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Abstract: The rapid growth of semiconductor, photovoltaic, and other emerging 

industries has led to a sharp increase in demand for high-purity quartz in China, 

particularly for 4N5-grade (99.995% SiO2) and above. However, the heavy reliance 

on imported high-purity quartz poses a significant risk to the security of key national 

strategic industries. To address this challenge, China is focusing on identifying 

domestic sources of high-purity quartz and developing efficient evaluation methods. 

This study investigates the inclusion content in three types of quartz: pegmatite, vein 

quartz, and white granite. A grading system based on the transmittance of quartz 

grains was established by analyzing the number of inclusions. Five quartz ore samples 

from different regions were purified, and the resulting concentrates were analyzed 

using inductively coupled plasma mass spectrometry (ICP). The relationship between 

the inclusion content of raw quartz, the composition of the purified quartz, and the 

quality of the sintered fused quartz products was examined. The findings demonstrate 

that quartz with fewer inclusions results in lower impurity levels after purification, 

higher SiO2 purity, and the more translucent the glass, as confirmed by firing tests. 

Herein, This study establishes a clear connection between quartz inclusions and the 
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overall quality of high-purity quartz. The proposed approach enables rapid assessment 

of quartz deposit quality by identifying inclusions, offering a practical and efficient 

method for locating high-quality quartz resources.

Keywords: High-purity quartz, Grading, Inclusions, Rapid evaluation

1. Introduction

High-purity quartz is an essential material widely used in semiconductors, 

optical fibers, photovoltaics, aerospace, military technology, laboratory equipment, 

and other advanced fields [1-5]. Its critical role in these industries makes it highly 

sought after, with demand continuing to grow rapidly as global science and 

technology advance [6-7]. However, the number of deposits capable of producing 

high-purity quartz is limited and unevenly distributed worldwide [8]. Currently, China 

relies heavily on imports of high-purity quartz (above 4N5 grade) for strategic 

applications. To reduce this dependency, there is an urgent need to identify domestic 

sources of high-quality quartz quickly and efficiently. 

High-purity quartz is distinguished by an exceptionally high SiO2 content 

compared to standard quartz. The international standard for high-purity quartz 

requires a minimum SiO2 concentration of 99.995% [9]. In addition to SiO2, trace 

amounts of impurity elements such as Al, Ca, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, 

and Ti, as well as small molecules like CO2 and H2O, are present in high-purity quartz 

[10-11]. According to the standards for IOTA-series products from Sibelco North 

America (formerly Unimin), among these13 key impurity elements, Al and Ti 

typically have slightly higher concentrations, ranging from (7-16.2) μg g-1 and 

(1.1-1.4) μg g-1, respectively, while the concentrations of the other impurities are 

below 1.0 μg g-1 [12]. To qualify as high-purity quartz, the total impurity content must 

be less than 19.66 μg g-1, and the SiO2 purity must exceed 99.998%. These high-grade 

quartz products are the most in demand globally [13]. Müller et al. established 

additional concentration limits for harmful elements in high-purity quartz sourced 

from Norwegian deposits [14]. The maximum allowable concentrations include: Al<30 

μg g-1, Ti<10 μg g-1, Na<8 μg g-1, K<8 μg g-1, Li<5 μg g-1, Ca<5 μg g-1, Fe<3 μg g-1, 

P<2 μg g-1, B<1 μg g-1, with the total concentration of these elements not exceeding 
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50 μg/g. In response to evolving domestic and international market demands, Wang et 

al. proposed a refined classification for high-purity quartz in China based on SiO2 

purity levels [15]. These include high-end quartz with SiO2 ≥99.998% (4N8), middle- 

and high-end quartz with SiO2 ≥99.995% (4N5), mid-range quartz with SiO2 ≥99.99% 

(4N), and low-end quartz with SiO2 ≥99.9% (3N). This classification highlights the 

importance strict impurity control to meet the demands of high-purity quartz in 

advanced applications. With rising global demand, efficiently evaluating and 

developing high-quality quartz resources is essential to reducing import reliance and 

ensuring a stable supply for industries.

Table 1. Classification of high-purity quartz products and quality requirements for raw ore 

material

Classification High-end Mid-to-high-end Mid-end Low-end

ω(SiO2)
≥99.998%

4N8

≥99.995%

4N5

≥99.99%

4N

≥99.9%

3N

Impurity 

content
≤20 μg g-1 ≤50 μg g-1 ≤100 μg g-1 ≤1000 μg g-1

Grain size 40-8 mesh, 80-140 mesh, 100-200 mesh, 80-300 mesh, etc.

Current state 

of the 

technology

Imported mainly from 

the United States, 

Norway, etc.

Basic 

localization
Localization Localization

Ore material 

grade

Grade A ore

High-quality mines 

or high-quality raw 

materials

Grade B ore

Top-quality ore 

or top-quality 

raw materials

Grade C ore

Medium ore or 

medium raw 

material

Grade D ore

Inferior ore or 

inferior raw 

materials

The data in this table is quoted from [15].

Impurities in high-purity quartz primarily originate from fluid inclusions within 

the quartz, with some impurities present in the quartz lattice as well. These impurities 

significantly affect the quality and performance of the quartz [16-18]. For example, 

metallic impurities can affect the electrical properties of semiconductor devices, while 
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gas-liquid inclusions create bubbles at high temperatures, reducing the transparency 

of optical components [18-19]. In natural quartz, some of these impurities can be 

removed by various purification strategies to increase the SiO2 content [11, 20, 21]. 

Purification methods are generally categorized into physical and chemical processes. 

Physical methods include crushing, magnetic separation, and calcination with water 

quenching, flotation is a physicochemical method, while chemical methods primarily 

involve acid leaching and chlorination roasting [22-23].

Quartz inclusions are typically grouped into mineral inclusions, primary fluid 

inclusions formed during ore genesis, and secondary fluid inclusions trapped during 

later geological events [24]. The type, number, and size of these inclusions vary 

depending on the quartz’s origin and type, leading to differences in high-purity quartz 

quality [25]Error! Reference source not found.. It is known that inclusions are a major factor 

influencing impurity levels. Therefore, the quality of high-purity quartz can be 

effectively assessed by analyzing its inclusion content [26].

In this study, we analyzed natural high-purity quartz ores from different types, 

i.e., pegmatite-type, vein quartz-type, and white granite-type, sourced from the 

regions of Xinjiang, Shanxi, and Gansu. The quality of the quartz ores was 

preliminarily assessed by observing and statistically analyzing the inclusions, and 

grading criteria were established based on these observations. Subsequently, purified 

quartz concentrates were then analyzed for impurity composition and subjected to 

melting tests to explore the relationship between inclusion content, impurity levels, 

and melting performance. The results indicate that lower inclusion content led to 

higher purity in the purified quartz concentrates, as well as improved glass 

transparency and fewer bubbles after firing. These findings confirm the feasibility of 

the inclusion-based rapid evaluation methods assessing high-purity quartz quality. 

This approach provides a practical tool for efficiently exploring, developing, and 

utilizing high-purity quartz resources, offering a strong technical foundation for future 

quartz prospecting in China.

2. Experiments and Materials

2.1 Experimental materials
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The five natural quartz samples in this study were sourced from Xinjiang, Gansu, 

and Shanxi. Dodecylamine collector (C12H27N, 10 g/L) was purchased from 

Sinopharm Group Co. Ltd., while hydrofluoric acid (HF, 10 mol/L), an anion trapping 

agent, and a cation trapping agent were purchased from Wuhan Qingjiang Chemical 

Huanggang Co. Ltd., and the refractive oil was a self-prepared mixture. All chemicals 

were of analytical grade and were used without further purification.

2.2 Quartz inclusions identification method

Firstly, the quartz raw ore was crushed, and fresh quartz grains were selected, 

minimizing interference from impurity minerals. After grinding, the samples were 

sieved through a 60-140 mesh screen, washed, dried, and placed in slide grooves, 

submerged in mixed oils. The samples were evenly spread to avoid stacking and then 

observed under the optical microscope. Microscopic images were captured with the 

magnification of 50. Multiple images were taken at different coordinates, ensuring no 

duplicate grains were photographed. Finally, several images were selected to identify 

inclusions in quartz samples from different regions.

2.3 Purification of quartz

Fig. 1 shows a flow chart of the complete purification process.

Fig. 1. Flow chart of purification process

(1) Crushing

The raw ore was crushed using a PE100 jaw crusher. The ore was then ground 

using an RK/BM three-roller and four-cylinder intelligent rod mill. After grinding, the 

adhering soil was washed off, and the ore was screened through a standard nylon 
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sieve to collect 60-140 mesh grains. The ore was baked at 90°C for 3 h and then used 

for magnetic separation to remove magnetic minerals.

(2) Flotation process

A 0.5L XFD-IV flotation machine was used to remove feldspar, mica, and other 

impurities. The pH was adjusted to 2-3 using an HF solution, and 0.5 mL of 

dodecylamine collector was added. The mixture was stirred for 3 minutes and then 

opened the inflation valve for 30 s. For the second flotation, the pH was adjusted to 

1.5~2 using HF, and 0.5~1 mL each of anion and cation trapping agents were added. 

The mixture was stirred for 3 min before opening the inflation valve. The separation 

principle is mainly based on the different Zeta potentials of mica, feldspar, and quartz. 

HF is used to adjust the pH to near the zero point of quartz, where the quartz surface 

is not charged, and other impurities have a positive or negative surface charge. Cation 

collectors or a combination of cation and anion collectors can be used to 

electrostatically or selectively adsorb on the impurity minerals surface, which makes 

the surface of the impurity minerals be hydrophobic, thus enhancing its floatability. 

Therefore, the effective separation of quartz from feldspar, mica and other impurity 

minerals can be achieved through the electrostatic attraction or complexation between 

the collectors and the surface of impurity minerals [27].

After flotation, the quartz sand was washed via ultrasonic agitation at 80 °C, then 

dried for 8 hours at 40-50 °C.

(3) Calcination and water quenching

The SX2-2.5-10 muffle furnace was preheated to 1100°C, and the flotation 

quartz sand was heated in the furnace for 15 minutes. The calcined quartz was then 

quickly poured into a beaker containing deionized water, washed, filtered, and dried 

in preparation for acid leaching.

(4) Acid leaching

The quartz sand was placed in the PTFE lining of the reactor, and 4% HF 

solution was added. Hydrothermal acid leaching was conducted at 90°C for 24 h. 

After leaching, the samples were washed until neutral pH was achieved, then dried in 

an oven at 40-50°C for 8 h. 
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(5) Chlorinated roasting

The quartz sand was evenly spread in a quartz boat and placed in the chlorination 

roaster. The roaster was set to 1000 °C, with the gas being changed every 15 min for a 

total duration of 110 min.

2.4 Quartz melting method

The purified and dried high-purity quartz sand was placed in a quartz glass tube 

and heated above its melting point using a hydroxide flame. Once the quartz melted 

into a liquid state, it was cooled to form a fused quartz crystal glass tube.

2.5 Characterization method

For inclusion observation, an Axioscope 5 polarizing microscope (Zeiss) was 

used, and sample images were captured using an Axiocam 506 color large-area 

imaging camera. Thirteen trace element contents of Al, Ca, Co, Cr, Cu, Fe, K, Li, Mg, 

Mn, Na, Ni, and Ti were detected using a NexION 1000 inductively coupled plasma 

mass spectrometer (PerkinElmer Company, USA).

3. Results and discussion

3.1 Inclusion body evaluation system

Quartz inclusions can be categorized into several distinct types, each exhibiting 

unique shapes and characteristics. The primary classifications include daughter 

mineral inclusions, melt inclusions, and fluid inclusions. These inclusions provide 

valuable insights into the geological history and formation conditions [28-29]. These 

fluid inclusions are most common and are further divided into different types based 

on their structures. Single-phase saline solution inclusions are typically shaped like 

rice grains, ellipsoids, polygons, or irregular forms. Single-phase gas-phase inclusions 

mostly appear as rounded bubbles. Gas-liquid two-phase inclusions containing CO2 

are commonly elliptical, rounded, polygons, or short rectangular in shape. Two-phase 

saline solution inclusions are mainly ellipsoidal or negatively crystalline, with some 

displaying semi-automorphic negatively crystalline structures [30-32]. 

Quartz rocks from different regions exhibit notable differences in their external 

and internal characteristics. Generally, quartz with higher transparency contains fewer 

inclusions [28]. This relationship between transparency and inclusion content is an 
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important visual indicator of quartz quality. By studying the characteristics of quartz 

ores and their inclusions, and taking into account practical application requirements, a 

grading system for high-purity quartz was developed based on the percentage of 

permeable grains. This system classifies quartz into four grades: A, B, C, and D. Class 

A quartz, modeled after quartz sourced from the Spruce Pine District, North Carolina, 

USA, is of exceptionally high purity and contains very few mineral inclusions [33-34]. 

Class B quartz, based on Indian quartz sources, also exhibits high purity but contains 

slightly more inclusions [35]. Class C quartz is derived from pegmatites in Xinjiang 

[36], and contains a higher number of inclusions. Class D quartz, based on vein quartz 

from Gansu, shows a very high inclusion content, making it easy to distinguish.

 To enable the rapid evaluation of high-purity quartz rocks, a statistical method 

was developed. In this method, all quartz grains within the field of view are analyzed. 

Permeable quartz grains are defined as those with no internal black dots visible under 

50x magnification. Semi-permeable grains contain a small number of internal black 

dots, while impermeable grains have many internal black dots or visible mineral 

inclusions. However, the specific types of mineral inclusions are not counted. Quartz 

grains in the field of view are categorized into grades A, B, C, or D by calculating the 

percentage of permeable grains. For individual quartz grains, the inclusion content is 

used to determine transmittance. Permeable quartz grains should possess an inclusion 

percentage of less than 0.25%. Semi-permeable grains exhibit inclusion percentages 

between 0.25% and 4%, while impermeable grains present inclusion percentages 

exceeding 4%. Fig. 2 outlines the specific grading standards, showing that quartz 

quality decreases from grade A to grade D as the inclusion content increases. Table 2 

provides the detailed evaluation method for assessing the transmittance of all quartz 

grains in the observed field. 
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Fig. 2 Grading criteria data card.
Table 2. Data on classification criteria. 

Translucent grains

Impermeable grains

  ≥65% ≥45% ≥30% ≥0%

≤2% A B C C

≤8% B B C C

≤20% B B C D

≤35% C C C D

≤55% / C D D

≤70% / / D D

≤100% / / / D

3.2 Evaluation results of different types of high-purity quartz inclusions

3.2.1 White granite

Fig. 3(a) shows a picture of a white granite ore sample from a region in Xinjiang, 

A B C D

Acce
pte

d M
an

us
cri

pt 
Not 

Cop
yed

ite
d



sample number 1. The sample was crushed to about 10 mesh, and the quartz 

monomineral grains were selected, and the quartz sample grains with granularity 

between 60-140 mesh were washed after crushing and sieving for testing. Appropriate 

amount of treated quartz grains were evenly dispersed on a 22×22 cm slide with 

grooves to ensure that the quartz grains were flat and did not overlap, and then 

refractive oil was added onto the slide to complete the preparation. After microscopic 

observation, it was concluded that the inclusions were: translucent quartz grains 

accounted for 50% of all quartz grains (45% or more of class B quartz), opaque quartz 

grains accounted for 6% of all quartz grains (6% or less of class B quartz), and the 

rest were semi-transparent quartz grains (as shown in Fig. 3(b-e)). The sample is thus 

judged to be Class B quartz.

Fig. 3. Photograph of raw ore (a) and microscopic images (b-e) of sample No.1

Fig. 4(a) shows a photograph of an white granite ore sample from a region in 

Xinjiang, referred to as Sample No.2. The ore was prepared following the same 

procedure as the pegmatite sample. Quartz grains were separated, homogenized, 

sieved to the desired grain size (60–140 mesh), washed, air-dried, and prepared for 

testing. Microscopic examination of this sample showed that 41% of the quartz grains 

were translucent, satisfying the requirement of 30% or more for Class C quartz. 

Furthermore, 12% of the grains were impermeable, meeting the requirement of 20% 

or less for Class C quartz, while the remaining grains were semi-permeable, as shown 

in Fig. 2(b-e). This sample was determined to have a moderate inclusion content, 
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which affects its quality, and was consequently classified as Class C quartz.

Fig. 4. Photograph of raw ore (a) and microscopic images (b-e) of Sample No.2.

3.3.2 Pegmatite

Fig. 5(a) shows a photograph of a pegmatite ore sample from a region in 

Xinjiang, referred to as Sample No.3. The ore was crushed to a grain size of 

approximately 8-10 mesh, and individual quartz grains were selected, further crushed, 

and sieved to obtain samples with a grains size range of 60–140 mesh. These samples 

were then washed and prepared for testing. A small amount of the treated quartz 

grains was evenly dispersed on a 22×22 cm fluted slide to ensure that the grains were 

flat and non-overlapping. Refractive oil was then added to complete the sample 

preparation process. Microscopic analysis revealed that 44% of the quartz grains were 

translucent, with over 30% meeting the criteria for Class C quartz. Additionally, 10% 

of the grains were opaque, with less than 20% meeting the criteria for Class C quartz, 

while the remaining grains were semi-translucent, as shown in Fig. 5(b-e). Based on 

these findings, the sample was classified as Class C quartz due to its moderate 

inclusion content. Acce
pte
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Fig. 5. Photograph of raw ore (a) and microscopic images (b-e) of sample No.3.

3.2.3 Quartz vein

Fig. 6(a) shows a photograph of a vein quartz sample from Gansu, referred to as 

Sample No.4. The raw ore was crushed, and individual quartz grains were separated, 

homogenized, sieved (60-140 mesh), washed, air-dried, and prepared for testing. 

Optical microscopy was used to observe the sample and analyze its inclusion content. 

The analysis revealed that only 17% of the quartz grains were permeable, while more 

than 34% of the grains were impermeable. The remaining grains were classified as 

semi-permeable, as shown in Fig. 6(b-e). The high inclusion content and low 

transparency indicated poor mineral quality, and the sample was classified as Class D 

quartz.

Fig. 6. Photograph (a) and microscopic images (b-e) of the raw ore of sample No.4.

Fig. 7(a) shows a vein quartz sample from Shanxi, referred to as Sample No.5. 

After sieving and pre-treatment, the sample was analyzed under a microscope. The 

results revealed that none of the quartz grains were permeable, while over 80% were 
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impermeable, indicating a high inclusion content, as shown in Fig. 7(b-e). Based on 

these observations, the sample was classified as Class D quartz due to its very high 

inclusion content and poor mineral quality.

Fig. 7. Photograph of raw ore (a) and microscopic images (b-e) of Sample No.5.

The quality of quartz rocks can be preliminarily assessed by observing the 

inclusion content and other characteristics under a microscope. Sample No.1 has 50% 

permeable grains and 6% impermeable grains, which is classified as B quartz. No.2 

has 41% permeable grains and 12% impermeable grains, which belongs to the range 

of class C quartz. For Sample No.3, 44% of the grains were permeable, and 8% were 

impermeable. This places the sample in Class C quartz, though it is close to meeting 

the criteria for Class B quartz. In contrast, Sample No.4 presented only 17% 

permeable grains and 34% impermeable grains, resulting in its classification as Class 

D quartz, due to its higher inclusion content and poorer mineral quality. Similarly, 

Sample No.5 contained no permeable grains and more than 80% impermeable grains, 

confirming its classification as Class D quartz. These results highlight the variation in 

inclusion content among different types of quartz rocks and demonstrate the 

effectiveness of the grading criteria established in this study. Table 3 provides a 

detailed summary of the grading results and their alignment with the proposed 

classification standards.
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Table 3. Classification grades of high-purity quartz samples. 

Sample number 1 2 3 4 5

Grade Classification B C C D D

Translucent grains (%) 50 41 44 17 0

Semi-permeable grains (%) 44 47 46 49 20

Impermeable grains (%) 6 12 10 34 80

3.3 Impurity composition analysis of different types of high-purity quartz 

After purifying five types of quartz raw ore samples, the resulting quartz 

concentrates were analyzed for 13 impurity elements, i.e., Al, Ca, Co, Cr, Cu, Fe, K, 

Li, Mg, Mn, Na, Ni, and Ti. The results, presented in Table 4, show that SiO2 is the 

primary component in all the samples. The SiO2 content of sample No.1 is 99.997%, 

and the total amount of thirteen impurity elements is 21.8 μg g-1,which contains 12.86 

μg g-1 of Al, 5.11 μg g-1 of Ti, which was the lowest impurity content and the highest 

purity among these five samples. The SiO2 content of sample No.2 is 99.997%, and 

the total amount of thirteen impurity elements is 28.77 μg g-1, which contains 20.42 

μg g-1 of Al, 2.82 μg g-1 of Ti, and a small number of other elements. The elemental 

components sample No.1 and sample No.2 fall within the elemental limits for 

high-purity quartz as proposed by Mü ller (2012) for Norwegian deposits. The SiO2 

content of Sample No.3 is 99.997%, with a total impurity concentration of 25.72 μg 

g-1. Among these impurities, Al accounts for 15.65 μg g-1, Ti for 5.52 μg g-1, and the 

remaining elements are present in smaller amounts. These values also meet the 

impurity limits for high-purity quartz defined by Müller (2012) for Norwegian 

deposits, and the SiO2 content satisfies the 4N7 product standard. 

In contrast, Sample No.4 has a slightly lower SiO2 content of 99.995% and a 

total impurity concentration of 41.26 μg g-1. The Al content is relatively high, 

reaching 33.53 μg g-1, while Ti accounts for 3.35 μg g-1. Although the SiO2 content 

meets the high-purity quartz standard, the elevated Al concentration exceeds Müller’s 

limits, making it unsuitable for high-purity quartz applications. Sample No.5 has the 

lowest SiO2 content among the four samples at 99.994%, with a total impurity 

Acce
pte

d M
an

us
cri

pt 
Not 

Cop
yed

ite
d



concentration of 55.42 mg/kg. This includes 21.12 μg g-1 of Al and 17.91 μg g-1 of Ti, 

both of which exceed Müller’s permissible limits for high-purity quartz. Despite the 

high SiO2 content of samples 4 and 5, the elevated levels of Al, Ti, and other 

impurities prevent Sample No.4 and No.5 from meeting international standards for 

high-purity quartz. 

Table 4. Full plasma emission spectroscopy analyses (ICP) of five quartz concentrate products.

3.4 Analysis of five quartz concentrate burning and melting test results

Detailed chemical analyses and fusion tests were conducted on the five quartz 

Element 1 2 3 4 5

Al(μg g-1) 12.86 20.42 15.65 33.53 21.12

Ca(μg g-1) 1.10 2.35 1.00 0.77 4.65

Co(μg g-1) 0.01 0.01 0.01 0.01 0.04

Cr(μg g-1) ＜0.01 0.01 ＜0.01 0.01 0.11

Cu(μg g-1) 0.02 0.03 0.03 0.01 0.04

Fe(μg g-1) 0.07 0.52 0.86 1.84 1.98

K(μg g-1) 0.38 0.84 0.55 0.79 8.44

Li(μg g-1) 1.77 0.95 0.94 0.64 0.32

Mg(μg g-1) 0.21 0.15 0.06 0.11 0.34

Mn(μg g-1) 0.04 0.12 0.77 0.03 0.09

Na(μg g-1) 0.21 0.49 0.27 0.08 0.27

Ni(μg g-1) 0.01 0.06 0.06 0.09 0.11

Ti(μg g-1) 5.11 2.82 5.52 3.35 17.91

SiO2(%) 99.997 99.997 99.997 99.995 99.994
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samples to evaluate their quality and suitability for practical applications [37]. As 

shown in Fig. 8, the transparency of the glass tubes produced from the samples varied 

significantly. The glass tube made from Sample No.1 and No.3 exhibited the highest 

transparency, indicating superior quality. In contrast, the glass produced from Sample 

No.2 contained numerous bubbles, which significantly reduced its transparency. Glass 

tubes from Samples No.4 and No.5 were filled with bubbles and displayed almost no 

transparency, reflecting their lower quality.

The results show that the glass quality varies significantly from Sample No.1 to 

Sample No.5, correlating with the inclusion content of each sample. Sample No.1 and 

No.3, with fewer inclusions, produced glass with higher transparency after melting. 

Sample No.2, which had a higher inclusion content, resulted in glass with reduced 

transparency. Samples No.4 and No.5, containing a large number of inclusions, 

produced glass that was almost entirely opaque.

Interestingly, although the SiO2 content of Samples No.2 and No.3 was identical 

in the chemical composition analysis, the glass from Sample No.3 was significantly 

more transparent. This difference can be attributed to the lower inclusion content and 

impurities in Sample No.3 compared to Sample No.2. These findings confirm that 

inclusion content is a critical factor in determining the quality of quartz and its 

suitability for producing high-transparency glass. In addition to the difference in 

impurity content, the content of H2O and CO2, which are hard to measure, is also an 

important reason for the difference in the transparency of the glass after firing and 

melting between samples No. 2 and No. 3.

In summary, the inclusion analysis of the original quartz ore reveals that Sample 

No.1 has fewer inclusions and is classified as Class B quartz. Sample No.2 and No.3 

are rated as Class C quartz, though it contains slightly more inclusions. Specifically, 

Sample No.3 has 3% more transparent grains and 2% fewer opaque grains compared 

to Sample No.2, while the proportion of semi-transparent grains is similar between the 

two. Component testing shows that both samples have a high SiO2 content of 

99.997% and low levels of impurity elements, meeting the standards set by Mü ller 

(2012) for high-purity quartz in Norwegian deposits. These samples also meet the 
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requirements for domestic high-end quartz products. Melting tests further confirm the 

superior quality of Sample No.1 and No.3, which produces transparent glass, whereas 

the glass from Sample No.2 has reduced transparency due to its higher inclusion 

content. 

In contrast, Samples No.4 and No.5 contain a higher number of inclusions and 

are classified as Class D quartz. Component testing reveals lower SiO2 contents of 

99.995% in Sample No.4 and 99.994% in Sample No.5, along with higher levels of 

impurity elements. These impurity levels exceed the standards for high-purity quartz 

established by M ü ller (2012), making them unsuitable for high-purity quartz 

applications. Melting tests confirm their lower quality, as the glass tubes produced 

from these samples are filled with bubbles and lack transparency 

Class C quartz ores, such as Samples No.2 and No.3, show potential for further 

purification to meet high-purity quartz standards. Optimizing the purification process 

may enhance their purity, enabling them to meet industrial application requirements. 

Inclusion recognition offers an efficient method for rapidly assessing quartz ore 

quality, allowing for quick and reliable evaluation of quartz deposits and their 

suitability for beneficiation and high-purity quartz production.

Fig. 8. Morphology of glass tubes after firing with five different quartz concentrates (Samples 1,3, 

2, 4, and 5 from left to right).
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4. Conclusion 

This study analyzed various types of quartz ores, including white granite, 

pegmatite, and quartz veins, to evaluate their potential as high-purity quartz resources. 

A statistical analysis of inclusion content in the quartz samples was conducted, and a 

grading classification system was established based on grain transmittance rates. The 

purification process was applied to five quartz ore samples, and their impurity 

element content was thoroughly analyzed. The results show that quartz samples with 

fewer inclusions, such as Sample No.1 classified as Class B quartz, had the lowest 

inclusions of the five samples and was purified to have the least amount of impurities, 

reaching a 4N7 grade. Sample No.2 and Sample No.3 (classified as Class C quartz), 

achieved higher purity after purification, reaching the 4N7 grade. This meets the 

standards for high-purity quartz. In contrast, Samples No.4 and No.5, classified as 

Class D quartz, had higher inclusion content. Although their SiO2 content reached 

99.995% and 99.994%, respectively, meeting the requirements for domestic mid- to 

high-purity quartz, excessive levels of Al in Sample No.4 and Ti in Sample No.5 

prevent them from meeting international standards for high-purity quartz. Melting test 

results further validated these findings. Samples with fewer inclusions and higher 

transmittance, such as Sample No.1, produced higher-quality glass with fewer bubbles 

and impurities. Conversely, the glass from Samples No.4 and No.5 was filled with 

bubbles and exhibited poor transparency, reflecting their lower quality. This study 

demonstrates that the identification and analysis of inclusions provide an efficient 

method for rapidly assessing quartz deposit quality. This approach offers a practical 

and reliable tool for exploring high-purity quartz resources in China, contributing 

significantly to the strategic supply of high-purity quartz materials.
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