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The Method of Crystal Quartz Cleaning from Impurity Metal
Cations
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Crystalline silica is a unique material for producing of quartz glass used in
electronic and optoelectronic products. Some kind of high purity quartz are also
used to produce poly-and monocrystalline silicon. However, a natural material
contains impurity Fe3+, Al3+, Na+, K+, Li+, Cs+ cations, which limit its use. The
known methods for purification of natural quartz based on the mechanical-
chemical treatment of the powder material and not provide complete removal of
impurity metal oxides. The analysis of the mechanism and kinetics of passing of
quartz structural polymorphic transformations enabled to established that cyclic
heating and cooling of the material in the range above and below the
temperature of 573°C, at which the phase transition -quartz -quartz take
place, must ensure a segregation of impurity metal cations and their
concentration on the silica particle surface, since these phase transitions are
accompanied by changes in specific material volume and are made instantly in
the time dimension. Experimental verification of the effect of cyclic heating-
cooling of quartz powder test samples close to temperature of -quartz -
quartz phase transformation confirmed prediction made. Deintercalation of
impurity metal cations, their segregation and concentration on the quartz surface
is accompanied by a decreasing in the lattice parameters of the material. A
complete removal of impurity metal cations from the bulk quartz particles with
size of 160 – 200 microns and the mass content of the basic substance of 98,4%
is achieved after 40-50 heating-cooling cycles of the material in the temperature
range 520-870°C. The metastable compounds ( 2, Na 2, Cr 2, Mn 2, Cs 3)
with boiling point of 540 730°C are formed at segregation of impurity cations.
This provides the removal of part of impurity metal oxides by their evaporation
and condensation outside powder quartz. It is found out that quartz powder
thermocyclic treatment should be carried out in several stages and a number of
heating-cooling cycles must be greater than 8 at each stage. After each stage of
thermocycling impurity metal cations, segregated on the quartz particles surface,
washed by solution reactive hydrochloric acid and deionized water at 40 - 80°C
and every 7-10 minutes quartz slurry is agitated for 2-3 minutes by ultrasound at
frequency of 24 kHz and density of sound energy of 40-80 W·dm-3. Thus, the
technology made, which combines thermocyclic and chemical treatment of
powder quartz, can increase the mass content of the basic substance in the
material from 98,4% to 99,995%.


