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Abstract. In modern briquette production it is very important to know the impacts of all the
factors which have an influence on the final briquette quality. Briquette quality is evaluated
mainly by briquette density. Briquette density is very important from the viewpoint of
manipulation, burning speed, briquette stability, etc. During our research, theoretical
analyses of parameters which have an impact on briquette quality, were conducted. After the
completed analyses, an experiment was done to explore the behaviour of important factors.
In this paper the results of the analyses and a segment of the experiment results are
presented.
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1. INTRODUCTION

After the analyses of the briquetting process, it was concluded that attention has to be
focused on the impact of technological parametres (compacting pressure, pressing
temperature, fraction largeness, material humidity, etc.) and constructional parameters
(length of the pressing chamber, conicalness of the pressing chamber, impact of the
friction coefficient, impact of the cooling chamber, final shape of the pressing chamber,
etc.). Also, both of factor groups have a great impact on the final briquette density. The
goal of this analysis is to obtain more knowledge about the impacts of all the parameters.
The interaction and relations between particular parameters has to be known, and that
should be the base for the optimisation of briquetting process.
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2. BRIQUETTE QUALITY REQUESTS

Briquettes must be consistent or otherwise cracks, scratches could appear, and fine
elements would separate, which is not acceptable. Briquettes with higher density have a
longer burning time. The standard O-Norm M 7135 defines the briquette density value for
the HP group (wood briquettes) and for the RP group (crust briquettes) at more than 1,12
kg/dm3 (g/cm3), and for other briquettes this value must be more than 1 kg/dm3 (g/cm3).
The standard DIN 51731 defines the interval of briquette density values from 1 to 1, 4
kg/dm3 (g/cm3) [1, 3].

The standard DIN 52182 (additional standard DIN 51731) also describes the testing
method for briquette density. A piece of briquette has to be weighed and its diameter and
length measured. Briquette density has to be evaluated before and after stabilization of
these values according to the following ratio (1).

Py =% [ke/dm’] (1)

N

where:
= Vy — briquette volume [dm’]
= my — briquette weight [kg]

Briquette strength is maximal pressure on the die, which is developed by a pressure
test under predetermined conditions. In order to examine the strength in pressure for cy-
lindrical briquettes, there are two suitable ground tests - test by cleft (pressure affecting a
briquette which is in a horizontal position) and a strength test with simple pressure (pres-
sure affecting a briquette which is in a vertical position) [1, 5].

It is also possible to evaluate briquette quality by means of briquette hardness.
Stronger briquettes have essentially better quality. Briquette hardness and thereby bri-
quette quality can be checked very easily by inserting the briquette into water. A quality
briquette should fall to the bottom in a moment because it has a higher specific density
than water. After that, when the briquette is dipped into the water, if it falls to pieces in
under 5 minutes, and that usually represents very low briquette quality. When the bri-
quette falls to pieces in under 15 minutes, it shows medium briquette quality and in under
20 minutes, it is sign of good briquette quality. However, this method is only of an infor-
mative character [1, 2].

3. TECHNOLOGICAL PARAMETERS OF THE BRIQUETTING PROCESS
3.1. Material humidity

If the production of briquettes with standard defined quality is required, it is necessary
to know the impact of the material humidity on the quality. For a growing tree water has a
very positive effect, because it is a necessary prerequisite for every vegetal organism to
exist. For a cut tree, water is unacceptable. Here are some experiences related to the be-
havior of material humidity during the briquetting process. Material humidity depends on
the type of material. Every material has its own specific nature. However, it is difficult to
determine the optimal value of humidity for briquetting. After analysis, the optimal value
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of material humidity for briquetting is from 10 % to 18 %, which can be calculated ac-
cording to type of material. If the humidity of the pressing material is very low or very
high (beyond the 10-18% interval) material elements are not consistent and a briquette
falls to pieces. Material humidity has an impact on lignin plastification. The lignin sof-
tening temperature depends on the type of material and lignin isolation method. The rela-
tions between material humidity, compacting pressure and pressing temperature are very
interesting. Pressing the material where temperature, pressure and material humidity val-
ues are not in optimal interval results in a briquette that is not compact and which can fall
to pieces. It is possible to combine temperature effects on lignin plastification with pres-
sure briquetting. Nevertheless, when the material humidity is very high it causes the ex-
cess water to turn into steam that tears a briquette to pieces. When the material humidity
is very low (lower than 10%), for a quality briquette very high pressure is required and it
is very expensive and uneconomic. Finding the optimal value of material humidity will be
one part of this experiment [1, 2, 5].

3.2. Compacting pressure

This factor is the most important factor with the main influence on briquette strength.
Briquette strength is higher when there is higher pressure. Briquette strength increases to
the strength limit of the compacting material. Briquette strength has an impact on bri-
quette durability because when the strength increases, the absorption of atmospheric hu-
midity decreases. Compacting pressure, seen from the viewpoint of complex analysis or
research, is a very interesting and very complicated parameter. Various parameters have
an impact on compacting pressure e.g. type of pressing material, temperature in the
pressing chamber, pressing material temperature and of course also the length, diameter
and shape of the pressing chamber and the manner of briquetting. The manner of briquet-
ting has an impact on layer distribution in briquettes and so on briquette strength. When
warmed material is pressed, the briquettes have a better density and better quality at lower
pressure. Material warming during the briquetting process reduces the needed pressure for
briquetting of briquettes for the required quality. The briquettes then have consistent
shape and volume without cracks and scratches [1, 2].

3.3. Pressing temperature

Pressing temperature has an expressive impact on briquette quality and strength. This
parameter determines the segregation of lignin from the cellular structure of the wood.
Lignin is very important in the briquetting process because its function in material press-
ing is to join the fibers. In addition, lignin acts as a stabilization factor for the cellulose
molecules in the cell wall. The more lignin is included in the material the more the mate-
rial can release it and then the briquette quality is higher because lignin causes higher
material strength. Lignin is released only at specific pressing temperatures that have to be
provided during the briquetting process. The optimal value for pressing temperature for
lignin plastification is approximately 120°C, but optimal temperature depends on the type
of pressing material. It is not important to increase the pressing temperature. When the
temperature is out of optimal value range the briquette is unstable, it has low strength that
causes faster decay in burning, and the briquette burns for a shorter time. Lower tem-
peratures do not lead to high quality briquettes. Higher temperatures cause the occurrence
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of highly volatile elements or pressing material to burn. With an increase in the pressing
temperature by constant compacting pressure, briquette strength is also increased, but
only to a specific value [1, 2].

3.4. Fraction largeness

Fraction largeness has a very high impact on the briquetting process. The bigger the
fraction is, the more power is needed for briquetting. A briquette has lower homogeneity
and stability. An increase in fraction size results in the decrease of binding forces which
lead to faster decay in burning (the briquette burns faster and that is not an advantage).
Increase of the fraction size results in the increase of needed compacting pressure and a
decrease of briquette quality. After analysis, it was concluded that by decreasing the frac-
tion size we provide the required briquette stability [1, 2].

3.5. Type of material

One of the basic factors is the type of briquetting material. It is the most influential factor
because during the briquetting process there are many types of factors which have an impact on
briquette quality (temperature, pressure, humidity, size, and the like). However, these factors
are changing with the change of material type. When wood sawdust is processed there are dif-
ferent values of factors (temperature, pressure, humidity, size) when compared to straw, grass,
rattan or wood crust. Every type of material has its own specific nature such as heat value, ash
content, humidity, chemical and trace element content. With a higher specific gravity of the
incoming material, better compression of the final briquette can be obtained [1, 6].

4. EXPERIMENT AND RESULTS

An experiment was carried out on the experimental pressing stand designed at the
Faculty of Mechanical Engineering in Bratislava. On this stand, it is possible to measure
the impact of all the named parameters.

The experiment was carried out in laboratory conditions at room temperatures of
around 23°C. At the beginning, parameters were chosen for finding the significance of the
impact of compacting pressure and pressing temperature. The chosen parameters were the
following: the type of material was pine, fraction size 2 mm and fraction humidity 10%.
For one value inserted into the graph made 10 briquettes were always made, which were
measured and weighted. After 24 hours, the stabilization weighing and measuring was
repeated. Every following dependency was executed in the same way and the tendency
was to retain equal compacting conditions during the full experiment. Figure 3 presents
the dependence of briquette density on compacting pressure at various temperatures. The
pressing was done for 3 reference values of pressing temperature: 25°C, 85°C and 115°C.
In addition, the pressing was done for other values of the pressing temperature but in this
paper, only partial results presented are presented [2].

Dependence shows a clear impact of pressing temperature. The increase of pressing
temperature decreases compacting pressure, which is necessary for squeezing out bri-
quettes of standard declared quality. This fact is very important for engineers because of
the design of compacting machine construction: it is easier and cheaper to provide higher
compacting temperature than compacting pressure [2].
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Fig. 3 Dependence of the briquette density on compacting pressure
at various pressing temperatures

The dependence in Figure 3 was created from briquettes after stabilization. As it has
already been stated, after the briquettes were squeezed out, they were in stabilization for a
certain period of time. During this time the briquette is still working, its size and parame-
ters are changing. This change is influenced by escaping humidity and material elasticity,
i.e. dilatation. Stabilization time, according to the DIN 52182 standard, takes about 24
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hours in determined climate conditions and the briquette weight changes mostly by 0,1 %.
Briquette quality is evaluated, in this case, by briquette density after stabilization, there-
fore this period is also considered in this experiment. Following this, the briquette is
compact [2].

Compacting pressure goes side by side with pressing temperature in the briquetting
process. When the compacting pressure increases, the pressing temperature can decreases
and vice versa.

Compacting pressure is a factor which influences mainly on briquette strength. Figure
4 shows briquettes from same type of material with the same fraction size, material hu-
midity and same pressing temperature. However, the compacting pressure was different in
every case. At lower pressures, the briquettes fell to pieces. At higher pressures, the bri-
quettes are consistent and compact. It is not necessary to discuss the differences between
briquettes density. This is clear from Figure 4.

~

A

63 MPa 159 MPa 191 MPa 254 MPa

Fig. 4 Impact of resizing of applied compacting pressure

Figure 5 shows the dependence of the compacting pressure on the pressing tempera-
ture. This dependence was created from the previous results. Compacting pressure and
pressing temperature were used for the processing of briquettes with a density of 1 g/cm3.
This dependence proves the mutual interaction of temperature and pressure. This depend-
ence indicates the value of compacting pressure and the value of the pressing temperature
needed for the compacting of briquettes with a density of 1 g/cm3 for pine sawdust with a
fraction size of 2 mm and with material humidity of 10 %. With an increase in pressing
temperature, a decrease is needed in compacting pressure and vice versa.

The impact of fraction humidity was measured also. Some problems occurred with
humidity because material humidity changed very quickly. The fact that the material was
dried in a laboratory dryer in one room and the briquetting was performed in another,
much cooler room - caused problems. Nevertheless, some results were obtained. It has to
be pointed out that this experiment was carried out in laboratory conditions. This allowed
us to obtain values for briquette density compacted from material with a higher humidity
(25% and 30%). The graph shows that the optimal range of material humidity values lies
in the range from 10% - 20%. These values are found in various studies as suitable values
of material humidity for briquetting of wood biomass. Figure 6 shows the dependence of
the briquette density on briquette humidity. In the presented interval of humidity, the ob-
tained values are shown with standard listed density, including the state before and after
stabilization. Nevertheless, it is necessary to say that the humidity of 1 g/cm3 is at the
lower limit of the listed interval and it would be good to obtain higher density values.
Briquettes with a humidity value lower than 10 % and higher than 20% are not suitable.
Weaves in cellular structures do not exist because of higher humidity and thereby higher
water content, or vice-versa.
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Fig. 5 Dependence of the compacting pressure on the pressing temperature

1,15 ~
1,1+

1,05

0,95 -

0,9

Briquet density [g/cm3]
-
[ |
/ |

0,85

5 8 14 16 18 23 25 30
Briquet humidity [%]

& Before stabilization ®  After stabilization = e—

Fig. 6 Dependence of the briquette density on briquette humidity

Figure 7 presents the dependence of briquette density on fraction size. There were 5
various fractions and from each of the fractions 10 briquettes were made. The values were
inserted into the graph before and after stabilization. Once again it was confirmed that it is
necessary to let the briquette stabilize because of dilatation. Before the stabilization, the
standard listed density of the briquettes was achieved, but after stabilization it was not
achieved. This dependence shows that the optimal fraction size is 2 mm. However, in
practice, it has been our experience that when the fraction is smaller - the briquettes have
higher density. It can be assumed that with lower fraction size plastification will be more
continuous than with higher fraction size.
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Fig. 7 Dependence of the briquette density on fraction size

Figure 8 presents the samples of briquettes from different fraction sizes. Figure 8
shows that briquettes have different densities.

fraction fraction fraction fraction fraction
largeness largeness largeness largeness largeness
>4 mm 4 mm 2 mm 1 mm 0.5 mm

Fig. 8 Briquettes with different fraction sizes

5. CONCLUSIONS

This experiment was of great importance and its results can be used in the future for
designing new constructions of compacting machines. It is very important to continue
with this experiment so it could allow us to obtain new results and a complex and real
view of the briquetting process. The next task would be to design a mathematical model
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for briquetting that includes the impact of all the eminent parameters on briquette quality.
In addition, a new task would involve measuring the impacts of some constructional pa-
rameters and their implementation in the designed mathematical model. This is made pos-
sible with the design of application software that will present a helping tool for briquet-
ting machine engineers or will act as technical support for briquettes producers.
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ISTRAZIVANJE UTICAJA TEHNOLOSKIH PARAMETARA NA
PROCES BRIKETIRANJA

Peter Krizan, Dubomir Soo§, Porde Vukeli¢

U savremenoj proizvodnji briketa veoma je vazno znati uticaj svih faktora na kvalitet gotovog briketa.
Kvalitet briketa se uglavnom vrednuje prema gustini briketa. Gustina briketa veoma je vazna sa gledista
manipulacije, brzine sagorevanja, stabilnosti briketa itd. Tokom istraZivanja izvrSene su teoretske analize
parametara koji imaju uticaj na kvalitet briketa. Nakon izvrsSenih analiza sproveden je eksperiment za
izucavanje uticaja znacajnih faktora. U radu su prikazni rezultati analize i segment dobijenih
eksperimentalnih rezultata.

Kljucne re¢i:  proces sabijanja, gustina briketa, tehnolosi parametri, pritisak sabijanja,
temperatura sabijanja, vlaznost materijala, velicina Cestica



