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Abstract
Sathitruangsak, P.!, Madhiyanon, T.! and Soponronnarit, S.
Design of an extrusion screw and solid fuel produced from coconut shell
Songklanakarin J. Sci. Technol., 2006, 28(2) : 387-401

The objectives were to design an extrusion screw to produce biomass solid fuel in a cold extrusion
process, and investigate the effects of molasses used as a selected adhesive on the physical properties of
extruded products. The material employed consisted of crushed coconut shell char and coconut fiber char
mixed at a ratio of 40:60. The ratios of molasses in the mixture were 10:100, 15:100 and 20:100 (by weight)
and the extrusion die angles were 1.0, 1.1, 1.2, and 1.3 degrees gradation per experiment. The experimental
results showed that the newly designed screw could function properly in the output range 0.75-0.90 kg/min,
which is close to the design value. Regarding the molasses's effect on solid fuel properties, increasing the
share of molasses was positive for both output and strength of the resulting briquettes, whereas the results
of increasing die angle showed decreases in both output and strength. The compressive strength varied
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between 2.49-2.87 MPa in all circumstances, which was considerably higher than acceptable industrial level.
Furthermore, the extruded solid fuel showed excellent resistance to impact force. Regarding energy con-
sumption, the amount of electrical energy used in the extrusion process was insignificant, ranging between
0.040-0.079 kWh/kg.

Key words : extruded fuel, extrusion, binder, extrusion die, molasses
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Figure 1. various forces acting on solid plug element.
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Figure 3. Velocity diagram in the screw channel.
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Figure 8. Schematic diagram of extruder used in this work.
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Table 2. Experimental Results.
Testing  Mass ratio  Die angle Production Bulk Compressive Heating  Specific energy  Impact
number of binder to  (Degree) rate density strength Value consumption resistance
material (kg/min) (kg/m?) (MPa) (MJ/kg) (KW-h/kg) index

1 10:100 1.0 0.80 1342 2.60 20.33 0.050 oo

2 15:100 1.0 0.88 1337 2.73 19.34 0.042 oo

3 20:100 1.0 0.90 1283 2.87 19.04 0.040 oo

4 10:100 1.1 0.80 1278 2.54 20.33 0.057 oo

5 15:100 1.1 0.85 1236 2.61 19.34 0.052 oo

6 20:100 1.1 0.90 1232 2.85 19.04 0.043 oo

7 10:100 1.2 0.75 1216 2.50 20.33 0.076 oo

8 15:100 1.2 0.80 1214 2.57 19.34 0.055 oo

9 20:100 1.2 0.85 1149 2.79 19.04 0.046 oo

10 10:100 1.3 0.75 1148 2.49 20.33 0.079 oo

11 15:100 1.3 0.78 1114 2.55 19.34 0.066 oo

12 20:100 1.3 0.80 1059 2.70 19.04 0.050 oo

Remark: The infinity sign ( oo ) means that the samples did not fracture when each sample was dropped 50 times.
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