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Abstract: Ultra-high performance concrete (UHPC) has emerged as a cutting-edge material in civil engineering due to its
exceptional strength and durability. However, its extremely low water-binder ratio and high powder content result in poor
workability. Polycarboxylic acid superplasticizers (PCE) serve as critical admixtures for regulating the flow properties
and mechanical performance of UHPC. This study investigates the mechanism by which PCEs with different molecular
structural characteristics enhance the dispersion stability of cement, silica fume, and fly ash particles within the UHPC
matrix, and identifies the optimization patterns for UHPC mechanical properties. PCEs with varying side-chain lengths
(1000, 2400, and 3000) and main-chain carboxyl density (acid-ether ratios of 4:1 and 5:1) were selected. Their infrared
spectra, adsorption behavior on cementitious surfaces, and zeta potentials were tested. The effects of PCE at different
dosages on the flowability, time-dependent loss, and hardened compressive and flexural tensile strengths of fresh UHPC
paste were systematically investigated. Results indicate that PCE-4 with long side chains and high carboxyl density
exhibits optimal dispersion capability and stability.
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Tab.1 Main chemical composition of cement

x2 BEROEENFEM

Tab.2 Main chemical composition of silica fume

Si0, K0 MgO ALO, Na,0 P,0; CaO SO, Fe,0;

9541 130 084 065 049 045 040 029 0.1

R3 THNEZNFEM

Tab.3 Main chemical composition of mineral powder

Ca0  Si0, ALO, MgO SO, TiO, Na,0 K,0 Fe,0,

3433 3256 20.03 802 235 086 057 040 0.37

&4  BMPCEsHIS T EMIFHE

Tab.4 Molecular structural characteristics of synthetic

Ca0 S0, ALO, Fe,0; MgO K,0 NaO SO, P,0;

6198 21.87 652 346 157 050 027 3.78 0.05

PCEs
FESL MRS G Rie E3orT BohT DI K
P K It i i (%)

PCE-1 1000 4:1 52882 30218 1.75 60.4
PCE-2 2400 4:1 60493 32007 1.89 62.8
PCE-3 3000 4:1 59627 33879 1.76 64.7
PCE-4 3000 5:1 55692 30433 1.83 67.8
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Fig.1 Molecular structure of synthetic PCEs
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Fig.3 Adsorption of PCEs on the surface of cementitious
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Fig.4 Zeta potential of PCEs in cementitious materials
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Fig.5 Effect of PCE type and dosage on initial fluidity of
UHPC
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Fig.6 Effect of PCEs on the loss of UHPC fluidity over time
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&5 PCEsXUHPCHUEREHIZM(MPa)
Tab.5 Effect of PCEs on compressive strength of UHPC

(MPa)

%' 3d 7d 28d
IEE 63.5 95.1 118.9
PCE-1 81.8 102.6 133.9
PCE-2 82.9 107.8 135.6
PCE-3 88.4 110.9 138.6
PCE-4 92.6 115.7 142.6

&6 PCEsXfUHPCHZHI 3R E KRN (MPa)
Tab.6  Effect of PCEs on the flexural tensile strength of

UHPC (MPa)

Gir's 3d 7d 28d
IR 11.6 17.6 23.9
PCE-1 142 20.7 26.5
PCE-2 143 21.7 27.4
PCE-3 15.9 22.1 27.9
PCE-4 16.8 234 28.9
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