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THE IMPACT OF NEW CONSTRUCTIONAL SOLUTIONS OF PELLE TING DEVICES
ON PROPERTIES OF THE PRODUCED PELLETS

Summary

The paper presents results of study of the paifeide of agricultural biomass. In the tests whegtvstwas used and then
ground raw materials were concentrated using twaesyof pelleting machines: with flat matrix andveén by compacting
rollers as well as with ring matrix. The researclethrodology consisted of measurements of physicachlepnoperties of
pellets, i.e. humidity after compaction, bulk dgnsand mechanical stability factor. Calorific valuash content, and chem-
ical composition of the raw material were also spied. Average humidity of the raw material rangeedm 10.30% for
ring press to 10.77% for flat press. The pelletprgcess changed the water content in a final prodacising statistically
significant differences between pelleting deviggsliad. The bulk density of pellets in both macsidiel not differ consid-
erably and amounted to 541.77 kg-for ring press and to 544.21 kg?rfor flat press. Calorific value of the produced pel
let in both cases was above 15 MJkgpplying new constructional solutions in a forfntwo pelleting device types, al-

lowed for obtaining product that was characterizsdhigh mechanical durability greater than 95%.
Key words pellets, innovation, pelleting machines, bulk glgn calorific value

WPLYW NOWYCH ROZWI AZAN KONSTRUKCYJNYCH GRANULATOROW
NA WEA SCIWO SCI WYTWARZANYCH PELETOW

Streszczenie

W pracy przedstawiono wyniki bailpeletéw z biomasy pochodzenia rolniczego. Do ang&jito stomy pszennej, a nast
nie rozdrobnione surowce zgggczano przyzyciu dwoéch rodzajéw granulatoréw: z matgyptask; i napedzanymi rolkami
zageszczagcymi oraz z matrycpierscieniowy. Metodyka badéobejmowata pomiary wigiwasci fizykochemicznych pele-
téw, tj. wilgotn@é po zagszczeniu, getas¢ usypowt i wspotczynnik trwakci mechanicznej. Okiono wartag¢ opatowy,
zawartai¢ popiotu oraz sktad chemiczny surowdaednia wilgotngé surowego materiatu mieita sie w granicach od
10,3% dla prasy pigcieniowej do 10,77% dla prasy z matgygtask;. Po procesie granulacji zawaré wody w gotowym
produkcie ulegta zmianie powodujstatystycznie istotne idice medzy stosowanymi granulatoramie§iosé¢ usypowa pe-
letébw w obu prasach nie #dita sie znaczco midzy sok i wynosita 541,77 kg-thdla prasy piefcieniowej oraz
544,21 kg-mM dla prasy z matryg ptask;. Wartai¢ opatowa uzyskanych peletéw w obu przypadkach \ignpewyej
15 MJ-kg". Wykorzystujc nowe rozwjzania konstrukcyjne w postaci dwéch granulatoréyskano surowiec charaktery-
zujgcy sk wysolg trwatoscig mechaniczig, wynoszcgq w obu prasach powgj 95%.

Stowa kluczowebiomasa, pelety, innowacja, peleciarki, wilgaitiowytrzymatéé mechaniczna, warté opatowa

1. Introduction

For efficient use of biomass, one should focusmain-
taining the basic physical parameters, which inelyzhrti-
cle size, actual density, bulk density, porositgrdmess,
durability, moisture content, or the rate of moistaorption
[6]. Control of the processes is related to itsngtation,
which allows to increase its density and energyattaris-
tics, while also contributing to minimize costsartsport
and storage surface for the raw material [4, 8, 18],
Compacting the biomass through its pelleting canar&a-
bly increase its bulk density from 40-250 kg up to 600-

mechanical durability, as well as carbon, hydrogstrp-
gen, and sulfur contents in accordance with thennBN-
EN 14961-6 “Solid bio-fuels — specification of faehnd
classes” [3, 12, 15].

Knowledge of the basic physicochemical propertés
the biomass is necessary for the correct selecfi@yuip-
ment design, and achieving a high-quality prodddie
physical properties of pellets made of the bionwse de-
pend on the variable parameters of the pelletiracgss,
such as speed, temperature, pressure, and prooed4 6].

Biomass, in its primary form, has a wide rangenofs-
ture content ranging within 25-60% [18]. Based amer-

800 kg-ri* [13]. Such produced pellets are the most desirasus studies, it can be concluded that the moistongent in

ble and versatile form of biomass conversion tkatised
both in large-scale co-combustion systems and Siozdl
boilers [2]. The pelleting process (granulationpimed at
achieving pellets with normalized characteristicgliGder
of 5-40 mm length and 6-12 mm diameter). The protias
to meet the criteria related to physicochemicalpprtes,
including shape, moisture content, density, catonlue,
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raw materials has a significant effect on the ptglsprop-
erties of mechanical strength and the calorificzigadf pro-
cessed biomass [8, 9]. In the case of the usenfengg pro-
duction, calorific value is of great importance chese it
depends on the chemical composition of the raw riadte
its moisture content, type of material and prepamnatech-
niques [7, 8]. It can range from 6-8 MJ'%épr biomass

,Journal of Research and Applications in Agricultural Engineering” 2016, Vol. 61(2)



with moisture of 50-60% through 15-17 MJ%épr pre-
dried biomass of moisture about 10-20%, up to 19kt
for completely dried biomass. The individual comgots
of solid fuels, which comprise the biomass, ardedgnt
and depend on the type of fuel and the coalificatiegree.
With increasing the metamorphism of raw matertare is
a significant increase in carbon content, a deer@ga®xy-
gen and a small reduction in the hydrogen conterdpor-
tions of nitrogen and sulfur, in practice do nopeied on
the carbon content in fuel, and the other elempr@sent in
the biomass in small amounts in form of mineralstabces
[21]. Quantity of ash from the biomass causes nEwop-
lems in a direct combustion process. The meltingstf in-
creases the tendency of depositing on the cookirfgee in
a form of slag. Presence of slag and other contamténcan
cause a reduction in efficiency of heating instadlas [22].

The aim of the study was to compare two pelletieg
vices of new construction and analysis of the texyima-
terial in the form of pellets with a diameter cd8d 20 mm,
in terms of moisture content, mechanical strengdhorific
value, and ash content. The analyzes also incleded
mental composition, in particular, carbon, hydrqgaiifur,
and nitrogen contents in tested material.

2. Materials and methods
Raw material

The study material consisted of two wheat stram-sa
ples weighing 10 kg each, which were subjectedeitep
ing. The first sample came from the company UrsAsrS
Dobre Miasto, and the other from the MalopolskanPla
Breeding in Krakow, Division Palikije. In both casehe
test material was stored under storage conditibasnaient
temperature of 20°C and relative atmospheric hugniai
70-80%. Two types of new-construction pelleting hiaes
were used to produce pellets: one was equipped tivéh
ring-matrix with open compacting chamber and watuid-
ed in the technological line for pellets productiemile the
other solution comprised of laboratory-scale flattrx de-
vice owned by Department of Machinery Exploitatimmd
Management of Production Processes, University itd L
Sciences in Lublin (fig. 1). Prior to pelleting pess, the
straw was preliminarily cut in RZ01 chopper intadtions

Table 1. Technical specification of the pelletingahines
Tab. 1. Specyfikacja techniczna zastosowanych maszy

of the lengths from 20 to 40 mm, then suppliechheater
mill HMO5 and broken into fractions of the lengtfinam 12

to 15 mm (Table 1). Relative moisture contentWes de-
termined in accordance with the norm PN-EN 14774-
2:2010 applying gravimetric method. Moisture measur
ments were made in fiver replicates.

Determinations of carbon;@nd hydrogen Hcontents
were made according to CEN/TS 15104:2006 using-auto
matic IR analyzer, nitrogen N according to CEN/TS
15104:2006, and total sulfur; Saccording to PN-G-
04584:2001 by means of IR analyzer measuremenemat C
tral Laboratory of Zaklady Pomiarowo-Badawcze Ener-
getyki ,Energopomiar” Sp. z 0.0., Gliwice.

g i

Source: own work Zrodto: opracowanie wiasne

Fig. 1. Pictures of the used pelleting machineswif) flat
matrix, b) with ring matrix

Rys. 1. Zdjcia zastosowanych peleciarek: a) z maidryc
ptasks, b) z matryg pierscieniow

. Pelleting machine

Parameters Unit Flat-matrix *Ring-matrix
Efficiency kgth! 150 600
Dimensions LxBxH 1300 x 650 x 1020 2820 x1480 xA6%
Matrix diameter mm 225 -
Diameter of matric perforation mm 8.0 25.0
Matrix thickness 25 -
* Inner diameter of matrix mm - 644
* Quter diameter of matrix - 900
Length/height of push rollers 50 -
* Height of matrix mm - 128
* Working height of rollers - 76
Diameter of push rollers mm 100 240
Number of rollers pcs. 2 4
Rotational speed of rollers/head rpm 110 38
Engine power kw 7.5 55
Weight of pelleting machine kg 215 ~ 3250
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Source: own work Zrodto: opracowanie wiasne
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The calorific value of the produced pellets wasutated
from the heat of combustion as determined by caletric
technique in isoperybolic Parr 6400 Calorimeteroediog to
the norm PN-EN 14918:2010. The test consisted impbete
combusting the samples of 1.5 g weight (+/- 0.0g)0@& oxy-
gen atmosphere under pressure of 3 MPa in a bolotinoa:
ter immersed in water.

Mechanical strength of pellets was tested in ataoce
to the norm PN-EN 15210-1, using the standaloratioot-
al tester with three containers of normalized disi@ms ro-
tating with angular speed of 5.22 ratifer 600 s; the me-
chanical strength indicator for pellets was caltadausing
the formula (1):

D, =22 100
L I (1)
where:
Dy - mechanical strength indicator for pellets [%)],
my — weight of pellets after durability test [g],
me — weight of pellets prior to durability test [g].

The bulk density was determined using the cereasid
ty-meter of 861 g weight. It was made by free pogirof
pellets from the hopper with a height of 100 mnoitie
measuring vessel with a capacity of 0.5°dwfter filling

the vessel and removing the excess of product,as w

weighed on WPE 200 scales with accuracy of +0.Ttg
bulk density of pellets was calculated from thddwing
formula (2):
p= M kg - m 3]

Vo )
where:
m, — weight of vessel with pellet sample [kq],
mn — weight of empty measuring vessel [kg],
Vn — capacity of measuring vessel’[m

Table 2 shows the results of the basic paraméiethe
initial moisture content prior to compaction anteapellet-
ing the wheat straw, as well as parameters aft@pagstion
process related to their stability and calorifituea The av-
erage value of the raw material humidity rangednfi0.30
for the ring press to 10.77% in the case of a [fliass.
Straw after compaction had the moisture conterté @nd
9.93%, respectively. The resulting stability oflptd was in
the range of high strength and in both cases was than
95%. This result can be comparable with the resoiits
tained by other researchers who received similaregafor
pellets (up to 97%) [24]. Analysis of the energeti@arac-
teristics of tested straw revealed that calorifitue of pel-
lets amounted to 15.71 and 15.08 MJ:kespectively.

In order to confirm the relationship between tvaria-
bles, the statistical analysis based on the Peaswelation
coefficient at a significance level <0.05 for notrdatribu-
tion of measurement results, was performed. Théysisa
related to two variables - the type of pelletingyide and
mechanical stability of the pellets - showed a tiggacor-
relation at the significance level (-0.760). Thengsaanaly-
sis for moisture after granulation and mechanitabitty
also showed strong, statistical significance at ghgmifi-
cance level (0.736). Analysis of the study resulisig the
post-hoc Tukey test also showed that there arestatatly
significant differences for the resultant pelletistaore be-
tween used press types.

3.2. Effect of moisture on density of pellets

Low biomass density makes its transport to large d
tance difficult and requires large area of storaigee bulk
density of straw is 20-50 kg-inwhen compared to brown
and hard coal, for which these values are fromt800200
kg-m?[14, 20], makes that the transport costs becomie- hig
er [4]. Analysis of the bulk density of pellets fla 2) in
both press types did not significantly differ andcanted

Results are presented as means * standard deviati® 541.77 kg-rfifor the ring matrix and to 544.21 kgfor

from five replicates of each experiment. The measant
results for calorific value, bulk density and meaical
strength of pellets were examined statisticallyngsanaly-
sis of variance (ANOVA), Pearson correlation, pbsik
Tukey's test, with a level of significance of a 9.5 with
the assistance of Statistica 10 software.

3. Results and discussion
3.1. Effect of moisture on durability and calorific value
of pellet

Calorific value of a biomass is an important pagtan
that describes the energy value and thermal coiover ©f
combustion systems [5, 27]. Its level depends @ntyipe
and amount of combustible components in the fudltae
moisture content. In contrast, the moisture contepnhe of
the fundamental parameters determining the suityatmf
fuel, affecting its calories and playing a sigrafit role in
combustion process and pollution emissions [10]s Tal-
ue is also important in assessing the sales amdget@mp-
portunities. Its high content in the biomass redube calo-
rific value. Combustion of fuels with high moisturentent
may lower the combustion temperature, causingadliffies
in its complete combustion. Durability of pellencbe de-
fined as the strength ability of granules to dedive loads
and forces during transport [11]. The mechanicabitity is
considered to be sufficiently high when the caltadavalue
is greater than 80% [6].
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the flat matrix. These results appeared to be thlidgtigher
than those reported by Theerarattananoon et ), y@%0
measured density for the wheat straw as 495.8 kgio-
cording to the requirements of European stand#ndshulk
density should be higher than 500 kg-[#5]. The analysis
of the linear correlation between the type of pilp ma-
chine and bulk density showed no strong correlaion
0.181). A similar situation was also observed faristure
after granulation and bulk density (-0.262). Thestgmck
Tukey tests also showed no statistically significdiffer-
ences between the resulting bulk density and the ¢f the
pelleting device used.

3.3. Analysis of the ashes

Identification and characterization of the cherhgmm-
position and phases of a given solid fuel is thist fand
most important step in the use of such fuel. Thisgosi-
tion is a unique code that characterizes the hasiperties,
quality, potential use, and environmental probl¢hnas may
arise [26]. Each fuel consists of a combustiblet zard
a ballast (minerals, moisture) and the non-comblestias-
eous components, e.g. nitrogen or carbon dioxitlentcal
and physical composition of a substance is the rimost
portant information determining its suitability aguel. For
proper combustion, it is needed to meet the canstiof
good mixing the fuel with air and a suitable tengpere in
the furnace.
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Table 2. Physical properties of pellet biomass
Tab. 2. Wiaciwasci fizyczne peletéw z biomasy

Product Press type Moisture.before Moisturg after Bulk density Mechgnical Calorific value

Y compaction (%) | compaction (%) (kg:m°) durability (%) (MJ-kg™)
Wheat straw| Flat matrix 10.77+0.23 9.93+0.12 544.21+6.34 953649 15.08+0.02
pellets Ring matrix 10.30+0.12 7.26+0.01 541.77+10.26 9506066 15.71+0.13

Table 3. Elemental analysis of the ashes (cartmmnbasis)
Tab. 3. Analiza elementarna popiotéw

Source: own work Zrodio: opracowanie wiasne

Product Press type Carbon (%) Hydrogen (% Nitrdgen Sulfur (%) Ash (%)
Wheat straw Flat matrix 46.97+0.06 5.71+£0.01 1.19+0.01 0.1230.0| 5.66+0.01
pellets Ring matrix 44.74+0.01 5.45+0.01 0.74+0.01 0.10+0,00 6.55+0.48

The type and quality of fuel affects their behavituring

Source: own work Zrodto: opracowanie wiasne

Recorded bulk density did not considerably diffstia-

combustion. The elemental composition of the bimmastistically insignificant differences), although the case of

used in the power industry, in quality terms, ie game.
Differences occur while shares of individual chemhiele-
ments and compounds. The biomass has an average of
times less carbon as well as less sulfur and r@trogs
compared to fossil fuels, and consequently, it &dsigh
content of volatile matter.

In order to verify the differences between thelyzed
samples of wheat straw subjected to the pelletinggss,
the achieved pellets were subject to chemical aisalgar-
bon, hydrogen, nitrogen, sulfur contents) aimedhatcking
whether different origin of the material affects dhemical
composition (Table 3). Based on these resultsait be
concluded that the quantities of analyzed elemeas]
crude ash generated from combustion of 2 kg strellets,
were a little different, although these differeneesre sta-
tistically significant. The ash content producednfr the
same material in the case of flat matrix was 5.66#tile
for the ring matrix 6.55%. According to Bakisgan,[&sh
content for the wheat straw amounted to about 7\9Ptle
Skonecki [23] reported average value of 4.93%. Siith
ferences can be explained by the diversity of iahat be-
tween soil composition and type, climate, and gerektar-
acteristics of raw material. Similar quantitiesroécroele-
ments in crude ash made of wheat straw were reddrde
both cases in the following sequence: C>H>N>S.

The statistical analysis concerning linear cotretaco-
efficient at the level of p<0.05 showed a strongaiwe
correlation (-0.837) between the moisture contdiar ahe
pelleting process and the resulting ash contemtfircoing
that the higher water content of the pellets, theer ash
content. A strong positive correlation coefficiemas also
noted for the moisture content after the pelletimgcess
and the content of carbon in combusted pellets9@).&s
well as moisture content and the hydrogen conterthé
combusted pellets (0.967).

4. Conclusions

Based on the tests, data on general physicochemidél

properties of the pellets produced from wheat straere

achieved. Using new constructional solutions inftren of

two pelleting machines, obtained product from huibsses
was characterized by high mechanical stability nibin

95% with minor differences that after analyzing Brearson
correlation showed a strong negative correlatioihatevel
of -0.760 between variables describing the typpres and
the resulting durability.
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the ring matrix, it was characterized by lower mpaeser
amounting to 541.77 kgt

Moisture content in pellets considered in a vidwap-
plied pelleting devices was greatly diverse (stiadly sig-
nificant), which was for flat matrix 9.93%, and fiang ma-
trix 7.26%.

Calorific value depending on the moisture contint
pellets showed a weak negative correlation atekellof -
0.262. The analysis of linear correlation coefiitieon-
firmed a strong negative dependence (-0.837) oém@in-
tent in pellets on the recorded ash content, wimgfans
that the amount of ash decreased along with thease of
pellet moisture.
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