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THE INFLUENCE OF THE DENSITY OF THE MASS FLUX OF TH E DENSIFIED MATERIAL
AND THE ROTATIONAL SPEED OF THE MATRIX ON THE POWER CONSUMPTION OF
THE PELLET MILL AND THE QUALITY OF OBTAINED PELLETS

Summary

The article presents tests of the influence ofdéesity of the mass flux of the densified matg&ia9, 6.80, and 8.31 kgfms) and the
influence of the rotational speed of the matrixQ(2830, and 380 r-mit) on the power consumption of the pellet mill amelquality of ob-
tained pellets. The tests were carried out on 2 Sg&nd with a working system of a pellet mill witfotating matrix. On the basis of per-
formed tests it was concluded that an increase isithe of the mass flux of densified material andremmease in rotational speed of the
matrix cause an increase in power consumption ofithéce and a reduction of the density and kirgicbility of obtained pellets.
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WPLYW G ESTOSCI STRUMIENIA MASY ZAG ESZCZANEGO SUROWCA ORAZ
PREDKOSCI OBROTOWEJ MATRYCY NA ZAPOTRZEBOWANIE GRANULATORA
NA MOC ORAZ JAKO SC OTRZYMANEGO GRANULATU

Streszczenie

W artykule opisano badania wplywestpici strumienia masy zagzczanego surowca (5,29 6,80 i 8,31 Regjroraz wplyw prdkasci obro-
towej matrycy (280, 330 i 380 obmin) na zapotrzebowanie granulatora na moc oraz alairzymanego granulatu. Badania przeprowa-
dzono na stanowisku SS-2 z ukladem roboczym granalatpiescieniow; obrotow; matrye;. Na podstawie przeprowadzonych bada
stwierdzonoze zwekszenie gstasci strumienia masy zagzczanego materiatlu oraz ziézenie prdkasci obrotowej matrycy powoduje
wzrost zapotrzebowania udzenia na moc oraz spadegstsci i wytrzymaldci kinetycznej otrzymanego granulatu.
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1. Introduction

In professional literature devoted to the subjeetter
of pelletisation, the quantity of material passihgpugh the
densifying working system and its influence on tioairse
of the process and the quality of the obtained pcb@ one
of the most important and most often described gsspa-

material (for the required density of agglomeraaables
the use of lower working pressure limits, as a ltesti

which the energy consumption of the densificatioocpss
is reduced. This is confirmed in research by Olgkdi[15,

16] concentrated on the densification of buckwinedls and
potato pulp, which show that increasing the ratthefmass
flux of the mixture through the working system bé tpellet

rameters. Among the most commonly adopted measidres mill from 50 to 100 kg/h caused a significant irase of the

the quantity of material passing through the waglégstem
there are [7, 13]:

» process efficiency (the mass of product obtainethat

output of the working system per time unit),

power consumption of the pellet mill [15] and auetion
of both the density and the kinetic durability @flpts [16].
According to Laskowski and Skonecki [11], increasthe
mass of the densified material causes a reductfothed

- efficiency per one opening (the mass of producgensity of the material in the chamber as welhasdensity

obtained at the output of the working system peetunit

per one matrix opening),

* mass flux density (the mass of product obtainethat
output of the working system per time unit per & ohthe

working surface area of the matrix).

Grover and Mishra [4] suggest that one of the nmost
portant parameters connected with the course otlémsi-
fication process is the size of the stream of thesing ma-
terial. Hejft [6], when comparing the efficiency thfe proc-
ess per one opening and the efficiency per surdadefor
which the unitary energy consumption of the proéegbe
working system is minimal, concluded that it may d=
sumed that efficiency per surface unit is the iattic of the
course of the process for a given material. Rebehsc
Ekielski [3] show that densification of agglomeratn be
achieved at various pressures. This is causedebfatt that
the times the material remains (exposition) in dmation
chambers differ. A reduction of the unitary flowtgaf the
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of the obtained agglomerate. On the basis of thaimdxd
results, Laskowski and Skonecki [11] concluded et
parameters of pellets from post-extraction rapeseedl
indeed depend on the mass of the sample and theetin
of the matrix chamber, and that similar relatiopshpertain
to the densification of wheat [11] and lupine [f24ins.
Another important parameter influencing the couws$e
the densification process and the quality of théaioled
product is the speed of the rotating elements efdiénsify-
ing working system (the densification rolls or tmatrix),
which is confirmed in many publications [10, 7, 2D&mu-
luru [21] claims that the speed of the matrix cdesably
influences the quantity of the densified matetiad energy
required for its densification, and the kinetic aluifity.
These changes are connected with the change dfntlee
the material remains in the matrix. Research byb@ad1]
shows that an increase of the rotational speetenfrtatrix
of the pellet mill causes an increase of the upifEower
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consumption of the process and a reduction of prioden-
sity. According to Stevens [18] increasing the tiotal
speed of the matrix from 150 to 268 rpm, when dgimng
grain fodder mixtures for pigs, did not influente tkinetic

where:

F. — total surface area of the flux of the mateniaf][
Fow — Surface area of a single matrix openingl[m
n — number of openings in the matrix.

durability of pellets. Thomas and his team [20]irolahat

high matrix speeds (approx. 10 m/s) are recommefoled  During the tests assessed were the influenceeofate
low-diameter pellets (3—6 mm), whereas lower speedgf the mass flux of the mixture (350, 450, and %&¢h,
(approx. 6=7 m/s) are recommended for pellets eatgr \hich caused changes of the density of the magsfithe
diameter and volume. According to Heinemans [5] tow  densified material of, respectively, 5.29, 6.80d éh31
tational speeds of matrices (4-5 m/s) are recomend kg/n?.s) and the influence of the rotational speed efitfa-

when densifying material of low density, in whichse
high amounts of air it contains must be removednduthe
densification process.

Hill and Pulkinen (1988) observed that industpallet
mills can work in a range of rotational speedshef tatrix
of 60-500 rpm. In the case of densification of alghe op-
timum rotational speed of the matrix is 187 rpm [Bhjis is
confirmed in research by Tabil and Sokhansan] fSthey
failed to obtain pellets of a satisfactory qualitym algae
at rotational speeds in the range of 501 to 565 #sroord-
ing to them, the optimum rotational speed of therixa

trix (280, 330, and 380 rpm) on the power consumnptf
the pellet mill and the quality of the obtainedgitsl

The tests were performed at a working gap between
densification roll and the matrix of 0.4 mm, andadength
of matrix openings of 52.5 mm.

The determination of the density and the kineticadil-
ity of pellets were performed 24 hours after decatfon.

The determination of the density of pellets was- pe
formed by measuring the height and diameter céédifit pel-
lets by means of a calliper with an accuracy o020mm
and determining their mass by means of a labordtaty

when densifying algae is 250 rpm [19]. According tognce with an accuracy of +0.001 g. Density wasutated

Pietsch [17], the typical speeds of densificatioltsrare 1—
16 rpm or 0.01-1.5 m/s). Inghelbrecht and Remon ¢]

the other hand, when densifying lactose powder,d use

speeds of the densification rolls in the range -eft3rpm.
Yoshida and his team [24] observe that as the wiferen-
tial speeds of the cylinders densifying wood chipge-
duced from 18.3 to 0.6 m/min (from 17.4 to 0.6 rpthe
density of the obtained product increases.

2. Purpose of the research

The aim of the research was to assess the infuehc
the density of the mass flux of the densified mateand
the rotational speed of the matrix on the powersaomp-
tion of the pellet mill and the quality of the ointad pellets.

3. Research methods

For the tests, DK-Finiszer all-mash feed mixtuiithva
moisture content of 16% was used.

The tests were performed in industrial scale, &2S
stand, presented in papers [13, 14], whose mamegieis
the working system of the pellet mill with a rotagiring
matrix. The SS-2 test stand enabling measuremehtren
cording of the: rotational speed of matrix, rotatibspeed
of densification roll and power consumption of modiiv-
ing the working system.

Feeding screw of the stand is driven by motor ected
to frequency converter. Owing to this, the mass o6 the
fed material is controlled by means of an infinitehriable
change of the rotational speed of the feeding schawthe
working system (between rotating matrix and deoatfon
rolls) the material is densified and leaves theesysin the
form of pellets. The smooth change of the rotafiGpeed
of motor driving matrix through a belt is achieviédough
the use of frequency converter.

The matrices used during the tests had 1017 ogenin

with a diameter of 4.8 mm. The density of the nfass of
the material densified in the matrix openings wafingd

= [kg/m? (3] (1)
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as the relationship between the mass of the pealladsthe
sum of their volumes.

The tests of the kinetic durability of the pelletgh the
use of Pfost's method were performed pursuant teRPN
64834:1998, and according to the methodology pteden
papers [20, 22, 23]. During the test, the testandber was
rotating with a rotational speed of 50 rpm. Theation of
the test was 10 min. The kinetic durabil®y, of the ob-
tained pellets was determined as the relationsbkipvden
the mass of pellets after test completion and sg\of
crumbled parts, and the mass of pellets befor¢ette

4. Results of the tests

Fig. 1 shows the relationship between the powaer- co
sumption of the device and the density of the nflags(the
rate of flow of the material), and the rotationpéed of the
matrix.

Increasing the density of the mass flux from 5.88131
kg/m’s (the rate of flow of the material from 350 to 550
kg/h) causes an increase of the power consumgfmnex-
ample. At a rotational speed of 280 rpm, the pooar-
sumption of the device increases by 3.68 kW; attational
speed of the matrix of 330 rpm, an increase ofpeer
consumption by 4.56 kW occurs; while at a rotaticespeeed

of the matrix of 380 rpm, the power consumptiorréases
by 5.44 kW.

The increase of the power consumption caused &y th
increase of the density of mass flux (the ratelmf fof the
material) is caused by the thickening of the layemate-
rial between the roll and the matrix in a singlesiécation
cycle, which causes an increase of the torqueeofrtatrix.
Increasing the rotational speed of the pellet fmolin 280 rpm
to 380 rpm causes an increase of the power consumgftthe
device. For example, at a density of the mass diu%.29
kg/n?s (the rate of flow of the material of 350 kg/et
power consumption increases byl.01 kW (from 1287 k
to 13.68 kW); at a density of the mass flux of 6kg@nTs
(the rate of flow of the material of 450 kg/h), thewer con-
sumption increases by 1.89 kW; while at a densftyhe
mass flux of 8.31 kg/fs (the rate of flow of the material of
550 kg/h) — by 2.77 kWw.
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On the basis of the performed tests, it was coeclutat the

550 kg/h) causes a reduction of the density ofepellFor

maximum value of the power consumption in the tksteexample, at a rotational speed of the matrix of 280, the

range of independent variables is 26.91 kW, whiée rhini-
mum value is 12.67 kW.
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Fig. 1. The relationship between power consumptibdevice and
density of the mass flux (rate of flow of the m&tr and rotational
speed of the matrix

Rys. 1. Zalinas¢ zapotrzebowania wgzenia na moc odegtosci

strumienia masy (natenia przeptywu surowca) i gitkasci obroto-
wej matrycy

Fig. 2 shows the relationship between the demdifyel-
lets and the density of the mass flux (the ratéasé of the
material), and the rotational speed of the matrix.
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Fig. 2. The relationship between density of pelbatsl density of
the mass flux (rate of flow of the material), anthational speed of
the matrix

Rys. 2. Zalnas¢ gestasci granulatu od gstasci strumienia masy
(natezenia przeptywu surowca) i gatkasci obrotowej matrycy

Increasing the density of the mass flux from 5@8.31
kg/n?s (the rate of flow of the materiflom 350 kg/h to
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density of pellets is reduced form 1245.91 kjtn1221.53
kg/n?. At a rotational speed of the matrix of 330 rphe t
density of pellets is reduced from 1234.29 kijtm 1206.6
kg/m?, while at a rotational speed of the matrix of 3pM,
the density is reduced by 11.07 kg/(from 1221.53 kg/rh
to 1195.28 kg/r).

The reduction of pellets density as the densitythaf
mass flux (the rate of flow of the material) incsea is
caused by the shortening of the time the mixturgiqo
remains in a matrix opening. The time of the actbmhigh
temperature on the mixture is shortened, whichahasga-
tive influence on the creation of stable bindingghe pro-
duced agglomerate. The shorter time the mixtureanesnn
the opening is also connected with the reductiotheftime
of relaxation of stresses in the formed pelletsictvthas a
negative influence on their density.

Increasing the rotational speed of the matrixhef pellet
mill from 280 rpm to 380 rpm causes a reductiothefdensity
of the obtained pellets. This reduction is conreketith the
fact that as the rotational speed increases, émegitary por-
tion that is fed into a matrix opening in a sindensification
cycle is reduced. As the rotational speed incredsesumber
of layers in the created pellet increases, loweiltmglensity.
For example, increasing the rotational speed fr&drgEm
to 380 rpm at a density of the mass flux of 5.2fKg (the
rate of flow of the material of 350 kg/h) causeeduction
of the density by 24.39 kgfin(from 1245.91 kg/rh to
1221.53 kg/r).

The maximum value of the density of pellets in témsted
range of variables is 1286.75 kd/mwhile the minimum
value is 1195 kg/f

Fig. 3 show the relationship between the coefficaf ki-
netic durability and the density of the mass flthe(rate of
flow of the material), and the rotational speethefmatrix.

On the basis of the performed tests (fig. 3) it ba con-
cluded that an increase of the density of the rfhas¢the rate
of the mass flux of the material) and the valuthefrotational
speed of the matrix cause a reduction of the abefii of ki-
netic durability of pellets.

The value of the coefficient of kinetic durability pel-
lets decreases as the density of the mass flugases from
5.29 to 8.31 kg/fs (the rate of flow of the materiédlom
350 kg/h to 550 kg/h). Hence, at a rotational speethe
matrix of 280 rpm the coefficient of kinetic durbtyi of
pellets decreases from 93.68% to 90.93% (a reduaifo
2.75%). At a rotational speed of the matrix of 38, the
coefficient of kinetic durability of pellets decsss from
91.93% to 89.16%, while at a rotational speed efrttatrix
of 380 rpm — from 90.34% to 87.57%. The reductibthe
coefficient of kinetic durability of pellets as tliensity of
the mass flux (the rate of flow of the materialjrieases is
caused by the shortening of the time a mixtureiponte-
mains in matrix openings. This has a negative arfte on
the creation of stable bindings in the producedaggrate,
and thus its kinetic durability is reduced. The rédotime
the material remains in the opening is also comttutith
the reduction of the time of relaxation of stresgeghe
formed pellets, which has a negative influence hair tki-
netic durability. This is confirmed in research Bgmuluru
[21] and Czabana [1].
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Fig. 3. The relationship between coefficient ofdtin durability
and density of the mass flux (rate of flow of thatemial), and rota-
tional speed of the matrix

Rys. 3. Zaltnasé wspétczynnika wytrzymaia kinetycznej granu-
latu od @stoici strumienia masy (hafenia przeptywu surowca)
i predkasci obrotowej matrycy

The performed tests shown that the highest remucf
the coefficient of kinetic durability of pelletsé®nnected with
the increase of the rotational speed of the mdtor.example,
increasing the rotational speed of the matrix efpbllet mill
from 280 rpm to 380 rpm causes a reduction of tedficient
of kinetic durability of pellets by 3.34%, from 8% to
90.34% (at a density of the mass fitix5.29 kg/nis). At a
density of the mass flux=6.31 kg/nis (the rate of flow of
the material of 450 kg/h) the kinetic durabilitytbe pellets
decreases from 92.12% to 88.77% (by 3.35%), wttila a
density of the mass flux of 8.31 kgfen(the rate of flow of
the material of 550 kg/h), the coefficient of kinedurability
is reduced by 3.36% (from 90.93% to 87.57%).

The reduction of the coefficient of kinetic dutdbiof pel-
lets as a result of the increase of the rotatispeéd of the ma-
trix is connected with the reduction of the eleragniportion
of material fed into a matrix opening in a singlnsification
cycle. This increases the number of layers in thdyzed pel-
let (the number of surfaces of pellet division @ases), which
lowers its durability properties.

5. Conclusions

1. Increasing the density of the mass flux of the dies
material from 5.29 to 8.31 kés" and increasing the rotational
speed of the matrix from 280 to 38Gnin" cause an increase
of the power consumption of the device and a rednaf the
density and the coefficient of kinetic durabiliti/tbe obtained
pellets.

2. The maximum value of power consumption in the tested??]

range of independent variables is 26.91 kW, whigerhinimum

value is 12.67 kW.

3. The highest reduction of the density and the adefit of

kinetic durability of pellets is connected with timerease of the
rotational speed of the matrix.

4. The maximum value of the density of pellets in tbsted
range of variables is 1286.75&y, while the minimum value
is 1195 k™.

5. The density of the mass flux of the material mayabeepted
as one of the more important measures of the dquaiftpellets
flowing through the working system of the pelletlmi

6. References
(1]
(2]
(3]
(4]

Czaban J.: Ghieniowa aglomeracja pasz w ukiadzie roboczym dganu

tora. Praca doktorska. Politechnika Biatostock@020

Demianiuk L.: Brykietowanie rozdrobnionych matesiat raslinnych.

Praca doktorska. Politechnika Biatostocka, Biak/s2001.

Ekielski S.: Podstawy energoosadaego formowania suszu z zielonek.

Prace Naukowo-Badawcze IBMER, 1994.

Grover P.D., Mishra S.K.: Biomass briquetting: tealbgy and practices,

Regional Wood Energy Development Programme in Aisid, document

no. 46, Food and Agriculture Organization of thatéthNations, Bang-

kok, Thailand, 1996.

Heinemans H.: The interaction of practical expegeand the construc-

tion of new pelleting and cooling machinery. Advesiéin Feed Tech,

1991, 6: 24-38.

Hejft R.: Cénieniowa aglomeracja pasz i podstawy konstrukejidme

granulujico-brykietugcych. Rozprawy Naukowe Politechniki Biatostoc-

kiej, nr 11, Bialystok, 1991.

Hejft R.: Cinieniowa aglomeracja materiatéwslionych. Biblioteka

Probleméw Eksploataciji. ITE Radom, 2002.

Hill B, Pulkinen D.A.: A study of the factors aftery pellet durability

and pelleting efficiency in the production of defagdd alfalfa pellets.

Saskatchewan, Canada: Saskatchewan Dehydratorsatissn 1988.

[9] Inghelbrecht S, Remon JP.: The roller compactiodifiérent types of
lactose. International Journal of Pharmaceutic381966, 135-44.

[10] Kaliyan N., Morey R.V.: Factors affecting strengttd durability of den-
sified biomass products. Biaomass and Bioenerd9,2B, 337-359.

[11] Laskowski J., Skonecki S.: Wplyw parametrow komanasy materiatu na
zag:szczanie nasion tubinu.ymieria Rolnicza, 2005, Nr 7(67), 101-108.

[12] Laskowski J., Skonecki S.: Wptysvednicy komory i masy probki na
zag:szczanie poekstrakcyjnejruty rzepakowej. laynieria Rolnicza.
2006, Nr 6 (81), 15-23.

[13] Obidziaski S., Hejft R.: Wptyw parametréw aparaturowo-jsmyych
na naciski zaggzczajce w procesie granulowania paszzyhieria
Rolnicza, 2007, 5(93), 313-319.

[14] Obidziaski S., Hejft R.: Wptyw parametréw techniczno-tealogicznych
procesu granulowania pasz na fgkotrzymanego produktu. Journal of
Research and Applications in Agricultural Enginegr2012, Vol. 57 (1),
109-114.

[15] Obidzinski S.: The evaluation of the power consionpof the pellets
production process from the plant materials”. TEK&m. Mot. Energ.
Roln., 2013, Vol. 13, No. 2, 73-78.

[16] Obidzinski S.: Utilization of post-production wasté potato pulp and
buckwheat hulls in the form of pellets. Polish daliof Environmental
Studies, 2014, Vol. 23, 1391-1395.

[17] Pietsch W.: Granulate dry particulate solids by gaction and retain key
powder particle properties. Chemical Engineerinogfass, 1997, April:
24-46.

[18] Stevens C.A.: Starch gelatinization and the infleenf particle size,
steam pressure and die speed on the pelletingssrdel.D. dissertation.
Kansas State University, 1987.

[19] Tabil Jr L, Sokhansanj S.: Process conditions tiffig¢che physical qual-

ity of alfalfa pellets. Applied Engineering in Agulture, 1996, 12,

345350.

Thomas M., Van Zuilichem D.J., Van Der Poel A.FBhysical quality

of pelleted animal feed. 2. Contribution of proessand its conditions.

Animal Feed Science Technology, 1997, 64, 173-192.

(5]

(6]

(7]
8l

(20]

[21] Tamuluru J.S.: Effect of process variables on #reitly and durability of

the pellets made from high moisture corn stopersygitems Engineering
2014, 119, 44-57.

Walczyaski S.: Poréwnanie metod oznaczania wytrzyduakinetycznej
granulatéw. Pasze Przemystowe, 1997, Nr 11/12917-1

[23] Walczyaski S.: Niektére wiciwosci surowcow i mieszanek paszowych

oraz metody ich oznaczania. Pasze Przemystowe, RB@13, 7-9.

[24] Yoshida T., Sasaki H., Takano T., Sawabe O.: Deingteof high-

moisture wood chips by roller. Biomass and Bioepe?§10, 34, 1053-
1058

This research was financed from funds assigned for statutory activity SWBi18/5/2014.

Stawomir OBIDZINSKI, Roman HEJFT, Jolanta PIEKUT

62

,Journal of Research and Applications in Agricultural Engineering” 2015, Vol. 60(1)



