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Abstract — To improve the efficiency of the separation of
powdered materials which are prone to aggregation, internal
separator devices are used that contribute to the disaggregate
material particles. For the most effective destruction aggregates
of particle during physical contact with devices, it is necessary to
establish rational values of their parameters. For the
disaggregating device in the form of multi-pass belt, an
expression was developed that makes it possible to calculate the
rational angle of the installation of the belt, on the basis of the
vector components of the velocity of the aggregate just before
contact with the belt. An analytical expression is obtained for
determining the efficiency of a disaggregation process by the
multi-pass belt disaggregating device in a dynamic separator, and
a regression equation that allows one to determine the rational
values of design parameters of the device. Practical results were
obtained in determining the efficiency of the particle
disaggregation process, which are comparable with the values of
analytical calculations.

Keywords — dynamic separator, disaggregating device, powder
materials, aggregates of particles, efficiency of disaggregation

I. INTRODUCTION

The building materials industry is an industry that ensures
the development and growth of the country's economy. In the
production of building materials, the production of powdered
materials by grinding is an energy-intensive process. Grinding
complexes with a separator are used for the production of
powders with the specified granulometric composition and
specific surface area. A significant problem in the production
of powdered materials is aggregation (physical contact of the
particles under the influence of forces of different origin),
which is typical for materials which are prone to adhesion. To
a large extent, aggregation is inherent in fine particles, while
the aggregate size of such an aggregate can often correspond
to the size of the coarse fraction. As a consequence, the fine
product particles in the aggregate are repeatedly returned to
the mill as coarse particles. The presence of fine particles
(finished product) in a coarse fraction of particles leads to a
decreasing of the grinding complex efficiency and causes
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energy losses. At the moment, selectivity (the probability of
entering of particles to a coarse product) of the best separators
reaches only 15% for particles less than 5 um [1].
Consequently confirmed the relevance of the particles
aggregation problem for powder materials production. At the
same time, the study of particles aggregation and creating of
devices that improve efficiency of disaggregation process are
actual tasks.

Significant contribution to the study of powdered material
separation  processes, their disaggregation and the
development of calculation techniques have been made: [2-8]
as well as others. Their work and research have contributed
significantly to the study of the separation process, the
problems associated with the aggregation of powder materials
and approaches to disaggregation. The problems of
mechanical destruction of bonds between particles in
aggregates and the patterns of change in efficiency of the
disaggregation process depend on parameters of the
disaggregating device, rational values of the parameters
themselves did not receive sufficient study.

Il. METHODOLOGY

In separators, the process of interaction of aggregates of
particles with devices under certain conditions leads to the
disaggregation of particles. The efficiency of this process
depends on the design parameters of the devices and dynamic
characteristics of the machine at the moment of contact. The
multi-pass belts disaggregating device contribute to the
effective destruction of aggregates due to the optimal angle of
installation of the belts. The values of the components (radial,
tangential, vertical) of the particle velocity equivalent to the

constituent velocities of the aggregate (W, - radial, W, -

tangential, W, - vertical) allow one to determine the energy of

interaction with the disaggregating device, and also to
establish the optimum angle of installation for multi-pass belts
for destruction the aggregates of various sizes.
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Immediately before contact with the surface of the multi-
pass belts, which are installed in the separation chamber, the
aggregate equivalent to the particle size has the following
kinetic energy T, J:

_mgi > 2 2
T—E(wr+w¢+wz). 1)
where M is the mass of the aggregate particle, kg.

In [9] eq. (2) is used to find the energy of disaggregation
during grinding:

£=I—G(SK—SH).

o3, @

where o is surface tension at the boundary «grindable
particles - surrounding liquid mediumy, J/m?;

SK,SH is specific surface area of the particles respectively

before and after grinding, m?/m?;
p s particle density, kg/m®

n,. is efficiency of a grinding machine, in fractions of a unit;

E is the energy imparted to the material to be grinded from
outside, J;

M — mass of material to be grinded, kg;

I is the degree of grinding, which is determined by equation:

®)

Taking into account eq. (2), it is possible to obtain an
equation for determining the efficiency of the disaggregation
process by the disaggregating device in dynamic separator.
We assume that the specific surface areas before
disaggregation and after disaggregation during separation are
determined by the following relations:

5 - m; 6 @
bd = 13 T 4 4
m, d,
6
where da is initial aggregate diameter, m;
. 6
Sa = =5 == )
3 7.
. dy
6
where d_k is average final particle diameter after

disaggregation, m.

Eg. (4) and (5) allow us to determine the degree of
disaggregation k during separation.

k:SLd:d
sbd

a

an (6)
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If to use eq. (1) to describe the energy transferring to the
aggregate from the outside during separation, then, taking into
account (4) and (5), we obtain following equation:

ko, (1 1 s .
0 [ — :77(Wr+W(p+Wz),. @)
p \d d
where 77 is the efficiency of the disaggregation process by
multi-pass belts;
o, is surface tension at the boundary of an «aggregate -
gaseous atmospherey, J/m2.

a

In such a manner, taking into account eq. (4), (5) and (7),
is possible to count the efficiency of the disaggregation
process for the device during separation in percent;

7= _faaz(da_gk) —100%.. ®)
od, (Wr +W, +W,

Eqg. (7) taking into account (6) takes the following form:
4o k(k-1)
2 2 2
,ada(wr +W, +WZ)

Eg. (8) and (9) show that the efficiency of the destruction of
two identical aggregates depends on the speed of the aggregate
and will be maximum when installing disaggregating multi-
pass belts installed at an angle perpendicular to the velocity
vector of the aggregate (Fig. 1).

n= 100%. . ©)

w, W,2 + W2 R
Ny N
1 |

Y

Fig. 1. Scheme for calculating the installation angle of disaggregating multi-
pass belt

According to the calculation scheme, the value of the angle
of installation of the belt to ensure a frontal impact on the
surface of a multi-pass belt for different values of the
diameters of the material particles relative to the horizon will
be determined by the following relationship [10]:

o=~ arctg W,
2 2
2 Jwi+w?

Eg (10) makes it possible to calculate the installation
angles of disaggregating multi-pass belts relative to the
horizontal plane, depending on the value of the components

(vectors) of the particle velocity W, w,, W,. Assuming

that the velocity of the particles corresponds to the velocity of
equivalent aggregates size, according to eq. (10), it is possible

(10)
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to determine the rational angle of installation belts of the
disaggregating device.

I1l. RESULTS

The components of particle velocity are key parameters for
determining the interaction energy of aggregates with a
disaggregating device and for determining the design
parameters of such disaggregating devices in the form of
multiple-pass belts. Table 1 presents the values of the velocity
components of particle aggregates of different sizes.

TABLE I. Components of the velocity of aggregates for the separator
«Polydor» 94000

Size, pm 80 200 315 630
W, mis 0.41 0.94 0.95 0.97
Ww , mls 0.11 0.88 13 1.85
|W . | , m/s 2.1 0.5 0.63 0.82

Using the values of the velocity vectors W , W, w,, it

is possible to calculate the angle of the velocity vector when
the particle of the material comes to a fragment of the multi-
pass belt after its departure from the surface of the distributor
plate and, taking this into account, the optimum installation
angle of multi-pass belt, in which the destruction of the
aggregates will be maximum (the front contact of the
aggregates with a belt).

Table 2 shows the results of the calculation of the angle of
installation of multi-pass belts in the separator "Polidor"
#4000 at a constant air flow rate of 30 m%s.

TABLE II. Angle of installation of multi-pass belts for different size
particles

Size, pm 80 200 315 630

Q , degree 11 84 -75 -66

It is determined that the angle of installation of the belts
relative to the horizontal surface of the distributor plate for
particles of size 315 um is in the absolute value of 75 degrees
and 66 degrees for 630 pum.

Fig. 2 shows the dependence of the efficiency of the
disaggregation 77 on the degree of disaggregation k.
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Fig. 2. Dependence of the efficiency of the process of disaggregation on the
degree of disaggregation for initial aggregates of size a) 80 um and b) 200 pm
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The diagrams are constructed in accordance with the design
and technological parameters of the dynamic separator
"Polydor" ¢4000, with air flow through the separation
chamber of 30 m%s. The value of the efficiency
disaggregation 77 =29% for the aggregate of 80 um achieves at

a degree of disaggregation k = 1.42, for an aggregate of size
200 pm, the same value is reached for k = 1.35. These values
show that interacting energies are different and depend on
masses of aggregates of different sizes.

Figure 3 shows the dependence of the efficiency of the
disaggregation process on the degree of disaggregation of the
initial aggregate. The graphs are constructed for a dynamic
separator "Polydor" 4000, with airflow through the
separation chamber of 30 m%s. The value of the efficiency of
the process of disaggregation 77 = 30% for an aggregate of 315
um corresponds to the value of the degree of disaggregation
k = 1.72; for an aggregate of 630 um, the efficiency value of
30% corresponds to the degree of disaggregation k = 2.48.

The obtained dependences show that in order to achieve
the same efficiency of the process of disaggregation of
different initial aggregates of different sizes, it is necessary to
achieve various degrees of disaggregationio The larger the
aggregate, the higher the degree of disaggregation.

H.% .
) 0

/
f /

/ .
0 / / 0 //

- L1

o *
a 1o L L 13 k4 1F 1 TR

Fig. 3. Dependence of the efficiency of the process of disaggregation on the
degree of disaggregation for initial aggregates of size, um a) 315 and b) 630

Thus, the obtained eq. (8) and (9) allow determining the
efficiency of the process of particle disaggregation in a
dynamic separator with multi-pass belts of disaggregating
device. The graphical dependencies characterize the efficiency
of the disaggregation process for different values of the degree
of disaggregation.
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Fig. 4.' Particle—silze distribution of aggregates for fracti.on +200 ... —315 um

428



£

ATLANTIS
PRESS

To confirm the theoretical results, an experiment was
performed at the experimental separator with a disaggregating
device to determine the dependence of the disaggregation
efficiency on the device parameters. As a material, ground
marl was used. Particle-size distribution of aggregates for
fraction +200 ... —315 pm is shown in Fig. 4.

Graphic dependencies in fig. 5-7, constructed on the basis
of the equation (11), made it possible to establish the
regularities of the change in the efficiency of disaggregation
from the factors studied and to determine the range of their
rational values.

The regression equation for determining the efficiency of
disaggregation:

n =-172,04 +103,84-H/h +7,09-T/h +
+1068,54-B/D +4,82-Q—0,03-Q% —
—841,77-(H/h)? -1,05-(T/h)  —
—14295,00-(B/D)? +0,30-Q-H/h —
-0,01-Q-T/h +0,75-Q-B/D +5,00-H/h-T/h —
—833,33-H/h-B/D + 3,750-T/h- B/D

where H/h is the ratio of the installation height of the belts of
the device H to the height of the separation chamber h;

» (11)

T/h is the ratio of the screw pitch of the multi-pass belts T to
the height of the separation chamber h;

B/D is ratio of the width of the bands B to the diameter D of
the separation chamber.

Graphic dependencies, constructed on the basis of
regression equations, reflecting the patterns of change the 7
from the values of design parameters are expressed in a
complex form (T/h; H/h; B/D) and Q2.

In Fig. 5 a) there is a change of the disaggregation
efficiency in the range from 21.4% to 29.4%.
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Fig. 5. Dependencies of the efficiency of disaggregation process on
parameters: a) B/D and T/h, b) H/h and B/D

The surface of the function is parabolic and reaches its
maximum values close to the central values of the variation
factors; for B/D = 0.032, and for T/h the value at the center is
3. The growth of the function is observed when the factor
values change in the direction of the central values for B/D
and T/h. The minimum value of the effectiveness of the
process of disaggregation comes at the minimum values of the
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factors. The increase of the disaggregation efficiency occurs
with an increase in the value of T/h to 3 due to the fact that
with an increase in the pitch of the belts T, a step suitable for
disaggregation is provided, providing a frontal or near-frontal
collision of the unit with belts. An increase of the value of T/h
over 3 leads to a decrease in the efficiency of the
disaggregation process, since the angle of rise of the
disaggregating bands varies from the most effective values for
the formation of fine particles due to the destruction of
aggregates. As the factor B/D increases to 0.032, the
efficiency of the disaggregation process increases, that is, the
width of the belt B increases, and the active contact area with
the aggregates increases. But with a further increase in the
value of the factor, the efficiency of the disaggregation
process begins to decrease smoothly - this indicates a decrease
in the number of fine particles formed as a result of contact
aggregates with belts. This is because a further increase in the
width of the belt B leads to an increase in the residence time of
the particles on the surface of the belt during rolling, while
collisions of aggregates and their destruction upon contact
with the belts are not effective as a result of damping.

In Fig. 5 b) the efficiency of the disaggregation process
varies from 19.3 to 29.8%. The maximum value of the process
of disaggregation reaches at the values of factors H/h = 0.090
and B/D = 0.033, with a further increase in the parameter B/D
and a decrease in H/h, the value of the function decreases. The
minimum value is reached with a minimum value of B/D =
0.019 and a maximum value of H/h = 0.155. The increase in
the efficiency of the disaggregation process with increasing
H/h is due to the fact that a change in the height H of the
position of the disaggregating device in the separation
chamber from 0.027 to 0.100 moves the device to a zone of
more intensive interaction with aggregates where the
formation of fines particles increases as a result of
disaggregation. For factor values H/h above 0.100, the
response function begins to decrease sharply, since the
disaggregating device moves above the zone of the most
active interaction with the aggregates. Decrease in the
efficiency of the disaggregation process also takes place at
values of the factor B/D below 0.032, as this reduces the width
of the bands B, and hence the contact surface of the device's
belts with the units. An increase in B/D above 0.032 leads to a
decrease in the efficiency of disaggregation due to damping of
the aggregates.

Graphical dependences of the disaggregation efficiency on
the combinations of factors B/ D and €2, T/hand H/ h are
shown in Fig. 6 a), b), respectively.
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Fig. 6. Dependencies of the efficiency of disaggregation process on

parameters: a) B/D and Q, b) T/h and H/h
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The minimum of the function 77 corresponds to the lowest

value of the factor B/D = 0.019 and the largest Q= 84. The
efficiency of the process of disaggregation increases with the
increase in the width of the bands of the disaggregating device
B to 0.032, but even greater growth 77 occurs with an increase

Q from 56 to 69 degrees. Accordingly, the decrease in the
efficiency of the disaggregation process occurs with an
increase in the installation angle of the belts from 69 degrees
to the end of the range, while a decrease 77 with an increase in
the B/D factor value from 0.033 and further is less dramatic.
With an angle of QQ 69 degrees, disaggregation occurs most
efficiently, and the angle between the aggregate velocity
vector and the belts approaches 90 degrees.

In Fig. 6 b) the surface function of the efficiency of the
process of disaggregation has values from 19.2% to 29.4%.
The value 77 reaches its maximum value T/h = 3.15 and

H/h =0.07. The value 77 begins to decrease when the H/h

parameters change from 0.07 to 0.027 and T/h from 3.15 to
4.400.
Fig. 7 shows the dependencies of the efficiency of the

disaggregation process on the parameters T/h and , H/h and
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Fig. 7. The efficiency of disaggregation from the parameters a) T/h and Q:
b) €2 and H/h

The function of the efficiency of the process of
disaggregation in graph 7 a) varies from 18.1 to 29.0%. The
greatest value 77 reaches at (2 =68 degrees and T/h = 3.16. It
can be seen from the graph that the change in the installation
angle of belts affects the efficiency of the disaggregation
process more than the parameter T/h. The growth of the
function occurs when the angle is changed from 56 to 68
degrees and with increasing T/h from the minimum value to
3.16. Then there is a sharp decrease 77 with an increase €2
from 68 to 84 degrees and a gradual decrease with the growth
of the factor T/h to 4.409 from 3.16. The angle of installation
of the belts 2 has a significant influence on the process of
interaction of the device strips with the aggregates and their
destruction, while the step of installing the belts affects the
destruction of aggregates to a lesser degree. Fig. 7 b)
represents the dependence of the change 77 on factors €2 and
H / h, while the efficiency varies from 15.6 to 29.3%. The
maximum value 77 reaches at an angle of installation of belts
of 72 degrees and a value of H/h = 0.096. The minimum of the
function at the maximum H/h and €2. The increase in the
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efficiency of the disaggregation process occurs with an

increase in the installation angle € from 56 to 71 degrees,
followed a growth of 77. The efficiency of the disaggregation

process increases insignificantly with increasing H/h from
0.027 to 0.096, with a further increase in H/h, the efficiency of
the disaggregation process drops sharply, a similar situation
occurs with a decrease from 72 to 56 degrees. As a result of
installing the device at the level of 0.096 and above, the belts
are moved to the zone where aggregates are smaller, since
aggregates of coarse particles have a downward trajectory, as
a result of which the formation of fine particles decreases, the
efficiency of the disaggregation process also decreases [11].

IV. CONCLUSION

Separators for the separation of powdered materials are
widely used to produce a product with a specified
granulometric composition. Increasing the efficiency of
particle disaggregation is one of the promising directions for
improving the separation process. Obtained equations allow
one to estimate the efficiency of particle disaggregation in a
dynamic separator with a disaggregating device, and also to
determine the rational angle of the installation of multi-pass
belts to provide a frontal contact for maximum efficiency.
Dependences of the efficiency of the process of disaggregation
depending on the degree of disaggregation are obtained. Based
on the results of experiments on the separation of ground
made on the experimental dynamic separator with a
disaggregating device, the dependence of the disaggregation
efficiency on the design parameters of the device is given,
which also makes it possible to determine their rational values.
The practical usefulness and significance of using such device
is shown.

On the basis of the mathematical description, an equation
is obtained for determining the rational angle for the
installation of multi-pass belts, in which a frontal contact is

provided. The calculated value of the rational angle €2 for
aggregates of size 315 pm was 75 degree, with the aggregate
size 630 um - angle of 66 degree. A mathematical expression
is obtained for calculating the efficiency of the process of
disaggregation by a device in the form of multi-pass belts in a
dynamic separator. For aggregates of different fractions,
graphical dependencies of the efficiency of disaggregation
process on the degree of disaggregation are shown. Thus, the
efficiency of the disaggregation process for aggregates of size
315 um with the degree of disaggregation 1.7 is 28.7%.

The results of the experiment show that when a dynamic
separator bench unit is equipped with a disaggregating device
in the form of multi-pass belts, a large fraction of the
aggregates is destroyed upon contact with its belts. Due to the
destruction of coarse aggregates, the disaggregated «fine»
particles are carried away by the air flow to the finished
product, while the efficiency of the disaggregation process
increases by 14.2% (from 14.6 to 28.8%), which agrees with
the theoretical conclusions in the methodology section.

It is established that in order to ensure maximum
performance and efficiency of disaggregation at the minimum
power consumption, the rational values of the design
parameters of the device are:

e the angle € of inclination of multi-pass belts of the
disaggregating device is equal to 67 ... 77 degree;
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e height of installation of the device in the separation

chamber - H=h - (0.045 ... 0.091);

screw pitch of the belts - T =h - (2.609 ... 3.606); the width

of the belts is B=D - (0.029 ... 0.039).
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