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Abstract

Due to their high moisture contents and low calorific values, barks and fruit peels have not been widely used as
feeding fuels for any thermo-chemical process. Carbonization via slow pyrolysis is a simple and low-cost method for
improving their basic properties with a byproduct (wood vinegar). This research work aims to prepare charcoal and
wood vinegar from eucalyptus barks, pineapple peels and raw papaya peels by a carbonization in a 200 L-vertical
drum kiln. Yields and properties of the charcoals and the wood vinegar were determined. The experimental results
indicated that percentages of fixed carbon of the eucalyptus barks, pineapple peels and papaya peels were increased
by 157%, 272% and 280% respectively, after the carbonization process. Carbonization of eucalyptus barks provided
the charcoal and the wood vinegar with the higher yield than carbonization of pineapple and papaya peels. Average
yields of the charcoal and the wood vinegar derived from the barks and fruit peels were in the ranges of 20.89-24.06%

and 8.36-9.26%, respectively. Only the charcoal derived from eucalyptus barks had the calorific value that was in
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accordance with the requirement of the wood charcoal standard (community product standard no. 657/2547). Whilst

properties of the distilled wood vinegar derived from all barks and fruit peels met the requirement of the wood vinegar

standard (community product standard no. 659/2553).

Keywords: Carbonization, charcoal, wood vinegar, barks and fruit peels
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(a) (b) (c)
Figure 1 Sun-dried (a) eucalyptus barks,

(b) pineapple peels and (c) raw papaya peels

Kiln lid (C)

New condensing unit (A)

'\
Original condensing unit (B)

Wood vinegar sampling point (E)

Air flow control door (D)

Figure 2 The 200 L-vertical drum kiln used for

carbonization process of barks and fruit peels
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Table 1 Chemical compositions and calorific values of

eucalyptus barks and fruits peels

Proximate analysis | Eucalyptus | Pine apple
(%) bark peel Papaya pael
Moisture 7.48+0.51° | 9.76+0.37° | 10.05+0.73"
Fixed carbon 26.06+0.67° | 16.08+0.87° | 14.48+1.46"
Volatile matter | 59.60£0.56° | 63.7921.17° | 65.19+1.72"
Ash 6.86+0.34° | 10.37+0.44° | 10.29+0.98"
Ultimate analysis (%)

Carbon (C) 42.92 39.20 38.79

Hydrogen (H) 5.60 6.70 6.27

Oxygen (O) 51.11 53.39 50.96

Nitrogen (N) 0.22 0.65 3.16

Sulfur (S) 0.14 0.06 0.80
Calorific value) | 3,719+108" | 3,054+100° | 2,865+112°

(Callg)
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(A) (B) (©)
Figure 3 Charcoals derived from (A) eucalyptus barks

(B) Pineapple peels and (C) Papaya peels
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Figure 4  Yields of charcoal and wood vinegar obtained

from carbonization of eucalyptus bark and

fruits peels
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Table 2 Chemical compositions and calorific values of

charcoal derived from eucalyptus barks and fruit

peels
Eucalyptus | Pineapple Papaya
Proximate analysis (%) bark peel peel
charcoal charcoal charcoal

Moisture 2.12+0.22° |3.62+0.36" |4.44+0.44°
Fixed carbon 66.99+0.48° | 59.88+0.71° | 55.02+1.67°
Volatile matter 29.63+0.69" | 32.26+0.71" | 36.65+1.40°
Ash 1.26£0.19° |4.22+0.10° |3.88+0.27"
Ultimate analysis (%)
Carbon (C) 53.44 65.44 52.47
Hydrogen (H) 3.83 3.53 4.23
Oxygen (O) 41.96 28.20 36.55
Nitrogen (N) 0.76 1.03 4.95
Sulfur (S) 0.01 0.26 1.79
Calorific value (Cal/g) 6,402+125° | 5,374+109° | 5,043+118°
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Figure 5  Yield of wood vinegar from carbonization of

barks and peels in a 200 L-vertical drum kiln
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Table 3 Properties of wood vinegar undergoing vacuum

filtration and distillation

Wood Eucalyptus Papaya
Property Pineapple peel

vinegar bark peel

Filtered 3.08+0.04™ 3.28+0.02%° 3.84+0.03™

pH

Distilled 2.22+0.03% 2.47+0.02%° 2.54+0.02%°
Density Filtered 1.035+0.003% | 1.025+0.001% | 1.023+0.002%
(kg/m®) Distilled 1.020+0.001*° | 1.012+0.001* | 1.015+0.001*°

"B Different letters in the same column indicate that values are significantly
different (p < 0.05)

* Different letters in the same row indicate that values are significantly different
(p <0.05)
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