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experimental batch of pellets has a lower density and thus lower shear
strength which limits the scope of industrial application. The research
which was carried out proved that there is a strong correlation between
mechanical strength and density.

Introduction

Dynamic development of solid biofuels market forces out the necessity of obtaining
new raw materials (Wu et al., 2011; Fraczek et al., 2010). Except for the fundamental group
which is based on timber raw material, agricultural waste products are even more used:
straw, horticultural waste and mixtures of various raw materials (Carone et al., 2011; Gil et
al., 2010; Fraczek et al., 2010). The applied raw materials and solid biofuels obtained there-
from are constantly subjected to precise requirements described in the European standards.
They were listed in the papers by (Garcia-Maraver et al., 2011; CEN/TS 14588). Standardi-
zation of the solid biofuel quality depends on the necessity of automation of combustion
processes particularly in small boiler houses and elimination of threat from generated dust
loading (Vinterbdck, 2004). In this context quality control of fuel, particularly its geometric
and physical properties is important (Temmerman et al., 2006; Carone et al., 2011). Non-
dimensional pellets make the process of loading and transport difficult, their improper den-
sity changes the combustion processes and low mechanical strength generates excessive
dust loading. It is assumed that the mechanical strength and density are main parameters
which describe a physical quality of compacted solid biofuels, such as pellets (Carone et al.,
2011). Pursuant to the standards, mechanical durability (DU — mechanical durability) is the
most often determined in the test of dynamic dislocation of the pellet batch in the measure-
ment chamber (PN-EN 15210-1: 2010; ASAE S269.4 Dec 96; ONORM M 7135), or abra-
sion resistance (AR — abrasion resistance) is tested in Lignotester device (Bergstrom et al.,
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2008). The measure of strength is a percentage of waste, the most often fraction below 3.15
mm. In the paper by Temmerman et al., (2006) usefulness of both methods was verified and
it was found out that the method described in ASEA S standard 269.4 gives the most unre-
peatable results. Moreover, shear strength of the pellet mass is investigated with the use of
Janike edometer (ASTM D 6128-0615, 2006) and in the compression test where pellet is
fragmented on the disc rotating with the speed of 6.5 m-s™ or 24.3 m-s™ with partition
mounted thereto (Wu et al., 2011). Conditions of hitting pellet granules which are falling
down on the sliding belt conveyor are simulated. The amount of waste is measured (crushed
fragments) on the 3 mm sieve.

Precise verification of pellet properties is carried out through measurements of strength
of single granules in the test of their axial (Starek et al., 2014) or radial compression (Berg-
strém et al., 2008; Carone et al., 2011). In the first case the strength is expressed with MPa
and in the second one with N-mm™. The objective of this paper was to develop the method
and the device for determination of pellet strength on fragmentation based on the measure-
ment of shear strength. The measurement of strength properties of the experimental batch
of pellets for verification of the method was carried out and they were compared to those,
which were produced in series.

Methodology

In the laboratory of the Institute of Agricultural Engineering of the University of Life
Sciences in Wroclaw pellet batches were produced using the oak leaves, waste from paper
mass and fragments of Miscanthus as raw material. Raw material after being fragmented
and dried to the relative moisture of 11-13% was granulated on the biomass granulation line
type MGL200 produced by KOVO NOWAK, CZ-67101 CITONICE 1. The obtained pellet
was seasoned and then volumetric density p was determined for granules selected from
each batch of pellet. Density was measured through the mass measurement and geometric
dimensions of granules. The measuring balance type WPE 300 (RADWAG, Radom),
a maximum relative error = 0.1% and a digital calliper with precision of £0.01 mm were
used. Analogous measurement was carried out for the pellet batches produced by popular
Polish producers. In the research pellets obtained from defragmented pieces of deciduous
and coniferous timber, their mixtures and wheat straw were used.

For realization of the shear test a prototype of the device submitted for patent, number
222187 (Czachor, 2013) was used. The essence of its structure and manner of use were
described in the Patent Office Bulletin of the Republic of Poland on 14th April 2014. The
basic advantage of the prepared device is simplicity of the shear test performance with the
possibility of simultaneous testing of several pairs of pellet granules with a varied diameter.
The structure of the device enables precise adjustment of a granule to a specific opening in
the measuring device.

Measurements of shearing strength were carried out on Instron 5566 machine with the
use of a measurement head up to 10 kN at the speed of a working beam of 2 mm-s™. In
each batch of pellet at least 30 granules were tested. By processing of results density p,
shear strength R; and unit shear work W, were calculated. For such values, mean values with
confidence limit were determined with the use of a statistic packet of Excel program (at the
assumed level of significance 0=0.05). Then, relations between the values of p, R, and W,
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were determined. On this basis, the scope of changes of mechanical properties values,
which characterize the batches of the investigated pellets, were determined.

The shear strength was determined with the assumption that the shearing stress has
a mean value in the entire sheared section. Then, the shear strength is described with the
equation (1):

4.T,
Ry = —max2 (1)
n-z-dg
where:
Tmax — Maximum value of the registered shearing strength, (N)
n — number of shearing surfaces,
d;-  — mean shearing diameter, (mm)
Shearing work W was determined from the relation (2), force T — dislocation A (Fig. 2)
as:
14
wz—jT(/l)-d,i @
n 0
and unit shearing work from the formula (3):
4-W
W, = 3
t T dszr ( )

Results and discussion

For assessment of variability of the values of stereometric elements which form a pellet
structure, microscopic analysis of the surface of the selected samples with the use of optical
stereoscopic microscope Nikon SMZ 1500 was carried out. Figure 1 presents the image of
the longitudinal cross-section of Lava Stelmet pellet. The analysed micro-structure is typi-
cal for the pellet. The image presents also the direction of impact of shearing strength on
the material.

Figure 1 shows that the pelletization process of fragmented particles of wood causes
characteristic direction of structure elements. Despite a stochastic method of their arrange-
ment they form with fragments a pseudo-fibre structure which results from a longitudinal
pressing. It is also influenced by the results of stresses, micro-cracks perpendicular to the
longitudinal axis of pellet. A complex structure causes that shearing leads to total decohe-
sion of a pellet only to small deformation of a pellet in the shearing surface at the maximum
force Trax. A typical characteristic of force T — dislocation A was presented in figure 2.

Characteristic of the shearing force — dislocation presented in figure 2 is a resultant of
the resistance of several pellets mounted in a device each time. The measure of the resultant
shearing work W is a striped field. In order to determine Rt, W, Wt the number of sheared
surfaces n must be included according to equations 1, 2, 3. Relation of R; = f(p), W= f(p)
and W= f (R;) was presented in figure 3,4,5.
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Figure 1. Typical micro-structure of pellet timber
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Figure 2. Typical relation shearing force — dislocation, W — shearing work
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The analysed plots (Fig. 3,4,5) of location of points which characterise properties of
particular types of pellets were grouped. Mean values with confidence limits were deter-
mined. Pellet batches were given the following numbers: 1 — Lava; Stelmet S.A; 2 — straw—
KOPEX GROUP; 3 — mixture of deciduous and coniferous timber Galaxy; 4 — wheat straw,
producer: J W Group sp. z 0.0.; 5 — miscanthus; 6 — oak leaves; 7 — paper mass.
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Figure 3. List of values: shearing strength — density of selected pellets
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Figure 4. List of values: unit shearing strength — density of selected pellets
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Figure 5. List of values; unit shearing stress - shearing strength

The analysis of figures 3, 4, 5 shows that the values of mechanical properties of the ex-
perimental batch of pellets in a statistically significant way differ with regard to pellets
produced to the industrial scale. Mainly, they have lower density, below the requirements
of standards. As a result, particular elements of the experimental structure of pellets batch
are weakly related.

Analysis of relations R, = f(p) and W, = f(p) indicates that there is a strong correlation
between mechanical properties and density of pellet material. Also the relation W= f(Ry) is
strongly correlated. The trend to which relations are subject may be described with an equa-
tion type y = a-x". Values of equation coefficients were presented in table 1

Table 1.

Values of function parameters (trend) y=a- x"
Function a b r’
Ri=f(p) 5.84 3.38 0.92
W, =f(p) 1.43 5.50 0.80
W= f(R) 0.07 1.70 0.95
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Conclusions

1. The suggested method of technological shearing enables simultaneous testing of several
pellet granules which makes the obtained results reliable and allows precise determina-
tion of the values of mechanical properties. The structure of the measuring device ena-
bles precise adjustment of each pellet to the place of its mounting which standardizes
the tests conditions. It is particularly significant in the shearing process, which initiates
in the tested material a complex condition of stresses.

2. The obtained results show significant differences in the quality of the investigated pel-
lets and confirm a considerable impact of density on the value of shearing strength and
unit shearing work of the pellet material. Lower density of the experimental batch of
pellets and thus lower mechanical strength limits the scope of their industrial application.
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WYTRZYMALOSC NA SCINANIE WYBRANYCH RODZAJOW
PELETOW

Streszczenie. Weryfikowano przydatno$¢ surowca pozyskanego z lisci dgbu, odpadéw z masy papie-
rowej oraz fragmentéw miskantusa do produkcji peletow. Wytworzong z tych surowcow partie pele-
tow poddano testom technologicznego $cinania z wykorzystaniem prototypowego oprzyrzadowania.
Testowano rowniez pelety wyprodukowane przez znanych polskich producentéw. Proponowana
metoda technologicznego $cinania umozliwia uzyskanie wiarygodnych rezultatéw poprzez standary-
zacje warunkow testu. Statystyczna obrobka wynikow wykazala, Ze istniejg istotne roznice w warto-
$ciach wytrzymalo$ci na $cinanie oraz jednostkowej pracy $cinania uzyskane dla obu grup peletow.
Eksperymentalna partia peletow cechuje si¢ mniejsza gestoscia a tym samym mniejsza wytrzymato-
$cig na $cinanie, co ogranicza zakres jej przemystowego stosowania. Przeprowadzone badania po-
twierdzily, Ze istnieje silna korelacja pomigdzy wytrzymato$ciag mechaniczng a gestoscia.

Stowa kluczowe: wytrzymato$¢ na Scinanie, ggstosé, pelet
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