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Abstract

Quartz purification is a key driver of the silicon-based industrial sector. This study used
typical vein quartz from Jiangxi Province, China as a raw material to systematically investi-
gated the occurrence states of impurities and conducted an in-depth chemical purification
study. The effects of various parameters on impurity removal via acid leaching were
investigated. The results revealed distinct removal patterns: independent minerals were
effectively removed with low-concentration acid; inclusion impurities were efficiently elim-
inated by optimizing temperature and acid concentration; and lattice impurities proved
resistant to removal. The optimal acid-leaching conditions were identified as follows: 80 ◦C
leaching temperature, mixed acid system of HF-HCl-H2SO4 (volume ratio 1:1:1), 7 wt%
acid concentration, 6 h leaching time, and a 1:1 solid–liquid ratio. The removal efficien-
cies of Al, K, and Fe reached 77.0%, 87.5%, and 80.0%, respectively, and the product (the
quartz particles after acid leaching) purity was elevated to 99.92%. Furthermore, this study
clarified the influence of acid-leaching parameters on purifying high-aluminum low-iron
quartz sand, providing a valuable theoretical basis and technical reference for the deep
processing of similar quartz ores.

Keywords: quartz; purification; acid leaching; mixed acid; impurity characterization

1. Introduction
Quartz, as one of the primary rock-forming minerals, is widely distributed in the

Earth’s crust and predominantly exists in the form of low-temperature α-quartz. Its
main component is SiO2, making it the most crucial raw material for SiO2 in industrial
production [1–3]. Natural quartz contains various impurity elements, primarily iron,
aluminum, and potassium, whose presence significantly hampers the application and value
of quartz products. When these trace elements are incorporated into the crystal lattice of
quartz, they can adversely affect its physical and chemical properties. For example, Fe
impurity influences the color of quartz sand, while K and Na impurities notably alter its
thermal expansion behavior [4–6]. Therefore, applying effective purification techniques to
remove these impurities is of great importance.

The primary methods for purifying quartz sand include auxiliary treatments (e.g.,
calcination, water quenching, and ultrasonic processing), physical methods (e.g., mag-
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netic separation and flotation), and chemical methods (e.g., acid leaching). The industrial
production usually employs combined physical–chemical processes for quartz sand pu-
rification [7,8]. Physical methods can effectively remove independent mineral impurities
but not those within the crystal lattice or inclusion bodies. In contrast, chemical acid
leaching is highly effective against diverse impurities, making it an essential technique for
achieving high-purity quartz [9,10]. From a crystallographic perspective, quartz has a three-
dimensional network structure formed by silicon–oxygen tetrahedra connected through
shared vertices. This unique structure provides exceptional physical and chemical stability,
rendering it insoluble in common acidic environments such as HCl, H2SO4, and HNO3, but
soluble in HF [11–13], creating favorable conditions for selectively removing impurities. It
is noteworthy that the type, content, and occurrence state of impurities in quartz sand vary
significantly with its origin [2,14–16]. Moreover, different acids exhibit distinct efficiencies
in removing various impurities. For example, hot phosphoric acid (250 ◦C) can selectively
dissolve silicates [17], while iron removal efficacy varies considerably among acids [7,18].
Optimizing the acid-leaching process for each specific raw material is therefore essential.

Nestled on the eastern foothills of the southern Luoxiao Mountains, Jiangxi Province
boasts abundant quartz resources. With reserves exceeding 550 million tons, it hosts
the world’s largest single silica deposit, offering a significant advantage in supplying
high-purity quartz raw materials that are economically viable. Therefore, this study sys-
tematically investigates the purification of vein quartz obtained from a location in Jiangxi.
The effects of acid-leaching temperature, type of acid, acid concentration, leaching time,
and solid–liquid ratio on the purification efficiency were systematically investigated. An
optimized system for the acid-leaching process parameters was established, and the re-
moval patterns of impurity elements and their correlations with process parameters were
analyzed. The results not only enhance the purification efficiency of the target quartz
sand but also provide valuable references for developing acid-leaching processes for other
similar quartz mines.

2. Experimental Materials and Methods
2.1. Raw Materials

The raw material used in this work was obtained from a vein quartz deposit in
Jiangxi Province, China. The raw ore was processed through a series of steps, including
classification, crushing, manual sorting, and grinding, to produce quartz sand. The fraction
collected between 70 and 120 mesh sieves was selected as the starting material for the
purification experiments, which had a measured particle size range of 81–255 µm. The
content of impurity elements in raw quartz sand was analyzed by inductively coupled
plasma- optical emission spectrometry (ICP-OES), and the results are summarized in
Table 1. The hydrofluoric acid (HF), hydrochloric acid (HCl), nitric acid (HNO3), and
sulfuric acid (H2SO4) used in the experiments were purchased from Xilong Scientific Co.,
Ltd. (Shantou, China), all with analytical reagent (AR) grade purity. The oxalic acid
(H2C2O4, AR) employed in the study was obtained from Jianji High-Tech Silicon Material
Co., Ltd. (Ji’an, China), in solid form. The ultrapure water used in the experiments was
produced by a Liding LD-WFUP-20 ultrapure water system.
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Table 1. The content of impurity elements in experimental quartz sand (µg/g).

Element Al Fe B Ca Cr K Li

Content 2551.88 142.48 5.33 23.38 5.38 557.79 79.34
Mg Mn Na Ni Ti Total Sum SiO2

48.44 2.62 18.16 7.84 41.04 3483.68 3331.49 99.65%
“Total” refers to the sum of all impurity elements, while “Sum” stands for the combined content of Al, Fe, K, and
Li impurity elements. SiO2% represents the weight percentage.

2.2. Acid-Leaching Experiments

All samples used in the experiments were obtained from the same raw ore through
a single sampling event conducted during the same period. After laboratory sieving, the
samples were thoroughly homogenized by mixing in a stainless-steel container, followed
by random weighing of 10 g aliquots for experimental use. For acid-leaching experiments,
10 g of quartz sand was weighed (Mettler MA204E electronic balance) and transferred into
a 100 mL lidded polytetrafluoroethylene (PTFE) beaker. After adding the predetermined
concentration of acid solution, the mixture was homogenized using a PTFE stirrer at
500 rpm for 2–3 s. The beaker was immersed in a thermostatic water bath (Shanghai
Kesheng Instrument DF-101T) and maintained at the target temperature for a specified
duration without stirring. Upon completion of leaching, the sample was rinsed with
ultrapure water until the pH reached neutral. Finally, the purified quartz sand was dried at
70 ◦C for 8 h in a DHG-9240A drying oven from Shanghai Precision Scientific Instrument
Co., Ltd. (Shanghai, China).

2.3. Materials Characterization

X-ray diffraction (XRD) analysis was conducted using a D8 Advance instrument
from Bruker Corporation (Billerica, MA, USA). Impurity content analysis was performed
by Agilent ICP-OES from Agilent Technologies, Inc. (Santa Clara, CA, USA). Inclusions
in quartz sand particles were examined using a XPL-3230 microscope from Shanghai
Precision Scientific Instrument Co., Ltd. (Shanghai, China). Thin sections of quartz were
prepared with a STX-202AQ diamond wire cutting system from Hefei Kejing Materials
Technology Co., Ltd. (Hefei, China). The morphology and composition of impurities were
characterized using a Phenom XL, benchtop scanning electron microscope from Phenom
Scientific (Eindhoven, The Netherlands). Particle size distribution analysis was carried out
with a Mastersizer 3000 laser diffraction particle size analyzer from Malvern Panalytical
(Malvern, UK).

Prior to ICP analysis, the samples must be subjected to microwave digestion. An
accurately weighed amount of sample is placed into a PTFE digestion vessel, followed by
the addition of 5 mL HNO3, 3 mL HCl, 1 mL HF, and 2 mL hydrogen peroxide (H2O2). The
vessel is then sealed and placed in a microwave digestion system. The temperature was
ramped to 130 ◦C over 20 min at 1200 W, and held at this temperature for 5 min. It is then
further ramped to 180 ◦C over 20 min and maintained at that temperature for 40 min. After
digestion, the vessel was allowed to cool to room temperature. The cooled digestate was
quantitatively transferred into a 25 mL plastic volumetric flask and diluted to the mark
with deionized water. The digested solutions were then analyzed by ICP in sequence. Any
samples with concentrations exceeding the calibration curve range were appropriately
diluted and reanalyzed.
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3. Results and Discussion
3.1. Impurities in Quartz Sand

XRD analysis of the quartz sand was first performed. As presented in Figure 1, the raw
quartz sand is in the typical quartz phase. As the impurity content exceeded the detection
limit of XRD, ICP-OES was employed to determine the concentrations of the major impurity
elements. As shown in Table 1, the “Sum” parameter represents the total concentration of
the dominant impurity elements (i.e., elements that together constitute at least 95% of the
impurity load: Al, Fe, K, Li), accounting for 95.63% of the total impurity load. Consequently,
“Sum” was employed as the critical indicator for optimizing the process parameters in
subsequent experiments.

Figure 1. XRD pattern of raw quartz sand.

To observe the microstructure, the raw quartz sand was examined under an optical
microscope. As shown in Figure 2, the inclusion analysis performed by revealed that
88% of the quartz sand particles were classified as opaque. A subset of these appeared
relatively transparent, containing fewer inclusions that were also more localized. However,
the remainder, were densely packed with inclusions distributed uniformly throughout the
entire grain, causing them to appear black under optical microscopy. The removal of these
deeply embedded inclusions poses a significant challenge for impurity extraction.

Impurities in quartz are classified into three categories, i.e., independent minerals,
inclusions, and lattice impurities [7,19]. Larger independent minerals, existing separately
from quartz grains, are relatively easy to remove. In contrast, smaller minerals, often
embedded within quartz particles, are referred to as mineral inclusions. To identify the
mineral impurities, thin sections were prepared from crushed raw quartz ore using a
diamond wire saw and subsequently examined under an optical microscope. As shown
in Figure 3a,b, independent minerals observed in thin sections of the raw quartz include
yellowish-brown film-like impurities, identified as hematite films on the surface of quartz
grains. In addition, white blocky independent minerals approximately 100 µm in size,
distributed within the quartz matrix, which are likely metallic minerals. These larger
independent mineral impurities can be effectively removed through crushing and manual
sorting processes, with most residual impurities being eliminated during subsequent acid-
leaching treatments [20–22].
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Figure 2. Optical micrograph of quartz sand particles at 50× magnification.

 

Figure 3. (a,b) Large isolated minerals in raw quartz matrix. (c) Fluid inclusions distributed through-
out the particles. (d) Fluid inclusions concentrated at the edges.

Inclusions can be classified into mineral inclusions and fluid inclusions. The forma-
tion mechanisms of fluid inclusions involve entrapment during crystal growth and fluid
infiltration into quartz fractures. Mineral inclusions in quartz form through entrapment
during growth from a melt, capture during grain boundary migration in metamorphism, or
exsolution during the cooling or decompression of supersaturated quartz [23]. As shown
in Figure 3c,d, the raw quartz contains rich fluid inclusions, which exhibit two distribution
patterns, i.e., scattered throughout the particles (Figure 3c), and concentrated along the
edges (Figure 3d). Furthermore, two-phase gas–liquid inclusions also can be observed
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within the red circles in the figures. These fluid inclusions display a banded distribution,
with individual shapes, ranging primarily from 2 to 20 µm in size.

Mineral inclusions in the raw quartz sand were further characterized by SEM and EDS.
As shown in Figure 4a, the inclusion exhibits a layered structure with a size of approximately
40 µm. EDS point analysis (insert in Figure 4a) reveals that the main elements are K, Al, Si,
and O, with corresponding contents of 3.99%, 10.36%, 20.55%, and 65.10%, respectively. This
composition identifies the phase as muscovite (e.g., KAl2(AlSi3O10) (OH)2). Furthermore,
a white inclusion approximately 5 µm in size is visible in Figure 4b. EDS point analysis
identifies Fe and O as the main elements (contents of 36.04% and 35.28%, respectively),
confirming it as an iron oxide (e.g., Fe2O3). Lattice impurities exist in two forms, i.e., one
type substitutes for Si4+ (e.g., Al3+, Fe3+, Ti4+), while the other occupies interstitial sites in
the lattice channels (e.g., Li+, K+). The latter primarily acts as charge compensators for the
substituting ions, as illustrated in Figure 4c [2]. Among these, Al3+ substitution for Si4+ is
the most common and is typically charge-compensated by H+, Li+, or Na+, as indicated
by the red circles in Figure 4c. Although Li is the fourth most abundant impurity element
in the raw quartz sand, no Li-bearing inclusions were detected in SEM analysis of ore
thin sections. Previous studies have shown that the [FeO4/2/Li+]0 center exhibits lower
lattice distortion energy than the [FeO4/2/Na+]0 center [24]. It has also been demonstrated
that Al3+ substitution for Si4+ is the main reason for the incorporation of H+, Li+, and
Na+ into the lattice. When the concentration of substitutional Al3+ exceeds 200 ppm, the
concentration of Li as a charge compensator increases significantly [25]. In summary, Li is
likely present in the lattice as a charge-compensating element.

 

Figure 4. SEM image of (a) potassium mica inclusions and (b) iron oxide inclusions. (c) Schematic
diagram of lattice impurities in quartz.

3.2. Purification of Quartz Sand by Acid-Leaching Treatment

Acid-leaching experiments were first conducted using a 5 wt% mixture of HF and
H2C2O4 at a solid-to-liquid ratio of 2:1 for 4 h. It should be specifically noted that this mass
concentration refers to the concentration of the stock single-acid solutions used to prepare
the leaching solution. The experiments were performed at temperatures ranging from 40
to 80 ◦C (in 10 ◦C increments). The removal efficiency is calculated using Equation (1). In
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the equation, w1 is the original impurity content and w2 is the impurity content after acid
leaching. The impurity content is calculated using Equation (2). In the equation, x is the
instrument reading; η is the dilution factor; V is the final volume and m is the sample mass.
As shown in Figure 5, high removal efficiencies were achieved for Al, Fe, and K, indicating
their effective removal, whereas the removal efficiency of Li remained low. With increasing
temperature from 40 ◦C to 80 ◦C, the total impurity content decreased gradually, and the
overall removal efficiencies improved consistently. The optimum condition, characterized
by the lowest total impurity content and the highest removal efficiency, was observed
at 80 ◦C. The increase in temperature enhanced both the reaction kinetics and the extent
of acid-impurity interactions, resulting in the best purification efficiency at 80 ◦C [4,26].
Therefore, this temperature was selected for subsequent acid-leaching experiments.

w1 − w2
w1

(1)

x × η × V
m

(2)

Figure 5. Effect of acid-leaching temperature on the content and removal efficiency of major impurities.
(a) Al, (b) Fe, (c) K, (d) Li, (e) Sum of Al, Fe, K, and Li.

Ten different acid combinations involving HF, HCl, H2SO4, HNO3, and H2C2O4 (with
HF as a constant component) were systematically evaluated under the following conditions,
i.e., acid-leaching temperature of 80 ◦C, acid concentration of 5 wt%, leaching time of 4 h,
and a solid-to-liquid ratio of 2:1. The results of the acid-leaching experiments are presented
in Figure 6. The HF-HCl-H2SO4 was most effective, resulting in the lowest total impurity
content. This can be attributed to the fact that Al is the most abundant impurity element in
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the raw quartz sand, and both sulfuric acid and hydrochloric acid exhibit high effectiveness
in dissolving Al-containing compounds [27–31]. Consequently, the HF-HCl-H2SO4 system
was selected for subsequent acid-leaching experiments.

Figure 6. Effect of acid type on the content and removal efficiency of impurities, (a) Al, (b) Fe, (c) K,
(d) Li, (e) Sum of Al, Fe, K, and Li.

As the conditions of acid-leaching temperature (80 ◦C), acid system of HF-HCl-H2SO4

(volume ratio 1:1:1), leaching time (4 h), and solid-to-liquid ratio (2:1) were optimized, the
acid-leaching experiments were further conducted at acid concentrations ranging from
1% to 10% by weight (1%, 2%, . . ., 10%). As shown in Supplementary Figure S1, the 0%
corresponds to the raw quartz sand material without acid-leaching treatment. The Al
impurity removal efficiency increased sharply between 0% and 1% acid concentration,
indicating that easily soluble independent minerals were effectively dissolved even at low
acid dosages. The removal efficiencies of Al, K, and Fe impurities (Figure 7a, b, and c,
respectively) continued to rise gradually with increasing acid concentration before even-
tually stabilizing. This trend reflects the dissolution of impurities that exist as mineral
inclusions. In contrast, the removal efficiency of Li impurities (Figure 7d) exhibited no clear
correlation with acid concentration, which is attributed to its predominant occurrence as
lattice impurities that are difficult to remove. As the acid concentration increased from 1%
to 7%, the total impurity content decreased progressively, leading to an improvement in
overall removal efficiency. However, when the concentration exceeded 7% or even 10%,
no significant additional reduction in total impurity content or enhancement in removal
efficiency was observed. As the acid concentration increases, its reactivity gradually dimin-
ishes, causing the impurity removal efficiency curve to plateau [4,32]. Concurrently, once
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the acid concentration is sufficiently high to remove surface and near-surface impurities,
further increases in concentration do not enhance impurity removal efficiencies, as the low
etching rate of quartz prevents the release of deeper-seated impurities [10]. Therefore, an
acid concentration of 7% was selected for the subsequent acid-leaching experiments.

Figure 7. Effect of acid concentration on the content and removal efficiency of impurities, (a) Al,
(b) Fe, (c) K, (d) Li, (e) Sum of Al, Fe, K, and Li.

The influence of leaching durations on the content and removal efficiency of impurities
was further investigated in the acid system of HF-HCl-H2SO4 (volume ratio 1:1:1) under
the leaching temperature of 80 ◦C with an acid concentration of 7 wt% and a solid-to-
liquid ratio of 2:1. Figure 8 shows the results of acid-leaching experiments conducted with
leaching durations of 0.5 h, 1 h, 2 h, 4 h, 6 h, 8 h, 16 h, and 24 h. The results show that the
total impurity content decreased progressively as the leaching time increased from 0.5 h
to 6 h, leading to a corresponding improvement in overall removal efficiency. However,
further extending the time beyond 6 h up to 24 h resulted in a significantly slower reduction
in impurity content and improvement in efficiency. Based on these observations, a leaching
time of 6 h was selected as most suitable time for subsequent acid-leaching experiments.

The acid-leaching experiments were further conducted at various solid-to-liquid ratios
of 4:1, 3:1, 2:1, 1:1, 1:2, 1:3, and 1:4 in HF-HCl-H2SO4 (volume ratio 1:1:1) with an acid
concentration of 7 wt% under the temperature of 80 ◦C for 6 h. The results (Figure 9) indicate
that even at a high solid-to-liquid ratio of 4:1, where wetting was insufficient, the acid
vapor generated in covered beakers effectively reacted with impurities in the small quartz
sand sample, preventing a significant decline in removal efficiency. As the solid-to-liquid
ratio decreased from 4:1 to 1:1, the total impurity content dropped steadily, correlating
with a consistent improvement in overall removal efficiency. However, beyond the 1:1
ratio, further dilution to 1:4 resulted in a markedly slower efficiency of change in both
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parameters. At higher solid-to-liquid ratios, the acid may be insufficient to fully saturate
the quartz sand, leading to incomplete reactions. Conversely, when the S:L ratio is lower
than 1:1, excess acid beyond the stoichiometric requirement drives impurity dissolution
toward equilibrium [7]. Decreasing the solid-to-liquid ratio enhances slurry fluidity and
mass transfer efficiency, ensuring complete interaction between acid and quartz sample.
However, excessively low solid-to-liquid ratios significantly reduce mass transfer rates and
result in over-dilution of the leachate, which in turn lowers impurity removal efficiency
due to reduced oxide concentrations [32,33]. Therefore, a solid-to-liquid ratio of 1:1 was
identified as the optimal for this acid-leaching process.

Figure 8. Effect of acid-leaching time on the content and removal efficiency of impurities, (a) Al,
(b) Fe, (c) K, (d) Li, (e) Sum of Al, Fe, K, and Li.

Ultimately, the optimized leaching conditions were established as follows: acid-
leaching temperature of 80 ◦C, mixed acid system of HF-HCl-H2SO4 (volume ratio 1:1:1),
an acid concentration of 7 wt%, a leaching time of 6 h, and a solid-to-liquid ratio of 1:1. The
impurity content of the resulting high-purity quartz sand under these optimal conditions is
summarized in Table 2, with a final purity of 99.92%.

Table 2. Impurity content of the quartz sand obtained under optimal process (µg/g).

Element Al Fe B Ca Cr K Li

Content 587.65 28.53 0.34 13.63 1.81 69.71 63.68
Mg Mn Na Ni Ti Total Sum SiO2
7.83 1.42 4.63 1.23 15.29 795.75 749.57 99.92%
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Figure 9. Effect of solid-to-liquid ratio on the content and removal efficiency of impurities, (a) Al,
(b) Fe, (c) K, (d) Li, (e) Sum of Al, Fe, K and Li.

A Pearson correlation analysis was performed on the contents of Al, K, Fe, and Li
impurities, with the results summarized in Table 3. In experiments testing different acid
types, the correlation among impurities was relatively weak, which is attributed to the
distinct removal efficiencies of each acid for specific impurities. In contrast, experiments
investigating other parameters revealed a significant correlation between the contents of Al
and K impurities. Conversely, the correlations between Al and Fe, as well as between K
and Fe, were comparatively weak. These results indicate that Al and K impurities, which
are associated with the similar carrier minerals (such as independent minerals and mineral
inclusions), were removed concurrently. Iron impurities, also present as independent
minerals and inclusions, exhibited a partial correlation with Al and K in certain conditions.
However, Li existing primarily as a lattice impurity showed no correlation with Al, K, or
Fe impurities.

Table 3. Pearson correlation analysis of impurity content.

Sample Correlation
Coefficient

95% Confidence
Interval p Value

Acid-leaching
temperature

Al, K 0.941 (0.347, 0.996) 0.017
Al, Fe −0.515 (−0.961, 0.673) 0.374
Al, Li 0.575 (−0.623, 0.967) 0.31
K, Fe −0.557 (−0.965, 0.640) 0.33
K, Li 0.583 (−0.616, 0.968) 0.302
Fe, Li −0.912 (−0.994, −0.154) 0.031
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Table 3. Cont.

Sample Correlation
Coefficient

95% Confidence
Interval p Value

Acid type

Al, K 0.078 (−0.580, 0.675) 0.83
Al, Fe 0.81 (0.369, 0.953) 0.004
Al, Li 0.031 (−0.611, 0.648) 0.932
K, Fe 0.54 (−0.136, 0.873) 0.107
K, Li 0.065 (−0.588, 0.668) 0.858
Fe, Li −0.139 (−0.707, 0.538) 0.702

Acid
concentration

Al, K 0.974 (0.892, 0.994) 0
Al, Fe 0.828 (0.415, 0.958) 0.003
Al, Li 0.026 (−0.613, 0.645) 0.943
K, Fe 0.838 (0.440, 0.961) 0.002
K, Li −0.151 (−0.713, 0.529) 0.677
Fe, Li −0.218 (−0.745, 0.477) 0.546

Leaching time

Al, K 0.982 (0.903, 0.997) 0
Al, Fe 0.284 (−0.526, 0.824) 0.495
Al, Li −0.036 (−0.722, 0.686) 0.933
K, Fe 0.363 (−0.459, 0.850) 0.376
K, Li −0.055 (−0.731, 0.676) 0.897
Fe, Li −0.409 (−0.865, 0.415) 0.314

Solid-to-liquid
ratio

Al, K 0.929 (0.585, 0.990) 0.002
Al, Fe 0.337 (−0.558, 0.869) 0.46
Al, Li 0.034 (−0.738, 0.767) 0.942
K, Fe 0.04 (−0.735, 0.770) 0.932
K, Li 0.345 (−0.552, 0.872) 0.449
Fe, Li −0.828 (−0.974, −0.200) 0.021

4. Conclusions
In conclusion, a comprehensive characterization and analysis were performed on

the independent minerals, inclusion impurities, and acid-leaching purification effective-
ness of a typical vein quartz ore from a specific location in Jiangxi Province. A series of
acid-leaching experiments was investigated systematically, and the results show that the
removal difficulty during purification follows the order: lattice impurities > inclusions
> independent minerals. This conclusion is supported by three key findings: (1) A low
acid concentration of 1% effectively removed 62.89% of impurities, confirming the easy
dissolution of independent minerals. (2) A significant correlation was observed between
the content changes in K and Al. As process parameters were optimized, their removal effi-
ciencies increased concurrently, indicating the progressive removal of muscovite inclusions.
(3) Lattice impurity of Li exhibited consistently low removal efficiency across all optimized
parameter sets, showing no significant variation. In summary, the removal characteristics
are directly attributed to the occurrence forms of the impurities. An optimized chemical
purification process was established with the following optimal conditions: acid-leaching
temperature of 80 ◦C, mixed acid system of HF-HCl-H2SO4 (volume ratio 1:1:1), 7 wt%
acid concentration, 6 h leaching time, and 1:1 solid-to-liquid ratio. As a result, the impurity
content of the purified quartz sand was reduced to 795.75 µg/g, with a SiO2 content reach-
ing 99.92%, achieving 3N-grade purity. This study provides a valuable reference for the
chemical deep purification of other quartz sand types characterized by high aluminum and
low iron content.
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