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pressing a rectangle shaped metal plate is placed at the end of the course having 125x105x30 mm di-
mensions. Movement of this plate is done manually. Main parts are given in Figure 1, the mold in Figure
2 and finally manufacturing stages of this machine are given in Figure 3, below.

Fig. 1 Main parts of the briquetting machine

Fig. 2 The mold
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Briquetting of Hazelnut Husk Agricultural Residue

The residues were first dried in normal conditions under the sun and their moisture contents were de-
creased down to 13-15 %. Then the dried material was ground by a knife-hammer mill till the required
particle sizes were obtained (2-5; 7-10 mm). Their moisture contents were controlled again and they
were briguetted under 160 MPa briquetting pressures.

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., (2015), Zhang & Guo (2014) and Sun, et al., (2014). Feeding of material was done batch
wise during the briquetting process in order to avoid occlusion. The material prepared for briquetting
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 after the completing of squeezing in order
to avoid expansion in the produced briquettes. Full cylindrical shape briquettes having 50 mm diameter
and 80 to 110 mm varying lengths were produced by this process.

RESULTS AND DISCUSSION

As mentioned the residues obtained after harvesting of hazelnut were briguetted under 160 MPa bri-
quetting pressure with 13-15 % moisture content and with two different particle sizes (2-5 mm and 7-
10 mm). Then the solid biofuel properties of these briquettes at each application were analyzed. Samples
of full cylindrical shaped briquettes for each application are given in Figure 4, below.

M: 13-15 %

PS: 2-5 m PS: 7-10 mm
P: 160 MPa P: 160 MPa
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Fig. 4 Briquettes produced from different particle sizes

Volume mass of the material and the briquettes with compression ratios are given in Table 1. The highest
compression ratio (7.03) was achieved at 160 MPa briquetting pressure, 13-15 % moisture content of
the material and with 7-10 mm particle sizes.

Tab. 1 Compression ratios of the hazelnut husk briquettes
Volume mass Volume mass

P M PS . . Compression
(MPa) (%) (mm) of material briquettes ratio
i (kg.m?) (kg.m?)
160 1315 2-5 176.79 1143.23 6.47
7-10 142.90 1005.43 7.03

Tumbler Index

Tumbler index is an indicator of resistance of briquettes against the forces they face during loading,
discharging, transporting procedures. Thus it is an indicator of solidness of briquettes (Zhang & Guo,
2014; Niedziolka, et al., 2015).

Tab. 2 Effect of particle size on tumbler index

Tubler Index (%)

X+tS,
PS (mm)
2-5 78.92 + 3.57
7-10 73.23 £3.16
Sia. <0.01

The highest Tumbler Index (78.92 + 3.57) was achieved with the briquettes made from 2-5 mm particle
sizes at 160 MPa briquetting pressure and at 13-15 % moisture content of material. The difference be-
tween the Tumbler Indexes of the briquettes at different particle sizes was found to be statistically sig-
nificant (P<0.01). The reason for this was estimated as that the hazelnut husk has ligneous structure so,
the briquettes made from a higher particle sized material can be more brittle. The remaining briquettes
after Tumbler Index tests are given in Figure 5.

M: 13-15 %

PB: 2-5 mm PB: 7-10 mm
P: 160 MPa P: 160 MPa
Fig. 5 The remaining hazelnut husk briquettes after Tumbler Index tests

The results of Tumbler Index tests showed that the main abrasion and breakdowns realized at the both
ends and at the middle part of the briquettes. The reason for that can be the batch squeezing procedure
depending on the material feeding which ends up with layered structure. The breaking mainly occurred
in that layer borders.
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Shatter Index

The resistance of briquettes against impacts during loading and discharging processes are tested by
Shatter Index. In this test the briquettes were intentionally dropped down 10 times from a height of 1 m
above ground level. The results of Shatter Index tests are given in Table, below.

Tab. 3 Effect of particle size on Shatter Index

Shatter Index (%)

X+ S;
PS (mm)
2-5 91.27 £1.68
7-10 91.17+1.82
Sig. 0.947

The difference between the Shatter Indexes of the briquettes produced from two different particle sizes
was not found to be statistically important. The views of briquettes after Shatter Index testes are given
in Figure 6.

M: 13-15 %

PS: 2-5 mm PS: 7-10 mm
P: 160 MPa P: 160 MPa

Fig. 6 Shatter tests of briquettes

The tests showed again that all the breakings and split ups happened at the both ends and in the middle
of the briquettes due to batch squeezing of the material.

CONCLUSIONS

In this study a particular hydraulic type briquetting machine with a horizontal course was designed and
developed for the briquetting of hazelnut husk agricultural residues in order to be evaluated as solid
biofuel. Effect of two different particle sizes were analysed on the physical-mechanical parameters of
briguettes which are produced under 160 MPa pressure and at 13-15% moisture content. The results
showed that the developed hydraulic type briquetting machine is very suitable for briquetting of hazelnut
husk agricultural residues. After all the tests it’s found that the effect of particle size on volume mass of
material, volume mass of briquettes, compression ratio, Tumbler Index were statistically important but,
its effect on Shatter Index was not found to be important. These kinds of researches will help to improve
the design and function of briquetting machines for the future and by this way for the energy deficiency
of the world by converting agricultural residues to energy sources.
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