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Abstract: Adding calcium silicate hydrate seed—polycarboxylate ether (C—S—Hs—PCE) to cement-based materials can effectively
improve the early strength. C—S—Hs—PCE can provide nucleation sites for the formation of a hydration product C—S—-H gel, effectively
promoting the generation of the C—S—H gel, and accelerating the process of cement hydration. The acid-ether ratio is an important
structural parameter of comb-type PCE molecules, having an impact on the synthesis and early strength enhancement of
C-S-Hs-PCE. This paper investigated the effect of acid-ether ratio on the particle size of C—S—Hs—PCE and the early strength of
cement-based materials by using dynamic light scattering (DLS) particle size analysis, total organic carbon analysis, X-ray diffraction,
low-field time-domain nuclear magnetic resonance, scanning electronic microscopy, isothermal calorimetry, and compressive strength
tests, respectively. The results show that the C—S—Hs—PCE formed at a high acid-ether ratio PCE has a smaller particle size, which is
more conducive to promoting the hydration of the silicate phase and the generation of calcium hydroxide and C—S—H gel, thereby
accelerating the hydration of the paste, reducing the total porosity of mortar, and improving the early compressive strength of mortar,
especially within 24 h.
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Table 1 Chemical compositions of reference cement, fly ash and slag

Mass fraction/%

Material

SiO, Al,O4 Fe, O3 CaO MgO SO; Na,Oeq Others
Cement 20.53 4.45 3.17 62.05 2.81 2.10 0.55 4.34
Fly ash 55.97 33.56 2.56 1.49 1.49 0.36 0.48 4.09
Slag 31.90 14.40 0.45 36.40 11.50 2.30 0.39 2.66
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Table 2 Mix proportions of the cement pastes
Mass/g
Sample No. C-S-Hs-PCE—n W/B ratio C-S-Hs-PCE (bwob)/%
Cement  Fly ash Slag Water C-S-Hs-PCE-n
Blank-1 100 0 0 45.00 0.00 0.45 0.0
S0.6-2-1 C-S-Hs-PCE-2 100 0 0 42.13 3.47 0.45 0.6
S0.6-4-1 C-S-Hs-PCE-4 100 0 0 42.19 341 0.45 0.6
S0.6-6-1 C-S-Hs—PCE-6 100 0 0 42.66 2.94 0.45 0.6
S0.6-8-1 C-S-Hs-PCE-8 100 0 0 42.26 3.34 0.45 0.6
Blank-3 70 20 10 45.00 0.00 0.45 0.0
S0.6-2-3 C-S-Hs-PCE-2 70 20 10 42.13 3.47 0.45 0.6
S0.6-4-3 C-S-Hs-PCE-4 70 20 10 42.19 341 0.45 0.6
S0.6-6-3 C-S-Hs-PCE-6 70 20 10 42.66 2.94 0.45 0.6
S0.6-8-3 C-S-Hs-PCE-8 70 20 10 42.26 3.34 0.45 0.6
S1.8-2-3 C-S-Hs—PCE-2 70 20 10 36.40 10.40 0.45 1.8
S1.8-4-3 C-S-Hs-PCE-4 70 20 10 36.57 10.23 0.45 1.8
S1.8-6-3 C-S-Hs—PCE-6 70 20 10 37.99 8.81 0.45 1.8
S1.8-8-3 C-S-Hs-PCE-8 70 20 10 36.78 10.02 0.45 1.8

W/B is the ratio of water to binder; bwob is by mass of binder.
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Table 3 Mix proportions of the mortar
Sample No. Mass/g ‘W/B ratio B/S
Cement Fly ash Slag Water C-S-Hs-PCE—n Sand
Blank-1 450 0 0 202.50 0.00 1350 0.45 1:3
S0.6-2-1 450 0 0 189.60 15.60 1350 0.45 1:3
S0.6-4-1 450 0 0 189.85 15.35 1350 0.45 1:3
S0.6-6-1 450 0 0 191.98 13.22 1350 0.45 1:3
S0.6-8-1 450 0 0 190.17 15.02 1350 0.45 1:3
Blank-3 315 90 45 202.50 0.00 1350 0.45 1:3
S0.6-2-3 315 90 45 189.60 15.60 1350 0.45 1:3
S0.6-4-3 315 90 45 189.85 15.35 1350 0.45 1:3
S0.6-6-3 315 90 45 191.98 13.22 1350 0.45 1:3
S0.6-8-3 315 90 45 190.17 15.02 1350 0.45 1:3
S1.8-2-3 315 90 45 163.81 46.79 1350 0.45 1:3
S1.8-4-3 315 90 45 164.55 46.05 1350 0.45 1:3
S1.8-6-3 315 90 45 170.95 39.65 1350 0.45 1:3
S1.8-8-3 315 90 45 165.52 45.08 1350 0.45 1:3

B/S is the ratio of water to sand.
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Table 4 Structural parameters of PCE molecules

Conversion of

Sample Mn/(grmol™) M, /(grmol™’)  PDI
macromonomer/%

PCE-2 94.00 12281 24445 1.99

PCE-4 99.70 16082 32469 2.02

PCE-6 97.70 16205 32700 2.02

PCE-8 96.70 12380 36931 2.98

PDI is polydispersity index; M, is number average molecular weight; My, is

weight-average molecular weight.
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Fig. 1 Influence of PCE with different acid-ether ratios on the
flowability of cement paste
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Fig. 3 Particle size distributions of C—S—Hs—PCE
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(a) Hydration evolution of cement paste over 72 h (b) Cumulative heat release of cement paste over 72 h

with or without 0.6% (bwob) of C—-S-Hs—PCE with or without 0.6% (bwob) of C—-S—-Hs—PCE

(c) Hydration evolution of ternary blended cement paste (d) Cumulative heat release of ternary blended cement paste

over 72 h with or without 0.6% (bwob) of C—-S-Hs—-PCE over 72 h with or without 0.6% (bwob) of C—-S-Hs—PCE
300
o 250 51.8-4-3S1823
—_ .8-2-
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é 200 )
[ $1.8-6-3
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= /

(e) Hydration evolution of ternary blended cement paste over  (f) Cumulative heat release of ternary blended cement paste over
72 h with or without 1.8% (bwob) of C-S-Hs-PCE 72 h with or without 1.8% (bwob) of C—-S-Hs-PCE
Kl 4  C-S-Hs—PCE X AR 4L K e AR AL ERE (R 5

Fig. 4 Impact of C—S—Hs—PCE on the hydration process of differently compositional cement
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Fig. 5 Impact of C-S—Hs—PCE on hydration products of differently compositional cement
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(a) Cement mortar with or without 0.6% (bwob) of C—S—-Hs—PCE

(b) Ternary blended cement mortar with or without
0.6% (bwob) of C—S—-Hs-PCE

(c) Ternary blended cement mortar with or without 1.8% (bwob)
of C-S-Hs-PCE
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Fig. 6 Influence of C—S—Hs—PCE seeds on the compressive

strength of pure cement and ternary blended cement-
based mortar
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Fig. 7 Influence of C—S—Hs—PCE seeds on the total porosity

of pure cement and ternary blended cement based
mortar
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Fig. 8 SEM images of selected hydration samples
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Fig. 9 Schematic diagram describing the underlying mechanisms of C—-S—Hs—PCE in cement-based composites
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