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Abstract The relationship between the structure and per-
formance of polycarboxylate superplasticizer was analyzed.
The respective functions of the structure units of the main and
branched chains were discussed. The progress of synthesis
and molecular structure design and synthesis of polycarb-
oxylate superplasticizer were reviewed according to the
difference in the structure unit of the main chain. Results
indicated that their performance is related to the structure unit
of the main and branched chains, as well as the position and
species of functional groups. The polycarboxylate superplas-
ticizer, which had suitable graft and block polymers of poly-
ethylene glycol or polyoxyethylene, and a suitable sulfonic
group, had small slump loss besides high water-reducing
performance. On the other hand, the hydroxyl group at the
end of the chain causes gelation easily. On the basis of the
items mentioned above, as well as the source and cost of raw
materials, esterification of polyethylene glycol and acrylic
acid were first adopted using para-toluene sulfonic acid as
catalyst, then polymerized with sodium sulfonate methacry-
late. A certain amount of acrylic was added in order to regu-
late both the polymerization degree of the main chain and the
ratio of carboxyl and sulfonic groups in the branched chain.
As a result, the high performance superplasticizer has been
synthesized (was obtained). The divergence of the cement
plasma is about 200 mm when the addition amount of super-
plasticizer is 0.16%—0.20% of cement weight, and the ratio of
the water and cement is 0.29.
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1 Introduction

Polycarboxylate superplasticizer is a new kind of plasticizer
which appeared in the 1980s [1—4]. A polycarboxylate super-
plasticizer with suitable hydrophilic functional groups was
developed successfully by Nippon Shokubai Company in
1986 [5], and was formally put into industrial use in the mid-
1990s. The amount of polycarboxylate superplasticizer had
surpassed naphthalene products greatly, and about 80% of the
amount of plasticizer was produced in 1995 in Japan. More
attention has been paid to polycarboxylate superplasticizer in
North America and Europe as well.

Polycarboxylate superplasticizer with carboxyl is a kind
of macromolecular surfactant and its molecule looks like a
comb, with the active-monomer having carboxyl as the main
chain, and the graft copolymer, which is formed from the
active-monomer and the functional groups of the main chain,
being the branched chain. Because the structure unit of
the main and branched chain in polycarboxylate superplas-
ticizer can be changed by using a variety of monomers, its
performance is polytropical. On the basis of the polytropy
mentioned above, the relationship of the composition, struc-
ture, and performance of the plasticizer can be found, and
a polycarboxylate superplasticizer molecule with optimal
performance can be designed. Therefore, research on polycar-
boxylate superplasticizer becomes an important issue in the
area of gelation material and construction engineering [6—8].

2 Synthesis system and action mechanism
of polycarboxylate superplasticizer

The molecular structure of polycarboxylate superplasticizer
is polytropical, not only varying in the sort of monomer and
the position of the functional groups, but also in the molecular
weight and molecular weight distribution. According to the
different structural units of the macromonomer to be designed
in the main chain (mol ratio more than 50%), polycarb-
oxylate superplasticizer may be classified into polyacrylate,
poly(maleic anhydride), etc.



2.1 Polyacrylate plasticizer

Polycarboxylates were first synthesized by polymerization
of pure acrylic acid [9], but the beginning Zeta potential was
high and unstable, and the slump constant was controlled.
Later, the polycarboxylate was copolymerized by olefin and
unsaturated carboxylic acid, but the improved technological
conditions were difficult to control, the molecular weight
of products was lower and effects were not good as it was
applied singly. In order to overcome the problem, researchers
tried to change the monomers’ polymerization. After a great
deal of research, we found that by taking polyoxyethylene
as the main chain or introducing polyoxyethylene into the
branched chain, the Zeta potential of the products became
stable and the slump constant loss could be controlled, and
at the same time, the foam could be eliminated [10—12].
Shonaka [11] prepared a series of polycarboxylate superplas-
ticizers that had different degrees of main chains and branched
chains, and found that the performance of superplasticizers
with a short carboxylate main chain and a long polyoxyethyl-
ene branched chain was better than similar polymers with
longer main chains and shorter branched chains. In the mean-
time, Yamashita et al. [13] pointed out that the hydroxyl group
at the end of the chain might cause gelation easily, so it was
difficult to use in industries. A lot of chain transfer agents,
such as mercaptoethanol or isopropanol, etc., needed to be
added to abstract the more active atoms from the monomer,
such as H and Cl, etc. The idea of chain transfer is to reduce
the degree of polymerization and prevent the gelation. The
free chain transfer agent, which exists in the product, would
influence the effect of the plasticizers. Therefore, Yamashita
et al. [13] copolymerized different polyethoxylate unsatu-
rated esters and salts having no hydroxyl group at the end
with acrylic unsaturated monomer, and added a suitable third
monomer to improve the performance of the plasticizers. In
light of the important effects of the sulfonic group in the
monomer structure of naphthalene and xylan superplasticizer,
Yamashita et al. [13] introduced aliphatic sulfonic anion into
the molecule (molecular), which was used as a chain transfer
agent. Yamada had researched the influence of the length
of chains, the degree of polymerization of the main chain,
and the molar percent of carboxy and sulfonic groups in the
branched chain of polyoxyethylene polycarboxylate super-
plasticizers on the dispersion of cement. It was found that the
longer the branched chain, the lower the degree of polymer-
ization, the more sulfonic groups, the better the dispersion of
plasticizer for the cement.

2.2 Poly(maleic anhydride) plasticizer and copolymerized
plasticizer

The poly (maleic anhydride) plasticizer was synthesized by
using polyethylene glycol (or the block-copolymerization
of ethylene glycol and propanediol) as raw materials, esteri-
fied first and polymerized subsequently. Alkane hydrophobic
groups in the molecules can eliminate the foam and increases
the liquidity when it was used as addition agent [16]. In 1995,
Matsunaga et al. [17] synthesized the poly(maleic anhydride)
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superplasticizers by copolymerization of maleic anhydride,
hydroxy-amino-acid and methoxy triethylene glycol. The
good effects of dispersion were proven by experiment. At the
same time, Honda et al. [18] developed the polycarboxylate
superplasticizer synthesized by polyoxyethylene and maleic
anhydride (or its derivatives) with addition of diolefin poly-
ethylene oxide, etc. The results indicated that the effects
of superplasticizer addition on the copolymerization of the
mixture and maleic anhydride were better.

In order to get a superplasticizer with perfect performance,
Akimoto synthesized the plasticizers by copolymerization
of polychloroethylene and maleic anhydride or (its deriva-
tives). The main chain was oxyalkyl, the branched chain was
carboxylic acid. However, the hydroxyl group of the long
branched chain caused gelation easily. Hirata then synthe-
sized polycarboxylate superplasticizer using maleic acid as
the end group of the polyoxyalky branched chain to resolve
the gelation problem. Different polymaleic anhydride plasti-
cizers containing appropriate amounts of unsaturated mono-
mer with a sulfonic group on it had a small slump loss besides
having a high water-reducing performance. For example,
Takahashi synthesized polycarboxylate superplasticizer by
copolymerization of a polyoxyalkyl derivative, unsaturated
carboxylic acid, and the monomer with —SO;H on it. The
cements containing the superplasticizers mentioned exhibited
good characteristics such as high water-reducing property,
low viscosity, 25% water removal, and long-lasting strength.

In order to optimize the important action of acrylic acid
and maleic anhydride in the main chain, Lim et al. [19]
synthesized a block polycarboxylate superplasticizer by
copolymerization of maleic anhydride and acrylic acid, then
coordinated with the National Science Foundation (NSF).
The performance of the plasticizer in terms of adsorbability
and liquidity became better. Ohta et al. [20] then found that
if sulfonic sodium was introduced into the main chain, the
copolymerization of acrylic acid, acrylate and maleic anhy-
dride and the performance of the plasticizer became better.

3 Synthesis and characterization of poly-
carboxylate superplasticizer

The development of polycarboxylate superplasticizer in our
country occurred later, and most of the researches are in.

The authors designed polycarboxylate superplasticizers
on the basis of the research on their monomer structure.
Acrylic acid was taken as the main chain unit and the ratio of
the suitability of the ester was increased. The sulfonic group,
polyethylene glycol, was introduced into the main chain, and
the molecular structure of the plasticizer with multi-branched
chains can be represented as follows
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It was found that the synthesized plasticizers not only have
high water-reducing performance but also have small slump
loss.

On the basis of the results mentioned above, polycarboxyl-
ate superplasticizer was synthesized via a two-step process
using polyethylene glycol, sodium sulfonate methacrylate
and acrylic acid as raw materials. First, the esterification of
polyethylene glycol and acrylic acid was carried out to get an
esterfied macromonomer. Then, the macromonomer, sodium
methyl propylene sulfonate, and acrylic acid were copoly-
merized. The main reactions in the process can be shown
below

CH, = CHCOOH + HO[CH,CH,0], H—
CH, = CHCOO[CH,CH,0],H + H,0
CH, = CHCOO[CH,CH,0],H +CH,

= CHCOOH + CH, = C(CH,)CH,SO,Na (1)

The optimum reaction conditions can be summarized as
follows: the ratio of alcohol and acid was 1:2, the reaction
temperature was 100°C—200°C. According to the analysis
of the IR spectrum (Fig. 1) and UV spectrum (Fig. 2), the
polymer contained a hydroxyl group, a sulfonic group, a car-
boxylic group, and an ester group, so it was believed that
the polycarboxylate superplasticizer has been synthesized
by copolymerization of unsaturated monomers containing a
hydroxyl group, a sulfonic group, a carboxylic group, and at
the same time, the esterification graft chain was an effective
way to introduce a long branched chain. According to Gel
Permeation Chromatography, the average molecular weight
of the plasticizer synthesized is about 3 000 g/mol, which
reaches the level of middle molecular weight. When the
weight of the plasticizer was 0.17%—0.19% of the cement, the
cement paste fluidity was 200 mm (refer to FDN-1), the ratio
of water-reduction was more than 28% (water: ash 0.29,
cement P.0.42.5, which was the product of huangshi
huaxing), the slump constant loss was small, there was little
loss within 90 min, and the 28 d compressive strength of
the cement paste attained 120%—130%. Therefore, the early
strength of cement paste mixed with polycarboxylate
superplasticizer had been improved greatly.
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Fig. 1 Infrared spectroscopy (IR) of plasiticizer
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Fig. 2 Ultraviolet (UV) of polycarboxylate plasticizer

4 Conclusions

The structural unit of the main and branched chains, the
position and effects of the functional groups of the polycar-
boxylate superplasticizer were discussed. Based on this, the
different functional groups were introduced into the main
chain to meet industrial application. The superplasiticizer
comprising strong polar functional groups such as carboxy
(-COOH), sulfonic (-SO;H), hydroxyl groups in the main
chain, as well as increasing the length of the nonpolar group,
which connects to the strong polar functional group, can
increase the thickness of the solvent, augment electrostatic
repulsion and block repulsion of solvation, and therefore
improve the dispersity of the products. On the basis of the
results mentioned above, a polycarboxylate superplasticizer
was synthesized by a two-step method with polyethylene
glycol, acrylic acid, and sodium methyl propylene sulfonate
as raw materials. When 0.16%—0.20% plasiticizer was added
into the cement paste, the initial slump constant loss of the
cement attained about 200 mm, with no segregation and
weepage, and the early strength improved greatly.
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