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Table 1 Chemical composition (mass fraction, w) of f-HH
w/%

SO3 CaO SIOZ MgO Ale3 F6203 Na20 KzO LOI

48.65 36.21 3.88 195 0.34 0.17 0.11  0.04 8.62

1.2 BERBORKH &

Ko B Wkl A(f1 120 ¢ MPEGMA., 172 g
MAA. 1.8 g MPC 180 g 2 & ¥ /K 4L ) Mg ikt
B(H 1.5 g APS 130 g BT /KA M). 7E 500 mL
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Table 2 Composition and molecular mass of PCEs

Groups Mp/(g'mol™)  My/( g'mol™) PDI Yield/%
PCE-C 14 255 26 590 1.87 92.7
PCE-S 12 654 22417 1.77 90.6
PCE-P 13524 25169 1.86 92.1
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Fig. 1 'H NMR spectrum of PCE
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Fig. 3 GPC spectrum of PCEs
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(a) PCE without SS in cement (b) PCE with SS in cement
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Fig. 4 Effect of PCE on the flowability of calcium sulfate
hemihydrate paste
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Fig. 5 Effect of PCE on the setting time of calcium sulfate
hemihydrate paste
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Fig. 6 Compressive strength and apparent density of hardened
gypsun raste
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WURLLE KWW R R T A IR A . A 3 PR
4EKIN) PCE J5, Zeta HLA7 35 f IFAE 3648 N FiH
H.r, PCE-C. PCE-S il PCE-P [{] Zeta Hi47 % 7))
N—8.89. =7.98 mV F1-8.13 mV, FKH] 3 Fhyk /K 7
P B B I Her SO RO . FEIMN SS &, &1
AN Zeta HALZXHE R FFAC. PCE-C [1) Zeta
AL —8.89 mV FF EL—6 mV 4. X —AE
A T RRER AN P NatFl SO, 1 L fif B e 1 F
JE4G T FORLJE BB FEAUZ 2R 1T T 2 Zeta HUAL
#i Xl T %, {5 PCE-S Al PCE-P [¥] Zeta Hi {7 44 %}
B, RPIX 2 Fh PCE 7E & il B N 52 o
T B A — 1R B AR E 1

1SS
8t EZ2 PCE-C+SS
B PCE-S+SS
6 B PCE-P+SS
> > 4l
£ £
= = 2t
g :
2 bS]
a o
8 S8
3 Q
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(a) PCE without SSin cement (b) PCE with SSin cement

Bl 7 PCEs X /KA B Zeta AL M
Fig. 7 Effect of PCEs on the Zeta potential of calcium sulfate
hemihydrate paste
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TR A1 T S5 M i A R T 1 5 5 0 B 3R T TR AR
HAEF. #E5IN SS J&, 3 Ff PCE HIWLFHE AT
B, JLFRAE SR X R), AN & B B AR T
AhnSS X RIFE S . IXFEZFA SS H Natfl
SO, 5% Bk 2 T LT PR S (3Bl (B A R 2
PCE-S Wy Bt S AN FIIR P 252 3 SS (3RS,
H K2 PCE-P, B#{&i M B2 PCE-Co XUt
1T RIS Zeta HLAT H 4 X (R AR AL AR 3 14 R F%
A —8, R SS MAFTES M PCE 154 B 1A
R EUSE

5

—a— PCE-C
—e— PCE-S
| —— PCE-P
---g--- PCE-C+SS
---0--- PCE-S+SS
| -4 PCE-P+SS I o s *

~

w

Adsorption amount/(mg-g™)
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Kl 8 PCEs Wb i 2k
Fig. 8 Adsorption amount curves of PCEs
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J1% A2 (Rh) B 22 5 £ 22 PCE 73 F HL g7 25 JE A
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Table 3 Ionization degree of adsorbed groups of PCE in
simulated calcium sulfate hemihydrate pore solution
Per adsorption
Groups pH pKar o pKa o group total
charge/eV
PCE-C 657 572 0.8763 0.8763
PCE-S 6.88 2.67 1.0000 1.000 0
PCE-P 672 156 09999 10.15 0.0004 1.000 3
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Table 4 Adsorption energy of adsorbed groups on the
(001) surface of calcium sulfate hemihydrate

Groups  Epw/eV Equface/€V  Emolecula/€V  Adsorption energy/eV
PCE-C -21459.261 6 —19832.7573 -1623.7102 —2.7942
PCE-S —22233.2409 -19832.9101 -2398.6732 —-1.6576
PCE-P —23584.758 1 —19 832.7654 —3748.9020 —3.0908

Note: Egurace 1S surface energy before adsorption; Epoiecular 1S molecular
energy before adsorption; Egyumee is total energy of the system after

adsorption.
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Extended Abstract

Introduction Calcium sulfate hemihydrate is widely used in the construction and industrial fields, and its application effect largely
depends on its dispersibility. Early studies mostly used anionic polymer dispersants to improve its performance. Later, with the
application of polycarboxylate superplasticizers (PCE) in the cement and concrete fields, the exploration of its application in
half-water gypsum began. Research shows that the charge characteristics and side chain structure of PCE have a significant impact on
its adsorption behavior and dispersibility. Introducing functional groups using strong complexation ability of Ca*" can improve its
dispersibility. However, the mechanism of the influence of PCE molecules' adsorption behavior and dispersibility in calcium sulfate
hemihydrate paste with high SO+*~ concentration and weak acidity is still unclear. Therefore, three types of PCE containing carboxyl
groups, sulfonic acid groups and phosphate ester groups were synthesized. Through various means, the dispersibility and interface
interaction mechanism of these PCE in the calcium sulfate hemihydrate system were systematically studied, providing a theoretical
basis for the development of high-performance PCE molecules.

Methods Using MAA, SMAS and HEMAP as the main chains, PCEs containing carboxylic acid groups (PCE-C), sulfonic acid
groups (PCE-S) and phosphate groups (PCE-P) were synthesized. The synthesized water reducers were subjected to tests such as PCE
molecular structure characterization, gypsum paste test, hardened gypsum performance test, simulated gypsum pore solution test,
quantum chemical calculation and molecular dynamics simulation.

Results and discussion Through comprehensive analysis of '"H NMR spectrum and FTIR spectrum, it can be known that carboxylic
acid groups, sulfonic acid groups and phosphate groups were successfully introduced into the three PCEs respectively. GPC showed
that the conversion rate of the monomers was above 90%. The performance test of gypsum paste showed that the three water-reducing
agents all had dispersing effects on gypsum, among which the dispersing effect and retention effect of PCE-S were the best. After
introducing Na,SO, (SS), the influence on the other two water-reducing agents was significant, while PCE-S still showed good
fluidity. The water-reducing agents prolonged the setting time of gypsum, while the introduction of SS reduced the setting time of
gypsum to a certain extent. PCE-S exhibited better crystal growth regulation ability and had a relatively small impact on the strength
of the gypsum hardened paste. The introduction of SS led to a slight decrease in the absolute values of the zeta potential of PCE-S and



+ 3238 - CTERR #5230 J Chin Ceram Soc, 2025, 53(11): 32273238 2025 4

PCE-P, indicating high adsorption stability in the presence of sodium sulfate. In the adsorption capacity test, PCE-S showed a higher
saturated adsorption capacity, and it was least disturbed by SS. The introduction of SS significantly increased the particle size of PCE
and broadened the particle size distribution, weakening the electrostatic stability between molecules. The pH titration test showed that
PCE-S and PCE-P had higher charge density in the gypsum system. The static charge density distribution of gypsum crystal surfaces
showed that the sulfonic acid groups induced obvious electron cloud rearrangement and structural reconstruction on the gypsum
surface, and through the "cooperative adsorption effect”" induced by surface reconstruction, its macroscopic adsorption capacity and
dispersion effect could be significantly enhanced.

Conclusions The type of PCEs adsorption groups significantly affects its dispersion performance in the calcium sulfate hemihydrate
system. PCE-S shows the best improvement in fluidity and resistance to sulfate interference, followed by PCE-P and PCE-C, with the
poorest performance. The degree of ionization and apparent charge density of PCE in the calcium sulfate hemihydrate environment
play an important regulatory role. PCE-S and PCE-P almost completely ionize at the experimental pH, for both having a higher
apparent charge density and enhancing electrostatic adsorption with Ca?" and the degree of molecular unfolding, thereby improving its
dispersion stability. The sulfonic acid groups achieve enhanced "cooperative adsorption effect" by inducing significant electronic
rearrangement and crystal plane reconstruction on the (001) surface of calcium sulfate hemihydrate, thereby improving its
performance in macroscopic adsorption capacity and dispersion properties. Additionally, PCE-S possesses a higher affinity for Ca*',
evidenced its stronger complexation capacity and superior competitive adsorption against SO+*". Its increased steric hindrance and
high surface coverage further lead to enhanced dispersion efficiency.

Keywords polycarboxylate superplasticizers; adsorption groups; calcium sulfate hemihydrate; molecular dynamics simulations;
competitive adsorption; surface reconstruction



