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INFLUENCE OF SPEED OF DENSIFICATION PISTON AND PAR TICLE SIZE OF DENSI-
FIED MATERIAL ON THE VALUE OF DENSIFYING PRESSURES AND PELLETS DENSITY

Summary

The article presents tests of influence of spdatkpsification piston (50, 100, 150 mm/min) arm sif densified particle (1, 1.5, and 2
mm) on the values of maximum densifying pressurdgstee density of pellets obtained from a mixturetwedded oat bran with a 20%
addition of potato pulp. The tests were performedrirfopen densification chamber — densificationt@is working system, at a process
temperature of AT, with the use of a matrix with diameter of 8 mm l@ngith of 47 mm. Increase in speed of progressidheodensifi-

cation piston has an influence on a slight increamsenaximum densifying pressures and a slight meeein pellets density, whereas in-

creasing the diameter of particles of densifiedtorix causes a reduction of both the densifyingqunesss and pellets density.
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WPLYW PREDKOSCI TLOKA ZAG ESZCZAJACEGO | WIELKO $CI CZASTKI
ZAGESZCZANEGO MATERIALU NA WARTO $CI NACISKOW ZAG ESZCZAJACYCH
ORAZ GESTOSC GRANULATU

Streszczenie

W artykule oméwiono badania wpltywuegkasci ttoka zagszczajcego (50, 100, 150 mm/min) oraz wiglkiozageszczanej esstki (1,

1,5 oraz 2 mm) na warfoi maksymalnych naciskow zagczajcych oraz gstas¢ granulatu uzyskanego z mieszaniny rozdrobnionych
otrebdw owsianych z 20% dodatkiem wycierki ziemniacz&agjania przeprowadzono w uktadzie roboczym ,otwadméra zagsz-
czania- tlok zagszczajcy”, przy temperaturze procesu @) wykorzystujc matrye o srednicy 8 mm i diug@ 47 mm. Zwikszenie
predkasci przesuwu tloka zagzczagcego wpltywa na nieznaczny wzrost maksymalnych nacisa@szczagcych i nieznaczny wzrost
gestasci granulatu, natomiast zekszeniesrednicy czstek zagszczanej mieszanki powoduje spadek zaréwno nacisig@azezagcych

jak i gestasci granulatu.

Stowa kluczowezageszczanie, naciski, pdkasé, tlok, granulat, gstasé

1. Introduction

Trying to obtain high quality products of pressamg
glomeration should be the producers' principal dimprac-
tice, it is often difficult to achieve, due to thluence of
numerous factors, which can be divided into théofaihg
groups [5]:

- biological and chemical factors (chemical compositi
of the densified material, biological structurepafticles),

- material factors — connected with preparation ofema
rial for the densification process (moisture cohtehthe
material, temperature of the material, granuloroetom-
position of particles of the densified material),

- equipment factors — construction (matrix diameths;
ameter and number of densification rolls; diamdtmgth,
and condition of the surface of matrix openingse sf the
gap between the matrix and the roll, etc.),

- process factors — connected with the course ofl¢imsi-
fication process (densifying pressures, flow rdtéhe den-
sified material, speed of densification, processperature,
conditioning).

Among the key factors influencing the course o th

densification process and the quality of the produe the
size of the densified particle and the rate of agration.
According to many researchers [4, 9], the diameter
particles of the fodder used for pelletisation caamceed 2-3 mm,
as large-size particles may undergo shredding duittie
agglomeration process, which contributes to aneawe of
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the energy consumption of the process, whereag thei
presence in the agglomerate may cause fractures and
crumbling. Apart from this, small particles are maasily
susceptible to the process of conditioning owingtheir
larger specific surface area (a better interpetietraof
moisture and heat, and a more intense action afrgte

Grochowicz and his teafd], who tested the influence
of the moisture content and the degree of shredding
lupine meal on the energy necessary for its dexagifin
into a constant volume (in the piston — open mayistem),
concluded that lower values of densification eneegg
characteristic of meal whose degree of shreddiriggker.
Ekielski [3] informs that a reduction of the avezdgngth
of chopped straw from 40 mm to 10 mm causes aeaser
of the efficiency of the process by over 50% (fr8@® kg/h
to 1750 kg/h). The tendency of an increasing proces
efficiency as a result of a reduction of the sitgarticles
of the densified material is confirmed by Hejft.[5]

Mani and his team [11] claim that an appropriate
particle size distribution in the densified matetfi@as an
influence on the quality of the obtained pelletsisTis
confirmed by Kaliyan and Morey [7] who list the ratire
content and the particle size of the densified naltas two
of the most important factors that influence théugaof
forces during the process of densification and Stadility
of the obtained pellets. Serrano and his tdatj, when
assessing the mechanical durability and the density
pellets from barley straw and from barley straw edixvith
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pine waste (sawdust) produced in a ring matrix, wiod
observe negative effects of the increase of the sf
particles of barley straw on the densification sx and
the quality of pellets. According to Laskowski [%he
average particle diameter has a visible influenoethoe
work of friction, extrusion, and agglomeration oftarial,
and the kinetic durability of pellets. Carone and team

Earlier research studies of the densificationabfoman con-
ducted by the author and his team [18, 19] shadw/tie mate-
rial of low susceptibility to densification. Theggery oat hulls
and the low quantity of endosperm remaining inkiten, as
well as the low moisture content, result in thenbduring the
densification process, being forced through theirapening
at low densifying pressures, while the densityhef produced

[2], when testing mechanical properties (densityd an pellets is very low. Therefore, oat bran shouldsheedded,

stability) of pellets produced on a piston pressrirolive
tree waste, concluded that the density of the pbthi
pellets is increasing as the size of material plartis
decreasing. These tests were carried out usingrialatgth
particle sizes of 1, 2, and 4 mi@haw and his team [22,
23], who analyzed the influence of the particleesi the
densified material (in the range of 0.8-3.2 mm) the
density and mechanical durability of pellets praatlion a

which would lower its tendency to slide on the acef of the
matrix opening and increase the moisture contehtrari be-
fore the process of densification; or a binder taddimay be
used [19]. Other research studies by the authohanttam
[16, 17, 18] show that potato pulp can be a verpdgo
binder material. According to these studies, a tpofailp
content of up to 20% in a mixture with oat braroa# to
obtain satisfactory densities of pellets, whichntlwnsti-

laboratory piston press from wheat straw and poplatute a fuel of full value conforming to the nornws hiorms

sawdust, concluded that for all the tested paramede
reduction of particle size has an influence oniticeease of
the density and the mechanical durability of théaoied

in force for non-wood pellets [18].

2. Purpose of the research

pellets. These tests were performed at two levdls o

temperature (70 and 100°C) and two levels of mostu
content (9 and 15%).

Scholz and Furll [5] when briquetting volume mids
(with a straw content) concluded that a reductiérthe
average size of particles in the mixture from 75/25%
causes an increase of agglomerate density by appbdix
kg/m® and an increase of its kinetic durability by appro
4.5%. Research by Ekielski [3] shows that a reductf
the average length of chopped straw from 40 mn@ tmmn
causes an increase of the density of briquetteappyox.
200 kg/m, and the kinetic durability by 15%.

According to Skonecki and Laskowski [25], an irage
of the average particle size causes a reductictheofsus-
ceptibility of material to densification and a dease in the
quality of the obtained agglomerate.

In the case of the rate of densification, itsuaficeon
the energy consumption of the process and thei&idata-
bility of the agglomerate, according to Hejft [Shd not

The aim of the research was to assess the in#uehc
the degree of shredding of the tested oat brandniith a
20% addition of potato pulp, and the speed of thesdy-
ing piston on the values of unitary densifying pregss and
the density of the obtained pellets.

3. Research methods

A mixture of post-production waste in the form of
shredded oat bran (produced in w Podlaskie Zak¥uty
zowe S.A. in Bialystok) with a potato pulp conteft28%
from Zaklad PEPEES S.A in Loma was used for the tests.
The tested pulp is obtained as post-productionendsting
the production of potato starch. The pulp usedhin tests
was sampled from several places on the heap thahst
stored on in the yard in Zaklady Pepees S.A. in taam

The moisture content of the oat bran used in ésst
was 5.09%, while the moisture content of the pofailp

been determined unambiguously. According to Skoneckvas 85.6%. The moisture content of the mixtureaiflran

and Laskowski [24], tests of densification of vasomate-
rials are carried out at different speeds of trafethe pis-
ton. Most tests are carried out at speeds of ®@mm/min
[24, 20]. Therefore, as Skonecki and Laskowski [24dw,
determination of the influence of the speed of fifston is
an important issue in the aspect of creating staliwkzd
conditions for densification tests.

According to Li and Liu [10], who densified oakvsa
dust at increasing speeds of densification, theitienf ag-
glomerate measured 2 minutes after densificatianedses
as the speed of densification increases. Laboradtstg of
cyclic forcing of a fodder mixture (with a strawntent) through a
single opening, performed by by Hejft [5], showt the speed of
densification does not have a significant influeoea change of
the values of densifying pressures.

One of post-production waste obtained in the Bsiog
of food and agricultural materials obtained whertsoa
processed into oatmeal, flour, or other materialeat bran.
It is obtained through shredding, repeated sorting, separa-
tion of fractions rich in dietary fiber from flourgndosperm
parts [26]. Oat bran is used as fodder additivg [26ing to its
high protein and dietary fiber content it is usedaa ingredi-
ent of many diets [1, 14, 15]; as a substitute béat flour
in the production of bread [8].
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with a 20% pulp content was 20.5%.

The tests were performed in an “open densification
chamber — densification piston” working system otest
stand presented in fig. 1.

The main element of the stand is special densifica
chamber (10), placed on lower table for compresg)rof
HT-9501 type universal testing machine with a maxim
pressure of 200 kN.

Densification chamber 10 has an opening with andia
ter of 8 mm, into which the tested material is @oluto be
densified.

Heating band 20 is put on special thermostat aime
the chamber 10. The set process temperature isvachby
means of temperature controller 22 coupled withtihga
band 20. This solution enables the control of psedem-
perature and makes it possible to heat the chartaber
temperature of over 100. Densification of the tested ma-
terial in chamber 10 is enacted by piston 13, fisganeans
of a special holder mounted in upper table 16 efftfess.
The HT-9501 machine consists of movable bar (18) co
trolled through the UP/DOWN buttons on the conprahel.
The position of the bar depends on the length eftéisted
sample and the selected method — compression @mexp
sion. Encoder movement sensor (3) is connectedae m
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able table (8) and records displacement of thedujar cyl-
inder sending signals indicating real displacement.

Pressure transducer (7) is mounted in the midalte qf
the hydraulic cylinder. The pressure transducerongc
pressure changes inside the cylinder and thesevalte
convertedfrom analogue to digital showing the values of
forces exerted on the cylinder. The force sensanasnted
in the movable part of the table. The machine lbcged
in a manner that enables the measurement of rea¢do
exerted on the cylinder. Hydraulic cylinder (2)aissource
of force acting on the tested samples. The uppeit bf
displacement is in the upper part of the cylinder.

The electric-hydraulic support consists in thetoanof
the speed of travel of the lower bar, which haseigive
impact on the constancy of some of the parametarsgl
the test, e.g.: position, speed, and the constoewf the
acting force. The basic upwards and downwards maso
controlled from the software level.

Rotating motor shaft (5) drives the pressure pump,

which is decisive in the operation of the pressylinder.
A pressure control valve is located in the vicindly the

pump.
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Fig. 1. Scheme of the stand for tests of densifinaprocess of
plant materials: 1- base, 2- cylinder, 3- encodegafety limits, 5-
engine, 6- chain, 7- pressure transducer, 8- lotable for
compression, 9- matrix base, 10- measurement mattixleading
screw, 12- column, 13- piston, 14- distance sled¥e, piston-
mounting holder, 16- upper table for compression; tlamp
holder, 18- lower bar, 19- nut, 20- heating bantl, 8pe 361
wired temperature sensor, 22- R-700 temperaturéralter, 23-
control panel, 24- elements controlling the spefedperation, 25-
elements for the measurement of electric valuesc@@puter
Rys. 1.Schemat stanowiska do badania proceswsaazania ma-
teriatéw raslinnych : 1- podstawa, 2- cylinder, 3- encoder|ir-
ty bezpiecaistwa, 5- silnik, 6- tacuch, 7- przetwornik énienia,
8- stolik dolny dasciskania, 9- podstawa matrycy, 10- matryca
pomiarowa, 11sruba prowadzca, 12- kolumna, 13- tloczek, 14-
tulejka dystansowa, 15- uchwyt magy ttok, 16- stolik gérny do
sciskania, 17- uchwyt zaciskowy, 18- belka dolna, rdkretka,
20- opaska grzejna, 21- przewodowy czujnik tempeyaip361,
22- regulator temperatury R-700, 23- pulpit steroewyi 24- ele-
menty sterujce prdkascig pracy, 25- elementy do pomiaru war-
tosci elektrycznych. 26- komputer

The densification chamber used for the tests #jgen-
ables the control of the process temperature fibssible to
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heat the chamber to a temperature of over’@Powing to

the temperature controller coupled with the healiagd.
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Source: own work Zrodio: opracowanie wasne
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Fig. 2. Densification chamber: 1- lower table of tmiversal test-
ing machine, 2- base of the densification chamBerinsulation
(mineral wool), 4- 361 type thermal pair, 5- int@rmpart of the
densification chamber, 6- thermostat element, atihge band

Rys. 2. Komora zagzczania: 1- stolik dolny maszyny wytrzyma-
tosciowej, 2- podstawa komory z&gczania, 3- izolacja (wetna
mineralna), 4- termopara typu 361, 5- wesvana czs¢ komory
zageszczania, 6- element termostatyj, 7- opaska grzejna

The analysis of the recorded curves of forces witgu
during the densification was performed with the ak&ta-
tistica 10.0PI software.

The tests of densification of the mixture of oedrband
potato pulp were performed at changing material anod-
ess parameters: the diameter of particles of didraof a
mixture of oat bran and potato pulp (1, 1.5, andrd), and
the speed of travel of the densification piston, (500, and
150 mm/min).

The tests were performed at a temperature €,70s-
ing a matrix with a diameter opening of 8 mm amté of
47 mm. During the tests, 20 samples of materiah vait
mass of 1 g were subjected to densification (faheaf the
points of the test plan).

The potato pulp was shredded in two stages. Thg pu
preliminarily shredded by means of a spoon, wasopuéa
sieve with a mesh diameter of 1 mm and placed \8fiJa3
laboratory shaker. As a result of shaker actiontigas
with a diameter of approx. 1 mm and less were predu
from the tightly packed matter, which allowed for ade-
quate course of the process of mixing with oat bran

The determination of the moisture content of #wted
waste was performed pursuant to PN-76/R-64752 tanse
of a WPE 300S moisture balance. Each time, the tareis
content of five samples with a mass of 5 g, dried item-
perature of 105°C until a constant mass was actijevas
determined. An average value from the obtainedtsesias
adopted as the final result.

The determination of density was carried out byasoe-
ing the height and diameter of 15 pellets usingabper
with an accuracy of £0.02 mm, and determining theéss
by means of a laboratory balance with an accuraty o
+0.001 g. The density of the agglomerate was caledlas
the relationship between the mass of the pelladstiaa sum
of their volumes.
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4. Results of the tests

The results of the tests of the influence of theater
of particles of a fraction of the densified mixtuwpotato
pulp and oat bran, and the speed of travel of thesifica-
tion piston on the maximum densifying pressures ted

quality of the obtained pellets are presented lihetd, fig.
4, and fig. 5.

Table 1. Test results of influence of the diameteparticles of a
fraction of the potato pulp and oat bran densifiggture, and the
progression speed of densification piston on thesmof densifi-
cation process and quality of obtained pellets

Tab. 1. Wyniki badawptywusrednicy czstek frakcji zagszcza-
nej mieszanki wycierki ziemniaczanej w mieszaningrgbami

owsianymi oraz pdkasé¢ przesuwu ttoka na przebieg procesu za-

geszczania i jaké uzyskanego granulatu

Xi Particle Piston Maximum Pellets den-
diameter speed densifying sity

X1= O Xo= Vg pressures

[mm] [mm/min] | pmax[MPa] | pg [kg/m?]
1 1 50 42.89 1043.70
2 1.5 50 36.99 1014.03
3 2 50 16.23 876.78
4 1 100 46.26 1085.83
5 1.5 100 41.37 1067.81
6 2 100 17.32 900.93
7 1 150 48.56 1115.67
8 1.5 150 44.59 1085.45
9 2 150 17.81 918.51

Source: own work Zrodto: opracowanie wiasne

A g mrie Rz SRR CAEEE SugsiafeE

Source: own work Zrodlo: opracowanie wlasne

Fig. 4. Influence of diameter of particles of acfran of the potato
pulp and oat bran densified mixture, and speedrafnession of
piston on the maximum values of densifying pressure

Rys. 4. Wplywrednicy czstek frakcji zagszczanej mieszanki wy-
cierki ziemniaczanej w mieszaninie ze¢bami owsianymi oraz
predkasé przesuwu ttoka na warfoi maksymalnych naciskow za-
geszczagcych

On the basis of the performed tests (tab. 1 and4jj, it
can be concluded that increasing the diameter mithes of
a fraction of the densified mixture of potato papd oat
bran causes a reduction of the maximum densifyirg-p

An example curve of the maximum force under ttee pi sures, whereas an increase of the speed of tratied alen-

ton as a function of the travel of the piston (psoreens
from the software operating the universal testirgchine)
obtained at different parameters are shown in3fig.
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W — 502003
[~ —s0-2.004
[~ — 502005
[~ —s0-2-008
I~ —s0-2-007
[~ —s0-2-008
[~ — 502009
I —so20m
[~ — 502011
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Source: own work Zrodto: opracowanie wiasne

Fig. 3. The curve of the maximum force under thetqui as a
function of the progression of the piston (printesns from the
software operating the universal testing machirpioed at the
following parameters: %50 mm/min, $=70°C, d=2 mm

Rys. 3. Przebieg zateosci maksymalnej sity pod ttokiem w funk-
Cji przemieszczenia ttoka (zrzuty ekranéw z prografostugui-

sification piston influences a slight increase loé tmaxi-
mum vales of densifying pressures. For examplegasing
the diameter of particles of a fraction of the dfeed mix-

ture of potato pulp and oat bran from 1 to 2 mma(apeed
of the densification piston of 50 mm/min) causeeduc-
tion of the maximum densifying pressures from 42#%
to 16.23 MPa.

On the other hand, increasing the speed of trafvéie
densification piston from 50 to 150 mm/min (at aticte
size of the densified material of 1 mm), for exaephflu-
ences a slight increase of the maximum densifyirgsp
sures from 42.89 MPa to 48.56 MPa. The explandton
this increase is the addition of potato pulp, whigtused
the occurrence of binder material (in the form oftiky
liquid created from starch and moisture) in the sifead
mixture during the process of pelletization at mgerature
of 70°C. This occurs despite the shorter time the mixture
remains in the opening, which is connected with ghert-
ening of the time of relaxation of stresses inftrened pel-
lets [5] as a result of the increase of the spddtendensi-
fication piston. However, the presence of the testl
sticky liquid caused, in the case of oat bran,remease of
the resistance to forcing, in comparison with teasifica-
tion of oat bran alone. In consequence, the ineredighe
resistance to forcing resulted in an increase ef rfaxi-
mum densifying pressures. During the densificatibroat
bran alone, the slippery oat hulls and the low tjtiaof
endosperm remaining in the bran, in addition to Ithe
moisture content, resulted in the bran's tendeacfide on

the surface of the matrix opening and being foritedugh

cego maszyn wytrzymatsciowg) uzyskane przy parametrach: the matrix opening at low densifying pressures [28] ad-

V=50 mm/min, $=70°C, d=2 mm
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dition of pulp of 20% caused an increase of thestooé
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content of the densified mixture of up to appra®.52 and
a reduction of the tendency to slide on the surfafcéhe
matrix opening and an increase of the densifyiresgures.
This level of addition allows to obtain pellets akatisfac-
tory quality (the density of the obtained pellesni aprox,

900 to 1115.67 kg/M, which makes them a solid fuel of

full value.

1100 kg

180§ 1050 kgém®

0 1000 kg

950 kgdrr®

g 1 900 kgérr®

g 850 kg/m®

% g0 B00kg#m®
g ¢
B o

Source: own work Zrodto: opracowanie wiasne

Fig. 5. Influence of diameter of particles of acfran of the potato

pulp and oat bran densified mixture, and the spégatogression

of piston on the pellets density

Rys. 5. Wplywurednicy czstek frakcji zagszczanej mieszanki
wycierki ziemniaczanej w mieszaninie zloimi owsianymi oraz
predkasé przesuwu ttoka naggtasé granulatu

On the basis of the performed tests (tab. 1 andb, it
was concluded that an increase of the diameteanictes
of a fraction of the densified mixture of potatdgpand oat
bran causes a reduction of the density of peNettgreas an
increase of the speed of travel of the densificapdston
influenced a slight increase of the density of ¢tiained
pellets. For example, a reduction of the diamefepanti-
cles of a fraction of the densified mixture of gotpulp and
oat bran from 2 to 1 mm (at a speed of the demagifin pis-
ton of 50 mm/min) caused an increase of the demdithe
obtained pellets from 876.78 to 1043.70 ki/vccording
to Zawklak [27] this was caused by the fact that the ifisuf
cient shredding of the material failed to make o$dhe
gluing effect of starch, which resulted in a lowegriof the
stability of pellets. This is also confirmed in easch by
Mani et al. [12] who claim that a reduction of pelg size
of densified corn straw (from 3.2 mm through 1.6 rtom
0.8 mm) influences an increase of pellets densaynf5 to
16%. Similar results were obtained by Kaliyan andréy
[6], who by reducing the size of corn straw paeticfrom
0.80 to 0.66 mm obtained an increase of the den$ibyi-
quettes by 5 to 10%. In the case of densificatiograsses,
a reduction of particle size from 0.64 to 0.56 mith dot
have a significant influence on pellets density [6]

On the other hand, an increase of the speed \afltcd
the densification piston from 50 to 150 mm/min ggbarti-
cle size of the densified material of 1 mm), foaewle,
influenced a slight increase of the density of ¢tiained
pellets from 1043.70 to 1115.67 kg/m

This increase is not caused by the increasingegatf
densifying pressures, which increase together tiehin-
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creasing speeds of travel of the densificationopisiThe
increasing resistance to forcing and the actiothefsticky
liquid that is a mixture of moisture and potatorahacon-
tained in the pulp caused an increase of the deasi the
kinetic durability of the obtained pellets, whicfter cool-
ing and settling, together with the bran, formeabkt and
durable pellets.

5. Conclusions

1. An increase of the diameter of particles of a foacbf
the densified mixture of potato pulp and oat bramf 1 to
2 mm influences the reduction of the maximum deyisif
pressures and the reduction of pellets density.

2. Increasing the speed of travel of the densificatitston
from 50 to 150 mm/min influences a slight increa$g¢he
maximum values of densifying pressures, and a tsligh
increase of the density of the obtained pellets.

3. An addition of potato pulp of 20% in a mixture wibhat
bran allows to obtain pellets of a satisfactoryligyawhich
makes them a solid fuel of full value.
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