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FLUIDITY CONTROL OF CEMENTITIOUS COMPOSIDONS 

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 

5 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, Ji-naphthalene sulphonate-formaldehyde ("BNS") 

condensates and various polycarboxylate-based materials. One of the problems which 

10 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 

15 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 

20 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 20µM 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 

5 the solution. When the defoaming agent is not soluble in the solution, it is dispersed 

such that the disperse particles are no greater than 20µM 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 dispersed liquid, whether of inherently liquid matter 

10 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 

15 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 

20 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. 

25 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 

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

10 

agent. 

Jn a preferred embodiment, the monon:i.er mixture comprises from 5-98% by weight 

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

R2 

I 
R1-CH=C-COO(R30)m-R4 (I) 

wherein R1 and R2 are independently hydrogen or methyl, R3 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 

15 base monomer (b) of the formula (Il) 

(II) 

wherein R1 and R2 have the abovementioned significances, and M1 is hydrogen, 

20 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 mono(meth)allyl ether base monomer 

25 (d) of the formula (III); _____ _ 
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R2 

I 
R1-CH=C-(CH2)n-0-(R30)m-R4 

4 

(III) 

wherein R1
, R2

, R3, R4 and mare as hereinabove defined and n is 0or1, and 2 to 95% 

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

y z 
I I 

X-C=C-COOM2 (IV) 

wherein X and Y are independently selected from hydrogen, methyl and -COOM3, 

10 or X or Y together with -COOM2 form an anhydride ring, Z is selected from 

-CH2COOM3, hydrogen or methyl and M2 and M3 are independently selected from 

the significances of M1 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 M2
, M3 is selected from hydrogen, 

15 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 cx-olefinic monomer (g) having from 2-12 carbon atoms, from 

20 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 

25 mixture containing an unsaturated carboxylic acid base monomer as an essential 

component and I 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 

5 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%, 

· .. J.0 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 (Il) and 0 to 50% by weight, preferably 0 to 30% by weight 

of monomer (c) capable of being copolymerized with these monomers, provided that 

15 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 (ill), 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 

20 (IV), and 0 to 50% by weight, preferably 0 to 30% by weight of monomer (£) 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 a-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 

25 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 

30 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 

5 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 

10 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 

15 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. 

20 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 

25 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)a:crylate, 2-(meth}­

acrylamido-2-methylpropane sulfonic acid and styrene sulfonate, and their 

30 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 

5 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 

· .. _Q 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 

15 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 polypropylene glycol polybutylene glycol mono(meth)allyl 

ether, and an alkoxypolyalkylene glycol monocrotyl ether, polyethylene glycol 

20 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, 

25 methoxypolyethylene glycol monocrotyl ether, methoxypolypropylene glycol 

monocrotyl ether, methoxybutylene glycol monocrotyl ether, rnethoxypolyethylene 

glycol polypropylene glycol rnonocrotyl ether, methoxpolyethylene glycol 

polybutylene glycol monocrotyl ether, methoxypolypropylene glycol polybutylene 

glycol monocrotyl ether, methoxypolyethylene glycol polypropylene glycol 

· 30 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 

5 polybutylene 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 

... 0 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 

15 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 

lO 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 

25 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 

5 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,. Malek anhydride is the preferred monomer 

because of its reactivity, quality and lower cost. More than one such monomer may 

be used. 

10 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 

15 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 

10 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 

25 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-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 

5 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. 

10 More than one kind of these may be u5ed. 

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 

15 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),(bMc) 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 

20 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 

25 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, ~romatic or aliphatic hydrocarbons such as benzene, toluene, 

5 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. 

10 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 

15 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 

20 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. 

25 Bulle 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). 

5 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 

_o 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) 

wherein R5 and R6 are independently selected from the group consisting of 

wherein R6 is 
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R5 may be unnecessary, and R7 and R8 are independently alkyl group of 1to5 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, 

5 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 "Mw") of 

.0 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), Mw lies preferably 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 Mw is less than 500, the water-reducing 

15 capability and slump loss prevention capability of the cement dispersing agent are 

reduced. When Mw 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 

LO 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. 

25 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 

5 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 

.0 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 in~o the composition of an 

15 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. 

20 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 

25 solution of monomer comprising 750 parts of methoxy polyethylene glycol 

monomethacrylate (average mol addition number of ethylene oxide, 10), 250 parts of 

THIS SHEET HAS BEEN 
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methacrylic acid, 7 parts of "Pluronic" (trade mark) L-64 (polyoxyethylene­

polyoxypropylene adduct manufactured by Asahi Denka Kogyo KI<) 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 

5 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). 

10 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. 

Example 6 for manufacturing Admixture No. 6. 

349.6 parts of water, 1648 parts of polyethylene glycol monoallyl ether (average mol 

15 addition number of ethylene oxide, 5) and 23.2 parts of oxyethylene oxypropylene 

adduct to C12-C14 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 

20 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 

25 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) 

THIS SHEET HAS BEEN 
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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). 

5 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, 

10 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). 

15 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 

20 oxypropylene adduct of C12-C14 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. 

5 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. 

iii iiiliif ii 
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Table 1 

Reaction.composition: numerals in brackets are parts by weight 

Admixture 
No. charged 

solvent 

(1) water [1695.0] 

(2) wat;er [1695.0] 

(3) water [1315.0] 

(ll) water [1695.0] 

{5) water [1800.0] 

(6) water [349.6) 

methacrylic acid 
acrylic acid 

unsaturated 
carboxylic 
acid base 
monomer 

MAA [250.0] 

AA (200.0J 

MAA [250.0] 

MAA [300.0] 

TEGMM {369.6] 

MA [687.0) 

tetraethylene glycol monomaleate 
maleic acid 

other monomer 

MPEGMMA (n:10} 
[750.0) 

PEGMA {n:25) 
[800.0} 

MPEGHMA (n:25) 
[7ll0.0} 

PEGMME (n:25) 
[700.0] 

PEGMAE (n:25) 
[630.4) 

PEGMAE {n=25) 
[1648.0] 

metho:xy polyethylene glycol monomethacrylate 
polyethylene glycol monoacrylate 
polyethylene glycol monomethallyl ether 
polyethylene glycol monoallyl ether 

other monomer 

methyl 
methacrylate 
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Table 2 

Reaction composition : numerals in brackets are 
parts by weight reaction molecular 

Example temperature weight (°C) 

1 

2 

3 

4 

5 

6 

detoa.ming agent (II) polymerization 
initiator 

Pluronic L-6~ a} ammonium persulfate 95 35000 
[7.0] [20.0J 

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

[5.0] [20.0] 

oxyethylene 
oxypropylene adduct or ammonium persulfate 95 23000 

Ct2 - C1~ alcohols (.!JO.OJ 
[ 1.0] 

Surfynol 440 b) ammonium per$Ulfate 95 30000 
[7.0] [20.0] 

polyethylene glycol 
polypropylene glycol ammonlum persulfate 95 10000 
nonyl phenyl ether [ 15.0] 

[5.0J 

o:zyethylene 
oxypropylene adduct or aJIJIDonium persulfate 95 6000 

c12 - 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) Monomer mixture is added in ijO ~ aqueous solution and polymerization 
initiator is added i~ 5 J aqueous solution. 

------------------
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Table 3 

Reaction composition ! numerals in brackets are parts by weight 

Admixture 
No. cbaI'ged 

solvent. 

(7) water [1695.0] 

(8) water [2838.0] 

(9) water [2838.0] 

(10) water [2931.0J 

(11) water [3158.0J 

(12} water [3077.0.J 

(13) water [2972.0] 

( 111) water [3334.0] 

(15) water [2195.0] 

(16) water [2823.0) 

(17) water [2921.t.O] 

(18) water [1695.0J 

{19) water [1695.0] 

(20) water [1695.0] 

(21) water [3~9.6] 

methacrylio acid 
sodium acrylate 
maleic acid 

unsaturated 
carboxylic 
acid base 
monomer 

MAA [250.0] 

MAA [239.0] 

MAA [239 .. 0l 

MAA [239.Q] 

MAA (239.0] 

MAA [177.0J 

MAA [239.0] 

SA (288.0] 

MAA [239.0) 

MAA [239.0J 

MAA [215.0] 

MAA [250.0l 

MAA [300.0] 

MAA (300.0] 

MA [687.0] 

other monomer other monomer 

MPEGMMA (n:10) 
(750.0] 

MPEGMMA (n=25) 
[1200.0] 

MPEGMMA (n:25) 
[1200.0] 

MPEGMMA (n=50) 
[1200.0] 

MPEGHMA {n=50} 
[ 1200.0] 

MPEGHMA (n=50) 
[1262.0] 

MPEGMMA {n:75) 
f 1200.0} 

MPEGMMA (n:50) 
[1151.0] 

PEGMMA (n=S} 
[1200.0J 

MPE:GMMA (n=50) sodium sulfo-
[1080.0] ethacrylate 

[ 120.0] 

MPEGMMA {n=50) methyl acrylate 
[1200.0J [211 .O] 

MPEGMMA (n=10) 
[750.0] 

PEGMAE (n=25) 
1700.0] 

PEGMAE (n=25) 
[700.0l 

PEGMAE (n:5) 
I 

(1648.0] 
' 

methoxy polyethylene glycol monomethacrylate 
polyethylene glycol monomethacrylate 
polyethylene glycol monoallyl ether 
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REPLACED 

-



Table 4 
Reaction composition : numerals in brackets are parts by weight reaction 

alkalin~ roolecular Example temperature substance 
pH weight defoaming agent {II) polymerization initiator (oc) 

7 Pluronic L-64 a) [7.0] A.PS [20.0] 95 50~ NaC>:I 8.0 36000 
8 Pluronic L-64 a) [7.0] APS (38.0] 95 50~ NaGI 8.0 ijOOOO 

9 Pluronic L-611 a) [ 1.IJ] l\PS [38.0] 95 50" NaCll 8.0 39000 

10 oxyethylene oxypropylene adduct ot 
APS [33.0] 95 50~ Na<li 8.1 37000 C12 - C14 alcohols [14.0] 

11 polyoxyethylene p<>lyoxypropylene ... APS (22.0) 95 50, Haal 8.5 113000 nonyl phenyl ether [7.0] 
12 surfynol IJ.ltO b) [7.0] APS [26.1] 95 50j NaCl 1.1 53000 

13 polyoxyethylene polyoxypropylene 
APS {31.3) 95 50~ NaOI 7.6 34000 oleate (7.0J 

14 polyo:icyethylene polyoxypropylene APS (12.5] 95 50j NaCH 8.0 16000 sorbitan monolaurate [21.0J 

15 polyoxypropylene dodecyl benzene 
II.PS (69.5] 95 50% NaC•H 8.0 78000 sulronate [21.0] 

16 polyoxyethylene stearate [21.0] APS [38.0l 95 50% NaC•H 7.9 19000 
17 polyoxyethylene laurylamine [21.0J APS (33.0] 95 50~ NaOH 8.1 32000 
18 Pluron!c L-611 a) [7.0] APS [20.0] 95 30% Ca(OH)2 7.5 35000 
19 surf'ynol 440 b} [7.0] APS [20.0) 95 50% NaOH 1. 1 30000 

g 20 surfynol 440 b} [7.0] APS [20.0J 95 TEA 7 .1 30000 
Ill 

21 oxyethylene oxypropylene adduct of APS [85.8] 95 50% NaOH 7.8 6000 Vl c12 - C14 alcohols [23.2] \Xi :!:\ 

~~ a polyoxyethylene polyoxypropylene adduct (Asahi Denka K.K.) 
~ ::c b) acetylene alcohol polyoxyethylene adduct (Nisshin Kagaku Kogyo K.K.) 
t:n> c) Monomer mixture is added in ijQ ~aqueous solution and polymerization initiator is adjed.in 5 S aqueous t';1 Vl solution. 1:1:1 m APS : ammonium persulfate 
~ TEA : trlethanolamine 
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Table 5 

Reaction composition : numerals in 
Admixture brackets are parts by weight 

Example No. 

copolymer {A) cross-linking agent 

Admixture o-phthalic asid 
22 (22) No. diglycidyl ester 

(Nw; 35000) 

1\dmixture polyethylene glycol 
23 (23) No. ( 1) diglycidyl ether 

[Nw;35000] (n=9) 

Admixture 1,6-hexanediol 
24 (21J) No. (4) 

[Nw;38000] diglyoidyl ether 

Admixture adipic acid 
25 (25) No.· (6) 

[Nw;6000) diglyoidyl ester 

Case 154-0244 

Molecular 
Reaction weight 

temperature after 
{°C) cross-

linking 

95 220000 

95 300000 

95 200000 

95 150000 
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Table 6 

Reaction composition : numerals in brackets are parts by weight 

Cement 
dispersing unsatul'ated 

agent charged. carboxylic other monomer other monomer solvent acid base 
monomer 

maleic 

(26} 
toluene anhydride 1-hexene 
[2730] {lJ90] [420] 

maleic 
(27) methyl ethyl anhydride isobutylene styrene 

ketone [686] [364] {52] 
[2571] 

methoxy-
{28) toluene maleio polyethylene 

[27lJ5] anhydride glycol allyl 
[147) ether 

[768] 

Reaction composition : numerals in brackets are 
reaction parts by weight 

defoaming agent (II) polymerization initiator 

oxyethylene oxypropylene 
adduct or C12 - Ci4 AIBN 

alcohols [27.0] 
[9.1] 

polyoxyethylene 
laurylamine AIBN 

[5.5] [10.0J 

polyoxyetbylene 
polyoxypropylene adduct butyl peroxide 

[6.4] (10.0] 

molecU.lar temperature weight. (°C} 

80 5200 

80 6000 

90 9000 
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REPLACED 



154-0244 24 

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 

5 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 

lO 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) 

15 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 

20 monomethacrylate (average mo! 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 

25 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 Mw 35,000 is obtained. 

Control 3 for manufacturing Admixture No. (3) 

. ·rms SHEET HAS BEEN 
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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) 

5 349.6 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 

10 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 

15 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 C12-C14 alcohol as a polyalkylene base of 

20 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 

25 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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agent is determined by usj.ng 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: 

0: 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 

particl size 
Example Admixture used immedi- 50°C, 50°c. (pm} 

ately after 1 day after 1 month 

1 ( t) 0 0 0 1.3 

2 (2) 0 0 0 1. 7 

3 (3) 0 0 0 1.3 

~ (4) 0 0 0 1.4 

5 . (5) 0 .o 0 7 I 1 

6 (6) 0 0 0 5.7 

7 (7) 0 0 0 t.8 

8 (8) 0 0 0 , .2 

9 (9) 0 0 0 1.2 

10 ~ 
(10) 0 0 0 1.5 

11 . { 11) 0 0 0 1.3 

12 {12) 0 0 0 -1.5 

13 (13) 0 0 0 1.2 

14 . ( 14) 0 0 0 1.4 
15 (15) 0 0 0 1.lJ 

16 (16) 0 0 0 1.5 

17 (ti) 0 0 0 1.2 

18 (18) 0 ·o 0 1.3 

19 (19) 0 0 0 1.11 
20 (20) 0 0 0 1 , IJ 

21 (21) 0 0 Q. 5,7 

22 (22; 0 0 0 1.3 

23 (23} 0 0 0 1.3 
24 (21J} 0 0 0 1 .ll 

25 (25} 0 0 0 5.7 
26 (26) 0 0 0 -
27 (27) 0 0 0 -
28 (28) 0 0 0 -

11
-

11 
in particle size determination : particle size is not more than O. 1 pm or cannot be 

determined becauae or molten state 
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Case 154-0244 

Number or days elapsed 
used immedi- 50°C, 

ately af'ter t day 

~ x 
(3) 

~ x 
(5) 

so•c, partial size 

after 1 month 
(µm) 

x 

x 

2.2 

5.2 
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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). 

5 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-fonnalin 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 

O 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 

15 

20 

The mix proportions for plain concrete without admixture according to the invention 

are unit cement content 320kg/m3
, unit water content 203kg/m3 (water/cement ratio 

0.634) and sand-aggregate ratio 49%, while the proportions for concrete using with 

the admixture are unit cement content 320kg/m3
, unit water content 166kg/m3 

(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 

25 method of collecting compressive strength specimens are all adaptations of Japan 

Industrial Standards OIS A 1101, 1108, 1128, 1132, 6204) 

The results are given in Tables 9-14 

·-----~ 
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The results are given in Tables 9-14 

Table 9 
Amount of cement Amount of air 

Example Admixture used 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 (5) 0.17 0.011 

6 (6) 0.17 0.015 

7 (7) 0.15 0,012 

8 (8) 0.15 0.010 

9 (9) 0.15 0.003 

10 (10} 0.15 0.015 

11 ( 11) 0.15 0.008 

12 {12) o. 15 0.010 

13 {13) 0.15 o.ota 
1~ {14) 0.15 0.020 

15 (15) 0.15 0.010 

16 (16} 0.15 0.008 

17 (t7) 0.15 0.016 

18 (18) 0.15 0.012 

19 {19) 0.15 0.010 

20 (20) o. 15 0.010 

21 (21} 0.17 0.015 

22 (22) o. 18 0.012 

23 {23) 0.18 0.012 

24 (24) 0.18 0.010 

25 (25) 0.18 0.015 

26 (26) 0.11 0.016 
27 (27) o. 15 0.015 

28 (28} o. 12 0.012 

Remarks: a) Percent by weight or solid content to cement 
b) Percent by weight to cement 

1'HIS SHEET HAS BEEN 
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Control 

A 

B 

c 
1 

2 

3 

Jf 

5 

Remarks: 

31 Case 154-0244 

Table 10 

Amount of cement Amount of air 
Admixture used dispersing agent entraining agent 

a) b) 

plain concrete - -
BNS 0.50 0.008 

MSF 0.60 0.002 

comparative 0.15 -
Admixture No. (1) 

comparative 0.15 -
Admixtu.re No. (2) 

comparative 0.15 0.011 
Admixture No. (3) 

comparative 0.15 .. 
Admixture No. (li) 

comparative 0.15 0.013 
Admixture No. (5) 

a) Percent by weight or solid content to cement 
b) Percent by weight to cement 

-------·-----

ii1i~ilii ilfli 
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Example 
immediately 
after mixing 

1 19.0 I 11.1 

2 18.5 I 3.9 

3 17.5 I 4.0 

4 19.0 I ll.O 

5 17.5 I .Q.2 

6 18.5 I ~.2 

7 18.5 I 3.1 

8 18.0 I -4.0 

9 18.5 I ·3.9 

10 19.0 I 4.5 

11 18.5 I 3.8 

12 19.0 I 4.0 

13 18.0 I ~.5 
11.f 19.0 I lJ.O 

15 18.0 I ll.O 

16 18.5 I JJ.1 

17 18.0 I 4.0 

18 18.5 I 3.9 

" .. - .. .. .. . . ...... ~· .. . 
. . .. .. .. . . . -.... ... . .. ·. . . .... . ~ : .·· :-- . ·:.: ........... ··.· .··· ·:· ~: ....• : . 
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Table 11 

Slump (cm) I air content (volj) 

After 30 min. After 60 min. 

19.0 I 3.9 17.5 I 3.1 
17.0 I 3.7 16.5 I 3.3 

18.5 I 3.1 18.0 I 3.8 

17.0 I 3.8 16 .• 5 I 3.B 

18.0 I 4.3 17.5 I 11.0 

17.5 I lJ.1 11.5 I 3.9 
18.o I 3.6 17.0 I 3.5 

18.0 I 11.0 18.5 I 3.8 

18.0 I 14.1 18.0 I 3.8 

18.0 I 1'.0 17.0 I ll.3 

17.0 I ll.O 18.0 I 3.8 

17.0 I 4.0 18.5 I 4.2 

17.0 I ll.O 17 .5 I lf. 1 

19.0 I 4.0 17.5 I 3.8 

17.0 I 4.3 18.5 I 3.B 

19.0 I 11.0 17.5 I 3.8 

18.0 I 4.0 17.5 I 3.1 
15.5 I 3.6 17.5 I 3.9 

----··----------------

Case 154-0244 

Arter 90 min. 

17.5 I 4.0 

17.0 I 3.5 

17.0 I 3.8 

17.0 I 3.5 

17.0 I 3.8 

18.0 I 3.1 

17.5 I 3.1 

17.5/4.1 

17.0 I 3.8 

18.5 I 4.2 

19.5 I 3,7 

17.0 I 3.1 

l7.5 I 4.4 

17.5 I 3.1 

17.0 I 3.1 

17.5 I 3.1 

17.5 I 3.8 

17,513,7 

THIS SHiET HAS BEEN 
REPLACED 



-~~~······~······.::::····::::=· ···~··· ~ .............. ~~---····•·--···m·" !I!'!!!!. !!!!!!!l!!l!I!!-~~~ ............. ---~- ·--····-·--·-· ~-··········--·-· 

Example 
immediately 
after mixing 

19 18.5 I 3.9 

20 18.0 I 11.l 

21 19.0 I 3.8 

22 17.0 I 3.4 

23 17.0 I 3.6 

24 17.0 I 3.9 

25 17.0 I 4.0 

26 19.5/4.1 

27 18.0 I 4.3 

28 18.5 I 3.1 

Control 

A 19.0 I 2.0 

B t8.o I 4.4 

c 18.5 I JJ.2 

1 19.0 I 4.4 
2 18.5 I 4.2 

3 18.0 I 3.9 
Lj 18.5 I 4.6 

5 19.0 I 3.1 

33 

Table 12 

Slump (cm} I air content (vol~) 

After 30 min. After 60 min, 

18.0 I 4.0 1a.o / 4.o 
17 .o I 3.8 17.0 I 3.9 
17 .0 I 3.JI 17.0 I 3.7 

20.5 I 3.1 19.5 I 3,6 

20.0 I 3.5 19.5 I 3.6 

20.0 I 3.9 19.0 I lt.O 

21.0 I .IJ.1 19.0 I 3.1 

19.0 I 3.1 18.0 I 3.0 

18.0 I 4.1 17.0 I 4.2 

18.0 I 3.8 18.5 I 3.5 

17.5 I 2.0 15.5 I 1.8 

10.5 I 4.1 6.5 I 3.8 

9,5 I ll.O 6.5 1.3.9 

19.0 I 4.2 18.0 I 4.ll 

18.0 I ~-3 15.5 I lL3 

18.5 I 3.9 .11.0 I 4.3 

17.5 I 4.5 17 .5 I 11.5 

17.0 I 4.0 18.6 I 4.5 

Case 154-0244 

After go min. 

17.5 I 3.8 

17.5 I 3.6 

17.0 I 3.5 

19.0 I 3.5 

18.0 I 3.6 

18.S I 3.1 

17.5 I 3.9 

17.5 I 3.3 

17.0 I 3.9 

17,5 I 3.5 

12.5/ l.7 

4.0 I 3.3 

ll.0/3.1 

17.0 I 4.6 
17.5 I 4.6 

16.5 I 4.6 

17.0 I ~.1 
18.5/5.1 

THIS SHEET HAS BEEN 
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Table 13 

.Setting time (hr-min) 
Example 

lnit. Final 

1 6-20 8-30 

2 6-20 8-1Q 

3 6-30 8-30 

11 6-20 8-llO 

5 6-30 8-20 

6 6-10 8-40 

7 6-10 . 8-l40 

8 6-20 8-30 

9 6-00 B-40 

10 6-30 8-40 

11 5-50 8-10 

12 6-oo 8-50 

13 6-20 9-00 

14 6-30 8-50 

15 6..lJO 9-10 

16 6-00 8-30 
17 6-10 8-20 

18 6-20 9-00 

-----

. ·········· ..,., ..... 
. .......................... . 

Case 154-0244 

28 .. Day Comp. 
Strehgth 
(kgf /cm2) 

480 

1172 

467 
461 

l458 

l462 

lt77 . 

470 

l466 

494 

1153 

ll75 

1455 

1159 

486 

477 

463 

1'73 

THIS SHEET HAS BE.EN 
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Example 

19 

20 

21 

22 

23 

211 

25 

26 

27 

28 

Control 

A 

B 

c 
1 

2 

3 
q 

5 

.... . . . ... .. . .. . . .. .. . .. " ~· ... 
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Table 1~ 

_Setting time (hr-min) 

Init. Final 

6-30 8-10 

6-20 8-20 

6-20 8-10 

6-50 9-10 

6-40 9-00 

6-50 8-50 

6-50 9-20 

6-30 8-30 
6-10 8-20 

. 

6-20 8-QO 

5-40 7-50 

5-30 7-30 

5-30 7-ZIO 

6-20 8-20 

6-20 8-ltO 

6-30 8-30 

6-00 8-30 
6-10 8-20 

Case 154-0244 

28-Day Comp. 
Strehgth 
(kgf /cm2) 

474 
lj59 

Zl62 

468 

Zl73 

461 

!f 56 

1'19 

!f 59 

1162 

329 

~07 

1110 

422 

431 

JJ 19 

417 

425 

nus SHEET HAS BEEN i 
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From Tables 9 to 101 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 

S 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, 

10 other physical properties are equal to or better than comparison concretes1 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 time1 whereas the air-entraining properties of admixtures according to 

15 the invention are stable with elapse of time and slump loss prevention is also 

superior compared with plain concrete1 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 

20 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 20µM diameter. 

10 

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 aaBinkirg 

agent. 

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

15 from a monomer mixture which comprises from 5-98% by weight of an alkyJene 

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

R2 
I 

R1-CH=C-COO(R30)m-R4 (I) 

20 wherein R1 and R2 are independently hydrogen or methyl, R3 is an alkylene group 

of from 2-4 carbon atoms, R4 is hydrogen or an alkyl group of 1 to 22 carbon 

atoms, and m repr~ts ~ _integ~ of _l_!o 100, and 2 to 95% by weight of a 

THIS SHEET HAS llEEN . 
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(meth)acrylic acid base monomer (b) of the formula (m 

R2 

I 
R1~CH=C-COOM1 (Il) 

5 wherein R1 and R2 have the abovementioned significances, and M1 is hydrog~, 

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. 

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

10 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 inruh 

(ID); 

15 

20 

R2 

I 
R1-CH=C-(CH2)n-0-(R30)m-R4 (ill) 

wherein R1, R2
, R3

, R4 and m are as hereinabove defined and n is 0 or l, and 2 to 

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

y z 
I I 

X-C=C-COOM2 (IV) 

wherein X and Y are independently selected from hydrogen, methyl and -COOM3
, 

or X or Y together with -COOM2 form an anhydride ring, Z is selected from 

-CH2COOM3, hydrogen or methyl and M2 and M3 are independently selected from 

the significances of M1 given hereinabove, an alkyl group of 1-20 carbon atoms, an 

25 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 M2
, M3 is selected from hydrogen, 

monovalent metal, divalent metal, ammonium group and an organic amine group; 

THIS SHEET HAS 'BEEN 
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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. 

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 

S cx-olefinic monomer (g) having from 2-12 carbon atoms, from 2-95% by weight of 

an ethylenically unsaturated dicarboxylic acid anhydride base monpmer (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, 

10 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 

15 1-5. 

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

of a cementitious composition. 

nus SHEET HAS BEEN 
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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 

5 greater that 20µM 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. 

iiii1ii1iiiiii 

THIS SHEET HAS BEEN 
REPLACED 



154-0244 17 

Table 1 

Reaction composition : numerals in brackets are parts by weight 

Example 
Admixture No 

unsatnrated carboxylic 
charged solvent acid base monomer other monomer 

1 (1) water [1695.0] MAA [250.0] MPEGMMA (n=lO) 
[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) 
(740.0] 

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 

:l MPEGMMA : methoxy polyethylene glycol monomethacrylate ... -CA 
PEGMA: polyethylene glycol monoacrylate 

~~ :r 
~tr.\! 

~~I 
nxt 
t:rJ>' t:1 VJ I 

PEGMME: polyethylene glycol monomethallyl ether 
PEGMAE: polyethylene glycol monoallyl ether 

~ 
:11 
:r: z 
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other monomer 

methyl 
methacrylate 
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Example 

I 

2 

3 

4 

5 

6 

a) 
b) 
c) 

18 

Table 2 

Reaction composition : numerals in brackets are parts by weight 

defoaming agent (II) polymerization initiator 

Pluronic L-64 a) ammonium persulfate 
(7.0) (20.0] 

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

[5.0) [20.0] 

oxyethylene 
oxypropylene adduct of ammonium persulfate 
C12 • C14 alcohols [40.0] 

[1.0] 

Surfynol 440 b) . ammonium persulfate 
[7.0] [20.0] 

polyethylene glycol 
polypropylene glycol ammonium persulfate 
nonyl phenyl ether [15.0] 

[5.0] 

oxyethylene 
oxypropylene adduct of ammonium persulfate 
C 12 - C14 alcohols [85.8] 

[23.2] 

polyoxyethylene polyoxypropylene adduct (Asahi Denka K.K.} 
acetylene alcohol polyoxyethylene adduct (Nisshin Kagaku Kogyo K.K.} 

reaction temperature {°C) molecular weight 

95 35000 

80 38000 

95 23000 

95 30000 

95 10000 

95 6000 

Monomer mixture is added in 40% aqueous solution and polymerization initiator is added in 5% aqueous solution. 
;i _ ..... 
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154-0244 20 
Table 3 (cont'd) 

17 (17) water [2924.0] MAA 

18 (18) water [1695.0} MAA 

19 (19) water [1695.0] MAA 

20 (20) water [1695.0] MAA 

21 (21) water [349 .6) MA 

MA : methacrylic acid 
SA : sodium acrylate 
MA : maleic acid 
MPEGMMA : methoxy polyethylene glycol monomethacrylate 
PEGMMA: polyethylene glycol monomethacrylate 
PEGMAE : polyethylene glycol monoallyl ether 

[215.0] MPEGMMA (n=50) 
[1200.0] 

[250.0] MPEGMMA (n=lO) 
[750.0] 

[300.0] PEGMAE (n=25) 
[700.0] 

[300.0] PEGMAE (n=25) 
[700.0] 

[687.0J PEGMAE (n=S) 
[1648.0] 

methyl acrylate 
[24.0] 
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Example 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

Table 4 

Reaction composition : numerals in brackets are parts by weight 

defoaming agent (II) polymerization initiator 

Pluronic L-64 a) [7.0] APS [20.0] 

PluronicL-64 a) [7.0] APS [38.0] 

Pluronic L-64 a) [1.4] APS [38.0] 

oxyethylene oxypropylene adduct APS [33.0] 
of C 12-C14 alcohols [14.0J 

polyoxyethylene polyoxy-propyl- APS [22.0] 
ene nonyl phenyl ether [7 .0] 

Surfynol 440 b) [7.0] APS [26.1] 

polyoxyethylene polyoxypropy- APS [31.3] 
lene oleate [7.0] 

polyoxyethylene polyoxypropyl- APS [12.5] 
ene sorbitan monolaurate [21.0] 

polyyoxypropylene dodecyl APS [69.5] 
benzene sulfonate [21.0] 

polyoxyethylene stearate [21.0] APS [38.0] 

polyoxyethylene laurylamine APS [33.0] 
[21.0] 

Pluronic L-64 a) [7.0] APS (20.0] 

Surfynol 440 b) (7.0] APS [20.0] 

Surfynol 440 b) [7.0] APS [20.0] 

reaction alkaline 
temperature substance 

(OC) 

95 50% NaOH 

95 50% NaOH 

95 50% NaOH 

95 50% NaOH 

95 50% NaOH 

95 50% NaOH 

95 50% NaOH 

95 50% NaOH 

95 50% NaOH 

95 50% NaOH 

95 50% NaOH 

95 30% Ca(OH)2 

95 50% NaOH 

95 1EA 

pH molecular 
weight 

8.0 36000 

8.0 40000 

8.0 39000 

8.1 37000 

8.5 113000 

7.7 53000 

7.6 34000 

8.0 16000 

8.0 78000 

7.9 19000 

8.1 32000 

7.5 35000 

7.1 30000 

7.1 30000 
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Example Admixture used 

I (I) 

2 (2) 

3 (3) 

4 (4) 

s (5) 

6 (6) 

7 (7) 

8 (8) 

9 (9) 

10 (10) 

11 (II) 

12 (12) 

13 (13) 

14 (14) 

IS (IS) 

16 (16) 

17 (17) 

Table 7 

Number of days elapsed 

immediately 50°C, 
after I day 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

50°C, 
after 1 month 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

particle size 
(µm) 

1.3 

1.7 

1.3 

1.4 

7.1 

5.7 

1.8 

1.2 

1.2 

1.5 

1.3 

l.5 

1.2 

1.4 

1.4 

1.5 

1.2 

p 
~ 
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Table 7 (cont'd) 

18 (18) 0 0 0 1.3 

19 . (19) 0 0 0 1.4 

20 (20) 0 0 0 1.4 

21 (21) 0 0 0 5.7 
22 (22) 0 0 0 1.3 

23 (23) 0 0 0 1.3 
~ ... : 24 (24) 0 0 0 1.4 

25 (25) 0 0 0 5.7 ~ 
26 (26) 0 0 0 -
27 (27) 0 0 0 -
28 (28) 0 0 0 -

l•l: 

; 

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

Number of days elapsed 
ControJ Admixture used particle size 

immediately S0°C, S0°C (µm) 
after I day after I month 

3 comparative A x x 2.2 Admixrure No. (3) 

s comparative A x x 5.2 
Admixture No. (S) 

U;. 

0 

I' i. 

: j 

I l 
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Table 9 

Example Admixture used Amount of cement Amount of air 
dispersing agent entraining agent 

a) b) 

1 {l) 0.15 0.012 

2 (2) 0.15 0.010 

3 (3) 0.15 0.005 

4 (4) 0.15 0.012 

5 (5) 0.17 O.Ql 1 

6 (6) 0.17 o.ot5 

7 (7) 0.15 0.012 

8 (8) 0.15 0.010 

9 (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 

17 (17) 0.15 0.016 

18 (18) 0.15 0.012 

19 (19) 0.15 0.010 

20 {20) 0.15 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 O.Q16 

27 (27) 0.15 O.Q15 

28 (28) 0.12 O.Q12 

r··-________ __, 
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Remarks: a) Percent by weight of solid content on cement 
b) Percent by weight on cement 

Table 10 

Control Admixture used Amount of cement 
dispersing agent 

a) 

A plain concrete -
B BNS 0.50 

c MSF 0.60 

1 comparative 0.15 
Admixture No. (1) 

2 comparative 0.15 
Admixwrc No (2) 

3 comparative 0.15 
Admixture No. (3) 

4 comparative 0.15 
Admixture No. (4) 

s comparative 0.15 
Admixture No. (5) 

Remarks: a) Percent by weight of solid content on cement 
b) Percent by weight on cement 

Amount of air 
entraining agent 

b) 

-
0.008 

0.002 

-

-
0.011 

-

0.013 
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Example 
immediately 
after mixing 

1 19.0 I 4.1 

2 18.5 I 3.9 

3 11.514.0 

4 19.0 / 4.0 

5 17.5 / 4.2 

6 18.5 / 4.2 

7 18.5 / 3.7 

8 18.0 / 4.0 

9 18.5/3.9 

10 19.014.5 

11 18.5 / 3.8 

12 19.0 / 4.0 

13 18.0 / 4.5 

14 19.0 / 4.0 

15 18.0 / 4.0 

16 18.S / 4.1 

17 18.0 / 4.0 

18 18.5 / 3.9 

34 

Table 11 

Slump (cm) I air content (vol%) 

After 30 min. After 60 min. 

19.0 / 3.9 17.5 / 3.7 

17.0 / 3.7 16.5 13.3 

18.5 / 3.7 18.0 / 3.8 

17.0 I 3.8 16.5 I 3.8 

18.0 / 4.3 17.5 / 4.0 

17.5 / 4.1 17.5 / 3.9 

18.0 / 3.6 17.0 / 3.5 

18.014.0 18.5 / 3.8 

18.0 / 4.1 18.0/3.8 

18.0 / 4.0 17.0 / 4.3 

17.0 / 4.0 18.0 I 3.8 

17.0 / 4.0 18.5 / 4.2 

17.0 14.0 17.5/4.1 

19.0/ 4.0 17.5 / 3.8 

17.0 / 4.3 18.5 I 3.8 

19.0 / 4.0 17.5 / 3.8 

18.0 / 4.0 17.5/3.7 

15.5 / 3.6 17.5 / 3.9 

--·--------

After 90 min. 

17.5 / 4.0 

17.013.5 

17.0 / 3.8 

17.0 / 3.5 

17.0 / 3.8 

18.0 / 3.7 

17.5 / 3.7 

17.5 I 4.1 

17.0 / 3.8 

18.5 I 4.2 

19.5 I 3.1 

17.0 / 3.7 

17.5 14.4 

17.5 / 3.7 

17.0 / 3.7 

17.5 13.7 

17.5 / 3.8 

17.5/3.7 

THIS SHEET HAS BEBN 
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Table 13 

Setting time (hr-min) 

Example lnit. Final 

l 6-20 8-30 

2 6.20 8-10 

3 6-30 8-30 

4 6-20 8-40 

5 6-30 8-20 

6 6-10 8-40 

7 6-10 8-40 

8 6-20 8.30 

9 6-00 8-40 

10 6-30 8-40 

11 5-50 8-10 

12 6-00 8-50 

13 6-20 9-00 

14 6-30 8-50 

15 6-40 9-10 

16 6-00 8-30 

17 6-10 8-20 

18 6-20 9-00 

28-Day Comp. 
Strength 
(kgf/cm2

) 

480 

472 

467 

461 

458 

462 

477 

470 

488 

494 

453 

475 

455 

459 

486 

477 

463 

473 

THIS SHEET HAS BEEN 
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Example Init. 

19 6-30 

20 6-20 

21 6-20 

22 6-50 

23 6-40 

24 6-50 

25 6-50 

26 6-30 

27 6-10 

28 6-20 

Contro1 

A S-40 

B 5-30 

c S-30 

1 6-20 

2 6-20 

3 6-30 

4 6-00 

5 6-10 

......... , ...... . . .............. , ... . 
. _, .. """··"·'··· 
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Table 14 

Setting time (hr-min) 

Final 

8-10 

8-20 

8-10 

9-10 

9-00 

8-50 

9-20 

8-30 

8-20 

8-40 

7-SO 

7-30 

7-40 

8-20 

8-40 

8-30 

8-30 

8-20 

28-Day Comp. 
strength 
(kgf/cm2) 

474 

459 

462 

468 

473 

461 

456 

479 

459 

462 

329 

407 

410'. 

422 

431 

419 

417 

425 
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FLUIDITY CONTROL OF CEMENTITIOUS COMPOSffiONS 

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, ~-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 aer~tion, but th.is 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 20µM 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 20µM 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 dispersed 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 

THIS SHEET HAS BEEN 
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(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 aaBinkirg 

agent. 

In a preferred embodiment, the mono~er mixture comprises from 5-98% by weight 

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

R2 
I 

R1-CH=C-COO(R30)m-R4 (I) 

wherein R1 and R2 are independently hydrogen or methyl, R3 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) 

(II) 

wherein R1 and R2 have the abovementioned significances, and M1 is hydrogen, 

monovalent metal, divalent metal, iinmonium 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 (ID); ---------·-·-·------· 

rm s ~HERT HAS BEEN 
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(ID) 

wherein R1
, R2

, R3
, R4 and mare as hereinabove defined and n is 0 or 1, and 2 to 95% 

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

y z 
I I 

X-C=C-COOM2 (IV) 

wherein X and Y are independently selected from hydrogen, methyl and -COOM3, 

or X or Y together with -COOM2 form an anhydride ring, Z is selected from 

-CH2COOM3
, hydrogen or methyl and M2 and M3 are independently selected from 

the significances of M1 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 M2
, M3 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 cx-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 gerferal 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 

·nus SHEET HAS BEEN 
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carboxylic acid monomer may include unsaturated monoca.~ 
l 

(meth)acrylic acid and monovalent metal salt, divalent metal sa_i 
; 

an organic amine salt thereof; an unsaturated discarboxylic acil 

fumaric acid, citraconic acid, itaconic acid, etc. and monovale1; 

metal salt, ammonium salt, an organic amine salt, anhydride tii 

of these acids with an aliphatic alcohol having 1 to 20 car~ 

having 2 to 4 carbon atoms or a polyalkylene glycol having 2. 
i 

number. One or more of these can be used. ' 

_j 

Further preferable monomer mixtures comprise a mixture c~ 

preferably 50 to 97°/o, by weight of an alkylene glycol m~ 

designated by the abovementioned general formula (I), 2 to 95% i; 
3 to 50% by weight of a (meth)acrylate base monomer (b) 

abovementioned formula (II) and 0 to 50% by weight, preferablJ 

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)f: 

mono(meth)allyl ether base monomer (d) designated by the abov·~ 

formula (ill), 2 to 95% by weight, preferably 3 to 50% by weigh\ 
"." I 

carboxylic acid base monomer (e) designated by the above mentio~ 
A 

(IV), and 0 to 50% by weight, preferably 0 to 30% by weight of ~ 

of being copolymerized with these monomers, provided that the~ 
(f) is 100% by weight; and a mixture of 5 to 98% by weight, prefei 

~ 

weight of an cx-olefinic monomer (g) having 2 to 12 carbon atoms, ~~ 
preferably 30 to 90% by weight of an ethylenically unsaturated: 

I• 

anhydride base monomer (h), and 0 to 50% by weight, preferably (' 

of monomer (i) capable of being copolymerized with these monol1i~ 

the sum of (g), (h) and (i) is 100% by weight. 

Examples of monomer (a) include hydroxyethyl (meth)acrylat~ 
' (meth)acrylate, polyethylene glycol mono(meth)acrylate, polYE 
} 

mono(meth)acrylate, polybutylene glycol mono(meth)acrylate, pot 

SuEE· :r !:tAS BEE~ THIS n .. 
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polypropylene glycol mono(meth)acrylate, polyethylene glycol polybuty ene g yco 

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(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 gly~~ls 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. 

1'HIS SHEET HA.S BEEN 
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More than one such monomer may be used. 
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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, ethoxyp.olypropylene 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 polypropylene glycol polybutylene glycol rnono(meth)allyl 

· ether, and an alkoxypolyalkyle~e 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 poiri:ropylene 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 rnonocrotyl ether, 

ethoxypolypropylene glyc~l monocro~~~!!ter, ~!hoxypolypropylene glycol monocrotyl 

THIS SHEET HAS YHmN 
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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 

polybutylene 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 a_kohol 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 (£) include ester of an aliphatic alcohol having 1 to 20 

~arbon 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 v~yl ester such as vinyl acetate and vinyl propionate; an aromatic vinyl such as 

styrene; an unsaturated sulfonic acid sutjl 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, citt:aconic 

anhydride and mesaconic anhydride,. Malek 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)oxyprop¥lene (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 etheri acetylene ethers of alkylene oxide additional polymerized with 

acetylene alcohols such as 2,4,7,9-tetramethyl-5-decyn-4,7-diol, 2,5-dimethyl-3-hexyn-

T'!=tlS SHEET HAS BEEN 
lU3PLACED 
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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 u5ed. 

The cqpolymer (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 (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 0.01to10 weight percent of the monomer mixture, preferably 0.05 · 

to 5 weight percent. When less than 0.01 ~eight percent of defoaming agent is used, 

adjustment of entrained air conten~ 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. 

'tHIS SHERT HAS BEEN 
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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 curnene hydroperoxide; and azo 

compounds such as 2,2'-azo-b~-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. 
--------------------

l Tl:llS SHEET HAS BEEN L, REPLACED 
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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 M 

- : 

-iR.5-C-0-R~ 
II 
0 

wherein R5 and R6 are independently selected from the group consisting of 

wherein R6 is 

r~l14Ui SHEET HAS BEEN 
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R5 may be unnecessary, and R7 and R8 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. 

It is desirable that the weight average molecular weight (hereinafter "Mw") 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), Mw lies preferably 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 Mw is less than 500, the water-reducing 

capability and slump loss prevention capability of the cement dispersing agent a~e 

reduced. When Mw 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 inventioft 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. -------

J THIS SHEET HAS BEEN L REPLACED 
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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 

C'THlS SHEET HAS BEEN 
I REPLACED 
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methacrylic acid, 7 parts of "Pluronic" (trade mark) L-64 (polyoxyethyl;~;: .. ···-?-
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 

1 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, S) and 23.2 parts of oxyethylene oxypropylene ... 
adduct to C12-C14 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 s6lution 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 maintamed 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) 

1~·...,.,..----~~~~--
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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) fo (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 Admixtur~ No. (26) 

420 Parts of !-hexane, 490 parts of maleic anhydride, 9.1 parts of oxyethylene 

oxypropylene adduct of C12-C14 alcohols, 27 parts of azbbisisobutylonitrile 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 

j 
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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. 

. .. 

111mm1irr 
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Table 1 

Reaction composition : numerals in brackets arc parts by weight 

Example · Admixture No 
unsaturated carboxylic 

charged solvent acid base monomer other monomer other monomer 

I (!) water ( J 695.0] MAA (250.0] MPEGMMA (n=IO) 
(750.0] 

2 (2) water [1695.0] AA (200.0) PEGMA (n=25) 

.. (800.0J ,_. 
3 

, ..... 
(3) water (13 IS .OJ MAA (250.0) MPEGMMA (n=25) methyl (X) 

(740.0) methacrylate 

4 {4) •. water (J 695.0) MAA [300.0] PEGMME (n=25) 
(700.0) 

5 (5) water [ 1800.0) TEOMM [369.6) PEGMAE (n=2S) 
(630.4] 

6 (6) water (349.6] MA [687.0) PEGMAE (n=25) 
~ 

(1648.0) 

MAA: methacrylic acid 
AA: acrylic acid 
TEGMM: tetraethylene glycol monomalcate I .. ---· 

! 

-~ 
I 

fi 
MA: maleic acid ! I I~ MPEGMMA : mcthoxy polyethylene glycol monomethacrylate "' I ~ f§ . ,. 
PEGMA: polyethylene glycol monoacrylate -n ' 0 )> 

n i 0 • ;::iv lrlll PEGMME: polyethylene glycol monomethallyl ether i z m ::n:: I s: [ttlj)tt:ir. PEGMAE: polyethylene glycol monoallyl ether ~ I ~ m ~~ 
o:i a " -i 1 ·> g I l - -I In ::t 
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4 

5 

6 

a) 
b) 
c) 

. 

Table 2 

Reaction composition : numerals in brackets are parts by weight 

defoaming agent (rI) polymerization initiator 
reaction temperature (0 C) molecular weight 

Pluronic L-64 a) ammonium pcrsuJfate 95 35000 
[7.0J (20.0) 

polyethylene glycol azobis-2-mcthyl 80 38000 
polypropylene glycol propiomidinc 
nonyl phenyl ether hydrochloride 

[5.0) [20.0] 
.. 

·~oxyethylenc 

oxypropylenc adduct of ammonium pcrsulfate 95 23000 
C12 • C14 alcohols (40.0) 

.. (1.0] 

Surfynol 440 b) ammonium pcrsulfatc 95 30000 
(7.0] (20.0] 

polyethylene glycol 
polypropylene glycol ammonium pcrsulfate 95 10000 
nonyl phenyl ether [IS.OJ 

(5.0) 

oxycthylcne 
oxypropylc:ne adduct of ammonium pcrsulfate 95 6000 
C12 • C14 alcohols (85.8) 

[23.2} 

polyoxyethylcne polyoxypropylcne adduct (Asahi Dcnka K.K.) 
acetylene alcohol polyoxycthylcnc adduct (Nisshin Kagaku Kogyo K.K.) 
Monomer mi>tturc is added in 40% aqueous solution and polymerization initiator is added in 5% aqueous solution. 
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Example 

7 

8 

9 

10 

11 

12 

IJ 

14 

15 

16 

Admixture No. 

(7) 

(8) 

(9) 
, .... 

(IO) 

(I J) 

(12) 

- ( 13) 

(14) 

(15) 

(16) 

Table 3 

Reaction composition : numerals in brackets are parts by weight 

unsaturated carboxylic 
charged solvent acid base monomer other monomer 

water [ 1695.0] MAA [250.0) MPEGMMA (n=IO) 
[750.0I 

water [2838.0) MAA [239.0) MPEGMMA (n=25) 
(1200.0J 

water [28~8.0] MAA [239.0) MPEGMMA (n=25) 
(1200.0J 

water ·(2931.0J MAA [239.0J MPEGMMA (n=50) 
[1200.0) 

waler [3158.0) MAA [239.0J MPEGMMA (n=50) 
[1200.0) 

water (3077.0J MAA [177.0) MPEGMMA (n=50) 
[ 1262.0) 

water [2972.0) MAA [239.0) MPEGMMA (n=75) 
(1200.0J 

water (3334.0J SA (288.0J MPEGMMA (n=50) 
[ 1151.01 

water (2195.0) MAA [239.0) PEGMMA (n=5) 
(1200.0) 

water (2823.0] MAA [239.0J MPEGMMA (n=50) 
(!080.0) 

other monomer 

f 
I 

sodium sulfocrlrncrylatc , 
I 120.01 
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17 (17) water [2924.0) 

18 (18) warer [ 1695.0) 

19 (19} water (1695.0) 

20 C29l water [ 1695 .0] 

21 (21) water [349.6) 

MA : mc1hacrylic acid 
SA : sodium acrylate 
MA: maleic acid 
MPEGMMA : mcthoxy polyethylene glycol monomethacrylate 
PEOMMA: polyethylene glycol monomethacrylatc 
PEGMAE: polyethylene glycol monoallyl ether 

Table 3 (cont'd) 

MAA {215.0) MPEGMMA (n=50} methyl acrylate 
(1200.0J (24.0) 

MAA [250.0) MPEOMMA (n= 10) 
[750.0] 

MAA (300.0) PEGMAE (n=25) 
[700.0] 

MAA (300.0) PEGMAE (n=25) 
(700.0J 

MA [687.0J PEOMAE (n=S) 
(1648.0] 

t-.:> ..... 



; -: ~: 
;· .. 

~~! -·. 
~-

--·~'.;' ,..,_ 
m:~ 
r.=- r.:; 
>""" n::z: 
~> 
0 "' 
~ 
m m z 

Example 
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8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Table 4 

Reaction composition : numerals in bracke1s are parts by weight 

dcfoaming agcnr {II) polymerization ini1ia1or 

Pluronic L-64 a) [7.0) APS (20.0) 

PluronicL-64 a) {7.0) APS (38.0J 

Pluronic L-64 a) {l .4) APS {38.0) 

oxyelhylene oxypropylenc adducr APS (33.0) 
of C11-C14 alcohols [ 14.0) 

polyoxyFJhylcnc polyoxy-propyl- APS [22.0] 
cne nonyt phenyl ether [7.0) 

Surfynol 440 b) (7.0) APS [26.1) 

polyoxyethylenc polyoxypropy- APS [31.3) 
lcnc olcarc [7.0] 

polyoxyethylenc polyoxypropyl- APS (12.5) 
enc sorbiran monolaurarc [21.0} 

~polyyoxypropylcnc dodecyl APS [69.5] 
br.nzenc sulfonatc (21.0] 

polyoxyc1hylenc s1eara1c (21.0J APS [38.0J 

polyoxyethylcnc laurylamine APS [33.0J 
[21.0) 

Pluronic L-64 a) (7.0) APS [20.0] 

Surf ynol 440 b) [7.0) APS (20.0J 

Surfynol 440 b) (7.0) APS (20.0] 

reaction alkaline pH 
1emperarure substance 

coq 

95 50% NaOH 8.0 

95 50% NaOH 8.0 

95 50% NaOH 8.0 

95 50% NaOH 8.1 

95 50% NaOH 8.5 

95 50% NaOH 7.7 

95 50% NaOH 7.6 

95 50% NaOH 8.0 

95 50% NaOH 8.0 

95 50% NaOH 7.9 

95 50% NaOH 8.1 

95 30% Ca(OH)1 7.5 

95 50% NaOH 7.1 

95 TEA 7.1 

molecular 
weigh I 

36000 

40000 

39000 

37000 

113000 

53000 

34000 

16000 

78000 

19000 

32000 

35000 

30000 

30000 
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Table 4 (cont'd) 

oxyethylene oxypropylene adduct APS (85.8) 95 
of C 12-C 14 alcohols (23.2) 

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

50% NaOH 7.8 6000 

Monomer mixture is added in 40% aqueous solution and polymerization initiator is added in 5 % aqueous solution. 

ammonium persulfate 
triethanolamine 
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Example Admixture 
No. 

22 (22) 

23 (23) 

24 (24) 

•. 

25 (25) 

Table S 

Reaction composition : numerals in brackets are parts by weight 

copolymer (A) cross-linking agent 

Admixture No. (Nw: 35000) o-phthalic acid diglycidyl ester 

Admhuurc No. (I):. polyethylene glycol diglycidyl 
[Nw: 3SOOO] ether (n=9) 

Admil!ICure No. (4) 1,6-hexancdiol diglycidyl ether 
[Nw: 38000) 

Admillllure No. (6) adipic acid diglycidyl ester 
[Nw; 6000] 

Molccuh1r 
Reacrion weighl aflcr 
temperalurc cross-linking 
(°C) 

95 220000 

95 300000 

9S 200000 

95 150000 tv 
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26 

27 
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Example 

26 

27 

28 

Table 6 

Cement Reaction composilion : numerals in brackets are parts by weight 
Dispersing agent 

charged solvent unsaturated 
carboxylic acid other monomer other monomer 
base monomer 

(26) toluene malcic anhydride 1-hexenc 
(2730) (490) (420] 

(27) methyl ethyl maleic anhydride isobutylenc styrene 
ketone [686) [364) (52} 
(2571] 

(28) toluene maleic anhydride mcthoxy-
(2745) (147] polyethylene 

glycol allyl ether 
(768] 

Reaction composition : numerals in brackets are parts by weight 
reaction molecular 

defoaming agent (II) polymerization initiator temperature (0 C) weight 

oxyethylene oxypropylcne adduct of AIBN 80 5200 
C 12 - C14 alcohols [9.l] [27.0) 

polyoxyethylcnc laurylamine AIBN 80 6000 
[5.5] [ 10.0) 

polyoxyethylenc polyoxypropylenc butyl peroxide 90 9000 
adduct (6.4) [10.0] 

' ' 

t...:> 
CJ1 

"" 0 
z 
~ 
~ 
"" 

;:g 
m 
""tJ 

~ 
m 
3: m 
~ 
Q> 
.::c 
m 

! ~ 1'......, ...... , __ 

- . - .. 

;i 



26 

REPLACEMENT SHEET 

30NOV1996 I 
~ 

Control l for manufacturing Comparison Admixture (1) 
_______ ,~J 

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 thennometer, 

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 maintaifi'ed at 95°C for 1 hour to complete a polymerization 

reaction. A comparison admixture (2) comprising an aqueous solution of a copolymer of Mw 

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 

r-.-.,_,_.....,,.,. . .,_...A_.,_,,. 
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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 ~dded 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 C12-C14 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 llgent 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. 

THIS SHEF:f HAS BEEN 
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Further, evalution of compatibilities are as follows: 

0: Unifonnly compatible or stable dispersion 

!::..: Not compatible or unstable dispersion 

X: Separated into two layers 
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Example Admix lure used 

I (I) 

2 (2) 

3 (3) 

4 (4) 
.. s (S) ·-

6 (6) 

7 (7) 

8 (8) 

9 (9) 

10 (10) 

. 11 (II) 

12 (12) 

13 (13) 

14 (14) 

15 (15) 

16 (16) 

17 ( 17) 

Table 7 

Number of days elapsed 

immediately 50°C, 
after I day 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

50°C, 
after I mon1h 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

particle Si?.c 
(µm) 

1.3 

1.7 

1.3 

1.4 

7.1 

5.7 

1.8 

1.2 

1.2 

1.5 

1.3 

1.5 

1.2 

1.4 

1.4 

1.5 

1.2 
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Table 7 (cont'd) 

18 (18) 0 

19 . (19) 0 

20 (20) 0 

21 (21) 0 

22 ,..,. 
(22) 0 

23 (23) 0 

24 (24) 0 

25 (25) 0 

26 (26) 0 

27 (27) 0 

28 (28) 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

1.3 

1.4 

1.4 

5.7 

1.3 

1.3 

I .4 

5.7 

-
-
-

~ 
0 

"-" particJe size determination : particle size is not more than 0.1 µm or cannot be determined because of molten state 
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Control Admixture used 
immediately 

3 comparative A 
Admixture No. (3) " 

5 compararive A 
Admixlure No. (5) 

Table 8 

Number of days elapsed 
particle size 

50°C, S0°C (µm) 

after I day after I monlh 

x x 2.2 

x x 5.2 
c.o 
I-' 
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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 (l)-(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/m3
, unit water content 203kg/m3 (water/cement ratio 0.634) and sand­

aggregate ratio 49%, while the proportions for concrete using with the admixture are unit 

cement content 320kg/m3
, unit water content 166kg/m3 (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. 
t: 

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, ll08, 1128, 1132, 6204) 

The results are given in Tables 9-14 



Example 

l 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

Admixture 

...... ··-:· .... -........ ' · ..... . 

used 

(I) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

{9) 

(10) 

(11) 

(12) 

(JJ) 

{14) 

(15) 

(16) 

{17) 

(18) 

(19) 

(20) 

(21) 

(22) 

Co)) 

(24) 

(25) 

(26} 

(27) 

(28) 

33 

Table 9 

Amount of cement 
dispersing agent 

a) 

0.15 

0.15 

0.15 

0.15 

0.17 

0.17 

0.15 

0.15 

O.lS 

O.IS 

O.lS 

0.15 

0.15 

0.15 

O.lS 

0.15 

O.lS 

0.15 

0.15 

0.15 

0.17 

•. 0.18 

0.18 

0.18 

0.18 

0.17 

0.15 

0.12 

REPLACEMENT SHEET . 

--;-;;~ i _______ .; l 
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Amount of air 
entraining agen1 

b) 

0.012 

0.010 

0.005 

0.012 

0.01) 

0.015 

0.012 

0.010 

0.003 

0.015 

0.008 

0.010 

0.018 

0.020 

0.010 

0.008 

0.016 

0.012 

0.010 

0.010 

0.015 

0.012 

0.012 

0.010 

0.015 

0.016 

O.Dl5 

0.012 

Remarks: a} Percent by weigh! of solid content on cement 
b} Percent by weight on cement 

, THIS SHEET HAS BEEN 
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Table 10 

Control Admixture used Amount of cement Amount of air 
dispersing agent 

a) 

A plain concrete -
B BNS 0.50 

c MSF 0.60 

l comparative 0.15 
Admixture No. (1) 

2 comparative 0.15 
Admixture No (2) 

3 comparative 0.15 
Admixture No. (3) 

4 comparative O.lS 
Admixrure No. (4) 

·S comparative 0.15 
Admixture No. (S) 

Remarks: a) Percent by weight of solid content on cement 
b) Percent by weight on cement 

. : 

entraining agent 
b) 

-
0.008 

0.002 

-

-

0.011 

-
0.013 

?" 
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Example 
immediately 
after mixing 

1 19.0 I 4.1 

2 18.51 3.9 

3 17.5 14.0 

4 19.014.0 

5 17.5 / 4.2 

6 18.5 / 4.2 

7 18.S I 3.1 

8 18.0 I 4.0 

9 18.5 I 3.9 

10 19.014.5 

11 18.5 I 3.8 

12 19.0 / 4.0 

13 18.014.S 

14 19.0 / 4.0 

15 18.014.0 

16 18.5 14.1 

17 18.0 / 4.0 

18 18.5 13.9 

35 

Table 11 

Slump (cm) I air content (vol %) 

After 30 min. After 60 min. 

19.0 I 3.9 17.5 / 3.7 

17.0/3.7 16.5/3.3 

18.5 I 3.7 18.0/3.8 

17.0/3.8 16.5/3.8 

18.0 / 4.3 17.5 / 4.0 

17.S / 4.1 17.S / 3.9 

18.0 / 3.6 17.0 / 3.5 

18.0 I 4.0 18.5 I 3.8 

18.0 I 4.1 18.0 / 3.8 

18.0 / 4.0 17.0 I 4.3 

17.0 I 4.0 18.0 I 3.8 

17.0 / 4.0 18.S I 4.2 

17.0 / 4.0 17.5 / 4.l 

19.0 / 4.0 17.5 I 3.8 

17.0 / 4.3 18.5 / 3.8 

19.0 / 4.0 17.5 / 3.8 

18.0 / 4.0 17.5 I 3.7 

15.5 13.6 17.5 / 3.9 

---

REPLACEMtNT SHEET 

30NOV~ 

After 90 min. 

17.5/4.0 

17.013.5 

17.0/3.8 

17.0 / 3.5 

17.0 / 3.8 

18.0 / 3.7 

17.5 / 3.7 

17.5/4.1 

17.0 I 3.8 

18.5 I 4.2 

19.5 I 3.7 

17.0 / 3.7 

17.5 / 4.4 

17.5 / 3.7 

17.0 / 3.7 

17.S I 3.7 

17.5 / 3.8 

17.5 / 3.7 
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Table 12 

Slump (cm) air con1en1 (vol %) 

Example 
immediately After 30 min. After 60 min. After 90 min. 
after mixing 

19 18.5 I 3.9 18.0 I 4.0 18.0/4.0 17.5 I 3.8 

20 18.0/4.l 17.0/3.8 17.0 I 3.9 17.5 I 3.6 

21 19.0/3.8 17.0 / 3.4 17.0 / 3.7 17.0 I 3.5 

22 17.0 I 3.4 20.5 / 3.7 19.5 I 3.6 19.0 I 3.5 

23 J7.0 /3.6 20.0 I 3.5 19.5/3.6 18.0 I 3.6 

24 17.0 I 3.9 20.0 / 3.9 19.0 / 4.0 18.5/3.7 

25 17.0 / 4.0 21.0 / 4.1 19.013.1 17.S/3.9 

26 19.S / 4.1 19.0 / 3.7 18.0 / 3.0 17.S / 3.3 

27 18.0 / 4.3 18.0 / 4.l 17.0 / 4.2 17.0 I 3.9 

28 18.513.7 18.0 I 3.8 18.5 I 3.5 17.5 / 3.5 

Control 

A 19.0 / 2.0 17.5 / 2.0 15.5 / 1.8 12.5 / 1.7 

B 18.0 / 4.4 10.S / 4.1 6.S / 3.8 4.0 I 3.3 

c 18.514.2 9.514.0 6.5 13.9 4.0 / 3.I 

I 19.014.4 .. 19.0 / 4.2 18.0 / 4.4 17.0 / 4.6 

2 18.S / 4.2 18.0 / 4.3 15.S / 4.3 17.S / 4.6 

3 18.013.9 18.S 13.9 -17.0 / 4.3 16.5 I 4.6 

4 18.5 / 4.6 17.5 14.S 17.S 14.S 17.0 / 4.7 

s 19.0 / 3.7 17.0 / 4.0 18.6 / 4.5 18.5 I 5.1 

!.' 

---··-------
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Table 13 

Setting time (hr-min) 

Example I nit. Final 

I 6-20 8-30 

2 6.20 8-10 

3 6-30 8-30 

4 6-20 8-40 

s 6-30 8-20 

6 6-10 8-40 

7 6-10 8-40 

8 6-20 830 

9 6-00 8-40 

10 6-30 8-40 

11 S-SO 8-10 

12 6-00 8-50 

13 6-20 9-00 

14 6-30 8-50 

15 6-40 9-10 
. ' 

16 6-00 8-30 

17 6-10 8-20 

18 6-20 9-00 

·-·--·--

REPLACEMENT SHEET . J 
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3 0 NOV 1996 f f 
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t ,__________J 

28-Day Comp. 
Strength 
(kgf/cm 2

) 

480 

472 

467 

461 

458 

462 

477 

470 

488 

494 

453 

.. 475 

455 

459 

486 

477 

463 

473 
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Table 14 

Setting time (hr-min) 

Example I nit. Final 

19 6-30 8-10 

20 6-20 8,io .. 

21 6-20 8-10 

22 6-50 9-10 

23 6-40 9-00 

24 6-50 8-50 

25 6-50 9-20 

26 6-30 8-30 

27 6-10 8-20 

28 6-20 8-40 

Control 

A 5-40 1-50 

B 5-30 7-30 

c S-30 - ' 7-40 

1 6-20 8-20 

2 6-20 8-40 

3 6-30 8-30 

4 6-00 8-30 

s 6-10 8-20 

!: 

···-. ... . .... ··~ . 
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28-Day Comp. 
strength 
(kgf/cm2

) 

474 

459 

462 

468 

473 

461 

456 

479 

459 

462 

329 

407 

410'. 

422 

431 

419 

417 

425 

l 
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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. !: 

r· TmS SHEET HAS BEEN 
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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 in particles of no more than 20µM 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 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 monomer (a) ·of the formula I 

!' 

Ri 

I 
R 1-CH=C-COO(R30)m-R4 (I) 

wherein R 1 and R2 are independently hydrogen or methyl, R3 is an alkylene group of from 

2-4 carbon atoms, R4 is hydrogen or an alkyl group of I 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 formuia (II) 

R1 

I 
R 1-CH=C-COOM1 
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wherein R 1 and R2 have the abovementioned significances, and M1 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. 

4. An admixture according to claim I 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); 

R1 

I 
R1-CH=C-(CH2)n-O-(R30)m-R4 (III) 

wherein R1, R2
, R3

, R4 and mare as hereinabove defined and n is 0 or 1, and 2 to 95% by 

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

y z 
l l 

X-C=C-COOM2 (IV) 

wherein X and Y are independently selected from hydrogen, methyl and -COOM3
, or X or 

Y together with -COOM2 fonn an anhydride ring, Z is selected from ,. 
-CH2COOM3

, hydrogen or methyl -and M2 and M3 are independently selected from the 

significances of M 1 given hereinabove, an alkyl group of ~-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 M2
, M3 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 
-------·---------
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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 cx-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. 

------·--------

t: 
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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 defoarning agent is dissolved or dispersed in particles of no greater that 20µM 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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This invention relates to fluidity control of cementitious compositions, to admixtures for achieving 

5 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 maintaming fluidity or "slump" (so 

that the compositions can flow easey, for example, around complicated formwork). Typical water-

10 reducing agents are the so-called "superplasticisers", for example, B-naphthalene sulphonate­

forrnaldehyde ("BNS") condensates and various polycarboxy1ate-based materia1s. 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 hannless and even beneficial, excessive air entrainment leads to reduced 

15 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 bas also often proved unsatisfactory, 

one reason being that a mixture of water-reducing agent and defoaming agent, a commercially 

desirable package, is usually unstable. 

20 

25 

30 

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 20µM diameter; 

------------------
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the aqueous solution of polymer being prepared by the polymerisation of monomer m e 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. 

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

concrete, comprising the polymerisation of a monomer mixture in the presence of an oxyalk;ylene­

based defoaming agent. 

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

10 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. 

15 

The defoaming agent is clissolved or disp~ in ~e presence of polymerisable monomer and the 

monomer polvmerised to give the polymer. It has been fowtd 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 

20 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 

25 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 polymerismg a monomer mixture which comprises 

30 (B) the neutralised salt of(A); and 

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

"'-----------

5 

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 fonnula I 

10 wherein R 1 and R2 are independently hydrogen or methyl, R3 is an alkylene group of from 2-4 

carbon atoms, R4 is hydrogen or an alkyl group of I 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 

fonnula (II) 

15 R1 

I 
R1-CH=C-COOM1 (II) 

wherein R 1 and R2 have the abovementioned significances, and M1 is hydrogen, monovalent meta], 

20 divalent meta], 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 swn of (a), (b) and (c) 

shall be I 00% by weight. 

In a further embodiment of the invention, said monomer mixture comprises from 5-98% by weight 

25 of an alkoxypolyalkylene glycol mono(meth)allyl ether base monomer ( d) of the fonnula (III); 

30 

35 

wherein R1
, R2

, R3
, R4 and mare as hereinabove defined and n is 0 or 1, and 2 to 95% by weight of 

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

y z 
I I 

X-C=C-COOM2 (IV) 

... 
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wherein X and Y are independently selected from hydrogen, methyl and -COOM3
, or X or Y 

together with -COOM2 fonn an ~ydride ring, Z is selected from -CH2COOM3
, hydrogen or 

methyl and M2 and M3 are independently selected from the significances of M1 given hereinabove, 

5 an allcyl group of 1-20 carbon atoms, an alkylene glycol of 2-4 carbon atoms and a polyalkylene 

glycol offrom2-100 mo!s of a glycol adduct, provided that at least one ofM2
, M3 is selected from 

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

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

being 100% by weight. 

10 

15 

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 I 00% 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 a1kaline substance and/or a cross-linked 

20 copolymer (C) obtained bypost 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 

25 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 polya1kylene glycol having 2 to I 00 

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 

30 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 abovem.entioned formula (II) and 0 to 50% by weight, preferably 0 
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to 30% by weight of mononiet ( c) capable of being copolymerized With these monomers, provided 

that the sum of (a), (b) and ( c) is · l 00% 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, 

5 preferably 3 to 50% by weight of an unsaturated carboxylic acid base monomer ( e) designated by 

the above mentioned gen~ formula (IV), and 0 to 50% by weight, preferably 0 to 30% by weight 

of monomer (t) capable ofbeing 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 

10 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, 

15 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 glycol polybutylene 

glycol mono(meth)acrylate, polyethylene glycol polypropylene glycol polybutylene glycol 

mono(meth)acrylate, methoxy polyethylene glycol mono(meth)acryfate, methoxy polypropylene 

20 glycol mono(meth)acrylate, methoxy polybutylene glycol mono(meth)acryJate, methoxy 

polybutylene glycol mono(meth)-acryJate, methoxy polyethylene glycol polypropylene glycol 

mono(meth)aczylate, methoxy polyethylene glycol polybutylene glycol mono(meth)aczylate, 

methoxy polypropylene glycol polybutylene glycol mono(meth)acryJate, methoxy propyethylene 

glycol polypropylene glycol polybutylene glycol mono(meth)acrylate, ethoxypo1yethylene glycol 

25 mono(meth)acrylate, ethoxypolypropylene glycol rnono-(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. 

30 
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-=------;--.~~--..! Suitable examples of monomer (b) include acrylic and methacrylic acids and their monovalent me 

salts, divalent metal salts, ammonium salts and organic amine salts. More than one such monomer 

maybe used. 

5 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 1to20 carbons with (meth)acrylic 

acid unsaturated dicarboxylic acids of maleic acid, fu.maric acid, citraconic acid, etc., or monoesters 

or diesters of these acids with aliphatic alcohols of 1 to 20 carbons or glycols of2 to 4 carbons, or 

polya]kylene glycols of added mol number 2 to 100 of these glycols, unsaturated amides such as 

10 (meth)acrylamide and (meth)acryl alky1amide, vinyl esters such as vinyl acetate and v.inyl 

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. 

15 

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, 

20 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 

25 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 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 polypropylene 

30 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 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 monocrotyl ether, methoxypolyethylene glycol 

5 polypropylene glycol monocrotyl ether, methoxpolyethylene glycol polybutylene glycol monocrotyl 

ether, methoxypolyprop~lene glycol polybutylene glycol monocrotyl ether, methoxypolyethylene 

glycol polypropylene glycol polybutylene glycol monocrotyl ether, ethoxypolyethylene glycol 

monocrotyl ether, eth.oxypolypropylene glycol monocrotyl ether, ethoxypolypropylene glycol 

monocrotyl ether, ethoxypolybutylene glycol monocrotyl ether, ethoxypolybutylene glycol 

10 monocrotyl ether, ethoxypolyethylene glycol polypropylene glycol monocrotyl ether, 

ethoxypolyethylene glycol polybutylene glycol monocrotyl ether, ethoxypolypropyiene glycol 

polybutylene glycol monocrotyl 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. 

15 

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 clicarboxylic acid and monovalent metal salt, divalent metal salt, 

ammonium salt, an organic amine salt and anhydride thereof, e.g., maleic acid, fumaric acid, 

20 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 

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

Examples of the monomer (f) include ester of an aliphatic alcohol having l to 20 carbon atoms and 

25 acrylic acid, and a diester of an unsaturated clicarboxylic acid such as maleic acid, fumaric acid and 

citraconic acid acids with an aliphatic alcohol having l 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 

30 styrene; an unsaturated suJfonic acid such as vinyl sulfonic acid, (meth)allyl sulfonic acid, sulfoethyl 

(meth)acrylate, 2-(meth)acrylamide-2-methylpropane sulfonic acid and styrene suJfonic 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 

5 of the monomer (g) include ethylene, propylene, I-butene, 2-butene, isobutylene, n-pentene, 

isoprene, 2-methyl-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 ex-olefin having 2 to 8 carbon atoms, especially c<-olefin 

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

15 

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 ~etal salt, divalent metal 

salt, annnonitun salt, and an organic amine salt thereof; an ester of an aliphatic alcohol having l 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 

20 1 to 20 carbon atoms or glycol having 2 to 4 carbon atoms or a polyalkylene glycol having 2 to I 00 

mols of these glycols; unsaturated amide such as (meth)acrylarnide 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 

25 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, 

30 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 

THIS SHEET HAS BEEN 
REPLACED 



154-0244 this Sheet Has Been Replaced 
REPLACEMENT SHEET 

9 
I lllllll llllll llll Ill llll 11JUL1997 I 

nonylphenyl ether; acetylene ethers of alkylene oxide additional polymerized wi 

such as 2,4, 7 ,9-tetramethyl-5-decyn-4, 7-dioi 2,5-dimethyl-3-hexyn-2,5-diol, 3-methyl-l -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 

5 monolauric acid ester, and polyoxyethylene sorbitan trioleic acid ester; (poly)oxyalkylene alkyl 

( aryi)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. 

10 

The copolymer (A) is obtained by polymerization of a monomer mixture containing an unsaturated 

carboxylic acid base monomer as hereinabove descnbed. 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 

15 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),(i). 

To manufacture the copolymer (A), the abovementioned monomer mixture is copolymerized in the 

20 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 defoarning 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 

25 percent, the perfonnance of the admixture obtained is reduced and a cement mixture of good 

fluidity cannot be obtained. 

30 

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

5 especially effective alcohols. 

When the polymemation is canied out in an aqueous liquid, water-soluble polymemation initiators 

such as ammoniwn persulfate, sodium persulfate, hydrogen peroxide and azoamidine compounds 

such as azobis-2-methyl propionarnide hydrochloric acid salt may be used. Accelerators such as 

10 sodiwn hydrogen sulfite may be used in combination with these initiators. Further, in 

polymerization with a lower alcoho~ 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 initiators. In this case, it is possible to use 

15 accelerators such as amine compounds in combination. Further, in the event of using a water-lower 

alcohol solvent mixture, orie 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 

nonnally, the polymerization is canied out in the range of 0° to 120°C. 

20 

Bulk polymerization is carried out using peroxides such as benzoyl peroxide and Jauroyl peroxide, 

hydroperoxides such as cwnene 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. 

25 The copolymer (A) obtained in this manner can be used as prepared as the main ingredient of a 

fluidity-controlling admixture according to the irivention. The copolymer (B) obtained by further 

neutralizing copolymer (A) with an alkaline substance as necessary may also be thus use~ 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 

30 aminonia and organic amines. 
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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 fonnula (V) 

5 6 ~ -C-O-R!}--
11 
0 

wherein R5 and R6 are independently selected from the group consisting of 

R7 

I 
-CH~- -CH---1. ' ' 

R7 

I f 
, -C- and-CHzCH-, 

I 

a-I 

-c~6H-, 

R8 

wherein, when R6 is 

R5 may be unnecessary, and R7 and R8 are independently alkyl group of 1 to 5 carbon atoms, as a 

25 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 

30 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 "Mw") 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), Mw lies preferably in 

the range of 5,000-500,000, when the mixture comprises monomers (d), (e) and (t) or monomers 

5 (g), (h) and (i), it lies preferably in the range 500-100,000. IfMw is less than 500, the water-reducing 

capability and slump loss. prevention capability of the cement dispersing agent are reduced. When 

Mwexceeds 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 

10 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 

15 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. 

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

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

gypsum. 

The admixture of this invention gives excellent perfonnance even when relatively small quantities 

25 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 perfonnance is inadequate, whereas, 

30 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 cementitious 

composition, comprising the incorporation into the· composition of an admixture as hereinabove 

descnbed. The use of an admixture as hereinabove descnbed to modify the fluidity of a cementitious 

composition is also provided. 

The invention is further descnbed 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 thennometer, a stirrer, a 

dropping funnel, a nitrogen introduction tube, and a reflux condenser, and the interior of the 

15 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 eth)'iene 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 oxya.Ikylene base 

20 defoaming agent, and 1500 parts of water, and 672 parts of a 5% ammonium persulfate aqueous 

solution is then drip-red for 4 hours, and after completion of dropping, 168 parts of 5% ammonium 

persuJfate is further drip-fed for I 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. 

25 

30 

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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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 C1rC14 

5 alcohols as oxyalkylene base defoaming agent in a glass reaction vessel equipped with a 

thermometer, a stirrer, a.dropping funnei 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 

10 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. 

15 

20 

25 

Example 7 for manufacturing Admixture (7) 

Adnrixture (7) of the present invention is obtained by drip-feeding 185 parts of50% NaOH aqueous 

solution into the admixture (1) obtained in Example I, 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. 

Example 22 for manufacturing Admixture No. (22) 

30 5000 parts of20% admixture aqueous solution (solids content: 1000 parts) obtained in Example 1 

is introduced into a glass reaction vessel equipped with a thennometer, 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 admixt:Ure (22) comprising a cross-linked copolymer 

aqueous solution. 

5 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. 

10 Example 26 for manufacturing Admixture No. (26) 

420 parts of !-hexane, 490 parts of maleic anhydride, 9 .1 parts of oxyethylene oxypropylene adduct 

ofC12-C14 alcohols, 27 parts of azobisisobutylonitrile and 2730 parts of toluene are introduced in a 

glass reaction vessel equipped with a thennometer, a stirrer, a dropping funne4 a nitrogen 

15 introduction tube and a reflux condenser, and the interior is purged with nitrogen under stirring. 

20 

After reacting at 80°C for 7 hours under nitrogen atmospher~ and precipitated while polymer was 

collected and dried. 2500 Parts of I 0% 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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Example · 

I 

2 

3 

4 

5 

6 

MAA: 
AA: 
TEGMM: 
MA: 
MPEGMMA: 
PEGMA: 
PEGMME: 
PEGMAE: 

Table I 

Reaction composition : numerals in brackets are parts by weight 

Admixture No 

(l) 

(2) 

(3) 

(4) 

{5) 

(6) 

mcthacrylic acid 
acrylic acid 
retraethylcnc glycol monomalcate 
malcic ncid 

charged solvent 

water [ 1695 .OJ 

water ( 1695.0] 

wnter (1315.0) 

water ( 1695.0} 

water [ 1800.0) 

water (349.6] 

methoxy polyethylene glycol monomcthncrylate 

polyethylene glycol monoacrylntc 
polyethylene glycol monomcthnllyl ether 

polyethylene &lycol monoallyl ether 

unsaturated carboxylic 
acid base monomer 

MA~- [250.0] 

AA [200.0) 

MAA (2SO.O) 

MAA (300.0) 

TEGMM (369.6) 

MA [687.0] 

other monomer 

MPEGMMA (n=IO) 
[750.0} 

PEGMA (n=25) 
(800.0J 

MPl!OMMA (n=25) 
(740.0) 

PEGMME (n=25) 
(700.0} 

PEGMAE (n=25) 
[630.4) 

PEGMAE (n=25) 
[1648.0] 
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other monomer 

methyl 
methacrylate 
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Table 2 

Reaction composition : numerals in brackets are parts by weight 

Example 
defoaming agent (II) polymerization initiator 

reaction temperature (0 C) molecular weight 

I Pluronic L·64 n) ammonium persulfale 95 35000 

[7.0] [20.0) 

2 polyethylene glycol a:zobis-'2.-methyl 80 38000 

polypropylene glycol propiomidinc -· 
nonyl phenyl ether hydrochloride 

(5.0) (20.0) 

3 oxycthylcne 
oxypropylcne adduct of ammonium persulfatc 95 23000 

C11 - C14 alcohols (40.0] 

[I .OJ .. 
4 Surfynol 440 b) ammonium pcrsulfatc 95 30000 

[7.0) [20.0) 

5 polyethylene glycol 
polypropylene glycol ammonium per~ulfate 95 10000 

nonyl phenyl ether [IS.OJ 
(5.0) 

6 oxyethylene 
oxypropylcne adduct of ammonium persulfate 95 6000 

- C 11 - C 14 alcohols [85.8) 

~ 
[23.2] 

::i:: 
en 

'°~ 
a) polyoxyethylene polyoxypropylene adduct (Asahi Denka K.K.) 

!?1 m 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. 
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Example Admixture No. 

7 (7) 

8 (8) 

9 (9) 

10 ( 10) 

11 (I I) 

12 (12) 

IJ (13) 

14 (14) 

15 (15) 

16 (16) 

Table 3 

Reaction composition : numerals in brackets are parts by weight 

unsalurated carboxylic 
charged solvent acid base monomer other monomer 

water (1695.0] MAA [250.0) MPEGMMA (n=IO) 
(750,0J 

water (2838.0] MAA (239.0) MPEGMMA (n=25) 
( 1200.0) 

waler [2838.0] MAA (239.0] MPEGMMA (n=25) -· (1200.0) 

waler (293 l .OJ MAA (239.0) MPEGMMA (n=50) 
(1200,0) 

water (3158.0) MAA (239.0J MPEGMMA (n=50) 
[1200.0) 

water (3077.0J MAA (177.0) MPEGMMA (n=50) 
[1262.0J 

waler (2972.0) MAA (239.0J MPEGMMA (n=75) 
[1200.0) 

waler [3334.0) SA (288,0) MPEGMMA (n=50) 
[1151.0) 

water [2195.0) MAA (239.0) PEGMMA (n=5) 
(1200.0) 

water [2823.0) MAA [239.0) MPEGMMA (n=50) 
I 1oso.01 

! 

other monomer 

sodium s11lfoe1hacrylatc 
(120.0J ·-

1 
; 
; 

·j 
i 

i 

-
iiiiii -
iiiiiiii --
iiiiiii -
iiiiiii 
~ 

I-' 
CD 

• 

r· 
~ 

~ 

(... 

c: ,... 
:8 I """' 

...... 
U1 

;:D 
f"l'I ...,, ,.. 
.)> 
n 
m s: m 
:a: 
-t 
en 
::c \ m 

' m , ... ~--··-~--' -~ 

. ---··---,,~--..I 



17 (17) water (2924.0) 

18 (18) water (1695.0J 

19 (19) waler (1695.0J 

20 (20) water (1695.0) 

21 (21) water (349.6) 

MA : melhacrylic acid 
SA : sodium acrylate 
MA : maleic acid 
MPEGMMA : mcthoxy polyethylene glycol monome1hacryla1c 

~ -en 

"" (ll 
[11 Ea 

.. fl tll 
!>..., 
!OX 

'"' > ~{h 

PEGMMA: polye1hylenc glycol monomethacrylate 
PEGMAE: polyethylene glycol monoallyl ether 

w' 
m 
~ 

Table 3 (cont'd) 

MAA (215.0) 

•' 
MAA [250.0) 

MAA [300.0) 

MAA (300.0J 

MA [687.0] 

MPEGMMA (n=50) 
[1200.0] 

MPEGMMA (n=IO) 
(750.0) 

P13GMAI! (n .. 25) 
[700.0] 

PEGMAE (n=25) 
[700.0J 

PEGMAE (n=5) 
(1648.0) 
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Example 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Table 4 

Reaclion composition : numerals in brackcls arc parts by weight 

defoaming agent (II) polymerization initiator 

Pluronic L-64 11) [7.0] APS [20.0) 

PluronicL-64 a) [7.0] APS (38.0] . 

Pluronic L-64 a) ( 1.4) APS [38.0) 

oxye1hylene oxypropylenc adduct APS [33.0] 
of C 0 -C14 alcohols [14.0) 

polyoxyelhylene polyoxy-propyl- APS (22.0) 
enc nonyl phenyl clhcr {7 .OJ 

Surfynor"440 b) [7.0] APS [26.1) 

polyoxyethylene polyoxypropy- APS [31.3] 

lcne oleate [7.0) 

polyoxyethylcne polyoxypropyl- APS [ 12.5] 
enc sorbitan monolaurate (21.0) 

polyyoxypropylenc dodecyl APS [69.5) 
b~ni.cnc sulfonalc [21.0J 

polyoxycthylenc stcaratc (21.0J APS (38.0] 

polyoxyelhylenc laurylamine APS [33.0J . 
[21.0J 

Pluronic L-64 a) [7.0) APS [20.0] 

~ 
Surfynol 440 b) (7.0J APS [20.0J 

~ 
Surrynol 440 b) (7.0] APS [20.0) 

rcacllon alkaline pH 
tcmperalure substance 

coq 

95 SO% NaOH 8.0 

. 95 50% NaOH 8.0 

-. 95 50% NaOH 8.0 

95 50% NaOH 8.1 

-· 
95 50% NnOH 8.5 

95 SO% NaOH 7.7 

95 50% NaOH 7.6 

95 50% NaOH 8.0 

95 50% NaOH 8.0 

95 50% NaOH 7.9 

95 50% NaOH 8.1 

95 30% Cn(OH)1 7.5 

95 50% NaOH 7.1 

95 TEA 7.1 

molecular 
weigh I 

36000 

40000 

39000 

37000 

113000 

53000 

34000 

16000 

78000 

19000 

32000 

35000 

30000 

30000 
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21 

a) 
b) 

Table 4 {cont'd) 

oxycthylenc oxypropylcne adducl APS [85.8) 95 
of C12-C14 alcohols [23.2) . 

polyoxyethyJcnc poJyoxypropyJene adduct (Asahi Denkn K.K.) 
acetylene alcohol polyoxyethylene adduct (Nissin Kagaku Kogy K.K.) 

50% NnOll 7.8 6000 

c) 
APS: 

Monomer mixlure is added in 40% aqueous solution and polymerization initiator is added in 5 % aqueous solution. 
ammonium persulfale · 

TEA: lriethanolamine 

* R.TM 
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Example 

22 

23 

24 

25 

Table S 

Heaction composition : numerals in brackets arc parts by weight 
Admixture 
No. copolymer (A) cross-lin.king agent 

(22) Admixlurc No. (Nw; 35000) o-phthalic acid dlglycidyl ester 

(23) Admixture No. (I) polyc1hy.lene glycol diglycidyl 
(Nw; 35000) ether (n=9) 

(24) Admhtture No. (4) l ,6-hcxancdiol diglycidyl ether 
(Nw; 38000] 

(25) Admixture No. (6) adipic acid diglycidyl ester 
[Nw; 6000) 

Molecular 
Reaclion weight aflcr 
lemperature cross-linking 
(OC) 

95 220000 

95 300000 

95 200000 

95 150000 
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Example 

26 

27 

28 

Example 

26 

27 

28 

Table 6 

Cement Reaction composition : nurncrnls in brackels arc parls by weight 
Dispersing agent 

charged solvent unsaturated 
carboxylic acid other monomer other monomer 
base monomer 

(26) toluene maleic anhyd!idc 1-hexcnc 
[2730] [490) [4201 

(27) methyl ethyl malcic anhydride isobutylenc s1yrc11e 
ketone [686J [364) (52] 
[2571] 

(28) toluene maleic anhydride mcthoxy-
[2745) [147) polye1hylcnc 

glycol ally! clher 
[768) 

Reaclion composition : numerals in··brackets arc parts by weight 
reaction molecular 

defoaming agent (II) polymerization initiator 1empcrn1urc ("C) weight 

oxyethylcne oxypropylene adduct of AIBN 80 5200 
Cu - C 14 alcohols [9.l] (27.0) 

polyoxyethylene laurylaminc AIBN 80 6000 
[5.5) [ 10.0) 

polyoxyethylene polyoxypropylene butyl peroxide 90 9000 
adduct (6.4) (10.0) 
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Control I for manufacturing Comparison Admixture ( 1) 

-., .. 
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--~~~--~~-- ' 

1695 parts of water is introduced into a glass reaction vessel equipped with a thennometer, a stirrer, 

a dropping funneL a nitrogen introduction tube, and a retlux condenser, and the interior of the 

5 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 

methaczylic 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% 

10 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 molecuJar weight of35,000 is obtained. 

15 

Control 2 for manufacturing Comparison Admixture No. (2) 

1695 parts of water is introduced into a g1ass reaction vessel equipped with a thennometer, a stirrer, 

a dropping funne~ 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 ofmethoxy polyethylene 

20 glycol monomethaccylate (average mol addition number of ethylene oxide, 10), 200 parts of 

methacrylic acid, 0.005 parts of "Pluronic" L-64 (polyoxyethylene-polyoxypropylene adduct) as 

oxya]kylene base defoarning agent, and 1500 parts of water, and 672 parts of a 5% ammoniwn 

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 

25 maintained at 95°C for 1 hour to complete a polymerization reaction. A comparison admixture (2) 

comprising an aqueous solution of a copolymer of Mw 35,000 is obtained. 

Control 3 for manufacturing Admixture No. (3) 

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

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

a comparison cement dispersing agent (3). 

nns SHEET HAS BEEN 
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Control 4 for manufacturing Comparison Admixture· No. ( 4) 

-------·--. J 

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

5 nwnber of ethylene oxide, 5) are introduced into a glass reaction vessel equipped with a 

thermometer, a stirrer, a. dropping ftnmei 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 mixh1re aqueous solution 

comprising 687 parts of rnaleic acid, 1030 parts of water and 57.2 parts of annnonium persulfate is 

10 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. 

15 Control 5 for manufacturing Admixture No. (5) 

20 

A comparison admixture (5) is obtained by mixing 0.1 part of oxyethyleneoxypropylene adduct of 

C12-C14 alcohol as a polya]kylene 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. 

25 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 detennined by using a laser diffraction type particle 

distnbution meter (microtruck FRA). The results of these tests are given in Tables 7 and 8. 

30 Further, evalution of compatibilities are as follows: 

iHlS SHEET HAS BEEN 
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0: Unifonnly compatible or stable dispersion 

~ : Not compatible or unstable dispersion 

X: Separated into two layers 

REPLACEMENT SHEET 
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Example Admix lure used 

I (I) 

2 (2) 

3 (3) 

4 (4) 

5 (5) 

6 (6) 

1 (7) 

8 (8) 

9 (9) 

10 (10) 

11 (II) 

12 (12) 

13 (13) 

14 (14) 

15 (15) 

16 (16) 

17 (17) 

Table 7 

Number of days elapsed 

immediately S0°C, 50°C, 
after I day after I monlh 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 
. 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

particle size 
(111n) 

1.3 

1.7 

1.3 

1.4 

7.1 

5.7 

l.R 

1.2 

1.2 

1.5 

1.3 

1.5 

1.2 

1.4 

1.4 

1.5 

1.2 

N 
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Table 7 (cont'd) 

18 (18) 0 0 0 l.J 

19 . (19) 0 0 0 1-4 
. -

20 (20) 0 .o 0 1.4 

21 (21) 0 -· 0 0 5.7 

22 (22) 0 0 0 1.3 

23 (23) 0 0 0 1.3 

24 (24) 0 0 0 1.4 

25 (25) 0 0 0 5.7 

26 (26) 0 0 0 -
27 (27) 0 0 0 -
28 (28) 0 0 0 -

"-" particle size determination : particle size is not more than 0.1 µm or cannot be determined because of molten stale 
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1 
The cement used was ordinary portland cement (blend of equal amounts ofM3...,... ___ .,.._~__,,..,..._ __ ~J 

5 

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 Ohlne, Tokyo graywacke crushed 

stone (specific gravity2.64, MS 20mm). 

The 28 varieties of the admixture according to the invention listed in Tables 1-6 and for comparison 

the comparison admixtures (l) to (5) and naphthalene sulfonate-fonnalin 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 

10 agents are not made, while for the other admixtures of the invention ( l )-( 17) and the comparison 

admixtures (3) and (5) and for BNS and MSF, a commercial air-entraining agent ("Poizolith" (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 

15 The mix proportions for plain .concrete without admixture according to the invention are unit 

cement content 320kg/m3
, unit water content 203kg/m3 (water/cement ratio 0.634) and sand­

aggregate ratio 49%, while the proportions for concrete using with the admixture are unit cement 

content 320kg/m3
, unit water content 166kg/m3 (water-cement ratio 0.519), and sand-aggregate 

ratio 47% 

20 

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. 

25 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.____ _ ___ _ 
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Example 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

Admixture used 

(I) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

.. (11) 

.. (12) 

(13) 

(14} 

(15) 

(16) 

(17) 

(18) 

(19) 

(20) 

(21) 

(22) 

(23) 

(24) 

{25) 

(26) 

(27) 

(28) 

31 
Table 9 

Amount of cement 
dispersing agent 

a) 

0.15 

0.15 

0.15 

0.15 

0.17 

0.17 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 . 
0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.17 

0.18 

0.18 

0.18 

0.18 

0.17 

0.15 

0.12 

I 

REPLACEMENT SHEET 

j 11JUL1197 I 

Amount of air 
entraining agent 

b) 

0.012 

0.010 

0.005 

0.012 

0.011 

0.015 

0.012 

0.010 

0.003 

O.Q15 

0.008 

0.010 

0.018 

0.020 

0.010 

0.008 

0.016 

0.012 

0.010 

0.010 

O.QJ5 

O.ot2 

0.012 

0.010 

0.015 

0.016 

0.015 

0.012 

Remarks: a) Percent by weight of solid content on cement 
b) Percent by weight on cement 

THIS SHEET HAS BEEN 
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Table 10 

Concrol Admixture used Amount of cement 
dispersing agent 

a} 

A plain co·ncrete I -
B BNS 0.50 

c MSF 0.60 

1 comparative 0.15 
Admixture No. (1) 

2 comparative 0.15 
Admixture No (2) 

3 comparative I. 0.15 
Admixture No. (3) 

4 comparative 0.15 
Admixture No. (4) 

5 comparative 0.15 
Admixture No. (5) 

·Remarks: a) Percent by weight of solid content on cement 
b) Percent by weight on cement 

----
. ----

This Sheer Has Been Re 
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Amount of air 
entraining agent 

b) 

-
0.008 

0.002 

-

-

0.011 

-

0.013 

REPLACEMENT SHEET 
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Example 
immediately 
after mixing 

1 19.0 / 4.1 

2 18.5 / 3.9 

3 17.5 / 4.0 

4 19.0 I 4.0 

5 17.5/4.2 

6 18.5 / 4.2 

7 18.5 / 3.7 

' 8 18.0 / 4.0 

9 18.5 / 3.9 

10 19.0 I 4.S 

11 18.5 / 3.8 

12 - 19.0 / 4.0 

13 18.014.S .. 

14 19.0 / 4.0 

15 18.014.0 

16 18.5 I 4.1 

17 18.0 / 4.0 

18 18.5/3.9 

·-

33 

Table 11 

Slump (cm) I air content (vol %) 

After 30 min. After 60 min. 

19.0 / 3.9 17.5 / 3.7 

17.0 / 3.7 16.5 I 3.3 

18.5/3.7 18.0 I 3.8 

17.0 / 3.8 16.5 / 3.8 

18.0 / 4.3 17.5 / 4.0 

17.5/4.l 17.5 / 3.9 

18.0 / 3.6 17.0/3.S 

18.0 / 4.0 18.S I 3.8 

18.0 / 4.1 18.0 / 3.8 

18.0 / 4.0 17.0 I 4.3 

17.0 / 4.0 18.0 / 3.8 

17.0 / 4.0 18.5 / 4.2 

17.0 / 4.0 17.5 / 4.1 

19.0 / 4.0 17.S / 3.8 

17.0/4.3 18.5 / 3.8 

19.0 / 4.0 17.S / 3.8 

18.0 / 4.0 17.S / 3.7 

15.5 / 3.6 17.5 I 3.9 

iliiiii111nr 

REPLACEMENT SHEET 1 

\ 11 JUL mJ \ 
I 

J' 

After 90 min. 

17.5/4.0 

17.0 I 3.5 

17.0 / 3.8 

17.0 I 3.5 

17.0/3.8 

18.0 / 3.7 

17.S I 3.7 

17.5 I 4.1 

17.0 I 3.8 

18.5 / 4.2 

19.5 / 3.7 

17.0/3.7 

17.5 / 4.4 

17.5 / 3.7 

17.0 / 3.7 

17.5 / 3.7 

17.5 / 3.8 

17.5 / 3.7 

TI·US SHEET HAS BEEN 
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Example 
immediately 
after mixing 

19 18.5 / 3.9 

20 18.0 / 4.1 

11 19.0 / 3.8 

22 17.0/3.4 

23 17.0 I 3.6 

24 17.0 / 3.9 

25 17.0 / 4.0 

26 19.514.1 

27 18.0 / 4.3 

28 18.S 13.1 
' 

Conrrol 

A 19.0 / 2.0 

B 18.0 / 4.4 

c 18.5 / 4.2 

1 19.014.4 

2 18.514.2 

3 18.0 13.9 

4 lB.5 / 4.6 

5 19.0 I 3.1 

34 

Table 12 

Slump (cm) air content (vol %) 

After 30 min. After 60 min. 

18.0/4.0 18.0 I 4.0 

17.0/3.8 17.0/3.9 

17.0/3.4 17.0/3.7 

20.5 / 3.7 19.5/3.6 

20.013.5 19.5/3.6 

20.0 / 3.9 19.0 / 4.0 

21.0 / 4.1 19.0 I 3.1 

19.0 / 3.7 18.0 I 3.0 

18.014.1 17.0 / 4.2 

18.0 I 3.8 18.5 I 3.5 

17.5 / 2.0 15.5 / 1.8 

10.5 / 4.l 6.S / 3.8 

9.5 / 4.0 6.S 13.9 

19.014.2 18.0 / 4.4 

18.0/4.3 15.5 1 4.3 

18.S / 3.9 17.0/4.3 

17.5 / 4.5 17.5 / 4.5 

17.0/4.0 18.6 / 4.5 

REPLACEMENT SHEET 

11 JUL 1997 

After 90 min. 

17.5 / 3.8 

17.5 / 3.6 

17.0/3.5 

19.0 / 3.5 

18.0 / 3.6 

18.5 / 3.7 

17.5/3.9 

17.5/3.3 

17.0 I 3.9 

17.S 13.S 

12.5 / l.7 

4.0 I 3.3 

4.0 / 3.1 

17.0 / 4.6 

11.S 14.6 

16.5 / 4.6 

17.0 / 4.7 

18.5 I S.l 
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Example 

l 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

I l 

12 

13 

14 

15 

16 

17 

18 

35 ~ 

Table 13 

__,, 
Setting time (hr-min) 28-Day Comp. 

Final 
Strength 

Init. (kgf/cm2
) 

6-20 8-30 480 

6.20 8-10 472 

6-30 8-30 467 

6-20 8-40 461 

6-30 8-20 458 

6-10 8-40 462 

6-10 8-40 477 

~-!-0 8.30 470 

6-00 8-40 488 

6-30 8-40 494 

5-50 8-10 453 

6-00 8-50 475 

6-20 9-00 455 

6-30 8-50 459 

6-40 9-10 486 

6-00 8-30 477 

6-10 8-20 463 

6-20 9-00 473 

REPLACEMENT SHEEr 1 
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Example !nit. 

19 6-30 

20 6-20 

21 6-20 

22 6-50 

23 6-40 

24 6-50 

25 6-50 

26 6-30 

27 6-iO 

28 6-20 

Control . . 

A S-40 

B S-30 

c 5-30 

l 6-20 

2 6-20 

3 6-30 

4 6-00 

5 6-10 

....... , .... ····· ····· 
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Table 14 

Setting time (hr-min) 

Final 

8-10 

8-20 

8-10 

9-10 

9-00 

8-50 

9-20 

8-30 

8-20 

8-40 

7-50 

7-30 

7-40 

8-20 

8-40 

8-30 

8-30 

8-20 

28-Day Comp. 
strength 
(kgf/cm2) 

474 

459 

462 

468 

473 

461 

456 

479 

459 

462 

329 

407 

410". 

422 

431 

419 

417 

425 

REPLACEMENT SMEET r 11 JUL '9971 
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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 vvithout 

5 using a defoaming agent and the comparison admixture (2) obtained by using 0.005% of the 

defoaming agent produc~s 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 

10 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 

15 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 she]f life and are capable of entraining 

20 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 ]east one cement-

5 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 

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

15 

_the aqueous solution ofpol}'mer being p~areq_~y_the polymerisation of monomer in the_pr,_~~_ence 

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

by weight of the monomer mix~: 

2. An admixture according to claim l, 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 

20 carboxylic acid monomer; 

25 

30 

(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 I or claim 2, wherein the polymer is fonned 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 

(I) 

THIS SHEET HAS BEEN 
REPLACED 



I I 

154-0244 REPLACEMENT SHEET 

· \ 1111111111111 Hiil lllll ll IHl 
* C L M S * 

39 [11JUL~ 
wherein R1 and R.2 are independently hydrogen or.methyi R3 is an alkylene group of from 2-4 

carbon atoms, R4 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 

5 formula (II) 

10 

15 

20 

25 

R2 

I 
R1-CH=C-COOM1 (II) 

wherein R1 and R2 have the abovementioned significances, and M1 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 I 00% by weight. 

4. An admixture according to c]aim 1 or claim 2, wherein the polymer is prepared from a monomer 

mixture which comprises from 5-98% by weight of an alkoxypolya]kyiene glycol mono(meth)allyl 

ether base monomer (d) of the formula (III); 

R2 

I 
R1 -CH=C-(CH2)n-O-(R30)m-R4 (III) 

wherein R 1, R2
, R3

, R4 and mare as hereinabove defined and n is 0 or l, and 2 to 

y z 
I I 

X-C=C-COOM2 (IV) 

30 wherein X and Y are independently selected from hydrogen, methyl and -COOM3
, or X or Y 

together with -COOM2 form an anhydride ring, Z is selected from -CH2COOM3
, hydrogen or 

methyl and M2 and M3 are independently selected from the significances of M1 given hereinabove, 

an alkyl group of 1-20 carbon atoms, an alkylene glycol of 2-4 carbon atoms and a polyalkylene 

glycoloffrom2-100 mols ofa glycol adduct, provided that at least one ofM2
, M3 is selected from 

THIS SHEET HAS BEEN 
REPLACED 
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hydrogen, monovalent metal. divalent metal, ammonium group and an organic i........._...._~:-;:;;:;~---' 

from 0-50% by weight of monomer (f) capable ofcopolymerisation with (d) and (e), (d)+(e)+(t) 

being l 00% by weight. 

5 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 cx-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. 

10 

6. A process of I>:~-~ a fluidity control a~~~-for _use -~_£~1!,C,!~t~, ---~-2I!ll!fising_ th~ 

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

.1.:_A process according to c1aim 6. comprising the polymerisation of a monomer mixture which 

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

based defoaming agent. 

20 

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 a cementitious 

composition. 

-------------

THIS SHEET HAS BEEN 
REPLACED 
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FLUIDITY CONTROL OF CEME1'ffITIOUS COMPOSITIONS 

Tbis invention relates to flui1ity control of cementitious compositions, to admixtures for achieving 

such control and to cementitious compositions cornpri:iing such admixtures. 

Water-reducing compositions are v,-idely used in cementitious compositions such as concrete to 

reduce the water content (and thereby increase strengt.11) 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-naphtha.lene suiphonate­

fonnaldehyde ("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 !earls to reduced 

strength. Air entraimnent 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 prcpos...ad to use 

known defoarning agents to counteract excessive aeration, but this has aJso often proved 

unsatisfactory, one _reason being that a mixture of water-reducing agent and defoaming agent, a 

cormnercially desirable package, is usually unstable. 

It has now been found that it is possible to make an admixture which confers high slump on 

cementitious compositio~ but without excessive aeration. There is therefore provided., ac~ording 

to the present invention, a tluidity-controlling admixture for cementitious compositions, 

comprising at least one cement-dispersing agent and at least one defoaming agem, 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 

1 stably dispersed therein in particles of no more than 20µM diameter, 
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by the polymerisation of fncfoomer 111 the .~.--~·-· 

presence of defoarning agent and the defoarning agent being present :o the exter:t of from 0.0 l -

10% by wei~ht of the monomer mi"<ture. 

The invention additionally pro ..... ides a process of preparing a fluidity control admix.-ure for use in 

concrere, comprising the po~merisation of a monomer mi.'<tllre to give an aqueous solution of 

poiymer, this polymerisation being c~ed out in the presence of 3.n oxyalk-ylene-cased defoaming 

age:1t. such that the defoaming agent is present to the extent of from 0.01-10% b;· weighi of the 

monomer rriixrure and is either dissolved in the solution or dispersed therein in panic!es of 20u:vi 

ni.a.ximurn diameter. 

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

the solution. By "stably dispersed" is meant u1at. when prepared and allowed to stand, a dispersion 

v.ill rernain a dispersion for at least 24 hours. The re:3Sen 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 comoositior_ even when it is used when it is still a disoersion. for examole, . . .. . ... 

ilr.rnediateiy upon preparation or shortly thereafter. 

Tne defoaming agent is dissolved or dispersed in the presence of polyrr..erisable monomer and 

polymeri.sation of the monomer polymerised to give the polymer. It has been found that 

dispersion.5 prepared in this manner are appreciably better than those obtained by sirnpiy dissolving 

or dispersing a defoaming agent in an already-existing polymer solution. A further practical 

advantage is that the achievement of the desired small particle size is more easily adijevabie. 

Details of preferred monomer compositiom 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 admixrure, the polymer comprises a 
main component which is seiected from at le:ist one of 

(A) a copol}mer obtained by polymerising a monomer mi"<tllre which comprises an unsaturated 
carboxylic monomer; 

(B) the neutralised salt of (A); and 

(C) the polymer obtained by crossl.inking (A) and/or (B) by means of a crosslinking 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 
I 

R1-CH=C-COO(R30)m-R'' (I) 

wherein R1 and R2 are independently hydrogen or methy~ R3 is an alkylene group of from 2-4 
carbon atoms, R4 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 add base monomer (b) of the 
formula (Il) 

Ri 

I 
R1 -CH=C-COOM1 (11) 

wherein R
1 
and R2 have the abovementioned signjficances, and M1 is hydrogen, monovalent met~ 

divalent metal, ammonium group or an organic amine group, and 0 to 50% by weight of a 
monomer (c) capable ofbeing copolymerized with these monomers provided that the sum of(a), 
(b) and ( c) shall be I 00% by weight. 
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In a further embodiment of the inventio~ said monomer mixture comprises from 5-98% by weight 

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

wherein R
1
, R1

, R3
, R~ and mare as hereinabove defined and n is 0 or 1, and 2 to 95% by weight 

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

y z 
I I 

X-C=C-COOM2 (IV) 

wherein X and Y are independently selected from hydroge:\ methyl and -COOM3
, or X or Y 

together with -COOM2 form an anhydride rlllg, Z is selected from -CH2COOMj, hydrogen or 

methyl and M2 and M3 are independently selected from the significances of M 1 given hereinabove, 

an all<'jl group of 1-20 carbon atoms, an alk:ylene glycol of 2-4 carbon atoms and a potyalkylene 

glycol of from 2-100 mols of a glycol adduct, provided that at least one ofM2
, M3 is selected from 

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

from 0-50% by weight of monomer (t) 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. 
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The unsaturated carbo:<ylic acid monomer may include WlS:lturated monocarbo:<ytic acid such as 

(meth)acrylic acid and monovalent metal salt, divalent metal salt, ammoniwn salt and an org:in:ic 

amine salt thereof, an unsarurated dic::irboxylic acid such as rnaleic acid, furnaric acid. citraconic 

acid, i:raconic acid, etc. and inonov3:1em metal salt, divalent metal salt. ammoniwn salt, an organic 

S amine salt, anhydride thereofor ~ mocoester of these acids with an alipbatic alcohol b:lving l to 20 

carbon atoms or a glycol having 2 to 4 carbon atoms or a polyalky!ene 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 

l 0 97%, by weight of an alkylene glycol mono(rr..etli)acrylate (a) designated by the abovementioned 

general formula (I), 2 ·to 95% by weight, preferably 3 to 50% by weight of a (meth)acry!ate base 

monomer (b) designated by the abovememioned formula (Il) and 0 to 50% by weight, preferably 0 

to 30% by weight of monomer (c) capable of being copo!ymerized with these monorr.ers, provided 

that the sum of (a), (b) and (c) is 100% by weight; a mixture contai.'ling 5 to 98% by weight, 

15 preferably 50 to 97% by weight of an (alkoxy)polyaL'<ylene glycol mono(meth)allyl ether base 

monomer (d) designated by the a.bove.T.entioaed general formula om. 2 to 95% by weight, 

preferabty 3 to 50% by weight of an unsaturated carboxylic acid base monomer (e) designated by 

the above mentioned general formula (IV), and O to 50% by weight, preferably 0 to 30% by 

weight of r.r.onomer {f) capable of being copolymerized with these monomers, provided that the 

20 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 c-olefullc [!'..Onomer (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 

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 rnono(meth)acryJate, polypropylene glycol polybutylene 

glycol mono(meth)acrylate, polyethylene glycol polypropylene glycol polybutylene glycol 

mono(meth)acrylate, methoxy polyethylene glycol mono(meth)acrylate, meth.o:<y polypropylene 

·. 
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"...J,""'"'~-=:;c-:::-::-:;-~---,.4 glycol cnono(meth)acrylate, methox.y polybutylene glycol mono(meth) , 

polybutylene glycol mono(meth)-acrylate, methoxy polyethylene glycol polypropylene glycol 

rnono(meth)acrylate, methoxy polyethylene glycol polybucylem: glycol mono(meth)acrylate, 

rr.-ethoxy polypropylene glycol polybuty!ene glycol mono(meth)acrylate, meth.oxy propyethylene 

5 glycol polypropylene glycol polyburylene glycol mono(meth)acrylate, ethoxypolyethylene glycol 

mono(meth)acrylate, etho:<jpolypropylene glycol mono-(meth)acrylate, ethoxypolyburylene glycol 

mono(meth)acrylate, ethoxypolyethylene glycol polypropylene glycol mono(meth)acrylate, 

ethoxypolyethylene glycol polybutylene glycol rnono(meth)acrylate, ethoxypolypropylene g..lycol 

polybutylene glycol moc.o(meth)acrylate and ethoxypolyethylene glycol polypropylene glycol 

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

15 

Surtable 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 

monoaier may be used. 

The monomer (c) is a monomer capable of copolymerizltion \.Vith the monome:-s (a) and (b). 

Examples of monomer (c) inciude esters of aliphatic alcohols oft to 20 carl::ons with (met.b.)acrylic 

acid unsarurated dicarboxyiic acids of maleic acid, furnaric acid, citracorric acid, etc., or 

monoesters or diesters of these acids with alipli.atic alcohols of 1 to 20 carbons or g.lycols of2 to 4 

20 carbons, or polyalkylene glycols of added mol number 2 to 100 of these glycols, unsaturated 

amides such as (me1'..h)acrylamide and (meth)acryl alkylamide, vinyl esters such as vinyl acetate and 

vinyl propionate, aromatic vinyls such as Styrene, unsarurated sulfonates such as vinyl sulfonates, 

(meth)allylsulforric acid, sulfoethyl(meth)acrylate, 2-{meth)-acrylamido-2-methylpropane sulfonic 

acid and styrene sulfonate, and their monovalent metal salts, divalent metal salts, armr..or.ium salts 

25 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(rneth)allyl ether, 

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

30 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(rneth)allyl ether, methoxypolyethylene glycol 

polypropylene glycol mono(meth)allyl ether, methoxypolyethylene glycol polybur1lene glycol 

mono(meth)allyl ether, methoxypolyethylene glycol polypropylene glycol polyburylene glycol 

mono(meth)allyl ether, ethoxypolyethylene g.lycol mono(n~.::th)allyl ether, ethoxyi:olypropy!ene 

5 glycol mono(meth)allyl ether, ethoxypolyburylene glycol mono(rneth)allyl ether, 

ethoxypolybutylene glycol mono(meth)allyl ether, ethoxypolyethylene glycol polypropylene glycol 

mono(meth)allyl ether, ethoxypolyethylene glycol polybucylene glycol mono(meth)ally ether, 

ethoxyi:olypropylerie glycol polybutylene glycol mono(meth)ailyl ether, and ethoxypolyethylene 

glycol polypropylene glycol polybutylene glycol mono(meth)allyl ether, and an aLlcoxypolyalkylene 

IO glycol monocrotyl ether, polyethylene gfycol monocroryl ether, polyethylene glycol monocrotyl 

ether, polypropylene glycol monccrocyl ether, polybutylene giycol monocrotyl ether, polyethylene 

glycol polypropylene glycol monocroryl ether, polyethylene glycol polybutylene glycol monocrotyl 

ether, polypropalene glycol poiybutylene glycol monocrotyi ether, polyethylene g.lycol 

polypropylene glycol polyburylene glycol monocrotyl ether, methoxypolyet.liy!ene glycol 

15 monocrotyl ether, methoxypolypropylene glycol monocrocyl ether, rnethoxybutylene glycol 

rnonocrotyl ether, methoxypolyethylene glycol p<iiypropy!e~e glycol monccrotyl ether, 

methoxpolyethylene glycol polybutylene glycol monocrotyl ether, methoxypolypropylene glycol 

p<ilybutylene glycol monocrotyl ~.her, rnethoxypolyethy!ene glycol polypropylene g.lycol 

polybutylene glycol monocrotyl ether, ethoxypolyethylene glycol monocrotyl ether, 

20 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, ethoxypolypropylene glycol polybutylene glycol mor:ocrotyl 

ether, ethoxypolypropylene glycol polybutylene glycol monocrotyl ether, and ethoxypolyethylene 

25 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, ammoaium salt and an organic amine salt thereat: 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 thereat: e.g., maleic acid. fumaric acid, 

citraconic acid and itaconic acid; or a monoester of these acids with an aliphatic alcohol having l 
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to 2'J :arbon atoms or glycol having 2 to 4 c:uoo"n atoms or a polyalk-ylene glycol having 2 to l 00 

mo!; tjf these glycols. More than one a f these monomers may be used. 

Ex:::.~.;::es of the :nonomer (t) include ester of an alipbatic alcohol baving l to 20 c:irbon Jtoms and 

5 ac:-:!:.c acid, and :i diester of an unsarur:ited dic:uboxylic acid such as maleic acid, fi..lmmic acid and 

cim:::cic acid acids with an alipbatic alcohol havina 1 to 20 c:irl:xm :items or glvcol ha"vir..2 2 to 4 
~ . . 

c:ul:r,:. atoms or a polylkylene glycol ha"ving 2 to 4 c:irbon atoms or a polyalkylene glycol having 1 

to l SG mo ls of these glycols; an unsarurated amide such as (meth)acrylamide and (mem)acryl 

aL'<-;!a.--:-ide, a vinyl ester such as vi.nyl acetate and vinyl propionate; an aromatic vinyl such as 

l 0 St}Te:-.e; an unsaturated sulfonic acid such as y;.nyl sulfonic acid, (meth)allyl sulfonic acid, sulfoethyl 

(me!h;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 or.e of these mor...omers may be used. 

15 The !I'!.or...orner (g) may be an unsaturated hydrocarbon having 2 to 12 carbon atorri.s, and examples 

of the monomer (g) include ethyleae, propylene, 1-butene, 2-butene, isobutylene, n-pentene, 

isoprer.e, 2-merhyt-l-butene, n-hexane, 2-methyl-l-pentene, 3-rn.etilyl- l-pentene, 4-merhyi-1-

penter.e, 2-ethyl-1-butene, diisobucylene, 1,3-butadiene, 1,3-penta.diene, 1,3-hexadiene, l,J­

octadiene, 2-methyl-4-dimethyl-1-pentene, 2-methyl-4-dimethyl-2-pentene. Isoburylene also mear.s 

20 spent BB containing isobutylene. Preferably ex-olefin having 2 to 8 carbon atoms, especially cx­

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

Examples of the monomer (h) include maleic anhydride, itaconic anhydride, citraconic ~ydride 

and mesa.conic anhydride,. Maleic anhydride is the preferred monomer because of its reactivity, 

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. 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, 

30 fumaric acid and citraconic acid, and mono- or diester of these acids with an aliphatic alcohol 

having l to 20 carbon atoms or glycol having 2 to 4 carbon atoms or a polyalkylene glycol having 

2 to 100 mo ls of these glycols; unsaturated amide such as (meth)acrylamide and (meth)acryl 
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alkylamide; a vmyl ester such as vinyl acetate and vinyl propionate; an aromatic vinyl such as 

styrene; an unsarurated sulfonic acid such :lS vinyl sulfonic acid, (meth)allyl sulfonic acid, sulfoemyl 

(meth)acrylate, 2-(meth)acrylarnide-2-methylpropane sulfonic acid and styrene sulfonic acid and 

monovalent metal salt, divalent met:tl salt, ammonium salt, and an orga!'jc amine salt thereof. More 

5 tr.an one such monomer may 1::e used. 

Examples of suitable defoamin~ agents include polyoxy:tlkyienes such as (poly)oxyethylene 

(poly)oxypropylene (poly)oxyalkylene alkyl er.hers such as diethylene glycol heptyl ether, 

polyoxyethylene oleyl ether, polyoxypropylene butyl ether, polyoxyethy!ene polyoxypropylene-2-

lO ethyl hexyl ether, and oxyetl1yiene oxypropylene adducts of high alcohols of 12 to 14 carbons; 

polyoxyalky!ene (alkyi)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-2,5-dio~ 3-methyt-1-

buryn-3-ol; (poly)oxyalkylene aliphatic acid esters such as diethylene glycol oleic acid ester and 

15 ethylene glycol diste:ll'ic acid. ester; (poly)oxya.lkylene sorbitan aliphatic acid esters such as 

po!yoxyethylene sorbitan monolauric acid ester, and polyoxyethylene sorbit:an t.-iole!c acid ester; 

(poiy)oxyallC'jlene alkyl (aryi)ether sulfJ:ric acid esters such as p-0iyoxypropylene methyl ester 

sodium sulfute and polyoX'jethylene dodecyl pher...ol ether sodium sulfate; (poly)mcyallcylene alkyl 

phospr.ates such as (poly)oxyethylene stearyl phosphates; and (poly)oxyalkylene alky!arnines such 

20 as polyoX'jethylene Jaurylamine. More than one kind of these may 1::e used. 

The copolymer (A) is obtained by polymeri7.ation of a monomer mixture containing an unsaturated 

carboxylic acid base monomer as hereimbove described. As previously mentioned. tbis is carried 

out in the presence of the defoamiog agent. The proportion of the unsaturated carbo:cylic acid base 

25 monomer in the mixture is from 2 to 95% by weight; it is essential that this range 1::e 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 30-900/o in the case of (g),(h),(i). 

30 To manufacture the copolymer {A), the abovernentioned 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 of0.01 to 10 weight percent of the monomer mixture, 
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preferably 0.05 to 5 weight percent. When less than 0.0 L weight percent of defoaming agent is 

used. adjustment of entrained air content of the cement mimire is difficult and a cement mi"ml.re of 

stable strength c:innot be obtained. Wben the qllmlticy of defoaming :igent used exceeds 10 weight 

percem, the performance of the ad.mi'<tllre obtained is reduced and a cement mL"([Ure of good 

5 t1uidiry cannot be obtained. 

The copolymer (A) obtained in th.is manner can be used as prepared as the rr,ain ingredient of a 

fluidey-controlling ad.mixture according to the invention. Tne copolymer (13) obtained by further 

neutralizing copolymer (A) with an aLlcaline subs-i.ance as necessary may Jlso be thus used, as may 

10 a crosslinked copolymer (C). Al'<:aline subs-i.ances particularly suitable for neutralisation inctude 

hydroxides of monovalent metals and divalent merals, inorganic salts of sulfutes and caroonates 

ammonia and organic amines. 

FUrther, although the cross-linking agent rr.ay be se!ected from any suitable crossl.inked agent 

15 capable of reactions with a functional group such as carboxyl group, hydroxyl group. amino 

group, sulfonic acid group, etc. contained in the cop-01)-mer (.j..), a cross-linking agem which has at 

least one divalent group designated by the following general formula 0l) 

20 

wherein Rs and R6 are independently selected from the group consisting of 

25 
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wherein. 

when R6 is 

RS 

01 
I 

-CR,CH-, ... 

Rs may be unnecessary, and R1 and R' are independently alkyl group of l ta 5 carbon atoms, as a 

~rucrurai ur.it and/or can l:e formed is oreferable. Examoles of these cross-linkin!! <lf!ems include . .. - -
iO polyvalent glyciciyl compounds S'uch as ethylene glycol digiyc:dyl e~her, polyethyle:ie giycol 

diglycidyl ether, glycerol polyglycidyl e±er, dig!ycerol diglycidyl ether, polyglyc::rol poiygiycidyl 

ei:.her, sorbitol polyglycidyl et.her, pentae~ol pclyglycidyt ether, propylene glycol digiycidyt 

ether, polypropylene giycol di~iycidyl ether, resorcin diglycidyl ether, i,6-hexanediol ciiglycidyl 

erher, adipic acid diglycidyl ester, s-phtalic acid diglycidyl ester, ere. 

15 

It is desirable that the weight average molecular weight (hereinafter "M.") of copol:mer (A) 

(either as such or as the raw rr.ater.al of copolymer (C)) and copolymer (B) lie in the range, of500 

to 500,000. When the monomer crllxtu.re comprises monorr..ers (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 

20 monomers (g), (h) and (i), it lies preferably in the range 500-100,000. If ~fw is less than 500, the 

water-reducing capability and slump loss prevention capability of the cement dispersing agent are 

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

is reduced. 

25 The copolymer (A) and/or the copolymer (B) and/or the crosslink.ed copolymer (C), with 

defoaming agent dissolved or dispersed therein, may be used as a cement dispersing agent in an 
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adrr.i."<rure according to the invention in the form of an aqueous solurion or an aqueous emulsion 

:ind the air-emraining property in J. cememitious mi:crure such as concrete may be adjusted 

arbirrarJy by suitably adjusting the varier'; and/or dosage of the defoaming agent used.. Further. 

\vith (A) and/or (B) and/or (C) a.s rnain ingredient, ir is permissibie co use rhe adrni.'mlre according 

5 to the invention in comb~iation \i,irh other known adni.i.'ffilres. Ex~unples of such cement 

admi"<!t!res include convemioroi cement dispersing agents. air-e:"ltraining agents, ce:nem \vening 

agents, expansion agents, wate~rcofuig ager.ts, re~arding agents. quick-senmg agents. water- . 

soluble polymeric subsr.:inces. thicker:.ers. co~uulanrs. drying shrfrtl<age reducing agems, Strength 

inc:e:ising agents and hardening acceleraccrs. 

10 

The a.dmi.'<ture of rhe invention may be used with hydraulic cements such as port land ceme:1L high 

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

15 The adiri.'<tUI'e of this invemion gives exceUent perfonr.ance even when relatively SiT'..a.U qtl.'.!nriries 

compared 'Ni.th conventional d~rsi.ruz aaents are used. For exarno!e, whe:i used ~'1 rr:ortars or . - - . 
concretes containing hydraulic cement, quantities used are typic:i!ly from 0.01 to 1.0%, pre!erably 

from 0.02 to 0.5% by weight of cement. Various desirable eff~.s such as increase in slump, 

reduction in unit water content. increase in strengr..h and improverr.enr in durability are brought 

20 about by such addition. W:rth less than 0.01 % addition, the pe.rformance is iri.adequate, whereas, 

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

additiori.al advant~e oflonsz shelf stabilirv. - - . 

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 

descnbed. The use of an adrnraure as hereinabove descnbed to modify the fluidity of a 

cementitious composition is also provided. 

The invention is further descnbed with reference to the tallowing examples. In the e:icamp!es, 

30 unless otherwise stated, "percent" and "part" shall indicate "weight percent'' and "part b:t weight" 

respectively. 
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E:cmple L for manufacturing Adminure No. 1 
( 3 0 JUN 1998 11 

1695 parts of warer is imroduced in a glass reaction vessel equipp<::d with a ther.nometer, a stirrer. 

a dropping funnel a nitrogen introduction rube, and :i retllLx condenser, and the interior of the 

5 re:iction vessel is purged with nitrogen while stirring and he:icing to 95~c is C.1nied ouc under a 

nitrogen atmosphere. A.i.'1 aqueous solution of monomer comprising 750 parts of methoxy 

poiyethyle~e glycol monomeiliacrylate (aver:ige mol addition number of ethyle~e oxide, IO), 250 

par..s of methacrylic acid, 7 pans of "Pluronic" (trade mark) L-64 (polyoxye!.hylene­

polyoxypropy!ene adduct manu.%crured by Asahi Denb Kogyo KK) as oxyaLl...-ylene base 

1 O defoarning agent, and 1500 parts of water,_ and 6i2 parts of a 5% ammonium persulfute aqueous 

soh .. 'tion is then drip-fed for 4 hours, and after completion of dropping, 168 pans of 5% 

arr.rnoniurn persulfute is fur".her d....;p-fed for 1 hour. Tne ~err.pe:raru.--e is- then maintained at 95 C 

for 1 hour to complete the polymeri2:1.tion reaction_ An admixrure of the present invention 

corr.pr.sing an aqueous solution of a copolymer ofMw 35,000 is obtamed. 

15 

20 

Examples 2 to 5 for ~fa.mJfacruring Adi"ixrures Nos. (:!) to (5). 

Admixtures (2) to (5) of the prese::it invention compdsing the capolyme:- (A) rr..ar.u.fus:rured by 

operations similar to those in Example l are SUIIlil'J2rized in Tables 1 and 2. 

Example 6 for manufacturing Admixture No. 6. 

349.6 parts of water. 1648 parts of polyethylene glycol monoallyl ether (average mo1 addition 

number of ethylene oxide, 5) and 23.2 partS of oxyethylene o.xypropylene adduct to C1:-C1.i 

25 alcohols as oxyalkylene base defoaming agent in a glass reaction vessel equipped with a 

thermometer, a stirrer, a dropping funne~ 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 

30 persulfate aqueous solution is then drip-fed for 2 hours. and after completion of dropping, 527 

parts of 5% ammonium persulfdce aqueous Solution is dropped for I hour. The temperarure is then 

maintained at 95°C to complete the polymerization reaction. The result is an adm.ixrure (6) of the 

I 
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present invention comprfaing an aqueous solution of a copolymer of :iverage molecuhir weight of 

6,000. 

Example 7 for rnanufucruring Ad.mixrure (7) 

Admixture (7) of the present invention is obtained by drip-feeding l85 parts of 50% NaOH 

aqueous solution inco the admi.xrure (l) obtained in Exarri.ple l, this b~.nging it to pH 8. 

Examples 8 to 21 for rnanufuctur.ng Admixtures Nos. (8)-(21). 

Admixrures (S) to (21) comprising che copolymer (B) of the present invention obtained in a similar 

method to Example 7 are surnir.arized in Tables 3 and 4. 

Examples 22 for rr.anu.fucturing AdmOOure No. (22) 

5000 parts of20% admi..xrure aqueous solution (solids content: 1000 parts) obtained in Ex::!.rnple 1 

is introduced into a glass reaction vessel equipped with a thermometer, a s-Jrrer, a nitrogen 

introduction tube and a reflux condenser, and heating to 95°C is carried out. 35 parts of o-phtbalic 

acid diglycidyl ester is then added. The temperature is maint.ained at 95°C for 3 hours to complete 

20 the cross-linking reaction and the result is admi'CtU!e (22) comprising a cross-linked copolymer 

aqueous solution. 

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

25 Admixtures Nos. (23) to {25) of the present invention comprising the cross-linked copolymer (C) 

of the present invention manufil.ctured by a similar method to Example 22 are summariz..'"Ci in Table 

5. 

30 
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Example · 

I 

2 

l 

4 

5 

6 

MAA: 
AA: 
TEGMM: 
MA: 
Ml'l!GMMA: 
Pl!GMA: 
PEGMMl!: 
PEGMAE: 

Table I 
-

Reac1iot1 composilion : numerals in bracl:c1s arc parts by wcicht 

Admiuure No 

(I) 

(2) 

(3) 

(4) 

(5) 

(6) 

mcthac:rylic acid 
acrylic ncid 
telrncthylcnc glycol mo11011rnlcn1c 
maldc add 

charged solvent 

water ( 169S.O) 

water ( 1695.0) 

water ( 131 S.O) 

water f 1695.0) 

water ( 1800.0J 

waler (349.6) 

mc1hox y polyethylene glycol 1111u111mc1hacrylatc 

polycchylcnc glycol mononctylalc 
rolycthylcnc glycol monomcthnllyl clhcr 

polyclhylcnc glycol mo110111lyl cthcf 

11nu111ra1cd c;arboxylic 
acid bnsc monOlllcr Olhct lllOllOIJICf 

MAA (250.0) Ml'EGMMI\ (n=IO) 

1150.0l 

AA 1200.01 PEGMA (11:::25) 
fKOO.OI 

MAA (2S0.0) MPl!GMMA (n=lS) 
pi10.01 

MAA (300.01 PEGMMI! (11:::25) 
(700.01 

TEGMM (369.6) PEGMAE (n=25) 
f6J0.4) 

MA f <i87 .01 PEGMAE (n:::25) 

(I 6•1K.01 - - -

- -

01hcr 1110110111cr 

methyl 
11w 1h:icry la1e 

V• 

,,1; 
1.• 

:JO rn 
-0 :0 (I.I r-
l; m 

0 -0 
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Example 

I 

2 

l 

'1 

s 

6 

a) 
b) 
c) 

Table 2 
-- ·- ·- - ------

Reaccion composilion : muncrals in brackets nrc: pnrls by wc:ighl 

dcfoaming agent (II) poly mcriza1io11 ini1in1or 
rcac1ion 1cmpcrn1urc (°C) 1nulcc11lar wcighl 

Pluronic L·6'1 II) ammonium persulfolc: 95 .15000 

(7.0J (20.0) 

polyethylene glycol azobis-2-mcihyl RO 3RllOO 

polypropylene glycol propiomidine 

nonyl phenyl clhcr hydrochlorhlc 

(5.0) 120.01 

oxyc1hylcne 
oxyprnpylcne ndduc1 of 1111unoni11111 pcrsul folc 95 211100 

C11 • C11 alcohols ('10.0I 

(I.OJ -

Surfynol '140 b) ammonium pcrsulfatc 95 )0000 

(7.0) (20.0) 

polyclhylcnc glycol 
polypropylene glycol ammoni111i\ pcrsulfatc 95 10000 

nonyl phenyl ether I 1.s.<11 
(5.0J 

oxycthylcne 
oxypropylc:nc adduct or ammonium pcrsulfalc 95 6000 

C11 • C14 alcohols [85.8) 

f23.2) 
-· - - - --· ~---·- . - - _..,,._ ....... -· ·--

polyoxyclhylcnc polyo11ypropylcnc: mhl11c1 (Auhi Ocnka K.K.) 

11cc1ylcnc alcohol polyo11yclhylcnc aclduc1 (Nisshl11 K11g11k11 Kogyo 1<.K.) 

Monomer 111i1111uc is added in •10% aqueous solu1lon anil poly111criu1io11 i11i1ia1or is iulilcd in 5% ;111111:11us ~11l111i1111. 
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Table 3 

Example Admix1urc No. 
Rcac1ion composilion : numerals in brackc1s are parls by weigh1 

-------
unsaluralell carbox ylic 

charged solvcnl acid base monomer olhcr monomer 

7 (7) waler (I 695.0) MAA 1250.0J MPl!GMMA (n=dO) 
(750.01 

8 (8) Wille( f 28)8.0) MAA (239.0) MPEGMMA (11::25) 

11200.01 
-

9 (9) w111er (2838.0) MAA 1119.01 M l'EOM MA (11=25) 

112011.01 

10 (10) Wille( (2931.01 MAA (239.01 Ml'l!Gl'vlMA (11=50) 

112011.01 

11 ( 11) waler (315 8 .01 MAA (219.0J Ml'EGMMA (11=50) 

11200.01 

12 (12) water (3077 .OJ MAA (117.0) MPEGMMA (11:::50) 

112<.2.01 

ll (13) water (2972.01 MAA (239.01 Ml>EGt-.HvlA (n.,.75) 

11200.01 

M ( 14) waler (3334.01 SA (288.0) MPEGMMA (11:::50) 

( I I 5 I.II I 
-

15 ( 15) wa1er (2195.01 MAA (239.0) PEGMMA (11=5) 

f 1200.0J 

16 (16) wa1cr (2823.0) MAA (239.01 MPEGMMA (11=.'iCl) 

11 UKO.O I 

' 

-
-

01hcr lllOlllHllC( 

...... 
-..J 

-------

sodiu111 ~11 lfm:1 h:icrv I;•'" 

11 11.0 I D 
fTI _,, 

(pi .-
)> 
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18 

19 

20 

21 

MA: 
SA: 
MA: 
MPEGMMA: 
PEGMMA: 
PEOMAE: 

17 (17) 

(18) 

(19) 

(20) 

(21) 

1nc1hacrylic ncid 
sodium ncrylalc 
malcic acid 

waler (2924.0) 

w111er (1695.0) 

water ( 1695.0) 

wnlcr ( 1695.01 

waler (349.6) 

mcthol!'y polyethylene: glycol monomc1hacryl11tc 

polyc1hylc:nc glycol monomcthncrylalc 

polyc1hylenc glycol monoallyl ether 

Table J (cont'd) 

MAA ('215.0) 

MAA 1250.0J 

-
MAA (JOO.OJ 

MAA (JOO.OJ 

MA (687.0) 

MPf:GMMA (n=.Sll) 111c1hyl acryl:ilc 

11200.0 I ( 2•1.11 J 
-

Ml'E(iMMA (u:;lll) 

(150.0J 

PEGMAE (11=25) 

(700.0J 

l'EGMAE (11=25) 
(700.01 00 1,,, 

PEGMAE (n=5) 
(I 6'111.01 
- --- - -· ....... - •!'. 
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Table 4 

Example Rcaclion composilion : numerals in brackets arc pans by weight 

dcfoaming agcnl (II) polyrncrh.acion inhialor 

1 Plurnnic L-64 a) f7.0) APS (20.0) 

8 PluronicL-64 a) 11.01 APS (38.0) . 

9 Pluronic L-64 11) (I .4 J APS (38.0) 

10 ox ycthylcnc ox yprnJlYlcne a1lcl11c1 APS flJ.01 
of C11-C11 alcohols f 14.0) 

11 polyoxyc1hylcnc pnlyoxy-prnpyl· APS (22.0) 

enc nonyl 1>hcnyl ether (7 .0) 

12 Surf y nof"4 40 b) (7.01 APS (26. I} 

13 poly ox yc1hylc11c polynx yprapy· APS (31.l J 
lcnc olca1c 11.01 

14 polyoxyclhylcnc poly ox ypropyl· APS ( 12.51 

enc sorbilan monola11ra1c (21.01 

l.S polyyoxypropylcnc dodccyl APS (69.5) 

br.nzcnc sulfonalc (21.0J 

16 poly ox yclhylcnc slcarnlc (21.0) APS (38.0) 

17 polyoxyclhylcnc lauryhuninc APS ()J.O). 

Ill.OJ 

18 Pluronic L-64 a) (7.0J APS (20.0} 

"" 19 Surfynol HO b) (7.0l Ars (20.0J 

20 
'It 

Surfynol 41'10 h) p.OJ '' APS (20.0) 

rcac1ion alkaline 
lempctalurc suhslancc 

c·q 
9S SO% NaOll 

9S 50% HaOll 

.. 95 50% NaOll 

95 50% NnOll 

95 503 N110ll 

95 50% NnOll 

95 50% NaOll 

95 50% HaOll 

9.S 50% NaOll 

95 .SO% NaOll 

95 .50% NaOll 

95 JO% Ca(Oll)1 

95 50% N:10ll 

95 "fl!A 

pll 

8.0 

8.0 

8.0 

8.1 

R.5 

1.1 : 

7.6 

8.0 

B.O 

7.9 

8.1 

'1,5 

·1.1 

1.1 

--· 
molecular 

weigh I 

J6000 

·IOOOO 

)')000 

)7000 

11)000 

5.1000 

J•IOOO 

16000 

18000 

19000 

32000 

)5000 

:rnooo 

:rnooo 

'° 
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21 

a) 
b) 
c) 
APS: 
TEA: 

Table 4 (cont'd) 

oxycthylcnc oxypropylcnc adducl APS (85.81 95 
of C11·C14 alcohols (23.2) 

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

50% NaOll 17 8 l6000 I 
Monomer mixlurc is added in 40% aqueous solution nnd polymerization initiator is added in 5 % aqueous solution. ammonium pcrsulfatc 
lriethanolamine 

~ RTM 

N 
0 
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Table 5 

Rcnc1ion composition : numerals in brackcls arc parls by weight 
Example Admix lure 

No. co11utymcr (A) cross-linki!l8 agcnl 

22 (22) Admixture No. (Nw; 3.SOOO) o-phlhalic acid diglycidyl ester 

23 (23) Admixlure No. (I) poiycthylene glycol diglycidyl 
(Nw; 350001 clhcr (n=9) 

24 (24) Admixture No. (4) 1,6-hexancdiol t.liglycidyl ether 
(Nw; 38000} 

25 (25) Admixture No. (6) adipic acid diglycidyl ester 
(Nw; 6000) 

Molecular 
Rcac1ion weight after 
1c111pcra1urc cross-linking 
(oC) 

9.5 220000 

95 JOOOOO 

95 200000 

9.5 1.50000 

N ...... 
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Control l for rnanufu.cturing Co rnpariso n Admixture ( l) 

----·--~-. 
1695 P:irts of water is introduced into a glass re:iction vessel equipped with a thermometer, a. 

stirrer, a dropping funnel, a nitrogen introduction rube, and a refill'< condenser, and the interior of 

5 the re:iction vessel is purged with nitrogen while stirring, and the mixture is he:ited to 95~C under a 

nitrogen atmosphere. A monomer aqueous solution comprising 800 parts of methoxy polyethylene 

glycol monornethacrylate (average mol addition numter of ethylene oxide, 10) 200 parts of 

methacrylic acid, and 1500 parts of water, and 6i'.! parts of a 5% arnmonium persulfate aqueous 

solution are respectively drip-fed for 4 hours, and after competion of feeding, 168 parts of 5% 

10 ammonium persulfate is added over a period of 1 hour. Tne te:n:perarure is maintained for 1 hour 

15 

,, 
at 95°C to complete a polymer.i:zation re:iction. A comparison ad:m.ixture (l) cor:nprising an 

aqueous solution of a copolymer of average molecular weig..1'1t of 3 5 ,000 is obtained. 

Control 2 for manufacturing Compar'.son Admi.xrure No. (2) 

1695 parts of water is introduced into a glass reaction vessel equipped ""1th a ther!!'.ometer, a 

stirrer, a dropping funnel, a nitrogen introduction tube, and a retlu."( condenser, a.'1d the interior of 

the reaction vessel is purged 'With nitrogen while stirring, and the mixture is he:ited to 95°C under a 

nitrogen atI!'.osphere. A monomer aqueous solution corr.prising 800 par..s of meth.oxy polyethylene 

20 glycol monome~iacrylate (average mol addition number of ethylene oxide, 10), 200 parts of 

methacrylic acid, 0.005 parts of "Pluronic" L-64 (polyoxyethylene-polyoxypropylene adduct) as 

mcyalkylene base defoaming agent. and 1500 parts of water, and 6i2 parts of a 5% ammonium 

persulfute aqueous solution are respectively dip-fed for 4 hours, and after completion of.feeding, 

168 parts of 5% ammonium persulfu.te is added over a period at I hour. The temperature is 

25 maintained at 9SC>C for l hour to complete a polymeriz.ation reaction. A comparison admixture (2) 

comprising an aqueous solution of a copolymer of:Mw 35,000 is obtained. 

Control 3 for manufacturing Admixture No. (3) 

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

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

obtain a comparison cement dispersing agent (3). 
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Concrol 4 for manufu.cruring Comparison Admixrure No. (4) 

n : ;i• ' ' r EMENT _§~~~EI~~-:=.:~·­
REPLACEMENT SHEET~ 

130:~~J! 
349.6 parts of water and 1648 pans of polyethylene glycol monoallyl ether (average mol addition 

5 number of ethylene oxide, 5) are introduced into a glass re:iction vessel equipped 'INith a 

thermome:er, a stirrer, a dropping funne~ a nitrogen introduction rube and a refltt"< condenser, and 

the interior of the reaction vessel is purged with nitrogen while stirr.ng, and the rnixrure is heated 

to 95°C under a nitrogen atmosphere. A monomer/polymer~tion initiator mi'Cture aqueous 

solution comprising 68i parts of rnaleic acid, 1030 parts of water and 57.2 parts of ammonium 

10 persulfute is dip-fed for 2 hours. After completion of feeding, 527 parts of 5% aimnoniurn 

persulfute aqueous solution is added over a period of 1 hour. The temperature is maintained at 

95°C for l further hour to complete the polymerization reaction. A comparison admi"<ruI'e (4) 

comprising an aqueous solution of a copolymer ofMw 6,000 if obtained. 

15 Contra l 5 for manufacturing Admixture No. ( 5) 

20 

A comparison admixrure (5) is obtained. by mixlng 0.1 part of oxyethyleneoxypropy!ene adduct of 

C1:-C14 alcohol as a polyal.lcylei::e base of defoaming agent to the compari.son acimi.xrure No. (4) 

obramed in Control 4. 

(Test of storage stability) 

The 25 varieties of cement dispersing agent of the .invention shoVtn in Tables I to 5 are left 

standing at 50°C and tr..e storage stability is investigated by visually observing degrees of 

compatibility. Further, for purposes of comparison, tests are also made of the comparison cement 

25 dispersing agent (3) obtained in Conttol 3 and comparison cement dispersing agent (5) obtained in 

Control 5. The particle size of the defoaming agent is determined by using a laser diffiaction type 

particle distnbution meter (microtruck FRA). The results of these tests are given in Tables 6 and 7. 

30 

Further, evalution of compatibilities are as follows: 

0: Uniformly compatible or stable dispersion 

6.: Not compatible or unstable dispersion 

X: Separated into two layers 



Table 6 

Number of days elapsed 

Example Admixture used 
immcdialely 50"C, 

after I day 

I (I) 0 0 

2 (2) 0 0 

3 (J) 0 0 

4 (<!) 0 0 

s (5) 0 0 

6 (6) 0 0 

7 (7) 0 0 

8 (8) 0 0 

9 (9) 0 0 

10 (10) 0 0 

11 (I I) 0 0 

12 (12) 0 0 

13 (13) 0 0 

14 (14) 0 0 

IS (15) 0 0 

16 (16) 0 0 

17 ( 17) 0 0 

50"C. 
aflcr I month 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
--
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(11111) 
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1.'I ---------
I .S 
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1.2 
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18 (18) 0 

• 19 . (19) 0 

20 (20) 0 

21 (21) 0 

22 (22) 0 

23 (23) 0 

24 (24) 0 

2S (25) 0 

Table 6 (cont'd) 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 
··--- -

l.J 

1.4 

1.4 

5.7 

I.) 

l.J 

1.4 

5.1 

IV 
l.11 

"-" particle size determination : particle size is not more than 0.1 pm or c1111nol he dclcnnincd because of mollcn sli '"1 
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Table 7 

Number or days elapsed 

Conlrol Admix1ure used 
immedin1cly 50°C, 

aflcr I day 

3 comparacivc A x 
Admixlurc No. ()) 

5 compnralivc 6. x 
Admixture No. (5) 

. 

-·- pa11idc .si1.c 

50°C (11 Ill) 

afcer I mooch 

x 2.2 

x 5.2 

- ... -· 

N 
0\ 

---= ... ,.,.,,,,...-4 ~ 
~.V·"'. ?.<i \ \j 

-~_.,.,,..._. .... l ~ \I ~ 

twl 5~\m 
- 0 ;:;>" - \f·r-1 ;;::::,. 

~ 1~1 ~ 

~~~ 
............,,=---·~-~~~~ 

11( 

, .. ; 

,,,.' 
H 
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The cemeat used was ordinar1 portland cement (blend of equal amounts of 3 br:mds, specific 

gravity: 3. l6), the tine aggregate was a blend of Oi River System pit sand and ~.l mountain 

sand (specific gravity 2.6.2, fY{ '.!.71) and coarse aggregate was Ohme. Tokyo gr:i:r.vacke crushed 

stone (specific gravity 2.64, MS 20rnm). 

The 25 varieties of the ac!mi.wJre according to the invention listed in Tables 1-5 and for 

comparison the corr.parison admixrures (l) to (5) and naphthalene sulfonate-forrna!in condensate 

(BNS) and me!.amine suffonate-formalin condensate (MSF) are tested. As the comparative 

admi."<tUres {l), (2) and (4) possess air-entraining properties, adjustments of entrained air contents 

0 using air-entraining agentS are not made, while for the other ad.mixtures of the invention (i)-(li) 

and the comparison admi."<tUres (3) and (5) and for BNS and MSF, a commercial air-entraining 

agent ("Pozzolith" (trade mark) No. 303A manufucrured by NMB Ltd.) is used in the dosages 

listed in Tables 8 and 9 to make adjustments of entrained air contents as suited 

15 Tne mix proportions for plain concrete without admixture according to the invention are unit 

cement content 320kglm3, unit water content 203kg!m3 (water/cement ratio 0.634) and sand­

aggregate ratio 49%, while the proportions for concrete using with the ad.'ni.xrure are un.~ cement 

content 320kg!m3
, unit water content I66kg/m:; (water-cement ratio 0.519), and sand•aggregate 

ratio 47% 

20 

25 

Concretes are manufuctured under the conditions mentior..ed 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 ~e 8.Iso 

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 



j 
Example 

I 

1 

2 

3 
I 
I ~ i 

l 5 

I 6 
! 

7 

8 

9 

IC 

l1 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 
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Table & 

Admi.x cur.: us~d Amount oi c:me:it I .~mo~~r oi air 
dispe~~ing agent 

1 
e:nrain1~f ag~:it 

a) I 

I {!) I 0.!5 I 0.011 

I (2) l 0.15 I 0.010 

I (3) I 0.15 I 0.005 

I (!) I . 0.15 I 0.012 

I (5) I 0.1 i I 0.01 i 

I (6) I 0.Ii I 0.015 

I (i) I 0.15 I 0.012 

I (&) I 0.15 I 0.010 

I (9) I 0.15 I O.OOJ 

l (10} I 0.15 I 0.015 

I (11) I 0.15 I 0.008 

I (12) I 0.15 I 0.010 

I (13) I 0.15 I O.Ql8 

I (14) I 0.15 I 0.020 

I (15} 0.15 I 0.010 

I (16) I 0.15 I 0.008 

(17) I 0.15 I 0.016 

I (18} I 0.15 I 0.Ql2 

I (19) I 0.15 I 0.010 

l (20) I 0.15 I 0.0lO 

(21) 0.17 I 0.015 

(22) I 0.18 I 0.012 

(23) I 0.1& I 0.012 

(24) 0.18 ~ 0.010 

I (25} 0.18 I 0.015 

Remarks: a) Percent by wci:ht of solid content on cement 
b) Percent by weighr on cement 

30JUN1998 
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Table9 
I 

l Control Admixture used Amount of c:menc 

I dispe~sing ag:nt 
a) 

I l A plain concrete -
a I ENS I 0.50 

c I MSF I 0.60 

I comparative I 0.15 
Admixture No. (1) 

2 comparative 

I 
0.15 

Admixrure No (2) 

3 J compancive I 0.15 
Admixture No. (J) 

4 comparative I 0.!5 
Admixnm: No. (4) 

5 I comparative I 0.15 
Admix'ture No. (5) 

Remarks: a} Percent 'by weight of solid content on c:ment 
b) Percent by weight on cement 

.-\mount of air I 
entraining agent I 

) 

b) I 
I i 

I 
I 

0.008 
I 

I 

I 0.002 l 
I - I 
I -

I 
I 0.011 I 
I 

I - l 
I 

0.013 I 
I 
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I 
Ex.ample 

immediace!y 
after mixing 

1 I 19.0 / 4.i 

2 I 18.5 / 3.9 

3 I 17.5 / 4.0 

4 I 19.0 / 4.0 

5 17.5 I 4.2 

6 I 18.5/4.2 

7 18.5/3.7 

8 18.0 / 4.0 

9 18.5 / 3.9 

10 19.0 I 4.5 

11 18.5/3.8 

12 .. 19.0 / 4.0 

13 18.0 14.5 

14 19.0 / 4.0 

15 18.0 I 4.0 

16 18.5 I 4.1 

17 18.0 / 4.0 

18 18.5/3.9 

30 

Table 10 
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Slump (cm) I air concenc (vol %) I 
l 
I 

I After 30 min. I After 60 min. I After 90 min. 

I 
I 
11 1 19.0/3.9 I 17.5 I 3.i I I 7.5 I <i.O ii 

I I i.O I 3.7 I 16.5 I 3 .3 17.0/3.5 ll 
I I I 

., 
18.5/3.7 18.0 I 3.8 17.0/3.8 

I 17.0 /3.8 I I 6.5 I 3.8 j 11.0 I 3.5 

I 18.0 / 4.3 17.5 / 4.0 17.0/3.8 I 
I 17.5 / 4.1 17.5 / 3.9 J 18.0 t 3.7 

18.0 / 3.6 17.0/3.5 I 17.5 / 3.7 

j 18.0 / 4.o 18.5/3.8 17.5 / 4.1 

I 18.0 / 4.1 18.0/3.8 17.0/3.8 

I 18.0 / 4.0 17.0 / 4.3 18.5/4.2 

17.0 / 4.0 18.0 I 3.8 I 19.5 I 3.7 I 
17.0 / 4.0 18.5 / 4.2 17.0 I 3.7 

17.0 / 4.0 17.5/4.l I 11.5/4.4 I 
I 19.0 / 4.0 17.5 / 3.8 17.5 I 3.7 

I 17.0/4.3 18.5 / 3.8 17.0 / 3.7 

I 19.0 / 4.0 17.5 / 3.8 17.5 / 3.7 I 
18.0 / 4.0 17.5 / 3.7 17.5/3.8 

I 15.5 t 3.6 17.5 I 3.9 17.5 I 3.1 
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Table 11 

l I Slump (cm) air content (vol %) l 
I 

E.:::ample I I Afle:- 90 min. ! immediately I After 30 min. After 60 min. 
' af cer mixing 
l 

I I 
19 I 18.5 I 3.9 1 18.0 / 4.0 I 8.0 / 4.0 I 17.5 I 3.8 I 
20 l 1s.o / ~.1 I li.O I 3.8 li.013.9 I 17.5 I .).6 ! 

I 11 I 19.0/3.8 l li.O I 3A I li.013.7 I I i.O I 3.5 I 
I .,~ 

t 17.0 I 3.4 I '0 . I 4 - I 19.5 I 3.6 I 19.0 I 3.5 l -"- I - .;, ;.1 

,~ _ _, I 
I 17.0 I 3.6 I 10.0 I 3.5 l 19.5 I 3.6 I 18.0 /J.6 I 

24 li.O 13.9 I 20.0 I 3.9 I 19.0 I 4.0 18.513.i 

25 17.0/4.0 I 21.0/~.l 19.0 I 3.7 17.5 I 3.9 

Conirol l l 
A 19.0 / 2.0 I 17.5 I 2.0 15.5 / 1.8 12.5 / 1.7 

B 18.0 / 4.4 I 10.s / 4.1 6.5 I 3.8 4.0 13.3 

c l&.5 / 4.2 9.S / 4.0 6.5 / 3.9 4.0 / 3.! 

1 19.0 / 4.4 19.0 / 4.2 18.0 / 4.4 17.0/4.6 I 
2 18.S / 4.2 18.0 / 4.3 15.5 I 4.3 17.5 I 4.6 

3 18.0/3.9 I 18.S 13.9 17.0 / 4.3 16.5 / 4.6 

4 18.S / 4.6 I 17.S/4..5 17.5 I 4.5 17.0/4.7 

5 19.0 / 3.7 I 17.0 / 4.0 .18.6 I 4.5 18.5/5.1 I 
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Tabl!! 12 

I Serting time (hr-min) 28-Day Comp. 

I j I Final 
S crengt.h 

Example I 1nit. (kgf/cm~) j 

1 6-20 I 8-30 I 480 
i 

t 

I I I I 
2 6.20 8-10 472 ' I 

3 I 6-30 I 8-30 I 467 I 
4 I 6-20 I 8-40 I 461 

5 I 6-30 I 8-20 I 458 I 
6 I 6-10 I 8-40 462 

7 6-10 I 8-40 I 477 I 
8 I 6-20 8.30 470 

9 I 6-00 I 8-40 488 

10 I 6-30 8-40 494 

11 S-50 8-10 453 

12 6-00 8-50 475 

13 6-20 9-00 455 

14 6-30 8-50 I 459 

15 6-40 9-10 486 

16 I 6-00 8-30 477 

17 6-10 8-20 I 463 

18 6-20 9-00 473 
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Table 13 

Seni"g 1ime (hr·Jnin) 
18-Day Comp. 

Example lnit. Fin2.l strength 
(kif/cm1

} 

19 6-30 8-10 474 

20 6-20 g-20 459 

11 6-20 B-10 462 

22 6-50 9-10 468 

23 &-40 9..00 473 

24 6-SO 8-50 461 

lS 6-SO ~20 ~6 . . . 

ConlTol 

A 5-40 7-SO 329 

B 5.30 7-30 I 407 

c S-30 i-40 410" 

1 6-lO I 8-20 412 

2. 6-20 8-40 431 

3 5-30 8-30 419 

4 6-00 8-30 417 

s &-10 I 8-20 425 
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Fram Tlbles 8 acd. 9, it mrt be seen that rhe shc!!lifi: of an admixture according to the invention i.s 

cocsidc:::lbly improved over tb.c case of the bleed of di:SJ~ a.g~t with ::i. copolymer. 

TJ.blc:s 8 to 13 show that ~ compar.son admixtures (l) and (4) obraioed by polyme:ization 

5 without using a defoarning age:tt mi the compadson adnmcrure (2) obtained by using 0.005% of 

the de.foaming a.gem produces an air comem of 4.5-5%, so that dosage must be limited. Moreover, 

28-day comptessive stre:Jgth is reduced. \Vith admixtures accc:rding to the in"Je!ltion, air-cncraicing 

t1!:Tldrncies are reduced acd adjusti:nct C3I1 be made to aJTf air content with an air~ agent. 

Further, uthet physical pt:~...d u~ equal to or bett~r tb:m corcp3rison co~.es., and it rn;ty 

l 0 parr:.cJlarly be noted that 28 day compressive StrCngths are ~ inc."e3.Sed. 

Moree~. comparison adn:i.'d:ures (3) mi (5) wiib. added defuarcing agems added to compar.son 

=nm clispersmg agett (1) show f.caeases in emraiccd air coctczlt with e~ of time, wb:reas 

tbe air~ propc::tics of~ accotdlng to the invcticn :tte stable with e!:Jpse of&le 

t5 and shimp loss prevemion is 3.lso Sl!perior co:c::;:ar~d witli pla.m cc~e. BNS ao:! M..~. 

Ti:e admixrr..l:re:S accord!Dg to the r1e:nticn air:eiiorate and et.i:r. el.imr.are tbe problem cf the 

a:essive air-~ propetti=s of cotm:m:icnal p<Jfycarboxyiic acid base high nl."lge air­

em.nUcing, water-reducing agmts. Thee/ exinoit ex.celle:n: she:?! life aoci are c:zpable of ~ 

20 suit3ble amounts of air. thus, the use of an admDct'Jre accordir.g to the in'JCiion code:s the 

possibility of~ cementitious mixnn'es such as cor.mte of good fluidity wir..1 a high mte of 

watc: reduction, wbicba.a .ba:ddng. will provide a ImdeJlcd coixre:te objec: ofbigh compressive 

~ 
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l .. A. fluidity-controlling admi"<tU.re for cementitious coni.positions, comprising at !~ one cement-

5 dispersing agent and at le:i.st oc.e defoaming agent, characterised in that 

(a) t.11e cement-dispersing agent is an aqueous solution of copolymer, and 

(b) the defoaming agent is oxyalkylene-ba.sed and is either dissolved in the copolymer solution 

l O or is srabiy dispersed therein in pa.rticles of no more than 20µivf diameter, 

15 

the aqueous solution of copolymer l::eing prepared by the polymerisation of monomer in the 

presence of defoaming agent and the defoarning agent l::eing present to the extent of from 0.01-

10% by weig.'1t of the monorr.er mixture. 

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

selected from at least one of 

(A) a copolymer obcamed by polymerising a monorner mixture which comprises an unsaturated 

20 carboxy!ic acid monomer, 

(B) the neutralised salt of(A); and 

(C) the polymer obr.ained 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 funned from a monomer 

mixture wbich comprises from 5-98% by weight of an a.Ikylene glycol mono(meth)acrylic acid 

ester monomer (a) of the formula I 



. . ~. ···"' ... ., 

J6 

Rz 

I ' 
R1-CH=C-COO(R3 0)m·R~ (T) 

wherein R
1 

and R2 are inde;xndent!y hydrogen or methyl, RJ is an alkylene group of from 2-4 

5 c:irbon atoms, R~ is hydrogen or an alkyl group of l to 22 c:iroon atoms, and m represents an 

integer of l to 100, and 2 to 95% by weight of a (meth)acrylic acid l::ase monomer (o) of the 

formula (Tl) 

Rz 

10 I 
R1 -CH=C-COOM1 (Il) 

wherein R
1 and R2 have the abovementioned siimi:fic:mces, and M1 is hvdrog;en, rnonovalent - . -

metal, divalent metal, ammonium group or an orgar.ic a.Il".ine group, and 0 to 50% by weight of a 

monomer (c) capable of being copolytr.erized. with these monomers, provided tbat the sum of (a), 

15 (b) and ( c) shall be l 00% by weight. 

20 

4. An ad.rni."<rure according to claim 1 or claim 2, wherein c..'1e polymer is pre;:ared from a monomer 

II'..iXt'.lre which comprises from 5-98% by weight of an alkoxypotyaLlcylene g..fycol monc(~!.i)allyl 

ether base monomer (d) oft.he formula (III); 

wherein R1
, R2

, R3
, Roi and mare as hereinabove defined and n is 0 or 1, and 2 to 95% by 

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

30 

y z 
I I 

X-C=C-COOM2 (IV) 

wherein X and Y arc independently selected from hydrogen, 11".ethyl and -COOM1
, or X or Y 

together with -COOM1 form an anhydride ring, Z is selected from -CHzCOOM3
, hydrogen or 
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methyl and M2 and M3 are independently selected from the significances oHvf1 given hereinabove, 

an alkyl group of 1-20 carbon atoms, an alkylene glycol of2-4 carbon atoms and a poiyalk-ylene 

glycol of from 2-100 mols of a glycol adduct, provided that at least one ofM2
, M3 is selected from 

hydrogen, monovalem: metal, divalent metal, ammonium group and an organic amine group; and 
i 

5 from 0-50% by weight of monomer (f) capable ofcopolymerisation with (d) and (e), (d)-:-(e)+(f) 

being 100% by weight. 

5. An admixture according to claim 1 or clafrn 2, wherein the polymer is prepared from a monomer 

mixture •vhich comprises from 5-98% by weight of at least one a-olefinic monomer (.g) having 

10 from 2- I 2 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)+(O being I 00% by weight. 

6. A process of preparing a fluidity control ad.mi"Ctllre for use in concrete, compI1.SUlg the 

15 polymerisation of a monomer mixture to give an aqueous solution of polymer, this polymerisation 

being earned out in the presence of an oxyalkylene-based defoaming agent, such that the 

defoaming agent is present to the ~xtent of from 0.01-10% by weight of the monomer rnimire and 

is either dissolved in the solution or dispersed therei.rl in particles of20µM rna"<imurn diameter. 

20 7. A process according to claim 6, comprising. the polymerisation of a monomer mi"\-rure which 

comprises at least one tmsarurated 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 

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. 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 20µM 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 

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


