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Abstract — In this article, functional concrete samples were fabricated by incorporating activated carbon powder or
by coating with silica nanoparticles to study the adsorption capacity of the cationic dye, methylene blue. To avoid the
concrete samples from being settled down, the floating behavior of the samples in waste water could be controlled by
adjusting the amount of polystyrene mixed in the concrete to change density of the samples. In addition to activated
carbon powder, silica nanoparticles were synthesized by precipitation method for coating of concrete to improve the
adsorption capacity of the samples. Conventional concrete samples without any additive materials showed very low
adsorption capacity of methylene blue. However, functional concrete samples containing activated carbon or silica
particles demonstrated significantly superior adsorption capacity of the organic dye. The adsorption of methylene
blue could be increased by increasing the amount of activated carbon powder in the concrete samples. Acid-treated
activated carbon, with developed pore structure, enhanced higher adsorption capacity compared to untreated activated
carbon after incorporating in concrete samples. Additionally, silica-coated concrete showed improved adsorption
capacity after repeated coatings and enhanced mechanical strength. Concrete samples coated with both silica sol and
activated carbon powder showed enhanced adsorption capacity compared to concrete specimen coated with only
silica nanoparticles.
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Fig. 1. (a) Schematic figure of the materials used to prepare func-
tional concrete samples containing activated carbon powder.
(b) Schematic figure of the method for preparation of silica-

coated concrete samples.
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treated activated carbon powder.
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Fig. 7. (a) SEM image showing the surface micro-structure of con-
crete sample without silica coating. (b) SEM image showing
the surface micro-structure of silica-coated concrete sam-
ple. (c) Particle size distribution of silica sol.
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Fig. 8. (a) Change of methylene blue concentration as a function of
adsorption time using concrete samples with different silica
coating times. (b) Change of methylene blue concentration
as a function of adsorption time using concrete samples with
different number of silica coating.
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Fig. 9. Change of methylene blue concentration as a function of
adsorption time using concrete samples coated with silica sol
and concrete samples coated with silica and activated car-
bon powder.
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Fig. 10. Cross-sectional images of (a) normal concrete, (b) silica-
coated concrete, and (c) activated carbon powder-contain-
ing concrete after methylene blue adsorption. (d) Cross-sec-
tional image of activated carbon powder-containing concrete
before methylene blue adsorption.
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Table 2. The composition of silica nanoparticle, normal concrete, and silica-coated concrete

Silica nanoparticle Normal Concrete Silica-coated Concrete
Element Concentration (wt.%) Element Concentration (wt.%) Element Concentration (wt.%)
SiO, 91.9140 CaO 97.9657 CaO 95.4091
CaO 5.9876 Fe O3 0.9325 K>O 1.6919
Fe O3 0.0383 SiO; 0.4403 SiO; 0.8774
K,O 1.9159 K>O 0.1948 Fe,03 0.8541
NiO 0.0004 NiO 0.0136 NiO 0.0141
TiO, 0.0856 TiOz 0.1086 TiOs 0.0618
CuO 0.0033 CuO 0.0045 CuO 0.0038
BaO 0.0003 BaO 0.0028 BaO 0.0050
Mo 0.0422 Mo 0.2100 S 0.4946
Sr 0.0079 Sr 0.0860 Mo 0.2431
Zn 0.0045 Mn 0.0358 Cl 0.1992
Zn 0.0046 Sr 0.1043
As 0.0009 Mn 0.0362
Zn 0.0045
As 0.0009
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Fig. 11. FT-IR spectra of (a) activated carbon powder, silica nanoparti-
cles and normal concrete. And FT-IR spectra of (b) activated
carbon powder-containing concrete, silica-coated concrete,
and concrete coated with both silica sol and activated carbon
powder.
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