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Abstract
The objective of this research was to analyze the influence of two different heating rates (2.67 °C/min, 0.67 °C/min), reaching 500 °C as final
temperature in pyrolysis, on the chemical composition of the pyroligneous liquor produced. Three pyrolysis sessions were performed for each heating
rate on Eucalyptus urograndis wood chips in an oven-muffle connected to a gas-collecting system. The gravimetric yield was calculated, and the chemical
compounds of pyroligneous liquors were identified through gas chromatograph-mass spectrometer. Heating rates did not affect the gravimetric yield of
final products. However, qualitative differences were observed in the chemical composition of pyroligneous liquors produced. The presence of 1-hidroxy
2-propanone, 4-methylphenol (p-cresol), and 5-hidroxymethyl 2-furaldehyde compounds was detected only in the pyroligneous liquor produced at the
highest heating rate (2.67 °C/min).
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Introduction
Charcoal production is based on the pyrolysis process of
wood or other vegetable biomass, which in the current industrial
practice is called carbonization. In theory, this process can be
considered as the heating of a solid material in an inert atmosphere
with an average temperature of 500 °C [1]. Besides the charcoal,
the carbonization process produces volatile materials that can
be divided into two distinct fractions: one condensable and the
other non-condensable. The yield of products is a function of the
characteristics of the biomass to be treated, as well as the pyrolysis
method applied and the process parameters, such as:
I.

Temperature,

III.

Heating rates and

II.

IV.

Residence time,
Pressure [1,2].

According to [3], nearly 60% of the weight of a wood charge
submitted to carbonization is transformed into volatile products,
which are released into the atmosphere. Despite the fact that
the most of the charcoal production is carried out in smallscale factories spread over the countryside, the overall amount
of emissions is important, both with respect to environmental

impact and to the level of valuable chemical products that could be
economically recovered [3].

Among the chemical compounds released during the
carbonization process, the following stand out in their potential for
recovery and industrial use: in the condensable fraction
a.
Acetic acid, methanol, acetone, aromatic compounds,
phenol derivatives, aldehydes and derivatives; and in the noncondensable fraction.
b.

CH4, CO2, CO, H2 and other light hydrocarbons [1,3].

The exploitation of any potentially useful substances in the
gaseous by-products of carbonization depends on the adoption
of more efficient operational practices and the use of improved
technologies. Thus, research and development activities to improve
the control of the carbonization parameters are necessary, to
lead the charcoal sector to a more efficient technical-economical
management.
Therefore, these carbonization experiments were carried out to
analyze the influence of different heating rates of the carbonization
process on the yield of solid (charcoal) and yield and chemical
composition of condensable fraction from the volatilized gases.
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Materials and Methods
Material used
Eucalyptus urograndis wood chips were used in the experiment.
This is an inter-specific hybrid clone that combines the rapid growth
characteristics of Eucalyptus grandis (a species widely distributed
for charcoal production in the states of Minas Gerais and São Paulo)
with the higher density and phenotypic variety of E. urophylla (a
species that is strategically important for genetic improvements in
fields related to clonal forestry) [4,5].

Wood pyrolysis and collection of by-products

All the laboratory experiments were conducted in the
laboratories of Chemistry, Pulp and Energy in Piracicaba, São Paulo,
Brazil. The carbonizations were processed at a final temperature of
500 °C, under atmospheric pressure, at 2 different heating rates and
residence times (Table 1). Three repetitions were performed for
each heating rate, for a total of 6 carbonizations. All carbonizations
started at an initial temperature of 100 °C, which was held for
30 minutes before increasing, and reached a final temperature

Copyright © Raquel Silveira Ramos Almeida

of 500 °C, which was also held for 30 minutes. According to
[6,7], this condition is enough to allow the gases to attain their
maximum emission peak and their subsequent stabilization. The
carbonizations were performed in an oven-muffle heated by an
electrical resistance, with an analog meter for temperature control.
A metallic recipient (nominal volume of 500cm3) was inserted
inside the muffle, containing samples of wood. The amount of wood
used in each carbonization was fixed according to the maximum
occupation capacity of the metallic recipient volume. The ovenmuffle was equipped with a system that allowed the collection and
separation of condensable and non-condensable gases (Figure 1),
which were submitted to chemical analysis.
Table 1: Heating rates and total time of carbonizations.
Experimental
Groups

Heating Rates

Total Time of
Carbonizations

1

2.67 °C/min

2.5 hours

2

0.67 °C/min

10 hours

Figure1: Oven-muffle connected with the gas collector system.
B: condensable-gases collector;
F1 and F2: A non-condensable gas filters.
B: Balão de coleta dos gases condensáveis
F1 e F2: Filtros de purificação dos gases não condensáveis

Gravimetric yield calculations

Where CGY = Dry charcoal gravimetric yield (%); DCW = Dry
charcoal weight (grams); DWW = Dry wood weight (grams)

After cooling the oven-muffle, the charcoal and condensablegases (pyroligneous liquor) produced were weighed in a semi- =
PLY CGW/DWW × 100
Eq.(2)
analytic balance to measure the gravimetric yield for the charcoal
Where PLY = Pyroligneous liquor gravimetric yield (%); CGW
and gaseous by-products. The charcoal gravimetric yield was
= Condensable-gases weight (grams); DWW = Dry wood weight
obtained from the ratio between the weight of dry charcoal and
(grams)
wood (Equation 1), and that for the condensable-gases from the
ratio of pyroligneous liquor and wood (Equation 2). The results Qualitative Analysis of Pyroligneous Liquor
for the charcoal and condensable gases gravimetric yields were
For the identification of chemical compounds present in
submitted to variance analysis, to verify if the heating rates and
the pyroligneous liquor produced at the heating rates applied,
carbonization times applied influenced these parameters.
the condensable-gases were analyzed in a gas chromatograph
connected to a mass spectrometer (GC/MS) using a TRACE GC
=
CGY DCW/DWW ×100
Eq.(1)
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Ultra, Thermo brand equipped with DSQII. A silica capillary
column (30m x 0.30mm ID x 0.25μm) was used. The temperature
was programmed initially for 40 °C (3min) and then increased at
a rate of 15 °C/min to 270 °C (6min). Helium was used as carrier
gas. The volume injection was in split mode at 250 °C. The interface
temperature was 270 °C. The split flow was 24ml/min and the split
ratio was 20. The data was processed using Excalibur software. The
results were compared to identify qualitative differences in the
pyroligneous liquors produced in each experimental group.

Results and Discussion

Gravimetric yield results
The gravimetric yield results are shown in (Table 2). Results of
charcoal and pyroligneous liquor gravimetric yields showed normal
distribution, as provided by the Shapiro-Wilk test (α = 0.05), and
could be submitted to analysis of variance (ANOVA). The ANOVA
indicated no statistical differences for the gravimetric yields of
pyroligneous liquor (p = 0.6801) and charcoal (p = 0.0971) at the
different heating rates applied. Thus, despite the finding of [6-9]
in which the heating rates influenced the gravimetric yield of the
pyroligneous liquor, no such effect was observed in this experiment.
However, [10] reported results similar to those obtained in this
experiment. It can be justified that the range of heating rates
applied for these studies are smaller than those mentioned by other
researchers.
Table 2: Gravimetric yields obtained.
Carbonizations

1a

1b

CGY (%)
Group 1 (2.67 °C/min)
36.3
38.8

PLY (%)

42.2
42.6

1c

38.5

41.1

Standard Deviation

1.3

0.8

Average

Coefficient of
Variation
2a

37.8
1.6

Group 2 (0.67 °C/min)

2b
2c

Average

Standard Deviation
Coefficient of
Variation

41.9
1.8

38.9

36.3

38.5

40.1

38.7
38.7
0.2
0.6

40.0
38.8
2.2
5.6

Where CGY = Dry charcoal gravimetric yield (%), PLY = Pyroligneous
liquor gravimetric yield.

Pyroligneous liquor analysis results
The results of chemical analyses can be seen in (Table 3) that
summarizes the chemical compounds present in the chromatograms
of (Figures 2 & 3) which in turn describe only the 19 compounds
that had the most representative percentile concentration for each
experimental group tested. The chemical analysis of pyroligneous
liquors demonstrated the presence of oxygenated compounds, such
as carboxylic acids, esters, ethers and ketones, in addition to phenol,
phenol derivatives and guaiacol. Its revealed that the most of the
pyroligneous liquor compounds identified had complex structures
derived from the chemical degradation of the lignocellulosic
constituents of eucalyptus wood, as described by [10-12].

Figure 2: Chromatogram of pyroligneous liquor obtained from experimental group 1 (2.67 °C/min).
The numbers on the peaks correspond to the chemical components listed in (Table 3).
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Figure 3: Chromatogram of pyroligneous liquor obtained from experimental group 2 (0.67 °C/min).
The numbers on the peaks correspond to the chemical components listed in (Table 3).
Table 3: Chemical compounds present at pyroligneous liquor.
Chemical Compounds

Group 1

Group 2

(2.67 °C/min)

(0.67 °C/min)

Methanol

1

1

Acetic acid

3

Methyl acetate
1-Hydroxy, 2-propanone
3-Furaldeyde

1-2-Furanil ethanone

5-Methyl, 2-furaldeyde
Corilon

4-Methylphenol

2

2
3

4

nd

6

6

5
7
8

5
7
8

9

nd

11

11

4-Methoxyphenol

10

5-Hydroxymethyl, 2-furaldeyde

12

nd

14

14

2-Methoxy,4-methylphenol
4-Ethyl,2-methoxyphenol
2,6-Dimethoxyphenol

1,2,4-Trimethoxybenzene
5-tert-Butylpyrogallol

4-Propyl-1,1-diphenyl

4-Hydroxy,3,5dimethoxybenzaldeyde
Desaspidinol

Where nd = not detected.

13
15
16
17
18
19

10
13
15
16
17
18
19

More than 70 chemical compounds identified in the
chromatograms were the same for both experimental groups.
However, 3 compounds (1-hydroxy 2 propanone, 4-methylphenol
and 5-hydroxymethyl 2-furaldehyde) appeared in the pyroligneous
liquor produced by experimental group 1 (2.67 °C/min), but not
by group 2 (0.67 °C/min). The differences in chemical composition
of pyroligneous liquors, obtained in this study as a function of
different heating rates, can be explained by the fact that the highest
heating rate induced higher temperatures and pressures in a

relatively shorter time. Thus, increasing heating rates induce higher
energy inputs into wood chemical components during pyrolisis in a
shorter time, which induces faster thermal degradation by breaking
chemical bonds.

This can explain the production of a higher variety of
condensable gas figures at the highest heating rate. Moreover, the
highest heating rates might have increased the exhaustion speed
of gases from the reactor, thus minimizing exothermic reactions
of secondary pyrolysis [13]. This latter aspect might have reduced
thermal destruction of high-molecular weight gases inside the ovenmuffle chamber, and further conserved the original composition
of condensable gases during sampling, which resulted in a higher
variety of detectable compounds in chemical analysis.

Conclusion

The pyroligneous liquor was composed by a great number of
oxygenated compounds including carboxylic acids, esters, ethers
and ketones, in addition to phenol, phenol derivatives and guaiacol.
Additionally, it can be concluded that the different heating rates
applied for this study to reach the 500 °C final temperature (2.67
°C/min and 0.67 °C/min) have not influenced the gravimetric
yield of the charcoal and the pyroligneous liquor. Nevertheless,
the qualitative chemical composition of the pyroligneous liquor
was influenced, since the compounds 1-hidroxy 2-propanone,
4-methylphenol (p-cresol) and 5-hidroxymethyl 2-furaldehyde
were found only in the pyroligneous liquor produced under the
highest heating rate [14].
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