50% NaOH 7.8 6000

C12 - C14 alcohols

{23.2]

a;
b)
c)

APS ;
TEA :

polyoxyethylene polyoxypropylene adduct (Asahl Denka K.K.)

acetylene alcohol polyoxyethylene adduct (Nisshin Kagaku Kogyo K.K.)
Honogxer mixture is addedyin 40 ¥ aqueous solution and polymerization initiator is added.in 5 % aqueous

solution.
ammonium persulfate
triethanolamine
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22 Case 154-0244
Table 5
Reaction composition : numerals in Molecular
admixture brackets are parts by weight Reaction weight
Example No. temperature after
(°C) eross-
copolymer (A) cross~linking agent linking
Admixture o-phthalic asid
22 (22) s 2000) diglyeidyl ester 95 220000
Admixture polyethylene glycol
23 (23) No. (1) diglyeidyl ether 95 300000
{Nw;35000] (n=9)
Admixture ' 1,6-hexanediol
24 24 No. !
(24) [Nn;38(gg())] diglyocidyl ether 9 200000
Admixture
- adipic acid
25 (25) 1[4&;60(060)] diglyeidyl ester 95 150000
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Tabhle 6
Reaction composition : numerals in brackets are parts by weight
Cement
Example | dispersing narged ‘g;s‘?;:;yaﬁed
agent charged, c
8 solyent a0id base other monomer other monomer
monomer
maleic
26 (26) toluene anhydride 1-hexene
{2730] {490} [420]
maleie
methyl ethyl anhydride isobutylene styrene
27 (27 ketone [686] [364) {52)
{2571}
methoxy-
o8 (28) toluene maleic polyethylene
[2745] anhydride glycol allyl
[147) ether
[768]
Reaction composition : numerala in brackets are reaction
arts by weight
Example P y 8 temperature m::qleicxgl?r
c) =i
defoaming agent (II) polymerization initiator
oxyethylene oxypropylene
26 adduet of Ci2 - Ciy AIBN 80 5200
aleohols [27.0]
[9.1]
polyoxyethylene
27 Jaurylamine AIBN 80 6000
{5.5] [10.0]
polyoxyethylene
28 polyoxypropylene adduet butyl peroxide 90 9000
[6.4] [10.0]
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Control 1 for manufacturing Comparison Admixture (1)

1695 Parts of water is introduced into a glass reaction vessel equipped with a
thermometer, a stirrer, a dropping funnel, a nitrogen introduction tube, and a reflux
condenser, and the interior of the reaction vessel is purged with nitrogen while
stirring, and the mixture is heated to 95°C under a nitrogen atmosphere. A monomer
aqueous solution comprising 800 parts of methoxy polyethylene glycol
monomethacrylate (average mol addition number of ethylene oxide, 10) 200 parts of
methacrylic acid, and 1500 parts of water, and 672 parts of a 5% ammonium
persulfate aqueous solution are respectively drip-fed for 4 hours, and after competion
of feeding, 168 parts of 5% ammonium persulfate is added over a period of 1 hour.
The temperature is maintained for 1 hour at 95°C to complete a polymerization
reaction. A comparison admixture (1) comprising an aqueous solution of a copolymer

of average molecular weight of 35,000 is obtained.
Control 2 for manufacturing Comparison Admixture No. (2)

1695 parts of water is introduced into a glass reaction vessel equipped with a
thermometer, a stirrer, a dropping funnel, a nitrogen introduction tube, and a reflux
condenser, and the interior of the reaction vessel is purged with nitrogen while
stirring, and the mixture is heated to 95°C under a nitrogen atmosphere. A monomer
aqueous solution comprising 800 parts of methoxy polyethylene glycol
monomethacrylate (average mol addition number of ethylene oxide, 10), 200 parts of
methacrylic acid, 0.005 parts of "Pluronic" L-64 (polyoxyethylene-polyoxypropylene
adduct) as oxyalkylene base defoaming agent, and 1500 parts of water, and 672 parts
of a 5% ammonium persulfate aqueous solution are respectively dip-fed for 4 hours,
and after completion of feeding, 168 parts of 5% ammonium persulfate is added over
a period at 1 hour. The temperature is maintained at 95°C for 1 hour to complete a
polymerization reaction. A comparison admixture (2) comprising an aqueous solution

of a copolymer of M,, 35,000 is obtained.
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To 100 parts of comparison admixture No. (1) obtained in Control 1, 0.1 part of
polyoxyethylene polyoxypropylene nonyl phenyl ether as a polyoxyalkylene base

defoaming agent is added to obtain a comparison cement dispersing agent (3).
Control 4 for manufacturing Comparison Admixture No. (4)

349.6 parts of water and 1648 parts of polyethylene glycol monoallyl ether (average
mol addition number of ethylene oxide, 5) are introduced into a glass reaction vessel
equipped with a thermometer, a stirrer, a dropping funnel, a nitrogen introduction
tube and a reflux condenser, and the interior of the reaction vessel is purged with
nitrogen while stirring, and the mixture is heated to 95°C under a nitrogen
atmosphere. A monomer/polymerization initiator mixture aqueous solution
comprising 687 parts of maleic acid, 1030 parts of water and 57.2 parts of ammonium
persulfate is dip-fed for 2 hours. After completion of feeding, 527 parts of 5%
ammonium persulfate aqueous solution is added over a period of 1 hour. The
temperature is maintained at 95°C for 1 further hour to complete the polymerization
reaction. A comparison admixture (4) comprising an aqueous solution of a copolymer
of Mw 6,000 if obtained.

Control 5 for manufacturing Admixture No. (5)

A comparison admixture (5) is obtained by mixing 0.1 part of
oxyethyleneoxypropylene adduct of C,-C,, alcohol as a polyalkylene base of

defoaming agent to the comparison admixture No. (4) obtained in Control 4.
(Test of storage stability)

The 28 varieties of cement dispersing agent of the invention shown in Tables 1 to 6
are left standing at 50°C and the storage stability is investigated by visually observing
degrees of compatibility. Further, for purposes of comparison, tests are also made of
the comparison cement dispersing agent (3) obtained in Control 3 and comparison

cement dispersing agent (5) obtained in Control 5. The particle size of the defoaming
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154-0244 26
agent is determined by using a laser diffraction type particle distribution meter
(microtruck FRA). The results of these tests are given in Tables 7 and 8.

Further, evalution of compativilities are as follows:

O: Uniformly compatible or stable dispersion
A: Not compatible or unstable dispersion
X: Separated into two layers
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Table 7
Number of days elapsed )
Example| Admixture used | immed!- 50°C, 50°C, part?fml ) size
: ately |after 1 day |after 1 month

1 {1 o @) O 1.3
2 (2) O O O 1.7
3 (3) O O ) 1.3
4 (4) o O O 1.4
5 A{5) O - O O 7.1
6 (6) O @) 0] 5.7 -
7 (7N O o O 1.8
8 " (8) O o 0O 1.2
9 (9) O O O 1.2
10 . (10) O O O 1.5
1 {1 &) O O 1.3
12 (12) ) ) o) 1.5
13 (13) 0 O O 1.2
14 () O O O 1.4
15 (15) O O O 1.4
16 (16) 0 O o) 1.5
17 (17) O O O 1.2
18 (18) @) O O 1.3
19 © {19) o) o O 1.4
20 (20) O 0O 0] 1.4
21 (21) o) O o 5.7
22 (22; O O o 1.3
23 (23) @) O O 1.3
24 (2%) O O @) 1.4
a5 (25) o o 0 5.7
26 (26) ] O o o) -
27 (27) O ) O -
28 : - (28| © o) o) -

nn in.partiele size determination : particle size i3 not more than 0.1 .m or cannot be
determined because of molten state
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Table 8 _
_ Number of days elapsed t1ol
Control | Admixture used | yymedi- 50°C, 50°C, par ( Zm )size
ately |after 1 day|after ! month
3 comparative A X X 2,2
Admixture No. (3)
5 comparative A X X 5.2
Admixture No. (5)
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The cement used was ordinary portland cement (blend of equal amounts of 3 brands,
specific gravity: 3.16), the fine aggregate was a blend of Oi River System pit sand and
Kisarazu mountain sand (specific gravity 2.62, FM 2.71) and coarse aggregate was
Ohme, Tokyo graywacke crushed stone (specific gravity 2.64, MS 20mm).

The 28 varieties of the admixture according to the invention listed in Tables 1-6 and
for comparison the comparison admixtures (1) to (5) and naphthalene sulfonate-
formalin condensate (BNS) and melamine sulfonate-formalin condensate (MSF) are
tested. As the comparative admixtures (1), (2) and (4) possess air-entraining
properties, adjustments of entrained air contents using air-entraining agents are not
made, while for the other admixtures of the invention (1)-(17) and the comparison
admixtures (3) and (5) and for BNS and MSF, a commercial air-entraining agent
("Pozzolith” (trade mark) No. 303A manufactured by NMB Ltd.) is used in the
dosages listed in Tables 9 and 10 to make adjustments of entrained air contents as

suited

The mix proportions for plain concrete without admixture according to the invention
are unit cement content 320kg/m?, unit water content 203kg/m?® (water/cement ratio
0.634) and sand-aggregate ratio 49%, while the proportions for concrete using with
the admixture are unit cement content 320kg/m? unit water content 166kg/m?

(water-cement ratio 0.519), and sand-aggregate ratio 47%

Concretes are manufactured under the conditions mentioned above, time-dependent
changes in slump values and air content are measured and slump losses and air-
entraining properties are evaluated. The time of setting and 28 day age compressive

strength of concrete are also measured.

Measuring slump, air content, compressive strength and time of setting and the
method of collecting compressive strength specimens are all adaptations of Japan
Industrial Standards (JIS A 1101, 1108, 1128, 1132, 6204)

The results are given in Tables 9-14 This Sheet Has Been Replaced
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30 Case 154-0244
The results are given in Tables 9-14
Table 9
' Amount of cement Amount of air
Ezample | Admixture uged dispersiz;g agent entrain;';r)\g agent
1 (1) 0.15 0.012
2 (2) 0.15 0.010
3 (3) 0.15 0.005
4 (%) 0.15 0.012
5 (%) 0.17 0.011
6 (6) 0.17 0.015
7 (N 0.15 0,012
8 (8) 0.15 0.010
9 (9) 0.15 0.003
10 (10) 0.15 0.015
i1 (11) 0.15 0.008
12 (12) 0.15 0.010
13 (13) 0.15 0.018
14 (14) 0.15 0,020
15 (15) 0.15 0.010
16 (16) 0.15 0.008
17 (17) 0.15 0.016
18 (18) 0.15 0.012
19 (19) 0.15 0.010
20 (20) .15 0.010
21 (21) 0.17 0,015
22 (22) 0.18 0.012
23 23 0.18 0.012
24 (24) 0.18 0.010
25 (25) | 0.18 0.015
26 (26) 0.17 0.016
27 (27) 0.15 0.015
28 (28) 0.12 0.012
Remarks: a) Percent by weight of solid content to cement

b) Percent by weight to cemwent
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31 Case 154-0244
Table 10
Amount of cement Amount of air
Control Admixture o used | dispersing agent | entraining agent
a) b)
A plain concrete - -
B ENS 0.50 0.008
c MSF 0.60 0.002
1 comparative 0.15 -
Admixture No. (1}
2 comparative 0.15 -
Admixture No. {2}
3 comparative . 0.15 0.011
Admixture No. (3)
4 comparative 0.15 -
Admixture No. (4)
5 comparative . 0.15 0.013
Admixture No. (5)
Remarks: a) Percent by weight of solid content to cement

b) Percent by weight to cement
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Table 11!

Case 154-0244

Slump (cm) / air content (vol$)

frenple lmedistely After 30 min After 60 min After 90 min
after mixing ' ’ *

1 19.0 /7 4.1 19.0 / 3.9 7.5 / 3.7 17.5 7 4.0
2 18.5 /7 3.9 17.0 /7 3.7 16.5 7 3.3 17.0 /7 3.5
3 17.5 /7 4.0 18.5 /7 3.7 18.0 /7 3.8 17.0 /7 3.8
y 19.0 7/ 4.0 17.0 7 3.8 16.5 7 3.8 17.0 / 3.5
5 17.5 /7 4.2 18.0 /7 4.3 17.5 / 4.0 17.0 /7 3.8
6 18.5 / 4.2 17.5 /7 8.1 175 7 3.9 18.0 7 3.7
7 18.5 7 3.7 18.0 / 3.6 17.07/7 3.5 17.5 /7 3.7
8 18.0 / 4.0 18.0 / 4.0 18.5 / 3.8 17.5 / 4.1
9 18.5 / 3.9 18.0 /7 4.1 18.0 / 3.8 17.0 / 3.8
10 19.0 7 4.5 18.0 /7 4.0 17.0 / 4.3 18.5 7 4.2
1 18.5 / 3.8 17.0 7 4.0 18.0 7 3.8 19.5 /7 3.7
12 19.0 7 4.0 17.0 7/ 4.0 18.5 7 4.2 17.0 /7 3.7
13 18.0 /7 4.5 17.0 / 4.0 17.5 7 4.1 17.5 /7 4.4
14 . 19.0 7 4.0 19.0 / 4.0 17.5 7 3.8 17.5 / 3.7
15 18.0 / 4.0 17.0 / 4.3 8.5 /7 3.8 17.0 /7 3.7
16 18.5 7 4.1 19.0 7 4.0 17.5 / 3.8 17.5 /7 3.7
17 18.0 / 4.0 18.0 7 4.0 17.5 /7 3.7 17.5 / 3.8
18 18.5 7 3.9 15.5 / 3.6 17.5 7 3.9 171.5 7 3.7
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Table 12
Slump (ecm) / air content (vol%)
Franpi® ) imedtately After 30 min. | After 60 min, | After 90 min
after mixing * ) )
19 18.5 7 3.9 18.0 7 4.0 18.0 7/ 4.0 17.5 /7 3.8
20 18.0 / 4.1 17.0 7 3.8 17.0 7 3.9 17.5 7 3.6
21 19.0 7 3.8 17.0 7 3.4 17.0 /7 3.7 17.0 / 3.5
22 17.0 / 3.4 20,5 /7 3.7 19.5 / 3.6 19.0 / 3.5
23 17.0 / 3.6 20.0 /7 3.5 19.5 /7 3.6 18.0 /7 3.6
24 17.0 7 3.9 20.0 / 3.9 19.0 /7 4.0 18.5 / 3.7
25 17.0 7/ 4.0 21.0 /7 4.1 19.0 /7 3.7 17.5 /7 3.9
26 19.5 7 4.1 19.0 / 3.7 18.0 /7 3.0 17.5 /7 3.3
27 18.0 / 4.3 18.0 / 4.1 17.0 7 4.2 17.0 /7 3.9
28 18.5 /7 3.7 18.0 /7 3.8 18.5 /7 3.5 17.5 7 3.5
Control
A 19.0 / 2.0 17.5 /7 2.0 15.5 7 1.8 12.5 /7 1.7
B 18.0 / 4.4 10.5 7 4.1 6.5 / 3.8 4.0/ 3.3
c 18.5 / 4.2 9.5 / 4.0 6.5/ 3.9 4.0/ 3.1
1 19.0 7 4.4 19.0 / 4.2 18.0 / 4.4 17.0 / 4.6
2 18.5 7 4.2 18.0 /7 4.3 15.5 7 4.3 17.5 7 4.6
3 18.0 7 3.9 18.5 7 3.9 17.0 7 4.3 16.5 7 4.6
4 18.5 / 4.6 17.5 7 4,5 17.5 7 4.5 17.0 /7 4.7
5 19.0 / 3.7 17.0 /7 4.0 18.6 / 4.5 18.5 7 5.1
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Table 13
_Setting time (hr-min) 28.-Day Comp.
Example Strehgth

Init. Final (kgt/cm?)
1 6-20 8-30 480
2 6-20 8-10 472
3 6-30 8-30 467
4 6-20 8-40 461
5 6-30 8-20 458
6 6-10 8-10 462
7 6-10 - 8-40 ur7 .
8 6-20 8-30 ¥70
9 6-00 8-40 488
10 6-30 8-4o 494
11 5-50 8-10 153
12 6-00 8-50 475
13 6-20 9-00 455
14 6-30 8-50 159
15 6-30 9-10 436
16 6-00 8-30 hr7
17 6-10 8-20 463
18 6-20 9-00 473
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Case 154-0244

Table 14
‘Setting time (hr-min) 28-Day Comp.
Example Strehgth
Init. Final (kgt/em?)
19 6-30 8-10 47y
20 6-20 8-20 59
21 6-20 8-10 462
22 6-50 9-10 468
23 6-40 9-00 373
24 6-50 8-50 461
25 6-50 9-20 456
26 6-30 8-30 479
27 6-10 8-20 459
28 6-20 8-140 162
Control
A 5-40 7-50 329
B 5-30 7-30 4ot
c 5-30 7-40 410
1 6-20 8-20 22
2 6-20 8-10 431
3 6-30 8-30 119
] 6-00 8-30 17
5 6-10 8-20 425
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From Tables 9 to 10, it may be seen that the shelf life of an admixture according to
the invention is considerably improved over the case of the blend of defoaming agent

with a copolymer.

Tables 9 to 14 show that the comparison admixtures (1) and (4) obtained by
polymerization without using a defoaming agent and the comparison admixture (2)
obtained by using 0.005% of the defoaming agent produces an air content of 4.5-5%,
so that dosage must be limited. Moreover, 28-day compressive strength is reduced.
With admixtures according to the invention, air-entraining tendencies are reduced
and adjustment can be made to any air content with an air-entraining agent. Further,
other physical properties are equal to or better than comparison concretes, and it may

particularly be noted that 28 day compressive strengths are greatly increased.

Moreover, comparison admixtures (3) and (5) with added defoaming agents added
to comparison cement dispersing agent (1) show increases in entrained air content
with elapse of time, whereas the air-entraining properties of admixtures according to
the invention are stable with elapse of time and slump loss prevention is also

superior compared with plain concrete, BNS and MSF.

The admixtures according to the invention ameliorate and even eliminate the problem
of the excessive air-entraining properties of conventional polycarboxylic acid base
high range air-entraining, water-reducing agents. They exhibit excellent shelf life and
are capable of entraining suitable amounts of air. Thus, the use of an admixture
according to the invention confers the possibility of preparing cementitious mixtures
such as concrete of good fluidity with a high rate of water reduction, whichon

hardening, will provide a hardened concrete object of high compressive strength.
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Claims:

1. A fluidity-controlling admixture for cementitious compositions, comprising at least

one cement-dispersing agent and at least one defoaming agent, characterised in that
(a) the cement-dispersing agent is an aqueous solution of polymer; and

5 (b) the defoaming agent is oxyalkylene-based and is either dissolved in the polymer
solution or is stably dispersed therein in particles of no more than 20pM diameter.

2. An admixture according to claim 1, wherein the polymer comprises a main

component which is selected from at least one of

(A) a copolymer obtained by polymerising a monomer mixture which comprises

10 an unsaturated carboxylic acid monomer;
(B) the neutralised salt of (A); and

(C) the polymer obtained by crosslinking (A) and/or (B) by means of a cuosslinking

agent.

3. An admixture according to claim 1 or claim 2, wherein the polymeris formed
15 from a monomer mixture which comprises from 5-98% by weight of an alkylene

glycol mono(meth)acrylic acid ester monomer (a) of the formula I

Rz
l .
R-CH=C-COO(R°0),-R* M
20 wherein R' and R? are independently hydrogen or methyl, R? is an alkylene group

of from 2-4 carbon atoms, R* is hydrogen or an alkyl group of 1 to 22 carbon
atoms, and m represents an integer of 1 to 100, and 2 to 95% by weight of a
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(meth)acrylic acid base monomer (b) of the formula (II)

RZ
|
R-CH=C-COOM! (I

wherein R' and R? have the abovementioned significances, and M! is hydrogen,
monovalent metal, divalent metal, ammonium group or an organic amine group,
and 0 to 50% by weight of a monomer (c) capable of being copolymerized with
these monomers, provided that the sum of (a), (b) and (c) shall be 100% by weight.

. An admixture according to claim 1 or claim 2, wherein the polymer is prepared

from a monomer mixture which comprises from 5-98% by weight of a n
alkoxypolyalkylene glycol mono(meth)allyl ether base monomer (d) of the formuh
(1)

RZ
|
R!-CH=C-(CH,),-O-(R°0),-R* (1)

wherein R}, R? R?, R? and m are as hereinabove defined and nis QO or 1, and 2 to

95% by weight of a (meth)acrylic acid base monomer (b) of the formula (IV)

Y Z

|
X-C=C-COOM? av)

wherein X and Y are independently selected from hydrogen, methyl and -COOM?,
or X or Y together with -COOM? form an anhydride ring, Z is selected from
-CH,COOM?, hydrogen or methyl and M? and M® are independently selected from
the significances of M! given hereinabove, an alkyl group of 1-20 carbon atoms, an
alkylene glycol of 2-4 carbon atoms and a polyalkylene glycol of from 2-100 mols
of a glycol adduct, provided that at least one of M?, M® is selected from hydrogen,

monovalent metal, divalent metal, ammonium group and an organic amine group;
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and from 0-50% by weight of monomer (f) capable of copolymerisation with (d)
and (e), (d)+(e)+(f) being 100% by weight.

. An admixture according to claim 1 or claim 2, wherein the polymer is prepared

from a monomer mixture which comprises from 5-98% by weight of at least one
a-olefinic monomer (g) having from 2-12 carbon atoms, from 2-95% by weight of
an ethylenically unsaturated dicarboxylic acid anhydride base monomer (h) and
from 0-50% by weight of monomer (i) copolymerisable with (g) and (h), (@+{h)+j)
being 100% by weight.

. A process of producing an admixture according to any one of claims 2 to 5,

comprising the polymerisation of a monomer mixture which comprises at least one
unsaturated carboxylic acid base monomer in the presence of an oxyalkylene-based

defoaming agent.

. A process of modifying the fluidity of a cementitious composition, comprising the

incorporation into the composition of an admixture according to any one of claims
1-5.

. Use of an admixture according to any one of claims 2 to 5 to modify the fluidity

of a cementitious composition.

This Sheet Has Been Replaced

ARAAIE

REPLACED

THIS SHEET HAS BEEN \




154-0244 40

ABSTRACT

An admixture for modifying the fluidity of a cementitious mixture comprises a
cement-dispersing agent which is an aqueous solution of polymer, in which solution
an oxyalkylene-based defoaming agent is dissolved or dispersed in particles of no
greater that 20pM diameter. The polymer is preferably a polymer which comprises
units derived from unsaturated carboxylic acid monomer and the polymer is
preferably prepared in the presence of the defoaming agent. Particular addition
copolymers give particularly good results. The admixture permits good control of the

fluidity of cementitious compositions and has extended shelf life.
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polyethylene glycol monoallyl ether

o,

Table 1
Reaction composition : numerals in brackets are parts by weight
Admixture No
Example unsaturated carboxylic
charged solvent acid base monomer other monomer other monomer
1 (¢)) water [1695.0] MAA  [250.0] MPEGMMA (n=10) -
[750.0]
2 (2) water [1695.0] AA {200.0] PEGMA (n=25)
[{800.0]
3 3) water [1315.0] MAA [250.0] MPEGMMA (n=25) methyl
[740.0] methacrylate
4 4) water {1695.0] MAA [300.0] PEGMME (n=25)
[700.0]
5 S) water [1800.0] TEGMM [369.6] PEGMAE (n=25)
[630.4]
6 6) water [349.6] MA [687.0] PEGMAE (n=25)
[1648.0]
MAA : methacrylic acid
AA: acrylic acid
TEGMM : tetraethylene glycol monomaleate
MA: maleic acid
MPEGMMA : methoxy polyethylene glycol monomethacrylate
PEGMA : polyethylene glycol monoacrylate \
PEGMME : polyethylene glycol monomethallyl ether
.PEGMAE :
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Monomer mixture is added in 40% aqueous solution and polymerization initiator is added in 5% aqueous solution.

Table 2
Reaction composition : numerals in brackets are parts by weight

Example - . . reaction temperature (°C) molecular weight
defoaming agent (II) polymerization initiator

1 Pluronic L-64 a) ammonium persulfate 95 35000

[7.0) [20.0]

2 polyethylene glycol azobis-2-methyl 80 38000
polypropylene glycol propiomidine 3
nonyl phenyl ether hydrochloride

(5.0 [20.0]

3 oxyethylene
oxypropylene adduct of ammonium persuifate 95 23000
C,; - C,, alcohols {40.0]

(1.0]
4 Surfynol 440  b) . ammonjum persulfate 95 30000 |
[7.01 [20.01
5 polyethylene glycol
polypropylene glycol ammonium persulfate 95 10000
nony! phenyl ether [15.0}
[5.0]
6 oxyethylene
oxypropylene adduct of ammonivm persulfate 95 6000
C,; - C,, alcohols [85.8]
[23.2]
a) polyoxyethylene polyoxypropylene adduct (Asahi Denka K.K.)
b) acetylene alcohol polyoxyethylene adduct (Nisshin Kagaku Kogyo K.K.)
c)

A,
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Table 3 (cont'd)
17 {17 water [2924.0] MAA [215.0] MPEGMMA (n=50) methyl acrylate
[1200.0] [24.0]
18 (18) water [1695.0} MAA [250.0) MPEGMMA (n=10)
[(750.01
19 (19) water {1695.0] MAA (300.0] PEGMAE (n=25)
' [700.0]
20 (20) water [1695.0] MAA [300.0] PEGMAE (n=25)
[700.0]
21 21) water [349.6] MA [687.0] PEGMAE (n=5)
[1648.0]
MA : methacrylic acid
SA: sodium acrylate
MA : maleic acid
MPEGMMA : methoxy polyethylene glycol monomethacrylate
PEGMMA:  polyethylene glycol monomethacrylate
PEGMAE :  polyethylene glycol monoallyl ether
-
7} ;
— \
m—
—
=" |
——
— |
=: |
a J
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Table 4
Example | Reaction composition : numerals in brackets are patts by weight reaction alkaline pH molecular
temperature substance weight
defoaming agent (II) polymerization initiator (°C)
7 Pluronic L-64 a) (7.0 APS {20.0] 95 50% NaOH 8.0 36000
8 PluronicL-64  a) [7.0] APS [38.0] 95 50% NaOH 8.0 40000
9 Pluronic L-64 a) [1.4) APS [38.0] 95 50% NaCH 8.0 39000
10 oxyethylene oxypropylene adduct | APS [33.0] 95 50% NaOH 8.1 37000
of C,,-C,, alcohols [14.0]
11 polyoxyethylene polyoxy-propyl- | APS [22.0] 95 50% NaOH 85 113000
ene nonyl phenyl ether [7.0]
12 Surfynol 440 b) (7.0] APS [26.1] 95 50% NaOH 7.7 53000
13 polyoxyethylene polyoxypropy- APS £31.3] 95 50% NaOH 7.6 34000
lene oleate [7.0]
14 polyoxyethylene polyoxypropyl- APS [12.5] 95 50% NaOH 8.0 16000
ene sorbitan monolaurate [21.0]
15 polyyoxypropylene dodecyl APS [69.5] 95 50% NaOH 8.0 78000
benzene sulfonate [21.0]
16 polyoxyethylene stearate [21.0] APS (38.01 95 50% NaOH 79 19000
17 polyoxyethylene laurylamine APS {33.0] 95 50% NaOH 8.1 32000
(21.0]
18 Pluronic L-64 a) [7.0] APS 20.0] A 30% Ca(OH), 7.5 35000
19 Surfynol 440 b) [7.01 APS [20.0] 95 50% NaOH 7.1 30000
20 Surfynol 440 b) 7.0 APS [20.0] 95 TEA 7.1 30000

R
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Table 7
Number of days elapsed )
Example Admixture used - particle size
immediately 50°C, 50°C, (um)
after | day after 1 month

“ 1 (1) O o o) 13 “
E @ o o 0 17 !|
" 3 &)} O o] (0] 1.3

4 4) O o o) 1.4
B ) o o o 7.)
“ 6 6) o o O 57 1
II 7 M o] (o] (o] 1.8 ~

8 (8) o o O 1.2

9 (¢)] o o) o) 1.2

10 (10) O O o 1.5
" 11 (1) O (o] O 1.3
| 12) o 0 0 L5

13 (13) o o o) 12

14 (14) o) o] o) 1.4

15 5) o (o} o) 1.4
|| 16 (16) o} o} o} 1.5
“ 17 (17 o) ©) o) 1.2
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Table 7 (cont'd)

w ] o o 5 ||
i | o o > y ||
"j 20 (20) o o) o) 1.4

21 @1) o o o 5.7

22 (22) o) o o 1.3

23 (23) (o] (o] (o] 1.3

24 (24) o o] o) 1.4

25 (25) o] o o 5.1

26 (26) o o) o -

27 (27) o o (o) .

28 (28) o) o o -

particle size determination : particle size is not more than 0.1 pm or cannot be determined because of molten state
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Table 8
%w e
) Number of days elapsed
Control Admixture used particle size
immediately 50°C, 50°C (pm)
after I day after 1 month

3 comparative A X X 22
Admixture No. 3)

5 comparative A X X 52
Admixture No, (5)

of
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Table 9
Example Admixture used | Amount of cement Amount of air
dispersing agent entraining agent
a) b)
1 4] 0.15 0.012
2 2) 0.15 0.010
3 ) 0.15 0.005
4 (4) 0.15 0.012
b (5) 0.17 0.011
6 (6) 0.17 0.015
7 ¥} 0.15 0.012
8 ® 0.15 0.010
9 ()] 0.15 0.003
10 (10) 0.15 0.015
11 (11) 0.15 0.008
12 (12) 0.15 0.010
13 (13) 0.15 0.018
14 (14) 0.15 0.020
15 (15) 0.15 0.010
16 (16) 0.15 0.008 i
17 a7 0.15 0.016
18 (18) 0.15 0.012
19 (19) 0.15 0.010
20 (20) 0.15 0.010
21 @n 0.17 0.015
22 (22) 0.18 0.012
23 23) 0.18 0.012
24 (24) 0.18 0.010
25 (25) 0.18 0.015
26 (26) 0.17 0.016
27 27 0.15 0.015
28 (28) 0.12 0.012

5.
i
!
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154-0244 33
Remarks: a) Percent by weight of solid content on cement

Table 10
Control Admixture used Amount of cement Amount of air
dispersing agent entraining agent
a) b)
A plain concrete - -
B BNS 0.50 0.008
C MSF 0.60 0.002
1 comparative 0.15 -
Admixture No. (1)
2 comparative 0.15 -
h Admixture No (3]
3 comparative 0.15 0.011
Admixture No. 3)
4 comparative 0.15 -
Admixture No. 4)
5 comparative 0.15 0.013
Admixmre No. {5

Remarks:

a) Percent by weight of solid content on cement

b) Percent by weight on cement
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Table 11
- Siemp (cm) / air content (vol %)
Example immediately
after mixing After 30 min. After 60 min. After 90 min.
1 19.0/ 4.1 19.0/39 17.573.7 175740
2 18.5/39 17.0/73.37 16.5/33 17.0/3.5
3 175140 18.5/3.7 18.0/3.8 17.0/3.8
4 19.0/4.0 17.0/3.8 165738 17.0/73.5
5 175742 18.0/4.3 175740 17.073.8
6 185742 175/74.1 175439 18.0/3.7
7 185/3.7 18.0/3.6 17.0/3.5 175737
8 18.0/40 18.0 /4.0 18.5/3.8 175741
9 18.5/39 18.0/4.1 18.0/3.8 17.0/3.8
10 19.0/4.5 18.074.0 17.0/43 18.5/4.2
11 185/3.8 17.0/4.0 18.0/738 19.573.7
12 190/4.0 17.0/4.0 185/4.2 17.073.7
13 18.0/4.5 17.0/4.0 175174.1 175744
14 19.074.0 19.0/4.0 17.5/3.8 17.573.7
15 18.0/40 17.0/43 185738 17.0/73.7
16 185741 19.0 /4.0 17.5/38 175737
17 18.0 /4.0 18.0/4.0 175737 1751/3.8
18 185739 15.5/3.6 175739 175739
—_—
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Table 13
Setting time (hr-min) 28-Day Comp.
Strength
Example Init. Final (kgf/cm?)
1 6-20 8-30 480
2 6.20 8-10 472
3 6-30 8-30 467
4 6-20 8-40 461
5 6-30 8-20 458
6 6-10 8-40 462
7 6-10 8-40 477
8 6-20 8.30 470
9 6-00 8-40 488
10 6-30 8-40 494
11 5-50 8-10 453
12 6-00 8-50 475
13 6-20 9-00 455
14 6-30 8-50 459
15 6-40 9-10 486
16 6-00 8-30 477
17 6-10 8-20 463 -
18 6-20 9-00 473
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L Table 14
o Setting time (hr-min) |
28-Day Comp.
Exampie Init. Final strength
(kgflcm?)
19 6-30 8-10 474
20 6-20 8-20 459
21 6-20 8-10 462
22 6-50 $-10 468
23 6-40 9-00 473
P24 6-50 8-50 461
25 6-50 9-20 456
26 | 6-30 8-30 479
n 27 6-10 8-20 459
I 28 6-20 8-40 462
Control
A 5-40 7-50 329
B 5-30 7-30 407
C 5-30 7-40 410
# 1 6-20 8-20 422 )
2 6-20 8-40 431
H 3 6-30 8-30 419 i
4 6-00 8-30 417
ﬂ 5 6-10 8-20 425 ,

—_——
—_—
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FLUIDITY CONTROL OF CEMENTITIOUS COMPOSITIONS

This invention relates to fluidity control of cementitious compositions, to admixtures
for achieving such control and to cementitious compositions comprising such

admixtures.

Water-reducing compositions are widely used in cementitious compositions such as
concrete to reduce the water content (and thereby increase strength) while
maintaining fluidity or "siump"” (so that the compositions can flow easily, for example,
around complicated formwork). Typical water-reducing agents are the so-called
"superplasticisers”, for example, B-naphthalene sulphonate-formaldehyde ("BNS")
condensates and various polycarboxylate-based materials. One of the problems which
water-reducing agents, especially the aforementioned polycarboxylates, can introduce
is the entrainment into the cementitious composition of excessive volumes of air.
While the presence of some air is harmless and even beneficial, excessive air
entrainment leads to reduced strength. Air entrainment can of course be reduced by
reducing the concentration of xx'ater—reducing agent used, but the desired slump
control is then diminished. It has been proposed to use known defoaming agents to
counteract excessive aeration, but this has also often proved unsatisfactory, one
reason being that a mixture of water-reducing agent and defoaming agent, a

commercially desirable package, is usually unstable.

It has now been found that it is pdssible to make an admixture which confers high
slump on cementitious compositions, but without excessive aeration. There is
therefore provided, according to the present invention, a fluidity-controlling
admixture for cementitious compositions, comprising at least one cement-dispersing

"agent and at least one defoaming agent, characterised in that

(a) the cement-dispersing agent is an aqueous solution of polymer; and

LS
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(b) the defoaming agent is oxyalkylene-based and is either dissolved in the polymer

solution or is stably dispersed therein in particles of no more than 20nM diameter.

When the defoaming agent is soluble in the aqueous polymer solution, the admixture
according to the invention is prepared simply by dissolving the defoaming agent in
the solution. When the defoaming agent is not soluble in the solution, it is dispersed
such that the disperse particles are no greater than 20uM in diameter. It is to be
understood here that the use of the word “particle" encompasses not only solid
particulate matter (in which case the diameter referred to is the largest dimension of
the particle) but also droplets of dfspersed liquid, whether of inherently liquid matter

or of dissolved solid material.

The particles are stably dispersed in the solution. By "stably dispersed” is meant that.
when prepared and allowed to stand, a dispersion will remain a dispersion for at
least 24 hours. The reason for this is not fully understood, but it is noticeable that a
dispersion which does not comply with this requirement does not give such good
results in a cementitious composition, even when it is used when it is still a

dispersion, for example, immediately upon preparation or shortly thereafter.

Dispersion of an insoluble defoaming agent is achievable in two ways. The first way
is simple dispersion of the defoaming agent in the solution so that a dispersion of the
appropriate particle size is given. The second way is the dispersion of the defoaming
agent in the presence of polymerisable monomer and polymerisation of the monomer
to give the polymer. It has been found that dispersions prepared in this second
manner give especially good results and are preferred. A further practical advantage
is that the achievement of the desfred small particle size is more easily achievable.

Details of preferred monomer compositions are given hereinunder.

The polymer for use in this invention may be any polymer which is water-soluble
. and which is a water-reducing agent or a cement-dispersing agent. However, it has
been found that certain polymers give especially good results. Thus, in a preferred

admixture, the polymer comprises a main component which is selected from at least
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one of

(A) a copolymer obtained by polymerising a monomer mixture which comprises

an unsaturated carboxylic acid monomer;
(B) the neutralised salt of (A); and

(C) the polymer obtained by crosslinking (A) and/or (B) by means of a aosdinking

agent.

In a preferred embodiment, the monomer mixture comprises from 5-98% by weight

of an alkylene glycol mono(meth)acrylic acid ester monomer (a) of the formula I

R2
l
R-CH=C-COO(R°0),-R* @

wherein R' and R? are independently hydrogen or methyl, R® is an alkylene group of
from 24 carbon atoms, R* is hydrogen or an alkyl group of 1 to 22 carbon atoms, and
m represents an integer of 1 to 100, and 2 to 95% by weight of a (meth)acrylic acid

base monomer (b) of the formula (I

RZ
|
R-CH=C-COOM! (19}

wherein R' and R? have the abovementioned significances, and M' is hydrogen,
monovalent metal, divalent metal, Zmmonium group or an organic amine group, and
0 to 50% by weight of a monomer (c) capable of being copolymerized with these
monomers provided that the sum of (a), (b) and (c) shall be 100% by weight.

In a further embodiment of the invention, said monomer mixture comprises from 5-
98% by weight of an alkoxypolyalkylene glycol mono(meth)allyl ether base monomer
(d) of the formula (III);
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Rz
|
R-CH=C-(CH,),-O-(R°0),,-R* (T

wherein R}, R%, R?, R* and m are as hereinabove defined and nis O or 1, and 2 to 95%

by weight of a (meth)acrylic acid base monomer (b) of the formula (IV)

Y Z

| '
X-C=C-COOM® )

wherein X and Y are independently selected from hydrogen, methyl and -COOM?,
or X or Y together with -COOM? form an anhydride ring, Z is selected from
-CH,COOM?®, hydrogen or methyl and M? and M? are independently selected from
the significances of M’ given hereinabove, an alkyl group of 1-20 carbon atoms, an
alkylene glycol of 2-4 carbon atoms and a polyalkylene glycol of from 2-100 mols of
a glycol adduct, provided that at least one of M?, M® is selected from hydrogen,
monovalent metal, divalent metal, ammonium group and an organic amine group;
and from 0-50% by weight of monomer (f) capable of copolymerisation with (d) and
(e), (d)+(e)+(f) being 100% by weight. '

In a further preferred embodimeﬁt, said monomer mixture comprises from 5-98% by
weight of at least one a;olefirxic monomer (g) having from 2-12 carbon atoms, from
2-95% by weight of an ethylenically unsaturated dicarboxylic acid anhydride base
monomer (h) and from 0-50% by weight of monomer (i) copolymerisable with (g) and
(h), (g)+(h)+(i) being 100% by weight.

Polycarboxylic acid base is a genteral name of a cement-dispersing agent which
contains as a main component a copolymer (A) obtained by polymerising a monomer
mixture containing an unsaturated carboxylic acid base monomer as an essential
component and/ or a copolymer (B) obtained by further neutralizing the copolymer
(A) with an alkaline substance and/or a cross-linked copolymer (C) obtained by post

cross-linking the copolymer (A) by using a cross-linking agent. The unsaturated
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carboxylic acid monomer may include unsaturated monocy

(meth)acrylic acid and monovalent metal salt, divalent metal s3)
an organic amine salt thereof; an unsaturated discarboxylic aciz
fumaric acid, citraconic acid, itaconic acid, etc. and monovaleé
metal salt, ammonium salt, an organic amine salt, anhydride t
of these acids with an aliphatic alcohol having 1 to 20 carbé:
having 2 to 4 carbon atoms or a polyalkylene glycol having 2':

number. One or more of these can be used.

Further preferable monomer mixtures comprise a mixture c‘
preferably 50 to 97%, by weight of an alkylene glycol rno,§
designated by the abovementioned general formula (I), 2 to 95% l

3 to 50% by weight of a (meth)acrylate base monomer (b)'
abovementioned formula (IT) and 0 to 50% by weight, preferably

of monomer (c) capable of being copolymerized with these monc
the sum of (a), (b) and (c) is 100% by weight; a mixture cont.
weight, preferably 50 to 97% by weight of an (alkoxy):
mono(meth)allyl ether base monomer (d) designated by the above::;
formula (), 2 to 95% by weight, preferably 3 to 50% by weigh%
carboxylic acid base monomer (e) designated by the above menﬁor?'
(IV), and 0 to 50% by weight, preferably 0 to 30% by weight of m
of being copolymerized with these monomers, provided that the‘i
(f) is 100% by weight; and a mixture of 5 to 98% by weight, prefe.,{
weight of an o-olefinic monomer (g) having 2 to 12 carbon atoms, }’
preferably 30 to 90% by weight of an ethylenically unsaturated&'
anhydride base monomer (h), and 0 to 50% by weight, preferably (
of monomer (i) capable of being copolymerized with these monomég
the sum of .(g), (h) and (i) is 100% by weight.

Examples of monomer (a) include hydroxyethyl (meth)acrylatézi
(meth)acrylate, polyethylene glycol mono(meth)acrylate, polyr
mono(meth)acrylate, polybutylene glycol mono(meth)acrylate, po‘
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polypropylene glycol mono(meth)acrylate, polyethylene glycol polybutylene glycol
mono(meth)acrylate, polypropylene glycol polybutylene glycol mono(meth)acrylate,
polyethylene glycol polypropylene glycol polybutylene glycol mono(meth)acrylate,
methoxy polyethylene glycol mono(meth)acrylate, methoxy polypropylene glycol
mono(meth)acrylate, methoxy polybutylene glycol mono(meth)acrylate, methoxy
polybutylene glycol mono(meth)-acrylate, methoxy polyethylene glycol polypropylene
glycol mono(meth)acrylate, methoxy polyethylene glycol polybutylene glycol
mono(meth)acrylate, methoxy - polypropylene glycol polybutylene glycol
mono(meth)acrylate, methoxy propyethylene glycol polypropylene glycol
polybutylene glycol mono(meth)acrylate, ethoxypolyethylene glycol
mono{meth)acrylate, ethoxypolypropylene glycol mono-(meth)acrylate,
ethoxypolybutylene glycol mono(methjacrylate, ethoxypolyethylene glycol
polypropylene glycol mono(meth)acrylate, ethoxypolyethylene glycol polybutylene
glycol mono(meth)acrylate, ethoxypolypropylene glycol polybutylene glycol
mono(meth)acrylate and ethoxypolyethylene glycol polypropylene glycol

polybutylene glycol mono(meth)acrylate. More than one such monomer may be used.

Suitable examples of monomer (b) include acrylic and methacrylic acids and their
monovalent metal salts, divalent metal salts, ammonium salts and organic amine salts.

More than one such monomer may be used.

The monomer (c) is a monomer capable of copolymerization with the monomers (a)
and (b). Examples of monomer (c) include esters of aliphatic alcohols of 1 to 20
carbons with (meth)acrylic acid unsaturated dicarboxylic acids of maleic acid, fumaric
acid, citraconic acid, etc., or monoesters or diesters of these acids with aliphatic
alcohols of 1 to 20 carbons or glyctols of 2 to 4 carbons, or polyalkylene glycols of
added mol number 2 to 100 of these glycols, unsaturated amides such as
(meth)acrylamide and (meth)acryl alkylamide, vinyl esters such as viny!l acetate and
vinyl propionate, aromatic vinyls such as styrene, unsaturated sulfonates such as
vinyl sulfonates, (meth)allylsulfonic acid, sulfoethyl(meth)acrylate, 2-(meth)-
- acrylamido-2-methylpropane sulfonic acid and styrene sulfonate, and their

monovalent metal salts, divalent metal salts, ammonium salts and organic amine salts.
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More than one such monomer may be used.

-

Examples of the monomer (d) include alkoxypolylkylene glycol mono(meth)allyl
ether, e.g. polyethylene glycol mono(meth)allyl ether, polypropylene glycol
mono(meth)allyl ether, polyethylene glycol polypropylene glycol mono(methjallyl
ether, polyethylene glycol polybutylene glycol mono(meth)allyl ether, polypropylene
glycol polybuthylene glycol mono(meth)allyl ether, polyethylene glycol polypropylene
glycol polybutylene glycol mono(meth)allyl ether, methoxypolyethylene glycol
mono(meth)allyl ether, methoxypolypropylene glycol mono(meth)allyl ether,
methoxypolybutylene glycol mono(meth)allyl ether, methoxypolyethylene glycol
polypropylene glycol mono(meth)allyl ether, methoxypolyethylene glycol
polybutylene glycol mono(meth)allyl ether, methoxypolyethylene glycol
polypropylene glycol polybutylene glycol mono(meth)allyl ether, ethoxypolyethylene
glycol mono(meth)ally! ether, ethoxypolypropylene glycol mono(meth)allyl ether,
ethoxypolybutylene glycol mono(meth)allyl ether, ethoxypolybutylene glycol
mono(meth)allyl ether, ethoxypolyethylene glycol polypropylene glycol
mono({meth)allyl ether, ethoxypolyethylene glycol polybutylene glycol mono(meth)ally
- ether, ethoxypolypropylene glycol polybutylene glycol mono(meth)allyl ether, and
ethoxypolyethylene glycol polypropyletie glycol polybutylene glycol mono(meth)allyl
‘ether, and an alkoxypolyalkyléhe glycol monocrotyl ether, polyethylene glycol
monocrotyl ether, polyethylene glycol monocrotyl ether, polypropylene glycol
monocrotyl ether, polybutylene glycol monocrotyl ether, polyethylene glycol
polypropylene glycol monocrotyl ether, polyethylene glycol ‘polybutylene glycol
monocrotyl ether, polypropalene glycol polybutylene glycol monocrotyl ether,
polyethylene glycol poleropylehe glycol polybutylene glycol monocrotyl ether,
methoxypolyethylene glycol mohocrotyl ether, methoxypolypropylene glycol
monocrotyl ether, methoxybutylene glycol monocrotyl ether, methoxypolyethylene
glycol polypropylene glycol monocrotyl ether, methoxpolyethylene glycol
polybutylene glycol monocrotyl ether, methoxypolypropylene glycol polybutylene
glycol monocrotyl ether, methoxypolyethylene glycol polypropylene glycol
’ polybutylene glycol monocrotyl ether, ethoxypolyethylene glycol monocrotyl ether,
ethoxypolypropylene glycol monocrotyl ether, ethoxypolypropylene glycol monocrotyl
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ether, ethoxypolybutylene glycol monocrotyl ether, ethoxypolybutylene glycol
monocrotyl ether, ethoxypolyethylene glycol polypropylene glycol monocrotyl ether,
ethoxypolyethylene glycol polybutylene glycol monocrotyl ether, ethoxypolypropylene
glycol polybutylene glycol monocrotyl ether, ethoxypolypropylene glycol
polybutylené glycol monocrotyl ether, and ethoxypolyethylene glycol polypropylene
glycol polybutylene glycol monocrotyl ether. More than one of these monomers may

be used.

Examples of the monomer (e} include an unsaturated monocarboxylic acid and
monovalent metal salt, divalent metal salt, ammonium salt and an organic amine salt
thereof, e.g. acrylic acid and methacylic acid; an unsaturated dicarboxylic acid and
monovalent metal salt, divalent metal salt, ammonium salt, an organic amine salt and
anhydride thereof, e.g., maleic acid, fumaric acid, citraconic acid and itaconic acid; or
a monoester of these acids with an aliphatic alcohol having 1 to 20 carbon atoms or
glycol having 2 to 4 carbon atoms or a polyalkylene glycol having 2 to 100 mols of

these glycols. More than one of these monomers may be used.

Examples of the monomer (f) include ester of an aliphatic alcohol having 1 to 20
carbon atoms and acrylic acid, and a diester of an unsaturated dicarboxylic acid such
as maleic acid, fumaric acid and citraconic acid acids with an aliphatic alcohol having
1 to 20 carbon atoms or glycol having 2 to 4 carbon atoms or a polylkylene glycol
having 2 to 4 carbon atoms or a polyalkylene glycol having 1 to 100 mols of these
glycols; an unsaturated amide such as (meth)acrylamide and (meth)acryl alkylamide,
a vinyl ester such as vinyl acetate and vinyl propionate; an aromatic vinyl such as
styrene; an unsaturated sulfonic acid such as vinyl sulfonic acid, (meth)allyl sulfonic
acid, sulfoethyl (meth)acrylate, 2-(meth)acrylamide-2-methylpropane sulfonic acid and
styrene sulfonic acid and monovalent metal salt, divalent metal salt, ammonium salt

and an organic amine salt thereof. More than one of these monomers may be used.

The monomer (g) may be an unsaturated hydrocarbon having 2 to 12 carbon atoms,
and examples of the monomer (g) include ethylene, propylene, 1-butene, 2-butene,

isobutylene, n-pentene, isoprene, 2-methyl-1-butene, n-hexane, 2-methyl-1-pentene,
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3-methyl-1-pentene, 4-methyl-1-pentene, 2-ethyl-1-butene, diisobutylene, 1,3-
butadiene, 13-pentadiene, 1,3-hexadiene, 1,3-octadiene, 2-methyl-4-dimethyl-1-
pentene, 2-methyl-4-dimethyl-2-pentene. Isobutylene also means return BB containing
isobutylene. Preferably a-olefin having 2 to 8 carbon atoms, especially o-olefin having

4 to 5 carbon atoms is used. More than one kind of these monomers may be used.

Examples of the monomer (h) include maleic anhydride, itaconic anhydride, citraconic
anhydride and mesaconic anhydride,. Maleic anhydride is the preferred monomer
because of its reactivity, quality and lower cost. More than one such monomer may

be used.

Examples of the monomer (i) include (meth)acrylic acid and monovalent metal salt,
divalent metal salt, ammonium salt, and an organic amine salt thereof; an ester of an
aliphatic alcohol having 1 to 20 carbon atoms with (meth)acrylic acid; an unsaturated
dicarboxylic acid such as maleic acid, fumaric acid and citraconic acid, and mono- or
diester of these acids with an aliphatic alcohol having 1 to 20 carbon atoms or glycol
having 2 to 4 carbon atoms or a polyalkylene glycol having 2 to 100 mols of these
glycols; unsaturated amide such as (meth)acrylamide and (meth)acryl alkylamide; a
vinyl ester such as vinyl acetate and vinyl propionate; and aromatic vinyl such as
styrene; an unsaturated sulfonic acid such as vinyl sulfonic acid, (meth)allyl sulfonic
acid, sulfoethyl (meth)acrylate, 2-(meth)acrylamide-2-methylpropane sulfonic acid and
styrene sulfonic acid and monovalent metal salt, divalent metal salt, ammonium salt,

and an organic amine salt thereof. More than one such monomer may be used.

Examples of suitable defoaming agents include polyoxyalkylenes such as
(poly)oxyethylene (poly)oxypropylene ‘(poly)oxyalkylene alkyl ethers such as
diethylene glycol heptyl ether, pol}—roxyethylene oleyl ether, polyoxypropylene butyl
ether, polyoxyethylene polyoxypropylene-2-ethyl hexyl ether, and oxyethylene
oxypropylene adducts of high alcohols of 12 to 14 carbons; polyoxyalkylene
(alkyl)aryl ethers such as polyoxypropylene phenyl ether and polyoxyethylene
nonylphenyl ether; acetylene ethers of alkylene oxide additional polymerized with

acetylene alcohols such as 2,4,7,9-tetramethyl-5-decyn-4,7-dio], 2,5-dimethyl-3-hexyn-
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acetylene alcohols such as 2,4,7,9-tetramethyl-5-decyn-4,7-diol, 2,5-dimethyl-3-hexyn-
2,5-diol, 3-methyl-1-butyn-3-ol; (poly)oxyalkylene aliphatic acid esters such as
diethylene glycol oleic acid ester and ethylene glycol distearic acid ester;
(poly)oxyalkylene sorbitan aliphatic acid esters such as polyoxyethylene sorbitan
monolauric acid ester, and polyoxyethylene sorbitan trioleic acid ester;
(poly)oxyalkylene alkyl (aryl)ether sulfuric acid esters such as polyoxypropylene
methyl ester sodium sulfate and polyoxyethylene dodecyl phenol ether sodium
sulfate; (poly)oxyalkylene alkyl phosphates such as (poly)oxyethylene stearyl
phosphates; and (poly)oxyalkylene alkylamines such as polyoxyethylene laurylamine.
More than one kind of these may be used.

The copolymer (A) is obtained by polymerization of a monomer mixture confaining
an unsaturated carboxylic acid base monomer as hereinabove described. As
previously mentioned, this is preferably carried out in the presence of the defoaming
agent. The proportion of the unsaturated carboxylic acid base monomer in the
mixture is from 2 to 95% by weight; it is essential that this range be adhered to,
otherwise the advantages of the present invention are not given. The proportion is
preferably from 50 to 95% by weight, and more preferably from 3-50% in the cases
of (a),(b),(c) and (c),(d),(e), and from 30-90% in the case of (g),(h),(i).

To manufacture the copolymer (A), the abovementioned monomer mixture is
copolymerized in, when required, the presence of the abovementioned defoaming
agent using a polymerization initiator. The quantity of defoaming agent to be used
is in the range of 0.01 to 10 weight percent of the monomer mixture, preferably 0.05°
to 5 weight percent. When less than 0.01 weight percent of defoaming agent is used,
adjustment of entrained air content of the cement mixture is difficult and a cement
mixture of stable strength cannot be obtained. When the quantity of defoaming agent
used exceeds 10 weight percent, the performance of' the admixture obtained is

reduced and a cement mixture of good fluidity cannot be obtained.

The copolymer (A) may be synthesised by known methods such as solution

polymerization or bulk polymerization.
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polymerization or bulk polymerization.

Solution polymerization may be done by a batch or a continuous process. Solvents
which may be used include water, alcohols such as methyl alcohol, ethyl alcohol and
isopropyl alcohol, aromatic or aliphatic hydrocarbons such as benzene, toluene,
xylene, cyclohexane, and n-hexane and ketone compounds such as acetone and
methyl ethyl ketone. For solubility of both the monomers and the resultant
copolymer (A), it is desirable to use at least 1 solvent selected from the group
consisting of water and lower alcohols of 1 to 4 carbon atoms. Methyl, ethyl and

isopropyl alcohols are especially effective alcohols.

When the polymerization is carried out in an aqueous liquid, water-soluble
polymerization initiators such as ammonium persulfate, sodium persulfate, hydrogen
peroxide and azoamidine compounds such as azobis-2-methyl propionamide
hydrochloric acid salt may be used. Accelerators such as sodium hydrogen sulfite
may be used in combination with these initiators. Further, in polymerization with
a lower alcohol, an aromatic hydrocarbon, an aliphatic hydrocarbon, an ester
compound or a ketone compound as the solvent, peroxides such as benzoyl peroxide
and lauroyl peroxide; hydroperoxides such as cumene hydroperoxide; and azo
compounds such as 2,2-azo-bis-isobutryonitrile may be used as polymerization
initiators. In this case, it is possible to use accelerators such as amine compounds in
combination. Further, in the event of using a water-lower alcohol solvent mixture,
one of the various polymerization initiators or combinations of polymerization
initiator and accelerator may be selected as suited and used. The polymerization
temperature may be selected as required according to the solvent and polymerization

initiator, but normally, the polymerization is carried out in the range of 0° to 120°C.

Bulk polymerization is carried out using peroxides such as benzoyl peroxide and
lauroyl peroxide, hydroperoxides such as cumene hydroperoxide and aliphatic azo
compounds such as 2,2"-azo-bis-isobutyronitrile as polymerization initiators and in a

| temperatures range of 50 to 200°C.
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The copolymer (A) obtained in this manner can be used as prepared as the main
ingredient of a fluidity-controlling admixture according to the invention. The
copolymer (B) obtained by further neutralizing copolymer (A) with an alkaline
substance as necessary may also be thus used, as may a crosslinked copolymer (C).
Alkaline substances particularly suitable for neutralisation include hydroxides of
monovalent metals and divalent metals, inorganic salts of sulfates and carbonates

ammonia and organic amines.

Further, although the cross-linking agent may be selected from any suitable
crosslinked agent capable of reactions with a functional group such as carboxyl
group, hydroxyl group, amino group, sulfonic acid group, etc. contained in the
copolymer (A), a cross-linking agent which has at least one divalent group designated
by the following general formula (V)

_<R5_ﬁ.0.R§_)_

wherein R’ and R® are indepenciéntly selected from the group consisting of
f‘] T’i
-CH,-, -CHL-, —-@— , cI: and -CH,,CHL,

RE

wherein R6 is

OH

-CH,CH-,
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R® may be unnecessary, and R’ and R® are independently alkyl group of 1 to 5 carbon
atoms, as a structural unit and/or can be formed is preferable. Examples of these
cross-linking agents include polyvalent glycidyl compounds such as ethylene glycol
diglycidyl ether, polyethylene glycol diglycidyl ether, glycerol polygiycidyl ether,
diglycerol diglycidyl ether, polyglycerol polyglycidyl ether, sorbitol polyglycidyl
ether, pentaerythritol polyglycidyl ether, propylene glycol diglycidyl ether,
polypropylene glycol diglycidyl ether, resorcin diglycidyl ether, 1,6-hexanediol
diglycidyl ether, adipic acid diglycidy! ester, s-phtalic acid diglycidyl ester, etc.

It is desirable that the weight average molecular weight (hereinafter "M,") of
copolymer (A) (either as such or as the raw material of copolymer (C)) and copolymer
(B) lie in the range of 500 to 500,000. When the monomer mixture comprises
monomers (a), (b) and (c), M,, lies preférably in the range of 5,000-500,000, when the
mixture comprises monomers (d), (e) and (f) or monomers (g), (h) and (i), it lies
preferably in the range 500-100,000. If M, is less than 500, the water-reducing
capability and slump loss prevention capability of the cement dispersing agent are
reduced. When M, exceeds 500,000, the water-reducing capability of the cement

dispersing agent is reduced.

The copolymer (A) and/or the cc;polymer (B) and/or the crosslinked copolymer (C)
may be used as a cement dispersing agent in an admixture according to the invention
in the form of an aqueous solution or an aqueous emulsion and the air-entraining
property in a cementitious mixture such as concrete may be adjusted arbitrarily by
suitably adjusting the variety and/or dosage of the defoaming agent used. Further,
with (A) and/or (B) and/or (C) as main ingredient, it is permissible to use the
admixture according to the inventioft in combination with another known admixtures.
Examples of such cement admixtures include conventional cement dispersing agents,
air-entraining agents, cement wetting agents, expansion a‘gents, waterproofing agents,

retarding agents, quick-setting agents, water-soluble polymeric substances, thickeners,

_coagulants, drying shrinkage reducing agents, strength increasing agents and

hardening accelerators.
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The admixture of the invention may be used with hydraulic cements such as portland
cement, high alumina cement and various blended cements or hydraulic materials

other than cement, such as gypsum.

The admixture of this invention gives excellent performance even when relatively
small quantities compared with conventional dispersing agents are used. For example,
when used in mortars or concretes containing hydraulic cement, quantities used are
typically from 0.01 to 1.0%, preferably from 0.02 to 0.5% by weight of cement.
Various desirable effects such as increase in slump, reduction in unit water content,
increase in strength and improvement in durability are brought about by such
addition. With less than 0.01% addition, the performance is inadequate, whereas,
when a large quantity in excess of 1.0% is used, the results are no better and costs

more. It has the additional advantage of long shelf stability.

The invention therefore also provides a process. of modifying the fluidity of a
cementitious composition, comprising the incorporation into the composition of an
admixture as hereinabove described. The use of an admixture as hereinabove

described to modify the fluidity of a cementitious composition is also provided.

The invention is further described with reference to the following examples. In the
examples, unless otherwise stated, "percent” and "part" shall indicate "weight percent"

d "part by weight" respectively.

Example 1 for manufacturing Admixture No. 1

,
1695 parts of water is introduced in a glass reaction vessel equipped with a
thermometer, a stirrer, a dropping funnel, a nitrogen introduction tube, and a reflux
condenser, and the interior of the reaction vessel is purged with nitrogen while
stirring and heating to 95°C is carried out under a nitrogen atmosphere. An aqueous
‘solution of monomer comprising 750 parts of methoxy polyethylene glycol

monomethacrylate (average mol addition number of ethylene oxide, 10), 250 parts of
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methacrylic acid, 7 parts of “Pluronic” (trade mark) L-64 (polyoxyethylen;-
polyoxypropylene adduct manufactured by Asahi Denka Kogyo KK) as oxyalkylene
base defoaming agent, and 1500 parts of water, and 672 parts of a 5% ammonium
persulfate aqueous solution is then drip-fed for 4 hours, and after completion of
dropping, 168 parts of 5% ammonium persulfate is further drip-fed for 1 hour. The
temperature is then maintained at 95°C for 1 hour to complete the polymerization
reaction. An admixture of the present invention comprising an aqueous solution of

a copolymer of Mw 35,000 is obtained.
Examples 2 to 5 for Manufacturing Admixtures Nos. (2) to (5).

Admixtures (2} to (5) of the present invention comprising the copolymer (A)
manufactured by operations similar to those in Example 1 are summarized in Tables
1and 2.

Example 6 for manufacturing Admixture No. 6.

349.6 parts of water, 1648 parts of.polyethylene glycol monoallyl ether (ave'r‘a-ge. r;iol
addition number of ethylene oxide, 5) and 23.2 parts of oxyethylene oxypropylene
adduct to Cy,-C,, alcohols as ox}alkylepe base defoaming agent in a glass reaction
vessel equipped with a thermometer, a stirrer, a dropping funnel, a nitrogen
introduction tube and a reflux condenser, and the interior of the reaction vessel is
purged with nitrogen while stirring, and heating was carried out to 95°C under a
nitrogen atmosphere. A monomer/polymerization initiator mixture aqueous solution
comprising 687 parts of maleic acid, 1030 parts of water and 57.2 parts of 5%
ammonium persulfate aqueous sélution is then drip-fed for 2 hours, and after
completion of dropping, 527 parts of 5% ammonium persulfate aqueous solution is
dropped for 1 hour. The temperature is then maintained at 95°C to complete the
polymerization reaction. The result is an admixture (6) of the present invention

comprising an aqueous solution of a copolymer of average molecular weight of 6,000.
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Admixture (7) of the present invention is obtained by drip-feeding 185 parts of 50%

NaOH aqueous solution into the admixture (1) obtained in Example 1, this bringing
it to pH 8.

Examples 8 to 21 for manufacturing Admixtures Nos. (8)-(21).

Admixtures (8) to (21) comprising the copolymer (B) of the present invention obtained

in a similar method to Example 7 are summarized in Tables 3 and 4.
Examples 22 for manufacturing Admixture No. (22)

5000 parts of 20% admixture aqueous solution (solids content: 1000 parts) obtained
in Example 1 is introduced into a glass reaction vessel equipped with a thermometer,
a stirrer, a nitrogen introduction tube and a reflux condenser, and heating to 95°C is
carried out. 35 parts of o-phthalic acid diglycidyl ester is then added. The temperature
is maintained at 95°C for 3 hours to complete the cross-linking reaction and the result

is admixture (22) comprising a cross-linked copolymer aqueous solution.
Examples 23 to 25 for manufacturing Admixtures No. (23) to (25).

Admixtures Nos. (23) to (25) of the present invention comprising the cross-linked
copolymer (C) of the present invention manufactured by a similar method to Example

22 are summarized in Table 5.

Example 26 for manufacturing Admixture No. (26)

’
420 Parts of 1-hexane, 490 parts of maleic anhydride, 9.1 parts of oxyethylene
oxypropylene adduct of C,,-C,, alcohols, 27 parts of azobisisobutylonitrile and 2730
parts of toluene are introduced in a glass reaction vessel equipped with a
thermometer, a stirrer, a dropping funnel, a nitrogen introduction tube and a reflux
condenser, and the interior is purged with nitrogen under stirring. After reacting at

80°C for 7 hours under nitrogen atmosphere, and precipitated while polymer was
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collected and dried. 2500 Parts of 10% aqueous sodium hydroxide solution is édded
into 644 parts of the copolymer thus obtained and heated at 90°C under stirring to
obtain an admixture (26) of the present invention comprising a copolymer of average

molecular weight of 6100.
Examples 27 to 28 for manufacturing Admixtures Nos. (27) to (28)
Admixtures (27) to (28) of the present invention comprising the copolymer (B) of the

present invention manufactured by a similar method to Example 26 are summarized
in Table 6.
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Reaction composition : numerals in brackets are parts by weight
E e - Admixture No
xample unsaturated carboxylic
charged solvent acid base monomer other monomer other monomer
! m water [1695.0) MAA  (250.0] MPEGMMA (n=10)
(750.0)
2 (2) water [1695.0) AA {200.0] PEGMA (n=25)
N {800.0}
3 (53‘ water [1315.0] MAA {250.0 MPEGMMA (n=25) methy|
[740.0) methacrylate
4 4) water [1695.0) MAA (300.0] PEGMME (n=25)
{700.0}
5 5 water [1800.0] TEGMM [369.6} PEGMAE (n=25)
[630.4)
6 . (6) water [349.6) MA [687.0] PEGMAE (n=25)
[1648.0]
MAA : methacrylic acid
AA: acrylic acid
TEGMM : tetraethylene glycol monomaleate [
MA : maleic acid 2
MPEGMMA : methoxy polyethylene glycol monomethacrylate —— a ’
PEGMA : polyethylene glycol monoacrylate —— 5 |
PEGMME : polyethylene glycol monomethally! ether — é
PEGMAE :  polyethyiene glycol monoally! ether — £
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Table 2

Reaction composition : numerals in brackets are parts by weight

reaction temperature (°C)

molecular weight

i,

Example .
defoaming agent (II) poly merization initiator
t Pluronic L-64 a) ammonium persulfate 95 35000
(7.0} {20.0)
2 polyethylene glycol azobis-2-methyl 80 38000
polypropylene glycol propiomidine
nonyl phenyl ether hydrechloride
(5.0 [20.0}
3 -oxyethylene
oxypropylene adduct of ammonium persulfate 95 23000
C,; - C,, aicohols {40.0) 5
+ [10]
4 Surfynol 440  b) ammonium persulfate 95 30000
(7.0 (20.0]
5 polyethylene glycol
polypropylene glycol ammonium persulfate 95 10000
nony! pheny! ether {15.0}
[5.0)
6 oxyethylene
oxypropylene adduct of ammonium persulfate 95 6000
Clz - C“ ﬂlCOhOIS [85-8]
23.2] _ | [
a) polyoxyethylene polyoxypropylene adduct (Asahi Denka K.K.)
b) acetylene alcohol polyoxyethylene adduct (Nisshin Kagaku Kogyo K.K.)
c) Monomer mixture is added in 40% aqueous solution and polymerization initiator is added in 5% aqueous solution,
i
'
4
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Table 3

Reaction composition : numerals in brackets are parts by weight

Example Admixture No,
unsaturated carboxylic
charged solvent acid base monomer other monomer other monomer
7 %)) water [1695.0] MAA  [250.0} MPEGMMA (n=10)
{750.01
8 (8) water [2838.0] MAA {239.0} MPEGMMA (n=25)
{1200.0}
9 )] water [2838.0] MAA {239.01 MPEGMMA (n=25)
- ' {1200.0]
to (10) water [2931.0] MAA (239.0] MPEGMMA (n=50)
(1200.0]
8 an water [3158,0) MAA {239.0] MPEGMMA (n=50)
{1200.0]
12 (12) water {3077.0) MAA (177.0 MPEGMMA (n=50)
_ {1262.0)
13 (13) water {2972,0) MAA {239.0] MPEGMMA (n=75).
{1200.0}
14 (t4) water [3334.0) SA {288.0] MPEGMMA (n=50)
[1151.0)
15 (15) water [2195.0] MAA [239.0} PEGMMA (n=5)
{1200.0) f
16 (16) water {2823.0] MAA [239.0] MPEGMMA (n=50) sodium sulfocthacrylate
[1080.0) [120.0) :
. |
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Table 3 (cont'd)

17 (17) water [2924.0] MAA [215.0) MPEGMMA (n=50) methyl acrylate
(1200.0] [24.0)
18 (18) water [1695.0) MAA [250.0) MPEGMMA (n=10)
(750.0]
19 (19) water [1695.0) MAA {300.0) PEGMAE (n=25)
(700.0}
20 20 water {1695.0) MAA {300.0) PEGMAE (n=25)
’ {700.0)
21 (1) water [349.6] MA [687.0) PEGMAE (n=5)
[1648.0]
MA : methacrylic acid
SA: sodium acrylate N
MA . maleic acid =
MPEGMMA : methoxy polycthylene glycol monomethacrylate
PEGMMA:  polyethylene glycol monomethacrylate
PEGMAE :  polyethylene glycol monoallyl ether =
—
3 ——F
7 == r
A — l 8
N B == g Ll e |2
s == o |3
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Table 4

Example { Reaction composition : numerals in brackets are parts by weight reaction alkaline pH molecular
. temperature substance weight

defoaming agent (II) polymerization initiator (°C)

7 Pluronic L-64 a) (7.01 APS {20.0} 95 50% NaOH 8.0 36000

8 PluronicL-64  a) {7.0) APS [38.0} 95 50% NaOH 8.0 40000

9 Pluronic L-64  a) (1.4) APS [38.0) 95 50% NaOH 8.0 39000

10 oxyethylene oxypropylene adduct | APS (33.0) 95 50% NaOH 8.1 37000
of C,,-C,, alcohols [14.0]

11 polyoxygthylene polyoxy-propyl- APS [22.0) 95 50% NaQH 8.5 113000
ene nonyl pheny! ether (7.0]

12 Surfynol 440 b) (7.0 APS [26.1) o5 50% NaOH 1.7 53000

13 polyoxyethylene polyoxypropy- APS [31.3) 95 50% NaOH 7.6 34000
lene oleate [7.0]

14 polyoxyethylenc polyoxypropyl- APS [12.5) 95 50% NaOH 8.0 16000
ene sorbitan monolaurate [21.0]

15 “polyyoxypropylene dodecyl APS [69.5) 95 50% NaOH 8.0 78000
brnzene sulfonate (21.0]

16 polyoxyethylene stearate {21.0} APS [38.0) 95 50% NaOH 1.9 19000

17 polyoxyethylene laurylamine APS [33.0) 95 50% NaOH 8.1 32000

(21.0}

18 Pluronic L-64 a) [7.0] APS [20.0) 95 30% Ca(OH), 1.5 35000

19 Surfynol 440 b) {7.0) APS [20.0) 95 50% NaOH 7.1 30000

20 Surfynol 440 b) [7.0) APS (20.0) 95 TEA 7.1 30000

(44

W,

paoerdoy uoag sepy &

1l

|

]

I

966L AONO &

133HS IN3IW30V1d3Y




AoV 14y
NHHE SYH LA9HS SIHL

Il

i

paderdoy uoag sep] 199YS 1],

Table 4 (cont'd)

21

oxyethylene oxypropylene adduct | APS
of C,,-C,; alcohols  (23.2]

(85.8) 95 50% NaOH 7.8 6000

a)
b)
c)

polyoxyethylene polyoxypropylene adduct (Asahi Denka K. K.)
acetylene alcoho! polyoxyethylene adduct (Nissin Kagaku Kogy K.K.) '
Monomer mixture is added in 40% aqueous solution and polymerization initiator is added in 5 % aqueous solution.

"~ APS ; ammonium persulfate

TEA : triethanolamine

"
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Table 5

Reaction composition : numerals in brackets are parts by weight

Molccular
Example Admixture Reaction weight after
No. copolymer (A) cross-linking agent ;ggfcmwrc cross-linking
22 (22) Admixture No. (Nw; 35000) o-phthalic acid diglycidy! ester 95 220000
23 (23) Admixture No. (1. polyethylene glycot diglycidyl 95 300000
[Nw; 35000] ' cther (n=9)
24 (24) Admixture No. (4) 1,6-hexanediol diglycidy! ether 95 200000
{Nw; 38000]
25 (25) Admixture No. (6) adipic acid diglycidy! ester 95 150000

{Nw; 6000]
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Table 6

Cement

Reaction composition : numerals in brackets are parts by weight

14

Example Dispersing agent
charged solvent unsaturated
carboxylic acid other monomer other monomer
base monomer
26 (26) 'toluene maleic anhydride | 1-hexene
(2730] 1490} [420]
27 (27) methy! ethy! maleic anhydride | isobutyience styrenc
"> ketone {686] [364) [52)
[2571)
28 (28) toluene maleic anhydride | methoxy-
(2745] {147) polycthylene
glycol allyl ether
(768]
Reaction composition ; numerals in brackets are parts by weight
reaction molecular
Example defoaming agent (1I) polymerization initiator temperature (°C) | weight
26 oxyethylenc oxypropylenc adduct of | AIBN 80 5200
C,; - C,, alcohols [9.1) (27.0}
27 polyoxyethylene laurylamine AIBN 80 6000
[5.5) [(10.0]
28 polyoxyethylenc polyoxypropylene butyl peroxide 90 9000
adduct (6.4] (10.0}
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Control 1 for manufacturing Comparison Admixture (1)

1695 Parts of water is introduced into a glass reaction vessel equipped with a thermometer,
a stirrer, a dropping funnel, a nitrogen introduction tube, and a reflux condenser, and the
interior of the reaction vessel is purged with nitrogen while stirring, and the mixture is heated
to 95°C under a nitrogen atmosphere. A monomer aqueous solution comprising 800 parts of
methoxy polyethylene glycol monomethacrylate (average mol addition number of ethylene
oxide, 10) 200 parts of methacrylic acid, and 1500 parts of water, and 672 parts of a 5%
ammonium persulfate aqueous solution are respectively drip-fed for 4 hours, and after
competion of feeding, 168 parts of 5% ammonium persulfate is added over a period of 1 hour.
The temperature is maintained for 1 hour at 95°C to complete a polymerization reaction. A
comparison admixture (1) comprising an aqueous solution of a copolymer of average

molecular weight of 35,000 is obtained.
Control 2 for manufacturing Comparison Admixture No. (2)

1695 parts of water is introduced into a glass reaction vessel equipped with a thermometer,
a stirrer, a dropping funnel, a nitrogen introduction tube, and a reflux condenser, and the
interior of the reaction vessel is purged with nitrogen while stirring, and the mixture is heated
to 95°C under a nitrogen atmosphel:e;. A monomer aqueous solution comprising 800 parts of
methoxy polyethylene glycol monomethacrylate (average mol addition number of ethylene
oxide, 10), 200 parts of methacrylic acid, 0.005 parts of "Pluronic” L-64 (polyoxyethylene-
polyoxypropylene adduct) as oxyalkylene base defoaming agent, and 1500 parts of water, and
672 parts of a2 5% ammonium persulfate aqueous solution are respectively dip-fed for 4 hours,
and after completion of feeding, 168 parts of 5% ammonium persulfate is added over a period
at 1 hour. The temperature is maintaified at 95°C for 1 hour to complete a polymerization
reaction. A comparison admixture (2) comprising an aqueous solution of a copolymer of M,,

35,000 is obtained.
Control 3 for manufacturing Admixture No. (3)

To 100 parts of comparison admixture No. (1) obtained in Control 1, 0.1 part of
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4
.

polyoxyethylene polyoxypropylene nonyl phenyl ether as a polyoxyalkylene base defoaming

agent is added to obtain a comparison cement dispersing agent (3).
Control 4 for manufacturing Comparison Admixture No. (4)

349.6 parts of water and 1648 parts of polyethylene glycol monoallyl ether (average mol
addition number of ethylene oxide, 5) are-introduced into a glass reaction vessel equipped
with a thermometer, a stirrer, a dropping funnel, a nitrogen introduction tube and a reflux
condenser, and the interior of the reaction vessel is purged with nitrogen while stirring, and
the mixture is heated to 95°C under a nitrogen atmosphere. A monomer/polymerization
initiator mixture aqueous solution comprising 687 parts of maleic acid, 1030 parts of water
and 57.2 parts of ammonium persulfate is dip-fed for 2 hours. After completion of feeding,
527 parts of 5% ammonium persulfate aqueous solution is added over a period of 1 hour. The
temperature is maintained at 95°C for 1 further hour to complete the polymerization reaction.
A comparison admixture (4) comprising an aqueous solution of a copolymer of Mw 6,000 if

obtained.
Control 5 for manufacturing Admixture No. (5)

A comparison admixture (5) is obtained by mixing 0.1 part of oxyethyleneoxypropylene
adduct of C,,-C,, alcohol as a polyalkylene base of defoaming agent to the comparison
admixture No. (4) obtained in Control 4.

(Test of storage stability)

The 28 varieties of cement dispersing agent of the invention shown in Tables 1 to 6 are left
standing at 50°C and the storage stability is investigated by visually observing degrees of
compatibility. Further, for purposes of comparison, tests are also made of the comparison
cement dispersing agent (3) obtained in Control 3 and comparison cement dispersing agent
(5) obtained in Control 5. The particle size of the defoaming agent is determined by using a

laser diffraction type particle distribution meter (microtruck FRA). The results of these tests

are given in Tables 7 and 8. —
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Further, evalution of compatibilities are as follows:

O: Uniformly compatible or stable dispersion
A:  Not compatible or unstable dispersion

X: Separated into two layers
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Table 7 (cont'd)

18

(18)

o o o) 1.3
19 . (19) o o} o) 1.4
20 (20) o o} o} 1.4
21 (1)) o] o o 5.7
22 " (22) o o o 13
23 (23) o o} o 1.3
2 (24) o o o 1.4
25 (25) 0 0 o} 5.7
26 (26) o) e} o ]
21 27 O o} o) ;
28 (28) o o} o A

particle size determination : particle size is not more than 0.1 um or cannot be determined because of molten state
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Table 8

Number of days elapsed

Control Admixture used particle size
immediately 50°C, 50°C (nm)
after ! day after ! month
3 comparative A X X 2.2
Admixture No. 3)
5 comparative A X X 52

Admixture No. (5)
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The cement used was ordinary portland cement (blend of equal amounts of 3 brands, specific
gravity: 3.16), the fine aggregate was a blend of Oi River System pit sand and Kisarazu
mountain sand (specific gravity 2.62, FM 2.71) and coarse aggregate was Ohme, Tokyo

graywacke crushed stone (specific gravity 2.64, MS 20mm).

The 28 varieties of the admixture according to the invention listed in Tables 1-6 and for
comparison the comparison admixtures (1) to (5) and naphthalene sulfonate-formalin
condensate (BNS) and melamine sulfonate-formalin condensate (MSF) are tested. As the
comparative admixtures (1), (2) and (4) possess air-entraining properties, adjustments of
entrained air contents using air-entraining agents are not made, while for the other admixtures
of the invention (1)-(17) and the comparison admixtures (3) and (5) and for BNS and MSF,
a commercial air-entraining agent ("Pozzolith" (trade mark) No. 303A manufactured by NMB
Ltd.) is used in the dosages listed in Tables 9 and 10 to make adjustments of entrained air

contents as suited

The mix proportions for plain concrete without admixture according to the invention are unit
cement content 320kg/m’, unit water content 203kg/m’ (water/cement ratio 0.634) and sand-
aggregate ratio 49%, while the proportions for concrete using with the admixture are unit
cement content 320kg/m’, unit water content 166kg/m* (water-cement ratio 0.519), and sand-

aggregate ratio 47%

Concretes are manufactured under the conditions mentioned above, time-dependent changes
in slump values and air content are measured and slump losses and air-entraining properties
are evaluated. The time of setting and 28 day age compressive strength of concrete are also

measured. B

Measuring slump, air content, compressive strength and time of setting and the method of
collecting compressive strength specimens are all adaptations of Japan Industrial Standards

(JIS A 1101, 1108, 1128, 1132, 6204)
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Table 9
Example Admixture used | Amount of cement Amount of air
dispersing agent entraining agent
a) ~b)
1 (1) 0.15 0.012
2 (2 0.15 0.010
3 3) 0.15 0.005
4 4 0.15 0.012
5 (&) 0.17 0.011
6 6) 0.17 | 0.015
7 ) 0.15 0.012
8 (&) 0.15 0.010
9 9 G.15 0.003
10 (10) 0.15 0.015
1 1) 0.15 0.008
12 (12) 0.15 0.010
13 (13) 0.15 0.018
14 14) 0.15 0.020
15 (15) 0.15 0.010
16 (16) 0.15 ' 0.008 _
17 ' . an 0.15 0.016
18 (18) 0.15 0.012
19 (19) 0.15 0.010
20 (20) 0.15 0.010
21 (1) 0.17 0.015
22 (22) . 018 0.012
23 (23) 0.18 0.012
24 (24) 0.18 0.010
25 (25) 0.18 - 0.015
26 (26) 0.17 0.016
Ll (27) 0.15 0.015
28 (28) 0.12 0.012

Remarks: a) Percent by weight of solid content on cement
b) Percent by weight on cement
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Table 10
Control Admixture used Amount of cement Amount of air
dispersing agent entraining agent
a) b)
A plain concrele - .
B BNS 0.50 0.008
c MSF 0.60 0.002
1 comparative 0.15 -
Admixture No. (1)
2 comparative 0.15 -
Admixture No (2)
3 comparative Q.15 0.011
Admixture No. (3)
4 comparative 0.15 -
Admixture No. )
‘5 comparative 0.15 0.013
Admixture No. {5)

Remarks: a) Percent by weight of solid content on cement
b} Percent by weight on cement
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Table 11
Slump (cm) / air content (vol %)
Example immediately
after mixing After 30 min. After 60 min. After 90 min.
1 15.0/ 4.1 19.0739 127.5/3.7 175740
2 185739 17.073.7 165733 17.073.5
3 175/ 4.0 18.573.7 180738 17.0/3.8
4 19.0/4.0 17.0/3.8 16.5/3.8 170735
5 175742 180743 1757140 17.0/3.8
6 1857422 17.574.1 175739 180737
7 185173.7 18.073.6 170735 1757137
8 18.0/74.0 18.0/4.0 18.5/73.8 175741
9 185739 18.074.1 180/3.8 17.0/38
10 19.074.5 18.0/4.0 170743 185742
11 185738 17.0/4.0 180/3.8 195173
12 19.0/4.0 17.0/4.0 185742 170737
13 18.0/4.5 170740 17.574.1 17.5/74.4
14 19.074.0 190740 175738 17.573.7
15 18.0/4.0 170743 18.5/3.8 170133
16 18.5/4.1 19.0/7 4.0 175738 175737
17 18.0/4.0 180/74.0 175737 175738
18 185739 155736 175739 17.513.7
T
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Table 12
Slump (cm) air content (vol %)
Example immediately After 30 min. After 60 min. After 90 min.
after mixing

19 185/39 18.0/4.0 18.074.0 175738

20 18.0/4.1 17.07/3.8 170/39 17.5/3.6

2] 19.0/38 17.0/3.4 170137 170/35

22 - 17.0/34 2051737 195736 190/35

23 17.0/ 3.6 20.0/35 195736 18.0/3.6

24 170/39 20.0/739 19.074.0 18573.7

25 17.074.0 21.0/74.1 19.073.7 175739

26 1951741 19.0/3.7 18.073.0 175733

27 180743 18.0/4.1 17.074.2 1707359

28 18573.7 18.0/3.3 18.5/35 175735

Control

A 19.0/2.0 175720 155718 1251717

B 180/44 10.5/4.1 6.5/38 40/33

C 185742 95740 65739 - 4.0/73.1

1 190744 4190742 180744 170746

2 185742 18.0/4.3 1551743 17514.6

3 18.0/739 185739 170743 16.574.6 i
4 185746 175745 175745 17.07 4.7

5 19.0/3.7 17.0/4.0 186/4.5 185/5.1

e
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Table 13
Setting time (hr-min) 28-Day Comp.
Stength
Example Init. Final (kgffcm?)
1 6-20 8-30 480
2 6.20 8-10 472
3 6-30 8-30 467
4 6-20 8-40 461
5 6-30 8-20 458
6 6-10 8-40 462
7 6-10 8-40 477
8 6-20 8.30 470
9 6-00 8-40 488
10 6-30 8-40 494
11 5-50 8-10 453
12 6-00 8-50 - .. 475
13 6-20 9-00 455
14 6-30 8-50 459
15 6-40 ' 9-10 486
16 600 8-30 a1
17 6-10 8-20 463 -
18 _ 6-20 9-00 473
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Table 14
Setting time (hr-min)
28-Day Comp.
Example Init. Final strength
(kgflem?)
19 6-30 8-10 474
20 6-20 B 8.-'26 459
21 6-20 8-10 462
22 6-50 9-10 468
23 6-40 $-00 473
24 6-50 8-50 461
25 6-50 9-20 456
26 6-30 8-30 479
27 6-10 8-20 459
28 6-20 8-40 462
Control
A 5-40 7-56 329
B 5-30 7-30 407
C 5-30 - 7-40 410.
1 6-20 8-20 422
2 6-20 8-40 431
3 6-30 8-30 419
4 6-00 8-30 417
5 6-10 8-20 425
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From Tables 9 to 10, it may be seen that the shelf life of an admixture according to the
invention is considerably improved over the case of the blend of defoaming agent with a

copolymer.

Tables 9 to 14 show that the comparison admixtures (1) and (4) obtained by polymerization
without using a defoaming agent and the comparison admixture (2) obtained by using 0.005%
of the defoaming agent produces an air content of 4.5-5%, so that dosage must be limited.
Moreover, 28-day compressive strength is reduced. With admixtures according to the
invention, air-entraining tendencies are reduced and adjustment can be made to any air content
with an air-entraining agent. Further, other physical properties are equal to or better than
comparison concretes, and it may particularly be noted that 28 day compressive strengths are

greatly increased.

Moreover, comparison admixtures (3) and (5) with added defoaming agents added to
comparison cement dispersing agent (1) show increases in entrained air content with elapse
of time, whereas the air-entraining properties of admixtures according to the invention are
stable with elapse of time and slump loss prevention is also superior compared with plain
concrete, BNS and MSF.

The admixtures according to the invention ameliorate and even eliminate the problem of the
excessive air-entraining properties of conventional polycarboxylic acid base high range air-
entraining, water-reducing agents. They exhibit excellent shelf life and are capable of
entraining suitable amounts of air. Thus, the use of an admixture according to the invention
confers the possibility of preparing cementitious mixtures such as concrete of good fluidity
with a high rate of water reduction, whichon hardening, will provide a hardened concrete

object of high compressive strength. ‘
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Claims:

1. A fluidity-controlling admixture for cementitious compositions, comprising at least one

cement-dispersing agent and at least one defoaming agent, characterised in that
(2) the cement-dispersing agent is an aqueous solution of polymer; and

(b) the defoaming agent is oxyalkylene-based and is either dissolved in the polymer

solution or is stably dispersed therein in particles of no more than 20uM diameter.

2. An admixture according to claim 1, wherein the polymer comprises a main component

which is selected from at least one of

(A) a copolymer obtained by polymerising a monomer mixture which comprises an

unsaturated carboxylic acid monomer;
(B) the neutralised salt of (A); and

(C) the polymer obtained by crosélinking (A) and/or (B) by means of a crosslinking

agent.

3. An admixture according to claim 1 or claim 2, wherein the polymer is formed from a
monomer mixture which comprises from 5-98% by weight of an alkylene glycol

mono(meth)acrylic acid ester monomer (a) -of the formula I

» —_ e
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wherein R' and R? are independently hydrogen or methyl, R? is an alkylene group of from
2-4 carbon atoms, R* is hydrogen or an alkyl group of 1 to 22 carbon atoms, and m

represents an integer of 1 to 100, and 2 to 95% by weight of a (meth)acrylic acid base
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monomer (b) of the formula (II)
R2
l
R!-CH=C-COOM! an

wherein R' and R? have the abovementioned significances, and M' is hydrogen, monovalent
metal, divalent metal, ammonijum group or an organic amine group, and O to 50% by
weight of a monomer (c) capable of being copolymerized with these monomers, provided

that the sum of (a), (b) and (c) shall be 100% by weight.

4. An admixture according to claim 1 or claim 2, wherein the polymer is prepared from a
monomer mixture which comprises from 5-98% by weight of an alkoxypolyalkylene glycol

mono(meth)allyl ether base monomer (d) of the formula (III);

RZ
- l
R'-CH=C-(CH,),-O-(R*0),-R* am

wherein R, R?, R? R* and m are as hereinabove defined and n is O or 1, and 2 to 95% by

weight of a (meth)acrylic acid base monomer (b) of the formula (IV)

Y Z

|
X-C=C-COOM? av)

wherein X and Y are independently selected from hydrogen, methyl and -COOM?, or X or
Y together with -COOM? form an anhydride ring, Z is selected from

-CH,COOM?, hydrogen or methyl {And M? and M? are independently selected from the
significances of M' given hereinabove, an alkyl group of 1-20 carbon atoms, an alkylene
glycol of 2-4 carbon atoms and a polyalkylene'glycol of from 2-100 mols of a glycol
adduct, provided that at least one of M?, M? is selected from hydrogen, monovalent metal,
divalent metal, ammonium group and an organic amine group; and from 0-50% by weight

of monomer (f) capable of copolymerisation with (d) and (¢), (d)+(e)+(f) being 100% by
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weight.

5. An admixture according to claim 1 or claim 2, wherein the polymer is prepared from a
monomer mixture which comprises from 5-98% by weight of at least one «-olefinic
monomer (g) having from 2-12 carbon atoms, from 2-95% by weight of an ethylenically
unsaturated dicarboxylic acid anhydride base monomer (h) and from 0-50% by weight of

monomer (i) copolymerisable with (g) and (h), (g)+(h)+(i) being 100% by weight.

6. A process of producing an admixture according to any one of claims 2 to 5, comprising the
polymerisation of a monomer mixture which comprises at least one unsaturated carboxylic

acid base monomer in the presence of an oxyalkylene-based defoaming agent.

7. A process of modifying the fluidity of a cementitious composition, comprising the

incorporation into the composition of an admixture according to any one of claims 1-5.

8. Use of an admixture according to any one of claims 2 to 5 to modify the fluidity of a

cementitious composition.
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ABSTRACT

FLUIDITY CONTROL OF CEMENTITIOUS COMPOSITIONS

An admixture for modifying the fluidity of a cementitious mixture comprises a cement-
dispersing agent which is an aqueous solution of polymer, in which solution an oxyalkylene-
based defoaming agent is dissolved or dispersed in particles of no greater that 20uM diameter.
The polymer is preferably a polymer which comprises units derived from unsaturated
carboxylic acid monomer and the polymer is preferably prepared in the presence of the
defoaming agent. Particular addition copolymers give particularly good results. The admixture

permits good control of the fluidity of cementitious compositions and has extended shelf life.
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FLUIDITY CONTROL OF CEMENTITIOUS COMPOSITIONS
This invention relates to fluidity control of cementitious compositions, to admixtures for achieving

such control and to cementitious compositions comprising such admixtures.

Water-reducing conmositions are widely used in cementitious compositions such as concrete to
reduce the water content (and thereby increase strength) while maintaining fluidity or "shump" (so
that the compositions can flow easily, for example, around complicated formwork). Typical water-
reducing agents are the so-called "superplasticisers”, for example, B-naphthalene sulphonate-
formaldehyde ("BNS") condensates and various polycarboxylate-based materials. One of the
problems which water-reducing agents, especially the aforementioned polycarboxylates, can
introduce is the entrainment into the cementitious composition of excessive volumes of air. While
the presence of some air is harmless and even beneficial, excessive air entrainment leads to reduced
strength. Air entrainment can of course be reduced by reducing the concentration of water-reducing
agent used, but the desired shump control is then diminished. It has been proposed to use known
defoaming agents to counteract excessive aeration, but this has also often proved unsatisfactory,
one reason being that a mixture of water-reducing agent and defoaming agent, a commercially
desirable package, is usually unstable.

It has now been found that it is possible to make an admixture which confers high slump on
cementitious compositions, but without excessive aeration. There is therefore provided, according
to the present invention, a fluidity-controlling admixture for cementitious compositions, comprising
at least one cement-dispersing agent and at least one defoaming agent, characterised in that

(a) the cement-dispersing agent is an aqueous solution of polymer; and

(b) the defoaming agent is oxyalkylene-based and is either dissolved in the polymer solution or is
stably dispersed therein in particles of no more than 20uM diameter;
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the aqueous solution of polymer being prepared by the polymerisation of monomer 7 the presence

of the defoaming agent and the defoaming agent being present to the extent of from 0.01 - 10.0%

by weight of the monomer mixture.

The invention additionally provides a process of preparing a fluidity control admixture for use in

concrete, comprising the polymerisation of @ monomer mixture in the presence of an oxyalkylene-

based defoaming agent.

Where the defoaming agent is present in the form of particles, the particles are stably dispersed in

the solution. By "stably dispersed” is meant that, when prepared and allowed to stand, a dispersion
will remain a dispersion for at least 24 hours. The reason for this is not fully understood, but it is
noticeable that a dispersion which does not comply with this requirement does not give such good
results in a cementitious composition, even when it is used when it is still a dispersion, for example,

immediately upon preparation or shortly thereafter.

The defoaming agent is dissolved or dispersed i in_tbe presence of polymerisable monomer and the

monomer polymerised to give the polymer. It has been found that dispersions prepared in this
manner are appreciably better than those obtained by simply dissolving or dispersing a defoaming

agent in an already-existing polymer solution. A further practical advantage of this method with

respect to the dispersion of particles is that the achievement of the desired small particle size is more

easily achievable. Details of preferred monomer compositions are given hereinunder.

The polymer for use in this invention may be any polymer which is water-soluble and which is a
water-reducing agent or a cement-dispersing agent. However, it has been found that certain
polymers give especially good results. Thus, in a preferred admixture, the polymer comprises a main

component which is selected from at least one of
(A) a copolymer obtained by polymerising a monomer mixture which comprises

(B) the neutralised salt of (A); and
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(C) the polymer obtained by crosslinking (A) and/or (B) by means of a

In a preferred embodiment, the monomer mixture comprises from 5-98% by weight of an alkylene
glycol mono(meth)acrylic acid ester monomer (a) of the formula I

RZ
[ .
R'-CH=C-COO®R’0).-R* @

wherein R' and R? are independently hydrogen or methyl, R® is an alkylene group of from 2-4
carbon atoms, R* is hydrogen or an alkyl group of 1 to 22 carbon atoms, and m represents an
integer of 1 to 100, and 2 to 95% by weight of a (meth)acrylic acid base monomer (b) of the
formula (II)

)

iR.
R'-CH=C-COOM' an

wherein R! and R? have the abovementioned significances, and M" is hydrogen, monovalent metal,
divalent metal, ammonium group or an organic amine group, and 0 to 50% by weight of a monomer
(c) capable of being copolymerized with these monomers provided that the sum of (a), (b) and (¢)
shall be 100% by weight.

In a further embodiment of the invention, said monomer mixture comprises from 5-98% by weight
of an alkoxypolyalkylene glycol mono(meth)allyi ether base monomer (d) of the formula (IID);

R2
l
R'-CH=C~(CHa),-O-R’0)-R* (1

wherein R, R, R?, R* and m are as hereinabove defined and nis O or 1, and 2 to 95% by weight of

a (meth)acrylic acid base monomer (b) of the formula (IV) —
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wherein X and Y are independently selected from hydrogen, methyl and -COOM’, or X or Y
together with -COOM? form an anhydride ring, Z is selected from -CH,COOM?, hydrogen or
methyl and M? and M® are independently selected from the significances of M' given hereinabove,
an alkyl group of 1-20 carbon atoms, an alkylene glycol of 2-4 carbon atoms and a polyalkylene
glycol of from 2-100 mols of a glycol adduct, provided that at least one of M, M? is selected from
hydrogen, monovalent metal, divalent metal, ammonium group and an organic amine group; and
from 0-50% by weight of monomer (f) capable of copolymerisation with (d) and (e), (d)+(e)+(f)
being 100% by weight.

In a further preferred embodiment, said monomer mixture comprises from 5-98% by weight of at
least one o-olefinic monomer (g) having from 2-12 carbon atoms, from 2-95% by weight of an
ethylenically unsaturated dicarboxylic acid anhydride base monomer (h) and from 0-50% by weight
of monomer (i) copolymerisable with (g) and (h), (g)+(h)+(i) being 100% by weight.

Polycarboxylic acid base is a general name of a cement-dispersing agent which contains as a main
component a copolymer (A) obtained by polymerising a monomer mixture containing an
unsaturated carboxylic acid base monomer as an essential component and/or a copolymer (B)
obtained by further neutralizing the copolymer (A) with an alkaline substance and/or a cross-linked
copolymer (C) obtained by post cross-linking the copolymer (A) by using a cross-linking agent. The
unsaturated carboxylic acid monomer may include unsaturated monocarboxylic acid such as
(meth)acrylic acid and monovalent metal salt, divalent metal salt, ammonium salt and an organic
amine salt thereof; an unsaturated dicarboxylic acid such as maleic acid, fumaric acid, citraconic
acid, itaconic acid, etc. and monovalent metal salt, divalent metal salt, ammonium salt, an organic
amine salt, anhydride thereof or a monoester of these acids with an aliphatic alcohol having 1 to 20
carbon atoms or a glycol having 2 to 4 carbon atoms or a polyalkylene glycol having 2 to 100
addition mol number. One or more of these can be used.

Further preferable monomer mixtures comprise a mixture containing 5 to 98%, preferably 50 to
97%, by weight of an alkylene glycol mono(meth)acrylate (a) designated by the abovementioned
general formula (I), 2 to 95% by weight, preferably 3 to 50% by weight of a (meth)acrylate base
monomer (b) designated by the abovementioned formula (II) and 0 to 50% by weight, preferably 0
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to 30% by weight of monomer {t) capable of being copolymerized with these monomers, provided
that the sum of (a), (b) and (c) is-100% by weight; a mixture containing 5 to 98% by weight,
preferably 50 to 97% by weight of an (alkoxy)polyalkylene glycol mono(meth)allyl ether base
monomer (d) designated by the abovementioned general formula (IIf), 2 to 95% by weight,
preferably 3 to 50% by weight of an unsaturated carboxylic acid base monomer (e) designated by
the above mentioned general formula (IV), and 0 to 50% by weight, preferably 0 to 30% by weight
of monomer (f) capable of being copolymerized with these monomers, provided that the sum of (d),
(e), and (f) is 100% by weight; and a mixture of 5 to 98% by weight, preferably 10 to 70% by
weight of an o-olefinic monomer (g) baving 2 to 12 carbon atoms, 2 to 95% by weight, preferably
30 to 90% by weight of an ethylenically unsaturated dicarboxylic acid anhydride base monomer (h),
and 0 to 50% by weight, preferably 0 to 30% by weight of monomer (i) capable of being
copolymerized with these monomers, provided that the sum of (g), (h) and (i) is 100% by weight.

Examples of monomer (2) include hydroxyethyl (meth)acrylate, hydroxypropyl (meth)acrylate,
polyethylene glycol mono(meth)acrylate, polypropylene glycol mono(meth)acrylate, polybutylene
glycol mono(meth)acrylate, polyethylene glycol polypropylene glycol mono(meth)acrylate,
polyethylene glycol polybutylene glycol mono(meth)acrylate, polypropylene giycol polybutylene
glycol mono(meth)gcrylate, polyethylene glycol polypropylene glycol polybutylene glycol
mono(meth)acrylate, methoxy polyethylene glycol mono(meth)acryiate, methoxy polypropylene
glycol mono(meth)acrylate, methoxy polybutylene glycol mono(meth)acrylate, methoxy
polybutylene glycol mono(meth)-acrylate, methoxy polyethylene glycol polypropylene glycol
mono(meth)acrylate, methoxy polyethylene glycol polybutylene glycol mono(meth)acrylate,
methoxy polypropylene glycol polybutylene glycol mono(meth)acrylate, methoxy propyethylene
glycol polypropylene glycol polybutylene glycol mono(meth)acrylate, ethoxypolyethylene glycol
mono(meth)acrylate, ethoxypolypropylene glycol mono-(meth)acrylate, ethoxypolybutylene glycol
mono(meth)acrylate, ethoxypolyethylene glycol polypropylene glycol mono(meth)acrylate,
ethoxypolyethylene glycol polybutylene glycol mono(meth)acrylate, ethoxypolypropylene glycol
polybutylene glycol mono(meth)acrylate and ethoxypolyethylene glycol polypropylene glycol
polybutylene glycol mono(meth)acrylate. More than one such monomer may be used.
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salts, divalent metal salts, ammonium salts and organic amine salts. More than one such monomer

may be used.

The monomer (c) is a monomer capable of copolymerization with the monomers (2) and (b).

Examples of monomer (c) include esters of aliphatic alcohols of 1 to 20 carbons with (meth)acrylic
acid unsaturated dicarboxylic acids of maleic acid, fumaric acid, citraconic acid, etc., or monoesters
or diesters of these acids with aliphatic alcohols of 1 to 20 carbons or glycols of 2 to 4 éarbons, or
polyalkylene glycols of added mol number 2 to 100 of these glycols, unsaturated amides such as
(meth)acrylamide and (meth)acryl alkylamide, vinyl esters such as vinyl acetate and vinyl
propionate, aromatic vinyls such as styrene, unsaturated sulfonates such as vinyl sulfonates,
(meth)allylsulfonic acid, sulfoethyl(meth)acrylate, 2-(meth)- acrylamido-2-methylpropane sulfonic
acid and styrene sulfonate, and their monovalent metal salts, divalent metal salts, ammonium salts

and organic amine salts. More than one such monomer may be used.

Examples of the monomer (d) include alkoxypolylkylene glycol mono(meth)allyl ether, e.g.,
polyethylene glycol mono(meth)allyl ether, polypropylene glycol mono(meth)allyl ether,
polyethylene glycol polypropylene glycol mono(meth)allyl ether, polyethylene glycol polybutylene
glycol mono(meth)allyl ether, polypropylene glycol polybuthylene glycol mono(meth)allyl ether,
polyethylene  giycol ‘ polypropylene  glycol polybutylene glycol mono(meth)allyl ether,
methoxypolyethylene glycol mono(meth)allyl ether, methoxypolypropylene glycol mono(meth)aliyl
ether, methoxypolybutylene glycol mono(meth)allyl ether, methoxypolyethylene glycol
polypropylene glycol mono(meth)allyl ether, methoxypolyethylene glycol polybutylene glycol
mono(meth)allyl ether, methoxypolyethylene glycol polypropylene glycol polybutylene glycol
mono(meth)allyl ether, ethoxypolyethylene glycol mono(methjallyl ether, ethoxypolypropylene
glycol mono(meth)allyl ether, ethoxypolybutylene glycol mono(meth)allyl ether, ethoxypolybutylene
glycol mono(meth)allyl ether, ethoxypolyethylene glycol polypropylene glycol mono(meth)allyl
ether, ethoxypolyethylene glycol polybutylene glycol mono(meth)alljr ether, ethoxypolypropylene
glycol polybutylene glycol mono(meth)allyl ether, and ethoxypolyethylene glycol polypropylene
glycol polybutylene glycol mono(meth)allyl ether, and an alkoxypolyalkylene glycol monocrotyl
ether, polyethylene glycol monocrotyl ether, polyethylene glycol monocrotyl ether, polypropylene
glycol monocrotyl ether, polybutylene glycol monocrotyl ether, polyethylene glycol polypropylene
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glycol monocrotyl ether, polyethylene glycol polybutylene glyco! monocrotyl ether, pélypropalene
glycol polybutylene glycol monocrotyl ether, polyethylene glycol polypropylene glycol polybutylene
glycol monocrotyl ether, methoxypolyethylene glycol monocrotyl ether, methoxypolypropylene
glycol monocrotyl ether, methoxybutylene glycol monocrotyl ether, methoxypolyethylene glycol
polypropylene glycol monocrotyl ether, methoxpolyethylene glycol polybutylene glycol monocrotyl
ether, memoxypolypropylene glycol polybutylene glycol monocrotyl ether, methoxypolyethylene
glycol polypropylene glycol polybutylene glycol monocrotyl ether, ethoxypolyethylene glycol
monocrotyl ether, ethoxypolypropylene glycol monocrotyl ether, ethoxypolypropylene glycol
monocrotyl ether, ethoxypolybutylene glycol monocrotyl ether, ethoxypolybutylene glycol
monocrotyl ether, ethoxypolyethylene glycol polypropylene glycol monocrotyl ether,
ethoxypolyethylene glycol polybutylene glycol monocrotyl ether, | e&oﬁjpolypropylene glycol
polybutylene glycol monocrotyi ether, ethoxypolypropylene glycol polybutylene glycol monocrotyl
ether, and ethoxypolyethylene glycol polypropylene glycol polybutylene glycol mohocrotyl ether.
More than one of these monomers may be used.

Examples of the monomer (&) include an unsaturated monocarboxylic acid and monovalent metal
salt, divalent metal salt, ammonium salt and an organic amine salt thereof, e.g. acrylic acid and
methacylic acid; an unsaturated dicarboxylic acid and monovalent metal salt, divalent metal salt,
ammoniwm salt, an organic amine salt and anhydride thereof, e.g., maleic acid, fumaric acid,
citraconic acid and itaconic acid; or a monoester of these acids with an aliphatic alcohol having 1 to
20 carbon atoms or glycol having 2 to 4 carbon atoms or a polyalkylene glycol having 2 to 100
mols of these glycols. More than one of these monomers may be used.

Examples of the monomer (f) include ester of an aliphatic alcohol having 1 to 20 carbon atoms and
acrylic acid, and a diester of an unsaturated dicarboxylic acid such as maleic acid, fumaric acid and
citraconic acid acids with an aliphatic alcohol baving 1 to 20 carbon atoms or glycol having 2 to 4
carbon atoms or a polylkylene glycol having 2 to 4 carbon atoms or a polyalkylene glycol having 1
to 100 mols of these glycols; an unsaturated amide such as (meth)acrylamide and (meth)acryl
alkylamide, a vinyl ester such as vinyl acetate and vinyl propionate; an aromatic vinyl such as
styrene; an unsaturated sulfonic acid such as vinyl sulfonic acid, (meth)allyl sulfonic acid, sulfoethyl
(meth)acrylate, 2-(meth)acrylamide-2-methylpropane sulfonic acid and styrene sulfonic acid and
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monovalent metal salt, divalent metal salt, ammonium salt and an organic amine salt thereof. More

than one of these monomers may be used.

The monomer (g) may be an unsaturated hydrocarbon having 2 to 12 carbon atoms, and examples
of the monomer (g) include ethylene, propylene, l-butene, 2-butene, isobutylene, n-pentene,
isoprene, 2—1ﬁethyl—1-butene, n-hexane, 2-methyl-1-pentene, 3-methyl-1-pentene, 4-methyl-1-
pentene, 2-ethyl-1-butene, diisobutylene, 1,3-butadiene, 1,3-pentadiene, 1,3-hexadiene, 1,3-
octadiene, 2-methyl-4-dimethyl-1-pentene, 2-methyl-4-dimethyl-2-pentene. Isobutylene also means
spent BB containing isobutylene. Preferably o-olefin having 2 to 8 carbon atoms, especially o-olefin
baving 4 to 5 carbon atoms is used. More than one kind of these monomers may be used.

Examples of the monomer (h) include maleic anhydride, itaconic anhydride, citraconic anhydride
and mesaconic anhydride,. Maleic anhydride is the preferred monomer because of its reactivity,
quality and lower cost. More than one such monomer may be used.

Examples of the monomer (i) include (meth)acrylic acid and monovalent metal salt, divalent metal
salt, ammonium salt, and an organic amine salt thereof; an ester of an aliphatic alcohol having 1 to
20 carbon atoms with (meth)acrylic acid; an unsaturated dicarboxylic acid such as maleic acid,
fumaric acid and citraconic acid, and mono- or diester of these acids with an aliphatic alcohol having
1 to 20 carbon atoms or glycol having 2 to 4 carbon atoms or a polyalkylene glycol having 2 to 100
mols of these glycols; unsaturated amide such as (meth)acrylamide and (meth)acryl alkylamide; a
vinyl ester such as vinyl acetate and vinyl propionate; an aromatic vinyl such as styrene; an
unsaturated sulfonic acid such as vinyl sulfonic acid, (meth)allyl sulfonic acid, suifoethyl
(meth)acrylate, 2-(meth)acrylamide-2-methylpropane sulfonic acid and styrene sulfonic acid and
monovalent metal salt, divalent metal salt, ammonium salt, and an organic amine salt thereof. More

than one such monomer may be used.

Examples of suitable defoaming agents include polyoxyalkylenes such as (poly)oxyethylene
(poly)oxypropylene (poly)oxyalkylene alkyl ethers such as diethylene glycol heptyl ether,
polyoxyethylene oleyl ether, polyoxypropylene butyl ether, polyoxyethylene polyoxypropylene-2-
ethyl hexyl ether, and oxyethylene oxypropylene adducts of high alcohols of 12 to 14 carbons;
polyoxyalkylene (alkylaryl ethers such as polyoxypropylene phenyl ether and polyoxyethylene
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nonylphenyl ether; acetylene ethers of alkylene oxide additional polymerized with acetylene alcohols
such as 2,4,7,9-tetramethyl-5-decyn-4,7-dio), 2,5-dimethyl-3-hexyn-2,5-diol, 3-methyl-1-butyn-3-ol;
(poly)oxyalkylene aliphatic acid esters such as diethylene glycol oleic acid ester and ethylene glycol
distearic acid ester; (poly)oxyalkylene sorbitan aliphatic acid esters such as polyoxyethylene sorbitan
monolauric acid ester, and polyoxyethylene sorbitan trioleic acid ester; (poly)oxyalkylene alkyl
(arylether sulfuric acid esters such as polyoxypropylene methyl ester sodium sulfate and
polyoxyethylene dodecyl phenol ether sodium sulfate; (poly)oxyalkylene alkyl phosphates such as
(poly)oxyethylene stearyl phosphates; and (poly)oxyalkylene alkylamines such as polyoxyethylene
laurylamine. More than one kind of these may be used.

The copolymer (A) is obtained by polymerization of 2 monomer mixture containing an unsaturated
carboxylic acid base monomer as hereinabove described. As previously mentioned, this is preferably
carried out in the presence of the defoaming agent. The proportion of the unsaturated carboxylic
acid base monomer in the mixture is from 2 to 95% by weight; it is essential that this range be
adhered to, otherwise the advantages of the present invention are not given. The proportion is
preferably from 50 to 95% by weight. Preferably the proportion is from 3-50% in the cases of
(a),(b),(c) and (c),(d),(¢), and from 30-90% in the case of (g),(h),(1)-

To manufacture the copolymer (A), the abovementioned monomer mixture is copolymerized in the
presence of the abovementioned defoaming agent using a polymerization initiator. The quantity of
defoaming agent to be used is in the range of 0.01 to 10 weight percent of the monomer mixture,
preferably 0.05 to 5 weight percent. When less than 0.01 weight percent of defoaming agent is used,
adjustment of entrained air content of the cement mixture is difficult and a cement mixture of stable
strength cannot be obtained. When the quantity of defoaming agent used exceeds 10 weight
percent, the performance of the admixture obtained is reduced and a cement mixture of good
flmidity cannot be obtained.

The copolymer (A) may be synthesised by known methods such as soiution polymerization or bulk

polymerization.

Solution polymerization may be done by a batch or a continuous process. Solvents which may be

used include water, alcohols such as methy! alcohol, ethy! alcohol and isopropyl alcohol, aromatic
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or aliphatic hydrocarbons such as benzene, toluene, xylene, cyclobexane, and n-hexane and ketbne
compounds such as acetone and methyl ethyl ketone. For solubility of both the monomers and the
resultant copolymer (A), it is desirable to use at least 1 solvent selected from the group consisting of
water and lower alcohols of 1 to 4 carbon atoms. Methyl, ethyl and isopropyl alcobols are
especially effective alcohols.

When the polymerization is carried out in an aqueous liquid, water-soluble polymerization initiators
such as ammonium persulfate, sodium persulfate, hydrogen peroxide and azoamidine compounds
such as azobis-2-methyl propionamide hydrochloric acid salt may be used. Accelerators such as
sodium hydrogen sulfite may be used in combination with these initiators. Further, in
polymerization with a lower alcohol, an aromatic hydrocarbon, an aliphatic hydrocarbon, an ester
compound or a ketone compound as the solvent, peroxides such as benzoyl peroxide and lauroyl
peroxide; hydroperoxides such as cumene hydroperoxide; and azo compounds such as 2,2'-azo-bis-
isobutyronitrile may be used as polymerization iitiators. In this case, it is possible to use
accelerators such as amine compounds in combination. Further, in the event of using a water-lower
alcohol solvent mixture, one of the various polymerization initiators or combinations of
polymerization initiator and accelerator may be selected as suited and used. The polymerization
temperature may be selected as required according to the solvent and polymerization mitiator, but
nommally, the polymerization is carried out in the range of 0° to 120°C.

Bulk polymerization is carried out using peroxides such as benzoyl peroxide and lauroyl peroxide,
hydroperoxides such as cumene hydroperoxide and aliphatic azo compounds such as 2,2'-azo-bis-
isobutyronitrile as polymerization initiators and in a temperatures range of 50 to 200°C.

The copolymer (A) obtained in this manner can be used as prepared as the main ingredient of a
fluidity-controlling admixture according to the invention. The copolymer (B) obtained by further
neutralizing copolymer (A) with an alkaline substance as necessary may also be thus used, as may a
crosslinked copolymer (C). Alkaline substances particularly suitable for neutralisation include
hydroxides of monovalent metals and divalent metals, inorganic salts of sulfates and carbonates

ammonia and organic amines.
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Further, although the cross-linking agent may be selected from any suitable crosstinked agent
capable of reactions with a functional group such as carboxyl group, hydroxyl group, amino group,
sulfonic acid group, etc. contained in the copolymer (A), a cross-linking agent which has at least
one divalent group designated by the following general formula (V)

—(R5-lcl-o-R5-)—
0

wherein R® and R® are independently selected from the group consisting of

Y R’

! | OH
CH,-, -CH " '
- H2'> b > ~ s '?' and 'CHch',

R8
wherein, when R® is
O
-CH2éH-,

R’ may be unnecessary, and R’ and R® are independently alkyl group of 1 to 5 carbon atoms, as a
structural unit and/or can be formed is preferable. Examples of these cross-linking agents include
polyvalent glycidyl compounds such as ethylene glycol diglycidyl ether, polyethylene glycol
diglycidyl ether, glycerol polyglycidyl ether, diglycerol diglycidyl ether, polyglycerol polyglycidyl
ether, sorbitol polyglycidyl ether, pentaerythritol polyglycidyl ether, propylene glycol diglycidyl
ether, polypropylene glycol diglycidyl ether, resorcin diglycidyl ether, 1,6-hexanediol diglycidyl
ether, adipic acid diglycidyl ester, s-phtalic acid diglycidyl ester, etc.
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It is desirable that the weight average molecular weight (hereinafter "M.,,") of copolymer (A) (either
as such or as the raw material of copolymer (C)) and copolymer (B) lie in the range of 500 to
500,000. When the monomer mixture comprises monomers (a), (b) and (c), M., lies preferably in
the range of 5,000-500,000, when the mixture 'comprises monomers (d), (e) and (f) or monomers
(®), (h) and (i), it lies preferably in the range 500-100,000. If M,, is less than 500, the water-reducing
capability and slump loss prevention capability of the cement dispersing agent are reduced. When
M. exceeds 500,000, the water-reducing capability of the cement dispersing agent is reduced.

The copolymer (A) and/or the copolymer (B) and/or the crosslinked copolymer (C) is used as a

cement dispersing agent in an admixture according to the invention in the form of an aqueous

- solution and the air-entraining property in a cementitious mixture such as concrete may be adjusted

arbitrarily by suitably adjusting the variety and/or dosage of the defoaming agent used. Further,
with (A) and/or (B) and/or (C) as main ingredient, it is permissible to use the admixture according
to the invention in combination with another known admixtures. Examples of such cement
admixtures include conventional cement dispersing agents, air-entraining agents, cement wetting
agents, expansion agents, waterproofing agents, retarding agents, quick-setting agents, water-
soluble polymeric substances, thickeners, coagulants, drying shrinkage reducing agents, strength

increasing agents and hardening accelerators.

The admixture of the invention may be used with hydraulic cements such as portland cement, high

alumina cement and various blended cements or hydraulic materials other than cement, such as

gypsSunm

The admixture of this invention gives excellent performance even when relatively small quantities
compared with conventional dispersing agents are used. For example, when used in mortars or
concretes containing hydraulic cement, quantities used are typically from 0.01 to 1.0%, preferably
from 0.02 to 0.5% by weight of cement. Various desirable effects such as increase in slump,
reduction in unit water content, increase in strength and improvement in durability are brought
about by such addition. With less than 0.01% addition, the performance is inadequate, whereas,

when a large quantity in excess of 1.0% is used, the results are no better and costs more. It has the

additional advantage of long shelf stability.
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The invention therefore also provides a process of modifying the fluidity of a cemrentitious
composition, comprising the incorporation into the composition of an admixture as hereinabove
described. The use of an admixture as hereinabove described to modify the fluidity of a cementitious
composition is also provided.

The invention is further described with reference to the following examples. In the examples, unless
otherwise stated, "percent” and "part” shall indicate "weight percent” and "part by weight"

respectively.

Example 1 for manufacturing Admixture No. 1

1695 parts of water is introduced in a glass reaction vessel equipped with a thermometer, a stirrer, a
dropping funnel, a nitrogen introduction tube, and a reflux condenser, and the interior of the
reaction vessel is purged with nitrogen while stirring and heating to 95°C is carried out under a
nitrogen atmosphere. An aqueous solution of monomer comprising 750 parts of methoxy
polyethylene glycol monomethacryiate (average mol addition number of ethylene oxide, 10), 250
parts of methacrylic acid, 7 parts of "Pluronic" (trade mark) L-64 (polyoxyethylene-
polyoxypropylene adduct manufactured by Asahi Denka Kogyo KK) as oxyalkylene base
defoaming agent, and 1500 parts of water, and 672 parts of a 5% ammonium persulfate aqueous
solution is then drip-fed for 4 hours, and after completion of dropping, 168 parts of 5% ammonium
persulifate is further drip-fed for ! hour. The temperature is then maintained at 95°C for 1 hour to
complete the polymerization reaction. An admixture of the present invention comprising an aqueous

solution of a copolymer of My, 35,000 is obtained.
Examples 2 to 5 for Manufacturing Admixtures Nos. (2) to (5).

Admixtures (2) to (5) of the present invention comprising the copolymer (A) manufactured by

operations similar to those in Example 1 are summarized in Tables 1 and 2.

—— .
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Example 6 for manufacturing Admixture No. 6.

3

349.6 parts of water, 1648 parts of polyethylene glycol monoallyl ether (average mol addition
number of ethylene oxide, 5) and'23.2 parts of oxyethylene oxypropylene adduct to Ci2-Ci4
alcohols as oxyalkylene base defoaming agent in a glass reaction vessel equipped with a
thermometer, a stirrer, a dropping funnel, a nitrogen introduction tube and a reflux condenser, and
the interior of the reaction vessel is purged with nitrogen while stirring, and heating was carried out
to 95°C under a nitrogen atmosphere. A monomer/polymerization initiator mixture aqueous
solution comprising 687 parts of maleic acid, 1030 parts of water and 57.2 parts of 5% ammonium
persulfate aqueous solution is then drip-fed for 2 hours, and after completion of dropping, 527 parts
of 5% ammonium persulfate aqueous solution is dropped for 1 hour. The temperature is then
maintained at 95°C to complete the polymerization reaction. The result is an admixture (6) of the
present invention comprising an aqueous solution of a copolymer of average molecular weight of
6,000.

Example 7 for manufacturing Admixture (7)

Admixture (7) of the present invention is obtained by drip-feeding 185 parts of 50% NaOH aqueous
solution into the admixture (1) obtained in Example 1, this bringing it to pH 8.

Examples 8 to 21 for manufacturing Admixtures Nos. (8)-(21).

Admixtures (8) to (21) comprising the copolymer (B) obtained in a similar method to Example 7

are summarized in Tables 3 and 4.
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Example 22 for manufacturing Admixture No. (22)

5000 parts of 20% admixture aqueous solution (solids content: 1000 parts) obtained in Example 1
is introduced into a glass reaction vessel equipped with a thermometer, a stirrer, a nitrogen

introduction tube and a reflux condenser, and heating to 95°C is carried out. 35 parts of o-phthalic
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acid diglycidyl ester is then added. The temperature is maintained at 95°C for 3 hours to complete
the cross-linking reaction and the result is admixtire (22) comprising a cross-linked copolymer

aqueous solution.

Examples 23 to 25 for manufacturing Admixtures No. (23) to (25).

Admixtures Nos. (23) to (25) of the present invention comprising the cross-linked copolymer (C)
manufactured by a similar method to Example 22 are summarized in Table 5.

Example 26 for manufacturing Admixture No. (26)

420 parts of 1-hexane, 490 parts of maleic anhydride, 9.1 parts of oxyethylene oxypropylene adduct
of Cy2-Ci4 alcohols, 27 parts of azobisisobutylonitrile and 2730 parts of toluene are introduced in a
glass reaction vessel equipped with a thermometer, a stirrer, a dropping funnel, a nitrogen
introduction tube and a reflux condenser, and the interior is purged with nitrogen under stirring.
After reacting at 80°C for 7 hours under nitrogen atmosphere, and precipitated while polymer was
collected and dried. 2500 Parts of 10% aqueous sodium hydroxide solution is added into 644 parts
of the copolymer thus obtained and heated at 90°C under stirring to obtain an admixture (26) of the
present invention comprising a copolymer of average molecular weight of 6100.

Examples 27 to 28 for manufacturing Admixtures Nos. (27) to (28)

Admixtures (27) to (28) of the present invention comprising the copolymer (B) manufactured by a
similar method to Example 26 are summarized in Table 6.
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Table 1
Reaction composition ; numerals in brackets are parts by weight
E e - Admixture No
xample unsaturated carboxylic
charged solvent acid base monomer other monomer other monomer
! (n water [1695.0] MAA  [250.0) MPEGMMA (n=10)
- : {750.0)
2 (2) water {1695.0) AA (200.0] PEGMA (n=25)
(800.01
3 (3) water [1315.0] MAA (250.0) MPEGMMA (n=25) methyl
[740.0) methacrylate
4 (4) water {1695.0] MAA [300.0} PEGMME (n=23)
{700.0]
5 (3) water [1800.0] TEGMM [369.6) PEGMAE (n=25)
[630.4)
6 (6) water [349.6] MA [687.0} PEGMAE (n=25)
{1648.0]
MAA : methacrylic acid ) '
AA : acrylic acid S
TEGMM ; tetraethylene glycol monomaleate —
MA : inaleic acid =_§
MPEGMMA : methoxy polycthylene glycol monomethacryiate “_—5 |
PEGMA polyethylenc glycol monoacrylate =-:53 |
PEGMME :  polyethylene glycol monomethallyl cther % |
PEGMAE :  polycthylene glycol monoallyl ether —— .
—_ &
——
g |
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Table 2
Reaction composition : numerals in brackets are parts by weight
Example ] . ] reaction temperature (°C) molecular weight
defoaming agent (1) polymerization iniliator
I Pluronic L-64 a) ammonium persulfate 95 35000
(7.0} (20.0}
2 polyethylene glycol azobis-2-methyl 80 38000
polypropylene glycol propiomidine :
nonyl pheny! ether hydrochloride
[5.0 (20.0]
3 oxyethylene
oxypropylene adduct of ammonium persulfate 95 23000
C,, - C,, alcohols [40.0)
{1.0]
—E .
4 Surfynol 440  b) ammonium persulfate 95 30000
[7.0) [20.0]
5 polycthylene glycol
polypropylene glycol ammoniurii persulfate 95 16000
nony! phenyl ether [15.0)
[5.0]
6 oxyethylene
oxypropylene adduct of ammonium persulfate 95 6000
C,; - C,, alcohols [85.8)
-~ [23.2]
= .
2 a) polyoxyethylene polyoxypropylene adduct (Asahi Denka K.K.)
;75’, :'Tﬁ b) acetylene alcohol polyoxyethylene adduct (Nisshin Kagaku Kogyo K.K.)
& 5 c) Monomer mixture is added in 40% aqueous solution and polymerization initiator is added in 5% aqucous solution,
Am k  RTM
. >
T wn
=
L7
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Table 3

Reaction composition : numecrals in brackets arc parts by weight

Example Admixture No.
unsaturated carboxylic
charged solvent acid base monomer other monomer other monomer
7 ) water [1695.0) MAA  [250.0} MPEGMMA (n=10)
{750,0)
8 (8) water {2838.0) MAA  [239.0) MPEGMMA (n=25)
: (1200.0)
9 9 water [2838.0) MAA  [239.0] MPEGMMA (n=25)
- [1200.0)
10 (10) water [2931.0}) MAA [239.0} MPLEGMMA (n=50)
(1200.0)
1 an water [3158.0) MAA [239.0] MPEGMMA (n=50)
[1200.0}
12 (12) water [3077.0) MAA (177.0] MPEGMMA (n=50)
[1262.0)
13 (13) waler {2972.0] MAA {239.0] MPEGMMA (n=75)
[1200.0]
14 (14) water [3334.0]) SA (288.0) MPEGMMA (n=50)
[1151.0)
15 1 (15) water [2195.0) MAA [239.0] PEGMMA (n=5)
(1200.0]
16 (16) waler {2823.0} MAA [239.0] MPEGMMA (n=50) sodium sulfocthacrylate
{1080.0) 1120.0)
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Table 3 (cont'd)

bHC0-bS1
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17 a7 water [2924.0) MAA [215.0) MPEGMMA (n=50) methyl acrylate
{1200.0) (24.0]
18 (18) water (1695.0} MAA [250.0) MPEGMMA (n=10)
{750.0)
19 (19) water (1695.0] MAA {300.0) PEGMAE (n=25)
{700.0}
20 (20) water {1695.0) MAA [300.0} PEGMAEL (n=25) —
(700.0) Vo)
21 (21) water [349.6) MA (687.0) PEGMAE (n=5)
| (1648.0)
MA : methacrylic acid
SA : sodium acrylate
MA maleic acid
MPEGMMA : methoxy polycthylenc glycol monomethacrylate o
PEGMMA;  polyethylene glycol monomethacrylate ——— Gm Y
PEGMAE :  polycthylene glycol monoally! ether — (g;
— T
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Table 4

—t
- 2
Example | Reaction composition : numerals in brackets are parts by weight reaction alkaline pH molecular Q
. temperalure subslance weight ﬁ
defoaming agent (II) polymerization initiator (°C) -
7 Pluronic L-64 1) (7.0) APS [20.0) 95 50% NaOH 8.0 36000
8 PluronicL-64 a) {7.0) APS {38.0) . - 95 50% NaOH 8.0 40000 _— :::ri
. R __-—
9 Pluronic L-64 8)  [1.4) | APS (38.0) 95 50% NaOH 8.0 39000 —_—
10 oxyethylene oxypropylene adduct | APS [33.0) 95 50% NaOH 8.1 37000 — ﬁ%
g —
¥ polyoxyethylene polyoxy-propyl- | APS (22.0) 95 50% NaOH 8.5 113000 ——
enc nonyl phenyl cther {7.0] ——-5
— 5
12 Surfyno(ﬁMO b) (7.0} APS [26.1) 95 50% NaOH 1.7 53000 .g,,_
13 polyoxyethylene polyoxypropy- APS (31.3) 95 50% NaOH 7.6 34000
lene oleate {7.0] 8
14 polyoxyethylene polyoxypropyl- | APS (12.5] 95 50% NaOH 8.0 16000
enc sorbitan monolaurate [21,0) '
15 polyyoxypropylenc dodecyl APS [69.5) 05 50% NaOH 8.0 78000
banzene sulfonale [21.0}
16 polyoxyethylene stearate  [21.0] APS [38.0] 95 50% NaOH 1.9 19000
17 | polyoxyethylene Jaurylamine APS [33.0) .. 95 50% NaOH 8. 32000 s
[21.0]
18 Pluronic L-64  a) (7.0] APS [20.0) 95 30% Ca(OH), | 7.5 35000
%
19 Surfynol 440 b) (7.0] APS {20.0] 95 50% NaOH 71 30000 ?3“
<
20 Surfynol 440 b) (7.0) APS (20.0} 95 TEA 7.1 30000 - |
-> o
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Table 4 (cont'd)

21 oxycthylene oxypropylene adduct | APS [85.8] 95 50% NaOH 7.8 6000
of C,,-C,, alcohols  [23.2) T
a) polyoxyethylene polyoxypropylene adduct (Asahi Denka K.K.)
b) acctylene alcohol polyoxyethylene adduct (Nissin Kagaku Kogy K.K.)
c) Monomer mixture is added in 40% aqueous solution and polymerization initiator is added in 5 % aqucous solution.
APS : ammonium persulfate T
TEA : triethanolamine
* RTM
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Table 5

Reaction composition : numerals in brackets arc parts by weight

Molecular

Example Admixture Reaction weight after
No. copolymer (A) cross-linking agent ;eog;)pcralurc cross-linking

22 (22) Admixture No, (Nw; 35000) o-phthalic acid diglycidyl! ester 95 220000

23 (23) Admixture No. (1) polycthylene glycol diglycidyl 95 300000
[Nw; 35000]) cether (n=9)

24 (24) Admixture No. (4) 1,6-hexancdiol diglycidyl cther 95 200000
[Nw; 38000]

25 (25) Admixture No, (6) adipic acid diglycidyl ester 95 150000

(Nw; 6000]
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Table 6

Cement

Reaction composition : nummerals in brackets are parts by weight

Example Dispersing agent

charged solvent unsaturated

carboxylic acid other monomer other monomer
base monomer ' '

26 (26) toluenc malcic aphydride | 1-hexene

{2730] {490] {420}
27 @an methy! ethyl maleic anhydride | isobutylenc styrene

ketone [6861 [364) {52)

(2571)
28 (28) toluenc maleic anhydride | methoxy-

(2745) [147) polycthylenc

glycol allyl cther
{768])
Reaction composition : numerals in-brackets are parts by weight
reaclion molccular
Example defoaming agent (1) polymerization initiator temperature (°C) | weight
26 oxyethylene oxypropylene adduct of AIBN 80 5200
C,; - C,, alcohols [9.1) (27.0]
27 polyoxyethylene laurylamine AIBN 80 6000
(5.5] {10.0}

28 polyoxyethylene polyoxypropylene butyl peroxide 90 9000

adduct (6.4]

{10.0)

YHCO-HS1

R

™Y
w
%
2
gyl
Y
- 1
..rg:;
|
c:g
- =
2 |
Q2
™
m
—4

|

1
3
{
¢

ez




10

15

20

25

30

154-0244 This Sheet Has Been Replaced

REPLACEMENT SHEET

[T

2 | 11000 997

Control 1 for manufacturing Comparison Admixture (1)

o amazes

1695 parts of water is introduced into a glass reaction vessel equipped with a thermometer, a stirrer,
a dropping funnel, a nitrogen introduction tube, and a reflux condenser, and the interior of the
reaction vessel is purged with nitrogen while stirring, and the mixture is heated to 95°C under a
nitrogen atmosphere. A monomer aqueous solution comprising 800 parts of methoxy polyethylene
glycol monomethacrylate (average mol addition number of ethylene oxide, 10) 200 parts of
methacrylic acid, and 1500 parts of water, and 672 parts of a 5% ammonium persulfate aqueous
solution are respectively drip-fed for 4 hours, and after competion of feeding, 168 parts of 5%
ammonium persulfate is added over a period of 1 hour. The temperature is maintained for 1 hour at
95°C to complete a polymerization reaction. A comparison admixture (1) comprising an aqueous
solution of a copolymer of average molecular weight of 35,000 is obtained.

Control 2 for manufacturing Comparison Admixture No. (2)

1695 parts of water is introduced into a glass reaction vessel equipped with a thermometer, a stirrer,
a dropping funnel, a nitrogen introduction tube, and a reflux condenser, and the interior of the
reaction vessel is purged with nitrogen while stirring, and the mixture is heated to 95°C under a
nitrogen atmosphere. A monomer aqueous solution comprising 800 parts of methoxy polyethylene
glycol monomethacrylate (average mol addition number of ethylene oxide, 10), 200 parts of
methacrylic acid, 0.005 parts of "Pluronic" L-64 (polyoxyethylene-polyoxypropylene adduct) as
oxyalkylene base defoaming agent, and 1500 parts of water, and 672 parts of a 5% ammonium
persulfate aqueous solution are respectively dip-fed for 4 hours, and after completion of feeding,
168 parts of 5% ammonium persulfate is added over a period at 1 hour. The temperature is
maintained at 95°C for 1 hour to complete a polymerization reaction. A comparison admixture (2)

comprising an aqueous solution of a copolymer of M., 35,000 is obtained.
Control 3 for manufacturing Admixture No. (3)
To 100 parts of comparison admixture No. (1) obtained in Control 1, 0.1 part of polyoxyethylene

polyoxypropylene nonyl phenyl ether as a polyoxyalkylene base defoaming agent is added to obtain

a comparison cement dispersing agent (3).
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Control 4 for manufacturing Comparison Admixture No. (4)

349.6 parts of water and 1648 parts of polyethylene glycol monoallyl ether (average mol addition
number of ethylene oxide, 5) are introduced into a glass reaction vessel equipped with a
thermometer, a stirrer, a dropping funnel, a nitrogen introduction tube and a reflux condenser, and
the interior of the reaction vessel is purged with nitrogen while stirring, and the mixture is heated to
95°C under a nitrogen atmosphere. A monomer/polymerization initiator mixture aqueous solution
comprising 687 parts of maleic acid, 1030 parts of water and 57.2 parts of ammonium persulfate is
dip-fed for 2 hours. After completion of feeding, 527 parts of 5% ammonium persulfate aqueous
solution is added over a period of 1 hour. The temperature is maintained at 95°C for 1 further hour
to complete the polymerization reaction. A comparison admixture (4) comprising an aqueous

solution of a copolymer of M., 6,000 if obtained.
Control 5 for manufacturing Admixture No. (5)

A comparison admixture (5) is obtained by mixing 0.1 part of oxyethyleneoxypropylene adduct of
Ci2-C4 alcohol as a polyalkylene base of defoaming agent to the comparison admixture No. (4)
obtained in Control 4.

(Test of storage stability)

The 28 varieties of cement dispersing agent of the invention shown in Tables 1 to 6 are left standing
at 50 C and the storage stability is investigated by visually observing degrees of compatibility.
Further, for purposes of comparison, tests are also made of the comparison cement dispersing agent
(3) obtained in Control 3 and comparison cement dispersing agent (5) obtained in Control 5. The
particle size of the defoaming agent is determined by using a laser diffraction type particle
distribution meter (microtruck FRA). The results of these tests are given in Tables 7 and 8.
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{\ : Not compatible or unstable dispersion
X: Separated into two layers
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Table 7
Number of days clapsed
Example Admixture  used immediately 50°C, 50°C, pa"(i:,',c,)sm
after 1 day after 1 month
! (1 o o] o} 1.3
2 2 o o o 1.7
3 3) o 0 o] 1.3
4 @ o) o] o} 1.4
5 (5) o] o) o 7.1
6 ©) o] o) o) 5.7
7 ) o] o] o} 1.8
8 (8) 0 o) 0 1.2
9 ©) o) o) 0 (.2
10 (10) o) o) o) 1.5
1 (1 o (o) o) 13
12 (12) o) o) o) 15
13 (13) o) o] o] 1.2
14 (14) o] o o 1.4
15 (15) o) o} o 1.4
16 (16) o) o o 1.5
17 amn o] o) 0 1.2
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Table 7 (cont'd)

1} ]

(18)

o 0 0 1.3
19 . (19) o) o o 14
20 (20 o .0 o) 14
2! b o - O o 5.1
2 22) o o 0 1.3
2 23 o o o 1.3
24 (24) o] o) o 14
2 (23) 0 o 0 5.7
26 (26) o o o} ]
2 27 o o o ]
28 (28) o 0 0 ]

particle size determination : particle size is not more than 0.1 pm or cannot be determined because of molten state
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The cement used was ordinary portland cement (blend of equal amounts of 3 brands, speciic
gravity: 3.16), the fine aggregate was a blend of Oi River System pit sand and Kisarazu mountain
sand (specific gravity 2.62, FM 2.71) and coarse aggregate was Ohme, Tokyo graywacke crushed
stone (specific gravity 2.64, MS 20mm). '

The 28 varieties of the admixture according to the invention listed in Tables 1-6 and for comparison
the comparison adrrﬁxt&es (1) to (5) and naphthalene sulfonate-formalin condensate (BNS) and
melamine sulfonate-formalin condensate (MSF) are tested. As the comparative admixtures (1), (2)
and (4) possess air-entraining properties, adjustments of entrained air contents using air-entraining
agents are not made, while for the other admixtures of the invention (1)-(17) and the comparison
admixtures (3) and (5) and for BNS and MSF, a commercial air-entraining agent ("Pozzolith" (trade
mark) No. 303A manufactured by NMB Ltd.) is used in the dosages listed in Tables 9 and 10 to
make adjustments of entrained air contents as suited

The mix proportions for plain concrete without admixture according to the invention are unit
cement content 320kg/m’, unit water content 203kg/m’ (water/cement ratio 0.634) and sand-
aggregate ratio 49%, while the proportions for concrete using with the admixture are unit cement
content 320kg/m’, unit water content 166kg/m’ (water-cement ratio 0.519), and sand-aggregate

ratio 47%

Concretes are manufactured under the conditions mentioned above, time-dependent changes in
stump values and air content are measured and slump losses and air-entraining properties are

evaluated. The time of setting and 28 day age compressive strength of concrete are also measured.
Measuring slump, air content, compressive strength and time of setting and the method of collecting
compressive strength specimens are all adaptations of Japan Industrial Standards (JIS A 110},

1108, 1128, 1132, 6204)

The results are given in Tables 9-14
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Table 9
Example Admixture used | Amount of cement Amount of air
dispersing agent entraining agent
a) b)
1 ¢} 0.15 0.012
2 ) 0.15 0.010
3 3) 0.15 0.005
4 &3] 0.15 0.012
5 (5) 0.17 0.011
6 (6) 0.17 0.015
7 N 0.15 0.012
8 ®) 0.15 0.010
9 9) 0.15 0.003
10 (10) 0.15 0.015
1t (11) 0.15 0.008
12 (12) 0.15 0.010
13 (13) 0.15 0.018
14 (14) 0.15 0.020
15 (15) 0.15 0.010
16 (16) 0.15 0.008
17 an 0.15 0.016
18 (1%) 0.15 0.012
19 (19 0.15 0.010
20 (20) 0.15 0.010
21 2n 0.17 0.015
22 (22) 0.18 0.012
23 (23) 0.13 0.012
24 (24) 0.18 0.010
25 (25) 0.18 0.015
26 (26) 0.17 0.016
27 27 0.15 0.015
28 (28) 0.12 0.012
Remarks: a) Percent by weight of solid content on cement

b) Percent by weight on cement
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b) Percent by weight on cement
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Table 10
Conwol Admixture used Amount of cement Amount of air
dispersing agent entraining agent
a) b)
A plain concrete - -
B BNS 0.50 0.008
c MSF 0.60 0.002
1 comparative 0.15 -
Admixture No. ¢)]
2 comparative 0.15 -
Admixture No )
3 comparative 5 - 0.15 .01
Admixture No. 3)
4 comparative 0.15 -
Admixmre No. 4
5 comparative 0.15 0.013
Admixmre No. 6)]

REPLACED

THIS SHEET HAS BEEN




154-0244

REPLACEMENT SHEET

11 JUL 997

33 :
Table 11
Slump (cmy) / air content (vol %)
Example immediately
after mixing After 30 min. After 60 min. After 90 min.
1 19.0/4.1 19.0/39 17.573.7 17.5/4.0
2 18.5/3.9 17.0/33 16.5/3.3 17.0/73.5
3 175740 18.5/3.3 18.0/3.8 17.0/73.8
4 19.0/4.0 17.0/3.8 16.5/3.3 17.0/3.5
5 17.5/4.2 18.0/43 17.574.0 17.0/73.8
6 18.5/42 17.574.1 175739 18.0/3.7
7 185737 18.0/3.6 17.0/73.5 17517137
g 18.0/4.0 180740 | 1857338 17,51 4.1
9 185/73.9 18.0/4.1 18.0/3.8 17.0/3.8
10 19.0/45 18.0/40 17.0/43 185742
11 185738 17.074.0 18.0/3.8 195737
12 - | 19.0/40 17.074.0 185742 17.0737
13 18.0/45 170740 17.574.1 175744
14 19.074.0 19.0/740 175738 175737
15 18.0/4.0 170743 18573.8 17.0/3.7
16 18.5/4.1 19.0/40 175738 17.513.7
17 18.0/4.0 18.0/4.0 17517137 175738
18 185739 155736 17517139 17.513.7

-
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Table 12 L
Slump (cm) air content (vol %)
Example immediately After 30 min. After 60 min. After 90 min.
after mixing

19 18.5/39 18.0/4.0 18.0/4.0 175738

20 18.0/ 4.1 17.0/3.8 17.0/39 175736

21 190738 17.0/3.4 17.0/3.7 17.0/735

22 17.0/3.4 20.573.7 19.513.6 190735

23 17.0/3.6 20.0/35 19.573.6 18.0/3.6

24 170739 20.0/3.9 19.0/4.0 18.573.7

25 170740 210741 190733 17.573.9

26 19.5/74.1 19.0/37 18.0/3.0 1751733

27 18.0/43 18.0/4.1 17.0/42 17.0/3.9

28 185/3.7 18.0/3.8 185/35 175735

Control ,

A 190/ 2.0.' 175120 1557138 125/ 1.3

B 18.0/ 4.4 1057 4.1 6517338 40733

c 185/4.2 95740 6.5/3.9 401731

1 19.0/44 19.0/4.2 18.0/44 17.0/4.6

2 18.5/742 18.0/43 155743 175746

3 18.0/739 1857139 17.0/43 16.5/4.6 i
4 185/4.6 175/45 175745 17.0/74.7

5 19.0/3.7 _ 17.0/4.0 18.6/45 18.5/5.1
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Table 13
Seuting time (hr-min) 78-Day Comp.
Stength
Example Init. Final (kgflem?)
1 6-20 8-30 480
2 6.20 g8-10 an
3 6-30 8-30 467
4 6-20 3-40 461
5 6-30 8-20 458
6 6-10 8-40 462
7 6-10 8-40 477
8 6-20 8.30 470
9 6-00 840 488
10 6-30 8-40 494
I1 5-50 8-10 453
12 6-00 8-50 475
13 6-20 9-00 455
14 6-30 8-50 ' 459
15 640 910 486
16 6-00 8-30 4N
17 6-10 8-20 463
18 6-20 9-00 473
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Table 14
Seting time (hr-min)
28-Day Comp.
Sxample - Init. Final strength
(kgflem?)
2 §30 §-10 474
20 6-20 8-20 459
21 6-20 8-10 462
= &30 9-10 468
23 6-40 9-00 473
24 6-50 8-50 461
% 6-50 9-20 456
26 6-30 8-30 479
27 6-10 8-20 459
28 . 6-20 8-40 462
Control
A 5-40 7-50 329
B 5-30 7-30 . 407
< 5-30 7-40 410
! 6-20 8-20 422 )
2 6-20 8-40 431
3 6-30 8-30 419
- i &30 417
> 6-10 8-20 425
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From Tables 9 to 10, it may be seen that the shelf life of an admixture according to the invention is

considerably improved over the case of the blend of defoaming agent with a copolymer.

Tables 9 to 14 show that the comparison admixtures (1) and (4) obtained by polymerization without
using a defoaming agent and the comparison admixture (2) obtained by using 0.005% of the
defoaming agent produces an air content of 4.5-5%, so that dosage must be limited. Moreover, 28-
day compressive strength is reduced. With admixtures according to the invention, air-entraining
tendencies are reduced and adjustment can be made to any air content with an air-entraining agent.
Further, other physical properties are equal to or better than comparison concretes, and it may
particularly be noted that 28 day compressive strengths are greatly increased.

Moreover, comparison admixtures (3) and (5) with added defoaming agents added to comparison
cement dispersing agent (1) show increases in entrained air content with elapse of time, whereas the
air-entraining properties of admixtures according to the invention are stable with elapse of time and
slump loss prevention is also superior compared with plain concrete, BNS and MSF.

The admixtures according to the invention ameliorate and even eliminate the problem of the
excessive air-entraining properties of conventional polycarboxylic acid base high range air-
entraining, water-reducing agents. They exhibit excellent shelf life and are capable of entraining
suitable amounts of air. Thus, the use of an admixture according to the invention confers the
possibility of preparing cementitious mixtures such as concrete of good fluidity with a high rate of
water reduction, which on hardening will provide a hardened concrete object of high compressive

strength.
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Claims:

1. A fluidity-controlling admixture for cementitious compositions, comprising at least one cement-

dispersing agent and at least one defoaming agent, characterised in that
(a) the cement-dispersing agent is an aqueous solution of polymer; and

(b) the defoaming agent is oxyalkylene-based and is either dissolved in the polymer

solution or is stably dispersed therein as hereinbefore defined in particles as hereinbefore defined

the aqueous solution of polymer being prepared by the polymerisation of monomer in the presence

of the defoaming agent and the defoaming agent being present to the extent of from 0.01 - 10.0%

2. An admixture according to claim 1, wherein the polymer comprises a main component which is

selected from at least one of

(A) a copolymer obtained by polymerising a monomer mixture which comprises an unsaturated

carboxylic acid monomer;
(B) the neutralised salt of (A); and
(C) the polymer obtained by crosslinking (A) and/or (B) by means of a crosslinking agent.
3. An admixture according to claim 1 or claim 2, wherein the polymer is formed from a monomer

mixture which comprises from 5-98% by weight of an alkylene glycol mono(meth)acrylic acid ester
(a) of the formula I ‘
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wherein R' and R* are independently hydrogen or.methyl, R® is an alkylene group of from 2-4

carbon atoms, R* is hydrogen or an alkyl group of 1 to 22 carbon atoms, and m represents an
integer of 1 to 100, and 2 to 95% by weight ofa (meth)acrylic acid base monomer (b) of the
formula (II)

] This Sheet Has Been Replaced
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wherein R! and R? have the abovementioned significances, and M" is hydrogen, monovalent metal,

R'-CH=C-COOM' - (D |

divalent metal, ammonium group or an organic amine group, and 0 to 50% by weight of a monomer
(c) capable of being copolymerized with these monomers, provided that the sum of (a), (b) and (c)
shall be 100% by weight.

4. An admixture according to claim ! or claim 2, wherein the polymer is prepared from a monomer
mixture which comprises from 5-98% by weight of an alkoxypolyalkylene glycol mono(meth)allyl
ether base monomer (d) of the formula (III);

R2
|
R'-CH=C-(CH,),-O-(R’O)n-R* 411))

wherein R, R%, R?, R* and m are as hereinabove defined and nis 0 or 1, and 2 to

Y Z

|
X-C=C-COOM* Iv)

wherein X and Y are independently selected from hydrogen, methyl and -COOM?, or X or Y
together with -COOM? form an anhydride ring, Z is selected from -CH,COOM?, hydrogen or
methyl and M? and M? are independently selected from the significances of M' given hereinabove,
an alkyl group of 1-20 carbon atoms, an alkylene glycol of 2-4 carbon atoms and a polyalkylene
glycol of from 2-100 mols of a glycol adduct, provided that at least one of M?, M? is selected from
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hydrogen, monovalent metal, divalent metal, ammonium group and an organic arfireE group; and
from 0-50% by weight of monomer (f) capable of copolymerisation with (d) and (e), (d)+(e)+(f)
being 100% by weight.

5. An admixture according to claim 1 or claim 2, wherein the polymer is prepared from a monomer
mixture which comprises from 5-98% by weight of at least one o-olefinic monomer (g) having from
2-12 carbon atoms, from 2-95% by weight of an ethylenically unsaturated dicarboxylic acid
anhydride base monomer (h) and from 0-50% by weight of monomer (i) copolymerisable with (g)
and (h), (g)+(h)+(i) being 100% by weight.

6. A process of preparing 2 fluidity control admixture for use in concrete, comprising the

polymerisation of a monomer mixture in the presence of an oxyalkylene-based defoaming agent.

_7. A process according to claim 6, comprising the polymerisation of a monomer mixture which

comprises at least one unsaturated carboxylic acid base monomer in the presence of an oxyalkylene-

based defoaming agent.

8. A process of modifying the fluidity of a cementitious composition, comprising the incorporation

into the composition of an admixture according to any one of claims 1-5.

9. Use of an admixture according to any one of claims 1 to 5 to modify the fluidity of 2 cementitious

composition.
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FLUIDITY CONTROL OF CEMENTITIOUS COMPOSITIONS

This mvention refates to fluidity control of cementitious compositions, to admixtures for achieving

such control and to cementitious compositions comprising such admixtures.

Water-reducing compositions are widely used in cementitious compositions such as concrete to
reduce the water content (and thereby mcrease strength) while maintaining fluidity or "slump” (so
that the compositions can flow easily, for example, around complicated formwork). Typical water-
reducing agents are the so-called “superplasticisers”, for example, R-naphthalene suiphonate-
formaldehyde ("BNS") condensates and various polycarboxylate-based materials. One of the
problems which water-reducing agents, especially the aforementioned polycarboxylates, can
mtroduce is the entrainment into the cementitious composition of excessive volumes of air. While

the presence of some air is harmiess and even beneficial, excessive air entrainment leads to reduced

swength. Alr entrainment can of course be reduced by reducing the concentration of water- .

reducing agent used, but the desired slump control is then diminished. It has been proposed to use
known defoaming agents to counteract excessive aeration, but this has also often proved
unsatisfactory, oce reason being that a mixture of water-reducing agent and defoaming agent, 2
commmercially desirable package, is usually unstable.

It has now been found that it is possible to make an admixture which confers high slump on
cementitious compositions, but without excessive aeration. There is therefore provided, according
to the present invention, a fluidity-controlling admixture for cementitious compositions,

comprising at least one cement-dispersing agent and at least one defoaming agent, characterised in
that

(a) the cement-dispersing agent is an aqueous solution of copolymer; and

(b) the defoaming agent is oxyalkylene-based and is either dissolved in the copolymer solution or is
| stably dispersed therein in particles of o more than 20pM diameter,
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the aqueous solution of copolymer being prepared by the polymerisation of mMdndmer m the
presence of defoaming agent and the defoaming agent being present 0 the extant of fom 0.01-

10% by weight of the monomer mixture.

The invention additionally provides a procass cf preparing a fuidity control admivzure for use in
concrete, comprising the polymerisation of a monomer mixture to give an aquecus solution of
colymer, this polymerisation being carried out in the presence of an oxvalkylene-tased defoaming
agent. such that the defoaming agent is present to the extent of Fom 0.01-10% Ly weight of the

monomer mixture and is either dissolved in the solution or dispersed therein in particles of 20uM

Vi -

maximum diameter.

Where the defoaming agent is present in the form of particles, the particles are stablv dispersed in
the solution. By "stably dispersed” is meant that. when prepared and allowed to siand, a dispersion
will remain a dispersion for at least 24 hours. The reason for this is not fully understood, but it is
noticeable that a dispersion which dees nct comply with this requirement does not give such good
results in a cementitious composition, even when it is used when it is still a dispersion. for example,

unmediately upon preparation or shortly thereafter.

The defoaming agent is dissolved or dispersed in the presence of polymerisable monomer and
polymerisation of the monomer polymerised to give the polymer. It has been found that
dispersions prepared in this manner are appreciably better than those obtained by simpiy dissolving
or dispersing a defoaming agent in an already-existing polymer solution. A further practical
advantage is that the achievernent of the desired small particle size is more easilv achievabie.

Details of preferred monomer compositions are given hereinunder.
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The polymer for use in this invention may be any polymer which is water-soluble and which is a
water-reducing agent or a cement-dispersing agent. However, it has been found that certain
polymers give especially good results. Thus, in a preferred admixture, the polymer comprises a

main component which is seiected from at least one of

(A) a copolymer obrained by polymerising 2 monomer mixture which comprisés an unsaturated

carboxylic monomer;
(B) the neutralised salt of (A); and
(C) the polymer obtained by crosslinking (A) and/or (B) by means of a crosslinking agent.

In a preferred embodiment, the monormer mixture comprises from 5-98% by weight of an alkylene
glycol mono(meth)acrylic acid ester monomer (a) of the formula I

Rz

1
R'-CH=C-COO®R’0),-R* )

wherein R’ and R” are independently hydrogen or methyl, R® is an alkylene group of from 24
carbon atoms, R* is hydrogen or an alkyl group of 1 to 22 carbon atoms, and m represents an

integer of 1 to 100, and 2 to 95% by weight of a (meth)acrylic acid base monomer (b) of the
formula (1)

RZ

|
R'-CH=C-COOM' 01

wherein R' and R? have the abovementioned significances, and M' is hydrogen, monovalent metal,
divalent metal, ammonfum group or an organic amine group, and 0 to 50% by weight of a
monomer (c) capable of being copolymerized with these monomers provided that the sum of (a),

(b) and (c) shall be 100% by weight.
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[n a further embodiment of the inveation, said monomer mixture comprises from 5-98% by weight
of an alkoxypolyalkylene glycol mono(meth)allyl ether base monomer (d) of the formula (II);

RZ

l
R'-CH=C-(CH,)»-O-R’0),-R* (I

wherein R', R?, R?, R® and m are as hereinabove defined and n is O or 1, and 2 to 95% by weight

of a (meth)acrylic acid base monomer (b) of the formula (TV)

Y Z

|
X-C=C-COOM’ av)

wherein X and Y are independently selected from hydrogen, methyl and -COOM’, or X or Y
together with -COOM? form an anhydride ring, Z is selected from -CH,COOM’, hydrogen or
methyl and M? and M’ are indépendently selected from the significances of M' given hereinabove,
an alkyl group of 1-20 carbon atoms, an alkylene glvcol of 2-4 carbon aroms azd a polyalkylene
glycol of from 2-100 mols of a glycol adduct, provided that at least one of M7, M’ is selected fom
hydrogen, monovalent metal, divalent metal, ammonium group and an organic amine group; and
from 0-50% by weight of monomer (f) capable of copolymerisation with (d) and (e), (d)y+He)H(f)
being 100% by weight.

In a further preferred embodiment, said monomer mixture comprises from 5-98% by weight of at
least one a-olefinic monomer (g) having from 2-12 carbon atoms, from 2-95% by weight of an
ethylenically unsaturated dicarboxylic acid anhydride base monomer (h) and from 0-50% by
weight of monomer (i) copolymerisable with (g) and (h), (g)+(h)+H{i) being 100% by weight.

Polycarboxylic acid base is a general name of a cement-dispersing agent which contains as a main
component a copolymer (A) obtamed by polymerising a monomer mixture containmg an
unsaturated carboxylic acid base monomer as an essential component and/or a copolymer (B)
obtained by further neutralizing the copolymer (A) with an alkaline substance and/or a cross-linked
copolymer (C) obtained by post cross-linking the copolymer (A) by using a cross-linking agent.



5

The unsaturated carboxylic acid monomer may include unsaturated monocarboxylic acid such as
(meth)acrylic acid and monovalent metal salt, divalent metal salt, ammonium salt and an arganic
amine salt thereof: an unsaturated dicarboxylic acid such as maleic acid, fumaric acid. citraconic
acid, taconic acid, etc. and inonovalent metal salt, divalent meral salt, ammonium salt, an organic

5 amine salt, anhydride thereof or a monoester of these acids with an aliphatic alcohol having 1 10 20

carbon atoms or a glycol having 2 to 4 carbon atoms or a polyalkylene glycol having 2 to 100

addntion mol number. One or more of these can be used.

Further preferable monomer mixtures comprise 2 mixture containing 5 to 98%, preferably S0 to
10 97%, by weight of an alkylene glycol mono(meth)acrylate (a) designated by the abovementioned
general formula (I), 2 to 95% by weight, preferably 3 1o 50% by weight of a (meth)acrylate base
monomer (b) designated by the abovementioned formula (IT) and 0 to 50% by weight, preferabty 0
to 30% by weight of monomer (c) capable of being copolymerized with these monomers, provided
that the sum of (a), (b) and (c) is 100% by weight; a mixture containing 5 to 98% by weight,
15 preferably 50 to 97% by weight of an (alkoxy)polyalkylene glycol mono(meth)allyl ether base
monomer (d) designated by the abovementioned general formula (II), 2 to 95% by weight,
preferabiy 3 to 50% by weight of an unsaturated carboxylic acid base monomer (e) designated by
the above mentioned general formula (IV), and 0 to 50% by weight, preferably 0 to 30% by
weight of monomer (f) capable of being copolymerized with these monomers, provided that the
20 sum of (d), (e), and (f) is 100% by weight; and a mixrure of 5 to 98% by weight, preferably 10 to
70% by weight of an ¢-olefinic monomer (g) having 2 to 12 carbon atoms, 2 to 95% by weight,
preferably 30 to 90% by weight of an ethylenically unsaturated dicarboxylic acid anhydride base
m;momer (h), and 0 to 50% by weight, preferably 0 to 30% by weight of monomer (i) capable of
being copolymerized with these monomers, provided that the sum of (g), (B) and (D) is 100% by
25 weight.

Examples of monomer (a) include hydroxyethyl (meth)acrylate, hydroxypropyl (meth)acrylate,
polyethylene glycol mono(meth)acrylate, polypropylene glycol mono(meth)acrylate, polybutylene
glycol mono(meth)acrylate, polyethylene glycol polypropylene glycol mono(meth)acrylate,
30 polyethylene glycol polybutylene glycol mono(meth)acrylate, polypropyl.ene glycol polybutylene
glycol mono(meth)acrylate, polyethylene glycol polypropylene glycol polyburylene glycol
mono(meth)acrylate, methoxy polyethylene glycol mono(meth)acrylate, methoxy polypropylene
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gtycol mono(meth)acrylate, methoxy polybutylene glycol mono(meth)actylare, ethoxy
polybutylene glycol mono(meth)-acrylate, methoxy polyethylene glycol polypropylene glycol
mono(meth)acrylate, methoxy polyethylene glycol polybutylene glycol mono(meth)acrylate,

methoxy polypropylene glycol polyburylene glycol mono(meth)acrylate, methoxy propyethylene

wn

glycol polypropylene glycol polyburylene glycol mono(meth)acrylate, ethoxypolyethylene glycol
mono(meth)acrylate, ethoxypolypropylene glycol mono-(meth)acrylate, ethoxypolvbutylene glycol
mono(met.‘{)acrylate, ethoxypolvethylene glycol polypropylene glycol mono(methjacrylate,
ethoxypolyethylene glycol polybutvlene glycol mono(meth)acrylate, ethoxypolypropylene glycol
polybutylene glycol moro(meth)acrvlate and ethoxypolyethylene glycol polypropylene glycol
| opolyburylene glycol mono(meth)acrylate. More than one such monomer may be used.

Suitable exampiles of monomer (b) include acrylic and methacrylic acids and their monovalent
metal salts, divalent metal salts, ammonjum salts and organic amine salts. More than ore such
monomer may be used.

15
The monomer (c) is 2 monomer capable of copolymerization with the monomers (a) and (b).
Examples of monomer (c) inciude esters of alipkatic alcohols of 1 to 20 carbons with (meth)acrylic
acid unsaturated dicarboxylic acids of maleic acid, fumaric acid, citraconic acid, ew., or
monoeszers or diesters of these acids with aliphatic alcohols of 1 to 20 carbons or glycols of 2 to 4

90 carbons, or polyalkylene giycols of added mol number 2 to 100 of these glycols, unsarurated
amides such as (meth)acrylamide and (meth)acryl alkylamide, vinyl esters such as vinyl acetate and
vinyl propionate, aromatic vinyls such as styrene, unsaturated sulfonates such as vinyl sulfonates,
(meth)allylsulfonic acid, sulfoethyl(meth)acrylate, 2-(meth)-acrylamido-2-methylpropane sulfonic
acid and styrene sulfonate, and their monovalent metal salts, divalent metal salts, armmniu;n salts

25 and organic amine salts. More than one such monomer may be used.

Examples of the monomer (d) imnclude alkoxypolylkylene glycol mono(methallyl ether, e.g.,
polyethylene glycol mono(meth)allyl ether, polypropylene glycol mono(meth)allyl ether,
polyethylene glycol polypropylene glycol mono(meth)ally! ether, polyethylene glycol polybutylene
30 8tycol mono(meth)ally! ether, polypropylene glycol polybuthylene glycol mono(meth)allyl ether,
polyethylene glycol polypropylene glycol polybutylene glycol mono(meth)allyl ether,
methoxypolyethylene glycol mono(meth)allyl ether, methoxypolypropylene glycol mono(meth)allyl
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ether, methoxypolybutylene glycol mono(meth)allyl ether, methoxypolyethylene giycol
polypropylene glycol mono(meth)allyl ether, methoxypolyethylene glycol polybutylene glveol

A A

mono(methjallyl ether, methoxypolyethylene glycol polypropylene glycol polybutylene glveol
mono(meth)allyl ether, ethoxypolyethylene glycol mono(methjallyl ether, ethoxyrolypropylene
5 glycol mono(meth)allyl ether, ethoxypolyburylene glycol  mono(meth)allyl ether,
ethoxypolybutylene glycol mono(meth)allyl ether, ethoxypolyethylene glycol polypropviene glycol
mono(meth)allyl ether, ethoxypolyethylene glycol polybutylene glycol mono(meth)ally ether,
ethoxypolypropylene glycol polybutylene glycol mono(meth)allyl ether, and ethoxypolvethylene
glycol polypropylene glycol polyburylene glycol mono(meth)allyi ether, and an alkoxypolyalkylene
10 glycol monocrotyl ether, polyethylene glycol monocrotyl ether, polyethylene glycol monocrowyl
ether, polypropylene glycol monccrotyl ether, polybutylene glycol monocrotyl ether, polyethylene
glycol polypropylene glycol monocrotyl ether, polyethylene glycol polybutylene glycol monoccotyl
ether, polypropalene glycol polybutylene glycol monocrotyl ether, polyethylene glycol
polypropylene glycol polybutylene glycol monocrotyl ether, methoxypolyethylene glycol
15 monocrotyl ether, methoxypolypropylene glycol monocrotyl ether, methoxybutylene giycol
monocrotyl ether, methoxypolyethylene glycol poiypropyiene glycol monocrotyl ether,
wethoxpolyethylene glycol polybutylene glycol monocrotyl ether, methoxypolypropyleze giycol
polybutylene glycol monocrotyl ether, methoxypolyethylene glvcol polyprepylene glycol
polybutylene glycol: monocrotyl ether, ethoxypolyethylene glycol monocrotyl ether,
20 ethoxypolypropylene glycol monccrotyl ether, ethoxypolypropylene glycol moroctotyl ether,
ethoxypolybutylene glycol monocrotyl ether, ethoxypolybutylene glycol monocrotyl ether,
ethoxypolyethylene glycol polypropylene glycol monocrotyl ether, ethoxypolyethylene glycol
polybutylene glycol monocrotyl ether, ethoxypolypropylene glycol polybutylene glycol rnonpcrbtyl
ether, ethoxypolypropylene glycol polybutylene glycol monocrotyl ether, and ethoxypolyethylene

glycol polypropylene glycol polybutylene glycol monocrotyl ether. More than one of these
monomers may be used.

~N
(V1)

Examples of the monomer (e) include an unsarurated monocarboxylic acid and monovalent metal
salt, divalent metal salt, ammonium salt and an organic amine salt thereof, e.g. acrylic acid and
30 methacylic acid; an unsaturated dicarboxylic acid and monovalent metal salt, divalent metal salt,
ammonium salt, an organic amine salt and anhydride thereof, e.g., maleic acid, fumaric acid,

citraconic acid and itaconic acid; or a monoester of these acids with an aliphatic alcohol having 1
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to 24 =arbon atoms or glycol having 2 ta 4 carbon atoms or a polyalkylene glycol having 2 to 100

mols 7 these glycols. Mare than ane of these monomers may be used.

Examzies of the monomer (1) include ester of an aliphatic alcohol having 1 to 20 carbon atoms and
5 acrvic acid, and a diester of an unsaturated dicarboxylic acid such as maleic acid, furaric acid and
ctracsaic acid acids with an aliphatic alcohol having 1 to 20 carbon atoms or glycol having 2 to 4
cartrr atoms or a palylkylene glycol having 2 to 4 carbon atoms or a polyalkylene gtycol having 1
© 165 mols of these glycols; an unsarurated amide such as (meth)acrylamide and (meth)acryl
allc/lamide, a vinyl ester such as vinyl acetate and vinyl propionate; an aromatic vinyl such as
10 STyreze; an unsaturated sulfonic acid such as vinyt sulfonic acid, (meth)allyl sulforic acid, sulfoethyl
(methjacrylate, 2-(meth)acrylamide-2-methylpropane sulfonic acid and styrene sulfonic acid and
monovalent metal salt, divalent metal salt, ammonium salt and an organic amine salt thereof. More

than one of these monomers may be used.

15 The monomer (g) may be an unsaturated hydrocarbon having 2 to 12 carbon atoms, and examples
of the monomer (g) include ethyleze, propylene, 1-butene, 2-butene, isobutylene, n-pentene,
isoprene, 2-methyl-1-butene, n-hexane, 2-methyl-1-pentene, 3-methyl-1-pentene, 4-methyi-1-
pentene, 2-ethyl-1-butene, diisobutylene, 1,3-butadiene, 1,3-pemtadiere, 1,3-hexadiere, 1,3-
octadiene, 2-methyl-4-dimethyl-1-pentene, 2-methyl-4-dimethyl-2-pentene. Isoburylere also means

20 Spent BB containing isobutylene. Preferably c-olefin having 2 to 8 carbon atoms, especially «-
olefin having 4 to 5 carbon atoms is used. More than one kind of these monomers may be used.

Examples of the monomer () inchude maleic anhydride, itaconic anhydride, citraconic anhydride
and mesaconic anhydride,. Maleic anhydride is the preferred monomer because of its reactiviry,
25 quality and lower cost. More than one such monomer may be used.

Examples of the monomer (i) include (meth)acrylic acid and monovalent metal salt, divalent metal
salt, ammonjum salt, and an organic amine salt thereof: an ester of an aliphatic alcohol having 1 to
20 carbon atoms with (meth)acrylic acid; an unsaturated dicarboxylic acid such as maleic acid,
30 fumaric acid and citraconic acid, and mono- or diester of these acids with an aliphatic alcohol
having 1 to 20 carbon atoms or glycol having 2 to 4 carbon atoms or a polyallylene glycol having
2 to 100 mols of these glycols; unsaturated amide such as (meth)acrylamide and (meth)acryl

VNS 6N 19987
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alkylamide; a vinyl ester such as vinyl acetate and vinyl propionate; an aromatic vinyl such as
styrene; an unsaturated sulfonic \acid such as vinyl sulfonic acid, (meth)allyl sulfonic acid, sulfoechyl
(meth)acrylate, 2-(meth)acrylamide-2-methylpropane sulfonic acid and styrene sulfonic acid and
monovalent metal salt, divalent metal salt, ammonium salt, and an organic amine salt thereof More

5 than one such monomer may be used.

Examngpies of suftable defoaming agemts include polyoxyalkylenes such as (poly)oxyethylene
(poly)oxypropylene (poly)oxyalkylene alkyl ethers such as diethylene glycol heptyl ether,
polyoxyethylene oleyl ether, polvoxypropylene butyl ether, polyoxyethylene polyoxypropylene-2-
10 ethyl hexyl ether, and oxyethylene oxypropylene adducts of high alcohols of 12 o 14 carbons;
polyoxyalkylene (alkyl)aryl ethers such as polyoxypropylene phenyl ether and polyoxyethylene
nonylphenyl ether; acetylene ethers of alkylene oxide additional polymerized with acetylene
alcohols such as 2,4,7,9-tetramethyl- 5-decyn-4,7-diol, 2,5-dimethyi-3-hexyn-2,5-diol, 3-methyt-1-
butyn-3-oL; (poly)oxyalkylene aliphatic acid esters such as diethylene glycol oleic acid ester and
15 ethylene glycol distearic acid. ester; (poly)oxyalkylene sorbitan aliphatic acid esters such as
polyoxyethylene sorbitan monolauric acid ester, and polyoxyethylene sortitan trioleic acid ester;
(poly)oxyalkylene alkyl (aryDether sulfiric acid esters such as polyoxypropylene methyl ester
sodium sulfate and polyoxyethylene dodecyl phenol ether sodium sulfate; (poly)oxyakylene alkyl
phosphates such as (poly)oxyethylene stearyl phosphates; and (poly)oxyalkylene alkylamines such
20 as polyoxyethylene laurylamine. More than one kind of these may be used.

The copolymer (A) is obtained by polymerization of 2 monomer mixture containing an unsaturated
carboxylic acid base monomer as hereinabove described. As previously mentioned, this is carried
out in the presence of the defoaming agent. The proportion of the unsaturated carboxylic acid base

25 monomer in the mixture is from 2 to 95% by weight; it is essential that this range be adhered to,
otherwise the advantages of the present invention are not given. The proportion is preferably from
50 to 95% by weight. Preferably the proportion is from 3-50% in the cases of (a),(b),(c) and
(c),(d),(e), and from 30-90% in the case of (g),(h),(D.

30 To manufacture the copolymer (A), the abovementioned monomer mixture is copolymerized in the
presence of the abovementioned defoaming agent using a polymerization initiator. The quantity of
defoaming agent to be used is in the range of 0.01 to 10 weight percent of the monomer mixture,



W

10

20

[

i

g

g

[

i

& P REY
ACEMENT SHEL!

ACEVEY SUHEDI8

prs]
17}
0
=

s insame ~ nets s

10

i o
et P e e

preferably 0.05 to 5 weight percent. Whea less than 0.01 weight percent of defoaming agent is

used, adjustment of entrained air content of the cement mixture is difficult and a czment mixture of
stable strength cannot be obtained. When the quantity of defoaming agent used exceeds [0 weight

percant, the performance of the admixture obtained is reduced and a cement mixture of good

fluidity cannot be obtained.

The copolymer (A) obtained in this manner can be used as preparsd as the main ingredient of a
Juidity-controlling admixture according to the invention. The copolymer (B) obtained by further
neutralizing copolymer (A) with an alkaline substance as necessary may also be thus used, as may
a crosslinked copolymer (C). Alkaline substances particularly suitable for neutralisation include

hydroxides of monovalent metals and divalent metals, inorganic salts of sulfates and carbénates

ammonia and organic amires.

Further, although the cross-linking agent may be selected from any suitable crosslinked agent
capable of reactions with a functioral group such as carboxyl group, hydroxyl group, amino
group, sulfonic acid group, etc. contained in the copolymer (), 2 cross-linking agent which has at

least one divalent group designated by the following general formula (V)

—R>-COR)—
o

wherein R’ and R are independently selected from the group consisting of
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CHy-, CHr, — Cl: and -CH,CH )
RS
wherein,
when R® is .
il
-CH,CH.,

R’ may be unnecessary, and R” and R® are independently alkyt group of 1 to 3 carbon atems, as a
siructural unit and/er can be formed is preferable. Exameles of these cross-linking agents include
polyvalent glycidyl compounds such as ethylene glycol digiveidyl ether, polyvethylene glveol
diglycidyl ether, giycerol polyglycidyl ether, diglycerol digiycidy! ether, polyglycerol poivglycidyl
ether, sorbitol polyglycidyl ether, pentaervthritol polyglycidyl ether, propylene giveol digliveidyl
ether, polypropylene giycol digiveidyl ether, resorcin diglycidyl ether, 1,6-hexanediol diglycidyl

ether, adipic acid diglycidyl ester, s-phtalic acid diglycidyl ester, etc.

It is desirable that the weight average molecular weight (heremafter "M.,") of copolvmer (A)
(either as such or as the raw material of copolymer (C)) and copolymer (B) lie in the range of 500
t0 500,000. When the monomer mixture comprises monomers (a), (b) and (c), M. lies preferably
in the range of 5,000-500,000, when the mixture comprises monomers (d), (e) and (f) or
monomess (g), (h) and (J), it lies preferably in the range 500-100,000. If M., is less than 300, the
water-reducing capability and shump loss prevention capability of the cement dispersing agent are

reduced. When M, exceeds 500,000, the water-reducing capability of the cement dispersing agent

is reduced.

The copolymer (A) and/or the copolymer (B) and/or the crosslinked copolymer (C), with

defoamning agent dissolved or dispersed therein, may be used as a cement dispersing agent in an
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admixture according to the imvention in the form of an aqueous solution or an aqueous =mulsion
and the air-entraining property in a cememtitious mixture such as concrete may be adjusted
arburarily by suitably adjusting the variery and/or dosage of the defoaming agent used. Further,

with (A) and/or (B) and/or (C) as main ingredient, it is permissibie to use the admixture according

(W)

to the invention in combination with other known admixtures. Examples of such cament

admixtures include conventional cement dispersing agents. air-entraining agents, cement werting
agents, expansion agents, wazerprcbﬁng agents, retarding agemts. quick-sefting agents. water- -
soluble polymeric subsiances. thickeners. coagulants. drving shrinkage reducing agents, strength
increasing agents and hardening acceleraters.

10
The admixture of the invention may be used with hydraulic cements such as portlend cement. tugh

alumina cement and various blended cements or hydraulic materials other than cement. such as
gypSum.

15 Tae admixture of this invention gives excellent performance even when reiatively small quantities
compared with conventional dispersing agents are used. For example, when used in morars or
concretes containing hydraulic csment, quantities used are typically fom 0.01 to 1.0%, preferably
ffom 0.02 to 0.5% by weight of cement. Various desirable effects such as increase in siump,
reduction in unit water content, increase in strength and improvement in durability are brought

20 about by such addition. With less than 0.01% addition, the performance is inadequate, whereas,
when a [arge quantity in excess of 1.0% is used, the results are no better and costs more, It has the
additional advantage of long shelf stability.

.

The invention therefore also provides a process of modifying the fluidity of a cementitious
25 composition, comprising the incorporation into the composition of an admixture as hereinabove
described. The use of an admixmre as hereinabove described to modify the fluidity of a

cementitious composition is also provided.

The invention is further described with reference to the following examples. In the examples,

30 unless otherwise stated, "percent” and "part” shall indicate "weight percent” and "part by weight"
respectively.
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Example | for manufacturing Admixture No.

1693 parts of water is introducad in a glass reaction vesse! equipped with a thermometer, a stirrer,
a dropping funnel. a nitrogen introduction tube, and a reflux condenser, and the mtetior of the
reaction vesse! is purged with nitrogen while stiring and heating to 95°C is carried out under a
nitrogen ammosphere. An aqueous solution of monomer comprising 730 parts of methoxy
poiyethylene glycol monomethacrviate (averﬁge mol addition aumber of ethylene oxide, 10), 250
parts of methacrylic acid, 7 parts of "Pluronic" (trade mark) L-64 (polyoxyethylene-
polyoxypropylene adduct manufacrured by Asahi Denka Kogyo KX) as oxyalkylene base
defoaming agent, and 1500 parts of water, and 672 parts of a 3% ammonium persulfate aqueous
solution is then drip-fed for 4 hours, and after completion of dropping, 168 pants of 5%

ammonium persulfate is further drip-fed for 1 hour. The temperarure is' then maintained at 95 C

for 1 hour to complete the polymerization reaction. An admixture of the present imvention

comprising an aqueous solution of a copotymer of Mw 35,000 is obtained.
Examgles 2 to 5 for Manufacturing Admixtures Nos. (2) to (5).

Admixtures (2) to (5) of the presezt invention comprising the copolymer (A) manufactured by
operatiops similar to those in Example | are summarized in Tables | and 2.

Example 6 for manufacturing Admixture No. 6.

349.6 parts of water, 1648 parts of polyethylene glycol monoallyl ether (average mol addition
number of ethylene oxide, 5) and 23.2 parts of oxyethylene oxypropylere adduct to C;-Cis
alcohols as oxyalkylene base defoaming agent in a glass reaction vessel equipped with a
thermometer, a stirrer, a dropping funnel, a nitrogen introduction tube and a reflux condenser, and
the interior of the reaction vessel is purged with nitrogen while stirring, and heating was carried
out to 95°C under a nitrogen atmosphere. A monomer/polymerization initiator mixture aqueous
solution comprising 687 parts of maleic acid, 1030 parts of water and 57.2 parts of 5% ammonium
persulfate aqueous solution is then drip-fed for 2 hours, and after completion of dropping, 527
parts of 5% ammonium persulfate aqueous solution is dropped for 1 hour. The temperature is then
maintained at 95°C to complete the polymerization reaction. The result is an admixture (6) of the
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present nvention comprising an aqueous solution of a copolymer of average molecular weight of
6,000.

Example 7 for manufacturing Admixture (7)

Admixture (7) of the present invention is obtained by drip-feeding 185 parts of 50% NaOH

aqueous solution into the admixture (1) obtained in Example 1, this bringing it to pH 8.
Examples 8 to 2! for manufacturing Admixtures Nos. (8)-(21).

Admuxeures (3) to (21) comprising the copolymer (B) of the present invention obtained in a similar

method to Example 7 are summarized in Tables 3 and 4.
Examples 22 for manufacturing Admixture No. (22)

5000 parts 0f 20% admixture aqueous solution (solids content: 1000 parts) obtaired in Example 1
is introduced mto a glass reaction vessel equipped w1th a thermometer, a stirrer, a nirogen
imtroduction tube and a reflux condenser, and heating to 95°C is carried out. 35 parts of o-pithalic
acid diglycidyl ester is then added. The temperature is mamtained at 95°C for 3 hours to complete
the cross-linking reaction and the result is admixture (22) comprising a cross-linked copolymer

aqueous solution.
Examples 23 to 25 for manufacturing Admixtures No. (23) to (23).
Admixtures Nos. (23) to (25) of the present invention comprising the cross-linked copolymer (C)

of the present invention manufactured by a similar method to Example 22 are sunmmarized in Table
5.



Table |

Reaction compasition : numerals in brackets arc parts by weigh
Example - Admixture No
P unsaturated carboxylic
charged solvent acid basc monomer other monomter othes moanomer
! 2} walter [1695.0) MAA  [250.0) MPEGMMA (0=10)
: 1750.0)
2 (2) walter [1695.0) AA {200.0] PEGMA (n=25)
{RO0.0)
3 (3) water [1315.0] MAA (250.0) MPEGMMA (n=25) methyl
(740.0) methacrylie
4 {4) waler [1695.0) MAA {300.0}) PEGMME (n=23)
(700.0}
S (5) watcr {1800.0) TEGMM [369.6) PEGMAE (n=25)
1630.4}
6 (6) waler [349.6) MA (687.0} PEGMAL (n=25)
(1648.0]
MAA : methacrylic acid
AA acrylic acid
TEGMM : tetracthylene glycal monomaleate
MA maleic acid
MPEGMMA : mecthoxy polycthylene glycol monomethacrylate
PEGMA : polyetliylenc glycol mononcrylate =
PEGMME :  polycthyleae glycol monomethallyl ether o =2
PEGMAL :  polycthylene glycol monoallyl ether o g
& |2
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Table 2

Reaction composition : numerals in brackels arc parts by weight
Example . L reaction temperature (°C) molecnlar weight
defoaming agent (1) polymesization initiator
t Pluronic L-64 a) ammonium persulfate 95 35000
(7.0 {20.0} ,
2 polycthylene glycol azobis-2-meihyl 80 38000
polypropylenc glycot propiomidine i
nonyl pheay! ciher hydrachloride
(5.0) {20.0}
3 oxyethylene '
oxypropylene adduct of ammoninn persulfate 95 23000 :
C,; - C,, nlcaliols (40.0)
1.0 —
(1.0 =
4 Surlynol 440 b) ammoniuin persulfate Ys 20000
(7.0) {20.0)
5 polyethylene glycol
polypropylenc glycol ammoniwmi persulfale 935 10000
nonyl phenyl ether [15.0)
(5.0}
6 oxyethylene
oxypropylenc adduct of amunoniuim persulfate 93 6000
C,; - C,, alcohols [85.8)
{23.2) .o}
5
a) polyoxycthylene polyoaypropylenc adiluct (Asahi Denka K.K)) . -
b) acctylene alcohol polyoxycthylenc adduct (Nisshin Kngaku Kogyo K.K.) - E;
c) Monomer mixture is added in 40% aqucous solution and polymerization initiator is adiicd in §% agucons solution. ! _"g 71
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Tablc 3

Reaction composition : numerals in brackets are parts by weight

st m e

Example Admixtuse No,
unsaturated carboxylic
charged solvent acid base monomer other manomer other imonaner
7 (7 walr:r [1695.0) MAA  [250.0) MPEGMMA (n=10)
(750.0)
8 ® water {2838.0] MAA  (239.0) MPEGMMA (n=25)
11200.0)
9 (9) walcr [2838.0) MAA (239.0] MPEGMMA (n=25)
[1200.0)
10 (10) water {2931.0] MAA {239.0} MPLEGMMA (n=50)
[1200.0)
1" Qan watcr (1158.0) MAA {239.0) MPEGMMA (n=50)
(1200.0)
12 (12) waler {3077.0) MAA (177.0) MPEGMMA (1=50) ~
11262.0}
13 (13) water [2972.0) MAA (239.0] MPEGMMA (n=75)
(1200.0)
!'.1 (14) waler [1334.0) SA (288.0) MPEGMMA (n=50)
(1i51.0)
5 (15) waler {2195.0) MAA {239.0) PEGMMA (n=5)
{1200.0)
16 (16) water [2823.0) MAA {239.0) MPEGMMA (n=50) sodium sulfocihaceylalg
[1080.0) [ 1B00) g =
m
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Table 3 (cont'd)

17 an walter [2924.0) MAA [215.0) MPEGMMA (n=50) medhyl acrylate
[1200.0) [24.0)
18 (18) water [1695.0) MAA 1250.0) MPEGMMA (n=10)
[750.0)
19 (19) water {1695.0] MAA {300.0) PEGMAL (n=25)
[700.0)
20 (20) water (1695.0} MAA (300.0) PEGMATR (n=25)
, (700.0} o
21 (1) waler [349.6) MA {687.0] PEGMAL (n=5)
(1648.0)
MA : methacrylic acid
SA sodiwmn acrylate
MA maleic acid
MPEGMMA : methoxy polycthylenc glycol monemethaciylate
PEGMMA:  polycthylenc glycol monomcthacrylate
PEGMAE :  polycthylene glycol monoallyl cther
s
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Table 4

Example | Reaction compasition : numecrals in brackets are parts by weight reaction alkaline pHt molecular
. . lemperature substance weight
defoaming agent (11) polymerization initiator (*C)
7 Pluroaic L-64 o) {2.0) APS {20.0) 95 50% NaOll 8.0 36000
8 PluronicL-64 a) (7.0} APS {38.0) 95 50% NaOijt 8.0 40000 "
9 Pluronic L-64  a) [1.4) APS [38.0) 95 50% NaOlt 8.0 39000 "
1o oxycthylenc oxypropylene adduct | APS {33.0) 95 50% NaO!l 8.1 37000
of C,,-C,, alcohols [14.0)
i polyoxycthylenc polyoxy-propyl- | APS (22.0) 05 50% MaOll 8.5 113000
enc nonyl pheayt cther (7.0}
12 SurfynoFMO b} (1.0} APS §26.4} 95 50% NaOH 1.1 53000
13 polyoxycihylene polyoxyprapy- APS {31.3}) 95 50% MaOll 2.6 34000
lene oleate (7.0] o
14 polyoxyethylenc polyoxypropyl- APS (12.5) 95 50% NaOit 8.0 16600
. enc sorbitan monelaurate {21.0)
5 polyyoxypropylenc dodecyl APS (69.5] 95 50% NaOW 8.0 78000
brnzenc sulfonate {21.0)
16 polyoxycthylenc stcarate  [21.0) | APS (38.0} 95 50% NaOll 7.9 19000
17 palyoxycthylene laurylamine APS {33.0} . 95 50% MaOlH 8.1 32000 -
{21.0) r_gg
(& g
18 Pluronic L-64 a) 7.0} APS {20.0}) 95 30% Ca(Oltl), 1.3 35000 o 2?)
L) ¢ m
19 Surfynol 440 b) (2.0] APS {20.0} 93 50% MaOWH 1.4 A0N0O % é
20 Sufynol 440 b)  (1.0) APS {20.0) 95 TEA 7.1 30000 3 |-
w
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Table 4 (coni'd)

" 21 oxycthylenc oxypropylene adduct | APS (85.8) 95 50% NaOli 1.8 6000

of C,,-C, alcolols  [23.2)

a) polyoxyethylene polyoxypropylene adduct (Asahi Denka K.K)
b) acetylene alcohol polyoxyethylene adduct (Nissin Kagaku Kogy K.K.)

c) Monomer mixture is added in 40% aqueous solution and polymerization initiator is added in S % aqueous solution.
APS : ammonium persuifate -

TEA : tricthanolamine

[ye]
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Table 5

Reaction composition : numerals in brackets arc paris by weight Molccular
Example Admixture Reaction weight afier
No. copalymer (A) cross-linking agent Zi!(l:l)pcmmrc cross-linking
22 (22) Admixture No. (Nw; 35000) a-phthalic acid diglycidy! ester 95 220000
23 23) Admixturc No. (1) polycthylene glycol diglycidy! 95 300000
{MNw; 35000} cther (n=9)
24 (24) Admixture No. (4) {,6-hexanediol diglycidy! ether 95 200000
[Nw; 38000}
25 (25) Adniixlure No. (6) adipic acid diglycidy! cster 95 150000
[Nw; 6000}
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Control | for manufcturing Comparison Admixture (1) _ o

e

1695 Parts of water is ntroduced into a glass reaction vessel equipped with a then'nomete;*, a
stirrer, 2 dropping funne!, a nitrogen inroduction tube, and a reflux condenser, and the interior of
the reaction vesse! is purged with nitrogen while stirring, and the mixture is heated to 95°C under a
nitrogen atmosghere. A monomer aqueous solution comprising 800 parts of methoxy polyethylene
glycol monomethacrylate (average mol addition number of ethylene oxide, 10) 200 parts of
methacrylic acid, and 1500 parts of water, and 672 parts of a 3% ammonium persulfate aqueous
solution are respectively drip-fed for 4 hours, and after competion of feeding, 168 parts of 5%
ammonium persulfate is added over a period of 1 hour. The temperature is maintained for 1 hour
X
at 95°C to complete a polymerization reaction. A comparison admixture (1) comprising an

aqueous solution of a copolymer of average molecular weight of 35,000 is obtained.
Conrrol 2 for manufacturing Comparison Admixture No. (2)

1695 parts of water is inoduced into a glass reaction vessel equipped with a thermometer, a
strer, a dropping funnel, a nitrogen introduction tube, and a reflux condenser, and the imerior of
the reaction vessel is purged with nitrogen while stirring, and the mixture is heated to 95°C under a
nitrogen atmosphere. A monormer aqueous solution comprising 800 parts of methoxy polyethylene
glycol monomethacrylate (average mol addition number of ethylene oxide, 10), 200 parts of
methacrylic acid, 0.005 parts of "Pluronic” L-64 (polyoxyethylene-polyoxypropylene adduct) as
oxyalkylene base defoaming agent, and 1500 parts of water, and 672 parts of 2 5% ammonium
persulfate aqueous solution are respectively dip-fed for 4 hours, and after completion otj.feeding,
168 parts of 5% ammonium persulfate is added over a period at 1 hour. The temperature is
maintained at 95°C for | hour to complete a polymerization reaction. A comparison admixture (2)
comprising an aqueous solution of a copolymer of M., 35,000 is obtained.

Control 3 for manufacturing Admixture No. (3)
'I'd 100 parts of comparison admixture No. (1) obtained in Control 1, 0.1 part of polyoxyethylene

potyoxypropylene nonyl phenyl ether as a polyoxyalkylene base defoaming agent is added to
obtain a comparison cement dispersing agent (3).
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Control 4 for manufacturing Comparison Admixture No. (4) é

349.6 parts of water and 1648 parts of polyethylene glycol monoallyt ether (average mol addition

number of ethylene oxide, ) are inwoduced mto a glass reaction vessel equipped with a

thermometer, a stirrer, a dropping funnel, a nirogen introduction tube and a reflux condenser, and

the interior of the reaction vesse! is purged with nitrogen while stirring, and the mixture is heated
to 95°C under a nitrogen atmosphere. A monomer/polymerization initiator mixture aqueous
selution comprising 687 parts of maleic acid, 1030 parts of water and 57.2 parts of ammonium
persulfate is dip-fed for 2 hours. After completion of feeding, 527 parts of 3% ammonium
persulfate agueous solution is added over a period of | hour. The temperature is maintained at
95°C for | further hour to complete the polymerization reaction. A comparison admixture (4)

comprising an aqueous solution of a copolymer of Mw 6,000 if obtained.
Control 5 for manufacturing Admixture No. (5)

A comparison admixture (3) is obtained by mixing 0.1 part of oxyethyleneoxypropylene adduct of
Ci2-Cis alcohol as a polyalkylene base of defoarning agent to the comparison admixture No. (4)
obrained in Control 4.

(Test of storage stability)

The 25 varieties of cement dispersing agent of the mvention shown in Tables I to 5 are left
standing at 50°C and the storage stability is investigated by visually observing degrees of
compatibility. Further, for purposes of comparison, tests are also made of the comparison cement
dispersing agent (3) obtained in Control 3 and comparison cement dispersing agent (5) obtained in
Control 5. The particle size of the defoaming agent is determined by using a laser diffraction type
particle distribution meter (microtruck FRA). The results of these tests are given in Tables 6 and 7.

Further, evalution of compatibilities are as follows:
O: Uniformly compatxbie or stable dispersion
/A\: Not compatible or unstable dispersion

X: Separated into two layers



Table 6

Number of days clapsed

Example Admixture used immeditely So°C, 0C. ,,n"(::;:ﬁ)sim
after 1 day alter 1 month
! Q) o o) o 1.3
2 (2) o o O 1.7
3 £) o o) o 1.3
4 (4) o o o) 1.4
5 (5) o) o (o) 7.1
6 (9) o o o 5.1
7 N o O o) 1.8
8 (8) (o) o) e} 1.2
9 9 o O @] 1.2
10 (10) o o] (0] 1.5
i (n o o) 0o 1.3
12 (12) 0O o Q 1.5
13 (k) (o] (o] O 1.2
14 (14) O O QO LA
15 (15) 0o O 0] b
16 (16) o o O IS
17 ) O O O L2

X
-+
€
° 13
€
c |5
= | =
=
3 e
x
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Table 6 (cont’d)

18 © o 8) o o) o) 1.3
19 .9 o o (o) 14
20 (20) o o o .4
21 (2n o o) e} 5.7
22 (22) o} o) 0 1.3
23 (23) o o o 1.3

24 (24) o) o o) .4 o
25 (25) 0 o o 5.7

particle size determination : particle size is not more than 0.1 um or cannot be determined because of molien st
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3
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Table 7

] Number of days clapsed
Control Admixture  used particle size
immediately 50°C, 50°C (im)
after | day after U month
3 comparative A X X 2.2
Admixture No. (3
3 comparative A X X 5.2
Admixture No, (3)
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The cement used was ordinary portland cement (blend of equal amounts of 3 brands, specific
gravity: 3.16), the fine aggregate was a blend of Oi River System pit sand and Kisarazu mountain
sand (specific gravity 2.62, FM 2.71) and coarse aggregate was Ohme, Tokyo gravwacke crushed

stone (specific gravity 2.64, MS 20mm).

The 2S5 varieties of the admixture according to the invention listed in Tables 1-5 and for
comparison the comparison admixtures (1) to (5) and naphthalene sulfonate-formalin condensate
(BNS) and melamine sulfonate-formalin condensate (MSF) are tested. As the comparative
admixtures (1), (2) and (4) possess air-entraining properties, adjustments of entrained air contents
using air-entraining agents are not made, while for the other admixtures of the invention (i)-(17)

and the comparison admixtures (3) and (3) and for BNS and MSF, a commercial air-entraining
agent ("Pozzolith” (trade mark) No. 303A manufactured by NMB Ltd.) is used in the dosages

listed in Tables 8 and § to make adjustments of entrained air contents as suited

The mix proportions for plain concrete without admixture according to the invention are unit
cement content 320kg/m’, unit water content 203kg/m’ (water/cement ratio 0.634) and sand-
aggregate ratio 49%, while the proportions for concrete using with the admixture are unit cement

content 320kg/m’, unit water content 166kg/m’ (water-cement ratio 0.519), and sand-aggregate
ratio 47%

Concretes are manufactured under the conditions mentioned above, time-dependent changes in
slump values and air content are measured and slump losses and air-entraining properties are
evaluated. The time of seming and 28 day age compressive strength of concrete are also

measured.

Measuring slump, air content, compressive strength and time of setting and the method of

collecting compressive strength specimens are all adaptations of Japan Industrial Standards (JIS A
1101, 1108, 1128, 1132, 6204)

30 The results are given in Tables 8-13
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Table 8
Example Admixturze used | Amount of cament Amount of alr
dispersing agent eawaining agant
a) )
1 4y Q.13 g.012
2 (2) 0.15 010
3 ‘ (3) 0.15 0.0C3
4 (%) Q.13 0.012
b (5 0.17 0.01§
6 [ 6) 0.7 0.013
7 M 0.15 0.012
] 8) Q.15 0.aq10
9 )] 0.15 0.003
1¢ (10) .15 0.015
1 (1 0.15 0.008
12 (12) Q.15 0.010
13 (13) 0.15 0.013
4 (14) 0.15 0.020
15 (15) 0.15 0.010
16 (16) 0.15 0.008
17 an 0.15 0.016
18 (18) Q.15 0.012
19 (19 0.15 0.010
20 (20) 0.15 0.010
21 1) 0.17 0.015
22 (22) 0.18 0.012
23 (23) 0.18 0.012
24 (24) 0.18 0.010
B (25) 0.18 0.015
Remarks:  2) Percent by weight of solid conteat on cement
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Remarks: ) Percent by weight of solid content on csment

b) Percent by weight on cament
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:
Table 9
Conwol Admixture used Amount of cament Amount of air
dispersing agant enTaining agent
a) o)
A plain cancrete -
B BNS 0.50 0.008
c MSF 0.60 0.002
1 camparative 0.15 -
Admixture No. 4]
2 comparative 0.1s -
Admizwure No 2)
3 comparagve 0.15 0.011
Admixture No. 3)
4 comparatve 0.15 -
Admixnurs No. 4
5 comparative 0.15 0.013
Admixture No. 5
—ee— e e

1

%

s,

e
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Table 10
Slump {em) / air content (vol %)
xample i
immediately
after mixing After 30 min. After 60 min. After 90 min.
1 190/ 4] 190739 17.573.7 17.5 /40 !
2 18.5/3.9 170737+ | 165/33 17.0/3.5
3 175740 185737 18.0/3.8 17.0/73.8
4 19.0/4.0 17.0/38 16.5/3.8 17.0/735
5 175742 18.0/43 17.574.0 17.0/3.8
6 18.5/742 17.514.] 175739 18.0/3.7
7 185737 18.0/3.6 17.0735 175737
g 13.0/4.0 18.0/74.0 185738 17.5/74.1
9 185739 18.0/ 4.1 18.073.8 17.0/33
10 19.0/45 18.074.0 170743 18.5/4.2
11 18.573.8 17.074.0 18.0/3.38 195737
12 - 1190740 170740 185742 17.0/33
13 18.0745 170740 17574.1 175744
14 19.074.0 19.0/4.0 175738 1757137
15 18.0/4.0 17.0/743 1857338 17.0/37
16 18.5/4.] 15.0/4.0 175738 175137
17 18.0 /4.0 18.0/74.0 175737 1757338
18 185739 15573.6 175739 ' 1757137
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Table 11 |
Slump (cm) air content (vol %)
Examcle
immediately Afier 30 min. After 60 min. After 30 min,
after mixing

19 185739 18.0/4.0 18.074.0 17.5/3.8

20 18.0/ 4.1 17.07 3.8 17.0/3.9 1751556

1 19.0/38 170/ 3.4 17.0/3.7 170735

22 17.0/ 3.4 2051737 19.5/3.6 19.0/3.5

23 17.073.6 200/ 3.5 19.5/3.6 18.0/3.6

24 170739 20.0/3.9 19.0 /4.0 18.5/3.7

25 17.0/ 4.0 21.0/4.1 19.0/3.7 175739

Conrtrol
A 19.0/2.0 175720 155/1.8 125717
- B 18.0/44 105 /4.1 6.5/3.8 40733

C 185/4.2 9.5/4.0 6.5/39 4.0/3.1

1 19.0/ 4.4 19.074.2 18.0/4.4 17.0 / 4.6

2 18.5/4.2 180743 155143 175746

3 18.0/39 185739 17.0/43 16.574.6 i
4 185746 175745 17.574.5 17.0/4.7

5 190737 17.074.0 18.6/45 18.5/5.1
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Table 12
Sering time (hr-min) 28-Day Comp.
Stength
Example tnit. Final (kgflem?)
1 §-20 8-30 480
2 £.20 g-10 an
3 6-30 8-30 487
4 6-20 8-40 461
S 6-30 8-20 458
6 6-10 8-40 462
7 6-10 8-40 477
8 6-20 8.30 470
9 6-00 840 488
10 6-30 8-40 494
11 5-50 8-10 453
12 6-00 8-50 475
13 6-20 9-00 435
14 6-30 8-50 459
15 640 9-10 436
16 6-00 8-30 4717
17 6-10 8-20 463
13 6-20 9-00 473
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Table 13
Sexing time (hr-min)
28-Day Comp.
Example Tnit. Final strength
(kgf/em?)
19 6-30 8-10 474
20 &-20 8-20 459
21 620 8-10 462
2 6-50 9-10 468
23 é-40 9-00 473
24 6-50 8-50 461
25 630 920 . f56
Conwol
A 5-40 7.50 329
B 5-30 7-30 407
c 5-30 7-40 410
1 6-20 8-20 422
2 6-20 3-40 431
3 6-30 8-30 419
4 §-00 8.30 417
L 5 §-10 8-20 425
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From Tables 8 and 9, it may be seen that the shelf life of an admixturs according to the invention is
cousidezably improved aver the case of the blend of defoaming agent with a copolymer.

Tables 8 to 13 show that the comparison admbaures (1) and (4) obrained by polymerization
S without using a defoaming agent and the comparison admixure (2) obtained by using 0.005% of
the defoaming agent produces an air comrent of 4.5-3%, so that dosage must be limited. Moreover,
28-day compressive strangth is reduced. With admixtures accordmg to the invention, air-entraining
md:ndsarcrcducedandadjusmmtc;anbemade 10 any air content with an air-entraining agent.
Further, uther physical properties are equal w0 or bentar than comparison concretes, and it may

10 particularly be noted that 28 day compressive strengths are greatly increased.

Moreover, comparison admixtures (3) and (3) with added defoaming agents added to comparison

cement dispersing agent (1) show increases in emtrained air coctent with elapse of time, whereas

the air-eafraining propertics of admixtures sccording to the inventicn are statle with elapse of fme
15 and shimp loss prevenion is also superior compared with plam cooerete, BNS and MSE.

The admixrures according to the ivention amefiorate and even: elminate the problem of the
owessive air-entraining propertiss of conventional polycarboxylic acid tase high rangs ak-
emtraining, water-reducing agents. They exhibit excellent she¥ life and are eapable of eatraming

20 suitable amouvnts of air.  Thus, the use of an admixture according to the mvention confers the
possibility of preparing cementitious mixtures such as concrete of good fuidity with a high rate of
watez reduction, whichon hardening, will provide a bardened concrete otject of high compressive
strength.
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Claims:

[. A fuidity-controlling admixture for cementitious compositions, comprising at least one cament-

5 dispersing agent and at least oce defoaming agent, characterised in that
(a) the cement-dispersing agent is an aqueous solution of copelymer; and

(b) the defoaming agent is oxyalkylene-based and is efther dissolved in the copolymer solution

10 or is stably dispersed therein in particles of no more than 20uM diameter,

the aqueous solution of copolymer being prepared by the polymerisation of monomer in the
presence of defoaming agent and the defoaming agent being present to the extent of fom 0.01-
10% by weight of the monomer mixture.

15
2. An admixture according to claim |, wherein the polymer comprises 2 main component which is

selected from at least ore of

(A) 2 copolymer obtained by polyrnerising a monomer mixture which comprises an unsaturated

20 carboxylic acid monomer;
(B) the neumalised salt of (A); and

(C) the polymer obtained by crosslinking (A) and/or (B) by means of a crosslinking
25 agent.

3. An admixture according to claim 1 or claim 2, wherein the polymer is forrned from a monomer _
mixture which comprises from 5-98% by weight of an alkylene glycol mono(meth)acrylic acid
ester monomer (a) of the formula I

30
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R'-CH=C-COOR’0)n-R* 0

wherein R' and R? are independently hydrogen or methyl, R’ is an alkylene group of fom 24

n

carbon atoms, R* is hydrogen or an alkyl group of | to 22 carbon atoms, and m represents an
integer of 1 to 100, and 2 t0 95% by weight of 2 (meth)acrylic acid base monomer (b) of the
formula ()

RZ

| .
R'-CH=C-COOM' )

wherein R' and R have the abovementioned significances, and M' is hydrogen, monovalent
metal, divalent metal, ammonium group or an organic amine group, and 0 to 30% by weight of a
monemer (c) capable of being copolymerized with these monomers, provided that the sum of (a),

15 () and (c) shall be 100% by weight.

4. An admixture according to claim 1 or claim 2, wherein the polymer is prepared fom a monomer
mixeure which comprises from 5-98% by weigitt of an alkoxypolyalkylene giycol mono(zet)allyl
ether base monomer (d) of the formulz (II);
20
,

Ra.

|
R'-CH=C«(CHy),-O-R’0)a-R’* dm

wherein R', R?, R?, R! and m are as hereinabove defined and n is O or 1, and 2 to 95% by

25 weight of a (meth)acrylic acid base monorer (b) of the formula (TV)

Y Z

||
X-C=C-CoOM? 1))

wherein X and Y are independently selected from hydrogen, methyl and -COOM’, ar X or Y
together with -COOM? form an anhydride ring, Z is selected from -CH,COOM’, hydrogen or
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methyl and M? and M’ are independently selected from the significances of M' given hereiabove,

an alkyl group of 1-20 carbon atoms, an alkviene giycol of 2-4 carbon atoms and a poivalkvlene
glycol of from 2-100 mols of a glvcol adduct, provided that at least one of M, M is selected from

hydrogen, monovalent metal, divalent metal, ammonium group and an organic amire group; and

(]}

from 0-50% by weight of monomer (f) capable of copolymerisation with (d) and (e), (d)=(e)+(f)
bewng 100% by weight.

5. An admixture according to claim 1 or claim 2, wherein the polvmer is prepared from a monomer
mixture which comprises fom $-98% by weight of at least one «-olefinic monomer (g) having
10 from 2-12 carbon atoms, Fom 2-95% by weight of an ethylenically unsaturated dicarboxylic acid
anhydride base monomer (h) and ﬁ'om 0-30% by weight of monomer (1) copolymerisable with (g)

and (h), (2)+(h)+(1) being 100% by weight.

6. A process of preparing a fluidity control admixture for use in concrete, comprising the
15 polymerisation of a monomer mixture to give an aqueous solution of polymer, this polvmerisation
being carried out in the presence of an oxyalkylene-based defoaming agent, such that the
defoaming agent is present to the extent of from 0.01-10% by weight of the monomer mixture and

is either dissolved in the solution or dispersed therein in particles of 20pM maximum diameter.

20 7. A process according to claim 6, comprising the polymerisation of a monomer mixture which
comprises at least one unsaturated carboxylic acid base monomer in the presence of an
oxyalkylene-based defoaming agent.

3. A process of modifying the fluidity of a cementitious composition, comprising the incorporation

25 into the composition of an admixture according to any one of claims 1-5.

9. Use of an admixture according to any one of claims 2 to 5 to ﬁ'ibdify the fluidity of a .

cementitious composition.
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ABSTRACT

FLUIDITY CONTROL OF CEMENTITIOUS COMPOSITIONS

An admixture for modifying the fluidity of a cementitious mixture comprises a cement-
dispersing agent which is an aqueous solution of polymer, in which solution an oxyalkylene-
based defoaming agent is dissolved or dispersed in particles of no greater that 20uM diameter.
The polymer is preferably a polymer which comprises units derived from unsaturated
carboxylic acid monomer and the polymer is preferably prepared in the presence of the
defoaming agent. Particular addition copolymers give particularly good results. The admixture

permits good control of the fluidity of cementitious compositions and has extended shelf life.



