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Summary. The article preserts the results of reseawch on physical propertes of briquettes produced from plard
biomass. The extemal and ndernal diametr, lensth, mass as well as dersity of briquettes were defived . The
vahie of dorebility coefhment as wall 2 the cxush bsses inb nqmettes produced fioen the stadied materials in a
cochlear hriquethng mackine were deternuned.
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INTRODUOCTION

Fuel briguettes production fror plant biomass is becoming rore and more coremon and
it mmay be predicted that it will be highly significant for agricultural production. Considering the
variety of biomass sonrce s, from the field plant produc tior, through waste from agreulture, agn-
food industry; households as well as cormraanes, to wood waste from forestry, flunitare industry
and cellnlose-paper industry; these rawr materials have had great popularity ot ondyfor heatene gy
production but also for the possibality of promotion of the regions where they are produced and
processed [Grzybelk 2003, Kodeik 2003, Niedziolka et. al. 2006].

The current trends in professional erergetics developrment aim at the growing use of renew-
dhle eneizy somrces, partienlarly of hiomass. It 15 one of the main uneomwventional energy sources
in Foland. The solid fuel from biomass iz ecologically-fiiendlier than coal (closed CO, eirouit, low
contents of sl phor, chlorine and low ash). But, withrespect to certain physico-chernical propertes,
this fuel is less attractive than the corventional one. This is, armong others, connected with too low
density of the nprocesssd biomass, which makes its transport, storage and loading to kettles raore
difficult [Szyezlak-Barglowicz 2008, Wisz and Mlatwiejew 2005]. Also, high moisture of biomass
ireaching even as high as 40%) as well as low energy concentration per volune unit cause some
proble s with distdbution and nsage, especially in ketfles nsed for mdividual and cormnumal heat-
ing. Hence the tendency for the compacting of solid biornass by its briguetting or pelleting. This
canses a higher raass and energy concentration per wolurne unit and significantly facilitates the
distribation and wsage of this biofuel [Dendsink 200%, hland et. al. 2006, Wach and Szajner 1997].
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Planthintnass, especially straw, needs a lot of storage space. That is whay iv order to ixapeowe
the energetic efficiency of the fuel it showld be prope ly proce ssed. Fuel brique the s produe ion frorm
plant biornass gives the best results.

Corbustion of biomass in such a forrm also allows for the auntormation of its feeding to the
kettle fiumace. Briguettes are forrmed in the process of aggloraeration under pressure, where the
crushed material, due tothe actionof both extemal (corapacting it pact) and internal (interzoole cular
bonding) forces takes ona solid shape of specified geome tric dimensions. Depending on the applied
constuctional solutions of the cormpacting devices, they can take on different shapes (eylindrical
souare, hexagonal et ) and heve different properties [Fuchrdare et. al. 20087,

Energetic walue 1z one of the basie thermmophysical pararneters of solidbiofuels. It is dependent
ot their roisture. The growth of this paratnetr resalts in the drop of cormbustion heat and the el
value of biornass [Farnifeld 2001, Miedzmidlka and Zuchrdarz 2006]. Hence sorne types of plant
biorass need o be additionally dried to obtain the required corbustion pararme ters and adecuate
energetic value of the fuel The main parareters decisive for briguettes value include also the den-
gity and mechanical durahility [PLStil et al 2003].

Lecording to Hejft [2006] the density of good guality brigue thes should stayin the 650-250
ke-r*range . Whereas Ldaraczvk et al. [2006] claires that the quality of briquettes can also be de-
terrruned on the basis of their e ndurance coefficient as well as the crush losses of the plant material
during durahilitytesting . Briemettes with good durabilits properties ave these for which the durabal-
ity coefficient’s value excesds 0.9 [Fiszer 2008]. The walue of thiz coe ficient iz largely deperdent
ot the density degree. The higher the density the more durable the briguettes are. Depending on
the brigue thes application the w7 should be durable, they should not crush and they need to have high
density ensuring long corbustion tire. Besides, ez, in the case of wang fuel brigue te s for baning
in a fireplace, also their aesthetic qualities are to be considered. On the other hand, in professional
energetics, where compact plant biofuels are crushed before cordbustion, high duwrability of -
guettes iz a disadvantage. In this case, the processing of plant biomass into briguettes is peformed
mainly in order to facilitate its transport to rermote destinations.

MATERIALZ AND LIETHODE

The briguettes were produced frorm maize straw, cereal straw; meadow hay as well as stalks
of Sida hermaphrodife. Dlaize straw and Side hermaphrodifa stalks were obfained fror the expen-
e ntal fields of the Departrnent of Special Plants Cultteation of the Unversity of Life Sciences in
Lublin. The other raw materials were collected from farrns in the Lublin District. Before the briguet-
ting all the plant materials were crushed using drn chafi-cutter and theoretical cut length of 20
mrn. Briguettes fromm the tested plant materials were produced in the cochle ar briguetting wiac hine
TW-0Z. The termperature in the compaction chamber in this briguetting rmachine was 200, 225 1
250°C. For the research poarposes the steadwy moisture of approximately 10% was assarned for the
cornpacted materials. The moisture of particular plant materials was deterrrined by the drier-ueight
toe thiod acc ording to the PH-ISO 6540 standard. In the cochlear briquetting machine the disrmeter of
cornpaction chareber was 20 ror. &fter producing the bigquettes, their external and interral diarneter
was determnine d as well as their length and mass. External and intermal dirensions and the lengthof
the produced briguettes were measured with a caliper (with measure ment precisionto 0.1 rom), and
the mass was deferrnined using laboratory scales WET 306 (with measurement precision to 0.2 g).
On the basiz of these messurernents the briguettes density was caleulated.

The measurerments of briguette durabalify were performed on the testing st consisting of a
ciboid diurn sized 300300460 rore, walled with 1010 ron raesh. The diarn’s average rotational
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velocity was 13 rpra’, testing tivee 5 mir, and the mean saraple s mass appeoxiately 1000 g, O
the basgis of tests perforrned in five replications the duarability coefficiernt of the briguettes was de-
termnined as well as the crush losses for the tested plant materials. The durability coefieient of the
bricque ttes was deterrained frorm the following de pendencw (1)

r=—% (1)
where:
y — durability coefficient,
m, —briquette mass atter durability test, [2],
m, —briguette rass before durability test, [2].
The briquette crush losses (3 ) (2) were deternmmined from the dependency (1)

8, ==yl 100, [4]. (2

The ohtaine d results of tests on the phisical prope rbes of briguette s were statistically anal yeed
using one- and tero-factor variance analysis as well as Tuke s test, at the 25% confidence nterval
in the STATISTICA G0, progrararne.

TEETE RESULTE AND AN ALY 313

O the basis of the obtained tests results (Tab. 1) it is possible to assume that in cochlear
bricque ting rwachine, inde pendently frorn the set compaction charaber terperature and the usedraw
toaterial both the inderral and external diareters of the produced bricuettes diffe red insizrificantly
(about 2 rorn on average). Dich larger difference s were found out incase of the lerngth of the ob-
tained briguettes. While analwsing the temperature’s influence it was noticed that together with its
growth also the brigque tte length was growing. The ternperatore growth fror 200 to 225°C cansed
the briguette length growth by dhout 279, Whereas firther ternperature growth (to 250%C) cansed
a rmch snaller briguette length growth (5 wom on average).

Tahle 1. Average simes of briquettes produced inthe cochlearb nqueting mackine [Pachmars 2005]

Material Terperatme, [C] E}:'J:;“[lnilfﬂm Ir::eﬁzfu";“' Lergth [ro] | Mass, [2]

200 270 26.5 635 1456

Maim steaw 225 267 270 > 1204
250 6.4 277 918 2927

200 270 279 %1 1054

Cermal s b 225 262 279 w8 1367
250 259 28.0 662 23206

200 274 287 i 1014

Meader bay 225 273 287 51 1426
290 273 256 7 2212

200 6.9 270 ME 2078

smﬂi@mm 225 T 279 975 2863
250 66 250 %3 331
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Comparing the rass of maize straw brigquettes to the masgs of briguettes from other mwaterials
it was noticed that at 200°C they did not differ significantly At 225°C the maize straw brigue tes
reached the average mass of about 320 g and sigraficant differences were found out between thern
and the cereal straw briguettes and meadowr bay brigue ttes. Howewver, no mass differences were
found between maize straw brigquettes and Side hermaphrodifa stalks briguettes whose average
tnass reached 280 2. &t the highest corapacion charaber terape ratare, maize straw brigue thes had
the greatest rnass when cormpared to the other briquette types (app. 390 2.

Figure 1 presents density of maize straw brigquettes compared o density of brigue ttes from
other plant materials produeed in cochlear brigue thng machive . The perfonmed tests showed that the
cornpaction chavaber teraperatore growth from 200 to 225 resulted in the maize straw brigue thes
density growth. At 200°C the average density of the chtained agglomerate reached 446 kg-w™
whereas when the temperature grew to 225°C, the density grew to 667 kg™ Teraperature growth
to 230°C cansed the density growth to 236 kg

C maize staw < sida shawr
& cropstaw & lay
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o0

a00

Density, kgm*

300

300

400 %\% T
200

225 250
Tep erature,”C

Fiz. 1. Demity of bnguettes produced mn the cochlear bniquethne maclive at differernt tenperatares
of conpacton charb ey [Dachrmare A05]

The density of briguettes fror the other materials at 200°C did not significantlydiffer, and the
hizghest density was achieved by maize straw brigque ttes. The lowe st density at 200%C was recorded
for cereal straw briquettes (320 ke 1o, The greatest differences in the brigque the density were re-
corded at the hishest teraperature in compaction charmber (250°C).
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The maize strawbrigquettes had the average density of ahout 236 ke-w”, the Sida hermaphro-
dite ones shont 6228 ke, and the cereal straw and roeadow hawones had siveilar density values
of ahout 552 kg

Figure 2 presentsvalues of durability coefficient for the brigquettes produc ed at three ternpera-
ture levels in the cormpaction charaber of cochdear briquetting raachine. While analysing the research
results it is possible to observe that when the teraperatore in the briguetting machine corapaction
charber changed from 200 do 22572, the durability coefficient slightl v grew for maize straw. For
the other materials the walue of the coefficient rernaived practically the sae.

O thaize straw @ sida straw
= crop straw ®  hay
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Fiz. 2 Vahes of durbility coeffimert of bngquettes produced m cochlear briuethne maclure
[Frclmniae A05]

Dmrability of maize straw brigquettes grew sigrificantly after sething the brigquetting mac hine
cotnpaction charaber teraperature at 250°C. Then the value of durability coeficient reached 0.94.
The s brigue ttes had over 40% higher durability than the ones produced at the lowest terperature.
Brigue te s frorn the other materials produced at the sare teraperature had a slightly lower durability
coefficient of about 0.3, It showld be observed, howewer, that both at the lowest and at the hizhest
cornpaction charber teroperature the raaize straw briguettes tomed out to be the most durable. Fiz-
ure 3 pressnts mean perce rtage values of crush losses for briguettes produce d incoc Wearbrigue thre
machine from the tested plant materials. The highest crush losses oceured for briguettes produced
at the lowest cormpac ion charmber teraperatires ranging from 45 o 52%. & <arety of losses were
recorded for cormpaction c harebe r ternperature at 225°C (ranging from 22 to 42940, Where as sigrifi-
catitly lower losses ocoured for brigquettes produced at the highest corapaction charabe r ternpe ratore.
The ranged frorm 6% for maize straw briquettes to 21% for the Sida herrmaphrodifa ones. These
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results hawve shown that both the compaction chamber terperature and the kind of the nsed plant
tnaterial kive an influence on crash losses in the produce d briguettes.

B maze staw B sida hermaphrodita B cereal straw B meadow tay
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Fiz. 3. forerage vahies of percentaze msh losses of briquettes produced mcochlearbnquethng macline
[Eaclniae 05

CONCLUSIONZ

Comparing the results of the conducted tests it was obaerved that the difference , both for the
external and interral diarmeters of briguettes produced in cochlear briguetting roac hane 15 insiznifi-
cant, indeperndently frorn the used material or compaction charaber teraperature. The significant
differerice was found out for length and mass of briguettes. The range of the latter results was
relatively wide and depended both on the kind of material used for brigue ting and on corpac ion
charber ternperature (the higher the compaction chamber ternperatire the greater length and mass
of the produced brigquettes).

O the basis of statistical analyeis aleoa sighificant influerce was obeerved of the brigquetting
tnachine corpacton charber termperature on the properfies of briguettes produced from all the
tested plant materials (raize straw; cereal straw, meadow hasrand stalks of Side hermaphrodifa).
With teraperature growth (from 200 to 23070 the density and durability of brigquettes sigrificantly
increased and their crush losses decreased.
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OCENA CECH FIZEYCENYCH BRYK}ET@WWT‘MDRZDN?CH
Z BIOMAZY ROZLINNET

Stresremnde. W opracy przed stawiorno worrila badan cech fimpeznych brylaetdar wrybararzornrch = hicemasy wo-
shinme]. Clkwslann sredrice mewmetremg 1 wearngheng, dhigoid, mase araz gestod & brddetder. Wienacmmo talze
wrartos o wrspolemmnka traralodel crazwielkosel steat okmszarna brdoetonr wrbarcezormech = badanyeh saroer-
adar w brdeciarce slimmakoare].
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