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Table 1 Chemical composition of VQ

Chemical composition SiO, TiO, AL O3 TFeO

MgO

Na,O K,O P,05 BaO ZrO, Cs,0 LOI Total

Mass fraction w/% 93.82 0.10 4.05 0.50 0.16

0.09 1.06 0.04 0.04 0.06 0.02 0.19 99.94
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Fig. 1 XRD spectra of VQ
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Table 2 Impurity element content in the flotation quartz concentrate under different calcination temperatures

5 Sample No.
Element content/(ug-g )
Q0-0 Q850-10 Q900-10 Q950-10 Q1000-10 Q1050-10 Q1100-10
Al 248.30 115.29 80.89 182.74 170.29 266.41 658.41
K 127.75 49.68 44.86 83.55 79.55 126.50 339.78
Fe 374.04 282.49 82.44 425.49 339.99 353.24 379.74
Ca 26.92 12.44 13.65 11.88 12.80 12.81 13.89
Ti 31.48 64.08 21.75 80.61 65.63 42.86 59.86
P 5.98 5.15 5.83 5.80 5.53 5.34
Ni 0.05 0.01 0.07 0.05 0.07 0.08
B 0.24 - 0.33 0.12 0.06 0.26
Mn 0.86 0.73 0.23 0.64 0.66 0.76 0.66
Mg 8.83 3.79 3.61 591 5.34 8.46 21.79
Cr 1.27 0.36 0.19 0.59 0.52 0.38 0.58
Cu 9.07 0.03 - 0.02 0.03 0.08 0.04
Zr 15.00 10.68 9.33 9.78 6.53 4.29 3.47
Li 0.15 0.10 0.03 0.08 0.09 0.14 0.08
Na 22.03 - - 0.41 - 3.07 12.63
Ba 3.33 1.40 1.19 1.57 1.41 2.16 5.30
Ge 0.67 0.40 0.40 0.37 0.39 0.39 0.40
SUM 869.7 547.76 263.73 809.88 689.19 827.20 1502.32
Content of SiO, 99.91% 99.95% 99.97% 99.92% 99.93% 99.92% 99.85%

“~ in the above table indicates that the element content is below the detection limit.
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Table 3 Impurity element content in the flotation quartz concentrate under different calcination times

B Sample No.
Element content/(pug-g )
Q900-5 Q900-10 Q900-15 Q900-20 Q900-25 Q900-90

Al 97.84 80.89 129.75 246.58 232.34 333.10
K 64.64 44.86 77.75 174.32 24731 193.99
Fe 48.25 82.44 48.87 110.37 75.82 288.94
Ca 16.84 13.65 17.35 14.72 28.26 14.62
Ti 26.55 21.75 19.83 31.93 24.43 17.63
P 5.42 5.15 4.42 5.37 2.70 7.50
Ni 0.01 0.01 0.01 0.02 0.02 -

B - - 0.06 0.03 - 1.94
Mn 0.23 0.23 0.22 0.34 0.32 0.25
Mg 4.04 3.61 5.40 10.48 9.36 10.96
Cr 0.18 0.19 0.16 0.35 0.32 0.88
Cu - - 0.05 0.22 0.05 0.22
Zr 6.62 9.33 591 3.96 2.04 3.95
Li 0.03 0.03 0.04 0.05 0.06 -
Na 3.72 - 2.30 5.51 7.61 34.36
Ba 1.52 1.19 1.63 3.01 2.63 2.78
Ge 0.40 0.40 0.38 0.38 0.40 -
SUM 276.29 263.73 314.13 607.64 633.67 911.12
Content of SiO, 99.97% 99.97% 99.97% 99.94% 99.94% 99.91%

—” in the above table indicates that the element content is below the detection limit.
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Table 4 Fe 2p binding energy table of muscovite in flotation tailings of quartz samples with different calcination times based

on XPS spectra Binding energy/eV
Fe 2p3p Fe 2pi1p
Sample No. Multiplets Area ratio Satellite Multiplets Satellite
Fe** peak Fe** peak (Fe*":Fe*) Fe** peak Fe** peak Fe** peak Fe** peak Fe®* peak Fe* peak
M5 709.55 712.31 2.33:1 715.66 720.17 723.01 725.55 728.56 733.97
M10 709.16 712.11 3.23:1 715.70 720.94 723.04 725.51 728.51 734.00
M15 709.02 712.16 3.23:1 716.04 721.09 723.65 726.00 728.85 733.89
M20 708.70 711.70 5.00:1 715.40 720.80 722.75 725.45 728.76 733.60
M25 708.89 711.89 6.67:1 715.58 719.56 722.39 724.84 728.34 734.08
M90 709.02 711.80 11.11:1 715.80 720.49 723.41 725.65 728.81 733.81
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Extended Abstract

Introduction In the context of “carbon peak and carbon neutrality,” the expansion of the solar photovoltaic industry leads to an
increased demand for high-purity quartz. High-purity quartz sand with SiO content of > 99.998% becomes a challenge in the industry.
Some impurities in quartz mainly exist in the form of associated minerals, inclusions, and lattice impurities, and the degree of
separation between associated minerals and quartz during the purification process has a dominant impact on the purity of quartz. In
nature, quartz often coexists with minerals such as muscovite, and most high-quality quartz ores contain muscovite. Therefore, the
effective separation of muscovite from quartz is a key to producing high-purity quartz sand.

The purification process for muscovite-bearing quartz ores typically involves high-temperature roasting, water quenching,
grinding, and flotation. For quartz ores with a high degree of muscovite intergrowth, roasting and water quenching are a necessity.
During the roasting and water quenching process, muscovite undergoes a series of reactions, such as dehydroxylation and oxidation,
significantly affecting the flotation separation of quartz and muscovite. The existing research on muscovite and quartz flotation
focuses on the mechanisms of flotation reagents and their interactions with minerals, as well as the influence of single metal ions on
mineral flotation. However, the changes in muscovite after high-temperature roasting and their relationship with flotation processes
have not been well integrated in the quartz purification process, and the mechanisms of the flotation separation of quartz and
muscovite are unclear yet. It is thus of great significance for the purification of high-quality high-purity quartz materials to explore the
impact of high-temperature roasting on the flotation separation of quartz and muscovite. This study was to investigate the flotation
behavior of different associated minerals after high-temperature roasting during the quartz purification process and offer some ideas
for improving the purification process of high-purity quartz sand.

Methods In this work, quartz samples after high-temperature roasting at different time from muscovite-bearing quartz from India as
a raw material were subjected to grinding, sieving, and flotation, ultimately obtaining quartz concentrates (i.e., quartz) and flotation
tailings (i.e., muscovite). The chemical composition of the raw material was determined by X-ray fluorescence spectroscopy (XRF).
The phase composition of the raw material and muscovite samples after flotation was characterized by X-ray diffraction (XRD). The
content of impurity elements in the quartz concentration and the elements K and Fe in the flotation slurry were measured by
inductively coupled plasma (ICP). The microstructure of the muscovite samples in the flotation tailings was determined by scanning
electron microscopy (SEM), and the micro-composition of the samples was analyzed by energy-dispersive X-ray spectroscopy (EDS).
The micro-phase composition of muscovite was determined by Raman spectroscopy, and the contact angle of muscovite in water was
tested to characterize its hydrophilicity and hydrophobicity.

Results and discussion The XRD patterns of muscovite after different roasting times show that the interlayer distance (dyy) of
muscovite increases from 9.9316 A to 10.0387 A with the increase in roasting time, and the peak intensity gradually reduces. The
SEM images reveal that the interlayer distance of muscovite expands as the roasting time increases, and this expansion phenomenon
is associated with the high-temperature dehydroxylation of muscovite.

The analysis by SEM-EDS shows that after 90-min roasting, the surface of muscovite becomes fractured and brittle, with Fe
accumulation in the muscovite layers. Based on the Raman spectra, the Fe accumulation between the muscovite layers is hematite.

The XPS spectra indicate that Fe in muscovite exists in both Fe?* and Fe*" ions, and the content of Fe** increases as the roasting
time extends. This suggests that Fe oxidation occurs during the roasting process.

The flotation results show that the flotation separation efficiency between quartz and muscovite firstly improves and then
deteriorates with increasing roasting time, achieving the optimal performance at 10 min.

The K and Fe contents in the flotation slurry indicate the congruence of K and Fe leaching. The contents of elements K and Fe in
the slurry first increase and then decrease as the roasting time increases, which is related to the dehydroxylation of muscovite and the
increasing disorder in its structure at high temperatures.

Conclusions This study investigated the effect of structural changes in muscovite during high-temperature roasting and water
quenching on the flotation separation of quartz and muscovite, using muscovite-bearing vein quartz from India as a raw material. The
results indicated that it could be necessary for quartz ores with tightly set quartz and muscovite to treat by high-temperature
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calcination water quenching. At a short calcination time, the muscovite dehydroxylation reaction was incomplete, in which caused a
limited reduction of the binding energy of quartz-mica interface and a poor separation of muscovite and quartz, thus resulting in a low
flotation efficiency. Muscovite underwent a high-temperature dehydroxylation reaction as the calcination time increased, leading to
the increased distance between its sheets, the oxidation and enrichment of Fe, the increased aqueous nature of the muscovite mother,
and the decreased floatability, which could affect the separation efficiency from quartz particles. SiO, content in quartz concentrate
firstly increased and then decreased as the calcination time increased, and the flotation recovery reached the maximum value of
99.974% at the calcination time of 10 min. The distance between the muscovite sheets gradually increased as the calcination time
increased, resulting in an increase in the dissolution amount of element K, and exposing more active sites of Al-O and Si—O, which
increased the aqueous nature of the muscovite and reduced the flotation separation efficiency with quartz. The oxidation of Fe after
high-temperature calcination weakened the electronegativity of muscovite, hindering the electrostatic adsorption between muscovite
and dodecadecamine. Also, the presence of hematite in muscovite could occupy the adsorption site of muscovite and dodecamine,
thereby reducing the effect of flotation separation between quartz and muscovite.

Keywords muscovite; quartz; high-temperature calcination; flotation



