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Abstract

This paper is a study of fast pyrolysis of Leucaena leucocephala wood in a cylindrical vibrating reactor in order to
investigate several parameters including biomass particle size, reaction heated zone length, biomass feed rate, nitrogen
flow rate and vapour residence time. Also investigated is the catalytic upgrading of the produced bio-oils applying titanium
dioxide (TiO,) and Perlite. The results showed that optimum conditions were biomass particle size of 0.6-1.0 mm, heated
zone length of 55 cm, biomass feed rate of 1 kg/h, nitrogen flow rate of 5 I/ min, which gave a maximum bio-oil yield of
61.4% and the bio-oil had a heating value of 17.0 MJ/kg. In this paper a new discovery was made in addition to bio-oil
and water, oily was obtained with a heating value of 26.6 MJ/ke. The upgrading step led to the increase of bio-oil heating
value and the reduction of water content. By applying TiO, and perlite, the bio-oi yields were 6.04 and 6.76% with heating
values of 29.5 and 28.9 MJ/kg and the water content was reduced from 46.3% (non-catalytic bio-oil) to 11.7 and 12.2%,

respectively.
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Analysis This work Ref [4, 18]
Particle size (mm) 0.2-1.0 0.212-1.5
Moisture (wt%, db) 8.6 3.7-95
Proximate (wt%, db)

Volatile matter 80.6 77.-79.4
Fixed carbon' 17.6 8.77-13.2
Ash 1.7 1.7-2.06
Ultimate (wt%, db)

Carbon 50.48 47.4-49.9
Hydrogen 6.2 6.19-6.6
Nitrogen 0.2 0.3-0.8
Oxygen 41.6 43.0-41.1
Heating value (MJ/kg)

Higher heating value 20.6 18-19.5
Low heating value 19.3 18.1
Density (kg/m?)

Bulk 261.6 197.7
Particle 786.2 682

LAUIINANULANAS = 100-Volatile-Ash
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This work Ref [4] ASTM D7544-12 [20]
Analysis
Heavy Oily Heavy Grade G Grade D
Properties
Water content (wt%) 46.3 1.58 23.4 <30 <30
Solid content (wt%) 0.18 <0.1 0.1 2.5 0.25
Viscosity 40 (°C) (cSt) 132.4 - - 125 125
Density 20 (°C) (kg/dm?) 1.1 1 1.1 1.1-13 1.1-1.3
Ash content (wt%) 0.12 <0.1 <0.1 0.25 0.15
pH 24 - 3.6 Report Report
Flash point (°C) 108.2 - - > 45 > 45
Pour point (°C) -18.2 - - -9 -9
Heating value (MJ/kg)
Higher heating value 17.0 26.6 222 >15 >15
Energy yield (%) 43.7 0.6 34.5 - -
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Analysis This work

Proximate (Wt%, db)

Moisture 0.6

Volatile matter 315

Fixed carbon 64.2

Ash content (wt%) 43
Elemental (wt%, db)

Carbon 79.6

Hydrogen 4.2

Nitrogen 0.34

Oxygen 11.6
Heating value (MJ/kg)

Higher heating value 29.8
Density (kg/m?)

Bulk 188

Particle 813
Energy yield (%) 329
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M15197 4 auvhlulossdirunisdmnsnlagldiuseuiisen

TiO, (Anatase) Perlite
. Without catalyst Catalytic Without catalyst Catalytic
Analysis
Aqueou Aqueou
Heavy | Aqueous Heavy Heavy | Aqueous Heavy
s s
Properties
Water content (wt%) 15.5 98.8 11.7 99.8 14.8 98.3 12.2 98.4
Solid content (wt%) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Density 20 (°C) (kg/m3) 1071.6 1024.7 1023.5 1013.4 1024.3 1024.2 1043.6 1024.5
Ash content (wt%) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Flash point (°C) 76.5 - 64.2 - 82.4 - 66.5 -
Pour point (°C) -8 -18.9 -7.8 -18.6 -8.3 -18.8 -8.1 -18.5
Heating value (MJ/kg)
Higher heating value - - 29.47 - - - 28.28 -
Energy yield (%) = - 10.4 - - - 11.1 -
TiO, (Anatase) & Perlite = TiO, (Anatase) = Perlite
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