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Preparation of Silica Nanoparticles via Recycling of Silicon Sludge from
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ABSTRACT: In this study, silicon sludge from semiconductor dicing process is recycled to fabricate silica nanoparticles,
which are applied as dispersing materials for electro-responsive (ER) smart fluid. In specific, metal impurities are removed
from silicon sludge by acid washing to obtain the high-purity silicon powder. And then, silica nanoparticles are synthesized
by facile hydrothermal method employing the silicon powder as reactant material. To control the size of silica nanoparticles,
the reaction time of hydrothermal method is varied as 8, 15, 20, and 30 hours are applied to control the size of silica
nanoparticles. Sizes of silica nanoparticles are increased proportionally to the reaction time owing to the increased numbers
of hydrolysis and condensation reactions. As-synthesized silica nanoparticles are prepared as electro-responsive smart fluids
by dispersing into silicon oil. Silica nanoparticles synthesized by 30 hours of hydrothermal reaction (SiO,-H30) exhibit
the highest shear stress of 21.4 Pa under an applied electric field strength of 3.0kV mm™. Such enhancement in ER
performance of SiO,-H30 among various silica nanoparticles are attribute to the reinforcing effect originated from the
mixed particle size, which allowing the formation of rigid chain-like structures. Accordingly, this study successfully propose
a recycling method of silicon sludge to synthesize silica nanoparticles and their derived ER fluids, which may suggest

new possibility to ESG management emphasizing the eco-friendliness.
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Fig. 1. Schematic illustration for the procedure of recycling silica sludge wastes from wafer dicing process to fabricate

silica nanoparticles according to the hydrothermal method.
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Fig. 2. FE-SEM images and particle size distribution histograms of silica nanoparticles fabricated by hydrothermal method
with different reaction times of (a) 8h, (b) 15h, (c) 20h, and (d) 30h.
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Fig. 3. FT-IR spectra of silica nanoparticles synthesized by

hydrothermal method with various reaction times of 8, 15,
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Fig. 4. (a) Schematic illustration for the formation of chain-like structures for electro-responsive ER fluids under the applied
E field. (b) E field on-off tests of SiO,-H8-, SiO,-H15-, SiO»-H20-, and SiO,-H30-based ER fluids as a function of applied
E field strengths of 1.0, 2.0, and 3.0kV mm™ with fixed shear rate of 0.1s™. (c) The chain-like structure formation mechanisms
of Si0,-H8- and SiO,-H30-based ER fluids and tentative constructive reinforcing effect of SiO,-H30 materials owing to
the mixed size of particles. (d) Optical microscope images of the chain-like structure formation of SiO,-H30-based ER

fluid under applied E field.

Table 1. ER Performances of SiO,-H8-, SiO,-H15-, SiO»-H20-, and SiO,-H30-based ER Fluids Under Various Applied

E Field Strengths

ER performance (Pa)

Sample

1.0kV mm’! 2.0kV mm’’ 3.0kV mm’!
SiO,-H8-based ER fluid 7.8 11.6 17.7
SiO,-H15-based ER fluid 6.3 9.6 14.5
Si0O,-H20-based ER fluid 5.5 8.2 12.2
SiO,-H30-based ER fluid 9.4 14.1 214
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