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Abstract
Sathitruangsak, P.!, Madhiyanon, T.! and Soponronnarit, S.
Study of solid fuel from coconut shell produced by extrusion technique

using treated rice straw and molasses as binders
Songklanakarin J. Sci. Technol., 2006, 28(6) : 1305-1316

The objective was to study solid fuel produced from biomass by cold extrusion technique. The raw
materials used comprised crushed coconut shell char and coconut fiber char mixed with two kinds of binders
produced from treated rice straw and molasses. In order to investigate the effects of the amounts of binder
used on the physical properties of the solid fuel produced, the mass ratio of molasses was varied, at 10:100,
15:100, and 20:100, whereas that of the treated rice straw was 15:100, 20:100, and 25:100. In addition, the
effects of mixing the ratios of crushed coconut shell char and coconut fiber char were studied by varying
their ratios in the mixture (shell: fiber), at 40:60, 50:50, 60:40 and 70:30. The results showed that when
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molasses were used as a binder, increasing both the amount of molasses and coconut shell enhanced the
compressive strength of the solid fuel produced. When treated rice straw binder was used, compressive
strength also increased with the increasing of coconut shell ratios in the raw material mixture, but decreased
with increases in the binder ratio. Regarding product output and specific energy consumption, when the
amounts of both binders were increased, product output increased, while specific energy consumption
decreased. However, the converse was true regarding increasing the amount of coconut shell char. Generally,
the compressive strength varied between 2.60-3.00 MPa (molasses) and 0.49-0.79 MPa (treated rice straw),
which were considerably higher than acceptable commercial levels. Regarding energy consumption, consider-
ably low electrical energy was used in the extrusion process, at 0.032-0.056 kWh/kg.

Key words : extrusion, binder, extrusion die, molasses, treated rice straw, solid fuel
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Figure 1. Photo showing the treated rice straw binder.

Figure 2. Photo showing the molasses binder.
[Color figure can be viewed in the electronic version]
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6 50:50 v v 200
7 50:50 v v 145
8 60:40 v v 145
9 60:40 v v 200
10 70:30 v v 200
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Figure 5. Schematic diagram of extruder used for the experiments.

Figure 6. Photo showing the extruded fuel from the experiments.
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Table 2. Experimental Results.
o L. Run Nos.
Descriptions
1 2 3 4 5 6 7 8 9 10
Coconut shell char : 40:60 40:60 40:60 50:50 50:50 50:50 50:50 60:40 60:40 70:30
coconut fiber char
Binder type M M M R R R M M R R
Mass ratio of binder : 10:100 15:100 20:100 15:100 20:100 25:100 15:100 15:100 20:100 20:100
raw material
Screw speed (RPM) 145 145 145 200 200 200 145 145 200 200
Production rate 0.73  0.79 0.82 1.13 1.16 1.2 0.75 0.72 1.10 1.05
(kg/min)
Specific energy 0.055 0.047 0.045 0.040 0.034 0.032 0.054 0.056 0.390 0.043
consumption (kWh/kg)
Density of briquette 1342 1337 1283 1388 1342 1328 1448 1486 1426 1465
(kg/m?)
Compressive strength 260 273 2.87 049 0.48 0.33 2.90 3.00 0.75 0.79
(MPa)
Impact resistance index oo oo oo 81 61 56 oo oo 72 75
High heating value 20.33 1934  19.04 23.60 24.00 2450 21.57 2273 24.85 2531
(MJ/kg)

M = Molasses binder R = Treated rice straw binder

Remark: The infinity sign ( co ) means that the samples were not fractured when each sample was dropped 50 times.
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