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PRESSURE AGGLOMERATION OF PLANT MATERIALS — PELLETI

NG AND

BRIQUETTING (PART II)

Summary

The aim of this paper was to design and build (coicsibn and instrumentation) a stand for testing throcesses of pelleting and
briquetting of plant materials of agricultural arfdod origin. A prototype pelleting and briquettidgvice was the main element of the
stand Its instrumentation in control and measurgggipment allows to densify different mixtures ahpmaterials, including waste from
food and fish processing in order to design newrieifgies for the production of pelleted and brigedtfodder and ecological solid
fuel. This also makes it possible to test innoeatenstructional and operational solutions for pelmills with the "flat matrix-
densification rolls" system and to determine th#uence of technical and technological parametefshe pressure agglomeration
process (pelleting, briquetting) of plant materiats order to optimize both the energy consumptiod ¢he quality of the obtained

product.
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CISNIENIOWA AGLOMERACJA MATERIALOW RO ,SITINNYCH — GRANULOWANIE
| BRYKIETOWANIE (CZ ESCII)

Streszczenie

Celem pracy byto opracowanie projektu i wykonanist@eienie i oprzyrzdowanie) stanowiska do batl@rocesu granulowania i bry-
kietowania materiatow réinnych pochodzenia rolno-sppvczego. Giéwnym elementem stanowiska byto prototypa@zenie granu-
lujqco-brykietugce. Oprzyrzdowane w aparatur kontrolno-pomiarow stanowisko pozwala na zgggczanie rénych kompozycji mate-
riatéw roslinnych, w tym odpadowych z przetworstwa rolnozgmezego celem opracowania nowych technologii wytwasizgranulo-
wanych i brykietowanych pasz oraz ekologicznegavpaditatego. Pozwala réwni@a badanie innowacyjnych rozygei konstrukcyjno-
eksploatacyjnych uktadéw roboczych granulatoréw resysm ,ptaska matryca - rolki zagzczajce” i okreslenie wptywu parametrow
techniczno - technologicznych procesénigniowej aglomeracji (granulowania, brykietowaniaateriatow raslinnych celem optymali-
zacji zarowno energochtonsa procesu jak i jakéci otrzymanego produktu.

Stowa kluczowegranulowanie, brykietowanie, stanowisko badawczask# matryca

1. Introduction

Each year, the agricultural and food industry glaiRd
generates over 10,000,000 tonnes of waste, whighutr
lized [4].

EU’s approach to the utilization of waste is basadhe
following three rules [15]:

- preventing production of waste,
- recycling and reusing of waste,
- facilitation of ultimate waste disposal and moriitgr

The current ecological policy of Poland and theidia
al Waste Management Plan 2014 for the years to crme
also compatible with EU guidelines [15].

According to the 2012 GUS, in the years 2010-20&1
proportion of recycled waste decreased by 9.2%lewthie
proportion of stored waste increased by 21.1% myari-
son to the years 2000-2005. These data suggesttessi-
ty to develop technologies for waste processing useful
products [1].

In Poland, the use of post-production waste frewe t
agricultural and food industry as raw material &vergy
production is legally sanctioned by, for instartbe, August
14, 2008 Minister of Economy Ordinance, which poaes
obligation to increase the proportion of energyrfreenew-
able sources, i.e. the so-called "green energyRdland's
fuel and energy balance [16].

The type of industrial waste that should be &iizn-
cludes post-production waste obtained in the psEe®f
processing of agricultural and food materials, §§, 13]:
buckwheat hulls obtained during the production afads,
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rapeseed pellet obtained during the productiorapgroil,
potato pulp which is a byproduct of starch produetil5],
corn bran obtained during the production of flond ather
corn products, fruit pomace obtained during thedpobion
of fruit juice, and many more.

These types of waste can be utilized as poterdial
material for reuse as, for instance, fodder mdteniaaw
material for the production of alternative fuels.

One of the methods of utilization of plant wasteits
pelleting or briquetting (pressure agglomeration)io the
case of dusty agricultural and food waste, honqunesag-
glomeration, or two-stage agglomeration, i.e. nogspure
agglomeration and subsequent pressure agglomelabn
leting or briquetting).

2. The technological process of solid fuel produatn
(pellets, briquettes) from processing of agricultual and
food waste materials

The course of the technological process of saliel f
production (pellets, briquettes) from agricultueald food
processing waste materials is presented in fig. 1.

The mechanism of densification (pelleting, briquietty)

The following are the known types of physico-cheahi
| bindings in the process of pressure agglomeraifgulant
materials [5, 6]
- attraction between molecules of solid bodies (van d
Waals, electrostatic),
- surface, at the border of the solid and the lighidse,
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- adhesive, occurring in the adsorption layer,

- cohesive, manifesting in the creation of bridges;uo-
ring during sintering, concentration of binder nnete
fusing, and crystallization of dissolved substances

Biomass

eg. cereals straw, oilseeds straw, plant stemns, sawdust, reed,
buckwheat husk, potato pulp, wood chips, bark, wood dust, paper

i
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Source: own work Zrodio: opracowanie wasne

Fig. 1. Scheme of the technological process ofisiéel produc-
tion (pellets, briquettes) from processing of agjtioral and food
waste materials

Rys. 1. Schemat procesu technologicznego wytwarzaadiav
statych (granulatu, brykietéw) z surowcéw z przetwdastaino-
spaywczego

The high diversity of plant materials as far asrthéo-
logical structure, chemical composition, physicalgerties
are concerned, in addition to their tendency toeugd
changes during the pelleting and briquetting preegspose
difficulties in determining the dominant types dhdings
(this pertains mainly to mixtures of various compois).
For example, straw is among the materials that'difé-
cult" both to pelletize and briquette. Hence thenatous
attempts to discover methods that would facilithie pro-
cess. Among others, destruction of the cellulogeti
complex of straw may simplify the process consitgra
This can be realized by means of chemical metheds,
leaching with sodium compounds, treating with linae-

The granulometric composition of shredded matéwgs an
influence on the proportion of internal bindingsdng the
particles, thus creating the solid form of the pratd

Drying

Drying is optional. It is necessary when moistoom-
tent of a pelleted or briquetted material excee8<21%.
Biomass can be used as dryer energy, by burnimgthie
dryer drum, or solar energy from solar thermaleitbrs.
Mixing

Drying the material to the required moisture catte
level requires high amounts of energy.

The method of mixing a high-moisture material with
dry material can be a compromise solution. A highsture
content of one of the materials will result in stag the
mechanism of particle binding (of the dry matesaalwell)
through liquid bridges. Considering the fact thatai dry
shredded plant material there is often a large gntam of
particles smaller than 1 mm (e.g. straw - an eséthaev-
eral (up to 20) per cent), then when mixing, thacfion is
subjected to non-pressure agglomeration throughinga
creating initially densified, many times larger bmgerates.
The non-pressure agglomeration mechanism consists i
forming a pellet from a dusty material around tledlgi nu-
cleus. For example, a ratio of 25% of material veittois-
ture content of 50% to 75% of material with a maist
content of 10% will produce a mixture with a moisteon-
tent of approx. 20%, thus making it fit for furthgressure
pelleting or briquetting. It should also be addedt tduring
the process, a further reduction of moisture canbeours,
by several per cent, so the obtained product ilfjliality
conditions.

Pressure agglomeration - pelleting, briquetting

The high dynamic loads of pelleting and briquettays-
tems result in their relatively high energy constimpand
quick wear (at simultaneously high production cpsts

Research studies, carried out by a team of reseic
make it possible to promote low throughput univedea
vices for pelleting and briquetting of plant maagrcapable
of producing ecological solid fuel (also from wasas well
as industrial fodder in medium and large homesteaidms
small and medium plant material processing pla8ts9]
10]. Therefore, special attention should be paitaoking
systems with a flat immovable matrix (a simple dasifor

monia; biological methods, e.g. adding enzymes or mmany products, the matrices may be used on bo#s;sid

crobes to straw; physical methods, e.g. throughatiten
of steam (steaming of straw, gamma ray energy; elas
through mechanical treatment.
guetting) of biomass with a proportion of, for exden
shredded cereal grains (a starch content - bindeemnal),
the proportion of bindings stemming from cohesioecés
is important. When briquetting shredded straw, raeatal
bindings occur. Durability of pellets depends orchamnical
engaging and wedging of particles, internal friatibe-
tween particles, binder materials, and capillargés.

Shredding

The average particle size of pelleted or briquettate-
rial has a significant impact on the course of fphecesses
and the quality of the product. With a certain appmna-
tion, it can be initially assumed that the averpgeticle
size equals about 0.5 of the diameter of a matpenang.
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straightforward replacement of the matrix and tbegifica-
tion rolls; a significantly lower price in compagis with

During pelleting -(bri other designs, etc.).

The course of the process of pressure agglomarafio
plant materials and its energy consumption arauémfted
by a range of factors, which can be divided int® fillow-
ing groups [2, 3, 6, 7, 11, 12, 14, 17, 18]:

- chemical and biological factors, e.g. chemical cositjpn
of the densified material, biological structurepafticles,

- material factors - connected with preparation ofeamal
for the densification process, e.g. moisture cantdrthe
material, its temperature, granulometric compositid the
particles of the densified material,

- process factors - connected with the course oflémesi-
fication process, e.g. densifying pressures, flate of the
densified material, densification speed, processptra-
ture, conditioning of the densified material,
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- construction factors, e.g. matrix diameter; diameted
number of densification rolls; diameter, lengthd aondi-
tion of matrix openings; size of the gap betweenratrix
and the rolls, etc.

3. The aim of this paper

The aim of this paper was to design and build $troc-
tion and instrumentation) a stand for testing pielte and

briquetting of plant materials of agricultural aridod
origin.

4. Research methodology

Fig. 2 shows the construction of a stand for mesthe
processes of pelleting and briquetting of plantemals of
agricultural and food origin.

a)

b)

Source: own work Zrodlo: opracowanie wiasne

Fig. 2. Test stand with a new prototype pelleting ariquetting device with a flat immovable matfb0]: 1 - mixing-pelleting-feeding
system, 2 - drive of the mixing-pelleting-feedingtem (proMOTOR MS7124 0.37 kW 1370 rpm electric anaoupled with proMO-
TOR PM 50 1:20 reducer), 3 - material charge tortireng-pelleting-feeding system, 4 - fixing framer the mixing-pelleting-feeding
system, 5 - material chute for the working systdrthe pellet mill, 6 - working system of the peltgill, 7 - outlet for pellets from the
working system, 8 - drive of the pellet mill (oroMOR YX3-180L+B3 IE2 22 kW 1470 rpm electric motor),- €lutch, 10 - Mi20
torque meter, 11 - toothed gear with a ratio of7,:62 - base, 13 - ABB ACS 800-01-0040-3+E202 végiflequency drive, 14 - feeder,
15 - feeder drive (NORD SK-80LH/4 TF 0.75 kW 141%nrelectric motor coupled with NORD SK 15/50 1:30ueet), 16 - WT-1
torque and force indicator, 17 - METROL KWS 1083 idevfor measuring active power, 18 - Spider 8 (lAgtr Baldwin Messtechnik)
recorder, 19 - PC computer

Rys. 2. Stanowisko badawcze z nowym prototypowygdagziem granulujco-brykietugcym z ptask nieruchomy matrye;: 1 - ukiad
mieszajco-granulugco-dozugcy, 2 - napd uktad mieszao-granulujco-dozugcego (silnik elektryczny proMOTOR MS7124 o mocy
0,37 kW i pedkasci obrotowej 1370 obr/min pgtzony z reduktorem proMOTOR PM 50 o przetiu 1:20), 3 - zasyp surowca do ukiad
mieszajco-granulupco-dozugey, 4 - rama mocypa uktad mieszafo-granulujco-dozugey, 5 - wsyp surowca do uktadu roboczego
granulatora, 6 - uktad roboczy granulatora, 7 - wysgranulatu z uktadu roboczego, 8 - mdpgranulatora (silnik elektryczny
proMOTOR YX3-180L+B3 IE2 0o mocy 22 kW ieqkasci obrotowej 1470 obr/min), 9 - smgto, 10 - momentomierz Mi20,
11 - przektadnia gbata o przetéeniu 1:6,7, 12 - podstawa, 13 - przemiennilgstaliwaici ABB ACS 800-01-0040-3+E202,
14 - dozownik, 15 - nad dozownika (silnik elektryczny NORD SK-80LH/4 TFaxyn0,75 kW i mrdkasci obrotowej 1415 obr/min
polgczony z reduktorem NORD SK 15/50 o pemias 1:30), 16 - wskaik momentu obrotowego i sity WT-1, 17 -qazenie do
pomiaru mocy czynnej METROL KWS 1083, 18 - rejest@pider 8 (Hottinger Baldwin Messtechnik),19 - poier PC
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The main element of the stand was a prototypefiad
and briquetting device.

The drive of pellet mill 6 consists of electric too 8
(proMOTOR YX3-180L+B3 IE2, power 22 kW, rotational
speed 1470 rpm), whose torque is transferred tshhé of
pellet mill 6, through two-clutch system 9 (betweghich
torque meter 10 is mounted), through conical tobthear
11, to the shaft of pellet mill 6. Rotational speddhe shaft
of pellet mill 6 is controlled by variable frequendrive 13
(ABB ACS 800-01-0040-3+E202 variable frequency dyiv
coupled with electric motor 8.

Feeding the densified material to the working eysof
pellet mill 6 was executed by using screw feedenill#bse
drive 15 is a NORD SK-80LH/4 TF electric motor, paw
0.75 kW, rotational speed 1415 rpm coupled with th
NORD SK 15/50 reducer with a ratio of 1:30). Scifeed-
er 14 is also equipped with a variable frequenciyedr
which makes it possible to change the amount ofrizdt
fed to the working system of pellet mill 6. Fromrese
feeder 14 the material, through charge 3, readfemside
of mixing-pelleting-feeding system 1. The drive teys of
mixing-pelleting-feeding system 1 is electric mo®(pro-
MOTOR MS7124 electric motor, power 0.37 kW, rotatio

al speed 1370 rpm, coupled with proMOTOR PM 50 reld]

ducer with a ratio of 1:20), whose drive is transfd
through a chain transmission to the shaft of mixing
pelleting-feeding device 1. From mixing-pelletingetling
device 1, the material reaches the working systepelbet
mill 6 (between the flat immovable matrix, opergtinith a
replaceable rotating system of two (or three) beari
supported densification rolls, pumped into matgenings.
The pellets leave the working system of the petfet
through outlet 7.

The stand was instrumented in a universal meter fo
measuring the energy consumption of pellet mill 17

(METROL KWS 1083, a device for measuring active pow
er), a torque and force indicator 16 (WT-1 type)d ae-
corder 18 (Spider 8 by Hottinger Baldwin Messtekhni
coupled with computer 19. Signals from meter forame-
ing the energy consumption of pellet mill 17 anohfrindi-
cator of torque and force indicator 16 are convelyede-
corder 18, in the form of binary files, which arether pro-
cessed using Microsoft Excel and Statistica 10.@Bft-
ware.

5. Conclusions

The presented test stands allows to:
1. Test the process of densification of various miesuof
plant materials in agricultural and food processinglud-
ing waste, in order to create new technologiesrodipction
of pelleted and briquetted fodders and ecologictd guel.
2. Study innovative constructional and operationalusol
tions of working systems of pellet mills with th#iat ma-
trix-densification rolls” system.
3. Study the influence of technical and technologjoal
rameters of the process of pressure agglomeragiettet-
ing, briquetting) of plant materials in order totiogize both
the energy consumption and the quality of the olethi
product.
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