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Analysis of Properties of Products from a 3-Step Charcoal Production Process
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Abstract

The present study aimed to investigate the characteristics of products produced in the charcoal production
process utilizing a three-step production unit. The study utilized three different types of biomasses: bamboo,
longan wood, and corncob, weighing 40 kg, 40 kg, and 35 kg, respectively. The equipment included a 200 L
cylindrical charcoal kiln, a wood vinegar distillation unit, and a biomass kiln for burning smoke to reduce pollution
emissions. The raw wood vinegar products from corncob charcoal, longan wood charcoal, and bamboo charcoal
weighed 9.03+0.57 kg, 11.07+£0.51 kg, and 11.13+0.31 kg, respectively. The pH values ranged from 3.27 to 3.40,
while the specific gravities ranged from 1.0089 to 1.0091. The raw wood vinegar was transformed into pure wood
vinegar by a settling process. The liquid was noted to be homogenous, with a smoky scent, and had a clear reddish
brown or yellowish brown color, with pH values ranging from 3.62 to 3.89 and specific gravities between 1.0052
and 1.0072. The average charcoal yield from the three-step charcoal kiln was: longan wood 9.8 kg, bamboo 9.6 kg,

and corncobs 8.7 kg. The calorific values of longan wood charcoal, bamboo charcoal, and corncob charcoal were
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6,923 Cal g’l, 7,381 Cal g’l, and 7,632 Cal g’l, respectively. Bamboo is the most effective biomass to produce

charcoal and wood vinegar.

Keywords: Wood vinegar, Charcoal, Biomass
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Figure 1 3-step charcoal kiln.
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Figure 2 Working principle of 3-step charcoal kiln.
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Table 1 Conditions used for chemical analysis of wood
vinegar using Gas Chromatography-Mass Spectrometry
(GC-MS).

Parameter Condition

GC Conditions

Gas 6890N (Agilent Technologies, USA)

Chromatograph

Column DB-FFAP: 30 m x 0.25 mm i.d. x
0.50 um capillary column (J&W
scientific, USA)

Temperature Inject temperature: 100 °C. Oven

program temperature: 40°C (initial

temperature) at 40°C for 5 mins,
then increased from 40°C to
200°C at 20°C min™, holding at
200°C for 25 mins. Detector
temperature: 230°C

Split ratio 100:1

Flow rate 10 ml min™

Injection mode

Helium carrier

gas
Mass Spectrometer Conditions
Detector Mass spectrometer 5973N (Agilent
Technologies, USA)
MS mode El mode

Mass range /
scan speed
Transfer line
temperature
Filament /
multiplier

delay

30 - 500 amu sec .

200°C

3 mins.
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C

Figure 3 Characteristics of charcoal produced using 3-
step charcoal kiln (A) Bamboo charcoal (B) Longan wood

charcoal (C) Corn cob charcoal.
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Table 2 Characteristics of charcoal from 3 types of biomasses.

Type of o Moisture Heating Value
Characteristic 4 C/N
charcoal content (%) (Cal ¢7)
Bamboo The wood is evenly blackened, with some breakage,
<10 7,381 11:1
charcoal but no unburned wood.
Longan wood The wood is evenly blackened, with a maintained
<10 6,923 3:1
charcoal shape, no breakage, and no unburned wood.
Corncob The wood is evenly blackened, with a maintained
<10 7,632 5:1
charcoal shape, with no unburned wood.
Boiling The wood is evenly blackened, with no soil or
<10 26,000
charcoal unburned wood.
Grilling The wood is evenly blackened, with no soil or
<8 >7,000
charcoal unburned wood.
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Table 3 Physical properties of raw and purified wood vinegar.

Physical . .
o pH Value Specific Gravity
Type of Characteristic
wood Raw Purified Raw Purified Community Raw Purified Community
vinegar wood wood wood wood product wood wood product
vinegar vinegar  vinegar  vinegar standards vinegar  vinegar standards
Bamboo  Clear Light
charcoal  brown brown
3.27 3.62 1.0091 1.0069
with tar clear
mixture
Longan Dark Clear
wood brown brown
1.5-2.8
charcoal  clear with 3.40 3.78 o 1.0095 1.0072
; (Distillation) >1.001
ar
. 2.8-3.7 (Raw)
mixture
Corncob  Dark Clear
charcoal  brown red
clear with  brown 3.32 3.89 1.0089 1.0052
tar
mixture
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LAEAINUITEVY (UAT, 2561) Wui1dodAUsEnouNIs
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Table 4 Chemical Components of wood vinegar.

a13Us¥Naunay Organic acid Fasluniseiuazsudsns
Aotiolse Wosluiivld uazansuszneungu Phenol gvan
42.79% Tuhduatuliandiudsdnlng sesasn 24.71%
Tuthduetulsianndwlifld ansusgnaungy Phenol oon
qm'é“lumsszhamuauﬂﬁm’%wvlﬁuimaqﬁmLLazéTUézﬂmsLﬁm
ow

Corn cob Longan wood Bamboo
Chemical Component Relative Quality Relative Quality Relative Quality

quantity (%) (%) quantity (%) (%) quantity (%) (%)
Acetic acid 13.4 91 4553 80 37.5 86
Propanoic acid 4.01 91 3.89 94 6.53 89
Butanoic acid 2.17 95 1.1 95 2.03 93
Acetone 2.73 80 1.17 80 1.72 80
Cyclopentanone 1.08 90 0.62 91 1.18 90
2-Butanone 0.77 86 N/A N/A N/A N/A
2-Cyclopenten-1-one 9.17 91 271 91 1.44 89
1-Hydroxy-2-butanone 1.03 80 N/A N/A N/A N/A
2,3-Dimethyl-2-cyclopenten-1- 2.16 90 1.55 95 1.98 96
one
2-Furancarboxaldehyde 0.99 94 N/A N/A N/A N/A
1-(2-Furly) ethenone 3.08 91 1.91 90 2.98 90
2-Furanmethanol 7.72 95 N/A N/A 3.76 95
Phenol 42.79 94 16.72 95 24.71 95
2-Methoxy-4- 1.91 97 3.65 97 1.56 94
ethylphenol(guaiacol)
Benzene methanol 3.79 97 0.78 97 1.7 97
2-Formyl-5-methylfuran N/A N/A 2.11 94 N/A N/A
4-Ethyl-2- N/A N/A 2.05 91 N/A N/A
methoxyphenol(guaiacol)
2-Methy!l-4-propyl imidazole N/A N/A 0.4 90 N/A N/A
2-Methyl-2- cyclopenten-1- N/A N/A 1.76 91 2.58 92
one
Furfural N/A N/A 8.78 95 N/A N/A
3-Methyl-2- cyclopenten-1- N/A N/A 0.92 94 1.13 90
one
3,4-Dimethyl-2-cyclopenten-1- N/A N/A N/A N/A 0.37 90
one
4,5-Dimethy!l-4-hexen-3-one N/A N/A N/A N/A 0.23 83
1-Hydroxy-2-methoxy-4- N/A N/A N/A N/A 2.06 97

methylbenzene
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