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This thesis focuses on the extraction of high-purity silicon dioxide from
Actinoscirpus Grossus using acid leaching with strong acids, specifically hydrochloric
acid (HCl) and nitric acid (HNOs). The study covers the preparation process, phase
formation, purity level, amorphous characteristics of the nanoparticles, and possible
structures of silicon dioxide. In this experiment, the extraction process was divided into
two methods: 1. Extraction of silicon dioxide by leaching Actinoscirpus Grossus with
hydrochloric acid. 2. Extraction of high-purity silicon dioxide by leaching silicon dioxide

ash with hydrochloric acid and nitric acid.

The study on the extraction of silicon dioxide from Actinoscirpus Grossus by
acid leaching with hydrochloric acid was conducted using concentrations of 0, 0.1, 0.5,
1, and 5 molars, with leaching performed at 90°C for 3 hours. The calcination
temperature was determined using thermogravimetric analysis/differential scanning
calorimetry (TGA/DSC) tests, which covered a temperature range from 30 to 950°C.
Based on the analysis of mass changes and internal reactions during calcination, it was
found that as the material absorbed heat, its chemical structure underwent bond
dissociation in three distinct temperature regions. In the range of 30-200°C, water
molecules and moisture in the structure decomposed. Between 200-500°C, nitrogen
(R-N) and carbon (R-C) bonds dissociated, while further dissociation of carbon bonds
occurred at 635°C and between 820-850°C in the range of 500-950°C. During this
process, the material's mass changed minimally and stabilized within the 650-950°C
range. Therefore, a calcination temperature of 700°C for 3 hours was selected for the

experiment.

The structure of the silicon dioxide after calcination, studied using X-ray

diffraction, revealed that the material exhibited an amorphous structure when leached



with acid. In samples leached with 1 and 5 molar concentrations of acid, crystalline
phases of silicon dioxide, such as quartz and cristobalite, were detected. The purity of
silicon dioxide after acid leaching was analyzed using X-ray fluorescence (XRF), and it
was found that samples leached with 1 molarity of hydrochloric acid had a silicon
dioxide purity of 96%. The shape of the silicon dioxide nanoparticles after preparation
was polygonal, with sizes ranging between 50 to 100 nanometers, as analyzed by
scanning electron microscopy (SEM) and transmission electron microscopy (TEM).
Furthermore, the silicon particles showed good dispersion on the surface, as
determined by energy-dispersive X-ray spectroscopy (EDS), and the oxidation state of
the silicon in the particles was Si**, confirmed through X-ray absorption spectroscopy

(XAS).

In this experiment, the purity of silicon dioxide was enhanced by acid leaching
with hydrochloric acid and nitric acid, applied to silicon dioxide ash samples from
experimental method 1. The concentrations of hydrochloric and nitric acids used were
0.1, 0.5, 1, and 5 molars, and the samples were calcined at 700°C. After acid leaching,
the purity of the silicon dioxide was analyzed using X-ray fluorescence (XRF). It was
found that the samples treated with hydrochloric acid achieved a purity of 99.7-99.8%,
while those treated with nitric acid reached a purity of 97.0-97.3%. This difference in
purity is attributed to the distinct bonding formation and dissociation reactions of
hydrochloric and nitric acids. The acid leaching with both acids produced spherical
particles, and particle size increased with acid concentration. Samples treated with
hydrochloric acid had particle sizes ranging from 60-160 nanometers, while those
treated with nitric acid exhibited particle sizes of 100-150 nanometers, as determined

by scanning and transmission electron microscopy.

Additionally, the internal structure of the silicon dioxide particles indicated an
oxidation state of Si**, confirmed through X-ray absorption spectroscopy in samples

leached with both hydrochloric and nitric acid.
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