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Abstract: In this contribution the study of recycling techndogy
for plastic wastes and material valorization by brguetting
technology is described. Various type of wastes (wd, carton,
paper, plastic, textile) were processed by two-shafind single-
shaft shredders to obtain the output product 1-2 nliimeters,
which is suitable for briquetting process. For samfes
manufacturing the briquetting equipment developed m Slovak
University of Technology in Bratislava was used. Thériquettes
were pressed from 5 different samples of compoundenhaterial
containing plastic, carton, textile, wood and othertype of waste
material. Technological test showed that briquetting of the
municipal waste the higher pressing temperature andompacting
pressure should be applied. For quality evaluationof the
manufactured briquettes the density and strength poperties
were determined. The mechanical strength of briquaées from
refuse derived fuels increased after mixing it withwood and
paper wastes. The influences of the different paranters (fraction
size, moisture content, compacting pressure and tgrarature) to
briquette quality were presented.
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| INTRODUCTION

Environmental protection and material
important matters today. For renewable energy messu
utilization the briquetting technology is used. Biass based
fuels are utilized in many countries [1, 2]. Britpes are
produced not only from biomass, but also from défe type
of wastes like papermill, plastic and other comiilstwastes
[3]. Different type of briquetting equipment ands it
modifications are under development [4]. Alternatifuels
like biomass are making breakthrough to energyosefcir
production of green energy [5]. Currently in Estotiie refuse
derived fuels (RDF) fuels (milled plastic packagingste) are
used in rotary cement kiln by blowing the milledmmounded
plastic particles (25 mm) into the burning chamber.the
future these wastes could be grinded and briquetted
gasification in power stations for production oégn energy.

Before the waste briquetting pre-conditioning ofe th
material is necessary. First step is processingnohicipal
waste by disintegrator mills for the size reducti@maller
particle size enables to obtain better propertfeth@ product
by drying, mixing and briquetting. Mixing of milleglastic
waste with other biological materials (wood sawdystper,
etc.) leads to better briquette pressing as wellgeesater
calorific value. Before briquetting the material istare
content should be reduced by drying process. Lon@sture
content improves briquetting process.

recycling are

Briquetting is the most known and a widely spread
technology of materials compacting. The technolagpes
mechanical and chemical properties of materialsaimpress
them into the compact shape (briquettes) withowatgesof
additives or binders in the high pressure compgapirocess.
Briquetting is mostly used for compacting of biomas
(sawdust, wood shavings, bark, straw, cotton, pagier). The
biomass undergoes the process of briquetting, whitgh
pressure and a temperature simultaneously act thgomass,
the cellular structures within the material relekgein, which
binds individual particles into compact unit - hréjte.
Briquetting, however, can be also used for compgctf
compounded plastic waste or municipal waste etc.

Briquetting is executed by briquetting presses. iriagerial
is pressed into the pressing chamber with high emtipg
pressure and high pressing temperature.

For briquette quality control, the physical paragngt such
as density, moisture content and compressive stiemgere
found to be the best indicators of additive qudkitly

In this contribution the study of recycling techogy for
plastic wastes and material valorization by britjogt
technology is described.

I EXPERIMENTAL

A Sizereduction of the wastes

The two-shaft and four-shaft shredders and comioimat
with single shaft shredders are generally used dize
reduction of different type of waste material ordeor life
products. Principle of mechanical size reductioncpss is
very simple. Rotorblades of the one rotor rotat&iregj cutting
elements of the second rotor. Cutting elementsotdrs are
catching material and cut output fraction. Dimensioof
material before disintegration are hundreds of iméters.
The size of output fraction after first step ofidisgration is
tens of millimeters. Productivity of disintegratianachines
depends on dimensions of machine, rotation velpsiae and
shape of input fraction. Productivity could be hred to
thousand kilograms per hour. In the Fig. 1 is ppatscheme
of two-shaft shredder.

Disintegration in single shaft shredder follows eaft
disintegration in two or four shaft shredders. Ehisrgrinding
process in the single shaft disintegration machi@etput
fraction passes through the screen. Screen is mdwmder
rotor and it assures homogeneity of output fractibime size
of output product is 1-2 millimeters. This produstsuitable
for briquetting process. Productivity of single-&hshredders
is from hundreds to thousand kilograms per hour &nd
depends on, size of openings in screen, cuttinggesedn the
rotor, rotation velocity etc.
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Fig. 1 Principal scheme of two-shaft shredder

B Briquetting equipment

Briquetting is executed by briquetting presses (Sigg2).
On the right picture the circle shows the place neheeating
equipment should be inserted.

Compacting process of the plastic and municipaltevago
the briquette is not as simple as it is in the azderiquetting

of biomass waste, because municipal waste (plaggesile,

etc.) does not contain great amount of biologicaterals and
therefore does not contain lignin — which is ndtbiader. For
briquetting of the municipal waste the higher piregs
temperature and compacting pressure should becappli
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Fig.2 Mechanical (cranked) briquetting press [7]

C Evaluation of briquetting parameters
Density is an important parameter which

energy/volume ratio. Hence,
desirable in terms of transportation, storage amutlling [6].

The density of biowaste briquettes depends on émsity of
the original biowaste, the briquetting pressure, and certain

extent, on the briquetting temperature and time.
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briquetting process. The higher the density, ttghéi is the
high-density producte a

The density of the briquette is calculated accardm

v, 1)

Pn

whereVy is briquette volume;
my is briquette weight.
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The compression strength of briquettes in cyliralrghape
is determined by cleft failure (see Fig. 3). Britjaas placed
between round dies of press where it is equallypressed by
increasing the compression force till the cleftcfrae. For
testing only the compacted and intact briquettesuksh be
used. Maximization of the applied force leads toréase of
stresses inside briquettes until the specimenré&aihy cleft.
Determined maximum value specifies briquette cosgion
strength. The ratio between maximal applied congioes
force and briquette length is the indicator of coesgion
strength.

)
7

Fig. 3 Testing of briquette compression strength in dkgftire conditions

The compression strength of the briquette is catedl using
formula

)

where op, is briquette strength in cleft-fracture conditso
Fmax iS maximal applied force during the test ;
Ly is briguette length.

63 MPa

159 MPa

[l RESULTS AND DISCUSSION

A Technological tests with Briquettes

The briquettes were made from various compounded
materials. For samples manufacturing the briqugtiimess
(See Fig.1) developed in Slovak University of Tealbgy in
Bratislava was used.

Several tests to estimate the influence of compacti
pressure to briquette quality were performed.

The results are presented in the Fig. 4. Briqudttas the

same type of material (wood sawdust) with sametifracsize
with  same moisture content were experimentally
manufactured at same pressing temperature by aliogiy
one parameter - compacting pressure. As it follbrm Fig.
4 the briquettes manufactured at lower pressute®fpieces.
Briquettes produced at higher pressures are censisind
compact. The briquettes density is also increasingigher
compacting pressures.

Therefore the wood and paper wastes have to bedadde
the plastic and municipal waste. These materiai¢ato lignin
and help to bind the particles together into théyumstte.
Lignin acts also as stabilizer of cellulose molesuin cell
wall. The more lignin the material contains the enof it can
be released to produce briquettes with higher tyualihe
higher concentration of lignin assures better kaitpistrength.
High pressing temperature is needed also for plaatid
municipal waste plasticization. Briquetting presaes mainly
manufactured without heating equipment. Therefdreisi
recommended to attach the heating equipment to
briquetting press for briquetting of plastic andmuipal waste
(Fig.2). It will increase the quality of the brigte

the

191 MPa 254 MPa

Fig.4 The effect of the compacting pressure to briquetaity [7]
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Fig. 5 Briquettes from various compounded materials
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The briquettes were pressed from 5 different sasnplie
compounded material containing plastic, cartontilixwood
and other type of waste material.

1. sample — RDF from mixed municipal waste consiste®8
% wood chips from soft wood, 45 % disintegratedtarar
waste, 11 % disintegrated PET bottles, 6 % textdste

2. sample — RDF with addition 20 % of disintegratadton
waste

3. sample — RDF with addition 4 % of cement

4. sample — RDF with addition 20 % of wood sawdust

5. sample — RDF clear, without any additions

can begin to burn. With increasing of pressing terapre
when compacting pressure is constant the higharegabf
briquette strength could be achieved, but onlyhe some
extent.

Second important factor which influence mainly hetie
strength is compacting pressure. Briquettes stheimgireases
with increase of the pressure of the process. Btigustrength
can be increased only to the strength limit of caatimg
material. Briquette strength has impact on brigudtirability,
because when the strength increases the absormtion
atmospheric humidity decreases. Compacting presswery

The briquette samples pressed from compounded wastéeresting and also very complicated parametemgiazting

material are presented Fig. 5.

From each group of the samples (1...5) the qualityesen
briquettes was evaluated. Briquettes must be ednal
composition; cracks and fine particles separatioa aot
acceptable. The diameters and length of each ht&ueere
measured before testing. Briquettes with highersite have
longer burning time. The briquettes were placedvbeh two
round dies of testing press about diameter 30 mthe@entre
of the die surface. The results of the briquetesting are
presented in Tablel.

TABLE 1.
RESULTS OF THE BRIQUETTES TESTING

No of Density of briquette, Strength of the Briquette
Sample kg/m® (cleft), MPa
1. 961 10,9
2. 779 20,3
3. 814 45,0
4. 675 15,7
5. 729 30,3

As it follows from the test results the mechangta¢ngth of
the briquettes obtained from only RDF wastes watedaw.
Mixing the municipal waste with wood and paper wwast
increases both tested parameters of briquettes.

B Evaluation of the physical parameters in briquetting
process

One of the important factors is pressing tempeeatnich
has significant impact on briquette quality andesgth. This
parameter influences the excretion of lignin fromlldar
structure of wood. Lignin plays very important rola
compacting process; it has function of joining fitres of
pressed material. In Fig. 6 the dependence of tigudite
strength on pressing temperature is demonstrated.

As it appears from the graph, it is not necessaryse the
highest pressing temperature. The optimal pressir
temperature is in that part of the curve where rtfeximum
briquette strength properties are achieved. Wheer
temperature is lower than optimal value the brituest
unstable, has lower strength which causes fasteaydéy
burning. Also the briquette burns shorter time &s$ heat is

th
Fig.7 Dependence of brigquette density on compactingspresat various
temperatures [8]

pressure can be affected by various parameterstymg. of
pressing material; temperature in pressing chamiatgrial
temperature; dimensions (length, diameter) and ehap
pressing chamber; compacting procedure. Compacting
procedure has impact on layers distribution indeite and so
on briquette strength. In Fig. 7 the dependencérimfuette
density on compacting pressure is described. Tifereince of
compacting of warm material (200 °C) and matertatcmm
temperature (20 °C) are pointed out. The pressingigh
temperature enables to obtain the briquettes wigtteb
densities at lower pressures. Briquettes have mmifshape
and volume without visible cracks and scratches.
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Fig.6 Dependence of briquette strength on pressing tehpe [8]
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Third important factor is moisture content, whichpdnds

generated in the process. By increasing the pm@ssig, the material type and specific properties. S#ver

temperature the volatile elements can be burned fraun

experiments were done to measure the influence aiénal

pressed material. Usage of higher compacting teaipe&’s isture content at briquetting process. From the B it

will cause the escape of volatile elements or [mgsaterial
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content should be reduced before briquetting byindry
process.
Lover moisture content improves briquette quality.

follows that the optimal material moisture conténtin the
interval from 10 % to 18 %. These values are alsergin
scientific papers about suitable values of matemaisture
content for briquetting. Dependence of the briqudtnsity on On the “fourth” place in the influence influenceatation
briquette moisture content is shown in Fig. 8. Afollows graph (Fig.6) is compacting pressure, which isofeétd by
from the graph, briquettes with lower moisture emtthan fraction size. Influence of compacting pressurériquetting
10% or higher then 18% are not suitable for subsefju process is described earlier in this paper. Fradtipe has also
burning process. Either if material moisture canhtis very very high influence at briquetting process. Thersea the
low or very high (it means out of interval 10-18%jaterial fraction is the higher compacting power is needed f
elements are not consistent and briquette is pllonpieces. briquetting. Briquette has lower homogeneity anabiity.
When the material moisture content is very highe thWith increasing the fraction size the binding fardéeside the
vaporization of surplus water tears the briquetiepteces. material are decreasing which effects on fasterayleloy
When the material moisture content is very low @ethan 10 burning (briquette burns faster and that is noadwantage).
%), for briquette quality the higher pressures #thdxe used Fraction size enlargement raises the compactingspre and
and it is very expensive and uneconomic. decreases briquette quality. Smaller fraction sigzealso
At Slovak University of Technology in Bratislava eth advantage in drying process. The drying process éaster
numbers of experiments were performed and mainénfting and better drying quality is achieved because nzhtés
parameters of briquetting process were evaluathd. résults disintegrated into smaller pieces. Therefore thetevanaterial
of the parameters interaction are shown in Fig. 9. should be grinded into suitable fraction size amgdlinto
certain moisture content before briquetting process

The mechanical strength of the briquettes obtaifiech
only RDF wastes was quite low. Therefore the wood a
paper wastes have to be added to the plastic amicipal
. waste. When wood and paper wastes are mixed with
municipal wastes and then this mix was briquettbd t
briquette strength increased 1.5-4.5 times. Mdteverming
at briquetting process enables the reduction of pamting
pressure without contraction of qualitative prosrtof the
product. Therefore it is recommended to attach Hbating
equipment to the briquetting press for briquettofgplastic
and municipal waste (It will increase the qualitatproperties
of the briquette. The final product briquettes fromunicipal
wastes (RDF) or compounded plastic wastes couldskd by
gasification technology for heat obtaining. In tiext step the
combustion characteristics (ignitability, calorifi@lue, flue
gasses and ash content) should be evaluated.

05

251 IV CONCLUSIONS
% ) . The results of the briquetting parameters inteoacttudy
o (4 showed that biggest influence to the briquette igudlas
= 151 pressing temperature, then materials moisture noated than
2 * mutual interaction of pressing temperature and rizdte
g 1 £ "ne moisture content.
o
2
g
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Fig.8 Dependence of the briquette density on materiaton@ content [8]
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Jaans Kers, Rteris Krizans, Martins Letko. Kompoundétu plastmasas atkritumu briketeSana lka mehaniskas recikleSanas paémiens.
Saj petjuma apraksita plastmasas atkritumu brikgana, & metiniskas recikESnas un matetiu pievienofis \értibas paaugsti$anas
pagémiens. Daidi atkritumu veidi (koks, kartons, pap, plastmasa, tekstilijas) tikanstradati divass un vienass smalatgjos, lai ieditu
izejas produktu 1-2 mm diametrkas ir piendrotas briketSanas procesam. Paraugu izgatavoSanai izmantdjateBenas iefrtu, kura
izgatavota Sloaku Tehnolgijas universiite Bratislawa. Briketes tika pregas no 5 dadiem kompounga materila paraugiem , kuri sattja
plastmasu, kartonu, tekstilmatdus, koku un citus atkritumu matgia tipus. Tehnolgiskie testi paidija, ka sadwes atkritumu brikeSanai
nepiecieSami augita pregsSanas temperata un kompalktSanas spiediens. Lai nétgtu izgatavoto brikeSu kvaiditi, noteica to livumu un
stipribasipadbas. No atkritumiem iaga kuririma metgniska stipriba pieauga g samaitanas ar koka un pap atkritumiem. Padita af
dazdu parametru (frakcijas iz&ni, mitruma saturs, kompaidanas spiediens un tempéra) ietekme uz brikeSu kvait.

Slan Kepc, Ilerep Kpukan, Maprun Jlerko. Mexanndeckass mnepepa0oTka KOMIOYHIMPOBAHHBIX INIACTHKOBBIX OTXOAOB JIs
MOBBIIIEHNS] IEHHOCTH MaTepHAaIa MyTeM OPHKETHPOBAHHS.

B naHHO# cTaThe OMMCHIBAETCSA TEXHOJOTMS YTHIHM3ALMM IIIaCTMACCOBBIX OTXOAOB IyTeM OpHKeTHpoBaHHA. PasznuuHble BHIBI OTXOIOB
(npeBecuna, kapToH, Oymara, IJIacTMacca, TeKCTHIIb) ObUIH TTepepaboTaHbl Ha Pa3IMYHBIX APOOHIIKAX st [IOJIYYCHHS APOOICHKH pasMepom 1-
2 MM, KOTOpast IPUroIHa ISl TIpoliecca OpukeTrpoBanus. {1 U3roToBIeHUs: 00pa3LoB ObUIO UCIIOJIb30BAHHO 000pyAOBaHHE pa3paboTaHHOE
B CnoBakckom TexHomormueckoM yHuBepcuTeTe B bparucnaBe. bBpukeTel OblIM  OTIPECCOBaHHBI M3 S pa3IMUHBIX 00pasLoOB
KOMIIOYH/IUPOBAHEIX MaTEpHaJOB COAEPXKAIIMX IUIACTHK, KapTOH, TEKCTHJIb, JIEPEBO M IpYrHe BHUABI OTXOAOB. VcmbITaHWe MoOKa3aiy, 4To
OpHKeTHpOBaHNE OBITOBBIX OTXOJOB TpeOyeT Ooiee BEICOKHE TEMIEPaTyphl U JaBieHHE NPeccoBaHus. [ OIeHKH KauecTBa BBITYCKaeMBIX
OpHKETOB OBUTH ONpEJEeNCHBl MIPOYHOCTHBIE CBOWCTBA M IUIOTHOCTh. MeXaHWUYecKas MPOYHOCTh OPHUKETOB YBEIMUMIACH C JOOaBICHHUEM
NPEBECHBIX M OyMaXHBIX OTXOZOB. BBUIO MPEACTABICHO BIHMSHHE Pa3HYHBIX MapamMeTpoB (pasmep Gpakiuii, colep)KaHHUE BIAKHOCTH,
TeMIepaTypa U JAaBjIeHHE IPECCOBAHN) Ha KaYeCTBO OPHKETOB.
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