October 2018, Vol. 18, No. 5 MANUFACTURING TECHNOLOGY ISSN 1213-2489

Effect of Particle Size on Surface Smoothness of Bio-Briquettes Produced from Agricultural
Residues

Giirkan Alp Kagan Giirdil, Bahadir Demirel
Department of Agricultural Machineries and Technologies Engineering, Faculty of Agriculture, Ondokuz Mayis Uni-
versity, Samsun, Turkey. Email: ggurdil@omu.edu.tr, bdemirel@omu.edu.tr

This study analyzed the surface smoothness of some fuel briquettes produced from hazelnut, corn and sunflower
residues. The residues were briquetted with different particle sizes (PS: 2-5 mm and 7-10 mm) under 80 MPa and
160 MPa. The surface smoothness of them were analyzed by image analyze from their high quality photos. In
conclusion, it’s seen obviously that the smaller particle sized briquettes had smoother surface than the ones pro-
duced with bigger PS. Furthermore, they had better results of compaction, toughness and physical properties.
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1 Introduction

Alternate fuel sources are being continuously sear-
ched [1]. Briquettes can be further used as fuel in fur-
naces, coal in power plants and many other industrial ap-
plications [2-3]. Briquetting is the process of densifica-
tion of loose biomass to improve its fuel and handling
characteristics. It increases the volumetric calorific value,
and reduces transportation cost and storage space requi-
rement as compared to raw biomass. Briquetting produ-
ces a uniform, clean and stable fuel [4]. By briquetting,
bulk density of loose biomass can be increased from 40
to 200 kg'm™ to 600-1200 kg'm= which would reduce
the storage space requirement significantly [5]. Due to its
uniform size, high density and improved fuel properties,
it has secured its place in industries and domestic cooking
applications as the renewable fuel of high demand. [6].

Briquettes can be produced from any ligno-cellulosic
biomass. Densification of ligno-cellulosic biomass is a
complex process and influenced by factors such as densi-
fication pressure, particle size, moisture content, tempe-
rature and type of biomass. Biomass briquettes from di-
fferent types of biomass materials have varied widely
(wodd dust, sawdust, wheat straw, olive refuse, peanut
shell, coconut fibers, municipal solid waste, etc.) [6, 7].
One of possibilities of its meaningful utilization is the
briquetting technology, which product are briquettes de-
termined for energetic utilization [7].

Briquetting, one of the densification technologies, is a
fundamental and promising method for conversion of the
waste and purposely grown biomass into solid biofuels
[8]. It is achieved by forcing loose particles together into
a larger, more compact and shaped form, by application
of mechanical force to create particle-to-particle bonding
[9-10]. Effectiveness of the densification process is given
by the quality of these inter-particle bonds [11].

Compactness is very important in order that at a
common handling neither crumbling nor disintegration
occur [12]. Compacting biomass can be a suitable alter-
native fuel in existing large-scale for agricultural resi-
dues. Also, due to their fibrous nature, raw biomass par-
ticles cannot be readily pulverized down. Thus, their grin-
dability is an issue and improves grinding. The resulting
biomass particle size, and even particle shape are impor-

tant physical properties, which influence the fuel fluidi-
zation and combustion parameters of the particles [13-
14]. Marinelli et al. [15] reported that grinding to very
fine particle sizes increases the cohesive strength of the
powder, which impedes fluidization. Grinding to fine si-
zes is also expensive as it requires a lot of energy. Whe-
reas grinding of torrefacted biomass consumes a fraction
of the energy requirement for grinding raw biomass [16,
17, 18]. Surface roughness is one of the most significant
evaluation factor in metal machining operations. Surface
roughness is one of the parameters with great importance
considered for the functional behaviour of the mold or
tool, moreover is widely used as a description of surface
quality and as a technical requirement in most cases [19]

In this study mainly hazelnut husk, stalk of sunflower
maize which are agricultural wastes and released inten-
sely from agricultural areas in the Black Sea region were
investigated and evaluated as a solid biofuel. The residues
were briquetted with different particle sizes (PS: 2-5 mm
and 7-10 mm) under 80 MPa and 160 MPa. The surface
smoothness of them were analyzed by image analyze
from their high quality photos. In conclusion, it’s seen ob-
viously that the smaller particle sized briquettes had smo-
other surface than the ones produced with bigger PS.
Furthermore, they had better results of compaction, tou-
ghness and physical properties.

2 Materials and Methods

A Hydraulic type briquetting machine with a horizon-
tal pressing course, designed and constructed in Turkey
of Samsun was used for briquetting the hazelnut husk re-
sidues. Briquetting pressure range of this machine is ad-
justable from 0 to 320 MPa by a manometer on it. Piston
and cylinder of the machine is bedded horizontally thus
the briquetting is done in a horizontal course. The pump
of the machine has a tank of 25 L capacity of hydraulic
oil with a 1.2 m*-s™! flow rate. Stroke of the piston is 310
mm and the velocity of the stroke is adjusted to 10 mm.s
!at 160 MPa briquetting pressure. Machine dimensions
are 1280x1155x740 (AxBxC) mm. Operation of the ma-
chine is controlled by a start-stop button embedded on it.
Hydraulic pump functions by a 15 kW powered 3-phase
electrical engine with a star delta starter. The mold for the
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briquette was not heated. As a support block for the pres-
sing a rectangle shaped metal plate is placed at the end of

the course having 125x105x30 mm dimensions. Mo-
vement of this plate is done manually. Main parts are gi-
ven in Fig. 1, the mold in Fig. 2.
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Fig. 1 Main Parts of the Briquetting Machine

Fig. 2 The Mold

The residues were first dried in normal conditions un-
der the sun and their moisture contents were decreased
down to 13-15 % (M15). Then the dried material was

grinded by a knife-hammer mill till the required particle
sizes were obtained (2-5; 7-10 mm). The grinding process
is the main process in the production of solid cutting tools
to obtain the required geometry of the cutting tool [20].
Their moisture contents were con-trolled again and they
were briquetted under 160 MPa briquetting pressures.

Mechanical durability of the briquettes were determi-
ned by tumbling the test sample for 3 minutes at 40 r-min’
I, The covering shall be 12.5 mm mesh hardware cloth
applied taut to the outside of the frame. Interior projecti-
ons, such as screw heads, should be kept to a minimum
and should be well rounded. The box shall be mounted on
a diagonal axis (2 planes) with 2 stub shafts terminating
at the exterior of the angle iron frame. There is a hinged
triangular door 300 x 300 x 430 mm on each end. The
axis of rotation is horizontal.

The briquetting pressure was chosen as 160 MPa
showed that the briquettes were enough solid and durable
both physically and in shape. This working pressures also
matches with the studies defined in Krizan et al [21],
Zhang & Guo [22] and Sun et al. [23]. Feeding of material
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was done batch wise during the briquetting pro-cess in
order to avoid occlusion. The material prepared for briqu-
etting was poured into the cylindrical mold and they were
squeezed by a piston in the mold and the briquettes were
obtained. Pressing process continued 20 seconds more af-
ter the completing of squeezing in order to avoid ex-
pansion in the produced briquettes. Full cylindrical shape
briquettes having 50 mm diameter and 80 to 110 mm va-
rying lengths were produced by this process.

3 Results and Discussion

Top and front view of the produced briquettes are in

Fig. 3 Top and Front View of Hazelnut Husk Briquettes
Produced with Different PS and Briquetting Pressures

PS: Smm - 80 MPa
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PS: 10 mm - 80 MPa

PS: 10mm -80 MPa
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PS: 5 mm - 160 MPa

PS: Smm - 160 MPa

PS: 10 mm - 160 MPa

PS: 10mm - 160 MPa

Fig. 4 Top and Front View of Sunflower Residue Briqu-
ettes Produced with Different PS and Briquetting Pres-
sures

As obvious from the pictures it’s observed that smoo-
ther surfaces were obtained at smaller PS and in the same
manner this was valid for the higher briquetting pressures.
As stated before, the size of the particles significantly
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affects the physical and mechanical properties as well as
burning characteristics of briquettes [11, 12, 16, 22, 24,
25]. Particle size has a great impact on the compressibility
of a bulk input material and the durability of the final
briquettes [9, 12, 25, 26]. Usually, with the smaller par-
ticle size, the density, mechanical strength, hardness, me-
chanical durability, impact resistance and the burning
time of densified briquettes are increased [22, 25, 27, 28,
29], however very fine grinding is undesirable due to the
increased cost of briquette production [12] and the longer
fuel ignition time [30].

Tumbler Indexes of the produced briquettes from di-
fferent residue materials are given below (Tab. 1, Tab. 2).

As a result of statistical evaluation performed separa-
tely for each material, the difference between the Tumbler
Indexes of the briquettes obtained under 2 different
compression pressures of 80 and 160 MPa was found to
be significant (P<0.01) (Tab. 1). The pressure reduces the
distance between the material particles and allows them
to approach each other and increase the contact ratio of
the surfaces. According to the results, it was determined PS: 10 mm — 80 MPa
that the briquettes obtained under compression pressures = : .
of 160 MPa were higher than the briquettes obtained un-
der the pressure of 80 MPa in three different materials.
The briquettes obtained from the hazelnut husks had
lower Tumbler Indexes than the briquettes obtained from
corn and sunflower residues. This is because sunflower
and corn residues have a fibrous structure and therefore
can be compressed better under the same pressure than
the hazelnuts.

As a result of separate statistical evaluation for each -
material, the difference between the Tumbler Indexes of PS: 5 mm - 160 MPa
the briquettes obtained at 2-5 mm and 7-10 mm particle
sizes was found to be significant (P<0.01) (Tab. 2). The
Tumbler Indexes of sunflower and corn briquettes incre-
ased as the particle size increased. This is because that
they have a fibrous structure, which is why the larger par-
ticle size materials can bind each other better. Since the
hazelnut husks has a woody structure so, had the exact
opposite situation.

PS: 5 mm - 80 MPa

PS: 10 mm - 160 MPa

Fig. 5 Top and Front View of Corn Residue Briquettes
Produced with Different PS and Briquetting Pressures

Tab. 1 Tumbler Indexes of Briquettes at Different Briquetting Pressures

Tumbler Index (%)
X+ S
P (MPa) Hazelnut residue Sunflower residue Corn residue
80 64.84+1.11 95.66 = 0.20 96.38 £0.19
160 87.31£1.00 96.27 £ 0.26 97.61 +0.09
Sig. <0.01 <0.01 <0.01
Tab. 2 Tumbler Indexes of Briquettes at Different Particle Sizes
Tumbler Index (%)
X+ S
PB (mm) Hazelnut residue Sunflower residue Corn residue
2-5 78.92 £3.57 95.39+£0.24 96.84 +0.25
7-10 73.23+£3.16 96.54 £ 0.09 97.14 +0.22
Sig. <0.01 <0.01 <0.01

indexed on: http://www.scopus.com 745



October 2018, Vol. 18, No. 5

MANUFACTURING TECHNOLOGY

ISSN 1213-2489

4 Conclusions

Surface smoothness is assumed as an important indi-
cator in briquettes. In this study the effect of PS and briqu-
etting pressure on surface smoothness of bio briquettes
produces from hazelnut, corn and sunflower harvesting
residues are investigated. Smoother surfaces were obta-
ined with smaller PS and also with the higher briquetting
pressures. Surface smoothness shows the quality of the
briquettes especially for commercial purposes. These
kinds of studies can be helpful for the agricultural engi-
neers, farmers and academicians working on similar to-

pics.
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