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Abstract

Introduction: Fuel pellets are one of the uses of biomass, which are made from agricultural waste,
plant residue, and animal excrement. They produce more energy per unit volume. Various factors are
effective in the pelleting process. Having information about them helps to optimize the pelleting
process and to understand the compression mechanism and the design of compacting equipment.
Materials and Methods: Olive pomace raw material for making pellets was obtained from an olive
processing factory in Rudbar city in Gilan province. The prepared materials were transferred to the
laboratory in the necessary amount in nylon bags and dried in the oven at 105 degrees Celsius for 24
hours. The dried samples were powdered by a laboratory grinder and then passed through sieves in the
range of 0.6-1.5 mm and used to make pellets. Before making pellets, the initial moisture content of
the samples was obtained using the drying method. First, pre-tests were conducted to make pellets and
the moldability and strength of the samples were checked. A palletization mechanism was used to
compress the pellets. The material was placed inside a steel mold with a cylinder inner diameter of
8.05 mm and a height of 150 mm with a blocked end. A piston with a diameter of 8 mm connected to
the driving arm of the tension-compression test machine was used to compress the material. Loading
was done by a piston with a quasi-static speed of 6 mm/min. In this research, the effect of particle size
(600-900, 900-1200 and 1200-1500 pm), compaction pressure (75, 150 and 225 MPa), and
temperature (50, 70 and 90 <C) on the density, strength and durability of the pellets were investigated.
Results and Discussion: The results indicated that the main effects of all three mentioned treatments
on the strength, density and durability of the pellets were significant. Also, the mutual effects of some
treatments were also significant on these characteristics. The interaction effect of particle size and
compaction pressure on pellets compressive strength was significant at 5% level. With the increase in
particle size, the pellets strength increased first, and then with the further increase in particle size, the
pellets strength decreased slightly. On the other hand, with the increase in compression pressure, the
pellets resistance increased. The pellets density is an important factor for storage and transportation as
well as combustion efficiency. The mutual effect of compression pressure and particle size on the
pellets density was significant. Changes in the pellets density were obtained in the range of 1.015 to
1.350 g/cm®. The usual and recommended density for pellets made from agricultural and forest
residues should be more than 0.8 g/cm®. The interaction effect of compaction pressure and
temperature on the pellets durability was significant. The range of durability changes for the pellets
was between 81 and 95 %. Increasing compaction pressure significantly improved the stability of the
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pellets, which indicates the role of compaction in bonding between particles and creating bridges for
greater particle strength. The highest pellets strength was obtained in the combination of particle size
of 900-1200 um, temperature of 90 °C and compaction pressure of 225 MPa. The highest density was
obtained at a particle size of 600-900 um and a compression pressure of 225 MPa and the best
stability at a compression pressure of 150 MPa and a temperature of 90 °C. In general, the physical
and mechanical properties of the pellets were affected by all three factors: particle size, temperature
and compaction pressure.

Conclusion: The results of this research showed that all three factors of particle size, compaction
pressure and temperature have a significant effect on the physical and mechanical properties of the
pellets including density, strength and durability. Choosing the correct particle size plays an important
role in making the pellets stronger. Also, temperature of the die during pelleting is very important in
the bonding of the pellets particles because at the correct temperature, the bonding between the
bridges strengthens the connection of the particles and as a result increases the strength and durability
of the pellets. In general, the results of the research showed that to make pellets from olive processing
factory waste, a suitable combination of particle size, compaction pressure and die temperature
parameters is needed to make pellets with high strength and durability.

Keywords: Olive biomass, Density, Pressure strength, Durability, Pellet.
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Figure (1) The pelletizing mechanism; (1: compression piston, 2: two thermo-elements, 3: cylinder block,
4: holder base)
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Table (1) Analysis of variance results related to density, pressure strength and durability of the pellets

Sla o S0
Mean of squares Joech
@olhl Golid Caglas S&x df Variable
Durability Pressure strength Density
(%) (N/cm) (glcm®)
79.34%* 86842.1* 753.67** 2 (A) <155 05001
Particle size (A)
28.67* 9805.64 ** 42524 * 2 (B) o515 sk
Compression pressure (B)
45.93%* 8336.53* 415.11%* 2 (C) B s>
Die temperature (C)
1.86"™ 7992.25 * 87.31** 4 AxB
242" 9688.71 * 188.42 * 4 AxC
1.88* 37355 ™ 17.31™ 4 BxC
2.12"™ 7634.31 * 27.61"™ 8 AxBxC
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