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Abstract: Utilizing fly ash cenosphere, which is a coal-based waste, as a substitute for cement to prepare concrete
can effectively mitigate its negative environmental effect. A surface etching process for fly ash cenosphere was
proposed in this paper, and nano-silica was also adopted to coordinatively reinforce concrete performance. The
microstructure morphology and phase composition of the cenosphere before and after surface etching were com-
pared using scanning electron microscopy and X-ray diffraction and the influence of the surface etched cenosphere
on the hydration properties was characterized by thermogravimetric testing to determine the effectiveness of the
proposed etching procedure. The effects of surface etched cenosphere and nano silica were studied using compres-
sion and split-tensile tests and scanning electron microscopy-energy dispersive spectroscopy. Results show that the
etching procedure proposed in this paper accelerates the release of Si and Al elements inside fly ash cenosphere.
The etched micro-pores provide effective paths for water migration, enabling fly ash cenosphere to have internal

curing effect and increased pozzolanic activity. Thus, cement hydration and mechanical properties of concrete are

B : 2024-05-11; fEEIAHA: 2024-06-08 ; SR HHA: 2024-06-30 ; M EHZATIE: 2024-07-15 16:22:06
M4 & #udk: https://doi.org/10.13801/j.cnki.fhelxb.20240712.002
HEEWH: EXARE:ES (523084525 52278455)
National Natural Science Foundation of China (52308452; 52278455)
BIEIEE: AM—, WL, BUR, WiAESIW, DF505 [ 0 REALIREVESNTT - E-mail: zhuxingyi66@tongji.edu.cn

SIAR: TRAERE, SR —. GORIGIR MK ELERIRBE 119 ) 2 MERE S O [1]. EERPRI#AR, 2025, 42(4): 2023-2033.
ZHANG Yating, ZHU Xingyi. Mechanical properties and microstructure of nano-reinforced concrete containing etched fly ash cenosphere(J].
Acta Materiae Compositae Sinica, 2025, 42(4): 2023-2033(in Chinese).


https://doi.org/10.13801/j.cnki.fhclxb.20240712.002
mailto:zhuxingyi66@tongji.edu.cn

2024 -

EEMRER

significantly improved. However, when the dosage of fly ash cenosphere increases to 40wt%, the negative impact of

the hollow structure of fly ash cenosphere is more significant, resulting in decreased concrete strengths. Further-

more, the synergistic enhancing effect of surface etched cenosphere and nano silica is significant with increased

Si/Ca and Al/Ca ratios at the interface, which improves the composition of hydration products and optimizes the

interfacial transition zone and thus benefits the microstructure and strength development of concrete.

Keywords: concrete materials; etched fly ash cenosphere; nano-silica; hydration characteristics; mechanical

properties; microstructure
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Fig.1 SEM image of fly ash cenosphere (FAC)
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Fig.2 XRD pattern of FAC
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Table1 Physical properties of nano-silica

Purity/%

Particle size/nm

Specific surface area/(m*g™) Density/(g-cm™)

Bulk density/(g-cm™)

>99.99

20

>240 2.3

0.06
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Mixing process
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SEFAC—Surface etched fly ash cenosphere
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Fig. 4 Surface etching procedure for FAC
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Table2 Water absorption and water desorption of SEFAC

Time/h Water Water desorption/% B - ‘

absorption/% RH=85.1% RH=75.5% RH=43.2% F3Pw . Hrp, K4 20wt%FAC A5 A £ il
é 22 E: 32 gg %\ FAC By % BRI 36 4H . SEFAC %5 i 4 B 7k U8
12 67.4 55.3 73.8 82.5 FHAEFE G AT 1 h, f# SEFAC #7815 7K 41,
24 68.7 66.4 83.5 92.4 TR MR AR Ky, B A KK . NS
48 70.2 76.2 92.1 98.9

Note: RH—Relative humidity.
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Table 3 Mix proportions of concrete mixtures

Mixture ID Water/kg Cement/kg Gravel/kg Sand/kg FAC/kg SEFAC/kg NS/kg
20wt%FAC 147 310 1119 746 76 — —
20wt%SEFAC 147 310 1119 746 — 76 —
40wt%SEFAC 147 234 1119 746 — 152 —
1wt%NS/20wt%SEFAC 147 306.14 1119 746 — 76 3.86
2wt%NS/20wt%SEFAC 147 302.28 1119 746 — 76 7.72
1wt%NS/40wt%SEFAC 147 230.14 1119 746 — 152 3.86
2wt%NS/40wt%SEFAC 147 226.28 1119 746 — 152 7.72

Notes: NS—Nano-silica; Example: 1wt%NS/20wt%SEFAC is that the concrete mixture is added with 20wt% SEFAC and 1wt% nano-silica.
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Fig.6 XRD pattern of SEFAC
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Fig.7 TG test results for 20wt%FAC and 20wt%SEFAC
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Table4 Ca(OH), and non-evaporable water contents

Ca(OH), Non-evaporable water
Mixture ID content/% content/%

3d 28d 3d 28d
20wt%FAC 7.1 15.2 3.7 5.8
20wt%SEFAC 10.8 19.8 7.3 8.6

PETE JUE AN (3 NP SV S UN N TN Ei
IR 56 41 20wt%SEFAC 1E 77§ 3 d i} 19 Ca(OH), I
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