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ABSTRACT

Physical and mechanical properties of pellets are needed to make pellet form in storage of raw materials and
energy consumption. Dairy cattle manure, sieved by a two-level mesh of 30 and 50, were used for making pellets by
a hydraulic press with mold diameter of 6 mm, in three moisture levels of 15,17.5, 20, 22.5 and 25% and two
pressure levels of 100 and 150 MPa. The results of the tests were analyzed by using EXCEL and MATLAB
software.The results showed that the compression energy as well as friction energy of mesh 30 increased with
increasing moisture content from 15 to 20% and decreased with increasing of moisture content from 20 to 25% for
both pressure levels of 100 and 150 MPa. The compression energy and friction energy of the mesh 50 decreased
with increasing of moisture content for both pressure levels of 100 and 150 MPa. The energy consumption of
compression was found to be greater at pressure of 150 MPa than the pressure of 100 MPa. The greater amount of
energy consumption was used for compression. The maximum amount of friction energy was 16.7% while the
minimumwas 11.23% for both pressure levels of 100 and 150 MPa.
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INTRODUCTION

High moisture content, high volume and non-unifdynaif the materials in manure are the factors wihiitlits the
usage of the manure in agriculture. Normally, liseaof low specific gravity the transportation ofmare
fertilizers is difficult and expensive. Biomassvisry difficult to handle, transport, store, andizé in its original
form [1]. One of the method that cause to have &asportation and decrease the costs is to retiecelume of
the manure by compression in pellet form. The casged manure can be used as the fertilizer inwdiynial
farms.. This also eliminates the need for manuaatpland also reduced the cost of manure[2].

Physical and mechanical properties of pelletsnastled to make pellets for storage of raw matesiadsoptimize

the consumption energy. Compression of lignoceaiiplef materials is complex and in this case thereo
coherent theory [3]. There are many ways to congpithe biomass materials. Conventional processes for
compressing biomass can be classified into thrpestyExtrusion, die roller and berry-making [4]offr the
analysis that was done by Serrano, the moistui@ shbuld not be too high or too low, because esigesnoisture
ratio will cause loose pellets due to excessiveewhetween pellets, and this will yield a poor beating effect

[5]. Nelson used mold and plunger method to quwatiié consumed energy for synthesis of pellet filin

Researchers have already carried out experimentiamass materials process in pellet in ordernalyae and
evaluate the required energy to process the f@ll8}. They found that the average hardness ofptltets will
increase with decreasing particle size sieve frégnt@ 8/2 mm. Hara in in Japan, studied on prodysstets by
using extruder from animal manure in order to itigage the effect of moisture content and dustlkwes pellet
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strength[9]. The obtained results showed that the strengthtpekeluced with increasing moisture content and the
percentage of the soil in manure. The most relewamisture content level was proposed at 45% fomiog the
pellets and the level below 20% for storage of mamellets.

The pelleting process has advantages of high adifiptaof raw material, wide application of moisturatio, low
power consumption per ton of material and high potidn, thus making it suitable for applicationriral area
where straw wastes are extensively disposed [D0 tesearch, Kai offered the relationship betweslocity of
mold (Die) and energy consumption for the pelletrfas the theory of modeling, analytical and experital [11].
Tylzanowski (1975) stated that change in moistaorgent about 1% cause to mixture of under exananatery dry
or wet that on next work make effects on the pdthetn device[12]. Reinders and Bestelaere statat dfter the
processing operation, the moisture of mixture sthche about 15 to 15.5% [13]. Wellin stated tha thost
favorable moisture content of the mixture was fraBto 17%. a substance when have the upper geliet
property that first required the low pressuredf a compact structure and Secondly, it is exquktiat the dense
materials have a high quality and durability [1Bfzymata presented several criteria of pellet faapabilities for
the materials (More piston displacement for the esgressure for better storage capability of thesesjsand
offered multiple pellet form capabilities relatemlliuilding mass and testing hardness [15]. Thenrobjective of
this research is to determine effects of moistungtent and particular size of dairy cattle manureconsumption
energy oftcompression and friction energyo make pellet form.

MATERIALS AND METHODS

Materials

Required dairy cattle manure was collected fronalrdeiry cattle and prepared in different partiiee for testing.
The manure was considered enough and crushed amdget by grinding electric in the Department of
Agrotechnology, College of Abouraihan, UniversitfyTeehran. According to ASTM standards for testingrmre
bed the samples were prepared with the desiresh (Standard S358.2) The initial moisture conténhe manure
was determined in five replications by drying o ttamplesn theovenat temperature103 +3°C for 48 houTée
moisture content was determined according to Eqtérims of wet basif 6].

In this equation:
m
MCw.b.)% = + x 100 % @)

w my

MC (w.b.)% = Moisture content of fresh manure (%)

m,, = mass of water in the manure (g)

m,, = mass of dry matter in the manure (g)

To achieve the desired moisture for preparing #mmes, an amount of distilled water was addetieatanure
based on Eq.2.

In this equation:

_ mi(wa - Mwi) (2)

o 1-M,,

In this equation:

M,,; = initial moisture content of fresh manure (%, w.b.)
M,,r = final moisture content of manure (%, w.b.)

m; = initial mass of manure (g)

m,, = mass of added distilled water(g)

After adding distilled water the samples were K&{€ in the refrigerator plastic package temperatare’2 hours
until the moisture is distributed uniformly in tkamples. In this study, samples were taken at thiasture levels
15, 17.5, 20, 22.5 and 25% (w.b.).

The hydraulic press device that was built in thdlége of Abouraihan, University of Tehran. was uded
measurement of compression and movement of thetetin. The device was equipped with a Ohmic ruli¢gh an
accuracy of 0.01 mm to measure the piston motiahthe 1000 kgf load cell Fig.1, The press device dzlity to
measure the force on the piston during the comjpresand movement the pellet form within the framewo
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simultaneously and both were connected to dataelogmd data were transferred to a computer fohéuart
calculation.

Methods

For calculating of consumption power in order tokeaellet form in die roll, it is necessary to cales moisture
content and patrticular size effects on compresaiuh friction energy, And also compression and ibictenergy
ratio to total consumption energy. This study wadgrmed with using the method of Nielsen et al200

For each test an amount of 0.75 g of material weighed by a digital balance and charged into thsezl mold and
compression was conducted at two pressure levdle®and 150 MPa, which adjusted by pressure dordiee.

The valves were removed to exit the pellets andpiiiket was moved inside thile for 3.5mm to measure the
friction energy. A flow control valve was used tavie a constant speed of 127 mm/min during the mewnewf the
pellet inside the die. (Nilsen et al.,2009).

(g) ——

Fig. 1, hydraulic presses; a) Cylinder hydraulich) motion control system, c) load cell, d) ruler reasure, €) data logger, f) flow control
valve g) Mold

The force on the piston was calculated using3&q.

_F ©))
P= A
in which;

P= pressure inside the mold ( MPa)

F= force on piston (N)

A= area of mold (mr)

Force on the rod (288 and 433 kgf) were calculated

The consumption energy for compression and fricti@s calculated and analyzed by programming in MABL
and Excel for all experiments. Because of Abund#ntlata, Figures show the example of the outputFin2,

where the maximum pressure 100 MPa with 15% maistamd mesh 30 has been compressed and the following

chart shows the level of compression energy. In3rigghere the maximum pressure 100 MPa with 15%stu@
and mesh 30 has been compressed and the followarg shows the level of friction energy.
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Fig. 2, the below area of the graph shows compreesi energy in maximum pressure of 100 MPa, moisturg5% and mesh 30.
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Fig. 3, the below area of the graph shows frictioenergy in maximum pressure of 100 MPa, moisture 5 and mesh 30.

RESULTS AND DISCUSSION

The Fig. 4, shows the compression energy at pres€i MPa for the mesh 30 at moisture content ngnigom 15

to 25%. The compression energy increased with &sing moisture from 15 to 20% and decreased witfeasing
moisture content from 20% to 25%. The compressioergy for mesh 50 decreased with increasing mastur
content and in range of 15-25 %. The compressienggrfor mesh 50 was always higher than the mestx86pt at
moisture range of 15 — 16% which it was equal aistace content of 16% for both meshes. The rataipression
energy was more 20% moisture content was almostl éguboth meshed while it was different at maoistaontent
lower than 20% .

65
Scholars Research Library



Mohammad H Kianmehr et al Cent. Euro. J. Exp. Bio., 2012, 1 (2):62-68

2500

2000 { =——30

——50
1500 -

1000

Compression Energy (kgf.mm)

500 -

5 10 15 20 25 30
Moisture content % (w.b.)
Fig. 4, the effect of particle size and moistureontent on compression energy pressure at 100 MPa.

The friction energy at pressure of 100 MPa incrédse mesh 30 with increasing moisture from 15 @8&2and
decreased with increasing moisture content fromt@®@5%. The friction energy for mesh 50 decreasétth w
increasing moisture content. The energy consumpgdnced and the loss rate of friction energy aom#ion is
greater than the loss rate of the energy consumgenpression and in range from 15 to 17.5% ofsinoé the
energy consumption of mesh 50 is more than mesin80n 17.5% moisture the energy in both the mesgual
and in the range of 20-15% of moisture the ratergdrgy loss mesh 50 and the rate of increase Be#&h equal
and in the range 20-25 % of moisture the lossfratboth is equal. Fig. 5.
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Fig. 5, The effect of particle size and moisture eent on friction energy pressure at 100 MPa.

Compression energy in pressure of 150 MPa is gréade the pressure of 100 MPa. In range of frontol57.5%
moisture, compression energy in mesh 50 is more that of mesh 30 and in 17.5% moisture the conspes
energy in both is equal and in range of 15-20&ititreasing rate of consuming the compressionggnefr the
mesh 30 and in the range of 15-20% moisture theciag rates of consuming the compression energlggrmesh
50 and mesh 30 is equal and in the range of 20t#&%educing rates of consuming energy in mesis gPeater
than mesh 50 Fig. 6.
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Fig. 6, The effect of particle size and moistureontent on friction energy pressure at 150 MPa

The friction energy was higher at pressure 150 Kf2a the pressure of 100 Mpa. The rate of theidricenergy
was greater than 100 Mpa and . The friction en@rghe range 15 to 17.5% moisture content for tlesmb0 was
greater than the mesh 30 and it was equal for bwbhes at 17.5% moisture content. In the range5eét0%
moisture the reducing rates of consuming the cosswa energy in the mesh 50 and mesh 30 is equiah ibe
mesh 30 the reducing rate is more than mesh 5@.Studies of Nielsen et al. (2009) on the sawdugkttets form
show that friction and compression energy decreastidincreasing in moisture content and also thengression
energy was more than the friction energy.
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Fig. 7, the effect of particle size and moisture cent on friction energy at pressure at 150 MPa

At pressure of 100 MPa the highest percentageiafdn energy belongs to mesh 50 and moisture core25%

which is equal to 16.7% and the lowest percentddegation energy is related to mesh 50 and moistocontent of
15% which is equal to 13.42%. The results indithtd a greater share of energy has been spentnopressed and
a smaller percentage to overcoming friction. Table.

67
Scholars Research Library



Mohammad H Kianmehr et al Cent. Euro. J. Exp. Bio., 2012, 1 (2):62-68

Table 1.the percentage of energy used in compression anddtion pressure of 100 MPa and a mesh size of 30chB0 and the moisture
levels of 15, 20 and 25%

Moisture content (%) Mesh number Compression edérgyFriction energy (%)

15 30 84.54
50 86.57 13.42
20 30 84.57 15.42
50 83.43 16.57
o5 30 84.15 15.84
50 83.29 16.70

The highest percentage of the friction energy asgure of 150 MPa is anent to the mesh 50 and disture
content of 20% which is equal 16.7% and the lowmstentage of friction energy is anent to mesh 130 the
moisture content of 20% that is equal to 11.23 % fiésults indicate that in both pressure levelQff 4nd 150 MPa
the greater percentage of energy used to compreasithe least percentage have been used foorfritable 2,

Table 2. percentage of energy compression and friction thatsed in pressure of 150 MPa and the mesh 30 and &3d at moisture
contents of 15, 20 and 25%

Moisture content, (%) Mesh number Compression afiérg Friction energy (%)

15 30 84.37
50 83.32 16.68
20 30 88.76 11.23
50 83.30 16.70
25 30 84.12 15.87
50 88.02 11.97

CONCLUSIONS

The results indicated that the compression amtidn energies for the mesh 30 first increased thexreased by
increasing moisture content from 15 to 25% whefeasesh 50 the compression and friction energyesesed by
increasing moisture content from 15% to 25%. Thesamption energy for mesh 30 was always greater ithesh

50. For both meshes the percentage of the compressergy was greater than percentage of théofrieinergy.
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