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ANALYSIS OF QUALITATIVE PROPERTIES OF BRIQUETTES MA DE FROM PLANT
BIOMASS WITH A HYDRAULIC PISTON BRIQUETTE MACHINE

Summary

In connection with the depletion of fossil fuelaeces and negative impact of their combustion potsl on the environ-
ment, there is a need to search for renewable gneogrces. Biomass of plant origin that can be wsegdfor the produc-
tion of solid biofuels in the form of briquettespllets is one such source. The article presentaralysis of qualitative
characteristics of briquettes made from the setbgiant materials using a hydraulic piston briqeethachine. The study
used the following materials: wheat straw, rapeastrand camomile waste. During the briquetting psscéhe adopted
moisture of the crushed material was: 10.0; 13.6 46.0%, while the operating pressure of the briting piston: 6.0; 8.0

and 10.0 MPa. During the study the following valuwesre determined: particle size distribution, leémgind mass of the
produced briquettes as well as their specific dgnand mechanical strength. Depending on the btigderaw material

and studied factors, the specific density of tHeefgeand their mechanical strength increased wlith increasing moisture
and briquette machine's pressure. There was as§itally significant effect of the raw materials istare and briquetting

pressure on the qualitative properties of briquett@der study.
Key words biomass, briquettes, qualitative properties, sfiedensity, mechanical strength

ANALIZA JAKO SCIOWYCH CECH BRYKIETOW WYTWORZONYCH Z BIOMASY
ROSLINNEJ W HYDRAULICZNEJ BRYKIECIARCE TLOKOWEJ

Streszczenie

W zwizzku z wyczerpywaniemesiasobOw paliw kopalnych oraz negatywnym wplywesdyktow ich spalania né&rodo-

wisko naturalne, istnieje konieczi@gposzukiwania odnawialnyctiédet energii. Jednym z takicinodet jest biomasa po-

chodzenia rélinnego, ktéy mana wykorzysta m.in. do produkcji biopaliw statych w postaci bptbw lub peletow.
W artykule przedstawiono analimkasciowych cech brykietéw wytworzonych z wybranyclwaéw ralinnych w brykie-
ciarce hydraulicznej ttokowej. Do badlavykorzystano nagbujgce surowce: stompszenn, stone rzepakow i odpady
rumiankowe. Podczas procesu brykietowania gtayvilgotnagi¢ rozdrobnionych surowcéw wynosita: 10,0; 13,0 iQP6,

natomiast ainienie robocze brykieciarki — 6,0; 8,0 i 10,0 MR#.trakcie bada okreslano skiad granulometryczny surow-
cow oraz dlug€’ i mag wytworzonych brykietéw, a takich gstai¢ whasciwg i trwatos¢ mechaniczg. W zalénasci od
rodzaju brykietowanych surowcéw i badanych czynmjlgstasé¢ wiasciwa brykietéw i ich trwalé’ mechaniczna zeksza-
ta sie ze wzrostem wilgotdoi i cisnienia roboczego brykieciarki. Stwierdzono statyatye istotny wptyw wilgotoi su-
rowcOw i cknienia roboczego brykieciarki na analizowane ceekgsciowe brykietéw.

Stowa kluczowebiomasa, brykiety, cechy jaiaowe, gstas¢ wiasciwa, trwataié mechaniczna

1. Introduction

Traditional fuels, such as coal, lignite, oil andtural
gas are being replaced by alternative energy seufdegs is
due to the limited resources of fossil fuels, peoi$ con-
nected with their use as well as their negativesichpn the
environment. Therefore, replacements of conventifugds
should be inexhaustible, inexpensive to obtain andst
importantly, environmentally neutral. Biomass, imtihg
the widely available raw materials of plant origé one
such source that meets the above-mentioned cri&ria)].
Among them, raw materials derived from field crape
used as well as by-products and waste producdteifobd
industry. Biomass includes also the wood waste yred
in forestry, woodworking, pulp and paper industryeoer-
gy crops, such as e.gsida hermaphroditar Miscanthus

possibility of using local natural resources anddoiction
surplus as well as upgrading the energy securityhef
country [4, 18].

Plant materials produced on fields and grasslsuds
as straw and other plant residues have a high gmpertgn-
tial. In Poland, every year after securing the neagy
amount of straw for agricultural purposes theréeft ap-
prox. 10 million tonnes of raw material which caa bb-
tained for energy purposes [5]. The use of rawrorgssed
straw is very difficult compared to other energyrigas. In
addition, this raw material is available seasonatig it has
a smaller calorific value. This is due to its witinge of
moisture and low density. The reduction in voluni@lant
biomass can be accomplished e.g. by compaction,
quetting or pelleting [1, 7, 10]. The processingt#nt ma-
terials significantly increases their density aatbdfic val-

giganteud3]. Biomass use carries a number of advantagesie, reduces the area of storage and transport @odtpro-

These include lower emissions of combustion proiteit-
tively to the products of conventional fuels contimrg
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vides the ability to automate the process of conibus

[11, 15, 16].

,Journal of Research and Applications in Agricultural Engineering” 2016, Vol. 61(2)

bri



The briquetting of plant biomass takes place & plo-
cess of pressure agglomeration. The material cdugtye
both the external forces (compacting pressure)thadn-
ternal (intermolecular) ones takes the stable foBni-
guettes may have a cylindrical shape, a cuboidasrtbat
of a hexagonal prism. Both the shape and the diimes®f
the briquettes are determined by the type of pmgsshit in
a particular briquetting device [8, 17, 19], whexrd¢lae den-
sity of agglomerates is influenced by factors edato the
physical properties of the raw material. Theseudel pa-
rameters such as: moisture content in the raw mgter
fineness, particle size distribution, coefficierit internal
friction, etc. [19].

The optimum moisture of straw for energy purposes

should be 15-20%. If the straw used to produceatgtom-
erate is too moist, the briquetting process is inggla the
resulting agglomerate is burnt and, most imponants
calorific value is lower and the emission of pddlots in
fumes higher [6, 17]. The applied amount of comipact
pressure (piston unit pressure) is the second peam
which to a large extent influences both the britjngtpro-
cess and the quality of obtained product. If theiea@f this
parameter is mismatched to the type of compactadriah

energy consumption may increase and the resultiig a

glomerate obtains unfavorable mechanical properiibg
high quality of briquettes obtained in the proceszom-
paction is evidenced by their specific density amethani-
cal strength [9, 11, 16]. The aesthetics of agglates also
matters, if the briquettes are to be used as fuelifeplac-
es.

The measurements of physical properties of brigaet
produced in the hydraulic piston briquette machidud-
ed: length, diameter and mass. For the measurerngnt,
quette samples were taken of 1000 g (+ 10 g) amyl were
obtained in 5 replications. The geometrical dimensi of
the briquettes were determined by calipers withabeura-
cy of + 0.1 mm, while their mass was determinedhwit
a laboratory balance with the accuracy of + 0.Tte spe-
cific density of the briquettes was determined lwy mmeas-
urement of their physical properties performed ireplica-
tions and was calculated according to the formija (

-1 e
o stm (kg-mi)

m-d?-1

1)

where:p,, - density of the briquette (kg

m - mass of the briquette (g),

d - external diameter of the briquette (mm),
| - briquette length (mm).

The measurements of mechanical strength of biiegiet
were carried out on the test bench according tdPtReEN
15210-2: 2011 [14]. The rotational speed of thendmias
21 rev- mift (+ 0.1 rev-mifl), testing time 5 minutes, sam-
ple mass 2000 g (+ 100 g). After the strength tasttested
briquette samples were sifted on a sieve with the
31.5 mm mesh. The mechanical strength of the bttesie
was determined according to the formula (2):

Dy

o

::_1 100 (%) 2)

where: ;- mechanical strength of briquettes (%),

The aim of the study was to analyze the qualiéativm, - briquette mass after the strength test (g),

properties of briquettes made from selected plaatenals
with a hydraulic piston briquette machine.

2. Material and methods

The study used the following raw materials of wabke
origin: wheat straw, rape straw and camomile waEhéck-
ened plant materials were derived from crops oanaily
farm in the Lublin province. The compressed straes
were pulverized using a universal hammer mill H /111
driven with the electric power engine of 7.5 kW ipgped
with sieves of 20 mm diameter mesh. For the pradnaif
briquettes the hydraulic piston briquette machiriethe

me - briquette mass before the strength test (g).

The obtained results of briquette density measergs
were subjected to statistical analysis using the-way
analysis of variance and Tukey's test. In all thalyses, the
level of significancea 0.05. For this purpose the
statistical program SAS Enterprise Guide 5.1 wasiu$he
obtained results are shown in the tables contaitie
medium densities of briquettes with the designatain
a significant impact of the adopted factors on $hedied
properties.

3. Results and analysis

JUNIOR company Deta Poland type was used. Durirg th

briquetting, a single stroke of the material's fretb the

Table 1 lists the results of sieve analysis ofiplarsize

compression chamber was applied and the adoptee thrdistribution of plant materials used for the praihm of

values of the operating pressure were: 6.0; 8.0 Ehé
MPa. The assumed pressure values were obtainegl th&n
scaled knob.

The relative moisture of raw materials was detaedi
by the laboratory weigh-drying device MAX 50/1 / WH

briquettes. The length of the particles dependethertype
of material and its sensitivity to crushing. Thghest share
of particles above 3.15 mm was observed for whizatvs
(76.2%), significantly lower for rape straw (35.6%)d the
lowest for camomile waste (19.5%). The lowest stare

RADWAG. Samples of wet biomass (approx. 5 g) wergulverized fraction (> 0.5 mm) was found for camlemi

placed in the drying chamber of the device and théad at
120°C up to the constant weight in accordance it
standard PN EN 15414-3: 2011 [12]. The display réed
moisture value of the dried raw material. The beitjung of
the plant materials was carried out at three maasievels,
i.e.: 10.0; 13.0 and 16.0%. For the sieve analykthe raw
materials samples were taken of 100 g (+ 1 g) dmoh t
a laboratory shaker was used with a set of sief/ésedfol-
lowing meshes: 3.15; 2.8; 2.0; 1.4; 1.0; 0.5; Gritd. They

waste (6.3%) and wheat straw (7.6%), and the higioes
rape straw (11.3%).

Figure 1 shows the results of measurements ofi¢ine
sity of briquettes made from wheat straw. For thguaned
moisture contents the lowest density was obsersedhie
briquettes produced at the pressure of 6 MPa (&36-7
kgm™), considerably higher at the pressure of 8 MP&{70
944 kgm?®) and the highest at the pressure of 10 MPa
(1167-1293 kgn®). The analysis of the data shows that

were determined according to the PN-EN 15149-2:1201with an increase in moisture and pressure, theityesfsthe

standard [13].
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produced briquettes increased by approx. 18; 34Laf6a
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Table 1. Particle size distribution of plant madéziused in the production of briquettes (%)
Tab. 1. Sklad granulometryczny surowcéulinmych wytych do produkcji brykietow (%)

Meshes of sieve (mm

Otwory sita

3.15 2.8 2.0 14 1.0 0.5 0.25 0.0

Kind of material
Rodzaj materiatu
Wheat straw

Sloma pszenna
Rape straw

Sloma rzepakowa
Camomile waste
Odpady rumiankowe

76.2 0.2 0.4 1.7 4.2 9.7 51 2.5

35.6 0.3 35 17.3 14.8 17.2 7.0 4.3

19.5 0.3 0.6 7.2 24.6 41.5 53 1.0

Source: own work Zrédto: Opracowanie wiasne

920 kgm®), slightly higher at the pressure of 8 MPa (826-

1400
o 1300 "OMPa mSMPa (1OMPa 1155 kgn®) and the highest at the pressure of 10 MPa
51200 o mmmmememm T — - (1051-1286 kgn). The analysis of the data showed that
=5 1100 3’1;.}':13;;)9" 74 with an increase in moisture and pressure the geokthe
% 1000 : produced briquettes increased by 46; 40 and 22%reTh
£% oo Y2 =T were no statistically significant differences betwethe
= i 800 : e density of briquettes produced with the moisturetent of
R - - - _'_____.-—-—'-""—’ .
2700  — - 10 and 13% for all the adopted compaction presgalges
2 s y=197x+ 4481 (Table 3)
A R®=0915 .
500 b —— N
8 9 10 11 12 13 14 15 16 17 1400

Moisture (%) - Wilgotnose¢ 1300 ¢GMPa m3MPa  10MPa
) ) w X y=392x+6271 ==
Source: own work Zrédio: Opracowanie wiasne B 1200 Ri=0825 __oem

Fig. 1. Density of briquettes produced from wheaavg EE i;gg ------ _ ="
depending on moisture content and the operatingspre 2E o YT IASSE TS -7 -
of briquette machine 2% gy NTOE__-- _—
Rys. 1. Gstai¢ brykietow wytworzonych ze stomy pszennej, &.& -00 - ;“_‘Bt ;S“
w zalenasci od wilgotngci surowca i cihienia roboczego é 600 ',/ h T
brykieciarki A 500

8 9 10 11 12 13 14 15 16 17
There were no statistically significant differendestween
the density of briquettes produced at the moistir&0%
and the pressure of 8 MPa and the density of bitegie
produced at the moisture of 13% and the pressuéeMiPa
(Table 2).

Moisture (%) - Wilgotnosé
Source: own work Zrodio: Opracowanie wiasne

Fig. 2. Density of briquettes produced from rapawtde-
pending on moisture content and the operating pressf
briquette machine

Rys. 2. @stai¢ brykietdw wytworzonych ze stomy rzepako-
wej, w zalénasci od wilgotngci surowca i cinienia robo-
czego brykieciarki

Table 2. Comparison of mean briquette densitiestlier
adopted wheat straw compaction parameters

Tab. 2. Poréwnanigrednich gstasci brykietow dla przy-
tych parametrow zagzczania stomy pszennej

. 5 Table 3. Comparison of mean briquette densitiesttfier
Moisture (%) 100 | 130| 16.0 dopted t " t
Wilgotnosé . . . LSD a (t),p ed rape straw c%mpar\]c ion pa_lrgmlf_ ers N .
Density (kgm?) 6359 | 932.F | 997 F NIR Tab. 3. Porow,namére nic _gstosm rykietow a przyy
Gestaic : : : tych parametrow zagzczania stomy rzepakowej
Pressure (MPa)
Cisnienie 6.0 8.0 10.0 24.6 M_oisture (%) 10.0 13.0 16.0
Density (kgrm) 7048 | 829.4 | 12315 | Wilgotnas¢__ LSD
Gestase Density (kgm™) | ga5 e | gs3.d | 11204 | NIR
AB.C_ averages indicated by the same letter do nterdifgnifi- Gestas¢
cantly at the levek = 0.05 Pressure (MPa) 6.0 8.0 10.0
A B C_ ¢rednie oznaczone;tsany literg nie r&nig sie istotnie Cisnienie ) ) ) 254
przy poziomie: = 0,05 Density (kgm®) '
Source: own work Zrédio: Opracowanie wiasne | Gestosé 7323 040.% 1137.8
A'B,C

— averages indicated by the same letter do nfrdifgnifi-
Figure 2 presents the results of density measureme cantly at the levek = 0.05

for the briquettes produced from rape straw. Far dis- A B C—s’.red.nie oznaczoneg tsany literq nie r&niq sie istotnie

sumed moisture contents, the lowest density wasreed ~ Przy poziomie: = 0,05

in the briquettes produced at the pressure of 6 K&3a-
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Source: own work Zrodto: Opracowanie wiashe
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Figure 3 presents the results of density measurEme that with the increase in moisture and operatirggure the

for the briquettes produced from camomile waste. the

mechanical strength of the produced briquetteseas®d

assumed moisture contents, the lowest density vies ofrom 3 percentage points for camomile waste to atmo

served for the briquettes produced at the pressuseMPa

5 percentage points for wheat straw and more thaer8

(926-1024 kagn®), slightly higher at the pressure of 8 MPacentage points for rape straw.
(1090-1163 kgn®) and the highest at the pressure of
10 MPa (1189-1287 kai®). The analysis of the data shows Table 5. Results of mechanical strength measureszit

that with an increase in moisture and pressure démsity
of produced briquettes increased by 10.6; 6.7 aR&c8
There were no statistically significant differendestween
the densities of briquettes produced at the mastoir
10 and 13% and the pressure of 8 MPa and at thstumei
of 10 and 13% and the pressure of 10 MPa, as wethea
density of briquettes at the moisture of 13 and X% the
pressure of 6 MPa (Table 4)

1500

6MPa mSMPa  10MPa = 16354 10161
o 1400 Ls et 10

f, oweo

TE 1200 e

é—é 1o SERTEIY h A

£ % 1000 = Rzéb.sé:_;______-—t —
o 000 y =164+ 7695
7 R°= 0,024

5 800

- 200

8 9 10 11 12 13 14 15 16 17
Moisture (%o) - Wilgotnosé

Source: own work Zrodlo: Opracowanie wiashe

briquettes produced from the tested plant matefda)s
Tab. 5. Wyniki pomiaréw trwafoi mechanicznej brykietéw
wytworzonych z badanych surowcéwlirmych (%)

. Wheat Rape Camomile
Moisture Pressure
(%) (MPa) straw straw waste
. . A Stoma Stoma Odpady
Wilgotnos¢ | Cisnienie .
pszennal rzepakowa| rumiankowe
6.0 92.5 84.2 95.8
10.0 8.0 94.1 86.3 96.3
10.0 95.2 89.3 97.1
6.0 93.6 85.9 96.9
13.0 8.0 94.8 87.1 97.3
10.0 95.9 90.5 97.9
6.0 94.2 88.6 97.4
16.0 8.0 96.5 90.4 98.1
10.0 97.3 92.7 98.8

Source: own work Zrodio: Opracowanie wiasne
4. Conclusions
1. Depending on the type of used material as weliha

adopted moisture and operating pressure valueseirbti-
quette machine, the produced briquettes differgphifsi

Fig. 3. Density of briquettes produced from camemil cantly both in terms of specific density and medtmin
waste depending on moisture content and the opgrati strength.

pressure of briquette machine

2. The increase in the moisture content from 10.66é6

Rys. 3. @stas¢ brykietow wytworzonych z odpadow ru- gnd in the operating pressure in the briquette madnom

miankowych, w zataeasci od wilgotngci surowca i cinie-
nia roboczego brykieciarki

Table 4. Comparison of mean briquette densitiestlier
adopted camomile waste compaction parameters

Tab. 4. Poréwnaniérednich gstasci brykietow dla przy-
tych parametrow zagzczania odpadow rumiankowych

Moisture (%)
Wilgotnosé
Density (kgm™)
Gestasé
Pressure (MPa)
Cisnienie

; 3
Density (kgm™) 983.2 1228.6
Gestasé
A B.C_ averages indicated by the same letter do nferdifgnifi-
cantly at the levek = 0.05
A B C_ ¢rednie oznaczonetsany literg nie ré&nig sie istotnie
przy poziomiex = 0,05

10.0 13.0 16.0

LSD
NIR

1068.2' | 1104.5% | 1157.§

6.0 8.0 10.0

38.1
1118.%

Source: own work Zrodio: Opracowanie wasne

Table 5 presents the results of studies on thénamécal
strength of pellets depending on the type of ravtenmls,
adopted moisture contents as well as the briquegehine
operating pressure values.

For the adopted moisture and operating pressuves;a
the lowest mechanical strength was observed inbitie
guettes made from rape straw, much higher in tlopibttes
from wheat straw and the highest in the briqueftem
camomile waste. The analysis of the obtained dataved
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6 to 10 MPa caused almost 1.5-fold increase indémesity
of briquettes made from camomile waste and mora tha
2-fold one for briquettes from wheat straw and rspaw.
3. The highest increase in the briquette densitg ol
served for rape straw at the moisture of 10 and a6ecthe
pressure of 6 MPa (46%), the lowest one for cam®mil
waste at the moisture of 10 and 16% and the pressur
8 MPa (6.7%).

4. The mechanical strength of the briquettes waeae-
ent on the type of compacted raw material, the tagsand
the pressure in briquette machine. The lowest dlitsabf
briquettes was recorded in the case of rape stcampac-
tion (84.2-92.7%) and the highest one for the lattps
from camomile waste (95.8-98.8%).

5. The analysis of the obtained study results shothat
the improvement of qualitative properties of theduced
briquettes was strongly dependent on such factsrtha
degree of fragmentation and particle size distiilutof
plant materials as well as their moisture conteit @perat-
ing pressure in the briquette machine.
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