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Abstract

Mechanisms of fine-grained material flow in a roller press are a constant subject of research. The proper transfer of
feed in the feeder has a significant influence on the correct course of the compaction and consolidation process, product
quality, and the intensity of wear of the forming components. A few mathematical models of compaction process have
been put forth, but they are focused mainly on loads in the compacting unit and consolidated material properties. During
compaction the loose material properties including the Young module, the external and internal friction coefficient, and
the side pressure coefficient change continuously. Therefore visualisation tests were carried out to survey the flow of ma-
terial in a compaction unit equipped with rollers with a flat working surface and gravity feeder. Using the NI Vision
Builder program, the recorded video observations were analyzed and the medium speed distribution of the material in the
feeder was determined. The results were presented in the form of graphs and compared with one another, specifying the
relationship between the material speed distribution and the press operation parameters.
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1. INTRODUCTION

Pressure agglomeration is one of the essential
methods used to consolidate powdery and fine-
grained materials. Whenever possible, in the case of
mineral materials and selected production waste
materials, this process is carried out in roller presses
(Bembenek, 2017a). Likewise it has undeniably
gained recognition in the chemical (Flore et al.,
2009; Kosturkiewicz et al., 2017, Hryniewicz &
Bembenek, 2017), pharmaceutical (Kleinebudde,
2004), energy (Borowski & Hycnar, 2013) and food
industries. The major advantages of this type of ma-
chines include their constant operability with rela-
tively low demand for energy and a longer life span
of moulding components as compared to other bri-
quetting machines (e.g. screw or stamping ma-
chines) or pressurised granulators (Bembenek,
2018). In roller presses the feed is consolidated in a
compaction zone. This consists of elements that
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come in direct contact with the material, i.e. working
rollers, feeder, and side sealings. In most cases, the
working surfaces provided on both rollers to mould
briquette at a given moment are mirror images of
each other. In the case of hard-to-briquette materials,
however, working surfaces are best differentiated; so
an asymmetrical compaction unit is preferably em-
ployed in such circumstances (Bembenek, 2017h).
The working surface on each roller can also be flat.
This type of ring is the cheapest to manufacture. The
smooth working surface is used to produce a consol-
idated material in the shape of a flat ribbon. This
kind of agglomeration can also be a part of a dry
granulation process (Hryniewicz et al., 2011). This
is one of the processes of pressure agglomeration in
which granules with a defined grain fraction can be
obtained from fine-grained material. Dry granulation
is carried out in two steps (Gara, 2015; Kosturkie-
wicz et al., 2017). The first is properly preparing the
powdered material followed by consolidating it un-
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der pressure. The second one is crushing the product
of consolidation and classifying it.

The correct flow of material in the compaction
zone makes the roller press operate properly, be-
cause it reduces the unit energy consumption and
allows the user to achieve high product efficiency
along with its proper mechanical durability (Bem-
benek & Romanyshyn, 2018). During compaction
the loose material properties including the Young
module, the external and internal friction coefficient,
and the side pressure coefficient change continuous-
ly. Therefore the visualisation tests were carried out
to survey the flow of material in the compaction unit
equipped in the gravity feeder. Using the NI Vision
Builder program, the video recordings collected
were analyzed and the medium speed distribution of
the material in the gravity feeder zones was deter-
mined. The research was aimed at understanding the
character of material flow in the feeder. It has a sig-
nificant influence on the correct course of the com-
paction and consolidation process, the product quali-
ty, and the intensity of the wear of the working com-
ponents.

2. CURRENT KNOWLEDGE ABOUT
MATERIAL FLOW IN ROLLER PRESS

The fine-grained material pressure agglomera-
tion process involves pressures up to hundreds of
MPa (Hryniewicz, 1997; Lecompte et al., 2005;
Yehia, 2007). It can be divided into two stages. At
the first stage, during which the packing of particles
of the material is rearranged, relatively high com-
paction rates are obtained under small external forc-
es. At the second stage, the particles are consolidat-
ed together and a semi-continuous body is formed.
In that case, much lower compaction rates are ob-
tained under high values of external forces (Johan-
son, 1965; Hryniewicz, 1997). At both stages, the
loose material properties including the Young mod-
ule, the external and internal friction coefficient, and
the side pressure coefficient change continuously.
This variability does not allow the proper modeling
and simulation of fine-grained material transfer and
consolidation processes in the roller press by means
of the currently available advanced computer tools.
A few mathematical models of compaction process
have been put forth e.g. Johanson (1965), Ka-
tashinskii (1966) or Hryniewicz (1997), but they are
mainly focused on predicting press operating param-
eters e.g. pressure and forces (Bindhumadhavan et
al., 2005; Lecompte et al., 2005; Hryniewicz et al.,

2011) and material properties after consolidation e.g.
the density of ribbon (Zinchuket et al., 2004; Peter et
al., 2010). The real flow of fine-grained material in
the compaction zone is hard to model. Presently only
visualisation tests can provide this information
(Janewicz & Kosturkiewicz, 2006; Loginov et al.,
2001; Loginov et al., 2015; Bembenek, 2017b).
They are especially applicable in the case of gravity
feeders, since the feed transfer and the process pa-
rameters are predictable for forced flow feeders. The
results of test conducted by Janewicz & Kosturkie-
wicz (2006), Loginov et al. (2001), Loginov et al.
(2015), Bembenek (2017b) described only the gen-
eralized flow character of fine-grained material de-
pending on the working surface used in the compact-
ing unit. Moreover, this work was done using a
compacting unit equipped with rollers with forming
cavities. Only in the work described by Krok et al.
(2014) can the velocity distribution of the fine-
grained material during the consolidation in a roller
press equipped with smooth forming rollers be
found. Unfortunately, the operating parameters of
the device with which the experiments were carried
out, (i.e. roller diameter 260mm, roller width 36
mm, peripheral speed of the rollers of 0.08 m/s, the
10 mm gap between rollers) did not correspond to
the actual conditions for this type of process in in-
dustrial conditions. This was the rationale for carry-
ing out visualization tests in which the operating
parameters were set at a level similar to the industri-
al parameters. The test results were evaluated using
image analysis methods.

3. MATERIALS AND EXPERIMENTAL
PROCEDURE

The research tests employed the application of a
press with rolls measuring 450 mm in diameter by
76 mm wide, marked with the symbol LPW 450.
The compacting unit was equipped in a set of two
flat rings and a gravity feeder (figure 1). The trans-
parent front wall in the hopper was installed. Two
model materials were used for the visualisation
tests—calcium hydroxide and fine-grained hard coal—
which were selected to obtain maximum contrast
between the materials. The feed was arranged in the
gravity feeder alternately in layers with a thickness
of about 20 - 30 mm up to a height of approximately
200 mm. The experiment was recorded from the
moment when the press drive system was turned on
until the material was completely discharged from
the feeder. The image recorder was installed about 1
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m away from the compaction unit and the rollers
were accelerated to a speed of 0.1 m/s, 0.2 m/s, 0.3
m/s. The tests were performed with a gap measuring
either 5 or 8 mm between the rollers. The flow of
material for each configuration of roller speed and
gap was repeated three times, totaling 18 experi-
ments (table 1). The video recording was performed
with the Nikon D5000 camera equipped with the
Nikkor 18-105 VR lens with image stabilization.
The recording was made with a resolution of
640x424 pixels and an image rate of 24 images per
second and then analyzed in NI Vision Builder pro-
gram. In order to use Vision Builder in the research,
the recordings were processed to 8 images per sec-
ond, resulting in a total of 70 to 200 movie images in
each sample.

Table 1. The variation of test parameters and their names.

peripheral speed of the rollers, m/s
0.1 0.2 0.3
gap between 5 T1 T2 T3
rollers, mm 8 T4 T5 T6

Fig. 1. Layouts of roller press compaction units with flat rings.

To determine the velocity distribution of materi-
al in the press feeder, a special algorithm was devel-
oped in the Vision Builder program. The purpose of
the algorithm was to find in individual areas the
dividing line between materials (the boundaries be-
tween light and dark of the feed). Data of edge coor-
dinate values from each image were then exported to
Microsoft Excel. This enabled a calculation of the
speed of layer boundaries movement in subsequent
frames (1/8 second for every image change). The
working area in which the material was located was
divided into a mesh, organizing the compacting sys-
tem into 74 fragments (figure 2a). The shape of the

mesh was adjusted experimentally in this way to
obtain only one layer boundary at a time while not
being so small as to make it difficult to analyze the
speed in the given area. The mesh parts which cover
surfaces of contact material with the rollers were
designed to be slightly smaller, because it was sup-
posed that in these places the changes in the speed of
the material would be different than in others. Each
material boundary was delineated with markers
mapping the limits of the black and white or white
and black borders (figure 2b). On each subsequent
image, after detecting the border, the program read
and exported the coordinates of the marker's loca-
tion. Based on the value of the vertical coordinate
and the time of image duration velocity changes
were calculated for vector in each area. All results
were obtained in pixels per second and then were
converted into real values in mm/s. Analysis was
carried out from the moment the press was started
until the feeder was empty.

As the algorithm works by looking for bounda-
ries between white and black layers in areas, when
there was no material in certain are-as, the coordi-
nates of the marker locations were not recorded, as
shown in figure 2d. Since there is no material in the
upper area of the feeder, there are consequently no
boundary markers. If in any area the algorithm did
not find the dividing line between the layers (figure
2¢), it did not pro-vide data for calculating the aver-
age speed in that area.

4. RESULTS AND DISCUSSION

Based on the data and calculations obtained from
the tests, graphs were made in the GNU Image Ma-
nipulation Program (GIMP), showing the material
velocity distribution in the roller press feeder. They
are presented in a figures 3. Analyzing the obtained
graphs, the variation of the speed values in individu-
al zones of the feeder are noticed. Changes in the
speed distribution during material flow at individual
areas of the power supply, depending on the periph-
eral speed value of rollers and the set of gap between
the rollers, are visible. The velocity distribution in
subsequent areas is quite symmetrical, which corre-
sponds to the use of two identical rollers in the pro-
cess. In the case of tests conducted for the 5 mm
gap, the maximum speed values were recorded at the
level for T1 - 27.3 mm/s, T2 - 25.8 mm/s and for T3
23.7 mm/s. At the 8 mm gap, a significant increase
in the maximum material velocity is visible.
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Fig. 2. Images of compaction unit: a) with mesh, b) vectors on a border of material layers, ¢, d) during the analyses.
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Fig. 3. A summary of graphics presenting the results for a given a)test T1, b) test T4, c) test T2, d) test T5, e) test T3, f) test T6.
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Contrary to the 5 mm gap setting, it increases
with increasing peripheral speed of the rollers, for
T4 - 20.5 mm/s, for T2 - 36 mm/s, and for T3 — 47
mm/s. The maximum speed values can be observed
in the zone of the smallest roller gap. The velocity in
individual zones decreases going up from the zone
of minimum gap of the rollers. Increasing the pe-
ripheral speed of the rollers results in aligning of the
material flow velocity in individual zones. For the 5
mm gap with the smallest roller speed, the material
in the upper area moves below half of the maximum
speed. Values close to the maximum were recorded
only in the lowest layers of material. The process is
much slower than in the T2 and T3 tests. Roller
speed change to 0.2 m/s increases material speed in
higher layers. At the speed of 0.3 m/s for the 5 mm
gap, the velocity distribution in most of the test area
is fairly even. The material in the upper layers
reaches average speeds similar to the lower layers.

Contrary to predictions, it is impossible to clear-
ly distinguish the layer adjacent to the rollers, which
moves much faster than the middle layers. Compar-
ing tests T1 and T4, in which the speed of the rollers
was the same, and the width of the gap between the
rollers was different, it is seen that widening the gap
did not increase the maximum speed of the material.
The minimum and maximum speed is lower by
34.6% and 24.8%. The material velocity distribution
changed considerably. With the larger gap, more of
the higher material layers reach values close to 50%
of the maximum value and more of the lower layers
reach speeds close to the maximum. The speed dis-
tribution in the W4 variant is much more uneven.
The distribution of speed values for tests T2 and T5
is similar, but more constant in the case of the wider
gap. A similar number of lower layers reach speeds
greater than 50% of maximum values. The minimum
values for both cases are similar, and the maximum
value of the speed when increasing the gap increased
by 39.6%. The speed distributions in the T3 and T6
tests are very similar. Speed changes between layers
are smooth and most of the material reaches speeds
close to half the maximum speed. The difference can
be seen in the minimum and maximum speed values,
which increased significantly with the increase of
the gap - the maximum speed increased by almost
100%, and the minimum 243.7%. Considering that
the velocity distribution in almost all material zones
is even. Increasing the gap width had a positive ef-
fect on the speed distribution of the process.

5. CONCLUSIONS

Summing up the conclusions from this inquiry, it
is concluded that in each case increasing the periph-
eral speed of the rollers in the compacting process
positively affects the material speed distribution,
lowering the difference of material speeds and mov-
ing the speed in each area closer to the maximum
throughout the feeder. At low roller speeds, only the
lowest material layers reach high values and most of
the material moves at close to minimum speeds. No
specific zones in the central areas and in areas close
to the rollers in the feeder, like in the briguetting
process, were noticed where the material flows with
a lower/higher speed in relation to other areas. Speed
changes occur mainly in the vertical axis and usually
concern the entire horizontal layer of material. Thus,
when using smooth rollers in a roll press, the materi-
al moves evenly with respect to the vertical axis, and
changes in the press parameters affect the material
movement in its entire volume. From the research
conducted, it is concluded that changes in the pa-
rameters of the compacting process (gap width, pe-
ripheral speed of the rolls) do not always result in
the improvement of the velocity distribution of the
compacted material. Only with appropriate configu-
ration of both the gap width and the peripheral speed
that it is possible to obtain a specific effect in the
process (eg. increasing the maximum value or im-
proving the velocity distribution in the whole mate-
rial). At the same time, as is seen from the above
observations, in some cases the change of only one
of the parameters brings a positive effect of increas-
ing the maximum value or increasing the speed of
higher (middle) material layers. Following the anal-
ysis, several conclusions were drawn to improve the
quality of future visualisation research. First of all,
the camera should be completely motionless during
all attempts, which would eliminate calibration er-
rors to real units between samples as well as errors
in matching the mesh in each test. It would also be
worth exploring different types of materials to see if
the type of material is related to the speed distribu-
tion. Testing of the algorithm’s operation in Vision
Builder drew attention to the fact that it is unneces-
sary to research how the material in the power sup-
ply is built up, nor does the material layout in the
power supply actually matter. The material may be
randomized in such a way that the boundaries be-
tween areas of contrasting colors are visible (they do
not have to be parallel layers, and their thickness and
accuracy are not important for this type of examina-
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tion). It is also not known what effect the use of two
different materials in the test had on the research had
on. Perhaps a better result would be an analysis of
compaction flow of one type of material, part of
which will be dyed a contrasting color.
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WYKORZYSTANIE KOMPUTEROWEJ ANALIZY
OBRAZU DO OKRESLANIA PRZEPLYWU
MATERIALU DROBNOZIARNISTEGO W

STREFIE ROBOCZEJ PODCZAS
KOMPAKTOWANIA W PRASIE WALCOWEJ

Streszczenie

Mechanizmy przeptywu materialu drobnoziarnistego w prasie
walcowej sa ciaglym przedmiotem badan. Wiasciwy transfer
surowca w podajniku ma znaczacy wptyw na prawidtowy prze-
bieg procesu zageszczania i aglomeracji, jako$¢ produktu oraz
intensywno$¢ zuzycia elementéw formujacych. Znanych jest
kilka modeli matematycznych procesu zageszczania, jednak ich
glownym zadaniem jest okreslenie obcigzen w ukladzie zaggsz-
czania oraz parametrow materiatu po scaleniu. Podczas zaggsz-
czania wlasciwosci materiatu sypkiego w tym modul Younga,
wspotczynnik tarcia zewnetrznego i wewnetrznego oraz wspot-
czynnik nacisku bocznego zmieniajg si¢ w sposob ciagly. Byto
to podstawa do przeprowadzenia eksperymentéw wizualizacyj-
nych w celu zbadania przeptywu materialu w uktadzie robo-
czym prasy walcowej wyposazonej w podajnik grawitacyjny.
Przy pomocy programu NI Vision Builder zanalizowano otrzy-
mane nagrania wideo i wyznaczono rozktad predkosci $rednich
materialtu w podajniku. Opracowane wyniki przedstawiono w
formie wykresow i poréwnano miedzy soba, wyszczeg6lniajac
zalezno$ci pomig¢dzy rozktadem predkosci materialu a parame-
trami pracy prasy.
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