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Abstract: The unit compacting pressure in the fine-grained material consolidation process in the roller press can reach >100 MPa and is a
parameter that results, among other things, from the properties of the consolidated material and the compaction unit geometry. Achieving
the right pressure during briquetting is one of the factors that guarantee the proper consolidation and quality of briquettes. The distribution
of the temperature on the surface of the briquettes correlates with locally exerted pressure. The present work aimed to analyse the bri-
quetting process of four fine-grained materials in a roller press equipped with saddle-shaped briquette-forming rollers based on images ob-
tained from the thermography conducted immediately after their consolidation. The tests were carried out in a roller press that was
equipped with forming rollers of 450-mm diameter and having a cavity with a volume of 4 cm?, as described by patent PL 222229 B1. Two
mixtures of hydrated lime with 9.1 wt% and 13.0 wt% water, a mixture of scale and a mixture of electric arc furnace (EAF) dust were used
for the tests. In most mixtures, the highest temperatures were achieved in the middle-upper part of the briquettes. The briquettes from the
EAF dust mixture heated locally the most on the surface up to 37.7 °C. The difference between the maximum briquette temperature and

the ambient temperature was 20.2 °C.
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1. INTRODUCTION

Many phenomena can be correlated with the temperature
change of a tested object; therefore, it is important to obtain a
precise picture of the distribution and increase of its surface tem-
perature. The technique that makes it possible is thermography (it
is based on measuring the radiation in the infrared range). Ther-
mographic research finds increasingly wider possibilities of appli-
cation, and it is used increasingly often; and this is a conse-
quence, among other things, of the fact that the devices used for it
allow for a set of steadily improving capabilities for measuring
possibilities at lower costs of production and progressive miniatur-
isation. The decisive advantage of non-contact measurements is
their non-invasiveness, which is often the basic criterion for select-
ing them.

Thermovision was originally used by the army to observe aer-
oplanes and detect the movement of military units. Until now, it
has been successfully used for military purposes or the research
related to, for example, the detection of defects in graphite noz-
zles used in missile propulsion systems [1] or to assess the tech-
nical condition of elements of military bridges [2]. Thermal imaging
is widely used by the construction industry. It is useful for testing
the energy efficiency of buildings, detecting defects in installation
systems and verifying the effects of modernisation [3], as well as
testing the thermal properties of walls [4], or detecting delamina-
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tion of structural elements of buildings [5]. This technique, mainly
due to its non-invasiveness, has been playing a special role in
medicine for many years. It is used as a quick and precise tool to
collect information necessary to diagnose rare diseases [6] or to
evaluate the effectiveness of medical treatments [7]. It was also
used to assess the impact of the body’s reaction to low tempera-
tures [8], vibrations [9] or workload [10].

However, it seems that the greatest spectrum of possibilities
of using thermovision is provided by mechanical and electrical
engineering. Thermography is very useful in the removal and
treatment of material so as to control the increase and distribution
of temperature in the tool working zone [11] and on the chip sur-
face [12]. Its advantages were used in the assessment of welded
joints and in the diagnosis of the course of the welding process
itself [13, 14]. It should also be mentioned that this technique is
used in the widely understood diagnostics of machines, ranging
from numerically controlled machine tools [15], through rotating
machines [16], belt conveyors [17], brakes [18] and rolling bear-
ings (there is no way to measure the temperature of moving rolling
elements and cage other than the contactless method) [19], up to
electrical machines and devices [20, 21, 22]. The attempts to link
strength and stress measurements in a material with the amount
of heat energy produced are very interesting [23]. The methodolo-
gy of measuring ropes has also been described, including the
relation between temperature increase and stress increase in the
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rope [24]. The relations between the mechanical properties of
polypropylene stretching were analysed [25]; a system was sug-
gested to analyse the thermomechanical properties and heat
release in the stretching process [26]. Experiments have been
carried out confirming the thesis that the analysis of temperature
distribution in strength tests is the basis for the qualitative as-
sessment of the stresses in the tested samples [27].

In addition to passive thermography (described above), we
can also discuss active thermography, which is to be distin-
guished from the former variant in that it is a method of stimulating
(arousing) the subject of research, e.g. by delivering an impulse in
the form of thermal energy [28] or causing this effect by means of
an acoustic wave [29], including ultrasounds [30] or microwaves
[31], and then observing its path propagation and the effects that
they have caused in the material using a thermograph on the
surface of the tested object. This type of thermovision is particu-
larly applicable in defectoscopy [32, 33].

Thermal phenomena are a rich source of information about
technological processes and changes or irregularities taking place
during these processes [34], which allows us to control the pa-
rameters of the process and to introduce the necessary modifica-
tion so that the process runs properly and the product is of high
quality. Thermography was used, among other purposes, for
process control: casting and cooling of cast iron [35], production of
casting moulds in order to form turbocharger blades [36], extru-
sion of poly (vinyl chloride) [37], production of tires [38] and the
production of textiles [39, 40]. The quality of compacts made of
loose materials leaving the compaction zone was also checked.
Online monitoring of the powder flow during compaction helps to
locate the areas of greatest pressure and identify the influence of
the roller force on the powder temperature [41]. Recently, a study
has been published that proposes a methodology to ascertain the
extent to which the share material on the raking face undergoes
wear during deployment in soil. The temperature distribution on
the tool during operation was measured. Then, a hypothesis was
made that the amount of heat emitted in a given area of the share
surface correlates with the intensity of tribological processes [42].

An interesting issue is the use of thermography studies for
agglomeration processes of fine-grained materials in a roller press
[43]. During the production of a briquette in a roller briquetting
press, the pressure exerted on its external surface is not uniform
[44]. Depending on the place on the surface, it may have a varia-
ble value [45, 46]. The resulting compacting pressure distribution
depends not only on the material properties but also on the ge-
ometry of the compaction unit and the briquette volume. The local
compacting pressure exerted can be related to the temperature at
the surface of the briquette. The higher the temperature at a given
point in the briquette, the higher the compacting pressure exerted
in this place. The results presented in this article are a continua-
tion of previous research published in the literature that present a
simultaneous study of the temperature distribution and the com-
pacting pressures in various compacting units of the roller press.”.
In previous works, the temperature distributions on the surface of
classic saddle-shaped [47] and pillow-shaped briquettes [48] were
presented. The tests presented in this article were carried out on
four different mixtures of fine-grained materials in the innovative
roller press compaction unit described by the PL 222229 B1 pa-
tent [49], in which the saddle-shaped cavities are distributed along
the forming rollers. Compared with other compaction units, its
geometry enables, among other utilities, self-synchronisation of
working rollers, without the need for an additional gearbox.
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2. MATERIALS AND METHODS

2.1. Briquetting process

The thermographic research of the briquetting process in the
roller press was performed using a roller press (Fig. 1) with a 450-
mm roller-pitch diameter with an installed PL 222229 B1 patented
compaction unit for the production of pillow-shaped briquettes with
dimensions of 31 mm x 24 mm x 11 mm and a rated capacity of 4
cm?3 (Fig. 2). There were 30 forming cavities in each of the two
rows on the surfaces of the forming rollers. The roller press was
equipped with a 22-kW motor with a cycloidal gear and a frequen-
cy converter that enabled infinitely variable control of the rotation
speed of the rollers. A gravity feeder was used when all materials
were consolidated. The rollers’ rotation speed was 0.85 RPM,
which gave a peripheral speed of the rollers equal to 0.02 m/s. It
caused each briquette in the forming row to fall out at approx. 2.0
s. The inter-roller gap was setto 1 mm.

Fig. 1. The scheme of laboratory roller press (LPW 450): (1) gear motor
with a cycloidal transmission, (2) flexible clutch, (3) gearbox,
(4) Oldham clutch, (5) friction clutch, (6) moulding rollers cage,
(7) forming rollers, (8) safety cover and (9) hydraulic system
of sliding roller support

Fig. 2. The patented rollers PL 222229 B1 used in roller press
compaction unit with a saddle-shaped briquette

Before the agglomeration process, four mixtures were pre-
pared with the materials. They were thoroughly mixed in a Z-blade
mixer with four rectangular mixing elements with dimensions of
190 mm x 90 mm and a shaft rotating speed of 55 RPM and
brought to proper moisture, enabling them to be consolidated in a
roller press, and the binders were added. The moisture content
was determined using the weight method at 105 °C until a con-
stant weight was obtained. The Vibra AJH 420 CE (Tokyo, Japan)
scale was used.

341



§ sciendo

Michat Bembenek, Andrzej Uhrynski

DOI 10.2478/ama-2022-0040

The Use of Thermography to Determine the Compaction of a Saddle-Shaped Briquette Produced in an Innovative Roller Press Compaction Unit

2.2. Mixtures

2.2.1. Mixtures 1 (M1)

Its composition was 90.9 wt% calcium hydroxide manufac-
tured by Lhoist (EN 459-1 CL 90-S) (Limelette, Belgium) and 9.1
wt% water. The average grain diameter was 19.9 ym. The mix-
ture was mixed for about 30 min. The moisture content of the
mixture was 9.4 wt%.

2.2.2. Mixture 2 (M2)

Its composition was 87.0 wt% calcium hydroxide manufac-
tured by Lhoist (EN 459-1 CL 90-S) (Limelette, Belgium) and 13.0
wt% water. The average grain diameter was 19.9 ym. The mix-
ture was mixed for about 30 min. The moisture content of the
mixture was 13.2 wt%.

2.2.3. Mixture 3 (M3)

The mixture consisted of pre-compacted 92.6 wt% mill scale,
with a grain size of <5 mm being obtained after the addition of
water and molasses, each to an extent of 3.7 wt%. The mixture
was mixed for about 10 min. lts moisture content was 5.2%. The
pre-compacted process involved briquetting and crushing the
consolidated briquettes to a size <10 mm.

2.2.4. Mixture 4 (M4)

The mixture contained 47.7 wt% of electric arc furnace dust
(EAFD), 36.7 wt% of scale, 7.3 wt% fine coke breeze, 5.5 wt%
80° Bx molasses and 2.8 wt% calcium hydroxide. The last two
ingredients were added as binders. The mixture was mixed for
about 10 min. Its moisture content was 4.6%.

2.3. Thermography tests

The FLIR T1020 28° thermal imaging camera (Wilsonville,
OR, USA) was used for the tests. The whole operating tempera-
ture range of the camera was from —40°C to +650°C, while the
temperature range of -40°C to +150°C was used, for which the
temperature measurement error was +2°C or +2% of the meas-
urement value. The camera was equipped with a microbolometric
matrix with a resolution of 1024 x 768 pixels, a 28° x 21° lens and
a <0.0025 °C noise equivalent temperature difference (NETD)
sensor. Before the tests, it was necessary to calibrate the camera.
The ambient temperature during tests was 21.3 °C. The measur-
ing station was prevented from having access to daylight and
artificial light, since these were eliminated beforehand in the la-
boratory environment. In addition, a special shield was made (Fig.
3) to block the inflow of the light to the working area of the thermal
imaging camera, and the purposes of this exercise were: (1) to
eliminate the possibility of the reflection of radiation disturbing the
test result and (2) to ensure repeatability of the distance meas-
urement between the camera and the tested briquette.
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Fig. 3. A specially constructed station for capturing images of briquettes,
which eliminates the effects of external radiation [48]:
(1) cover; (2) thermal imaging camera; (3) base; (4) briquette;
and (5) plywood pad

Each time the briquette was produced in a roller press, it was
caught and transferred to a plywood plate, using heat-insulating
gloves, immediately after leaving the compaction unit. Then, the
briquettes and the pad were placed in a measuring station, and
thermal images were captured. The time between catching the
briquettes and capturing the photo was about 3 s. After each test,
the plywood pad was changed to make the test conditions repro-
ducible as the pads got hotter. The pads got hotter from the bri-
quettes as time went on. It was possible to transfer the briquette
to the plywood pad directly after it was removed from the compac-
tion unit, while maintaining precise control of the briquette top-
bottom, front-back orientation due to the low peripheral speed of
the rollers (0.02 m/s). The tests of briquetting with the higher
peripheral speed were unsuccessful due to the lack of possibility
of controlled catching of the briquettes in the right orientation
[47,48]. The images of the briquettes were captured in such a way
that their ‘top’ (Fig. 4) was always located up the top edge of the
image. Two briquettes were placed on the pads in two positions:
‘front’ and ‘back’, as shown in Fig. 4b.

top

top top
front @ back
 bottom \_bottom

bottom/

Fig. 4. The briquettes arrangement: (a) on the plywood pad (b)
in the compacting unit
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From each mixture, five thermal images of the briquettes were
captured for further analysis. The FLIR Thermal Studio program
(Wilsonville, OR, USA) was used to analyse the images. First, the
maximum and minimum temperatures were determined for each
type of briquette, and its measurements were averaged.

To examine the temperature distribution on the briquette sur-
face, a special grid (shown in Fig. 5) was fitted into the thermo-
grams. The measuring points were spaced 4.0 mm from each
other. For each image in the vertical axis of the briquette at seven
points, temperature values were read.

Fig. 5. Thermal image of the briquette: (a) thermal image from
the camera, (b) thermal image processed in the FLIR Thermal
Studio program with seven temperature measurement points
superimposed

The emissivity of the integrated materials was determined ac-
cording to previously developed procedures [48] with the use the
FLIR Thermal Studio program. Pilot batches of briquettes, from each
of the mixtures, were prepared. The briquettes were then sea-
soned at ambient temperature for 24 h. Then, briquettes were
deposited in a SPT-200 furnace (ZUT Colector, Krakéw, Poland),
which had been previously heated to 59 °C for 20 min to ensure
that the temperature prevailing in them would be higher than the
ambient temperature. The temperature of the furnace was meas-
ured using a Kyoritsu KEW 1011 multimeter and K-type 8216
thermocouple (Kyoritsu, Tokyo, Japan). After removing the bri-
quettes from the furnace, their thermal images were captured and
processed in the FLIR Thermal Studio program.

3. RESULTS AND DISCUSSION

From all the materials used in the tests, high-quality briquettes
that did not crumble were obtained.

3.1. Emissivity

The emissivity results of individual materials are presented in
Tab. 1. All tested materials showed high emissivity, which is a
desirable feature. This allows us to perform thermographic meas-
urements with minimal measurement errors. Mixture M2 showed
the highest emissivity. The difference between the highest and the
lowest emissivity is 0.17. The above cases of emissivity were
taken into account appropriately for each type of briquette in the
images analysed.

acta mechanica et automatica, vol.16 no.4 (2022)
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Tab. 1. Emissivity of briquettes

Mixture Emissivity, ¢ -
M1 0.81
M2 0.98
M3 0.86
M4 0.85

3.2. Differences in temperature on the surface of briquettes

The results of the minimum and maximum temperature for
each type of briquette on the front and back sides are presented
in Fig. 6. The research showed that the temperature on the sur-
face of the briquettes differed depending on the mixture used for
consolidation.

45
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Fig. 6. The graphs of average minimum and maximum temperature
measurements on the surface

The highest temperature on the whole surface of the bri-
quettes was obtained for mixture M4 (EAFD mixture). It amounted
to 41.5 °C and was 20.2 °C higher than the ambient temperature.
The lowest maximum temperature was obtained for mixture M3.
The difference in maximum temperatures between the materials
was 16.5 °C. The lowest minimum temperature was obtained for
mixture M3. It was still higher than the ambient temperature by
1.1 °C. In this case, a relatively low unit compacting pressure
during compaction can be expected.

3.3. Temperature distribution on briquette surfaces

The results of the temperature distribution on the briquette
front surfaces for each type of briquette are presented in Fig. 7.
As in the case of other compaction units, the temperature on the
surface of the briquettes turned out to be non-uniform. The high-
est temperature is obtained in the upper middle part of the bri-
quette. In this part of the briquette from the front side, one can
therefore expect the greatest packing of the material, resulting
from the greatest compacting pressure acting at this point [46].
These results coincide with the simulation tests carried out for
briquetting of fine-grained materials using the discrete element
method [50]. The temperature distribution curve for material M4
differs from the other curves. In point 2, the temperature is not
higher than in point 1, which is the case with other curves. It can

343



§ sciendo

Michat Bembenek, Andrzej Uhrynski

DOI 10.2478/ama-2022-0040

The Use of Thermography to Determine the Compaction of a Saddle-Shaped Briquette Produced in an Innovative Roller Press Compaction Unit

be assumed that the volume of the moulding cavities used for this
mixture is too small. The mixture is overpressed, the structure of
the briquettes is destroyed and defects appear in the briquettes.
This can be seen in Fig. 8.
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Fig. 7. The temperature distribution on the front side
of the briquette surfaces

Fig. 8. Thermographic image with the damaged structure
of the briquette from M4 mixture

The results of the temperature distribution on the briquette
back surfaces are presented in Fig. 9.
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Fig. 9. The temperature distribution on the back side of briquette surfaces

For M1, M2 and M3 mixtures, the highest temperature on the
back side of the briquette was obtained in point 2. The tempera-
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ture distribution for these materials takes the form of a parabola
directed downwards. This means that the minimum temperatures
are at the top and bottom of the briquette. The M4 material, in
turn, has the highest recorded temperatures in the upper and
lower parts of the briquette, differently for the remaining mixtures.
This is probably owing to the volume of the cavity being too small
for this type of mixture, and its overpressing is caused by the
exertion of excessive pressure on the material, which was also
noticed on the front side of the briquette. No defects were noticed
on this side of the briquettes. The difference in the temperature
distribution between the M1 and M2 mixes, i.e. mixes with the
same composition but with different moisture content, proved that
the moisture had an influence on the unit pressure during bri-
quette formation [51].

4. CONCLUSION

The conducted research proved that thermographic methods
can be indirectly used to describe the phenomena occurring in the
roller press compacting unit as described by the patent PL 222229
B1. As experience shows, the method requires special prepara-
tion of the test stand to eliminate the influence of undesirable
external factors, such as radiation sources, that may prevent the
reliable processing of the obtained results.

For M1, M2 and M3 mixtures, similar results of temperature
distributions were obtained as in the case of the classic compac-
tion system for the production of saddle-shaped and pillow-
shaped briquettes. The highest obtained temperature was ob-
tained in the middle-upper part of the briquette. For the EAFD
mixture, the temperature distribution curves turned out to be
different. This is probably due to the volume of the forming cavi-
ties being too small for this type of material. Additionally, thermo-
graphic tests showed defects in briquettes made of M4 mixture.
This confirms the hypothesis that thermography as an indirect
method can be used to test the correctness of the selection of the
type of the roller press compaction unit and the volume of bri-
quettes.

In the authors’ opinion, the tests are utilitarian, as they show
the possibility of using thermographic tests to assess the quality of
briquettes in industrial conditions.

Further research is planned to determine the correlation be-
tween the local temperature of the material and the compacting
pressure exerted there. A special stand has been developed for
this purpose.
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