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CEMENT DISPERSANT 

AND 

CEMENT COMPOSITION COMPRISING THIS 

5 BACKGROUND OF THE INVENTION 

A. TECHNICAL FIELD 

The present invention relates to a cement dispersant and a cement 

composition comprising this. 

B. BACKGROUND ART 

10 · Jn the recent concrete industry, the improvement of durability and strength 

of concrete sti:uctures is strongly desired, and the reduction of the amount of unit 

water is an important object for achieving this. 

Until now, the use of various cement dispersants has been proposed in 

order to reduce the amount of unit water. Among the various cement dispersants, 

15 polycar}:>oxylic acid-based cement dispersants are especially preferable because they 

display higher water-reducmg capacity than other cement dispersants such as 

naphthalene-based ones. For example, JP-A-81320/1981 proposes copolymers as 

produced by using polyethylene glycol monoallyl ether and a (meth)acrylic acid 

monomer in a specific ratio. However, the capacity of this cement dispersant is 

20 still insufficient. Jn addition, JP-A-118058/1982, JP-A-283350/1996, and 
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JP-A-142905/1997 propose cement dispersants comprising copolymers as produced 

by using polyethylene glycol monoallyl ethei: and a maleic acid-based m90-omer in a 

. specific ratio. However, these cement dispersants are not in a level that can satisfy 

dispersibility particularly in a high Water-reducing ratio area because of the problem 

. . 
5 that the copolymerizability is low between the polyethylene glycol monoallyl ether 

and the maleic ·acid-based monomer. On the other hand, JP-A-194808/1998 

. proposes cement dispersants . ·comprising copolymers as produced by using 

polypropylene glycol polyethylene glycol mono(meth)allyl ether and an unsaturated 

carboxylic acid monomer. However, because the polypropylene glycol chain 

10 having high hydrophobicity accounts for higher ratio, the dispersants have low 

dispersibility, a large amount of the dispersant is ·necessary to obtain sufficient 

dispersibility. The dispersant. having a level that can satisfy the dispersibility 

particularly in a high water-reducing ratio area has not been obtained in the existing 

circumstances. 

15 Furthermore, it is costly to produce these conventional polycarboxylic 

acid-base cement dispersants. Therefore, there is a problem that the cost of 

concrete itself rises. 

SUMMARY OF THE INVENTION 

A. OBJECT OF THE INVENTION 

20 Accordingly, an object of the. present invention is to provide: a cement 
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dispersant which displays high dispersibility with a. small addition amount and 

excellent dispersibility particularly even in a high water-reducing ratio area, and a 

cement composition comprising this. 

B. DISCLOSURE OF THE INVENTION 

5 The present inventors diligently studied and, as a result, found that a 

specific copolymer displays high dispersibility with a small addition amount and is 

. useful as a cement dispersant y.rhich is inexp~nsive and excellent in capacities. The 

specific copolymer is obtained by copolymerizing an unsaturated (poly)alkylene 

glycol ether monomer with an unsaturated monocarboxylic acid monomer including 

10 a {meth)acrylic acid (salt) as an essential component in a specific ratio of the entirety 

of the comonomers, wherein: ·the unsaturated (poly)alkylene glycol ether monomer 

includes an oxyethylene group as an oxyaj.kylene group in a specific amount at least; 

the oxyalkylene group has an average addition number of moles in a specific range; 

and the number of caibon atoms included in the termiilal unsaturated group is in a 

15 specific range. Then, they completed the present invention on the basis of these 

findings. 

That is to say, a first cement dispersant, according to the present invention, 

comprises a copolymer including: constitutional unit (1-1) derived. from unsatw:ated 

(poly)alkylene glycol ether monomer (al) as represented in general formula (1) 

20 below; and constitutional unit {ll-1) derived from unsaturated monocarboxylic acid 
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monomer (bl) as represented in ·general fonnula (2) below, as an essential 

component, wherein constitutional unit (Il-1) includes at least one structure derived 

from an acrylic acid (salt), 

wherein general fonnula (1) is: 

5 (1) 

i 

where: X represents an· alkenyl group having 4 carbon atoms; R10 represents a 

mixture of one or more of an oxyalkylene group havbig 2 to 18 carbon atoms, and 

an oxyethyl~e group accounts for not less than· 90 mol % of the entirety of the 

oxyalkylene groups; and n is an average addition number of moles and represents 1 

10 to 300; and 

15 

20 

· wherein general fonnula (2) is: 

R3 R4 

I I 
C=C 

. I I 

R2 COOM 

. (2) 

where: R2
, R3

, and R4 each independently represent hydrogen or a methyl group; and 

. ~ represents hydrogen, a monovalent metal, a divalent metal, an ammonium group, 

or an organic amine group. 

A second cement dispers2Ult, according to the present invention, comprises 

a copolymer including: constitutional unit {1-1) derived from unsaturated 

(poly)alkylene glycol ether monomer (a-1) as represented in general fonnula (1) 
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below; and constitutional unit (Il-2) derived from unsa.tw:ated monocarboxylic acid 

monomer (b2) as represented in general fonnula (3) below, as an essential 

component, and is characterized in that constitutional unit (Il-2) includes at least one 

strocture derived from a methac:cylic acid (salt), and that the milliequivalent of 

5 carboxyl groups in the copolymer is not more than 3.30 meq per 1 g of the 

copolymer when all the carboxyl groups are changed into their unneutralized fonn, 

wherein general formula (1) is: 

(1) 

where: X represents an alkenyl group having 4 carbon atoms; R10 represents a 

10 mixture of one or more of an oxyalkylene group having 2 to 18 carbon atoms, and 

15 

. . 
an oxyethylene group accounts for not less than 90 mol ·% of the entirety of the 

oxyalkylene groups; and n is an average addition number of moles and ·represents 1 

to 300; and 

wherein general formula (3) is: 

R3 R4 

I I 
C=C 
I I 

R2 COOM 

(3) 

20 where: R2
, R3

, and R4 each independently represent hydrogen or a methyl group; and 

M represents hydrogen, a monovalent metal, a divalent metal, an ammonium group, 

or an organic amine group. 
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A third cement dispersant, according to the present invention, comprises a 

copolymer including: constitutio:qal unit (1-2) derived from unsaturated polyaJkylene 

glycol ether monomer (a2) as represented. in general formula (4) below; and 

constitutional unit (Il-1) derived from unsaturated monocarboxylic acid monomer 

5 (b 1) as represented in general formula (2) below, as an essential component, wherein 

_ constitutional unit (ll-1) accounts for not_ more than 50 weight% of the entirety of 

the constitutional units, and includes at least ~ne structure derived from an acrylic 

acid (salt), 

wherei,n general formula (4) is: 

10 (4) 

where: Y represents an alkenyl group having 2 or 3 carbon atoms; R10 represents a 

mixture of one or more of an oxyalkylene group having 2 to 18 carbon atoms, and 

an oxyethylene group accounts for not less than 90 mol % of the entirety o~ the 

oxyalkylene groups; and m is an average addition number of moles and represents 

15 40 to 300; and 

. 20 

wherein general formula (2) is: 

R3 R4 

I· I 
C=C 
I I 

R2 COOM 

(2) 

where: R2
, R3

, and R4 each independently represent hydrogen or&; methyl group; and. 
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M represents hydrogen, a monovalent metal, a diValent metal, an ammonium group, 

or an organic amine group. 

A fourth cement dispersant, according to the present invention, comprises 

a copolymer including: constitutional unit (1-2) derived from unsaturated 

· 5 polyalkylene glycol ether monomer (a2) as represented in general formula. (4) 

below; and constitutional unit (Il-2) derived from unsaturated monocaiboxylic acid 

monomer (b2) as represented in general formula (3) below, as an essential 

component, wherein constitutional unit (Il-2) accounts for not more than 50 

weight % of the entirety of the constitutional units, and includes at least one 

10 structure derived from a methaccylic acid (salt), 

wherein generalfonnula (4) is: · 

(4) 

where: Y represents. an alkenyl group having 2 or 3 camon atoms; R 10 represents a 

mixture of one or more of an oxyalkylene group having 2 to 18 carbon atoms~ and 

15 an oxyethylene group accounts for not less th~ 90 mol % of the entirety of the 

oxya1kylene groups; and m is an average addition number of moles and represents 

40 to 300; and 

wherein general formula (3) is: 

20 
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R3 R4 
I I 

C=C 
I I 

R2 COOM 

(3) 

where: R2
, R3

, and R4 each independently represent hydrogen or a methyl group; and 

M represents hydrogen, a monovalent metal, a divalent metal, an ammonium group, 

or an organic amine group. 

A cement composition, according to the present invention, comprises the 

10 cement dispersant according to the present invention, cement, and water as essential 

components .. 

These and other objects and the advantages of the present invention will. 

be more fully apparent from the following detailed disclosure. 

DETAll..ED DESCRIPTION OF THE INVENTION 

15 The first cement dispersant, according to the present invention, comprises 

copolymer (i) including: constitutional unit (I-1) derived from unsaturated 

. . . 
(poly)alkylene glycol ether monomer (al) as represented in the above general 

formula (1); and constitutional unit (Il-1) derived from unsaturated monocarboxylic 

acid monomer (bl) as represented in the above general formula (2), as an essential 

20 component. Jn addition, the second cement dispersant, according to the present 

invention, comprises copolymer (ii) including: constitutional unit (I-1); and 

constitutional unit (II-2) derived from unsaturated monocarboX}'lic acid monomer 
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(b2) as represented in the above general formula (3), as an essential component. In 

addition, the third cement dispersant, accol'ding to the present invention, comprises 

copolymer (rii) including: constitutional unit (1-2) derived from unsaturated 

polyalkylene glycol ether ~onoDier (a2) as represented in the above general formula 

. . 
5 (4); and constitutional unit (ll-1), as an essential component. In addition, the fourth 

. cement dispersant, according to the present invention, comprises copolymer (iv) 

including constitutional unit (1-2) . and constitutional unit (Il-2) as an essential 

component. Incidentally, copolymers (i) to (iv) may comprise constitutional unit 

(Ill) derived from monomer (c} below respectively. 

10 It is important that the oxyalkylene group (R 10) as represented in the 

,.above general formulas (1) and (4) includes the oxyethylene group of at least 90 

mol %, preferably not less than 95 mole %. Accordingly, the 

hydrophilicity-hydrophobicity balance is maintained and the excellent dispersibility 

can be displayed. Jn case where the oxyethylene group accounts for less than 90 

15 mol % of the entirety of the oxyalkylene groups (R10), the dispersibility cannot 

sufficiently be displayed. 

The number of the carbon atoms of the oxyalkylene group (R10) as 

repre8ented in the above general formulaS (1) and (4) is :fitly in the range of 2 to 18, 

preferably 2 to 8, more preferably 2 to·4. The constitutional units of each R10 may 

20 be identical or different. If the oxyalkylene group (R10) includes an oxyethylene 
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group which accounts for not less than 90 mol % of the entirety of the oxy~lene . 

groups, the oxyalkylene grou~ (R10) is in a state of mixing an oxyalkylene group 

other than the oxyethylene group. In this case, examples of the oxyalkylene group 

other than the oxyethylene. group include: an oxypropylene group, an oxybutylene 

5 group, and an oxystyrene group. Incidentally, when R10 is in a state of a mixture 

of two or more kinds, the constitutional units of each R10 may be in any addition 

state, such as block addition, random addition, or altemating addition. 

It is important that the average addition number n of moles of the 

· oxyalkylene group.in the above general form.i.Jla (1) is in the range of 1to300, more 

10 preferably 10 to 300, still more preferably 20 to 300, particularly preferably 30 to 

300, most preferably ·40 to 200. In case where this average addition number of 

moles is less, the hydrophilicity of the copolymer .as obtained is lowered and the 

dispersibility tends to be lowered. On the other hand, in case where the average 

addition number of moles is more than 300, the copolymerizability is lowered. 

15 The number of the carbon atoms of the alkenyl group represented by X in 

the above general formula (1) is 4. Examples thereof include a methallyl group and 

a 3-butenyl group, and the methallyl group is particularly preferable. 

Examples of unsaturated (poly)alkylene glycol ether monomer (al) as 

represented in the above general formula (1) include (poly)alkylene glycol methallyl 

20 ethers, and more particularly, compounds obtained by adding 1 to 300 moles 
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alkylene oxides to unsaturated alcohols having 4 carbon atoms such as methallyl 

alcohol. These can be used either alone respectively or in combinations with each 

other. 

k is important that the average addition number m of moles of the 

5 oxya]kylene group in the above general formula (4) is in the range of 40 to 300, 

more preferably 50 to 300, still more preferably 60 to 300, particularly preferably 60 

·· · to 200. · In case where thi~ average addition number of moles is less than 40, the 

hydrophilicity of the copolymer as obtained is lowered and the dispersibility cannot · 

. . 

sufficiently be displayed. On the other hand, in case where the average addition 

1 () number of moles is more than_ 300, the copolymerizability is lowered. 

The number of the carbon atoms of the alkenyl group represented by Y 1n 

the above general formula (4) is 2 or 3, preferably 3. As to the alkenyl group 

having 3 carbon atoms, an allyl group is particularly preferable. 

Examples of unsaturated polyalkylene glycol ether monom~r (a2) as 

15 represented in the above geneml formula (4) include polyalkylene glycol. vinyl 

ethers and polya]kylene glycol ally! ethers, and more particularly, compounds 

obtained by adding 40 to 300 moles alkylene oxides to misaturated alcohols such as 

allyl alcohol. These can be used either alone respectively or in combinations with 

each other. 

20 The content of constitutional unit (l-1) as derived from unsaturated 
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(poly)alkylene glycol ether monomer (al) in copolymers (i) and (ii), or the content 

of constitutional unit (I-2) as derived from unsaturated polyalkylene glycol ether 

monomer (a2) in copolymers (iii) and (iv) each is pre~erably not less than 1 

weight%, more preferably not less than 10 weight%, still more preferably not less 

5 than 20 weight %, particularly preferably not less than 30 weight %, most preferably 

not less than 45 weight %, of the entirety of the constitutional units. In case where 

· the content of ·constitutional: unit ·(I-1) or consti~tional unit (I-2) is less than 1 

weight %, the dispersibility to cement tends to be lowered. 

In addition, the content of constitutional unit (I-1) as derived from 

10 unsaturated (poly)alkylene glycol ether. monomer (al) in copolymers (i) and (ii), or 

. ...... ...... }" the content of constitutional unit (1-2) as derived from unsaturated polyalkylene 

glycol ether monomer (a2) in copolymers (iii) and (iv) each is preferably not more 

than 50 mol % of the entirety of the constitutional units. In particular, the content 

of constitutional unit (1-1) in copolymers (i) and (ii) is preferably in the above range, 

15 more preferably in the range of 1 to 50 mol %, still more preferably 2 to 50 mol %, 

particularly preferably 3 to 45 mol %, most preferably 4 to 45 mol %. Jn case 

where the· content of the constitutional unit (1-1) is more than 50 mol %, the 

dispersibility to cement tends to be lowered. 

h is lln.portant that constitutional unit (Il-1) in copolymers (i) and (iii) 

20 includes at least one structure derived from an aciylic acid (salt). It is essential that 
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unsaturated monocarboxylic acid monomer (bl) as represented in the above general 

formula (2) includes accylic acid or its salt. The copolymer as obtained can display 

excellent dispetsibility with a small amount because of including the structure 

derived from the accylic acid or its salt. 

5 It is important that constitutional unit (11-2) in copolymers (ii) and (iv) 

includes at least one structure derived from a methaccylic acid (salt). It is essential 

that unsaturated monocarboxylic acid monomer (b2) ~ represented in the above 

general formula (3) includes methaccylic acid or its salt. ·The copolymer as 

obtained can display excellent dispersibility with a small amount because of 

10 including the structure derived from the methaccylic acid or its salt. 

The occupying ratio of the structure derived from the accylic acid (salt) as 

essentially included in constitutional unit (11-1) of copolymers (i) and (iii), _or the 

occupying ratio of the structure derived from the methacrylic acid (salt) as 

essentially included in constitutional unit (II-2) of copolymers.(ii) and (iv) each is 

15 preferably ~ot less than 1 weight%, more preferably not less than 2 weight%, still 

more preferably not less than 3 weight %, particularly preferably not less than 4 

weight %, of the entirety of the constitutional units of each c0polymer. 

Incidentally, the upper limit of the occupying ratio of the struCture derived from the 

accylic acid (salt) or the occupying ratio of the structure derived from the 

20 methacrylic acid (salt) is preferably equal to the upper limit of the content of 
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constitutional unit (ll-1) or constitutional unit (ll-2), as is mentioned below. 

Incidentally, examples of the accylic or methaccylic acid salt include monovalent 

metal salts, divalent metal salts, ammonilllil salts, and organic amine s~ts. 

Examples of unsaturated monocarboxylic acid monomer (bl) other than 

5 the accylic acid and its salt in the above general formula (2), and unsaturated 

monocarboxylic acid monomer (b2) other than the methaccylic acid and its salt in 

the above general formula (3) include: methaccylic acid (as monomer (bl)), accylic 

· acid (as monomer (b2)), crotonic acid, and their monovalent metal salts, divalent 

metal salts, ammonium salts, and organic amine salts. These can be used either 

10 alone respectively or in combinations with each other. Among these, the 

methacrylic acid (salt) is particularly preferable as monomer (bl), and the acrylic 

acid (salt) is particularly preferable as monomer (b2). The mode involviD.g the 

methaccylic acid (salt) and accylic acid (salt) as unsaturated monocarboxylic acid 

monomer (bl) or (b2) is one of preferred modes for carrying out the present 

15 invention. 

n is important that the content of constitutional unit (11-1) as derived from 

unsaturated monocarboxylic acid monomer (bl) in the above copolymer (ill}, or the 

content of constitutional unit (11-2) as derived from unsaturated monocarboxylic acid 

monomer (b2) in the above copolymer (iv) each is not more than 50 weight %, 

20 preferably not more than 40 weight%, more preferably not more than 35 weight%, 
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·still more preferably not more than 30 weight%, particularly preferably not more 

than 25 weight %, of the entirety of the constitutional units. 

On the other haiid, the content of constitutional unit (11-1) as derived from 

unsaturated monocarl>oxylic acid monomer (bl) in the above copolymer (i) is also 

5 preferably not more than 50 weight %, more preferably not more than 40 weight %, 

still more preferably not more than 35 weight%, particularly preferably not more 

. than 30 weight%, most preferably.not more than 25 weight%, of the entirety of the 

constitutional units. 

On the other hand, the content of constitutional unit (11-2) as derived from 

10 unsaturated monocarl>oxylic acid monomer (b2) in the above copolymer (ii) may be 

determined so that the m.illiequivalent of carl>oxyl groups in the. copolymer would be 

adjusted in the following range when all the carl>oxyl groups are converted into their 

unneutralized form. Incidentally, as is mentioned below~ the copolymer (ii) may 

include, for example, a constitutional unit having a carl>oxyl group as derived from 

15 an unsaturated dicarl>oxylic acid monomer, as constitutional unit (Ill) as derived 

from copolymerizable monomer. (c). Therefore, ·the milliequivalent of carl>oxyl 

groups is not always derived from the above constitutional unit (11-2), and it is 

necessary to determine the upper limit of the content of the above constitutional unit 

(11-2) in consideration of this matter. 

20 . In addition, the content of constitutional unit (11-1) as derived from 
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unsaturated monocarboxylic acid monomer (bl) or the content of constitutional unit 

(Il-2) as derived from unsaturated monocarboxylic acid monomer (b2) in the above 

copolymers (i) to (iv) each is preferably not less than 1 weight%, more preferably· 

not less than 2 weight%, still more preferably not less than 3 weight%, particularly . 

S preferably not less than 4 weight%, of the entirety of the constitutional units. 

The above copoiymers (i) to (iv) may include constitutional unit (Ill) 

derived from copolymerizable monomer (c) with monomer (al), (a2), (bl), or (b2), 

in addition to the above constitutional unit (l-l),.(1-2), (Il-1), or (Il-2). Examples 

of monomer (c) include: unsaturated dicarboxylic acid monomers, such as maleic 

10 acid, maleic anhydride, fumaric aci~, itaconic acid, and citraconic acid, and their 

monovalent metal salts, divalent metal salts, ammonilliil. salts, and organic amine 

salts; half esters and diesters of the above-mentioned unsaturated dicarboxylic acid 

monomers with alcohols having 1 to 30 carbon atoms; half amides and diam.ides of 

the above-mentioned unsaturated dicarboxylic acid monomers with m:Dines having 1 

15 to 30 carbon atoms; half esters and diesters of the above-mentioned unsaturated 

dicarboxylic acid monomers with alkyl {poly)alk:ylene glycols as obtained by adding 

1 to 500 mols of alkylene oxides with 2 to 18 carbon atoms to the above-mentioned 

alcohols or amines; half esters and diesters of the above-~ntioned unsaturated 

dicarboxylic acid monomers with glycols having 2 to 18 carbon atoms or with 

20 polya]kylene glycols of 2 to 500 in molai' number of addition of the foregoiri.g 
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glycols; esters of unsaturated monocarboxylic acids with alcohols having 1 to 30 

carbon atoms, such as methyl (meth)acrylate, ethyl (meth)acrylate, propyl 

(meth)acrylate, glycidyl (meth)acrylate, methyl crotonate, ethyl crotonate, and 

propyl ~tonate; esters of unsaturated monocarboxylic acids such as (meth)acrylic 

5 acid with alkoxy (poly)alkylene glycols as obtained by adding 1 to 500 mols of 

alkylene oxides with 2 to "18 carbon atoms to alcohols having 1 to 30 carbon atoms; 

·adducts of 1 · to 500 mols of alkylene oxides wi~ 2 to ~8 carbon atoms ~ the 

unSaturated monocarboxylic acids such as (meth)acrylic acid, such as (poly)ethylene 

glycol monomethacrylate, (poly)propylene glycol monomethacrylate and 

10 (poly)butylene glycol monomethacrylate; half amides ofmaleamic acid with glycols 

having 2 to 18 carbon atoms or polyalkylene glycols of 2 to 500 in molar number of 

addition of the foregoing glycols; (poly)alkylene glycol_ di(meth)acrylates such as 

triethylene glycol di(meth)acrylate, (poly)ethylene glycol di(meth)aciylate, 

polypropylene glycol di(meth)acrylate, and (poly)ethylene glycol (poly)propylene ' 

15 glycol di(meth)acrylate; multifunctional (meth)acrylates such as hexanediol 

di(meth)acrylate, trimethylolpropane tri(meth)acrylate, and trimethylolpropane 

· di(meth)acrylate; (poly)alkylene glycol dimaleates such as trlethylene glycol 

djmaleate and polyethylene glycol dimaleate; unsaturated sulfonic acids,· such as 

vinylsulfonate, (meth)allylsulfonate, 2-(meth)acryloxyethylsulfonate, 

20 3-(meth)acryloxypropylsulfonate, 3-(meth)acryl~xy-2-hydroxypropylsulfonate, 
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3-(meth)acryloiy-2-hydroxypropylsulfophenyl ether, 

3-(meth)acryloxy-2-hydroxypropyloxysulfobenzoate, 

4-(meth)acryloxybutylsulfonate, (meth)acrylamidomethylsulfonic acid, 

(meth)acrylamidoethylsulfonic acid, 2-methylpropanesulfonic acid 

5 (meth)acrylamide, and styrenesulfonic acid, and their monovalent metal salts, 

divalent metal salts, ammonium salts, and organic amine salts; amides of the 

unsaturated monocarboxylic acids with amines having 1 to 30 carbon atoms, such as 

methyl(meth)acrylamide; vinyl aromatic compounds such as styrene, a-

methylstyrene, vinyltoluene, and p-methylstyrene; alkanediol mono(meth)acrylates 

10 such as 1,4-butanediol mono(meth)acrylate, 1,5-pentanediol mono(metb.)acrylate, 

and 1,6-hexanediol mono(meth)acrylate; di~es such as butadiene, isoprene, 

2-methyl-1,3-butadiene, and 2-chloro-1,3-butadiene; unsatlirated amides such as 

(meth)acrylam.ide, (meth)acrylalkybµnide, N-methylol(meth)acrylamide, and 

N,N-dim.ethyl(meth)acrylamide; unsaturated cyanes such as (meth)acrylonitrile and 

15 a- chloroacrylonitrile; unsatumted esters such as vinyl acetate and vinyl propionate; 

unsaturated amines such as . aminoethyl (meth)acrylate, methylaminoethyl 

(meth)acrylate, dimethylaminoethyl (meth)acrylate, dimethylaminopropyl 

(meth)acrylate, dibutylaminoethyl (meth)acrylate, and vinylpyridine; · divinyl 

aromatic compounds such as divinylbenzene; cyanurates such as triallyl cyanurate; 

20 allyl compounds such as (meth)allyl alcohol and glycidyl (meth)allyl ether; and 

.. 
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siloxane derivatives such as polydimethylsilQxanepropylaminom.aleamic acid, 

polydimethylsiloxaneaminopropyleneaminomaleamic acid, 

polydimethylsiloxanebis(prQpylaminolilaleamic . acid), 

polydimethylsiloxanebis(dipropyleneaminomaleamic acid), 

5 polydimethylsiloxane-(l-propyl-3-ac:cylate), 

polydimethylsiloxane-(l-propyl-3-methac:cylate ), 

polydimethylsiloxane-bis-(l-propyl-3-ac:cylate ), and 

polydimethylsiloxarie-bis-(l-propyl-3-methac:cylate). These may be used either 

alone respectively or in combinations of each other. Particularly, the unsaturated 

10 dicarboxylic acid monomer such as maleic acid is preferable as monomer (c) having 

a carboxyl group other than unsaturated monocarboxylic acid monomers (bl) and 

(b2). 

The contertt of constitutional unit (Ill) as derived from copolymerizable 

monomer (c) in the above copolymers (i) to (iv) is not especially limited if the 

15 effects of the. present invention are not damaged. The content thereof is preferably 

not more than ?O weight %, more preferably not more than 60 weight %, still more 

preferably not more than 50 weight %, particularly preferably not more. than 40 

weight %, most preferably not more than 30 weight %, of the entirety of the 

constitutional units. 

20 The Iatio between the respective constitutional units composing the above 

.. . · .. 
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copolymers (i) to (iv) is, for example, preferably in the range of (1 to 99)/(1 to 30)/(0 

to 70) (weight %) as constitutional unit (1..:1) or (1-2)/constitutional unit 9J-1) or 

(ll-2)/constitutional unit (Ill), but silch a ratio is more preferably in the range of (10 

to 99)/(1 to 30)/(0 to 60) (weight %), still more preferably in the range of (20. to 

5 98)/(2 to 30)/(0 to 50) (weight % ), particularly preferably in the range of (30 to 

97)/(3 to 30)/(0 to 40) (weight%), most.preferably in the mnge of (45 to 96)1(4 to 

25)/(0 to 30) (weight%), (whereili the entirety of.constitutional unit (1-1) or (1-2), 

constitutional unit ~-1) or (Il-2) and constitutional unit (Ill) is 100 weight % ). 

In the· above copolymer (ii), it is important that the milliequivalent of 

10 carboxyl groups in the copolymer is not more than 3.30 meq per 1 g of the 

copolymer when all the carboxyl groups are converted into their unneutralized form. 

The content is preferably in the range of 0.10 to 3.30 meq/g,, more preferably 0.15 to 

3.00 meq/g, still more preferably 0.20 to 2.50 meq/g, particularly preferably 0.30 to 

2.50 meq/g. In case where this milliequivalent of carboxyl groups is more than 3.3 

15 m.eq/g, the fluidity is lowered with the passage of time when producing its cement 

composition. On the other hand, in case where the milliequivalent of carl>oxyl 

groups is too small, the dispersibility of the copolymer is extremely lowered, and the 

fluidity is not obtained. sufficiently as a cement composition. 

On the other hand, even in the above copolymers (i), (iii) and (iv), the 

20 milliequivalent of carboxyl groups in the copolymer is preferably not more than 3.30 
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meq per 1 g of the copolymer when all the carboxyl groups are converted into their 

unileutralized form. The milliequivalent is more preferably in the range of 0.10 to 

330 meq/g, still more preferably 0.15 to 3.00 meq/g, particularly preferably 0.20 to 

2.50 meq/g, most preferably 0.30 to 2.50 meq/g. 

Incidentally, when all the carboxyl groups in the above copolymer each 

are converted into their unneuttalized form, the milliequivalent of carboxyl groups 

can be calculated in the following way. For e~ple, when using methacrylic acid 

as monomer (b2) in copolymer (ii) and carrying out a copolymerization with the 

weight ratio of 90/10 (weight %) as monomer (al)/monomer (b2), the 

10 milliequivalent of carboxyl groups per 1 g of the copolymer is calculated below 

because the molecular weight of methacrylic acid is 86. 

(0.1186) x 1000 = 1.16 (meq/g) (Calculation Example 1) 

In addition, for example, when using sodium methacrylate as monomer (b2) in 

copolymer (ii)_ and carrying out a copolymerization with the·weight ratio of 90/10 

15 (weight%) as monomer (al)/monomer (b2), tµe milliequivilent of caiboxyl groups 

per t · g of the copolymer is calculated below because the molecular weights of 

sodium methacrylate and methacrylic acid is 108 and 86 respectively. 

(0.l/108)/(0.9+o.1x86/108) x 1000 = 0.95 (meq/g) 

EXam.ple2) 

(Calculation 

20 Incidentally, when using methacrylic acid at the- pol~erization and neutralizing 
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carboxylic groups derived from the methacrylic acid with sodium hydroxide a:fte~ 

the polymerization, the milliequivalent of c:arboxyl group can be calculated in the 

same way as of Calculation .Example 2. Jn addition, for example, when using 

sodium methacrylate and sodium acrylate as monomer (b2) in copolym~r (ii) and 

5 carrying out a copolymerlzation with the weight ratio of 901515 (weight % ) as 

monomer (al}/soditim methacrylate/sodium. acrylate, the milliequivaleiit of carboxyl 

groups per l g of the copolymer is calculated below because the. molecular weights 

of methacrylic acid, acrylic acid, sodium methaciylic acid, and sodium acrylic acid · 

are.86, 108, 72, and 94 respectively. 

10 (0.05/108+o.05/94)/(0.9+o.05 x 86/108+o.05 x 72/94) x 1000=1.02 

(meqlg) (Calculation Example 3) 

The weight-average molecular weight of the above copolymers (i) to (iv) 

is fitly in the range of 10,000 to 300,000 in tenns of polyethylene glycol by gel 

penneation chromatography (hereinafter, referred as "GPC"}, preferably 1 o .. ooo to 

15 100,000, more preferably 10,000 to 80,000, still more preferably 10,000 to 70,000. 

The dispersant which displays higher dispersibility can be obtained by selecting the 

above range of the weight-average molecular weight. 

The above copolymers (i) to (iv) which are essential components for the 

cement dispersant according to the present invention, for example, can easily. be 

20 obtained by copolymerizing the comonomers including the above (poly)alkylene 
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glycol ether monomer (al) or (a2), the above unsaturated monocarboxylic acid. 

monomer (b 1) or (b2), and the above monomer (c) if necessary, in the presence of a 

polymerization initiator, but its production process is not especially limited to this. 

For example, copolymers (i) to (iv) can also be obtained by a process of: 

5 copolymerizing a monomer before adding an a.lkylene oxide instead of monomer 

10 

(al) or (a2) (namely, an unsaturated alcohol such as allyl alcohol), and monomer 

(bl) or (b2) in the presence of a polymerizati?n initiator (if necessary, other 

copolymerizable monomer (c) may be further copolymerized with these 

monomers.); and thereafter, reacting with an alkylene oxide. 

The ratio between the respective comonomers as used for producing the 

copolymer is, for example, fitly in the range of (1 to 99)/(1 to 30)/(0 to 70) 

(weight%) as monomer (al) or (a2)1monomer (bl) or (b2)/monomer (c), preferably 

in the range of (10 to 99)/(1 to_ 30)/(0 to 60) (weight %), more preferably in the 

range of (20 to 98)/(2 to 30)/(0 to 50) (weight %), particularly preferably in the 

15 range of (30 to 97)/(3 to 30)/(0 to 40) (weight % ), most preferably in the range of 

(45 to 96)/(4 to 25)/(0 to 30) (weight % }, (wherein the entirety of monomer (al) or 

(a2), monomer (bl) or (b2), and monomer (c) is 100 weight%). 

Uie copolymerization for obtaining the above copolymers (i) to (iv) can 

be carried out by conventional methods such as solution polymerization or bulk 

20 polymerization. The solution polymerization can be carried out in a batchwise or 
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continuous manner. Examples of a solvent as used in such a case 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; ester compounds, such as ethyl acetate; ketone· compounds such as 

5 acetone and methyl ethyl ketone; and cyclic ethers such as tetrahydrofuran and 

dioxane. However, it is preferable to use at least one kind selected from the group 

consisting of water and lower alcohols having 1 to 4 carbon atoms because of the . . 

solubility of the raw monomers and the copolymer as obtained. Among these, 

wa:ter is more preferable because the solvent-removing process can be omitted. 

10 When carrying out an aqueous polymerization. an aqueous polymerization 

initiator can be used as the radical polymerization initiator. Examples thereof 

include: persulfate salts such as ammonium persulfate, sodium persulfate and 

potassium persulfate; hydrogen peroxide; aqueous az<? initiators such as azo amidine 

compounds (for example, 2,2' -azobis-2-methylpropionamidine hydrochloride), 

15 cyclic azo amidine compounds (for exam.Ple, 

2,2' -azobis-2-(2-imidazolin-2-yl)propane hydrochloride), and · azonitriles (for 

· example, 2-carbam.oyl azoisobutyronitrile ). Jn this case, promoters can be used 

jointly, and examples thereof include: alkali metal hydrogensulfites such as sodium , 

hydrogensulfite, sodium metabisulfite, sodium hypophosphite, Fe (II) salts such as 

20 Mohr's salts, sodium hydroxymethanesulfite dihydrate, hydroxylamine 
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hydrochloride, thiourea, L-ascorbic acid (salt), ~d isoascorbic acid (salt). Among 

these, the combination 9f hydrogen peroxide and the promoters such as L-ascorbic 

acid (salt) is preferable. 

Jn addition, when canying out the solution polymerization in solvents 

5 such as atomatic or aliphatic hydrocarbons, ester compounds and ketone compounds, 

radical polymerization initiators such as peroxides (for example, benzoyl peroxide, 

lauroyl peroxide and sodium peroxide), hydroperoxides (for example, t-butyl . . 

hydroperoxide and cumene hydroperoxide), and azo compounds (for example, 

azobisisobutyronitrile). Jn this case, promoters such as amine compounds can be 

· · 10 used jointly. In addition," when using a solvent mixture of water and lower alcohol, 

a radical polymerization initiator (and a promoter) can be selected suitably among 

the above various racijcal polymerization initiators and combinations of the radical 

polymerization initiators and the promoters, and used. 

The bulk polymerization can be carried out by use of radica.J. 

15 polymerization initiators such as peroxides (for example, benzoyl peroxide, lauroyl 

p_eroxide and sodium peroxide), hydroperoxides (for example, t-butyl hydroperoxide 

and cumene hydroperoxide), and azo compounds (for exampJ.e, 

azobisisobutyronitrile ). 

When· the copolymeri.zation is carried out, the reaction temperature is not 

20 especially limited. · However, when the persulfate salt is used as an initiator, the 
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reaction temperature is, for example, fitly in the range of 40 to 90 °C, preferably 42 

to 85 °C, more preferably 45 to 80 °C. Jn addition, when the combination of 

hydrogen peroxide and L-ascorbic acid (salt) as a promoter is used as an initiator, 

the reaction temperature is, for example, fitly in the range of 30 to 9~ °C, preferably 

S 35 to 85 °C, more preferably 40 to 80 °C. 

When the copolymeri.zation is carried out, the polymerization tiiile is not 

especially limited. The polymepzation time is, ~or example, fitly in the nuige of 

0.5 to 10 hours, preferably 0.5 to 8 hours, more preferably 1 to 6 hours. Jn case 

where the polymerization time is longer or shorter than this range, there are 

10 disadvantages in that the polymerization ratio or the productivity is lowered. 

When the copolymeri.zation is carried out, the amount of the entirety of the 

comonomers as used is in the range of 30 to 90 weight %, preferably 40 to 93 

weight %, more preferably 50 to 90 weight %, particularly preferably 60 to 90 

weight%, of the entirety of raw materials including other raw materials. Jn case 

·ts where the amount of the entirety of the comonomers as·used is less than this range in 

particular, there are disadvantages in that the polymerization ratio or the productivity 

· is lowered. . 

An addition method for the monomer each is not especially limited. The 

. 
following metho.ds may be employed: a method whic~ comprises adding the entirety 

20 of the monomers into the reactor initially and collectively, a method which 
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comprises adding the entirety of the monomers into the reactor divisionally or 

continuously, or a method which comprises adding a portion of the monomers into 

the reactor initially and adding the remaining portion thereof into the reactor 

divisionally or continuously. Incidentally, the radical polymerization ·initiator may 

5 be initially added to the reactor, or added dropwise to the reactor. In ~dition the 

combination of these may be carried out in accordance with purposes. 

When the copolymerization is carried ~ut, chain-transfer agents ·can be 

used in order to adjust the molecular weight of the copolymer as obtained. 

Especially, the chain-transfer agents are effectively used when using acrylic acid as 

10 the above unsaturated monocarboxylic acid monomer .(bl) or (b2), and the 

chain-transfer agents are particularly effectively used when using the above 

unsatUrated {:i>oly)alkylene glycol ether monomer (al) and using acrylic acid as the 

above unsaturated monocarboxylic acid monomer (bl) or (b2). Examples of the 

chain-transfer agents include thiol chain-transfer agents such as mercaptoethanol, 

15 thioglycerol, thioglycolic acid~ 2-mercaptopropionic acid, 3-mercaptopropionic acid, 

thiomalic acid, octyl thioglycolate, octyl 3-mercaptopropionate and 

2-mercaptoethanesulfonic acid. Two or more kinds of the chain-transfer agents can 

also be Jointly u~. In addition, it is effective to use a high chain-transferable . 

monomer such as (meth)allyl sulfonic acid (salts) as monomer (c) in order to adjust 

20 the molecular weight of the copolymer. 
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n is important to continue· the copolymerization reaction stably in order to 

obtain a copolymer having a predetemiined molecular weight reproducibly. 

Therefore, when the solution polymerization is carried out, the concentration of 

dissolved oxygen in the solvent as used at 25 °C is preferably adjusted to not more 

5 than 5 ppm, more preferably in the range of 0.01 to 4 ppm, still more preferably 0.01 

to 2 ppm, most preferably 0.01 to 1 ppm. Incidentally, when the replacement of 

nitrogen is carried out after adding a monomer to a solvent, the concentration of 

dissolved oxygen in the system inclllding the monomer may be adjusted to the above 

range. 

10 Incidentally, the adjustment of the concentration of the dissolved oxygen · 

in the solvent may be carried out in_ the polymerization reactor, or a solvent of which 

dissolved oxygen amount is adjusted beforehand may _be used. Examples of a 

-method for removing oxygen in a solvent include the following meth<:><Is (1) to (5): 

(1) After packing an inert gas such as nitrogen into a sealed vessel 

15 including a solvent under compressed pressure, the pressure. in the sealed vessel is 

20 

lowered to lower the partial pressure of oxygen in the solvent. The pressure in the 

sealed vessel may be lowered in a stream of nitrogen. 

(2) While the gas phase of a vessel including a solvent is replaced with an 

inert gas such as nitrogen, a liquid phase is vigorously stirred for a long time. 

(3) An inert gas such as nitrogen bubbles in a s~lvent which is placed in a 

28 



vessel for a long time. 

(4) After a solvent is once boiled, it is cooled under an atmosphere of 

nitrogen. 

(5) A static mixer is placed on the way of piping, and an inert gas such as 

5 nitrogen is mixed with a solvent in the piping for transporting the solvent to a 

polymerization reactor. 

Copolymers (i) to (iv) as obtained in the_ above way may directly be used 

as a major component of the cement dispersant, even as they are. However, their 

pH is preferably adjusted to not lower than 5 in consideration of handling. The 

10 polymerization may be carried out in a pH of not lower than 5. However, the 

polymerization. ratio is lowered. At the same time, the copolymerizability is. 

deteriorated and the perfo~ce as a cement dispersant is lowered. Therefore, it is 

preferable· that the copolymerization reaction is carried out in a pH of lower than 5, 

and the pH is adjust to not lower than 5 after the copolymerization. The adjustment 

15 of the pH can be· carried out by using alkaline substances, such as inorganic salts (for 

example, hydroxides and carbonates of monovalent or divalent metals); ammonia; 

and organic amines. In addition, the concentration can be adjusted after 

completing the reaction if necessaiy. The above copolymers (i) to (iv) may be used 

alone in the form of an aqueous solution as a major component of the cement 

20 dispersant, or may be powdered and used by neutra.Jjzjng the copolymer with 
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hydroxides of a divalent metal such as calcium and magnesium to produce a 

multivalent metal salt thereof and drying thereafter, or by fixing the copolymer on 

inorganic powder such as silica fine powder and then drying. 

The cement dispersant, according to the present invention, essentially 

5 comprises any one of the above copolymers (i) to (i~). The con~nt of these 

copolymers (i) to (iv) is not especially limited in the cement dispersant according to 

the present invention. However, the content is preferably not less than 20 

weight %, more preferably not less than 40 weight %, of the solid content, namely 

nonvolatile content in the dispersant. 

10 The cement dispersant according to the present invention comprises a 

polyalkylene glycol preferably in the range of 1t<;>50 weight%, more preferably 2 

to 50 weight%, still more preferably 2 to 40 weight%, particularly preferably 3 to 

30 weight %, of the copolymer, in addition to the above copolymers (i) to (iv). 

When the cement dispersant further comprise$ the polyalkylene glycol, the 

15 di_spersant can improve worlcabili.ty of mortar or concrete furtheunore .. Jn case 

where the content of the polyalkylene glycol is less than 1 weight %, the effects of 

improving workability of mortar or concrete are .not enough. On the other hand, in 

.. 
case where the content is more than 50 weight%, there are disadvantages in that the 

dispersibility. to cement is lowered. 

20 As to the above polyalkylene glycol, its oxyalkylene group has fitly 2 to 
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18 carbon atoms, preferably 2 to 8 carbon atoms, more preferably 2 to 4 carbon 

atoms. Furthermore, it is necessary that the polyalkylene glycol be water-soluble. 

Therefore, a ~igh hydrophilic oxyalkylene group having 2 carbon atoms, namely, an 

oxyethylene group is preferably included essentially at least, and the oxyethylene 

group of not less . than 90 mol % is ·more preferably included. In addition, the 

repeating unit of the oxyalkylene group may be identical or different. If the 

oxyalkylene group is a mixture of two or more thereof, the repeating unit may be in 

any addition state, such as block addition, random addition, or alternating addition. 

In addition, the terminal group of the polyalkylene glycol is fitly a hydrogen atom, 

10 an alkyl group or an (alkyl)phenyl group having 1 to 30 carbon atoms, and it is 

preferably a hydrogen atom. In addition, the average molecular weight of the 

polyalkylene glycol is preferably in the range of 500 to 200,000, more preferably 

1,000 to 100,000, still more preferably 2,000 to 50,000. 

Examples of the polyalkylene glycol include: polyethylene glycol, 

15 polypropylene glycol, polyethylene polypropylene glycol, and polyethylene 

polybutylene glycol. It is necessary that the polyalkylene glycol be water-soluble. 

Therefore, the polyethylene glycol or polyethylene polypropylene glycol including a 

high hydrophilic oxyethylene group as an essential component is preferable, and the 

polyethylene glycol is the most preferable. · 

20 For examples, the cement dispersant further comprising the above 
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polyalkylene glycol can easily be obtained by using com.onomers including 

unsaturated (poly)alkylene glycol ether monomer (al) or (a2) which includes a 

polyalkylene glycol as an impurity. The above unsaturated (poly)alkylene glycol 

ether monomer (al) or (a2) can be obtained by adding an alkyle?e oxide to an 

5 unsaturated alcohol such as ally! alcohol, methallyl alcohol, and 3-buten-1-ol. 

When this addition reaction is cani.ed out and the reaction. system includes a 

compound having active hydrogen, such as a sa~ alcohol other than the above 

unsaturated alcohol (for example, meth~ol and ethanol), and water, a polyalkylene . 

glycol may be side-produced in addition to the aimed rinsaturated (poly)alkylene 

10 glycol ether monomer. The simplification of purifying process can be cani.ed out 

by not removing this side-produced polyalkylene glycol and using a product 

obtained by the addition reaction as it is, as a raw material. At the same time, the 

. cem~t dispersant as obtained comprises the copolymer and the polyalkylen.e glycol, 

and can further improve workability of mortar or concrete before hardenjng. 

15 The co~tent of the ·polyalkylene glycol contained as the impurity is fitly 

0.5 to 50 weight %, preferably 1 to 40 weight %, more preferably 2 to 30 weight %, 

still more-preferably 3. to 20 weight %, of the unsaturated (poly)alkylene glycol ether 

monomer. In case where the content of the polyalkylene glycol is more than 50 

weight %, there are disadvantages in that the concentration of the monomers are 

20 lowered and the polymerization ratio tends to be lowered when canying out the 
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polymerization. 

The cement dispersant, accoiding to tbe present invention, comprises the 

above unsaturated (poly)alkylene glycol ether monomer (al) or (a2) preferably in 

the range of 1 to 100 weight%, more preferably 2 to 100 weight %, still more 

5 preferably 3 ~ 90 weight %, particularly preferably 5 to 80 weight %, of the 

copolymer, other than the above copolymers (i) to (iv). The dispersant can further 

improve workability of mortar or concrete because ~f further comprising unsaturated 

(poly)alkylene glycol ether monomer (al) or (a2). In case where ·the eontent of 

unsaturated (poly)a1kylene glycol ether monomer (al) or (a2) is less than 1 weight %, 

10 the effects of improving worlmbility of mortar or concrete are not enough. On the 

. . 
· other hand, in case where the content is more than 100 weight %, there are 

disadvantages in that the dispersibility to cement is lowered. 

The cement dispersant further comprising the above unsaturated 

(poly)alkylene glycol ether monomer (al) or (a2) can easily be obtained by stopping 

15 the polymerization reaction at the time when the amount of unreacted unsaturated 

(poly)alkylene glycol ether monomer (al) or (a2) is 1 to 100 weight % of the 

produced copolymer when the copolym.erization is carried out to obtain the above 

copolymer (i) to (iv). Accoidingly, the resultant product comprises unsaturated 

(poly)alkylCJ;le glycol ether monomer (al) or (a2) in addition to the copolymer, and 

20 can display excellent dispersibility. The time when the polymerization reaction is 

33 



; 

~topped may be the time when the residual amount of unsatw:ated (poly)alkylene 

glycol ether monomer (al) or (a2) is preferably in the range of 2 to 80 weight%, 

more preferably 3 to 70 weight %, still more preferably 5 to 60 weight%, of the 

copolymer. In case where the polymerization reaction is stopped at the time when· 

5 the residual amount of unsaturated (poly)alkylene glycol ether monomer (al) or (a2) 

is less than 1 weight % of the copolymer, the effects of imp~ving workability of 

mortar or concrete are not enough. On the other hand, in case where the 

polymerization reaction is stopped at the time when the residual amount is more 

than 100 weight %, there are disadvantages in that the dispersibility to cement is 

10 lowered. 

The most preferred mode of the cement dispersant according to. the present 

invention is to comprise the above polyalkylene glycol and the above unsaturated 

(poly)alkylene glycol ether monomer (al) or (a2) together in the above ratio. The 

dispersant is extremely excellent in workability of mortar or concrete because of 

15 comprising both these c.omponents. 

The cement dispersant, according to the present invention, can be used for 

various hydraulic materials, namely, cement, or hydraulic materials other than 

cement, such as gypsum. Then, examples of the hydraulic composition comprising 

the hydraulic material, water and the cement dispersant according to the present 

20 invention, and if necessary, further comprising fine aggregates (for example, sands) 
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or coarse aggregates (for example, crushed stones) include cement paste, mortar, 

concrete and plaster. 

Among the above exemplified hydraulic compositions, a cement 

composition comprising cement as a hydraulic material is the most general. Such 

5 the cement composition, according to the present invention, comprises: the cement 

dispersant according to the present invention, cement, and water as essential 

components. 

The cement as used in the cement composition is not especially limited. 

Examples thereof include portland cement (such as standani types, 

10 high-early-strength types, ultra-high-early-strength types, moderate heat types, 

sulfate-resistant types and low alkali types thereof); various mixed cement (such as 

blast furnace cement, silica cement and fly ash cement); white portland cement; 

alumina cement; ultra rapid hardening cement (such as 1 clinker rapid haidening 

cement, 2 clinker rapid hardening cement and magriesium phosphate cement); grout 

15 cement; oil-well cement; low calorific cement (low-calori~c type blast fumace 

·cement, fly ash mixed low-calorific type blast. fumace cement and much belite 

containing cement); ultra-high strength cement; cement type solidifiers; and 

ecological cement (such as cement produced from at least one raw material seleeted 

from the group consisting of ash from an urban garbage furnace and ash from an 

20 sewage garbage furnace). In addition, fine powder such as blast furnace slag, fly 
. . 
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ash, cinder ash, clinker ash, husk ash, silica fume, silica powder and limestone 

powder; or gypsum can be added. In addition, refractory aggregates such as silica, 

clay, zircon, high alumina, silicon carbide, carbo~ chromate, chrome magnesite and 

magnesia, can be used as the aggregates, other than gravel, · cracked stones, 

5 water-granulated sia:g and recycled aggregates. 

In the cement composition according to the present invention, there is no 

especial limitation with regard to the unit water am~unt and the amount of cement as 

used per 1 m
3
, and the ratio of watedcement. The unit water amount of 100 to 185 

3 3 
kg/ m , preferably 120 to 175 kg/ m , and the amount of cement as used of 250 to 

10 800 kg/ m
3
, preferably 270 to 800 kg/ m

3
, and the ratio of watedceme~t (weight 

ratio) of 0.1 to 0.7, preferably 0.2 to 0.65 are reco:mm,ended. The above amount 

and ratio can be a~plied t~ broad range such as a little to much combination, and is 

effective to both high strength concrete having much unit cement amount and a little 

combining concrete having the unit cement amount of 300 kg/ m
3 

or less. 

15 In the cement comp0sition according to the present invention, the ratio of 

the cement dispersant according to the present invention is not especially limited, 

but when the cement dispersant is used for mortar or concrete containing hydraulic 

cement, the cement dispersant may be added in an amount that adjusts the ratio of 

0.01 to 10 weight %, preferably 0.02 to 5 weight %, more preferably 0.05 to 3 

20 weight %, of the weight of the ceiilent. Preferred various effects such as reducing 
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the unit water amount, increasing strength and improving durabilitj can be caused 

by adding the cement dispersant. In case where the ratio is less than 0.01 weight%,· 

it is not sufficient to the performance. On the other hand, even if the cement . 

dispersant is used much with the ra.1;io of more than 10 weight %, the effects 

5 substantially reaches the uppermost limit and it is disadvantageous in ·view of 

economy. 

In addition, the cement composition, according to the present invention, is 

effective to concrete for secondary concrete product, centrifugal· molded ·concrete, 

vibrational tightened concrete, steam cured concrete and spraying concrete. 

10 Furthermore, the cement c~mposition is also effective to mortar and concrete 

necessacy to have high fluidity, such as high flowing concrete, self-filling concrete 

· and self-leveling agents. 

The cement composition, according to the present invention, may 

. comprise a conventional cement dispersant. The conventional cement dispersant 

15 that can be used, is not especially limited, but examples thereof include various 

sulfonic acid dispersants having a sulfonic acid group in the molecules and various 

polycarboxylic acid dispersants having a polyoxyalkylene chain and a carboxylic 

acid group in the molecules. Examples of the various sulfonic acid dispersants 

include: ligninsulfonic acid salts; polyol derivatives; naphthalenesulfonic 

20 acid-formalin condensation products; melaminesulfonic acid-formalin condensation 
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. products; polystyrenesulfonic acid salts; and aminosulfonic compounds, such as 

aminoaiylsulfonic acid-phenol-formaldehyde condensation products. In addition, 

examples of the various polycarboxylic acid dispersants include: a copolymer 

obtained by copolymerizing comonomers including a polyalkylene glycol 

5 mono(meth)acrylic acid esteJ;" monomer having a polyoxyalkylene chain obtained by 

adding an alkylene· oxide with 2 to 18 carbon atoms with the average addition 

number of moles of 2 to 300, and a (meth)acrylic acid monomer as essential 
. . 

components; a copolymer obtained by copolymerizing comonori:ters includiiig three 

kinds of monomers consisting of a polyalkylene glycol mono(meth)acrylic acid ester 

10 monomer having a polyoxyalkylene chain obtained by adding an alkylene oxide 

with 2 to 3 carbon atoms with the average.addition number of moles of 2 to 300, a 

(meth)acrylic acid monomer, and (meth)acrylic acid alkyl ester as essential 

components; a copolymer obtained by copolymerizing comonomers including three 

~ds of monomers consisting of a polyalkylerie glycol mono(meth)acrylic acid ester 

15 monomer having a polyoxya]kylene chain obtained by adding an alkylene oxide 

with 2 to 3 camon atoms with the average addition number of moles of 2 to 300, a 

(meth)acrylic acid monomer, and (meth)allylsulfonic acid (salts thereof) (or, either 

vinylsulfonic acid (salts thereof) or . p-(meth)ally~oxybenzenesulfonic· acid (salts 

thereot)) as essential components; a graf'.ted copolymer obtained by copolymerizing 

20 comonomers including three kinds of monomers consisting of a polyalkylene glycol 
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mono(meth)ac:cylic acid ester monomer having a polyoxyalk:ylene chain obtained by 

adding ethylene oxide with the average addition number of moles of 2 to 50, a 

(meth)acrylic acid ·monomer, and (meth)allylsulfonic acid as essential component to 

obtain a copolymer, and further graft polymerizing the copolymer with 

5 (meth)ac:cylam.ide and/or 2-(meth)ac:cylam.ido-2-methylpropanesulfonic acid; a 

copolymer' obtained by copolymerizing comonomers mcluding four kinds of 

monomers consisting of a polyethylene glycol mono(meth)ac:cylic acid ester 

monomer having a polyoxyalkylene chain obtained by adding ethylene oxide with 

the average addition number of moles of 5 to 50, a polyethylene glycol 

10 mono(meth)allyl ether monomer having a polyoxyalkylene chain obtained by adding 

ethylene oxide with the average addition number of moles of 1 to 30, a (meth)acrylic 

acid monomer, and (meth)allylsulfonic acid (salts thereof) (or 

p-(meth)allyloxybenzenesulfonic acid (salts thereof)) as essential components; a 

copolymer obtained by copolymerizing comonomers including a polyalkylene 

15 glycol mono(meth)allyl ether monomer. having a .polyoxyalkylene chain obtained by 

add;ng an alkylene oxide with 2 to 18 carbon atoms with the average addition 

number of moles of 2 to 300, and a maleic acid monom~r as essential components; a 

copolymer obtained by copolymerizing comonomers including a polyalkylene 

glycol mono(meth)allyl ether monomer having a polyoxyalkylene chain obtained by 

· 20 adding an alkylene oxide with 2 to 4 carbon atoms with the avemge addition number 
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of moles of 2 to 300, and a polyalkylene glycol maleic acid ester monomer as 

essential components; and a copolymer obtained by copolymerizing comonomers 

including a polyalkylene glycol 3-methyl-3-butenyl ether monomer having a 

polyoxyalk:ylene chain obtained by adding an alkylene oxide with 2 to 4 carbon 

5 atoms with the average addition number of moles of 2 to 300, and a maleic acid 

monomer as essential components. These conventional cement dispersants can be 

jointly used in plural. 

Incidentally, when the above conventional cement dispersant is jointly 

used, .the mixing ratio by weigh~. of the present invention dispersant to the 

10 conventional cement dispersant is in the range of (5 to 95): (95 to 5), preferably (10 

to 90) : (90 to 10), though not uniformly determinable, because of depending_ on 

differences in factors such as. kind of the conventional cement dispersant as used, 

composition, and test conditions. 

Furthermore, the cement composition according to the present invention 

15 can comprise other conventional cement additives (materials to add to cement) (1) to 

{20) as exemplified below: 

(1) water-soluble high-molecular substances, for example: unsaturated 

carboxylic acid polymers such as poly(acrylic acid) (or its sodium salt), 

poly(methacrylic acid) {or its sodium salt), poly(maleic acid) {or its sodium salt), 

20 and sodium salts of acrylic acid-maleic ~id copolymers; nonionic cellulose ethers 
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such as methyl cellulose. ethyl cellulose, hydroxymethyl cellulose, hyctroxyethyl 

cellulose, carboxymethyl cellulose, carboxyethyl cellulose, and hydroxypropyl 

cellulose; p9lysaccharide denvatives, of which a portion or the entirety of hydrogen 

atoms of alkylated or hydroxyalkylated polysaccharides such as methyl cellulose, 

5 ethyl cellulose, and hydroxypropyl cellulose is replaced with a hydrophobic 

substituent having a hydrocarbon chain with 8 to 40 carbon atoms as a partial 

structure and an ionic hydrophilic substituent incl~ding a sulfonic acid group or a 

salt thereof as a partial stmcture; polysaccharides produced by microbiological 

fermentation such as yeast glucan, xanthane gum. and p-1.3 glucans (which may be 

10 either a linear or branched chain type and of which examples include curdlan, 

paramylon, pacciman, scleroglucan and laminaran); polyacrylamide; polyvinyl 

alcohol; stal'ch; starch phosphate; sodium alginate; gelatin; and acrylic acid 

copolymers having an amino group in their molecules and their quatemized 

compounds; 

15 (2) high-molecular emulsions, for example: copolymers of various vinyl 

monomers such as alkyl (meth)acrylates; 

(3) retarders, for example: oxycarboxylic acids such as gluconic acid; 

· glucoheptonic acid, arabonic acid, malic acid or citric acid, and their inorganic or 

organic salts of sodium,. potassium, calcium, magnesium, ammonium and 

20 triethanolamine; saccharides, for example, monosaccharides such as glucose, 
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fructose, galactose, saccharose, xylose, apiose, ribose, and isomerized saccharides, 

or oligosaccharides such as disaccharides and trisaccharides, or oligosaccharides 

such as dextrin, or polysaccharides such as dextran, or molasses including thein; 

sugar alcohols such as soibitol; magnesium silicojluoride; phosphoric acid and its 

5 salts or borates; aminocaiboxylic acids and its salts; alkali-soluble proteins; fumic 

acid; tannic acid; phenol; polyhydrlc alcohols such as glycerol; and phosphonic 

acids and derivatives thereof, such as amin~(methylenephosphonic acid), 

1-hydroxyethylidene-1,1-diphosphonic 

ethylenediaminetetra(methylenephosphonic 

acid, 

acid), 

10 diethylenetriaminepenta(methylenephosphonic acid), and their alkalin~ metal salts 

and alkaUne earth metal salts; 

(4) high-early-strength agents and promoters, for example: soluble 

calcium salts such as calcium chloride, calcium nitrite, calcium nitrate, calcium 

bromide, and calcium iodide; chlorides such as iron chloride and magnesium 

15 chloride; sulfates; potassium hydroxide; sodium hydroxide; carbonic acid salts; 

thiosulfates; formic acid and formates such as calcium formate; alkanol amines; 

alumina cement; and calcium aluminate silicate; 

(5) mineral oil base defoaming agents, for example: kerosine and liquid 

paraffin; 

20 (6) oils-and-fats base defoaming agents, for example: animal and plant oils, 
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sesame oil, castor oil and their alkylene oxide adducts; 

(7) fatty acid base defoaming agents, for example: oleic acid, stearic acid 

and their alkylene oxide ¢ducts; 

(8) fatty acid ester base defoaming agents, for example: glycerol 

5 . monoricinolate, alkenyl succinic acid derivatives, sorbitol monolaura.te, sorbitol 

trioleate, and natural wax; 

(9) oxyalkylene base defoaming agents~ for example: polyoxyalkylenes 
. . 

such as (poly)oxyethylene (poly)oxypropylene adducts; (poly~xyalkyl ethers such 

as diethylene glycol heptyl ether, polyoxyethylene oleyl ether, polyoxypropylene 

10 butyl ether, polyoxyethylene polyoxypropylene 2-ethylhexyl ether, and adducts of 

oxyethylene oxypropylene to higher alcohols with. 12 to 14 carbon atoms; 

(poly)oxyalkylene (alkyl) aryl ethers such as polyoxypropylene phenyl ether and 

polyoxyethylene nonyl phenyl ether; acetylene ethers as formed by addition 

polymerization of alkylene oxides to acetylene alcohols such as 

15 2,4,7,9-tetramethyl-5-decyne-4,7-diol, 2,5-dimethyl-3-hexyne-2,5-diol, and 

3-methyl-1-butyn-3-ol; (poly)oxyalkylene fatty acid esters such as diethylene glycol 

oleic acid ester, diethylene glycol !auric acid ester, and ethylene glycol distearic 

acid; (poly)oxyalkylene sorbitan fatty acid esters such as (poly)oxyethylene sorbitan 

monolauric acid ester and (poly)oxyethylene sorbitan trioleic acid ester; 

20 (poly)oxyalkylene alkyl (aryl) ether sulfuric acid ester salts such as sodium 
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.· 

polyoxypropylene methyl ether sulfate, and sodium polyoxyethylene dodecylphenol 

ether sulfate; (poly)oxyalkylene alkyl phosphoric acid esters such as 

(poly)oxyethylene steacyl phosphate; (poly)oxyalkylene alkylamines such as 

. polyoxyethylene laurylamine; and polyoxyalkylene amide; 

(10) alcohol base defoaming agents, for example: octyl alcohol, hexadecyl 

alcohol, acetylene alcohol, and glycols; 

(11) amide base defoaming agents, for eX:alD.ple: acrylate polyamines; 

(12) phosphoric acid ester base defoaming agents, for example: tributyl 

phosphate and sodium octyl phosphate; 

(13) metal soap base defoaming agents, for example: aluminum steara.te 

and c8lcium oleate; 

(14) silicone base defoaming agents, for example: dimethyl silicone oils, 

silicone pastes, silicone emulsions, organic-denatured polysiloxanes 

(polyorganosiloxanes such as dimethyl polysiloxane), and fluorosilicone oils; 

15 (15) AE agents, for example: resin soap, saturated or unsaturated fatty 

acids, sodium hydroxystearate, lauryl sulfate, ABS (alkylbenienesulfonic acids), 

LAS (linear alkylbenzenesulfonic acids), alkanesulfonates, polyoxyethylene alkyl 

(phenyl) ethers, polyoxyethylene alkyl (phenyl) ether sulfuric acid esters or its salts, 

polyoxyethylene alkyl (phenyl)· ether phosphoric acid esters or its salts, protein 

20 materials, alkenylsulfosuccinic acids, and cx-olefinsulfonates; 
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(16) other surfactants, for example: polyalkylene oxide derivatives as 

formed by addition of 10 mol or more of alkylene oxides, such as ethylene oxide and 

propylene oxide, to aliphatic monohyd.ric alcohols with 6 to 30 carbon atoms in the 

molecules, such as octadecyl alcohol and stearyl alcohol, or to alicyclic monohyd.ric 

5 alcohols with 6 to 30 carbon atoms in the molecules, such as abiethyl alcohol, or to 

monovalent mercaptans with 6 to 30 carbon atoms in the molecules, such as dodecyl 

mercaptan, or to alkylphenols with 6 to 30 carboD: atoms in the molecules, such as 

nonylphenol, or to amines with 6 to 30 carbon atoms in the molecules, such as 

dodecylamine, or to carboxylic acids with 6 to 30 carbon atoms in the molecules, 

10 such as lauric acid and stearic acid; alkyl diphenyl ether sulfonates as formed by 

ether-oonding of two ppenyl groups having a sulfonic acid group, which may have 

an alkyl or alk.oxy group as a substituent; various . kinds of anionic surfactants; 

various kinds of cationic surfactarits such as alkylamine acetate and 

alkyltrimethylammonium chloride; various kinds of nonionic surfactants; and 

15 various kinds of amphoteric surfactants; · 

20 

(17) watexprooting agents, for example: fatty acids (or their salts), fatty 

acid esters, oils and fats, silicone, paraffin, asphalt, and wa.X; 

(18) anticorrosives, for example: nitrous acid salts, phosphoric acid salts, 

and zinc oxide; 

(19) fissure-reducing agents, for example: polyoxya1kyl ethers; and 
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(20) swelling materials, for example: ettringite base and coal base ones. 

Examples of yet other conventional cement additives (materials to add to 

cement) include: cement humectants, thickeners, separation-decreasing agents, 

:flocculants, dry-shrinkage-diminishing agents, strength-enhancing agents, 

5 self-levelling agents, anti.corrosives, colorants, and moldproofing agents. The 

above conventional cement additives (materials to add to cement) can be jointly 

used in plural. 

In the cement composition according to the present inv~ntion, examples of 

espeeially preferable embodiments. as to the components other than the cement and 

10 water include the following 1) to 7): 

1) A combination comprising the following two essential components: (1) 

the cement disp_ersant according to the present invention and (2) the oxyalkylene 

base defoaming agent. Incidentally, the mixing weight ratio of (2) the oxyalkylene 

base defoaming agent is preferably in the range of 0.01 to 10 weight% of (1) the 

15 cement dispersant. 

2) A combination comprising the following three essential components: 

(1) the cement dispersant according to the present invention, (2) the copolymer 

obtained by copolymerizing comonomers including a polyalk.ylene glycol 

mono(meth)acrylic acid ester monomer having a polyoxya1kylene chain obtained by 

20 adding an alk.ylene oxide with 2 to 18 carbon atoms with the average addition 
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number of moles of 2 to 300 and a (meth)acrylic acid monomer (refer to 

JP-B-18338/1984, JP-A-223852/1995, and JP-A-241056/1997), and (3) the 

oxyalkylene base defoaming agent. Incidentally, the mixing weight ratio of (1) the 

cement dispersant to (2) the copolymer is preferably in the range of (5 to 95):(95 to 

5 5), more preferably (10 to 90):(90 to 10). Incidentally, the mixing weight ratio of 

(3) the oxyalkylene base defoaming agent is preferably in the range of 0.01 to 10 

weight% of the total of (1) the cement dispersant ~d (f) the copolymer. 

3) A combination comprising the following two essential components: (1) 

the cement dispersant according to the present invention and (2) the sulfonic acid 

10 dispersant having a sulfonic acid group in the molecule. Examples of the sulfonic 

acid dispersant include: ligninsulfonic acid salts; naphthalenesulfonic acid-fonnalin 

condensation products; melaminesulfonic acid-fonnalin condensation products; 

polystyrenesulfonic acid salts; and aminosulfonic compounds, such as 

aminoarylsulfonic acid-phenol-fonnaldehyde condensation products. Incidentally, 

15 the mixing weight ratio of (1) the cement dispersant to (2) the sulfonic acid 

dispersant is preferably in the range of (5 to 95):(95 to 5), m<?re preferably (10 to 

90):(90 to 10). 

4) A combination comprising the following two essential components: (1) 

the cement dispersant according to the present inventi.911 and (2) a ligninsulfonic 

20 acid salt. Incidentally, the mixing weight ratio of (1) the cement dispersant to (2) 
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the ligninsulfonic acid salt is preferably in the range of (5 to 95):(95 to 5), more 

preferably (10 to 90):(90 to 10). 

5) A combination comprising the following two essential components: (1) 

the cement dispersant according to the present invention and (2) a material 

5 separation-decreasing agent. Incidentally, examples of the material 

separation-decreasing agent that can be used include: various thickeners such as 

nonionic cellulose ethers, and a compound having ~ hydrophobic substituent having 

a hydrocarbon chain with 4 to 30 carbon atoms and a polyoxyalk:ylene chain 

obtained by adding an alkylene oxide with 2 to 18 carbon atoms with the average 

10 addition number of moles of2 to 300 as partial structures. Incidentally, the mixing 

weight ratio of (1) the cement dispersant to (2) the material separation-decreasing 

agent is preferably in the range of (10 to 99.99):(90 to 0.01), more preferably (50 to 

99.9):(50 to 0.1). The cement composition according to this combination is 

15 

. preferable as high flowing concrete, self-filling concrete and self-leveling agents. 

6) A combination comprising the following two essential components: (1) 

the cement dispersant according to the present invention and (2) the retarder. 

Examples of the retarder that can be used include: oxycarboxylic acids such as 

gluconic acid (salt thereof) and citric acid (salt thereof), saccharides such as glucose, 

sugar alcohols such as sorbitol, and phosphoric acid such as 

20 aminotri(methylenephosphonic acid). Incidentally, the mixing weight ratio of (1) 
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the cement dispersant to (2) the retarder is preferably in the range of (50 to 99.9):(50 

to 0.1), more preferably (70 to 99):(30 to 1). 

7) A combination comprising the following two essential components: · (1) 

the cement dispersant according to the present invention and (2) the promoter. 

5 Examples of the promoter that can be used include: soluble calcium salts such as 

calcium chloride, calcium nitrite and calcium nitrate; chlorides such as iron chloride 

and magnesium chloride; thiosulfates; and formic B?id and formates such as calcium 

formate. Incidentally, the mixing weight ratio of (1) the cement dispersant to (2) 

the promoter is preferably in the range of (10 to 99.9):(90 to 0.1), more preferably 

10 (20 to 99):(80 to 1). 

(Effects and Advantages of the Invention): 

The cement dispersant, according to the present invention, can display 

high dispersibility with a small addition amount and excellent dispersibility 

particularly even in a high water-reducing ratio area. 

15 In addition, the cement compo$ition comprising the cement dispersant, 

acco~ to the present· invention, displays excellent fluidity and can improve 

hindrances when canying out the execution. . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, the present invention is more specifically illustrated by the 

· 20 following examples of some preferred embodiments. However, the present 
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invention is not limited thereto. Incidentally, in the examples, comparative 

example, and tables, unless otherwise noted, the units "part(s)" and "%" denote 

those by weight. 

Jn the production examples, the production amount of the side-produced 

5 polyalkylene glycol when producing the unsaturated polyalkylene glycol ether 

monomer is measllred under the following condition. 

10 

15 

20 

<Measurement condition of production ~ount of polyalk.ylene glycol > 

. Instrument: 

Detector: 

Eluent: 

Columns: sort: 

Denko Co., Ltd. 

LC-10 made by Shimadzu 

RI detector (Hif ACHI 3350 RI MONITOR) 

kind: ion-exchanged water 

flow rate: 1.5 ml/min 

Shodex GF-310 (4.6 x 300 mm) made by Showa 

Temperature: 40 °C 

The reaction ratio of each monomer and the weight-average molecular 

weight of the resultant copolymer in the ·examples and comparative examples were 

measured under the following condition . 

. <Measurement condition of reaction ratio of each monomer> 

Instrument: Borwin made by Nippon Bunko 

Detector: RI detector (HrrAClll 3350 RI MONlfOR) 
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Eluent: kind: acetonitrile/aqueous solution containing 

phosphoric acid of0.1 % and ion-exchanged water= 50/50 (vol%) 

flow rate: 1.0 ml/min 

· Columns: sort: 

5 Tosho Corporation 

ODS-120T+ODS-80Ts (4.6 X250 mm each) made by 

10 

Temperature: 40 °C 

<Measu~ent condition of weight-average molecular weight of 

copolymer> 

Instrument: WatersLCMl 

Detector: RI detector (Waters 410) 

Eluexit: kind: acetonitrile/ aqueous _solution containing sodium 

acetate of 0.05 M and ion-exchanged water = 40/60 (vol % ), its pH was adjusted to 

6.0 by acetic acid. 

flow rate: 0.6 ml/min 

15 Columns: sort: TSK-GEL G4000SWXL + 03000SWXL + 

20 

G2000SWXL + GUARD COLUMN ('1.8 x 300 mm and 6.0 x 40 mm each) made by 

Tosho Corporation 

Temperature: 40 °C 

Calibration curve: standardized by polyethylene glycols 

<Example 1-1> 
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A glass reactor with a thermometer, a stiirer, a dropping funnel, and a 

reflux condenser was charged with 50.6 parts of ion-exchanged water and 158.6 

parts of unsaturated alcohol (produced by an addition reaction of 50 mols of 

ethylene oxide to methallyl alcohol, as an ~saturated polyalkylene glycol ether 

5 monomer), and then they were heated to 65 °C. Thereto, 0.8 parts of aqueous 

hydrogen peroxide solution of 30 % was added. Then, a mixture of 21.4 parts of 

acrylic acid and 8.6 parts of ion-exchanged water, and a mixture of 0.78 parts of 

3-mercaptopropionic acid and 29.2 parts of ion-exchangCd water were separately 

added to the reactor over a period of 3 hours. At the same time, a mixture of 0.3 

10 parts of L-ascorbic acid and 29.7 parts of ion-exchanged water was added to the 

reactor over a period of 3 .5 hours. Thereafter, the temperature was subsequently 
. . 

. kept at 65 °C for 60 minutes to complete a polymerization reaction, and the resultant 

reaction mixture was neutralized with an aqueous sodium hydroxide solution at not 

higher than the polymerization temperature (65 °C), thus obtainirig cement 

15 dispersant (1-1) according to the present inventio~ comprising an aqueous solution 

of a polymer with a weight-average molecular weight of 27 ,800. 

<Bxaml>les 1-2 and 1-3, Examples 3-1 to 3-3, Comparative Examples 1-1 

to 1-3, and Comparative Examples 3-1to3-3> 

Cement dispersants (1-2) and (1-3), and (3-1) to (3-3), and comparative 

20 cement dispersants (Cl-1) to (Cl-3) and (C3-1) to (C3-3) according to the present 
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invention each comprising an aqueous solution of a polymer with a weight-average 

molecular weight listed in Table 1, ~ere obtained in the same way as of Example 

1-1 except for changing: the amount of the ion-exchanged water initially introduced; 

the kind and amount of the unsaturated polyalkylene glycol ether monomer; the 

5 amount of the maleic acid; the amount of the aqueous hydrogen peroxide solution of 

30 %; the amount of the acrylic acid and ion-exchanged water each in the mixture; 

the amount of the 3-mercaptopropionic acid and ion-exchanged water each in the 

mixture; the amount of the L-ascorbic acid and ion-exchanged ·water each in the 

mixture; and the polymerization reaction temperature (each temperature from adding 

10 the aqueous hydrogen peroxide solution of 30 % to completing the polymerization 

reaction) in the way as sh~~ in Table 1. Incidentally, the ·maleic acid was initially 

introduced together with the unsaturated polyalkylene glycol ether monomer. 
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Examole 1-1 
Example 1-2 
Examole 1-3 
Examole3-1 
Bxample3-2 
Examole3-3 
Comparative 
Examole 1-1 
Comparative 
Bxamnle 1-2 
Comparative 
R.nmnle 1-3 
Comparative. 
R:ramnle 3-l 
Comparative 
Bxamole3-2 
Comparative 

. Examole 3-3 

Unsaturated 
polyalkylene glycol 

ether monomer 

Kind Part 
MAL-50BO 1S8.6 
MAL-50EO 159.1 
3BL-50BO 158.6 
AL-SOEO 165.9 
AL-75BO 165.9 
AL-75BO .166.2 
AL-25EO 158.6 

MAL-50EO 166.6 

3BL-50EO 1'9.6 

AL-50EO 74.3 

AL-25EO 165.9 

AL-SOBO 166.6 

Ion-· 
exchanged 
water as 
initially 

introduced 
Part 

. 50.6 
40.l 
48.1 
41.7' 
41.9 
35.2 
77.5 

89.6 

87.8 

46.4 

71.0 

88.3 

Maleic Acrylic Dissolved 
acid · acid ion-

exchanged 
water 

Part Part Part 
21.4 8.6 

10.2 10.8 19.2 
- 21.4 8.6 
- 14.1 15.9 
- 14.1 15.9 

6.7 7.1 22.9 
- 21.4 8.6 

13.4 - -
20.4 - -
- 105.7 -
- 14.1 15.9 

13.4 - -

Table 1 

,, 
Aqueous 3- Dissolved L- Dissolved Polymeriiation Cement Weight-
hydrogen Mercapto water ascorbic ion- reaction dispersant average 
peroxide propionic acid exchanged temperature molecular 
solution acid water weight 

Part Part Part Part Part oc 
0.8 0.78 29.2 0.3 29.7 65 1-1 27.800 

·0.1 0.33 29.7 0.3 29.7 65 1-2 29.100 
3.3 0.27 29.7 1.3 28.7 80 1-3 30.300 
2.4 0.20 29.8 1.0 29.0 80 3-1 32.700 
2.2 0.26 29.7 0.9 29.1 80 3-2 30.300 
1.9 0.11 29.9 0.7 29.3 80 3-3 28.100 
3.9 - - 1.5 28.S 80 Cl-1 19.700 

0.4 - - 0.2 29.8 65 Cl-2 31,100 

2.2 - - 0.9 29.1 60 Cl-3 19,800 

13.6 6.37 23.6 5.3 24.7 80 C3-1 29.600 

3.1 - - 1.2 28.8 80 C3-2 20,300 

1.7 - - 0.7 29.3 60 C3-3 21,700 



Incidentally, the following abbreviations were used in Table 1. 

MAL-50EO: Unsaturated alcohol produced by an addition reaction of 50 mols 

of ethylene oxide to methallyl alcohol 

3BL-50EO: UnsatUiated. alcohol produced by an addition reaction of 50 mols 

5 of ethylene oxide to 3~buten-1-ol 

AL-50EO: Unsaturated alcohol produced by an addition reaction of 50 mols 

of ethylene oxide to allyl alcohol 

AL-75EO: Unsaturated alcohol produced by an addition reaction of 75 mols 

of ethylene oxide to ally! alcohol 

10 AL-25EO: Unsaturated alcohol produced by an addition reaction of 25 mols 

of ethylene oxide to ally! alcohol 

(Measurement of mortar flow value) 

Mortar was prepared by use of the resultant cement dispersants (1-1) ·to 

(1•3) and (3-1) to (3-3) according to the present invention and comparative cement 

15 dispersants (Cl-1) to (Cl-3) and (C3-l) to (C3-3) in the above way, and then the 

following mortar test was carried out. Incidentally, the temperatures of all the 

materials as used in the mortar test were adjusted to 25 °C respectively, and the 

mortar test was camed out in an atmosphere of 25°C. The materials as used in the 

test and the combination thereof were shown in either below. 

20 (Combination A) First, 800 g of normal portland cement (produc~ by 
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Pacific Cement Co .• Ltd.). 400 g of Toyoura standaro sand. and 205 g of 

ion-exchanged water containing each cement dispersant (the weight ratio of 

water/cement is 0.256. Incidentally. the amount of the dispersant as added each 

(weight % of solid content of the dispersant to cement) was shown in Tables 2 and 

s 3. 

(Combination B) First, 600 g of normal portland cement (produced by 

Pacific Cement Co .• Ltd.), 600 g of Toyoura_ standard sand, and 240 g of 

ion-exchanged Wa.ter containing each cement dispersant (the weight ratio of 

water/cement is 0.400. Incidentally, the amount of the di~ersant as added each 

10 (weight % of solid content of the dispersant to cement) was shown in Tables 2 and 

3. 

Jn the first place, only the cement and the sand were mixed for 30 seconds 

at a low speed by use of HOBART-type mortar mixer (made by HOBART 

Coiporation, N-50). Then, the ion-exchanged water containing the cement 

15 dispersant was added thereto, and the resultant mixture. was kneaded for 3 minutes at 

a middle speed, thus obtaining mortar. 

The resultant mortar was filled into a hollow cylinder having 55 mm in 

both diameter and height arid placed on a horizontal table. Five minutes passed 

after the kneading was started, and the cylinder was lifted in perpendicular. Then, 

20 the long and short diameters (mm) of the mortar as spread on a table were measnred, 

56 



and the average value thereof was reganled as the mortar flow value (mm). The 

results are shown in Tables 2 and 3. 

(Measurement of hardening time) 

Cement paste was prepared by use of the resultant cement_ dispersants 

5 (3-1) to (3-3) according to the present invention and comparative cement dispersants 

(C3-1) to (C3-3) in the above way, and then the hardening time was measured by the 

following method. Incidentally, the measurem~nt each was carried out in an 

atmosphere of 25°C by use of the materials of which temperatures were adjusted to 

25 °C. 

10 

15 

First, cement paste was prepared by kneading 1,000 g of normal portland 

cement (produced by Pacific Cement Co., Ltd.) and 256 g of ion-exchanged water 

containing 3 g of each cement dispersant in terms of solid content (the weight ratio 

of water/cement is 0.256) for 3 minutes at a middle speed by use of HOBART-type 

mortar mixer (made by HOBART Corporation, N-50). 

The resultant cement paste was immediately added to a glass bottle in a 

capacity of 300 ml covered with a_heat insulator, and a thermometer was fixed in the 

center of the cement paste to measure temperature changes of the cement paste with 

the passage of time. The necessm:y .time from the beginning of kneading until 

reaching the highest temperature due to heat of hantening was regarded as the 

20 haniening time. The results are shown in Table 3. 
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Table2 

Cement Dispersant Combination Amount of cement Mortar flow value (mm) 

dispersant as added (%) 

1-1 A 0.20 163 

1-2 A 0.20 147 

1-3 B 0.18 169 

Cl-1 A 0.20 59 

Cl-2 A 0.20 70 

Cl-3 B 0.18 71 

From Table 2, it would be understood that the mortar obtained by adding: 

either comparative cement dispersant (Cl-1) wherein an unsaturated polyalkylene 

5 glycol ether monomer having an alkenyl group with carbon atoms of 3 (ally! group) 

is used; or comparative cement dispersant (Cl-2) or (Cl-3) wherein an acrylic acid 

(salt} is not included as a monomer component? cannot give a sufficient mortar flow 

value. However, it would be understood that the mortar obtained by adding each 

cement dispersant according to the present invention gives a higher mortar flow 

· 10 value. 
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Table3 

Cement Combination Amount of cement Mortar flow value Hardening time 

Dispersant dispersant as added(%) (mm) (hour) 

3-1 .A 0.30 151 12.1 

3-2 A 0.30 137 9.8 

3-3 A 0.30 124 9.3 

C3-l A 0.30 59 lmpossible·to measure 

C3-2 A 0.30 80 12.3. 

C3-3 A 0.30 71 12.6 

From Table 3, it would be understood that the mortar obtained by adding: 

either comparative cement dispersant (C3-1) wherein the unsaturated 

5 monocarboxylic acid monomer accounts for more than 50 weight % of the entireiy 

of the comonomers; comparative ceinent dispersant (C3•2) wherein the average 

addition number of moles of the oxyalkylene group is 25; or comparative cement 

dispersant (C3-3) wherein an accylic acid (salt) is not included as a monomer 

component, cannot give a sufficient mortar flow value. However, it would be 

10 understood that the mortar obtained by adding each cement dispersant according to 

the present invention gives a higher mortar flow value. In addition, it would be 

understood that: the larger the average addition number of moles is, the faster the 

haidening time is, in comparison with cement dispersant (3-1) wherein the average 

addition number of moles of the oxyalkylene group is 50, and cement dispersants 

15 (3-2) and (3-3) wherein the number is 75 each. 
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(Production Example 1) 

A stainless high-pressure reactor with a thennom.eter, a stirrer, a dropping 

funnel, and nitrogen ana alkylene oxide introducing tubes was charged with 196 

parts of methally alcohol (2-methyl -2-propen-1-ol) as an unsaturated alcohol, and 

5 3 .1 parts of sodium hydroxide ·as an addition reaction catalyst, and the atmosphere of 

the reactor was replaced with nitrogen while being stirred, and then the resultant 

mixture was heated to 150 °C in an atmosphere of riitrogen. Then, 6,310 parts of 

ethylene oxide was introduced to the reactor while the temperature was maintained 

at 150 °C under safe pressure, and the temperature was. maintained until the 

10 completion of the addition reaction of the alkylene oxide~ Th.en, the reaction was 

completed. The resultant reaction product (hereinafter, referred as M-1) included: 

an unsaturated polyaJkylene glycol ether monomer (hereinafter, referred as 

MAL-50) produced by an addition reaction of average 50 mols of ethylene oxide to 

methallyl alcohol; and a polyalkylene glycol (polyethylene glycol) as a by-product. 

15 The production amount of the polyethylene glycol was· 5.0 % of the· unsaturated 

polyalkylene glycol ether monomer. 

(Production Examples 2 to 7) 

The addition reaction of the aJkylene oxide to the unsaturated alcohol was 

carried out in the same way as of Production Example 1 except that the kind and 

20 amount of the unsaturated alcohol, the sodium hydroxide as the addition reaction 
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catalyst, and the alkylene oxide were changed in the way as shown in T.able 4, thus 

obtaining reaction products (M-2) to (M-7) which included: unsaturated 

polyalkylene glycol ether monomers and polyalkylene glycols. Incidentally, all the 

addition reactions of the alk.ylene oxide were carried out at 150 °C. When using 

5 two kinds of alk.ylene oxides, such as ethylene oxide and propylene oxide, the 

blocked adduct was obtained by carrying out an addition reaction of the entirety of 

the propylene oxide to the unsaturated alcohol 41 the first place, and thereafter, 

c8rrying out an addition reaction of the ethylene oxide in the second place. The 

producti~n amount of the side-produced polyethylene glycol to the unsaturated 

10 · polyaJkylene glycol ether monomer in the reaction product as obtained was listed iii 

Table4. 
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Table4 

Production Unsaturated. Unsaturated alcohol Ethylene oxide Propylene oxide Sodium Side-produced polyalkylene glycol 
Example polyalkyl~e hydroxide 

glycol ether. 
monomer 

1\.lnd Amount Amount •1 Amount "'l Amount : Kind l'IOa.uction amount 
(part) (part) (part) (part) (part) 

1 MAL-50 Methallyl alcohol 196.0 (;3~0 50 - - 3.1 Polyethylene glycol s.o 
2 MA1r75 Metballyl alcohol 131.0 6325 75 . - - 3.1 Polyethylene glycol 5.3 
3 MAL-100 Methallyl alcohol 98.0 6390 100 - - 3.1 Polyethylene glycol 6.4 
4 MAL-200 Methallyl alcohol 49.0 6726 200 - - 3.1 Polyethylene glycol 12.0 
5 MAL-70BOSPO Methallyl alcohol 70.0 3184 70 294 5. 1.7 Polyethylene poly- s.s . 

propylene glycol 
6 AL-50 Allyl alcohol 158.0 6154 so - - 3.1 Polyethylene glycol 2.5 

~ 
7 AL-75 Allyl alc:ohol 105.0 6195 75 - - 3.1 Polyethylene glycol 3.2 

"'l :Average addition number of moles 



.. 

<Example 1-4> 

A glass reactor with a thennometer, a stirrer, a dropping funnel, a nitrogen 

introducing tube, and a reflux condenser was charged with 279 parts of 

ion-exchanged water, 420 parts of reaction product (M-1) obtained in Production 

5 Example 1 as an unsaturated polyalkylene glycol ether monomer (including 400 

parts of MAL-50 and 20 parts of polyethylene glycol), and then they were heated to 

65 °C. Thereto, an aqueous hydrogen peroxide solution comprising 0.734 parts of 

hydrogen peroxide and 13.94 parts of ion-exchanged water was added while the 

reactor was maintained at 65 °C. The temperature was maintained at. 65 °C for 30 

10 minutes after the addition of the aqueous hydrogen peroxide solution. Thereafter, 

65.0 parts of acrylic acid as an unsaturated monocarboxylic acid monomer was 

dropwise added to the reactor over a period of 3 hours. At the same time, an 

aqueous solution obtained by 4i,ssolving 0.950 parts of L-ascorbic acid and 1.718 

parts of 3-mercaptopropionic .acid in 18.05 parts of ion-exchanged water was 

15 dropwise added thereto over a period of 3.5 hours. Then, the temperature was 

maintained at 65 °C for one hour, and thereafter the polymerization reaction was 

finished. Incidentally, the concentration of the polymerization components (the 

concentration (weight %) of the entirety of the comonomers to the entirety of raw 

materials) was 60 %. Thereafter, the resultant reaction solution was neutralized to 

20 pH 7 .with ·an aqueous sodium hydroxide solution at not higher than the 
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polymenzation temperature, thus obtaining cement dispenant (1-4) according to the 

present invention. 

The reaction ratio (%) of each starting monomer and the analytical results 

of the copolymer included in the resultant dispersant (combination ratio for 

5 copolymerization (% ), amount of constitutional unit derived trom · unsaturated 

polyalkylene glycol ether monomer (mol % ), amount of carboxylic acid in terms ·of 

unneutralized copol~er (meq/g), weight-average molecular weight, content of 

unsaturated polyalkylene glycol ether monomer to copolymer having neutralized 

form (% ), and content of polyaJkylene glycol to copolymer having neutralized form 

10 (%))are listed in Table 6. 

<Examples 1-5 to 1-9, Examples 2-1 to 2-7, Examples 3-4 to 3-6, and 

Examples 4-1 to 4-5> 

Cement dispersants (1-5) to (1-9), (2-1) to {2-7), (3-4) to (3-6), and (4-1) 

to {4-5) were obtained in the same way as of Example 1-4, except for changing: the 

15 amount of the ion-exchanged water initially introduced; the kind and amount of the 

unsaturated polyalkylene glycol ether monomer; the amount of the hydrogen 

peroxide and ion-exchanged water each in the aqueous hydrogen peroxide solution; 

. . 

the kind and amount of the unsaturated monocarboxylic acid monomer; the kind and 

amount of the other monomer; the amount of the L-ascorbic aci~ 

20 3-mercaptopropionic acid, and ion-exchanged water for dissolving them; the 
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concentration of the polymerization components (the concentration (weight % ) of 

the entirety of the comonomers to the entirety of raw materials); and the 

polymerization reaction temperature (each temperature from after adding the. 

initially introduced component to finishing the polymerization reaction) in the way 

5 as shown in Table 5. Incidentally, the oth~r monomer was dropwise added 

together with the unsaturated monocarboxylic acid monomer over a period of 3 

hours. 

10 

The reaction ratio (%) of each starting monomer and the analytical results 

of the copolymer included in the resultant dispersant are listed in Table 6. 

<Comparative Example 2-1> 

A glass reactor with a thennometer, a stirrer, a dropping funnel, a nitrogen 

introducing tube, and a reflux condenser was charged with 1,110 parts of 

ion-exchanged water, and then the water were heated to 65 °C. Thereto, an 

aqueous hydrogen peroxide solution comprising 0.839 parts of hydrogen peroxide 

15 and 15.94 parts of ion-exchanged water was added while the reactor was maintained 

at 65 °C. The temperature was maintained at 65 °C for 30 minutes after the 

addition of . the aqueous hydrogen peroxide solution. Thereafter, 98.5 parts of 

methacrylic acid, and a mixture of 200 parts of unsaturated polyalkylene glycol ether 

monomer (not including a polyalkylene glycol, and produced by an addition reaction 

20 of· average 50 mols of ethylene oxide to methallyl alcohol) and 50.0 parts of 
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ion-exchanged water were dropwise added to the reactor over a period of 3 hours. 

At the same time, an aqueous solution obtained by dissolving 1.086 ~arts of 

L-ascorbic acid and 0.655 parts of 3-mercaptopropio:D.ie acid in 20.64 parts of 

ion-exchanged water was dropwise added thereto over a period of 3.5 hours. Then, 

5 the temperature was maintained at 65 °C for one hour, and thereafter the 

polymerization reaction was finished. Incidentally, the concentration of the 

polymerization components (the concentration (~ight % ) of the entirety of the 

comonomers to the entirety of raw materials) was 20 %. Thereafter, the resultant 

reaction solution was neutralized to pH 7 with an aqueous . sodi1;nn hydroxide 

10 solution at not higher than the polymerization temperature, thus obtaining 

comparative cement dispersant (C2-1). 

15 

The reaction ratio (%) of each starting monomer and the analytical results 

of the copolymer included in the resultant dispersant are listed in Table 7. 

<Comparative Example 2-2 and Comparative Examples 4-1 to 4-2> 

Comparative cement dispersants (C2-2), (C4-l}. and (C4-2) were obtained 

in the same way as of Example 1-4, except for using an unsaturated. polyalkylene 

glycol ether monomer (not including a polyalkylene glycol, produced by an addition 

reaction of average 25 mols of ethylene oxide and average 25 mols of propylene 

oxide to methallyl alcohol, and hereinafter refefred as MAL-25E025PO) in 

20 Comparative Example 2-2, an unsaturated polyalkylene glycol ether monomer (not 
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including a polyalkylene glycol, produced by an addition reaction of average 25 

mols of ethylene oxide to allyl alcohol, and hereinafter referred as AL-25) in 

Comparative Example 4-1, and an unsaturated polyalkylene glycol ether monomer 

(not including a polyalkylene glycol, produced by an addition reaction of average 20 

5 mols of ethylene oxide and average I 0 mols of propylene oxide to ally! alcohol, and 

hereinafter referred as AL-20EOIOPO) in Comparative Example 4·2, respectively as 

the unsatumted polyalkylene glycol ether monom_er,_ BD:d except for changing: the 

amount of the unsaturated polyalkylene glycol ether monomer; the amount of the 

ion-exchanged water initially introduced; the amount each in the aqueous hydrogen 

I 0 peroxide solution; the kind and amount of the unsaturated monocarboxylic acid 

inonomer; the kind and amount of the other monomer; the amount of the L-ascorbic 

acid, 3-mercaptopropionic acid; and. ion-exchanged water for dissolving them; the 

concentration of the polymerization components (the concentration (weight %) of 

the entirety of the comonomers to . the entirety of raw materials); and the 

15 ·polymerization reaction temperature (each temperature from after adding the 

initially introduced component to :finishing the polymerization reaction) in the way 

as shown in Table 5. 

20 

The reaction ratio (%) of each starting monomer and the analytical results 

of the copolymer included in the resultant dispersant are listed in Table 7. 

<Comparative Example 4-3> 
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A glass reactor with a thermometer, a stirrer, a dropping funnel, a nitrogen 

introducing tube, and a reflux condenser was charged with 88.3 parts of 

ion-exchanged water, 166.6 parts unsaturated polyalkylene glycol ether monomer 

(not including a polyalkylene glycol, and produced by an addition reaction of 

5 average 50 mols of ethylene oxide to allyl alcohol), and 13.4 parts of maleic acid, 

and then they were heated to 65 °C. Thereto, 1.7 parts of aqueous hydrogen 

peroxide solution of 30 % was added while the reactor was maintained at 65 °C. 

Next, an aqueous soiution obtained by dissolving 0.7 parts ofL-ascorbic acid in 29.3 

parts of ion-exchanged water was dropwise added thereto over a period of 3 .5 hours. 

10 Th.en, the temperature was maintained at 65 °C for one hour, and thereafter the . 

polymerization reaction was :finished. Incidentally, the concentration of the 

polymerization components (the concentration (weight % ) of the entirety of the 

comonomers to the entirety of raw materials) was 60 %. Thereafter, the resultant 

reaction solution was neutralized to pH 7 with an aqueous sodium hydroxide 

15 solution . at not higher than the polymerization temperature, thus obtaining 

comparative cement dispersant (C4-3). 

The reaction ratio (%) of each starting monomer and the analytical results 

of the copolymer included in the resultant dispersant are listed in Table 7. 
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Tables 

Unsaturated Ion- Unsaturated Other Hydrogen Dissolved L- 3- Dissolved Concentration Polymerlzati 
polyalkylene glycol exchan~ moiiocarboxylic acid monomer peroxide ion· acsorbic Mercapto Ion- of on reaction 

ether monomer wateru monomer excJ:ianled acid propionic exchanged polymerization temperature 
Initially water acid water componenlS 

introduced 
Kind .part Part Kind Part Kind Part Kind Part Part Part Part Part Part ., v c 

&ample 1-4 .M-1 420 279 AA 65.0 . 0.0 - o.o 0.734 l3.94 0.950 1.718 18.05 OU 65 
Bxamplel-S M-2 421 215 AA 43.8 - 0.0 . o.o 0.494 9.39 0.640 1.774 12.16 60 65 
&amme 1-6 M-3 426 277 AA 43.8 . 0.0 - 0.0 0.474 9.01 0.614 2.221 11.67 60. 65 
&ample 1-7 M-4 448 282 AA 54.1 . 0.0 - o.o 0.541 10.28 0.701 4.901 13.32 60 65 
&ample 1-8 M-5 422 215 AA 43.8 . o.o . o.o 0.492 9.36 0.638 1.537 12.12 60 65 
&ample 1-9 M-1 420 282 AA 55.1 - 0.0 HBA 12.l 0.717 13.62 0.928 2.238 17.64 60 65 
&aml>le2-1 M-1 420 280 . MAA 56.2 - 0.0 . o.o 0.564 10.72 0.731 0.000 13.88 60 65 
&ample2-2 M-1 420 278 AA 27.0 MAA 28.l . o.o 0.591 11.35 0.773 0.932 14.70 60 65 
&am1>le2-J . M-2 421 129 MAA 45.5 - 0.0 - 0.0 0.440 8.37 0.510 0.000 10.84 15 65 
Bxample2-4 M-3 426 121 AA 43.8 MAA 18.2 . 0.0 0.618 11.74 0.801 0.965 15.21 15 65 
&ample2-5 M-4 448 .115 AA 54.1 ~ 37.S . 0.0 0.838 ts.91 1.085 . 0.654 20.61 15 6S 
Bxample2-6 M-1 420 28S MAA S7.9 - 0.0 aBA 12.1 0.649 12.33 0.840 0.000 15.96 60 65 

© &amlJle2-7 · M-5 422 278 MAA 45.S . 0.0 - 0.0 0.439 8.34 O.S68 0.000 10.80 60 6S 
&amole3-4 M-6 . 410 166 AA 54.l . o.o - o.o 2.524 lo.IO 3.269 0.985 18.53 70 80 
Bxample 3-5 M-7 .413 168 AA 43.8 . 0.0 . o.o 1.977 7.91 2.561 o.m 14.Sl 70 80 
&ample3-6 M-7 413 170 . AA 45.l - 0.0 HBA 11.8 2.302 9.21 2.981 0.898 16.89 70 80 
&ample4-1 M-6 410 88 MAA 56.2 - 0.0 - 0.0 2.257 9.03 : 2.923 0.000 16.56 80 80 
&ample4-2 M-6 410 86 AA 36.0 MA.A 18.7 - 0.0 2.433 9.73 3.151 0.475 17.86 80 80 
&ample4-3 M-7 413 91 MAA 45.S - 0.0 - o.o 1.762 7.05 2.282 0.000 12.93 80 80 
&ample4-4 M-1· 413 SS AA 43.8 MAA 9.1 - o.o 2.264 9.06 2.932 0.442 16.61 80 80 
Bxample4-5 M-7 413 88 AA 31.3 MAA 7.2 HBA 13.6 2.055 8.22 2.662 0.401 IS.OB 80 80 

ComDlll1ltive &ample 2-2 MAL-25B02SPO 200 916 MAA 32.3 - 0.0 . o.o 0.307 S.84 o:J98 0.000 1.56 20 65 
Comoarative &ample 4-1 AL-2,S 200 897 MAA 28.1 - 0.0 . o.o 1.353 S.41 1.752 0.000 9.93 20 80 
Comparative &ample 4-2 AL-20B010PO 200 898 MAA 28.1 . ·0.0 - o.o 1.244 4.98 1.611 0.000 9.13 20 80 
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Table6 

&ample/ Reaction ratio of each Combination ratio of Constitutional 
cement ~er('I&) copolymer (9&) unit derived 

dispersant from AO 

AO/AAIMAA/bther AO/AAIMAA/other mol 9& 
1-4 94.l/YI .V/U.0/0.0 85.65/14.35/0.0/0.0 15.9 
1-5 90; 1194.6/0.0IO.O 89.7/10.3/0.0/0.0 15.7 
1-6. 92.6194.8/0.0/0.0 89.93/10.07/0.0IO.O 12.6 
1-7 91.4/Y I .6/0.0I0.0 87 .39/12.61/0.0/0.0 5.3 
1-8 88.7/95.3/0.0IO.O 89.48/10.52/0.0/0.0 15.1 
1-9 92.7/96.6/0.MIBA 94.3 85.04/12.34/0.0IHBA 2.62 16.2 
2-1 .56.otu.0/97 .w.Q 80.~/0.0/19.9/0.0 13.5 
2-2. 85.3197 .'1197 .5/0.0 86.416.116.9/0.0 18.0 
2-3 .57.5/0.0/97.7/0.0 83.!Jf0.0/16.2/0.0 11.7 
2-4 81.3/96.5/96.1/0.0 88.416.814.8//0,0 1L6 
2-S 70.5197.3/97.0/0.0 84.0/5.7110.8/0.0 4.6 
2-6 63.1/0.0/96.9/HBA 95.3 78.9/0.0/17.SIHEA 3.6 12.9 
2-7 53.3/0.0/97.3/0.0 82.8/0.0/17 .2/0.0 10.7 
3-4 65.0/97.8/0.0/0.0 83.1116.9/0.0/0.0 13.6 
3-S 62.0/97 .0/0.0/0.0 !D.38/14.62/0.0/0.0 11.1 
3-6 64.WYI .5/0.0lllBA 95.0 82.29/14.1110.0IHBA 3.59 9.1 
4-1 48.0/0.0/97 .S/0.0 77 .8/0.0/22.2/0.0 11.8 
4-2 58.0/98.0/97 .8/0.0 81.7112.416.4/0.0 12.7 
4-3 44.0/0.0/97.6/0.0 79.9/0.0/20.1/0,0 9.2 
4-4 54,5/91.8191.SIO.O 83.5/13.113.4/Q.O 10.1 
4-S S5.0/91.0l'Tl.41HBA 98.0 83.318.9~7/HBA S.l 11.1 

*1: Bach contnet means the content to the neutralized copolymer. 

Amount of VI( eight- Content of Content of 
carboxylic acic average AO*l polyalkylene 
· intenns of molecular glycol 
unneutralized weight *1 

copolymer 

meq/g " " 1.992 31000 5.1 4.4 
1.431 29200 9.6 5.1 
1.399 30900 7.0 6.0 
1.752 35800 1.9 11.0 
1.461 32300 11.0 . 5.4 
1.714 30100 6.5 4.4 
2.264 31400 .58.8 6.8 
1.731 30800 14.3 4.9 . 
1.833 34500 59.S 7.4 
1.509 40200 19.7 6.7 
1.983 52500 33.7 13.7 
2.039 32600" 44.1 6.0 
1.999 . 33000 69.5 8.2 
2.347 . 33000 42.S 3.0 
2.030 36500 SO.I 4.2 
1.961 33800 44.4 3.9 
2 . .582 -27000 19.1 3.8 
2.463 31500 SS.8 3.3 
2.343 33500 96.6. 5.5 
2.217 37000 66.S 4.7 
1.554 38500 65.9 4.7 



Table7 

&ample/ Reaction.mtio of each Combination ratio of Constitutional Amount of Weight- Content of Content of 
cement monomer (9') copolymer (9') unit derived carboxylic acid average AO*l polyalkyleno 

dispersant from AO intenns of molecular glycol *I 
unneutralized weight 

copolymer 

AO/AAIMAA/otber AOIAAIMAA/otber mol 9& meq/g 9& 9& 
0-1 24.0I0.0/94.SIO.O 63.310.0/36.7/0.0 4.2 7.303 27500 101.5 0.0 
C2-2 40.5//0.09/93.8/0.0 79.2/0.0/'20.8/0.0 9.2 2.855 26000 104.3 0.0 
C4-1 23.0I0.0/941C/O.O 78.4/0.0l'll.6/0.0 11.5 4.242 19000 194.5 0.0 
C4-2 21.0I0.0/93.WO.O 77.8/0.0/'22.2/0.0 8.3 4.460 18000 211.2 0.0 

-t - ~;t 10.wu.wu.WMA YU.U 9.1.:>tU.UIU.WMA IS.) 3:>.0 1.400 ~U4W ~ u.u 

*1: Bach contnet means tho content to the neutralized copolymer. 



Incidentally, the following abbreviations were used in Tables 6 and 7. 

AO: Unsaturated polyalkylene glycol ether monomer 

AA: Accylic acid 

MAA: Methaccylic acid 

5 HEA: 2-Hydroxyethylacrylate 

MA: Maleic acid 

(Concrete test) 

A concrete composition was produced by using cement dispersants (14) 

to (1-9), c2.:.1) to (2-7), (34) to (3-6)~ and (4-1) to (4-5) according to the present 

10 invention, and comparative cement dispersants (C2-l) to (C2-2}, and (C4-l) .to 

(C4-3) as obtained in the above way, and then measured by the slump flow value 

change with the passage of ~. the air content, and the kneading ti.me. The 

results are listed in Table 8. 

The concrete composition was prepared in the following way. First, 

15 645.3 kg/m3 of fine aggregate (sand blend of land sand from Oi River System) was 

kneaded for 10 seconds with a forcible pan~type mixer in a capacity of 50 liters, and 

thereafter 660 kg/m3 of cement (normal portand cement produced by Pacific cement 

Co., Ltd.) was added thereto and kneaded for 10 seconds. Then, 165 kglm3 of tap 

water containing a cement dispersant was added thereto and kneaded for 90 seconds, 

20 wherein the amount of the cement dispersant was adjusted so that the initial slump 
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fl.ow value would be 600 ± 50 mm. However, when the composition took more 

than 60 seconds to become unifonn, it was further kneaded for 30 seconds from the 

point time when it became unifonn. Then, ·941.3 kg/m3 of coarse aggregate 

(crushed stone from Oume) was added thereto and kneadCd for 90 sec9nds, thus 

5 obtaining a concrete composition. Incidentally, the air content was adjusted to 1.0 

± 0.3 vol % by use of a commercial oxyaJkylene based defoaming agent to avoid 

that bubbles in the concrete composition had an. influence on the fluidity of the 

concrete composition. Incidentally, the ratio of water/cement was 0.25 (weight 

ratio), and the ratio of the fine aggregate (fine aggregate/(fine aggregate+ coarse 

10 aggregate)) was 0.403 (volume ratio). The amount of the used cement dispersant to 

the cement (the solid content (nonvolatile content) in the cement dispersant to the 

cement, weight % ) and the amount of the copolymer in the cement dispersant to the 

cement (weig~t %) are listed in Table 8. Incidentally, the solid content 

(nonvolatile content) in the cement dispersant was measured by heat-drying a proper 

15 · amount of the cement dispersant at 130 °C, and removing the volatile content, and 

the dispersant was weighed so that the predetennined amount of the solid content 

(nonvolatile· content) would be contained when combining with the cement, and then 

used. 

1) The slump flow value change with the passage of time was measured 

20 according to JIS-A-1101. 
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2) The air content was measured according to JIS-A-1128. 

3) The necessary time for kneading from adding th~ tap water and the 

cement dispersant until adding the coarse aggregate was regarded as the kneading 

time when the concrete composition was prepared. 

(Measurement of haJ:dening time) 

Cement paste was prepared by use of the resultant cement dispersants 

(1-4) to (1-9), (2-1) to (2-7), (3-4) to (3-6) and (4-1) to (4-5) according to the present 

invention and comparative cement dispersants (C2-1) to (C2-i) and (C4-l) to (C4-3) 

in the above way, and then the haxdening time was measured by the following 

10 method. The results are shown in Table 8. 

Cement paste was prepared by kneading _ 1,500 g of normal portland 

cement (produced by Pacific Cement Co., Ltd.) and 375 g of ion-exchanged water 

containing the cement dispersant (the weight ratio of water/cement is 0.25) for 5 

minutes at a middle speed by use of HOBART-type mortar mixer (made by 

15 HOBART Coiporation, N-50). Incidentally, the amount of the used cement 

dispersant to the cement (the solid content (nonvolatile content) in the cement 

dispersant to the cement, weight % ) was adjusted to the ~ount to obtain a slump 

flow value of 600 ± 50 mm in the above concrete test. 

The resultant cement paste was immediately added to a glass bottle in a 

20 capacity of 1,000 ml covered with a heat insulator, and a thermometer connected. to 
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a temperature recorder was fixed in the center of the cement paste to measure 

temperature changes of the cement paste with the passage of time. The necessary 

time ·from the beginning of kneading until reaching the highest temperature due to 

heat of hardening the cement paste was reg~ed as the hardening time. The results 

5 are shown in Table 8. 
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Cement 
dispersant 

1-4 
l-S 
·1-6 
1-7 

. 1-8 
1-9 
2-1 
2-2 
2-3 
2-4 
2-5 
2-6 
2-7 
3-4 
3-5 . 
3-6 
4-1 
4-2 
4-3 
4-4 
4-S 

C2-1 
C2-2 
C4-1 
C4-2 
C4-3 

Ratio of Ratio of 
copolymer/ dispersant as 
cement(%) used/cement 

,(%) 

0.183 0.200 
0.161 0.185 
0.168 0.190 
0.210 0.250 
0.189 0.220 
0.189 0.210 
0.160 0.265 
0.189 0.225 
0.162 0.270 
0.182 0.230 
0.170 0.250 
0.170 0.255 
0.158 0.280 

. 0.188 0.270 
0.171 0.260 
0.170 0.250 
0.180 0.330 
0.189 . 0.300 
0.173 0.350 

. 0.175 0.300. 
0.191 0.325 
0.347 0.700 
0.245 0.500 
0.238 0.700 
0.225 0.700 
0.360 0.450 

Tables 

Slump flow value (mm) Air Kneading time Hardening 
content (second) time (second) 
(vol%) 

I After~ minutes After ;,u minutes 
635 417 0.9 120 6 
S65 340 0.8 190 6 
583 300 0.9 170 5.5 
568 355 1.1 170 6.5 
620 405 0.7. 200 6 
588 375 0.8 . 160 5.5 
565 310 1.3 ·190 7 
605 445 1.0 170 6.5 

. 580 347 0.9 200 6 
590 430 0.8 180 5.5 
585 465 1.1· 160 6 
570 330 1.2 190 6.5 
600 360 0.9 200 6 
620 350 0.9 170 7.5 
605 310 1.2 190 6.5 
590 300 0.8 200 6.5 
570 290 1.1 160 8 
595 310 0.9 140 8 
565 300 .0.8 150 7.5 
585 320 1.2 130 7 
590 380 1.0 180 6.5 

. 580 200 1.1 90 16 
570 220 0.8 100 11 
600 220 1.1 90 13 
580 210 0.8 90 12 
565 320 1.2 300 10 



From Table 8, it would be apparent that the hardening time is prolonged in 

case of using evecy comparative cement dispersant because the necessary amount to 

obtain a sufficient slump flow value is increased. Jn addition, it would be apparent 

that: the slump :flow value change with the passage of time is enlarged, and the 

5 fluidity is extremely lowered when the kneading time is short. On the other hand, 

it would be apparent that: the kneading time is prolonged when the slump :flow value 

change with the passage of time is comparatively small. Jn opposition to this, it 

would be apparent that the necessary amount to obtain a sufficient slump :flow. value 

is decreased, and the hardening time is short, and simultaneously, the slump flow 

10 value change with the passage of time is small, and the kneading time is short, 41 

case of u,sing every cement dispersant according to the present invention. 

Various details of the invention may be changed without departing from 

its spirit not its scope. Furthermore, the foregoing description of the preferred 

embodiments according to the present invention is provided for the pmpose of 

15 illustration only, and not for the pwpose of limiting the invention as defined by the 

appended claims and their equivalents. 
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What is claimed is: 
111111111111111111111111111111 

* C L H S * 

1. A cement dispersant, which comprises a copolymer including: 

constitutional unit (1-1) derived from uns~turated (poly)alkylene glycol. ether 

5 monomer (al) as represented in general formula (1) below; and constitutional unit 

(ll-1) derived from unsaturated monocarboxylic acid monomer (bl) as represented 

in general formula (2) below, as an essentialcom.ponent, wherein constitutional writ 

(Il-1) includes at least one structure derived from an accylic acid (salt), 

wherein general formula (1) is: 

10 (1) 

where: X represents an alkenyl group having 4 carbon atoms; R 10 represents a 

mixture of one or more of an oxyalkylene group having 2 to 18 carbon atoms, and 

an oxyethylene group accounts for not less than 90 mol % of the entirety of the 

oxyalkylene groups; and n is an average addition number of moles and represents 1 

15 to 300; and 

20 

wherein general formula (2) is: . 

R3 R4 

I , 1· 

C=C 
I I 

R2 COOM 
") 

(2) 

where: R2
, R3, and R4 each independently represent hydrogen or a methyl group; and 
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~ represents hydrogen, a monovalent metal, a divalent inetal, an ammonium group, 

or an organic amine group. 

2. A cement· dispersant, which comprises a copolymer inclllding: 

5 constitutional unit (1-1) derived from unsaturated (poly)alkylene glycol ether 

monomer (a-1) as represented in general formula (1) below; and constitutional unit 

(Il-2) derived from unsaturated monocarboxylic acid monomer (b2) as represented 

in general formula (3) below, as an essential component, 

with the cement dispersant being chanicterized in that constitutional unit 

10 (Il-2) includes at least one structure derived from a methacrylic acid (salt), and that 

the milliequivalent of carboxyl groups in the copolymer is not more than 3.30 meq 

per 1 g of the copolymer when all the carboxyl groups are converted into their 

unneutralized form, 

wherein general formula (1) is: 

15 (1) 

where: X represents an alkenyl group having 4 carbon atoms; R10 represents a 

mixture of one or more of an oxya]k.ylene group having ·2 to 18 carbon atoms, and 

an oxyethylene group accounts for not less than 90 mol % of the entirety of the 

.oxyalkylene groups; and n is an average addition number of moles and represents 1 

20 to 300; and 
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15 
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· wherein general formula (3) is: 

R3 R4 

I I 
C=C 
I I 

R2 COOM 

(3) 
·. \\11\11\\\\1\\ Ill\\ \\1\1 \\\\I\ '. 
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where: R.2, R3
, and R4 each independently represent hydrogen or a methy~ group; and 

M represents hydrogen, a monovalent metal, a divalent metal, an ammonium group, 

or an organic amine group. 

3. A cement dispersant~ according to claim 1 or 2, wherein 

constitutional unit (1-1) accounts for not more than SO mol % of the entirety of the 

constitutional units. 

4. A cement dispersant, which comprises a cop·olymer including: 

constitutional unit (I-2) derived from unsaturated polyalkylene ·glycol ether 

monomer (a2) as represented in general fonnula (4) below; and constitutional unit 

(11-1) derived from unsaturated monocarboxylic acid monomer (bl) as represented 

in general formula (2) below, as an essential component, wherein constitutional unit 

20 {ll-1) accounts_ for not more than 50 weight% of the entirety of the constitutional 

units, and includes at least one structure derived from an acrylic acid (salt), 

wherein general formula (4) is: 

80 



(4) 
111111~1111~ II~/ Ul!I /Niii 

where: Y represents an aJkenyl group having 2 or 3 carbon atoms; R 10 represents a 

mixture of one or more of an oxyalkylene group having 2 to 18 carbon atoms, and 

an oxyethylene group accounts for not less ·than 90 mol % of the entirety of the 

5 oxyalkylene groups; and m is an average addition number of moles and represents 

10 

40 to 300; and 

wherein general formula (2) is: 

R3 R4 

I I 
C=C 

I I 
R2 COOM 

(2) 

where: R2
, R3

, and R4 each independently represent hydrogen or a methyl group; and 

M represents hydrogen, a monovalent metal, a divalent metal, an ammonium group, 

15 or an organic amine group. 

5. A cement dispersant, which comprises a copolymer including: 

constitutional unit (I-2) derived from unsaturated polyalkylene glycol ether 

monomer (a2) as represented in general formula (4) below; and constitutional unit 

20 (11-2) derived from unsaturated monocarboxylic acid monomer (b2) as represented 

in general formula (3) below, as an essential component, wherein constitutional unit 

(11-2) accounts for not more than 50 weight % of the entirety of the constitutional 
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units, and includes at least one structure derived from a methacrylic acid (salt), 

wherein general formula (4) is: 

YO(R10).Ji (4) 

where: Y represents an a1kenyl group having 2 or 3 carbon atoms; R10 represents a 

5 mixture of one or more of an oxyalkylene group having 2 to 18 carbon atoms, and 

10 

an oxyethylene group accounts for not less than 90 mol % of the entirety of the 

oxyalkylene groups; and m is an average addition number. of moles and represents 

40 to 300; and 

wherein general formula (3) is: 

R3 R4 

I I 
C=C 
I I 

R2 COOM 

(3) 

15 where: R2
, R3

, and R4 each independently represent hydrogen or a methyl group; and . 

M represents hydrogen, a monovalent metal, a divalent metal, an ammonium group, 

or an organic amine group. 

6. A cement dispersant accotding to any one of claims 1 to 5, 

20 which further comprises the unsaturated (poly)alkylene glycol ether monomer (al) 

or the unsaturated polyalkylene glycol ether monomer (a2) in the range of 1 to 100 

weight % of the copolymer. 
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7. A cement dispersant according to any one of· claims 2 to 6, 

which further comprises a polyalkylene giycol in the range of 1 to 50 weight % of 

the copolymer. 

5 

8. A cement composition, which. comprises the cement dispersant 

as recited in any one of claims 1 to 7, cement, arid water as essential components. 
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