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THE EFFECT OF MATERIAL MOISTURE CONTENT AND CHAMBER DIAMETER ON
COMPACTION PARAMETERS OF MEADOW GRASS

Summary

This paper presents the results of analyses detémmithe effect of meadow grass compaction conmdition process pa-
rameters and agglomerate strength. The experimerte performed with the use of the ZWICK Z020/ThNakersal
strength tester and a closed compression die adgenith three diameters of chamber: 12 mm, 15 mih B8 mm. The
correlations between material density in the chan#vel agglomerate density, agglomerate compactompaction work,
the coefficient of material susceptibility to corofian, the mechanical strength of the agglomeraig #he moisture content
of meadow grass were determined for three diametechamber. Compaction parameters were determinethe mois-
ture content of meadow grass and the diameter efcdmpression die chamber. Material with a high@isture content
was more susceptible to compression in the die bleanand the produced agglomerates were charaaérizy lower me-
chanical strength.
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WPLYW WILGOTNO SCI MATERIALU | SREDNICY KOMORY NA PARAMETRY
ZAGESZCZANIA TRAWY £ AKOWEJ

Streszczenie

Przedstawiono wyniki badanad okréleniem wplywu warunkOw zeggczania trawygkowej na parametry procesu i wy-
trzymaldi¢ aglomeratu. W badaniach wykorzystano magsayytrzymatdciowy ZWICK typ ZO20O/TN25 oraz zespét prasu-
jacy z matryg zamkngtg o trzechsrednicach komory 12 mm, 15 mm i 18 mm. @&reo zalenasci pomidzy gstascig
materialu w komorze i aglomeratu, stopniemegagzenia aglomeratu, naktadami pracy nagaagzanie, wspotczynnikiem
podatndgci materiatu na zagszczanie oraz odporsicig mechaniczg aglomeratu a wilgotniq trawy dla trzechsrednic
komory. Wykazanage parametry zagszczania w rénym stopniu zake od wilgotngci trawy kkowej isrednicy komory
matrycy. Zwgkszenie wilgotnéei polepsza podatdé materialu na zagszczanie oraz pogarsza jakaglomeratéw pod wzgl
dem ich wytrzymailai.

Stowa kluczoweaglomerowanie, trawagkowa, parametry zagzczania

1. Introduction quality of the final product [5-8]. Compaction psese pa-
rameters are determined by the moisture contenglaxft

The growing interest in biomass for energy purposematerial [9, 10] and process conditions, includamgmber
spurred new research into the production of soladdulels size and sample weight [11, 12]. The results ofyeses in-
by pressure agglomeration (pelletizing and brigogit vestigating the effect of chamber diameter and rizte
Continued research into pressure agglomerationlafitp moisture content on the compaction parameters dafaivh
material is needed because the processed matehaltily straw are presented in this study [13]. This atislpart of
diverse and innovative solutions for machine desagl  ongoing research aiming to determine the effeqgirotess
operation are drivers of technological progress [1] conditions on the compaction of plant material.

Solid biofuels (pellets, briquettes) are manufeedu
mainly from forestry waste, timber processing watiem- 2. Research objective
ing waste (including the straw of cereal and oilsesops)
and energy plants (including the common osier, Mieg The objective of this study was to determine tfiece
fanpetals, Jerusalem artichoke and perennial ggpf2el].  of the moisture content of meadow grass and thenetier
Those plant resources are characterized by lowitgearsd ~ of the compression die chamber on compaction paeame
low calorific value (per unit of volume), and theye diffi-  and agglomerate quality.
cult to transport in unprocessed form [2]. Low dgnma-
terials have to be transformed into agglomeratepieg- 3. Materials and methods
sure compaction. The compaction process and product
quality have to be analyzed in detail to deternpnecess The experimental material was meadow grass supplie
parameters such as compaction work and the magesisd- by a private farm in Gory (Markuszéw municipalityjhe
ceptibility to compaction. The above parametersaexpour material was ground in the ML 500 grinding machivith
knowledge of agglomeration processes. ResearchHtgesua 4 mm mesh screen. The average diameter of gimeantid
indicate that the physical and chemical attributésaw cles, determined based on standard PN-89/R-647%Bein
material influence agglomeration effectiveness ahd  SASKIA Thyr 2 sieve shaker with a set of screenthwi
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mesh opening of 1.0, 0.8, 0.63, 0.4 and 0.2 mm, @v&s 4. Results
mm. The moisture content of processed material edng
from 10% to 18% (at intervals of£D.2%). The correlations between compaction parametess, th

The experiment was performed with the use of thénechanical strength of the agglomerate and the tumeis
ZWIC Z0O20O/TN25 strength tester and a closed compresontent () of compacted material were determined for
sion die assembly in accordance with the methogoprg-  every chamber diameter with the use of regressipra-e
sented in [14]. Three dies with chamber diametef 12, tions. The resulting regression lines and the \mlokethe
15 and 18 mm were used to compact grass samples2of coefficient of determination fare shown in Figures 1-7.
and 3 g, respectively. The ratio of sample heighgample Figure 1 and Figure 2 indicate that linear regoess
diameter in the chamber was roughly identical befoym-  equations adequately describe the correlation teetvike
paction and during maximum compaction in the chambe maximum material density in the chambey),(agglomerate
Cylinder (compacted material) temperature was 2@f@, density(o,) and grass moisture content for every chamber
piston speed was 10 mm-ilinThe compaction process diameter. An increase in moisture content from 1%
was continued until compaction forég,,creached 20 kN. 18% leads (at the same maximum value of compaction
For the above compaction force, the maximum spepif-  pressure) to an increase in material density inctrember
ton pressure reached 117 MRa=(12 mm), 114 MPad(=  (p.), probably due to higher material plasticity, aant in-
15 mm) and 77 MPad(= 18 mm). Every compaction proc- crease in packing density of particles. An increasmois-
ess was performed in three replications. The resudire ture content resulted in a drop in agglomerate items;.
plotted on a compaction curve showing the corretatie- The highest values of densitigsand(,, were reported for
tween compaction force and piston speed. The cwa®& the smallest chamber diameterl2 mm. For this chamber
used to determine maximum material density in th@nc  and at a moisture content of 10% to 18%, the valug,
ber p. and total compaction wotlk.. The coefficient of sus- was determined in the range of 1.85 g°cim 1.88 g-cni
ceptibility to compactiork, (k. = L¢'+(pepn)* was calcu-  and the value ofy in the range of 0.83 g-cinto 0.75
lated, wherel;' = Lem* — specific compaction workn—  g.cni®. Material compacted in a chamber with the largest
weight of material sample,, — initial bulk density of raw diameterd = 18 mm was characterized by the smallest den-
material. Agglomerate density after 48 of storggg) Was  sity values: from 1.65 g-cito 1.69 g-crifor pc and from
determined. 0.75 g-crit to 0.66 g-cri for pu.

Changes in agglomerate density are validated by ag

The mechanical strength of the agglomerate waerdet glomerate compactio8,, values (Fig. 3) which characterize
mined in a CompreSS|0n (BraZlIlan) test with the o$ the Storage -induced Changes in aggk)merate dens|tyv|@|m
ZWICK Z020/TN2S strength tester (piston speed 1Ghe initial density of raw material. Agglomeratengmaction
mmmin™). The agglomerate was compressed along thg_ decreases with an increase in the analyzed miteria
perpendicular axis until damaged and maximum brepki moisture content for every chamber diameter, wiich-
force F, was computed. Mechanical strengthMPa] was  cates that the agglomerate is less compressed iterit

calculated from the following formula [15]: from the die chamber and that agglomerate density d
20F 1) creases with an increase in moisture content. Tigleht
N agglomerate compactioB,, was reported for grass with a
i, O ) moisture content of 10% compressed in a chambér ait
where: d, — agglomerate diameter [mni],— agglomerate ameterd = 12 mm (agglomerate density is approximately 6
length [mm],F, — breaking force [N]. times higher in comparison with the initial densitfraw
material).
2.0
pc =0.004w + 1.80 p. = 0.005w + 1.68
R®=0.883,d=12m R®=0.957,d=15m
1.9 & d=12mm
N — I m d=15mn
o
& 18 - — — —1 A d=18mm
8 —— — —a——— %= d=12 mn
g 17 Iy - P  P——— A | — — d=15mn
a k-~ |- d=18 mn
1.6 | Pe = 0.004 + 1.61
R*=0.907,d=18 m
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Fig. 1. Correlation between material density in the chamfieand moisture content w of processed material ioee di-
ameters of chamber d
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Pa1=-0.013w + 0.93

0.9 pa1="0.0LIW+0.94p R? = 0.824, d=15 d=12
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Fig. 2. Correlation between agglomerate dengity and moisture content w of processed material fioe¢ diameters of
chamber d
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Fig. 3. Correlation between degree of agglomeratmpaction g and moisture content w of processed material ioze
diameters of chamber d

An increase in the material's moisture contentefises  of 43 J-g for d=12 mm (v = 10%) to 14 J-gfor d=18 mm
compaction workl; for every analyzed chamber diameter(w = 18%). With an increase in the examined matsrial’
(Fig. 4). Compaction worlt; ranged from 74 J fod=18 moisture content, the changes in specific compaactiork
mm W = 10%) to 24 J fod=12 mm (v = 18%). The high- L. (Fig. 5) were similar to those observed for contioac
est compaction work values were reported for malteri work L. (Fig. 4). The highest values of specific compactio
compressed in a chamber with diametet8 mm. Specific work L. were reported for grass samples processed in
compaction worlk.. (Fig. 5) was determined in the range a chamber with the smallest diameted 2fmm.
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Fig. 4. Correlation between compaction wogahd moisture content w of processed materialfiare diameters chamber d
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Fig. 5. Correlation between specific compaction kvby and moisture content w of processed materialtfimee diameters
of chamber d
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Fig. 6. Correlation between coefficient of susceptibildycompaction kand moisture content w of processed material for
three diameters of chamber d
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Fig. 7. Correlation between the mechanical strengtlof agglomerateand moisture content w of processed material for
three diameters of chamber d

At a higher moisture conteniv), the compacted mate- ber withd = 12 mm, and the lowest values — &r18 mm.
rial is probably characterized by greater plasticénd its Ford = 12 mm (v = 18%), the minimal value ¢¢ was de-
susceptibility to compaction grows, as demonstrabgd termined at 15 J-chy? and the maximum value at 25
lower values of the coefficient of susceptibility compac- J-cni-g° Ford = 18 mm, the value d¢. decreased from 16
tion k. (Fig. 6). At every moisture content level, thehegt J-cni-g? to 9 J-crtg? as the material's moisture content
values ofk; were reported for grass compressed in a chanincreased from 10% to 18%. Similarly to other miater
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subjected to compaction analyses [9, 10, 13], tieevofk
(Fig. 6) observed in this study fluctuated withiacrease in
moisture content.

An increase in moisture content leads to greatpae-
sion of the analyzed material and lowers the mechan
strength of the resulting aggregate. The results stfength
test indicate that with an increase in moistureteon the
mechanical strength of aggregates decreases fonathber
diameters (Fig. 7).

The highest mechanical strength values were regort
for grass compressed in a chamber with the dianoét&p
mm, and the lowest values — for chamber diametet8of
mm. Mechanical strengi, (Fig. 7) was determined in the [4]
range of 0.28 MPa fod = 12 mm (moisture content
w = 10%) to 0.06 MPa fod = 18 mm (moisture content
w = 18%). Similar variations in the values of medhah
strength (Fig. 7) and agglomerate density (Figw&je ob-
served subject to the material's moisture contedtcham-
ber diameter. Grass compacted in a chamber with tHé]
smallest diameter at the maximum specific presguce
duced agglomerates characterized by the highesitgen
and the highest mechanical strength (Fig. 5). Phixess
requires the highest specific compaction work, amduld
be very energy consuming (Fig. 5). In a study ofeath
straw, similar variations in compaction parametard me-
chanical strength were reported with changes instace
content and chamber diameter [13].

(2]

(3]

(5]

(7]

5. Conclusions [8]
1. The moisture content of meadow grass and theeter

of the compression die chamber had a significafiecebn
pressure compaction parameters and the mechanidal
strength of the resulting agglomerate.

2. An increase in the analyzed material's moistaratent
from 10% to 18% led to an increase in the maximuatem
rial density in the compression chambey @nd a decrease
in: agglomerate density4), compaction work_.), specific
compaction workl(.) and degree of agglomerate compac-
tion (S,).

3. Materials with a higher moisture content are ensus-
ceptible to compaction. The produced agglomerates a
characterized by a higher degree of expansion enerl
mechanical strengtlwy).

4. The use of a compression die chamber with aefadlg
ameter decreases material density in the chamlerag-
glomerate densitypf;), specific compaction worlk () and
agglomerate compactio®,f). Agglomerates compressed in
a chamber with the smallest diameter are charaetiby
higher mechanical strength.
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