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Abstract

KUBIK LUBOMIR, ADAMOVSKY FRANTISEK, KAZIMIROVA VIERA. 2016. Evaluation of
Mechanical Parameters of Pellets. Acta Universitatis Agriculturae et Silviculturae Mendelianae Brumensis,
64(5): 1593-1601.

The paper dealt with the evaluation of mechanical properties of the cylinder wheat straw, rapeseed
straw and 50/50 % mixed wheat and rapeseed straw pellet samples. The pellets were made by the
granulating machine MGL 200 (Kovonovak). The compressive loading curves of dependencies of
stress on strain were realised by the test stand Andilog Stentor 1000 (Andilog Technologies, Vitrolles,
France). Certain mechanical parameters were determined, namely the initial force (force at 10 % of
compress strain), force in maximum of loading curve, strain in maximum of loading curve, initial
stress (stress at 10 % of compression strain), stress in maximum of loading curve and modulus of
elasticity. Mean value of the initial force was maximal for mixed straw pellet samples 52.49 N. Mean
values of the initial force of the wheat straw samples and the rapeseed straw samples were smaller
and almost identical 43.58 N and 43.12 N. Mean values of the initial stress of loading curve, of the
wheat straw samples reached 1.46 MPa, the rapeseed straw samples reached value 1.40 MPa and the
mixed straw samples reached value 1.63 MPa. Mean value of the force in maximum of loading curve
was also maximal for mixed straw pellet samples 213.26 N. Mean values of the force in maximum of
loading curve of the wheat straw samplesreached 178.11 N. The rapeseed straw samplesreached value
95.95 N and the mixed straw samples reached value 213.26 N. Mean values of the stress in maximum
of loading curve, of the wheat straw samples reached 5.93 MPa, the rapeseed straw samples reached
value 3.11 MPa and the mixed straw samples reached value 7.10 MPa Mean values of the modulus
of elasticity, of the wheat straw samples reached 18.27 MPa, the rapeseed straw samples reached
value 13.08 MPa and the mixed straw samples reached value 14.97 MPa. Significant correlations of
the mechanical parameters pellet samples were observed among initial force and initial stress and
modulus of elasticity. Significant correlations of force in maximum with stress and strain in the
maximum were observed.

Keywords: pellet, compress loading, mechanical properties

INTRODUCTION

Straw sourced from cereal and straw from
other crops in its primary form requires much
transportation and storage space and at the same
time has a low calorific value per unit of volume.
Straw has a different chemical composition
depending on the species of plant, location and
growing technology so straw should be properly

processed in order to improve its energy efficiency.
Hence, efforts are being made to compact these plant
resources by briquetting or pelleting, which leads
to a higher concentration of mass and energy per
unit of volume and the distribution and utilization
of this type of biofuel is significantly facilitated
(Niedziotka et al., 2015). Mechanical properties
of wheat straw, barley straw, corn stover and
switchgrass at different compressive forces, particle
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sizes, and moisture contents are very interesting to
determination of mechanical quality of pellets. Corn
stover produced the highest pellet density at low
pressure during compression. Barley straw had the
highest asymptotic modulus among all biomasses
(Sudhagaret et al., 2006). Rice straw pellets are the
main type of biomass solid fuel and have great
potential as a bioenergy resource. But it also showed
important problems because of its high content
of ashes and its low gross calorific value, reducing
the possibility to be used in domestic heating. Tt
was certified that mixing different types of biomass
materials was helpful to improve the properties of
pellets. To improve properties of rice straw pellets
and investigate the effect of mixing bamboo and rice
straw on the pellet properties, some properties of
pellets, manufactured using different mixing ratio
of bamboo and rice straw particles are important
to determine (Zhijia et al., 2013). Bozikova et al.
(2015) studied physical parameters as density,
heat of combustion, calorific value and basic
thermophysical parameters (thermal conductivity,
thermal diffusivity and volume specific heat) of
rape straw pellets, straw pellets, softwood pellets
and hardwood pellets. The highest volume specific
heat 6.562 x 10° J.m>.K" had straw pellets and then
rape straw pellets 5.122 x 10° J.m=.K". The second
series of measurement was focused on heating value
determination. Obtained high heating values were
from range 14.3-20.2 MJ.kg" and low heating values
were from range 12.2-19.0 MJ.kg'. Misljenovié¢
et al. (2016) interested in the determination of the
strength of pellets through a three-point bending
test. The three-point bending test was selected in
lieu of the typically used diametric compression
test because of the inability to precisely determine
the length of pellets. The three-point bending
test was used to asses pellet strength. A pellet was
placed on a specially designed holder attached to
the Lloyd LR 5K texture analyzer. The pellet was
loaded at a speed of 1 mm.min? until breakage, and
the force was recorded. Shaw et al. (2009) reported
higher mechanical resistance when using smaller
particle sizes to produce wheat straw and poplar
wood pellets. By contrast, Serrano et al. (2011)
found no significant differences in the mechanical
durability of barley straw pellets when milling the
raw materials at 4 and 7 mm. Berthet et al. (2015)
evaluated nominal stress at break, nominal strain
at break and Young’s modulus from stress strain
curves of the wheat straw fibres. The energy for the
rupture was calculated from the total area under the
curve of the force as a function of the elongation.
Initial grip distance and cross-head speed were 45
mm and 10 mm.min?. Mani at al. (2006) studied
mechanical properties of wheat straw, barley straw,
corn stover and switchgrass at different compressive
forces, particle sizes and moisture contents. Ground
biomass samples were compressed with five levels
of compressive forces (1000, 2000, 3000, 4000 and
4400 N) and three levels of particle sizes (3.2, 1.6
and 0.8 mm) at two levels of moisture contents (12 %

and 15 % (wet basis)) to establish compression and
relaxation data. Compressive force, particle size and
moisture content significantly affected the pellet
density of barley straw, corn stover and switchgrass.
However, different particle sizes of wheat straw did
not produce any significant difference on pellet
density. Nedomovd et al. (2013) investigated the effect
of the compression orientation on the mechanical
properties of Ostrich eggs. The mechanical
properties examined were rupture force, specific
deformation, rupture energy and firmness. Strnkova
et al. (2016) have been studied the mechanical
behaviour of eggshell membranes under tensile
loading. Samples were cut out of the membrane in
latitudinal direction. TIRA test 27025 tensile testing
machine equipped with a 200N load-cell was
used. Tensile deformation exhibits both non-linear
as well as linear region. The experiments were
performed at five loading velocities 1, 10, 100, 400
and 800 mm.min-!. The main parameters describing
the eggshell strength increase with the loading rate.
Valach et al. (2015) interested in the pressure and
measurements of the biomass. The viscosity of the
material increases at the pressure 7 MPa by 20-25 %
and at pressure 40 MPa increases by 120-160 %.
In gears and bearing with high pressures, it is
necessary to consider the increase of viscosity.
Hlava¢ova (2005) studied electrical properties
of the granular materials. She found out that the
conductivity increases and the resistivity decreases
with temperature exponentially for all samples at all
moisture contents. The permittivity of all samples
increases with temperature linearly in frequency
range from 2 to 50 MHz. The electrical properties
dependence on temperature of treated material is
necessary in the case of its thermal treatment.

The objective of this study was the investigation
of the effects of the compression load on the pellets
and determination of the mechanical parameters at
the loading.

MATERIALS AND METHODS

The pellets were made from wheat straw (Triticum
aestivum), rapeseed straw (Brassica napus) and mixed
straw, 50 % wheat straw and 50 % rapeseed straw, by
the granulating machine MGL 200 (Kovonovak). The
granulating machine was furnished with the press
equipment with disc pelletizer. In the production of
the wheat, rapeseed straw and 50/50 % mixed straw
pellets no binding agent was used except for water.
Pellets were made August, 8" 2011. The moisture
of the wheat pellets was 13.6 %, the moisture of the
rapeseed straw pellets was 16 % and the moisture
of 50/50% mixed straw pellets was 13.5%. The
bulk density of the wheat pellets was 335.880 kg.m"
3, the bulk density of rapeseed pellets was 531.556
kg.m? and 50/50 % mixed straw was 431.990 kg.m-
3. Heat of combustion value of the wheat straw
pellets was 17.013 M].kg?, heat of combustion of the
rapeseed straw pellets was 16.241 MJ.kg" and heat of
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combustion of the 50/50 % mixed straw pellets was
16.511 MJ.kg* (Adamovsky and Opith, 2013).

The pellets were submitted to the compressive
loading. The strength of the pellets was evaluated
via the quasi static compression test, which was used
to study the compaction behavior of tomatoes by
Blahovec et al. (1988). The result of the single test was
the loading curve, which is dependence between
compressive stress o (MPa) and compressive
strain ¢ (mm.mm”) of the pellet. The base for the
determination of compressive strain was the initial
dimension of the pellet, which corresponds with its
length l,.

The initial firmness of the pellets was determined
as the initial force Fip (N) at the 10% of the
compressive strain on the loading curve and as the
initial stress 10 (MPa) at the 10 % of the compressive
strain. The next parameters of the firmness were
force F, (N), the stress o, (MPa) and compressive
strain g, (mm.mm™) in the maximum of the loading
curve. The last important parameter was Young’s
modulus of elasticity E (MPa). Young’s modulus of
elasticity E (MPa) was evaluated as the slope of the
linear part of dependences of stress o (MPa) on the
strain € (mm.mm). The regression equations were
determined as:

o=Ec+a (1)

where:

o — compressive stress (MPa)

€ — compressive strain (mm.mm™)

E - regression coefficient — Young’s modulus of
elasticity (MPa)

a — regression coefficient (MPa)

The cylindrical pellets were compressed between
alower steel plate and an upper steel circular plate in
the longitudinal direction. The upper plate, attached
to the Andilog Stentor 1000 test stand (Andilog
Technologies, Vitrolles, France), compressed the
cylinder of sample at a speed of 10 mm.min" until
failure was observed.

RESULTS AND DISCUSSION

Compress Analysis

Thirteen samples of the pellets were measured
for each sort of the material. Than the eight regular
samples were selected for wheat straw pellets, nine
regular samples for rapeseed pellets and eight
samples for mixed straw pellets. The loading curves
were created in the software Microsoft Excel 2010.
Results of mechanical parameters are presented in
the Tables I, IT, and I1I. Selected compression curves
of the cylinder pellet samples (sample WS4, RS1,
and WS50RS50_10 according to Tables T, II, and ITI)
as dependence of stress ¢ (MPa) on strain ¢ (mm.mm-
') are presented in Fig. 1. Loading curves showed
similar shape with the characteristic maximum.
The loading curves of different pellets had similar
development and the line shapes. Determination
of the Young’s modulus of elasticity is presented in
the Fig. 2 for the selected materials. Dependencies
were fitted by the linear regression equations (1).

The slopes of the equations represent the moduli
of elasticity. The initial length and the diameter of
the samples were not constant, whereby variability
of values of sample mechanical parameters were
influenced.

Mean value of the initial force (force at 10 % of
compress strain) was maximal for mixed straw pellet
samples (52.49 N, according to Tab. ITI). Mean values
of the initial force of the wheat straw samples and
the rapeseed straw samples were smaller and almost
identical (43.58 N and 43.12 N, according to Tab. I
and II). The variation of the mean value of the initial
force was from 12 to 16 %.

Mean values of the initial stress of loading curve,
of the wheat straw samples reached 1.46 MPa,
according to Tab. I, the rapeseed straw samples
reached value 1.40 MPa, according to Tab. II and
the mixed straw samples reached value 1.63 MPa
according to Tab. IIl. The variation of the mean
value of the force in maximum of loading curve was
from 13 to 17 %.

Mean value of the force in maximum of loading
curve was also maximal for mixed straw pellet
samples (213.26 N, according to Tab. III). Mean
values of the force in maximum of loading curve
of the wheat straw samples reached 178.11N,
according to Tab. I. The rapeseed straw samples
reached value 9595 N according to Tab. II and
the mixed straw samples reached value 213.26 N
according to Tab. IIl. The variation of the mean
value of the force in maximum of loading curve was
from 8to 19 %.

Mean values of the strain in maximum of loading
curve, of the wheat straw samples reached 37.81 %,
according to Tab. I, the rapeseed straw samples
reached value 26.81 %, according to Tab. II and
the mixed straw samples reached value 47.01 %
according to Tab. ITI. The variation of the mean value
of the force in maximum of loading curve was from
4 to 11 %. Mean values of the stress in maximum of
loading curve, of the wheat straw samples reached
5.93 MPa according to Tab. I, the rapeseed straw
samples reached value 3.11 MPa according to Tab.
IT and the mixed straw samples reached value
7.10 MPa according to Tab. III. The variation of the
mean value of the force in maximum of loading
curve was from 9 to 16 %.

Mean values of the modulus of elasticity, of the
wheat straw samples reached 18.27 MPa according
to Tab. I, the rapeseed straw samples reached value
13.08 MPa according to Tab. IT and the mixed straw
samples reached value 14.97 MPa according to Tab.
I11. The variation of the mean value of the force in
maximum of loading curve was from 7 to 9 %.

LIU et al. (2014) present the values of the tensile
strength of the pellets in the range from 1.51 MPa
to 7.10 MPa. MANI et al. (2006) present the values
of modulus of elasticity of the pellets in the range
from 0.92 MPato 1.33 MPa. The maximal firmness at
compression in the initial state and in the maximal
compress loading showed the mixed straw pellet
samples.
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Compression diagrams of wheat and rapeseed straw pellets
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1: Compression curves of the selected cylinder pellet samples as a dependence of stress (MPa) on strain (mm.mm). 50 % WS and 50 % RS
means 50 %wheat straw and 50 % rapeseed straw, 100 % WS means 100 % wheat straw and 100 % RS means 100 % rapeseed straw, (sample
WS4, RS1, and WS50RS50_10 according to Tables I, I1, and I11)
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2: Determination of moduli of elasticity of wheat, rapeseed and mixed straw pellets. 50 % WS and 50 % RS means 50 % wheat straw and 50 %
rapeseed straw, 100 % WS means 100 % wheat straw and 100 % RS means 100 % rapeseed straw, (sample WS9, RS7, and WS50RS50_10
according to Tables I, 11, and I11). The slopes of equation represent the moduli of elasticity.
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I: Table of wheat straw pellet samples initial length (L), diameter of sample (d.), initial force (i.f.), force in maximum (fm.), strain in maximum
(s.m.), initial stress (i.S.), stress in maximum (S.m.) and modulus of elasticity (m.e.)

Wheat straw 100 %  Moisture 13.6%
Compression 11.8.2011
Measurement 16.3.2015
Sample L.omm) d.(mm) if.(N) fm.(N) s.m.(%) (I\i,[‘%a) (1?&11?5) (ﬁi;)
WS3 12.20 6.10 49.74 110.14 32.62 1.70 3.77 18.70
WS4 12.35 6.10 30.61 238.77 45.58 1.05 8.17 20.57
WS5 11.80 6.10 82.49 186.29 24.48 2.82 638 2497
WS7 10.80 6.30 1836 167.44 53.51 0.59 535 12.64
WS8 12.05 6.20 32.70 231.21 55.26 1.08 7.66 14.62
WS9 12.05 6.20 28.88 186.20 34.18 0.96 6.17 16.65
WS10 11.95 6.20 62.27 156.92 25.85 2.06 5.20 20.09
WS13 10.20 6.30 43.64 147.90 3097 1.40 475 1713
Mean 11.68 6.19 43.58 178.11 37.81 1.46 5.93 18.27
Standard deviation 0.27 0.03 737 15.08 4.27 0.25 0.52 134
Coefficient of variation 230 0.48 16.90 8.46 11.28 17.41 8.79 734

IL: Tableof rapeseed straw pellet samples initial length (L), diameter of sample (d.), initial force (i.f.), force in maximum (fm.), strain in maximum
(s.m.), initial stress (i.S.), stress in maximum (S.m.) and modulus of elasticity (m.e.)

Wheat straw 100 %  Moisture 16%
Compression 11.8.2011
Measurement 16.3.2015
Sample L(mm) d.(mm) if.(N) fm.(N) s.m.(%) (I\i[%a) (:&‘1‘;) (ﬁ'}‘;)
RS1 11.20 630 32.70 180.10 58.12 1.05 5.78 851
RS2 13.70 6.10 57.12 10836 13.80 1.96 371 19.98
RS4 12.40 6.60 48.56 91.28 20.08 1.42 2.67 13.40
RS5 13.60 6.50 36.85 60.72 20.58 111 1.83 8.82
RS7 11.50 6.45 22.82 54.07 24.60 0.70 1.66 7.54
RS10 13.95 6.10 16.99 49.10 21.29 0.58 1.70 1032
RS11 10.40 6.10 58.76 90.69 22.68 2.01 3.10 15.42
RS12 12.60 6.20 57.07 115.28 32.84 1.89 3.82 14.47
RS13 1430 6.20 57.21 113.97 27.26 1.90 3.75 19.59
Mean 12.63 6.28 43.12 95.95 26.81 1.40 3.11 13.08
Standard deviation 0.46 0.06 5.41 13.53 4.29 0.19 0.45 1.58

Coefficient of variation 3.61 1.01 12.54 14.10 15.99 1339 1433 12.05
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IIL:  Table of mixed straw pellet samples initial length (L), diameter of sample (d.), initial force (i.f.), force in maximum (fm.), strain in maximum
(s.m.), initial stress (i.S.), stress in maximum (S.m.) and modulus of elasticity (m.c.)

Wheat straw 50 % Moisture 13.5%
Rapeseed straw 50 %  Compression 11.8.2011
Measurement 16.3.2015
Sample lL.omm) d.(mm) if.(N) fm.(N) s.m.(%) (I\i,[‘%a) (;ﬁ‘;‘é) ul\’,[l'lf;;)
WS50RS50_01 11.20 630 29.88 283.18 59.28 0.96 8.79 17.88
WS50RS50_02 13.70 6.10 49.97 117.52 49.70 1.71 8.15 12.06
WS50RS50_04 12.40 6.60 80.03 179.00 37.00 234 5.12 11.85
WS50RS50_05 13.60 6.50 58.03 238.04 52.49 1.75 7.21 19.81
WS50RS50_07 11.50 6.45 56.66 98.02 24.95 1.74 3.00 12.43
WS50RS50_09 11.50 6.45 9137 42133 46.43 2.80 12.90 1993
WS50RS50_10 11.50 6.45 26.69 246.01 56.43 0.82 7.53 15.10
WS50RS50_11 10.40 6.20 27.28 123.03 49.80 0.90 4.08 10.85
Mean 11.98 638 52.49 213.26 47.01 1.63 7.10 1497
Standard deviation 0.41 0.06 8.59 38.18 3.94 0.25 1.10 132
Coefticient of variation 3.45 0.92 1637 1790 839 15.45 15.49 8.84
Correlation Analysis modulus of elasticity of mixed pellet samples. Force

The quantities determined in the compression
test of the pellets were correlated. These are
confirmed mathematically by the matrix of the
correlation coefficients in Table IV. The initial force
of the wheat straw pellet samples significantly
influenced on the initial stress and modulus of
elasticity of the wheat straw pellet samples and
significantly negative proportionally influenced on
the strain in maximum. Force in maximum of the
wheat straw pellet samples significantly influenced
on the strain in maximum and stress in maximum of
wheat straw samples and correlates proportionally
with the initial stress of mixed straw samples and
non-proportionally with strain in maximum, force
in maximum and stress in maximum of rapeseed
straw samples and strain in maximum of mixed
straw pellets. Strain in maximum of wheat straw
pellet samples correlated non-proportionally with
initial stress and modulus of elasticity of wheat straw
pellet samples. Initial stress of wheat straw pellets
samples correlated with modulus of elasticity of
wheat straw pellet samples. Stress in maximum of
wheat pellet samples correlated proportionally with
initial stress of mixes straw samples and correlated
non-proportionally with force in maximum, strain
in maximum and stress in maximum of rapeseed
straw pellet samples and with the strain in maximum
of mixed straw pellet samples. Modulus of elasticity
of wheat pellet samples correlated proportionally
with the modulus of elasticity of the rapeseed pellet
samples. Initial force of rapeseed pellet samples
correlated significantly proportionally with the
initial stress and modulus elasticity of the rapeseed
samples and correlated non-proportionally with
the initial force, force in maximum, initial stress and

in maximum of rapeseed pellet samples correlated
proportionally significantly with strain in maximum
and stress in maximum of rapeseed samples and
correlated with strain in maximum of mixed straw
samples. Force in maximum of rapeseed pellet
samples correlates non-proportionally with initial
force and initial stress of the mixed straw samples.
Strain in maximum of rapeseed pellet samples
correlated proportionally with stress in maximum
of the rapeseed pellet samples and correlated
non-proportionally with the initial force and initial
stress of mixed straw pellet samples. Initial stress
of rapeseed pellet samples correlated with the
modulus of elasticity of the rapeseed pellet samples
and correlated non-proportionally with initial force,
initial stress and modulus of elasticity of mixed
straw pellet samples.

Stress in maximum of rapeseed pellet samples
correlated proportionally with the strain in
maximum of the mixed pellet samples and
correlated mnon-proportionally with the initial
stress of the mixed straw pellet samples. Modulus
of elasticity of rapeseed pellet samples correlated
non-proportionally with modulus of elasticity of the
mixed straw pellet samples. Initial force of the mixed
straw pellet samples correlated proportionally
significantly with the initial stress of the mixed straw
pellet samples and correlated non-proportionally
with strain in maximum of the mixed straw
pellet samples. Force in maximum of the mixed
straw pellet samples correlated proportionally
significantly with the stress in maximum and
modulus of elasticity of the mixed straw pellet
samples. Strain in maximum of the mixed straw
pellet samples correlated proportionally with stress
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in maximum of the mixed straw pellet samples.
Stress in maximum correlated proportionally with
modulus of elasticity of the mixed straw pellet
samples.

According to Table 1V, the initial firmness (force
Fio (N) at the 10 % of the compressive strain) of the
wheat straw pellets samples depends mainly on
the coordinates: strain in maximum, initial stress
and modulus of elasticity. The maximal firmness
of the wheat straw pellets samples depends mainly
on the stress in maximum and strain in maximum.
The initial firmness of the rapeseed straw samples
depends mainly on the initial stress and modulus

of elasticity. The maximal firmness of the rapeseed
straw samples depends mainly on the force in
maximum, strain in maximum and stress in
maximum. The initial firmness of the mixed straw
samples depends mainly on the initial stress. The
maximal firmness of the mixed straw samples
depends mainly on the stress in maximum and
modulus of elasticity.

CONCLUSION

Mean value of the initial force was maximal for mixed straw pellet samples 52.49 N. Mean values of
the initial force of the wheat straw samples and the rapeseed straw samples were smaller and almost

identical 43.58 N and 43.12 N.

Mean values of the initial stress of loading curve, of the wheat straw samples reached 1.46 MPa, the
rapesced straw samples reached value 1.40 MPa and the mixed straw samples reached value 1.63 MPa.
Mean value of the force in maximum of loading curve was also maximal for mixed straw pellet
samples 213.26 N. Mean values of the force in maximum of loading curve of the wheat straw samples
reached 178.11 N. The rapeseed straw samples reached value 95.95 N and the mixed straw samples

reached value 213.26 N.

Mean values of the strain in maximum of loading curve, of the wheat straw samples reached 37.81 %,
therapeseed straw samples reached value 26.81 % and the mixed straw samples reached value 47.01 %.
Mean values of the stress in maximum of loading curve, of the wheat straw samples reached 5.93 MPa,
the rapeseed straw samples reached value 3.11 MPa and the mixed straw samples reached value

7.10 MPa,

Mean values of the modulus of elasticity, of the wheat straw samples reached 18.27 MPa, the rapeseed
straw samples reached value 13.08 MPa and the mixed straw samples reached value 14.97 MPa.

The initial firmness of the wheat straw pellets samples depends mainly on the coordinates: strain in
maximum, initial stress and modulus of elasticity. The maximal firmness of the wheat straw pellets
samples depends mainly on the stress in maximum and strain in maximum. The initial firmness of the
rapeseed straw samples depends mainly on the initial stress and modulus of elasticity. The maximal
firmness of the rapeseed straw samples depends mainly on the force in maximum, strain in maximum
and stress in maximum. The initial firmness of the mixed straw samples depends mainly on the initial
stress. The maximal firmness of the mixed straw samples depends mainly on the stress in maximum

and modulus of elasticity.

Significant correlations of the mechanical parameters pellet samples were observed among initial
force and initial stress and modulus of elasticity. Significant correlations of force in maximum with
stress and strain in the maximum were observed. The maximal firmness at compression in the initial
state and in the maximal compress loading showed the mixed straw pellet samples.
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