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FEATURES OF THE CHANGE
IN THE PHYSICAL PROPERTIES OF QUARTZ
IN ALTERNATING ELECTRIC FIELDS

Abstract. The paper presents the results of experimental work on mechano-chemical activation (MCA) of
quartz. MCA was carried out with different duration from 3 to 20 minutes. Polyhydric alcohols were used as cata-
lysts. The magnetic properties of dispersed compositions were measured. It is shown that new properties of quartz
with MCA arise due to the processes of the nanoscale of analysis.
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Crystalline quartz has a hexagonal close-packed lattice with parameters a = 4.913A-L © and
¢ = 5.405A-L ° [1-4]. The pronounced anisotropy of properties in different crystallographic planes is used
in the electrical industry: piezoelectric element, frequency stabilizers, ultrasonic equipment, etc. When
dispersing quartz in conditions of mechanochemical activation (MCA), powders with magnetic properties
of [5-8] were obtained. Moreover, the magnetic properties varied depending on the duration of activation,
the time of aging. Therefore, it became necessary to study these properties when changing external
conditions in order to reveal the mechanism of interaction with the environment [9-15]. Electric ficlds
superimposed on the test sample are selected as external changing factors in static (0.05 V - 5 V) and
dynamic modes (frequency 5-5000 Hz). According to N.N. Mofa and V.P. Ryabikin [16-20] In activated
quartz, the number of paramagnetic centers varies depending on the milling time, i.e. the duration of the
MCA promotes an increase in the magnetic susceptibility of small quartz particles. Therefore, the behavior
of these particles, structured by surface-active substances (surfactants) of one nature, but with different
structure and density, is of interest. Alcohols are selected as surfactants: one, two and three-atom, i.c.
ethanol, ethylene glycol and glycerin.

Methods of research. The actuality of the work is conditioned by a large number of contaminants
arising during the production and transportation of oils. For elimination of large volumes of oil waste,
appropriate devices have been developed and used, the operation of which is cost-effective at specified
volumes. For small-scale contamination, such devices are not available. Hence, there is a need to search
for new cost-cutting ways to solve problems associated with the restoration of disturbed soils. In this work
we investigate the properties of quartz subjected to MCA.

Figures 1 and 2 show the experimental data on the change in the magnetic permeability of quartz
milled during 20 min placed in a variable field of different voltages (0.5, 5 V). For low-energy action (u =
= 0.5 V), a change in the magnetic permeability u was observed as a function of the frequency of the
action with maximum values near 30, 50, and 500 Hz, where the amplitude of w increases with respect to
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EXPERIMENTAL PROCEDURE
Quartz activation 20 min
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Figure 1 — Change in the magnetic permeability of quartz in variable fields (u= 0,5 V)

4,50 -
4,00 -
3,50
3,00
250 -

£ 2.00
1.50 -

]

0,50

o 50 0o 50 200 250 300 150 400
f.Tuy

Figure 2 — Change in the magnetic permeability of quartz in variable fields (u=35V)

the background to 500-800%. The increase in the impact potential by 10 times (5 V) at the same
frequencies showed the reverse effects, i.¢. the magnetic permeability decreased sharply at all frequencies,
and 1ts maximums were detected near 36, 100 and 300 Hz. These facts indicate a shift in the balance
between the electrical and magnetic components of the milled quartz structure.

Milling with surfactants (figure 3) leads to an acceleration of MCA and the samples show the
maximum values of p after a 5-minute milling, increase in the milling time leads to a sharp decrease in
magnetic activity. All samples have maximum near 10 Hz and 50 Hz, and samples with a minimum MCA
time (5 min) show a sharp increase in p at 400 and 800 Hz. The absolute values of p range between 0 and
2.7. An increase in voltage in the same experimental conditions up to 5 V (figure 4) leads to a redistri-
bution of the maximums on the frequency scale and a decrease in the absolute values of 0<u<0.78. Here
the samples with the maximum MCA time (20 min), which showed maximum at 50, 70, 300200, 900 Hz
are most active.

A change in the form of surfactant (ethylene glycol) leads to an increase in the absolute values of p at
the extreme points, which are distributed for low-energy effects near 10, 50 Hz. There is also a special
maximum near 500 Hz for a sample with Tyca=15 min. The increase in voltage helps to reduce the
absolute values of 1, and the maximums arise for samples with a higher activation time near 50, 200 and
900 Hz.

Quartz activated with glycerin shows the highest values of p, which for a low-energy variable effect
are 0<u<0.32, and foru =5 V 0<p<5 4. Frequency maximums in the first case occur near 10, 50 Hz, and
foru=5YV -near 500 Hz.

Due to the fact that all quartz samples activated in different conditions show maximums near the
frequency - 50 Hz, we conducted an additional experiment in which the external action was performed at a
frequency of 50 Hz, and the voltage in the range of 0.05 <u <5V varied. The results of this experiment
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Figure 3 — Magnetic permeability of quartz + ethanol in a low-energy variable field (u=0,5 V)
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Figure 4 — Magnetic permeability of quartz + ethanol in a variable field (u=5 V)
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showed that the highest values of p correspond to the minimum voltage u = 0.05 V, here: 3.59<u< 17.93.
As voltage increases it can be observed that at this frequency there are abrupt readings near 0.5; 1.0; 3.0 V
for samples with surfactant - ethanol. Zero values are observed for samples with 5-minute activation near
5V, with 15 minutes - near 4.5 V, and 20 minutes - 0.15; 0.25; 0.4 V.

In the same conditions, but with surfactant-cthylene glycol, quartz samples showed the highest
w=17.93 with a 5-minute MCA.. As voltage increases, p falls as in the previous case, showing jumps near
0.45; 2.5; 3.5 and 4.5 V. Zero values were shown in samples with Ty,=10 min at 0.1; 0.25; 0.3;
0.4 -1.0V, with Tyca=15 min: at 0,1 - 0,15;0,25-0,3 V.

The highest magnetic properties showed quartz samples activated with glycerin, here 7.17<u<39.45.
With an activation time of 15 minutes, it reaches its limit value and then, as the duration of the MCA
increases, begins to decrease. Here we also see jumps in properties near u = 0.5; 1.5-4.5 V. Zero values are
only shown by samples with Ty;ax = 5 min near 0.1; 0.25-0.35, 3-3.5 V.

The presented experimental facts altogether indicate that the behavior of quartz in alternating fields
depends both on the frequency and the magnitude of the applied voltage. In order to identify the
mechanism of interaction in these conditions, it is necessary to know the algorithm for the correspondence
of dynamic attributes of the external field and the form of the dynamic response to this effect. For this
purpose, it is necessary to develop a compliance matrix for quartz and the surfactants used.

The obtained experimental data make it possible to make the following conclusions:

1. It is shown that in the MCA process quartz acquires the ability to attract oppositely charged
particles, especially of organic origin. This effect is proposed to be used in the liquidation of small-scale
oil waste.

2. Mechano-chemical activation of quartz with different milling duration has shown that the
achievement of maximum dispersion depends both on the milling time and on the selection of the quality
of the catalytic active substances. The optimal mode for conducting an MCA shall be determined
experimentally.
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AYBICHAJBI 3JIEKTP OPICIHAE KBAPIITBIH ®U3UKAJBIK KACHETTEPIHIH
O3I'EPY EPEKIIEJIKTEPI

AnnoTtamust. ’KympIcTa KBapIThl MEXaHOXUMHAJBIK OcenceHaipy (MXDB) OOHBIHIIA KYPTi3iIreH KCIIEPUMCEH-
TaNABI KYMBICTAPABIH HOTIDKEICP! YCHIHBIIARL. MXDB oprypui y3axreineH 3-TeH 20 MHH apaJbIFbIHAA >KYPTi3Lidi.
Karanmsarop peTinae kel aToMIbl CHHPTTEP KOJAAHBLIABL. ¥ CAKTAIFAH KOMIIO3HUIMSIAPIbIH MATHATTIK KACHETTEP]
emmeHAi. Kepcerinrenme, MXb ke3iHae KBapUTHIH >KaHA KACHCTTSPI HAHOACHTCHIIIK MPOIECTIK Kapay cCcOiHCH
naiaa 601abL

Tyiiin ce3aep: KBapL, MCXaHOXUMHAIBIK OCICECHAIPY, KACHETTEPI, MATHUTTIK O6TIMILIIK, 3JEKTP dCepi.
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OCOBEHHOCTH U3MEHEHHUSA ®U3UYECKHX CBOMCTB KBAPIIA
B HEPEMEHHBIX 3JEKTPHUYECKHX MOJAX

Annortamus. B pabore npencTaBIeHBI Pe3yIbTaThI SKCIIEPUMEHTAIBHBIX PadOT M0 MEXAHO-XHMHYCCKOM aKTH-
parmu (MXA) kBapua. MXA mpoBomim ¢ pazHOH MPOJOKUTEIBHOCTEIO OT 3 10 20 muH. B KadecTBe KaTammsa-
TOPOB HCHOJIBb30BAH MHOTOATOMHBIC CIHPTHI. M3MEPEHBI MATHHUTHBIC CBOMCTBA AUCIICTHPOBAHHBIX KOMIIO3HIIHIA.
[NToxazaHo, 4TO HOBBIC CBOHCTBA KBAap1a Mpu MXA BOZHHKAOT 32 CUET MPOICCCOB HAHOYPOBHS PACCMOTPCHHSL.

KimoueBbie c10Ba: KBApIL, MEXAHO-XUMHUCCKAS AKTUBALNS, CBOHCTBA, MATHHTHAS MPOHUIIACMOCTD, 3JICKTPH-
YECKOE BO3ACHCTBHE.
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