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Fig. 1 Particle size distribution of sea sand
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Chemical composition of granulated blast
furnace slag w/%

Table 1

CaO SlOz A1203 MgO F6203 SlO3 Others

34.00 34.50 17.70 6.01 1.03 1.64 5.12
w is mass fraction.

x2 BKBOUERD

Table 2 Chemical composition of seawater c/(mg-L™")
Na' cr SO* Mg K" Ca** cu®’ Fe Pb
9500-10500 16 500-18 500 2000-2 600 950-1400 280-380 300420 <0.003 <0.01 <0.05

¢ is concentration.

R3 PR-_EHEEREETAE

Table 3 Metal ion content of nano silica w%

Al Na Ti Zn

0.05 0.043 0.012 0.014
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B, ARIERES) 2 min; 2) HICKS A A FWRE
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160 mm ] = BRI B v, TE IRBN & B 3) 60 s;
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27 do

F=4 AASM-SS it &ttt

Table 4 Mix proportion of AASM-SS

kg/m’

Sea water

AASM-SS NS Slag Water glass NaOH Seasand  Number of samples
Sea slat Water
NSO 0 625.0 164 27.8 6 187.6 1249.5 6
NS1 6.3 618.8 164 27.8 6 187.6 1249.5 3
NS2 12.5 612.5 164 27.8 6 187.6 1249.5 3
NS3 18.8 606.3 164 27.8 6 187.6 1249.5 3
NS is nano SiO».
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Table 5 Percentage of cracks area %
AASM-SS 400 C 600 C 800 'C
NSO 0.360 2.724 5.558
NS1 0.459 1.489 3.328
NS2 1.155 1.806 6.642
NS3 0.003 1.252 2.257

K4 PSRN ) T g%
Fig. 4 Surface cracks in samples after different temperatures
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Fig. 9 Effects of nano-silica concentration on the compressive strength and residual compressive strength of AASM-SS after

elevated temperature exposure
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Fig. 10 Effects of nano-silica concentration on the flexural strength and residual flexural strength of AASM-SS after elevated

temperature exposure
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Effect of Silica Nanoparticles on High-Temperature Mechanical Properties of Sea Sand
Alkali-Activated Slag Cementitious Materials

RONG Xian', LIU Jingjie', CHEN Pang', LI Yonggan®, WANG Zhiyong®
(1. College of Civil Engineering and Transport, University of Technology, Tianjin 300401, China;
2. China Construction (Tianjin) Industrial Construction Engineering Co., Ltd, Tianjin 301700, China)

Extended Abstract

Introduction Application of silica nanoparticles in concrete has attracted much attention. Its unique filling characteristics and high
volcanic ash characteristics can improve the pore structure of concrete and promote hydration reaction, having a positive effect on the
mechanical properties of concrete. After concrete is subjected at a high temperature, the pore pressure inside the structure, the
deterioration of the transition zone of the slurry aggregate interface and the change of phase are all reasons for the decline of the
mechanical properties of concrete at a high temperature. Silica nanoparticles have a filling effect, increasing the compactness of the
material, while silica nanoparticles can undergo a volcanic ash reaction to generate more hydrated calcium silicate (C-S-H) gel,
improving the high-temperature resistance of concrete. The inside of alkali slag mortar is alkaline environment and its hydration
reaction is completely different from concrete, and the influence of silica nanoparticles on the high-temperature resistance of alkali
slag cementitious material is different from that of ordinary concrete. Therefore, silica nanoparticles can improve the high-temperature
mechanical properties of cement-based materials, but the influence of silica nanoparticles on the high-temperature resistance of
seawater sea sand alkali slag mortar is more complicated. This paper was to investigate the effect of silica nanoparticles on the
high-temperature resistance of seawater sea sand alkali slag mortar.

Methods Simulated seawater and sea sand with a fineness modulus of 2.3 were used as mixing water and fine aggregates. Liquid
sodium silicate and solid sodium hydroxide were formulated as alkali initiators in a molar ratio of 1.7 for SiO, and Na,O. Silica
nanoparticles with the sizes of 20-50 nm and a specific surface area of 670 mz/g as an admixture were supplied by Taihong Shengda
New Materials Co., Ltd., China. Four sets of alkali slag mortar with different concentrations of silica nanoparticles (i.e., 0%, 1%, 2%
and 3%) were produced. After mold removal, it was placed in a curing room at (20+2) ‘C and a relative humidity of > 90% for 27 d,
and then dried naturally for 1 d. The changes of mass and length in specimens were recorded by scales and vernier calipers before and
after high-temperature heating. The flexural and compressive strengths were determined on seawater sea sand alkali slag mortar
specimens (40 mmx40 mmx160 mm) at different high temperatures (i.e., 200, 400, 600 ‘C and 800 C).

Results and discussion At room temperature, silica nanoparticles have little effect on the compressive strength of seawater sea sand
alkali slag mortar, and the compressive strength of the specimen is only increased by 1.5% and 2.3% at the concentrations of silica
nanoparticles of 2% and 3%, respectively. Also, silica nanoparticles can reduce the pH value of alkali initiator, which is unstable in
salt solutions where Mg?" is > 0.1% (in mass fraction). Monomeric silicon ([SiO,(OH),_,],") is formed when silica nanoparticles are
added into the base initiator, improving the SiO,/Na,O ratio of the solution.

At 200 C, compared with ordinary concrete, the addition of silica nanoparticles can increase the compressive strength of
seawater sea sand alkali slag mortar. The compressive strength of the specimen with silica nanoparticles content of 1%—3% is
103%—-123% of the normal temperature state. This may be related to the superior dispersion of silica nanoparticles in alkaline
environments. OH™ can convert the silicon hydroxyl group on the surface of silica nanoparticles to Si—-O™ groups, so that the surface of
silica nanoparticle generates a negative charge and increases the dispersion. The deformation results at a high temperature show that
the residual deformation of the specimen can be effectively alleviated when the silica nanoparticles content is 3%. Combined with the
analysis of the results of mass loss, the addition of silica nanoparticles can reduce the content of evaporable water in the specimen.
This decreases the pressure generated by the evaporation of partially pore water, thereby reducing the partial crack generation.

Conclusions The addition of silica nanoparticles improved the compressive strength of seawater sea sand alkali slag mortar at
200 C. This could be related to the dispersion of silica nanoparticles in alkaline environments rather than in neutral environments.
Silica nanoparticles could reduce the evaporable water content inside seawater sea sand alkali slag mortar. At the silica nanoparticles
content of 3%, the deformation and cracks of the specimen at a high temperature were effectively inhibited.

Keywords silica nanoparticles; sea sand; alkali-activated slag; high-temperature action; flexural strength; compressive strength



