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Abstract: It has been established that the nature and kinetics of grinding abrasive-material grains are the same in terms
of quality for all the tested items regardless of the type and grain size. Besides, a material fragility value
depends on the grain size and such grinding conditions as the grinder drum rotating speed and the grinding
ball diameter. It has been demonstrated that the tolerance to determine fragility of various materials, when
using the same set of test sieves, do not exceed +1.5 %. The necessity of strict limitation (up to 0.5 % of the
grain probe mass during collapsibility tests) has been established. In general, the conducted collapsibility
study of abrasive-material grains revealed certain regularities in the distribution of grain fractions, established
rational parameters of the technology and equipment. It enables optimization of the technology and processing
conditions of abrasive materials, influence on the reduction of dust and noise, environmental improvement.

1 INTRODUCTION

The technology for obtaining powdered and
abrasive materials involves processes of crushing,
grinding, classification by grain size (coarseness).
In this case, crushers, mills, and screens can be used
as equipment (Vinogradov, Sorokin, Kolokolnikov,
1990; Dobrovolsky, Koshelenko, 1989; Garshin,
Fedotova, 2008; Ovchinnikov, 2013).. This
technology is associated with increased dust content
and high noise level, which has an undoubtedly
adverse effect on labor safety conditions and the
overall ecological status of both production and the
environment. The technology is based on the
method of material particles/grains destruction
(Brautman, Krok, 1978).

The most widely spread abrasive materials used
to manufacture abrasive tools include brown and
white artificial fused alumina as well as black and
green silicon carbide. These materials differ in
terms of the chemical composition, surface
morphology, and strength (Lavrov, Rivlin, Nikitina,
1981; Bagaiskov, Shumyacher, 2005). It is of
scientific and practical interest to study the
collapsibility of different-size abrasive grains. This
will enable optimization and rationalization of the
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abrasive-material processing technology, provide
better operating conditions, and reduce dust and
noise.

2 RESEARCH METHODOLOGY

The method of crushing an aggregate of abrasive-
material grains was used as the testing method for
the studies. A test instrument of the PKhz brand was
used for this purpose (Berdikov, Diulin, Efimchuk,
Pushkarev, Finogenov, 1986; Berdikov, Pushkarev,
1992; Nazarenko, Berdikov, Arkhopov, 1981).

The collapsibility testing instrument (Fig. 1)
consists of frame/body 1, two crushing drums 2
installed in hubs 3 that are placed on the output shaft
of worm gearbox 4 driven through V-belt 5 from
electric motor 6, rpm sensor 7 consisting of
sealed magnetically operated contact 8 installed on
body 1 and permanent magnet 9 mounted on one
of the hubs, control unit 10 which includes starter
unit 11 and indicator 12, adjustment block 13,
microcomputer 14 with keys 15, start control panel
16, and shutdown unit 17.

The device operation procedure is described
below. A sample of the abrasive powder to be tested


mailto:bagaiskov@post.volpi.ru

and the steel balls for grinding are poured into the
crushing drums (one or both). The drums are fixed
in hubs 3. Pressing of button 15 on microcomputer
14 enters the required number of drum revolutions;
after pressing of the Start button on control unit 16,
the adjusting unit adjusts (reduces) the set number
of revolutions in the microcomputer memory by the
value equal to the number of revolutions made by
the drums after motor shutdown and then sends a
signal to starting unit 11 to start the motor. Upon
each drum revolution, magnet 9 passes over
magnetically controlled contact 8 which triggers,
and its signal goes to the programming unit. The
latter generates a sequence of commands to the
microcomputer for each signal of sensor 7 in order
to subtract one from a given number of revolutions.
As a result, the microcomputer operates in the
reading counter mode and its indicator 12 displays

the digits corresponding to the incomplete drum
revolutions. After the drums perform a given
number of revolutions, zero number is displayed on
the microcomputer indicator, then shutdown unit 17
issues a command to shut down the motor in starter
unit 11.

After shutdown, the crushing drums are
removed, the grinding products are extracted and
subjected to particle-size analysis. The analysis
results are processed mathematically, using the
microcomputer.

At least 10 samples from several commercially-
produced grain batches of various abrasive
materials were taken for the tests: green and black
silicon carbide, brown and white artificial fused
alumina. The same set of test sieves was used for the
particle-size analysis in all the cases.
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Figure 1: PKhz instrument: a —
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instrument diagram; b — instrument control unit.



3 STUDY RESULTS

An experiment has been conducted to study the
effect of the testing conditions on the grinding
kinetics of the abrasive grains tested with the PKhz
instrument  (Pushkarev, Schumyacher, 2004;
Pushkarev, Kulik, Nikuiko, 2017; Pushkarev,
Bagaiskov, 2020).

Fig. 2 demonstrates the dependences between
the content of individual fractions in the grinding
products of brown fused alumina grains with the
specified grain sizes of 250 um (a) and 1250 um (b)
and the number of the crushing drum revolutions.

The first tests made it clear that the nature and
kinetics of grain grinding are the same in terms of
quality for all the abrasive materials studied, that is,
they do not depend on the type and grain size of such
materials.

The grain size composition of the grinding
products changes gradually and continuously as the
number of the device drum revolutions increases.
Consequently, the grain collapsibility at any milling
stage should be considered as a process of grinding
with the grain size composition continuously and
gradually changing in time. The content of coarse
fractions in the milling products changes most
intensively (see Fig. 2, curves 1 and 2). Therefore,

it is advisable to register the total content of these
fractions to study the kinetics of grain collapsibility.

The grain collapsibility criterion is the
percentage of fractions that passed through the test
sieve in the milling products. However, for
methodological and metrological reasons, it is
preferable to register the remaining individual
fractions G on the sieves, that is, the percentage of
whole grains.

Various abrasive materials differ in the residue
of individual fractions G in the grinding products at
any stage of grinding: this difference tends to widen
with the increasing number of the device drum
revolutions. According to the analysis, material
fragility depends on the grain size. For this reason,
materials different in fragility should be compared,
using the PKhz instrument, only if they have the
same grain size. For example, a 250-um grain of
silicon carbide has more and a 1250-um grain has
less strength than the brown fused alumina grains of
the corresponding sizes.

These particular materials and grain sizes have
been selected to study the influence of the grain
sample mass under analysis. Each material samples
weighing 90, 100 and 110 g were tested. The actual
(the actual sample mass was taken as 100 %) and
seeming (the rated sample mass of 100 g was taken
as 100 %) grain fragility were determined after
testing each sample. The test results are given in
Table 1.

Table 1: Collapsibility/Fragility of Abrasive Materials.

Grain size Sample mass, g G, g Fragility, %
Tested material Actual Seeming
Brown fused alumina 25 90 43.8 51.4 56.2
100 485 - 51.5
110 41.8 53.0 48.2
Brown fused alumina 125 90 43.2 52.0 56.8
100 475 - 52.5
110 53.5 51.0 46.5
Black silicon carbide 25 90 44.7 50.3 55.3
100 52.0 - 48.0
110 58.1 47.2 41.9
Black silicon carbide 125 90 25.0 72.2 75.0
100 29.1 - 70.9
110 333 69.8 66.7
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Figure 2: Dependence between the content of individual fractions G in the grinding products of the brown fused alumina.

grains with the grain sizes of 250 um (a) and 1250 um
(b) and revolutions number N of the instrument drum:

a: 1 — from -315 to +1250 pm, 2 — from -250 to
+200,3 — from -200 to +160, 4 — from -160 to +125,

5 — from -125 to +100, Collapsibility/Fragility of
Abrasive Materials, 6 — from —100 to +80 um;

b: 1 — from -1600 to +1250 um, 2 — from-1250 to
+1000, 3 — from -1000 to +800,

4 — from -800 to +1630, 5 — from -630 to +500, 6
— from -500 to +400 um

Analysis of the test data shows that the weight of
the tested grain sample affects the reliability of the
results, when determining the actual and especially
the seeming fragility. The fragility determination
error is inversely proportional to the error in the
tested grain sample mass.

Studying the numerical relationship between the
ball weight as applied to the PKhz instrument
allowed to establish that grain collapsibility is
maximum and almost does not depend on the ball
loading at any grinding stage, if the ball weight is
1500-2000 g.

Balls made of steel grade ShKh15 with the
diameter of 12.7 and 19.0 mm are used according to
the testing procedure. The weight of the balls is
assumed the same (2000 g) for the whole series of
experiments.

It has been found that the influence of the ball
diameter on the measurement results with the PKhz
instrument is qualitatively the same for various
types and grain sizes of the tested materials. Grain
collapsibility depends, other conditions being equal,
on the grinding ball diameter: collapsibility for 19-
mm balls is higher than that of 12.7-mm balls at any
grinding stage. This difference tends to narrow as
the grain size decreases.

Grains of brown fused alumina and black silicon
carbide (160-1600 um) within a wide range of grain
sizes were chosen to determine the grain size
describing the material strength properties. All
sizes of the grain samples selected were tested in
two modes. The instrument drum speed determined
experimentally at 50 % collapsibility of the
reference grains with the sizes 250 and 1250 um
equals 1060 and 750 rpm, correspondingly.



The test results in logarithmic coordinates (Fig.
3) allow us to draw the following conclusions:

o  fragility of black silicon carbide and brown
fused alumina depends on the size of the grain tested
and the testing conditions;

o  fragility of black silicon carbide increases
monotonically with increasing of the grain size in
both test modes, the fragility of the grains with the
sizes of 1000, 1250, and 1600 pum is nearly the same
and maximum as compared to that of the grains with
different grain sizes;

e  fragility of brown fused alumina grains
with the size of 250-800 um tested in the first mode
is nearly the same and maximum as compared to
that of the grains with different grain sizes. The
fragility of grains with the size of 500-1250 pm
tested in the second mode is also nearly the same
and maximum for the whole range of the grain sizes
tested in this mode.

Thus, it has been shown experimentally that the

strength properties of manufactured abrasive
materials can be also evaluated, using the PKhz
instrument to determine grain fragility.
The method for testing the collapsibility/fragility of
abrasive grains is relative, so the most significant
factors are the test errors attributed to the instrument
calibration.

The calibration curve (Fig. 4) was developed
and the reference rotational speed of the grinding
drum for different modes was registered according
to the established procedure. The same set of testing
sieves was used in order to prevent potential errors
in determining the residue of whole grains G. The
calibration charts are nearly the same for all the tests
of different grain samples; drum rotation speed Nyot
for the grain sizes of 250 and 1250 um was 1060
and 750, correspondingly, at rated grain fragility
Xon= 50 %. To quantify the method errors
associated with the instrument calibration, it is
necessary to determine error Ax,, for estimation of
fragility x,, related to potential errors in determining
the reference number of revolutions.

The charts shown in Fig. 4 can be written as
follows:

ng — 10iK(mAN
50 1)

t

Wherein K,, is the slope tangent of line
Ig G = f(N) tothe abscissa axis equal 0.301/N,,.

Using the value of G,,=100-x,;, We obtain the
following:

+G, =100-50-10% " @

+x=x, —50=50(1—-10"*")  (3)

The relative error in determining the fragility

of the reference abrasive grain with respect to the
normalized fragility equal to 50 % will be the
following:

i0,301AN
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It can be observed that, as error AN/N_

increases, fragility estimation error O also
increases; besides, if the drum rotation speed is
overestimated (as compared to some ‘true’ rotation
speed corresponding to the normalized fragility),
the fragility of the reference abrasive grains is
underestimated, which results in overestimation of
the fragility of any abrasive grains tested with the
PKhz instrument and vice versa.

Absolute error in estimating the reference speed
must not exceed £5, the relative error in determining
the fragility of the reference grains must not exceed
0.5 %.

4 RESULTS AND DISCUSSION

The studies have established that the nature and
kinetics of grinding abrasive-material grains are the
same in terms of quality for all the tested items
regardless of the type and grain size. Thus, the grain
collapsibility at any milling stage should be
considered as a process of its grinding with the grain
size composition continuously and gradually
changing in time. Besides, material fragility
depends on the grain size and grinding conditions:
the crushing unit drum speed and, other conditions
being equal, on the grinding ball diameter, for
instance, collapsibility for 19-mm balls is higher
than that of 12.7-mm balls at any grinding stage.
This difference tends to narrow as the grain size
decreases.

In these studies, it is important to provide the
necessary accuracy of the parameters for the applied



methodology. In general, the tolerance to determine
fragility of various materials, when using the same
set of test sieves, does not exceed +1.5 %. The
necessity of strict limitation (up to 0.5 % of the
grain probe mass during collapsibility tests) has
been established.

Altogether, the conducted collapsibility study of
abrasive-material grains according to the proposed

C, %

procedure revealed certain regularities in the
distribution of grain fractions, the most favorable
fracture conditions according to the technology
parameters. This will enable optimization and
rationalization of the abrasive-material processing
technology, provide better operating conditions,
which results in reduction of dust and noise and
improved environment.
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Figure 3: Relationship between grain collapsibility/fragility C of black siliconcarbide (1) and brown fused alumina (2) and
the size of the tested grains in different modes:a is the ball weight of 1540 g, the ball diameter is 12.7 mm, the drum speed is
1060 rpm (mode 1); b is the ball weight of 2000 g, the ball diameter is 19.0 mm, the drum speed is 750 rpm (mode 2).
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Figure 4: Relationship between residueG of whole grains in the grain grinding products of 250 (a) and 1250 um (b) of brown
fused alumina and number N of drum revolutions:® - drum stop in 50 revolutions;+ - drum stop in 5 revolutions.
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