ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 26.-28.05.2021.

EXPERIMENTAL RESEARCH ON EVOLUTION OVER TIME
OF FIR TREE SAWDUST PELLETS

luliana Gageanu, Dan Cujbescu, Catalin Persu, Gabriel Gheorghe
National Institute of Research-Development for Machines and Installations
Designed to Agriculture and Food Industry, Romania
iulia.gageanu@gmail.com, dcujbescu@yahoo.com, persucatalin@yahoo.com,
gabrielvalentinghe@yahoo.com

Abstract. The technological process of biomass densification by pelleting has a number of special characteristics that
fundamentally distinguish it from the densification of other types of materials, due to the fact that biomass densification is
strongly influenced by a multitude of disruptive factors that need to be further studied. For this reason, it is important to take
into account these disruptive factors in conducting experiments and interpreting data in a direct connection with the
conditions for conducting experimental tests. In the practice of biomass densification, it was found that between the output
parameters expressing the quality of pellets obtained and the accumulation of influencing factors represented by the
properties of the material and compression conditions there is a strong link, regulating these factors is essential in obtaining
aquality solid biofuel. The influence of these factors should be considered both during the process of biomass densification,
as well as in the following period of time. The paper presents the results of monitoring pellets obtained from biomass
pelleting experiments performed, represented by fir sawdust resulting from wood processing. Monitoring the evolution of
the physical characteristics of pellets over time is a mandatory test for estimating the quality of pellets. The variation of the
length of the pellets in time, from the exit from the formation process (the initial zero time) to the last day of following their
evolution, is an important parameter that gives an overview of the stabilization tendencies of the pellets. The results obtained
showed an average expansion between 0.62 and 0.82 mm for pellets obtained at 10% material moisture, a contraction
between 0.61 and 1.55 for 13% material moisture and an even larger contraction, between 2.86 and 3.95 mm, for 16%
material moisture, depending on the compaction force used.
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Introduction

As the world aims to reduce the use of fossil fuels and replace them with renewable energy, the research
was directed to the use of natural, renewable resources to obtain energy. Biomass was found to be a viable
candidate for the production of biofuels in all three forms — solid, liquid and more recently gaseous [1-3].
Biomass was the first renewable resource to be used, as it has very similar combustion attributes as fossil
fuels, but has the advantage that in grows every year and it can be made available yearlong.

Even if biomass can be used as it is for combustion, it would be more indicated to pass it through
the processing stage, thus obtaining higher quality products. One of the easiest ways to obtain biofuels
from biomass is to compress it, thus increasing the density, ensuring homogenous products [4-6].
Biomass materials are very diverse in terms of physical, chemical and biological properties, so it is
difficult to focus on a single property in a given process [7-9].

The inherent properties of biomass are those that determine both the choice of conversion mode and
any problems that may arise from processing. Equally, the choice of biomass source is influenced by
the form in which energy is needed and this interconnection between the two aspects is what brings
flexibility in the use of biomass as biofuel [10].

Densification processes and technologies are described together with the impact of the process, the
variables of the raw material and the biochemical composition of the biomass on the attributes of the
quality of the raw material such as durability, bulk density, pellet density and calorific value [11-12].

The process of forming pellets consists in subjecting the biomass to high pressures, during which
time the particles are forced to agglomerate. A good understanding of the densification mechanisms that
occur during and after the process is necessary in determining the quality of the resulting pellets by
identifying the mechanisms by which the “binding” of biomass takes place. The nature of the
interactions between particles in the densification process is particularly complex [13].

The quality of the densified biomass is given in part by the type of raw material and the process
variables. These refer to those parameters, which are inherent in the pelleting process, namely, the
dimensions of the die and its orifices, the pelleting speed the compression force, etc.

The paper presents the results from an experimental research of monitoring biomass pellets in time
and determining the causes of changes that occurred in the monitoring period.
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Materials and methods

For monitoring of evolution of pellets in time and determining the causes for changes, pellets were
obtained from biomass material represented by fir tree sawdust, that was grinded and sieved as to have
dimensions smaller than 2 mm. Pellets were obtained individually, using a single pelleting device
(Figure 1) with an 8 mm orifice die, varying a series of parameters that affect both the process of
obtaining the products and the quality of pellets when exiting the die and over time. The pelleting device
was connected to a force machine, that was in turn connected to a computer, and through the means of
the software it was possible to control the compaction force and the pelleting speed.

Fig. 1. Pelleting device: 1 — pressing head; 2 — piston; 3 — pelleting die; 4 — temperature sensor;
5 — heating element; 6 — blocking plate; 7 — automation box

The parameters varied were:

initial material moisture: 10%, 13%, 16%:;

pelleting force: 10 kN, 20 kN, 30 kN;

pelleting speed: 0.0013 m-s?, 0.0021 mm-s?, 0.0028 mm-s;
die temperature: 70 °C, 80 °C, 90 °C.

For each parameter set, three pellets were obtained, and thus, a total of 243 pellet samples were obtained
and monitored over time in terms of length expansion. All pellet samples were first allowed to cool
completely, were measured and then were placed in individual bags that were numbered and stored at
temperatures between 20-25 °C, the pressure between 86-106 kPa and the air moisture of maximum 75%.

Samples were measured using electronic callipers that have a measuring range between 0-100 mm,
0.01 mm resolution and 0.03 precision.

Pellet length measurements were conducted over a 91 days period, measuring each pellet every
7 days, resulting in 14 total measurements for all sample. In Figure 2 are presented examples of pellet
samples that have broken throughout the monitoring period.

Fig. 2. Examples of broken pellet samples: top— in the first day;
bottom — when they broke during the monitoring period
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Results and discussion

The modifications that occur in the length of pellets over time, from the first day of obtaining them
to the last day of monitoring the evolution, represent an important parameter that can offer an overall
picture of how and when the pellets tend to stabilize.

In Figure 3 is presented comparatively the variation of the evolution of the length of the pellets
obtained with an initial material moisture of 10% for the three compression forces used.
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Fig. 3. Evolution of the length of pellets obtained with moisture of 10%,
at three compression force speeds used
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From Figure 3 it was found that for all the three compression forces used there was an expansion
of the pellets in the first 4 to 6 weeks of monitoring, followed by a stabilization period. No broken pellets
were recorded.

Figure 4 presents comparatively the variation of the evolution of the length of the pellets obtained
with an initial material moisture of 13% for the three compression forces used.

10 kN

0.029
0.027
0.025
dayl day7 dayl4 day2l day28 day35 day42 day49 dayS6 dayé63 day70 day77 day84 day91
=®=sample 1 =—®—sample 2 sample 3 sample 4 =—®=sample 5 —®—sample 6 =—®=sample 7 =—®=sample 8 —®=sample 9
=®=sample 10 =®=sample 11 =®=sample 12 =®=sample 13 sample 14 sample 15 sample 16 sample 17 sample 18
=g=sample 19 =@=sample 20 =®=sample 21 =o=sample 22 =@=sample 23 =@=sample 24 sample 25 sample 26 sample 27
20 Kn
0.033
0.032
0.031
E 0.03
=
£ 0.029
=
Z0.028
0.027
0.026
0.025
dayl day7 dayl4 day2l day28 day3S day42 day49 day56 day63 day70 day77 day84 day91l
=@=sample 1 =®=sample 2 sample 3 sample 4 =®=sample 5 =®=sample 6 =®=sample 7 =®=sample § =®=sample 9
=8=—=sample 10 =®=sample 11 =8=sample 12 =8=sample 13 sample 14 sample 15 sample 16 sample 17 sample 18
==@==sample 19 =®=sample 20 ==8=sample 21 =®==sample 22 =®=sample 23 =8=sample 24 sample 25 sample 26 sample 27
30 kN
0.033
0.032
0.031
E 0.03
=
n 0.029
5!
2 0.028
0.027
0.026
0.025
dayl day7 dayl4 day2l day28 day35 day42 day49 day5S6 day63 day70 day77 day84 day?9l
=@=—=sample 1 =®=—=sample 2 sample 3 sample 4 =®=—sample 5 =—®=sample 6 =®=sample 7 =®=sample § =—®=sample 9
=8=sample 10 =&=sample 11 =®=sample 12 =&=sample 13 sample 14 sample 15 sample 16 sample 17 sample 18
=@=sample 19 =®=sample 20 =®=sample 21 =®=sample 22 =@=sample 23 =®=sample 24 sample 25 sample 26 sample 27

Fig. 4. Evolution of the length of pellets obtained with moisture of 13%,
at three compression force speeds used

From Figure 4 it was found that for all the three compression forces used there was an expansion
of the pellets in the first week after obtaining them, followed by a stabilization period. A number of 6
broken pellets was recorded.
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Figure 5 presents comparatively the variation of the evolution of the length of the pellets obtained
with an initial material moisture of 16% for the three compression forces used.
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Fig. 5. Evolution of the length of pellets obtained with moisture of 16%o,
at three compression force speeds used

From Figure 5 it was found that for all the three compression forces used there was an expansion
of the pellets in the first week after obtaining them, followed by a stabilization period. A number of
11 broken pellets was recorded for the 10 kN force, 6 for the 20 kN force and 3 for the 30 kN, indicating
that a bigger force helped maintain the integrity of pellets in time.

Table 1 shows the average changes in the pellet length (expansion or contraction) between day 1
and the last day of monitoring — day 91 (week 14), depending on the compaction forces used.
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Table 1
Average changes in pellet length between day 1 and day 91
Sample 10% moisture 13% moisture 16% moisture
P 1I0KkN | 20kN | 30KN | 10kN | 20kN | 30 kN | 10 kN | 20 kN | 30 kN
1.39 2.02 1.14 0.05 0.26 0.13 * * -2.31
1.28 2.54 1.36 1.31 -0.11 -4.84 * -3.85 -2.33

1.03 1.95 1.02 0.06 -4.5 -253 | 421 | -2.56
1.39 1.92 0.49 -0.27 | -1.19 -0.8 -3.25 | -2.99 | -2.68
0.64 2.16 0.81 -0.57 | -0.89 -0.1 -3.63 * *

1.04 1.94 0.54 -1.72 | -048 | -0.68 | 407 | 274 | -311
0.35 0.82 0.82 -0.65 | -2.03 -1.2 -3.25 | -2.35 -3

0.49 0.49 0.46 -1.58 | -0.78 * -2.92 -2.4 -2.99
0.53 0.66 0.75 -1.01 -1.3 -154 | -312 | -218 | -2.72
1.21 2.28 1 0.57 0.41 0.13 -312 | -222 | -1.93
1.1 1.84 0.87 * 0.38 -2.83 * -2.53 | -2.82
1.2 1.61 1.25 1.05 1.05 -3.43 -3.2 -2.52 | -2.95

0.61 0.7 0.47 1.75 -1.82 | -1.21 * -3.01 | -2.78
0.66 0.9 0.36 * -281 | -099 | -3.34 * -1.75
0.74 1.02 0.34 -255 | -2.06 | -142 * 4.1 -2.61
0.56 0.84 0.32 -138 | -153 | -154 | -3.04 * -2.51
0.45 0.54 -0.02 * -1.61 * -356 | -342 | -294
0.63 0.49 0.06 -182 | -1.35 | -0.76 * * -3.74
1.62 2.87 1.05 0.33 0.5 1.24 * -1.32 | -2.05

1.36 2.69 0.78 0.45 0.38 -3.39 -2.19 -1.46 -2.6
1.46 2.6 0.85 0.82 0.4 -3.08 -3.25 -1.79 -2.57
0.7 145 0.26 -0.94 -0.85 -1.07 -3.17 -2.87 -2.37
0.59 0.92 0.46 -1.49 -1.32 -0.99 * -3.64 -2.37
0.59 0.66 0.42 -1.25 -1.13 -1.22 * -2.58 -33.9
0.37 0.43 0.19 -1.63 -1.68 -1.61 -37.5 -3.49 -3.72
0.2 0.55 0.53 -1.87 -2.05 -1.45 * -4.56 *

27 0.09 0.3 0.15 -1.75 -2.19 -1.59 -3.28 * -3.33
AVERAGE| 0.82 1.38 062 | -061 | -0.88 | -1.55 | -3.18 | -2.86 | -3.95
* — broken pellet samples
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From Table 1 it results that pellets obtained at a 10% material moisture registered an average
expansion between 0.62 and 1.38 mm, the largest one for the compaction force of 20 kN; pellets obtained
with a 13% material moisture registered an average contraction between 0.61 and 1.55 mm, the largest
for the compaction force of 30kN, and for a material moisture of 16% was registered the biggest overall
contraction, between 2.86 and 3.95 mm, also combined with the largest number of broken pellets.

Conclusions

It was noted that a high moisture of the raw material (16%) leads to a high moisture of pellets, the
loss of moisture through the pelleting process being on average 2.94%, which caused the most
disintegrated pellet at this moisture (a total of 19 broken pellets), compared to 10% material moisture
that registered no broken pellets, and the 13% material moisture where 5 broken pellets were registered.
After pellet monitoring, an important difference was found between the three initial material moistures
used: pellets obtained at a 10% moisture registered a growth in length (a relaxation) in the first weeks,
followed by a stabilization period; pellets obtained at 13% and 16% registered a strong decrease in
length in the first week of monitoring followed by stable decrease and a stabilization period. Overall,
the pellets obtained at 10% material moisture had an expansion of 0.62-1.38 mm, while the pellets
obtained at 13% and 16% material moisture had a contraction of 0.61-1.55 mm, respectively 2.86-
3.95 mm, depending on the pelleting force used.
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