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Abstract
Comb-like polycarbonate superplasticizers (PCEs) are widely used as a cement additive, and obtaining high-performance 
PCEs has become a hot topic. PCEs are usually kind of random polymers obtained by free radical solution polymerization, 
and thus it is hard to clarify the relationship between the properties of PCE and its structure. In this work, the block 
copolymers PCEs with the clear structure were synthesized by the reversible addition-fragmentation chain transfer (RAFT) 
polymerization. The relationship between the structure of PCE and its dispersion properties in cement was systematically 
discussed based on the flowability data of the cement paste with PCEs and the adsorption data of PCEs on the cement 
particles. Effects of the monomer ratio and the molecular weight on the adsorption and dispersion ability of PCEs in cement 
paste were studied. The results showed that the adsorption capacity and dispersion properties of PCEs in cement paste are 
related to the structural parameters of the polymer molecules. PCEs exhibited the optimal dispersion properties when the 
ratio of the monomers was 6:1 and the molecular weight was no greater than PCE-8 (Mn = 53,450, Mw = 62,358).

Keywords Reversible addition-fragmentation chain transfer reaction (RAFT) · Dispersion property · Comb-like Polymer · 
Cement

Introduction

The rapid development of modern construction technology 
puts forward higher requirements on the performance of 
cement [1]. The most effective methods to improve the 

strength of the cement and enhance the final properties 
were the addition cement additives [2]. Compared with other 
cement additives, comb-like polycarbonate superplasticizers 
(PCEs) have better performance on water-reducing, slump 
maintenance ability and versatility of cement [3]. Therefore, 
PCEs have been more and more widely used in high-
performance cement [4].

PCEs molecule is consist of a main chain with carboxyl 
groups and polyethylene oxide side chains, just like a comb. 
Their composition of monomer molar ratio, the type and 
number of side chains are flexibility factors [5–7]. Therefore, 
the chemical structure of PCEs could be redesigned or 
modified to meet the performance requirements of different 
cements so that the cement-based materials can obtain 
favorable properties [4, 8]. The efficiency of PCEs is largely 
dependent on their molecular structure [9]. It is still one of 
the hot topics to research the relationship between the PCEs 
structure and the performance of PCEs in cement-based 
materials [10, 11]. However, PCEs are generally synthesized 
by the free radical aqueous solution polymerization method 
and thus they are random copolymer, in which the monomers 
are randomly arranged in the molecular structure. Even with 
the same monomers and polymerization initiator, PCEs 
copolymer with a clear molecular structure cannot be obtained 
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by conventional synthetic techniques. Therefore, such random 
structures of copolymers make it difficult to specifically 
adjust the PCE molecular structure to obtain better dispersion 
properties.

Controlled free-radical polymerization is a mature 
technology which has been extensively studied [12], 
such as reversible addition-fragmentation chain transfer 
(RAFT) polymerization and atomic transfer radical (ATRP) 
polymerization, etc. Controlled free-radical polymerization 
could be used to prepare well-defined block copolymers 
with controlled molecular weight, definite molecular 
structure and narrow molecular weight distribution [13, 14]. 
Compared with other controlled free-radical polymerization 
methods, RAFT polymerization has a wide range of 
monomer adaptability [15, 16]. Many monomers such as 
acrylate, styrene and vinyl monomers can be applied in this 
kind of polymerization [17]. RAFT polymerization provide 
an excellent opportunity for the development of PCEs with 
clear structures [12]. Some researchers pay attention to 
the problems in the structure of PCEs and provide ideas 
for further research on high-performance PCEs [16, 18]. 
For example, Ezzat et. al. [16] synthesized polymer with 
controlled properties by RAFT polymerization and studied 
the effect of the charge type and side-chain length of 
the polymer on the adsorption, rheology and dispersion 
capabilities of the cement paste. Yu et. al [18]. synthesized 
block polycarboxylate superplasticizers as cement additive 
through RAFT polymerization and studied the effect of 
monomer mole ratio on polymer properties. However, 
in these reports, PCEs were just synthesized by RAFT 
polymerization but not purified. More over the relationship 
between polymer molecular weight and performance has 
not been further studied.

In this work, isoprenyl oxy polyethylene glycol ether 
(TPEG, with Mw = 2400) and monomer acrylic acid (AA) were 
used to synthesize block PCEs by RAFT polymerization. By 
gradually adding reaction monomers, separating and purifying 
the products of each step, PCEs with clear molecular structure 
are finally obtained. The relationship between PCEs molecular 
structure and their performance in cement was established by 
studying the influence of monomer ratio and molecular weight 
on PCEs dispersion performance, which is conducive to the 
synthesis of high-performance PCEs molecules. Such comb-
like polymers exhibit the optimal dispersion property when the 
ratio of n(AA)/n(TPEG) was 6:1 and the molecular weight was 
no greater than PCE-8 (Mn = 53,450, Mw = 62,358).

Materials and methods

Materials

The cement used in the experiments was 42.5-grade ordinary 
cement supplied by Shandong Shanshui Cement Group Co., 
Ltd. Its chemical and mineral compositions were shown in 
Table 1. TPEG was obtained from Shandong Zhuoxing 
Chemical Co., Ltd. AA, analytical grade, was purchased 
from Tianjin Damao Chemical Reagent Factory. The 
initiator 2,2-azobisisobutyronitrile (AIBN) was supplied 
by Shanghai Aladdin Reagent, and it was recrystallized 
twice from methanol before use. The 2-dodecylsculfanyl 
carbothioyl-sulfanyl-propanoic acid was prepared in the 
laboratory as a chain transfer agent (CTA) [19].

RAFT polymerization of block type PCEs

In this study, AA was used as monomer A and polyether 
macromonomer TPEG was used as monomer B. The 
AB-type block PCEs were synthesized by RAFT 
polymerization. Firstly, n-propanol as solvent was added 
in a glass flask with a thermometer and magnetic stirrer. 
Monomer TPEG, CTA, and initiator AIBN were added 
to the glass flask according to the proportion. Then glass 
three-way piston with a balloon was mounted on the glass 
reaction instrument, and the glass tee was connected to the 
vacuum pump. Then the vacuum pump was started and the 
glass tee was adjusted to create a vacuum in the glass flask. 
The glass flask with internal reactants has been frozen to 
remove as much oxygen as possible. The reaction mixture 
was subsequently degassed by three freeze–vacuum–thaw 
cycles. Finally, the mixture was stirred in a 70 °C water bath 
for 24 h. Then, reaction products were precipitated by cold 
petroleum ether (PET). The reaction products were dialyzed 
with a dialysis bag with interception of molecular weight 
10,000 for 48 h, and then the solution in the dialysis bag 
was freeze-dried to obtain the macromolecular chain transfer 
agent (PTPEG).

The PTPEG can adjust the polymerization of the 
monomer. The AA, PTPEG and AIBN were added into 
solvent n-propanol according to the proportion and 
the reaction device was operated in the same freezing 
vacuum as the above. The reaction mixture was reacted 
at the same way and was precipitated by PET to obtain 

Table 1  Chemical and mineral 
compositions of cement

Chemical composition % Mineral composition %

CaO SiO2 Al2O3 Fe2O3 MgO SO3 Others C3S C2S C3A C4AF Others
62.13 20.76 4.58 3.27 3.13 2.80 1.86 59.64 14.52 6.59 9.94 9.31

Journal of Polymer Research (2021) 28: 105105 Page 2 of 9



1 3

block polymers. The PCEs dialyzed with a dialysis bag 
with interception of molecular weight 20,000 for 48 h, 
and then the solution in the dialysis bag was freeze-
dried to obtain PCEs. The synthetic route is described 
in Fig. 1.

To investigate the effects of the monomer ratio and 
molecular weight on the dispersion property of cement, two 
routes were designed as follows: (1) PCEs were synthesized 
with equivalent molecular weight but different monomer 
ratio, namely PCE-1 to PCE-6;(2) PCEs were synthesized 
with same monomer ratio but different molecular weight, 
namely PCE-7, PCE-8, and PCE-9, and all the experiments 
in this study were shown in Table 2.

Measurement

Fourier transform infrared spectroscopy (FTIR)

The absorption spectra of the samples were obtained by 
FTIR spectrometer (Bruker Vertex 70). The test samples 
were prepared as potassium bromide (KBr) pellets and the 
spectra of samples were recorded at a resolution of 4 cm−1.

1H nuclear magnetic resonance spectroscopy 
(1HNMR)

1HNMR spectra of PCEs were obtained by an Avance 
III 400  MHz NMR spectrometer (Bruker, Faellanden, 
Switzerland) in deuterium hydrogen oxide at room 
temperature.
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Fig. 1  Synthesis route of PCEs

Table 2  Monomer composition for the different comb polymer samples 
synthesized for the study

Sample AA/TPEG mole ratio AA/TPEG/CTA/AIBN
Mole Ratio

PCE-1 3:1 3:1:0.087:0.057
PCE-2 4:1 4:1:0.087:0.057
PCE-3 5:1 5:1:0.087:0.057
PCE-4 6:1 6:1:0.087:0.057
PCE-5 7:1 7:1:0.087:0.057
PCE-6 8:1 8:1:0.087:0.057
PCE-7 6:1 6:1:0.07:0.047
PCE-8 6:1 6:1:0.057:0.037
PCE-9 6:1 6:1:0.047:0.031
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Gel permeation chromatography

The PCEs were characterized by PL-GPC50 gel 
chromatography, and the molecular mass was measured. The 
PCEs samples were analyzed with water as the mobile phase 
at a flow rate of 1 mL/min. The concentration of the sample 
solution is 5 mg/ml, and the sample solution is filtered with a 
0.45 µm filter membrane.

Dispersion of cement paste

The fluidity of cement paste represents the dispersion ability 
of PCEs on cement paste. The cement paste fluidity was 
measured according to Chinese standard GB/T8077-2012 
“Methods for Testing Uniformity of Concrete Admixture” by 
the Standardization Administration of the People’s Republic 
of China. The cement pastes with the water-cement ratio (w/c) 
of 0.5 were prepared at 20 ± 1 °C. The PCEs were added into 
the water with the range from 0.16% to 0.23% (weight percent 
of cement). When the fresh cement pastes were prepared, they 
were immediately poured into a mini-slump cone (the height 
of 60 mm, the upper diameter of 36 mm, and the bottom 
diameter of 60 mm). Then the cone was vertically removed, 
and the average spread diameter of the pastes was measured. 
Each cement sample with PCEs was tested three times, and 
the average was calculated as the final fluidity value.

Adsorption amounts of PCEs

The adsorption capacity of PCEs molecular on cement pastes 
was determined by the depletion method. Different amounts 
of dispersant samples were added to cement (w/c = 0.57). 
Cement paste was centrifuged at 8500 rpm for 7 min to obtain 
the liquid supernatant. Then liquid supernatant was filtered 
with a 0.45 μm membrane. Organic carbon content was 
measured by the total organic carbon (TOC, Shimadzu TOC-
5000A, Japan). The adsorption amount of PCEs on the surface 
of cement can be calculated based on the change of PCEs 
amount in the aqueous phase before and after mix cement.

Mortar tests

The effects of PCEs on mechanical properties of cement were 
tested according to Chinese Standard (GB/T 17,671–1999). 
The mortar specimens were prepared with Cement: Sand = 1:3 
and the amount of PCEs was 0.16% of cement. The mortar 
specimens were used to adjust water consumption to maintain 
the mortar flow at 180 ± 5 mm. The mortar specimens were 
molded at 40 mm × 40 mm × 160 mm. The flexural and 
compressive strength of specimens were measured on of 
3 days, 7 days, and 28 days by the electric folding tester (KZJ-
500) and compression-testing machine (WHY-2000). A group 
with three samples was tested. Finally, averages of flexural 
and compressive strength were calculated.

Fig. 2  FTIR spectra of AA, 
TPEG and PCE-7
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Results and discussions

Structure characterization of PCEs

Figure 2 shows the FTIR spectra of TPEG, AA and PCE-7, 
which were analysed according to reported literatures [5, 8, 12].

In the spectrum of AA, two recognizable peaks at 
1726 cm−1 and 1633 cm−1 were attributed to a carbonyl 
group (-C = O) and unsaturated double bond (-C = C-). In the 
spectrum of TPEG, the stretching vibrations of ether linkage 
(-C–O–C-) were evidenced by the peak at 1101 cm−1. As 
seen in Fig. 2, the spectrum of PCE-7 showed that PCE-7 
contained carboxyl groups such as ether group -C–O–C- and 
carboxyl group –C = O. Moreover, the absorption peaks of the 
unsaturated double bond disappeared in the spectrum of PCE-
7, which further confirmed the successful preparation of PCEs 
by RAFT polymerization. Besides other PCEs synthesis steps 
are consistent with PCE-7, so the spectra of FTIR verify the 
introduction of characteristic groups into the macromolecules, 
which was in accordance with the expected structure.

As shown in Fig. 3, the presence of peak at 2.21 ppm 
in PTPEG indicates that the monomer TPEG has been 
successfully synthesized with CTA. And the peak at 
2.29 ppm in PCE-7 indicates that the monomer AA has been 
successfully introduced into PTPEG molecule during the 
polymerization process.

In order to investigate the effect of the molecular weight 
on the performance of the product in cement, four products 
(PCE-4, PCE-7, PCE-8, and PCE-9) with different molecular 
weights were designed and synthesized. The designed 
molecular weights (d-Mn) were listed in Table 3. According 
to the molecular formula of PCEs shown in Fig. 1, the 
product was polymerized from TPEG and AA with the 

ratio of n(AA)/n(TPEG) as 6:1. By controlling the feeding 
amount of TPEG and AA, PCEs with different molecular 
weights can be obtained. The real molecular weight (Mn) 
of the product was measured and listed in Table 3. Results 
showed that Mn of four products is consistent with d-Mn, 
indicating that the target product with definite structure can 
be successfully obtained by the designed synthetic route.

The molecular weight test results of PCE-4, PCE-
7, PCE-8, and PCE-9 were shown in Table3. The 
polydispersity index represents the dispersion of the 
molecular weight of the polymer. The value is closer to 1, 
which means that the molecular weight distribution of the 
polymer is narrower. Polydispersity index is distributed 
between 1.05 and 1.35 that is numerically similar to the 
result reported by Ezzat et al. [16]. Figure 4 shows that 
the molecular weight distribution curves of PCE-4, PCE-
7, PCE-8 and PCE-9 showed one peak which proved that 
the different molecular weight of PCEs were controlled.

Dispersion performance

In the early hydration of cement, the cement particles 
encapsulated a large number of water molecules so that 
water needs to be added to achieve the working ability. The 
high water consumption would weaken the final strength 
of cement [8]. When the cement was mixed with water, the 
aluminate mineral  (C3A) firstly occurred hydration reaction 
and its surface was positively charged [20–22]. The surface 
of cement particles in the early stage of cement hydration 
also presented positive electricity. Thus, PCEs with 
carboxyl groups could be adsorbed on cement particles by 
electrostatic interactions [23, 24]. In addition, PCEs with 
carboxyl groups can chelate with  Ca2+ in the surface of 
the silicate, which also help the polymers be adsorbed on 
the cement particles [25]. As shown in Fig. 5, when PCEs 
were added into cement paste, the main chain with carboxyl 
groups were absorbed on the surface of cement particles 

Fig. 3  1H NMR spectra of TPEG, PTPEG and PCE-7

Table 3  Molecular weight of PCE-4, PCE-6, PCE-7, PCE-8, PCE-9 
and PTPEG(PCE-7)

d-Mn Designed Number-average Molecular Weight
Mw Weight-average Molecular Weight
Mn Number-average Molecular Weight 

Sample d-Mn Mn Mw Polydispersity 
index 
(Mw/Mn)

PCE-4 45,000 44,742 46,753 1.05
PCE-7 50,000 47,170 51,470 1.10
PCE-8 55,000 53,450 62,358 1.17
PCE-9 60,000 59,270 80,258 1.35
PTPEG(PCE-7) 42,240 40,470 42,555 1.05
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and the polyethylene oxide side chains break the flocculent 
structure of cement particles by the steric hindrance. Both 
the relative ratios of carboxyl groups to side chains and 
the molecular weight affect the dispersion ability of PCEs 
in cement. PCEs can disperse cement particles and release 
water molecules wrapped by cement particles to reduce 
the viscosity of cement paste, thus the cement paste with 
PCEs has better workability than that without PCEs with 
the same water-cement ratio [26].

The fluidity of cement paste represents the PCEs’ 
dispersion ability on cement particles. The obvious change 
of fluidity value was observed when PCEs were incorporated 
to cement pastes (w/c = 0.5) at a dosage of 0.23% (weight 
percent of PCEs content to cement). The experimental 
results of PCE-1 to PCE-6 are shown in Fig. 6.

Referring to the fluidity of cement paste with PCE-1 to 
PCE-6, the dispersion properties of PCEs with different 
monomer ratios were discussed. As the initial fluidity data 
are shown in Fig. 6, the fluidity of cement paste improved 
significantly when PCEs were introduced. The fluidity of the 
blank samples without PCEs was 185 mm and the sample with 
PCE-4 achieved the maximum value of fluidity at 295 mm.

In the monomer composition of PCE-1, PCE-2, PCE-3 and 
PCE-4, the ratio of AA/TPEG is gradually increasing. PCEs 
with more carboxyl groups is easier to be adsorbed on cement 
particles. With the increase of carboxyl ratio, the dispersibility 

of PCE-1, PCE-2, PCE-3 and PCE-4 to cement particles 
improved in turn. However when the ratio of AA monomer 
in PCEs molecular continuously increased, such as PCE-5 
and PCE-6, the dispersibility of PCEs to cement particles 
decreased conversely, which may be due to the excessive 
number of carboxyl groups that would cause molecular chain 
curling [27]. The coiled molecular chain encapsulated the 
adsorption sites of PCEs, which caused the corresponding 
decrease of the polymer adsorption on the cement particle 
surface. Furthermore, the proportion of side chains providing 
spatial steric hindrance decreased when the proportion of AA 
monomer was too high, thus the dispersion property of PCE in 
cement particles was reduced. Therefore, there is an optimal 
ratio of monomers for the comb-like polymer molecule, which 
is the most important for dispersing cement particles[8]. The 
cement paste fluidity showed that PCE-4 with a monomer 
ratio of 6:1 exhibits a higher dispersion efficiency in cement 
compared with other PCEs. In addition to the ratio of PCEs 
carboxyl groups to side chains, the molecular weight of PCEs 
also has a great influence on the dispersion ability of PCEs 
on cement particles.

Then, the PCE-7, PCE-8 and PCE-9 with different 
molecular weights were synthesized by RAFT polymerization 
with the monomer ratio of 6:1. PCE-4, PCE-7, PCE-8 and 
PCE-9 were incorporated to cement pastes (w/c = 0.5), 
respectively, at a dosage of 0.16% which keep the fluidity of 

Fig. 4  GPC spectra of PTPEG 
(PCE-7), PCE-4, PCE-7, PCE-8 
and PCE-9

Fig. 5  The action mechanism of 
PCEs on cement particles
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cement paste within a reasonable range. The initial fluidity 
results are shown Fig. 7.

In Fig. 7, the fluidity of cement paste with PCEs was 
higher than of the blank cement paste (185 mm). The initial 
fluidity value of PCE-8 was 295 mm and the fluidity values 
of PCE-4, PCE-7 and PCE-9 were lower correspondingly. 
With the increase of molecular weight, the fluidity of PCE-
4, PCE-7 and PCE-8 was gradually increasing. PCE-8 had 
more carboxyl groups and side chains than PCE-7 and PCE-4, 
which is conducive to the adsorption of PCE-8 molecules on 
cement particles to disperse cement particles. When the PCEs 
molecular weight continues to increase to that of PCE-9, the 
fluidity of cement paste decreased to 275 mm. Although PCE-9 
has a larger molecular weight and relatively more side chains. 
However, PCE-9 has long macromolecular chains which are 
prone to intertwine and wrap the carboxyl groups and further 
reduce the absorbable points. The long macromolecular chains 
can be adsorbed on different cement particles at the same 
time, which hindered the dispersion of cement and led to the 
agglomeration of cement particles [25], the dispersibility of 
PCE-9 for cement particles was descended. It could be inferred 
from these data that the monomer ratio and molecular weight 
of PCEs are largely responsible for the dispersibility difference 
of PCEs in cement.

Adsorption behaviors of cement

In PCEs-added cement, PCEs molecules can disperse cement 
particles. Firstly, the polymer molecules could be adsorbed 
on cement particles by carboxyl groups. The second, the side 
chains of polymer will disperse cement particles by steric 
hindrance effect. Adsorption behaviour of cement is one of 
the most effective measures to measure cement interaction 
[28]. The adsorption curves are shown in Fig. 8.

The adsorption curves of PCE-1 to PCE-6 (at a dosage of 
0.23%, limited 120 min) in the cement paste (w/c = 0.57) are 
displayed in Fig. 8(a). The adsorption amounts on the cement 
particles with different PCEs increased with time until the stage 
of adsorption saturation. In Fig. 8(a), the maximum adsorption 
amount is PCE-4, which was contributed to that PCE-4 
molecule carried more carboxyl groups than PCE-1, PCE-2 
and PCE-3. Although PCE-5 and PCE-6 have more carboxyl 
groups than PCE-4, the effect of polymer chain entanglement 
shielding carboxyl groups is stronger than that of carboxyl 
groups anchoring cement particles. The effective adsorption 
sites of PCE-5 and PCE-6 on cement particles reduced [27]. 
The adsorption curves of PCE-4, PCE-7, PCE-8 and PCE-9 
(at a dosage of 0.16%, limited 120 min) in the cement paste 
(w/c = 0.57) are displayed in Fig. 8 (b). The adsorption amounts 

Fig. 6  Initial fluidity of cement pastes with PCE-1 to PCE-6
Fig. 7  Initial fluidity of cement pastes with PCE-4, PCE-7, PCE-8 
and PCE-9

Fig. 8  (a) Adsorption capacity 
of cement pastes with PCE-1 to 
PCE-6; (b) Adsorption capacity 
of cement pastes with PCE-4, 
PCE-7, PCE-8 and PCE-9
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increased with time until the stage of adsorption saturation. 
The PCE-8 was easily absorbed on cement particles, and the 
adsorption ability of PCE-7 and PCE-4 decreased sequentially. 
Compared with PCE -8 molecule, the content of carboxyl 
groups in the PCE-4 and PCE-7 molecules is reduced, which 
also reduces the effective adsorption of the PCE-4 and PCE-7 
molecules on the cement particles. Compared with PCE-8, the 
adsorption amount of PCE-9 was reduced. PCE-9 molecule 
with long main chains move slowly and could adsorbed on 
the surface of many cement particles simultaneously, which 
resulted in agglomerating of cement particles [29]. It is also 
worth recalling that the trend of adsorption capacity of PCEs 
corresponds to that of cement fluidity data mentioned above, 
which is also consistent with other studies reported, such as 
Qian’s [8] study, pointing out that the dispersion effect of 
PCEs to cement particles is well connected to the amount 
of polymer that adsorbed on cement particles. These results 
show that the synthesized PCE-8 with proper monomer ratio 
and molecular weight can exhibit high working efficiency, 
verifying the contribution of regulating structural parameters 
to the improvement in flow performances of cement paste.

Mechanical properties

The strength of mortar is affected by the amount of water 
mixed to mortar. The great effect of dispersibility on mortar 
applied by PCEs contributed to the outstanding flexural and 
compressive strength of mortar products [11]. The flexural and 
compressive resistance of mortar specimens were tested, under 
the same initial fluidity and the results are shown in Table 4. 
The mortar specimens were prepared with PCEs at a dosage 
of 0.16%. The water consumption for mortar specimens was 
adjusted to achieve the mortar flow at 180 ± 5 mm.

In Table 4, the flexural and compressive strength of mortar 
specimens with PCEs was significantly higher than that of 
the blank mortar specimens without PCEs. When the same 
fluidity is achieved as that of the blank mortar specimens, the 
amount of water used for achieving the same fluidity reduced 
when PCEs were introduced into mortar specimens. Because 
the water-cement ratio of mortar mixed with PCEs decreased, 
the strength of hardened mortar at each age increased. In 

addition, cement mortar samples containing PCE-8 exhibited 
higher flexural and compressive strength than that of the other 
samples. It can be attributed to the more excellent dispersion 
ability of PCE-8 in cement compared with other PCEs.

Conclusions

In this work, PCEs with defined molecular structures 
were synthesized by RAFT polymerization. The effects of 
monomer ratio and molecule weight on the dispersion and 
adsorption properties of PCEs were obtained.

1. In terms of the monomer ratio of PCEs, when the 
monomer ratio of PCEs is lower than 6:1, the dispersion and 
adsorption properties of PCEs are increase with the increase 
of the monomer ratio. However, when the monomer ratio 
of PCEs is greater than 6:1, the synergistic effect of the 
adsorption of PCEs molecules on cement particles and 
the steric hindrance is reduced, resulting in the effect of 
dispersion property in cement particles was reduced.

2. In terms of molecular weight of PCEs, when the molecular 
weight is lower than PCE-8 (Mn = 53,450, Mw = 62,358), the 
dispersion property of PCEs is increase with the growth of the 
PCEs molecular weight. When the molecular weight of PCEs 
is greater than PCE-8, the adsorption and dispersion properties 
of PCEs decreased with the growth of PCEs molecular weight.
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