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ABSTRACT – Among the parameters used in the biomass carbonization process, the heating rate is one of the 
most important. The objective of the present work was to assess the infl uence of diff erent heating rates on the 
chemical composition of wood vinegar (WV) from two wood species. Dried disks of Eucalyptus grandis and 
Mimosa tenuifl ora wood were used as raw material. Carbonization runs were carried out in a laboratory muffl  e 
furnace at three heating rates (0.7, 1.0 and 1.4 °C/min), with 10 runs at each heating rate, reaching 450 °C. Yields 
of charcoal, pyrolysis liquids and gases were determined for all carbonization conditions. Crude pyrolysis 
liquid from each wood species and each heating rate was bi-distilled, yielding purifi ed WV samples. These 
samples were extracted with ethyl acetate and the organic fraction was analyzed by gas chromatography-mass 
spectrometry to obtain qualitative and semi-quantitative data. Results showed that lower heating rates produce 
higher yields of charcoal, while higher heating rates lead to higher yields of pyrolysis liquids and gases. Totals 
of 57 and 42 chemical compounds were identifi ed in the WV of Eucalyptus and Mimosa, respectively, divided 
into the following groups: alcohols, ketones, furans and pyrans, and phenolic compounds. In general, higher 
heating rates led to greater contents of furans and pyrans and lower concentrations of phenolic compounds. 

Keywords: Wood vinegar; Heating rate; Phenolic compounds.

EFEITO DA TAXA DE AQUECIMENTO DE PIRÓLISE NA COMPOSIÇÃO QUÍMICA DO 
EXTRATO PIROLENHOSO DE Eucalyptus urograndis E Mimosa tenuiflora

RESUMO – Dentre os parâmetros do processo de carbonização, a taxa de aquecimento é um dos mais 
importantes. O objetivo do presente trabalho foi avaliar a infl uência de diferentes taxas de aquecimento na 
composição química do extrato pirolenhoso (EP) de duas espécies de madeira. Discos secos de madeira 
de Eucalyptus grandis e Mimosa tenuifl ora foram utilizados como matéria prima. As carbonizações foram 
conduzidas em mufl a de laboratório em três taxas de aquecimento (0,7, 1,0 e 1,4 °C min-1), com 10 repetições 
para cada taxa de aquecimento, atingindo temperatura fi nal de 450 °C. Rendimentos gravimétricos em carvão, 
líquidos e gases de foram obtidas para todas as carbonizações. Os respectivos líquidos brutos da pirólise para 
cada espécie e taxa de aquecimento foram bidestilados, obtendo-se as amostras de EP purifi cado. As amostras 
foram extraídas com acetato de etila e a fração orgânica foi analisada por cromatografi a gasosa/espectrometria 
de massas obtendo-se dados qualitativos e semi-quantitativos. Um total de 57 e 42 compostos químicos foram 
identifi cados nos EP’s de Eucalyptus e Mimosa, respectivamente, divididos nos principais grupos: álcoois, 
cetonas, furanos, piranos e compostos fenólicos. Para as duas espécies, altas taxas de aquecimento favorecem 
a formação de furanos e piranos e acarretam baixas concentrações de compostos fenólicos.

Palavras-Chave: Extrato pirolenhoso; Taxa de aquecimento; Compostos fenólicos
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1.INTRODUCTION

In Brazil, about 7.8 million hectares are occupied 
by planted forests, of which almost 5.6 million hectares 
are eucalyptus forests. Of this total, 1.1 million hectares 
are dedicated exclusively to the production of wood for 
making charcoal (Indústria Brasileira de Árvores, 2017). 
Brazil produced 4.5 million metric tons of charcoal in 
2016, and the country is unique in the world in having 
sustainable production by using wood from planted 
forests. About 85% of this output was consumed in 
metallurgy, including the production of pig iron, steel, 
iron alloys, and silicon. Most of the industrial charcoal 
plants use large or small masonry kilns that do not 
recover the byproduct gases and condensable fractions. 
In this production technology, mass and energy yields 
are very low in relation to the initial mass of dry wood. 
Yields of 33 and 50% in mass and energy, respectively, 
are common, since smoke byproducts are not recovered. 
In industrial wood carbonization, the losses as smoke, 
based on the initial dry wood mass, amount to 50-55% 
of original carbon, 75-52% of hydrogen and 87-90% of 
oxygen. Carbonization gases from industrial plants are 
released to the surrounding environment without any 
treatment, constituting a major source of air pollution. 
As a result, every year in Brazil millions of tons of 
usable chemicals are virtually lost to the atmosphere as 
smoke without recycling.

Since about 70% of carbonization byproducts are 
released as volatiles, it is desirable to use technologies 
able to recycle or convert these substances into usable 
products or heat by burning them, thus reducing the air 
pollution generated by the charcoal making. Besides 
the environmental advantages, recovery of byproducts 
can increase the profi tability of charcoal making. These 
byproducts are gases, tar, and wood vinegar acid (WV). 
Usually liquid byproducts are recovered from charcoal 
kilns by trapping the carbonization gases in a condensing 
unit or even simple metal pipes. After a certain time 
(which can vary from hours or days to weeks), wood 
tar, which is a heavy black oily fraction, decants at the 
bottom of the container and separates from the WV.

Among the wood species suitable for industrial 
charcoal making, Eucalyptus urograndis clones and 
Mimosa tenuifl ora have special importance. Hereafter, 
these wood species will be referred to simply as 
Eucalyptus and Mimosa. Eucalyptus clones stand out 
in Brazil due to their rusticity, high productivity and 
the characteristic of having straight trunks and good 

wood density, which are important qualities for charcoal 
making. In turn, Mimosa is a species found in the 
Brazilian Northeast. Its wood is considered excellent for 
the production of charcoal because of its high density 
(Gariglio et al., 2010; Formiga et al., 2011). Since the 
carbonization process has a low mass yield, one of the 
main ways to increase profi tability is to recover liquids. 
After pyrolysis gas is trapped, a liquid portion called 
pyroligneous acid is recovered and can be separated into 
two portions, an aqueous fraction, called wood vinegar 
(WV), and an oily fraction, called wood tar. WV is 
commonly a yellowish or reddish liquid. Its chemical 
composition is very complex, with more than 200 
components already identifi ed (Wu et al., 2015), among 
which are organic acids, alcohols, ketones, aldehydes, 
and several other lignin derivatives (Schnitzer et al., 
2015). Due to its complex chemical composition and 
depending on its water concentration, WV has a wide 
range of applications, e.g., as pest repellents, plant 
growth promoters, plant fertilizers and additives for 
animal feed (Tiilikkala et al., 2010). Other uses of WV 
are as antifungal and antibacterial agents (Souza et al., 
2012; Araújo et al., 2017; Souza et al., 2018; Yang et al., 
2018) and as herbicides (Zeff erino et al., 2016).

Several authors have investigated the eff ect of 
the fi nal temperature and heating rate on the yields 
of charcoal and liquids from carbonization (Oliveira 
et al. 2006; Paes et al., 2012; Pereira et al. 2013), but 
reports giving specifi c information about variation in the 
chemical composition of liquids from pyrolysis related 
to process parameters are scarce. Commonly, higher 
pyrolysis temperature is related to greater concentration 
of phenolic compounds in the chemical composition 
of WV (Wu et al., 2015). Those researchers found the 
highest yields of WV in the range of 350 – 450 °C. 
Diff erences in the chemical composition of wood vinegar 
from Eucalyptus wood were reported by Almeida et al. 
(2018), but only a qualitative analysis was presented in 
the study and no precise information about diff erences 
in the concentration of components was provided. 
In order to better design the carbonization process to 
obtain specifi c qualities of WV for diff erent uses (e.g., 
feed additives, fertilizers alternative antibiotics), it is 
important to know how the heating rate infl uences the 
chemical composition of the product, not only from 
a qualitative standpoint but also to understand how 
concentrations of compounds are aff ected by heating 
rate. The present work had the objective of assessing 
the infl uence of diff erent heating rates on the chemical 
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composition of wood vinegar (WV) obtained from wood 
of two species carbonized at three diff erent heating rates.

2. MATERIAL AND METHODS

2.1. Carbonization and WV production

The Mimosa tenuifl ora wood was obtained from 
natural forests of the Agricultural Sciences Unit of 
Rio Grande do Norte Federal University, Macaíba, 
state of Rio Grande do Norte, at 05º 51’ 30” S and 35º 
21’ 14”. The Eucalyptus wood (clone of a hybrid of 
Eucalyptus urogphylla x Eucalyptus grandis, in Brazil 
named Eucalyptus urograndis) was collected from 
planted forests located in the same place. Procedures 
for log collection and wood sampling were carried out 
following the method described by Santos et al. (2013). 
Wood samples consisted of 3 cm thick disks, each 
divided into four wedges. These wedges were oven dried 
for 48 hours at 103±1 °C until reaching dry condition. 
Both wood species were characterized by proximate 
analysis as described by the American Society for 
Testing and Materials, respectively, ASTM standards 
E871-82, E872-85 and E1755-01 (ASTM 2006, 2007), 
to determine moisture, volatile matter, fi xed carbon and 
ash contents. Likewise, the chemical composition was 
determined, respectively, of cellulose, hemicellulose and 
lignin, according to the standard procedures described 
by the National Renewable Energy Laboratory (NREL, 
2008). Biomass densities were determined by following 
the procedures described in ASTM Standard D2395-17 
(ASTM, 2006).

After placement in a metal container, batches 
of about 500 g of wood wedges were carbonized in a 
muffl  e furnace. The furnace was equipped with a device 
designed to trap products from pyrolysis gases, and 
during all carbonization runs, the condenser was water 
cooled to maintain temperature of 25 °C. Wood samples 
were carbonized at heating rates of 0.7, 1.0 and 1.4 ºC, 
values equivalent to total processing times of about 8, 6 
and 4 hours, respectively. All the charring runs started at 
100 °C and fi nished at 450 °C, followed by cooling to 
30 °C. The carbonized samples were separated into six 
experimental treatments, each one related to wood type 
combined with heating rate used.

For each combination of wood species and heating 
rate, liquids collected were put in in a labeled container, 
forming six composite samples. After collection, these 
samples were immediately stored under refrigeration at 

2 °C for further analysis. From the experimental data, 
gravimetric yields of charcoal, total liquids and gases 
were determined. These parameters were calculated 
based on the initial mass of dry wood, according to 
equations 1, 2 and 3, respectively. Yields of gases were 
obtained by weight diff erence

CY (%) = (C
m
/DW

m
) x 100       (1)

LY (%) = (L
m
/DW

m
) x 100        (2)

GY (%) = 100 – (CY + LY)       (3)

Where:

C
m
 = charcoal mass (g)

DW
m
 = dry wood mass (g)

L
m
 = pyrolysis liquids mass (g)

CY = gravimetric yield of charcoal (%)

LY = gravimetric yield of pyrolysis liquids

GY = gravimetric yield of gases

Then, composite samples of condensed liquids 
from Mimosa and Eucalyptus were bi-distilled under a 
20.0 mmHg vacuum at 100 °C to obtain the respective 
purifi ed WV. The distillation was interrupted as soon 
as the aqueous fraction was entirely distilled, which 
coincided with temperature of about 103 – 105 °C. 
Wood tar and heavy oil wastes from each distillation 
were properly discarded. The goal of the bi-distillation 
step was to obtain wood vinegar free of pitch and tar 
residues and ready for GC/MS analysis.

2.2. GC/MS Analysis

The samples were prepared for GC/MS analysis 
according to the following procedures. In the fi rst 
step, 1.5 mL of a concentrated solution of ammonium 
hydroxide (Merck, Brazil) was added to 5 mL aliquots 
of the aqueous samples of WV until pH reached 5. Then 
extractions were carried out by adding 3 mL of HPLC 
grade ethyl acetate (Merck, Brazil). Three extracts were 
produced for each type of wood, corresponding to a 
diff erent heating rate, for a total of six extracts. After 
liquid-liquid extraction, 1 mL of the organic fraction 
was transferred to a GC vial and was analyzed by GC/
MS using a Varian 3900 gas chromatograph coupled to a 
Varian Saturn 2100T mass spectrometer. The separation 
was performed in a VF–5ms column (Agilent, USA, 30 



Medeiros LCD et al.

Revista Árvore 2019;43(4):e430408

4

m length x 0.25 mm diameter x 0.25 μm fi lm thickness). 
The injector was kept at 250 °C. Samples with about 1 
µL volume were injected in a split ratio of 1:10. The oven 
temperature program was 50 °C for 2 min, followed by 
2 °C min−1 from 50 to 240 °C, maintained for 2 min. 
Helium was used as carrier gas at a constant fl ow rate of 
1 mL min-1. Major (>20% area) and minor compounds 
(~0.02%) were detected and identifi ed based on their 
typical mass spectra by comparison with the NIST 
library. All the chemical compounds listed in the present 
work had mass spectrum similarity with NIST data 
above 80%. Experimental data from charring runs and 
vacuum distillations were submitted to normality and 
Shapiro-Wilk tests, and the means were compared by 
the Tukey test at 5% signifi cance, by using the Statistica 
software (Statsoft, USA, 2015 – available at http://www.
statsoft.com/Products/STATISTICA-Features)

3. RESULTS

Table 1 reports the results obtained to characterize 
both wood species, as follows: proximate composition 
(moisture, volatile matter, fi xed carbon and ash contents), 
and chemical composition (cellulose, hemicellulose and 
lignin contents). Mimosa showed higher contents of 
fi xed carbon and lignin as well as higher wood density. 
In contrast, Eucalyptus showed higher contents of 
volatile matter, ashes, cellulose and hemicellulose. 

Figure 1 shows the mean gravimetric yields of 
charcoal, pyrolysis liquids and gases obtained from the 
carbonization runs of Eucalyptus and Mimosa wood. 

Tables 2 and 3 list the chemical compounds 
identifi ed in the WV of each wood species. 

Concerning to the percentage variation of the 
chemical compounds of both types of WV according to 
the heating rate, Figure 2 shows that higher heating rates 
were associated with greater concentrations of furans and 

pyrans, while the concentration of phenolic compounds 
tended to be lower. Indeed, for both wood species, the 
concentrations of the other classes of components did 
not present such a clear trend in response to variations 
in the heating rate, especially for ketones, which had 
diff erent concentrations for each species.

4. DISCUSSION

As can be observed, higher heating rates were 
associated with lower yield of charcoal and higher yields 
of pyrolysis liquids and gases, which is a pattern widely 
cited in the literature (Oliveira et al., 2006; Pereira et al., 
2013; Müller-Hagedorn et al. 2003). The experimental 
results showed higher lignin content and greater density 
for Mimosa wood in comparison to Eucalyptus wood, 
which explains the higher average yield of charcoal 
from Mimosa, as shown in Figure 1. On the other hand, 
Eucalyptus wood yielded higher amounts of liquids and 
gases. In general, high density of woody raw material 
is a physical property that usually increases gravimetric 
yields of charcoal (Brito, 1993; Oliveira et al., 2006; 
Pereira et al., 2013). Also, greater lignin content results 
in higher charcoal yields, since lignin is more resistant 
to thermal decomposition and remains as a solid residue 
during and after pyrolysis, as pointed out by Müller-
Hagedorn et al. (2003).

For Eucalyptus, charcoal yields were in the range 
of 29 to 36%, depending on the heating rate, values 
similar to those obtained by Vieira et al. (2013), who 
charred Eucalyptus microcorys wood with a heating 
rate of 0.5 °C min-1 and fi nal pyrolysis temperatures in 
the range of 500 to 900 °C. They reported gravimetric 
yields of charcoal in the range of 29 to 34%. In general, 
considering the heating rate, the yields of liquids and 
gases are inversely related to the charcoal yield, as 
described by Protásio et al. (2013). Therefore, the 
higher the heating rate, the lower will be the charcoal 

   PROXIMATE   CHEMICAL  WOOD
   ANALYSIS   COMPOSITION  DENSITY

   (%)   (%)  (g cm-3)

 WOOD SPECIES VM FC ASHES LIGNIN CEL HEM 

 Eucalyptus urograndis 81.72 8.25 2.39 14.58 48.54 28.36 0.51

 Mimosa tenuifl ora 73.61 18.18 1.96 32.92 32.02 15.52 0.98
VM = volatile matter; FC = fi xed carbon; CEL = cellulose, HEM = hemicellulose.

Table 1 – Chemical and physical characterization of Eucalyptus urograndis and Mimosa tenuifl ora wood.

Tabela 1 – Propriedades físicas e químicas das madeiras de Eucalyptus urograndis e Mimosa tenuifl ora.
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yield. The yields of liquids obtained in the present work 
were close for the two species but higher than those 
reported by those authors, while the gas yields were 
lower. The possibility of manipulating the heating rate 
in carbonization is very important because by doing 
this, it is possible to design the process for optimal 
industrial conditions. Lower heating rates imply lower 
atmospheric emissions of smoke and higher amounts of 
charcoal, which adds value to the carbonization.

The gravimetric carbonization yields of Mimosa 
wood were similar to those for Eucalyptus, meaning 
that higher charcoal yields were observed with lower 
heating rates. However, for Mimosa carbonization, 
the gravimetric yields of charcoal were clearly higher, 
with values in the range of 39 to 43%. These values are 
similar to those reported by Oliveira et al. (2006), who 
studied the same two species with a heating rate of 0.9 
°C min-1 and fi nal temperature of 450 °C, obtaining 
charcoal yields in the range of 37.82 to 41.06%. Our 
results are also close to those reported by Carneiro et 
al. (2013), who found average charcoal yield of 40.7% 
using the same two wood species, heating rate of 1.0 °C 

min-1 and fi nal pyrolysis temperature of 450 °C. In turn, 
yields of pyrolysis liquids and gases found here were 
higher and lower, respectively, than the results reported 
by Paes et al. (2012). Those authors employed the same 
raw materials, heating rate of 1.36 °C min-1 and fi nal 
pyrolysis temperature of 450 °C, respectively obtaining 
yields of 32.77% for pyrolysis liquids and 27.81% for 
gases. Despite working with the same wood species 
and similar pyrolysis conditions, none of the authors 
cited here reported experimental data on the chemical 
composition of the resulting wood vinegar, only its yield.

A total 57 compounds were identifi ed for 
Eucalyptus and 42 for Mimosa, as shown in Tables 
2 and 3. The number of compounds identifi ed for 
Eucalyptus here is lower than the total reported by 
Pimenta et al. (2018), who worked with the same 
species in similar pyrolysis conditions and reported 65 
chemical compounds in Eucalyptus WV. Similarly, the 
number of compounds identifi ed in the Mimosa WV is 
lower than the number reported by Araújo et al. (2017), 
who identifi ed 97 chemical compounds working with 
the same experimental conditions for chromatographic 

Figure 1 – Mean gravimetric yields of charcoal, pyrolysis liquids and gases obtained from the carbonization of 
Eucalyptus urograndis and Mimosa tenuifl ora wood.

Figura 1 – Médias dos rendimentos gravimétricos em carvão vegetal, líquidos e gases obtidos da carbonização de (A) 
Eucalyptus urograndis e (B) Mimosa tenuifl ora.

*Means followed by the same letter in parentheses, within each group of three columns, are statistically equal by the 
Tukey test at 5% signifi cance.
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Table 2 – Groups of chemical compounds identifi ed in wood vinegar of Eucalyptus urograndis wood obtained at three heating rates.
Tabela 2 – Grupos de compostos químicos identifi cados no extrato pirolenhoso de Eucalyptus urograndis em função da taxa de 

aquecimento.

                 HEATING RATE

                     (ºC min-1)

   0.7 1.0 1.4
 ELUTION  COMPOUND MOLECULAR RT Area RT Area RT Area

 ORDER   FORMULA (min) (%) (min) (%) (min)  (%)

   ALCOHOLS       
 5 5-Hexen-3-ol-2.3-dimethyl C

8
H

16
O 4.383 0.49 * * * *

 19 1,6-Heptadien-4-ol C
7
H

12
O * * * * 9.641 0.29

   KETONES       
 1 2-Butanone  C

4
H

8
O 2.874 0.78 2.875 0.77 2.873 0.47

 4 3-Penten-2-one  C
5
H

8
O 4.117 0.11 4.104 0.41 4.119 0.09

 7 2-Butanone, 3-hydroxy C
4
H

8
O

2
 4.902 0.11 * * 4.897 0.23

 9 2-methylcyclobutanone C
5
H

8
O * * 6.659 0.32 6.549 0.63

 13 2-Methyl-2-cyclopentenone C
6
H

8
O 7.308 2.05 7.288 4.13 7.3 2.39

 18 3-Methylcyclopentanone C
6
H

10
O 9.317 0.46 * * 9.314 0.29

 34 2-Cyclopenten-2-one, 3,4-dimethyl C
7
H

10
O 16.185 0.23 * * 15.06 0.89

 35 4,4-Dimethyl-2-cyclopenten-1-one C
7
H

10
O 15.086 0.49 * * * *

 36 2-Cyclopenten-1-one, 2,3-dimethyl C
7
H

10
O 15.29 0.83 * * * *

 44 2-Cyclohexen-1-one, 4,5-dimethyl C
8
H

12
O 19.503 0.44 19.468 0.24 * *

 56 3-Ethyl-2-hydroxy-2-cyclopenten-1-one C
7
H

10
O

2
 26.712 2.18 * * 26.667 1.31

   FURANS E PYRANS       
 11 Furan, 2-butyltetrahydro C

8
H

16
O * * * * 6.113 0.18

 12 2-Furanol, Tetrahydro-2-methyl C
5
H

10
O

2
 6.114 0.45 * * * *

 15 2-(methoxymethyl)-furan C
6
H

8
O

2
 * * 8.659 0.14 * *

 16 Furfural  C
5
H

4
O

2
 8.972 8.36 8.959 12.00 8.94 4.43

 20 Furan, Tetrahydro-3,5dimethoxy C
6
H

12
O

3
 * * 10.595 0.46 * *

 21 Furan, tetrahydro-2,4-dimethoxy C
6
H

12
O

3
 * * * * 10.608 0.19

 22 Furan, Tetrahydro-2,5dimethoxy C
6
H

12
O

3
 10.605 0.34 11.192 0.26 11.231 0.93

 23 Ethanone, 2-(2-furanyl) C
6
H

6
O

2
 * * * * 11.451 0.51

 25 2-acetylfuran  C
6
H

6
O

2
 11.895 3.77 11.837 2.81 11.843 4.89

 28 2-furancarboxaldehyde, hydrazide C
5
H

6
N

2
O

2
 13.152 0.53 * * * *

 29 2-Furancarboxaldehyde, 5-methyl C
6
H

6
O

2
 13.987 4.97 13.96 4.38 13.653 0.67

 30 3-Furancarboxaldehyde, 5-methyl C
6
H

6
O

2
 * * * * 13.951 6.47

 31 3-Furancarboxylic acid, ethyl ester C
6
H

6
O

3
 * * * * 14.184 0.32

 32 2-ethyl-5-methyl-furan C
7
H

10
O 14.441 2.12 14.402 1.89 14.404 2.06

 37 2-Furanone, 2,5-dihydro-3.5-dimethyl C
6
H

8
O

2
 * * * * 15.437 0.68

 40 Ethanone, 2,2-dihydroxy-1-phenyl C
8
H

8
O

3
 * * * * 18.028 0.25

   PHENOLIC COMPOUNDS       
 24 Phenol  C

6
H

6
O 11.659 5.70 11.616 3.43 11.624 6.09

 39 Phenol. 3-methyl  C
7
H

8
O * * * * 17.388 0.20

 41 Phenol, 4-methyl  C
7
H

8
O 18.762 0.26 * * * *

 42 Phenol, 2-methyl  C
7
H

8
O 17.898 0.62 17.97 1.43 18.653 0.78

 43 2-Methoxyphenol (guaiacol) C
7
H

8
O

2
 19.158 15.82 19.121 22.74 19093 5.23

 45 Phenol. 2,3-dimethyl C
8
H

10
O 19.66 0.41 * * 19622 0.53

 46 1,3-Dimethylphenol C
8
H

10
O * * 20.491 1.38 * *

 47 2,4-Dimethylphenol C
8
H

10
O * * 21.516 1.59 21.351 0.97

 48 Phenol, 2-methoxy-4-methyl C
8
H

10
O

2
 * * 22.365 1.46 22.352 1.78

 49 Phenol, 4-methoxy-3-methyl C
8
H

10
O

2
 22.976 4.43 27.171 1.11 22.663 0.22

 50 2,6-dimethoxy-phenol (syringol) C
9
H

12
O

3
 23.276 13.93 23.358 20.40 23.214 1.63

 51 Phenol, 2,3,6-trimethyl C
9
H

12
O * * 24.195 2.76 23.338 0.12

Continued...
Continua..
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analysis. Such diff erences are very likely due to the 
diff erent type of chromatographic columns employed in 
the present work, which did not enable identifi cation of 
compounds with retention times longer than 28 minutes.

Compounds identifi ed in the WV were divided into 
the following groups, according to Figure 2: alcohols, 
ketones, furans and pyrans, phenolic compounds, and 
other compounds. Among these groups, the phenolic 
group is the most important because of its higher 
proportion and principally its noteworthy biological 
eff ects (Araújo et al. 2017; Schnitzer et al. 2015; Yang et 
al., 2018). The main products in the chemical composition 
of WV of both wood species, not considering the heating 
rate, were in descending order 2-methoxy-phenol 
(guaiacol), 2,6-dimethoxy-phenol, furfural, 3-ethyl-2-
methoxy-phenol and phenol. Together, they represented 
on average 59.75 and 69.93% of the whole chemical 
composition of WV from Eucalyptus and Mimosa, 
respectively. The high contents of guaiacol, furfural, 
phenol and cresols present in the WV composition are 
responsible for its biological and antibacterial/antifungal 
activities (Myasaka et al., 1999; Kook and Kim, 2002; 
Kook et al., 2003). Besides that, phenolic compounds 
present in WV have preservative properties when used 
in the food industry (Cadwallader, 2007; Montazeri et 
al., 2013; Budaraga et al., 2016). Furfural, for example, 
is found in all kind of spices as a fl avor ingredient and 
also can act as a fungicide (Abdel-Kahr et al., 2015; EPA 
2018). However, as pointed out by Yang et al. (2018), 

antibacterial and antifungal activity of WV from diff erent 
sources cannot be attributed to a single compound, but 
instead to a combination of several, mainly phenolic 
ones.

Some authors, such as Almeida et al. (2018), have 
reported acetic acid as one of the main compounds 
present in the chemical composition of WV, which did 
not occur in the present work. That absence of acetic 
acid can be explained by the addition of ammonium 
hydroxide before organic extraction, which neutralized 
WV and its acid acetic content, as reported by Araújo 
et al. (2017). According those authors, the addition of 
ammonium hydroxide also increases the ionic strength 
of the solution and makes organic compounds less 
soluble in the aqueous phase, therefore enhancing the 
effi  ciency of liquid-liquid extraction with ethyl acetate 
and allowing detection of compounds even at low levels. 
The high levels of phenolic compounds reported here 
are consistent with the values reported in the literature. 
Souza et al. (2012) determined a concentration of 60% 
phenolic compounds in the chemical composition of 
WV used in agricultural implements. In turn, Yang et 
al. (2018) found a concentration of 83.96% phenolic 
compounds, associating that high concentration with 
effi  cient cleavage of the lignin ether and carbon-carbon 
bonds in the woody biomass. The higher concentration 
of lignin in the chemical composition of Mimosa wood 
can possibly explain the higher concentration of phenolic 
compounds in its WV.

 52 Phenol, 3-methoxy-4-methyl C
8
H

10
O

2
 22.379 1.37 24.353 2.82 * *

 54 Phenol, 4-ethyl-2-methoxy C
9
H

12
O

2
 26.034 6.92 26.037 2.36 26.006 5.02

 55 Phenol, 3-ethyl-2-methoxy C
9
H

12
O

2
 26.27 11.16 * * 26.227 8.49

 57 Phenol, 4-ethyl-3-methoxy C
9
H

12
O

2
 26.902 2.19 26.682 2.29 * *

   OTHER COMPOUNDS       
 2 Methyl-propionate C

4
H

8
O

2
 3.361 1.50 3.364 1.98 3.373 1.06

 3 Cyclobutylamine C4H9N * * * * 3.902 0.29
 6 Propanoic acid, 2-methyl-methyl ester C

5
H

10
O

2
 * * 4.386 0.25 4.384 0.33

 8 Butanoic acid, methyl ester C
5
H

10
O

2
 5.265 0.58 5.254 0.36 5.273 0.60

 10 Tetrachloroethylene C
2
C

l4
 7.949 0.32 7.95 0.22 7.954 0.32

 14 4-Hydroxy-pyridine C
5
H

5
NO 8.468 0.08 * * 8.236 2.05

 17 2-methyl-1-pyrrole C
5
H

7
N 9.129 0.37 9.101 0.70 9.111 0.71

 26 1.3-Pentadiene, 3-methyl C
6
H

10
 12.869 1.00 12.861 0.59 * *

 27 1-isopropyl-1-cyclopentene C
8
H

14
 16.955 1.41 16.916 3.12 12.592 0.18

 33 Pentanoic acid, 4-oxo, methyl ester C
6
H

10
O

3
 * * 14.858 0.31 * *

 38 1-Methylcycloheptene C
8
H

14
 * * 15.266 0.89 16.936 2.44

 53 Benzene, 1,2-dimethoxy C
9
H

12
O

2
 24.411 3.23 * * 24.371 2.77

Table 2...

Tabela 2...

RT = retention time.          

(*) compounds with concentration under detection limit.
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     HEATING RATE

     (ºC min-1)

                      0.7 1.0 1.4
 ELUTION  COMPOUND MOLECULAR RT Area RT Area RT  Area

 ORDER   FORMULA (min) (%) (min) (%) (min) (%)

   ALCOHOL       

 13 1,6-Heptadien-4-ol C
7
H

12
O * * 9.589 0.21 11.949 0.28

   KETONES       
 5 Cyclopentanone  C

5
H

8
O 7.259 0.95 7.255 1.19 7.282 1.03

 10 Cyclohexanone  C
6
H

10
O * * * * 11.099 0.27

 15 2-Heptene-4-one  C
7
H

10
O * * 12.845 0.60 13.137 0.26

 20 2-Cyclopenten-1-one, 2,3-dimethyl C
7
H

10
O 16.852 1.26 15.291 0.35 15.299 0.89

   FURANS AND PYRANS       
 11 Furfural  C

5
H

4
O

2
 11.546 8.13 11.574 8.34 11.604 11.33

 12 Ethanone, 1-(2-furanyl) C
6
H

6
O

2
 11.75 3.42 11.78 2.60 11.792 2.72

 16 2-Furancarboxaldehyde, 5-methyl C
6
H

6
O

2
 13.84 2.46 13.865 3.03 13.887 2.36

 17 3-Furancarboxylic acid, methyl ester C
6
H

6
O

3
 14.343 0.84 14.351 0.75 14.371 0.91

 28 1-Propanone, 1-(5-methyl-2-furanyl) C
8
H

10
O

2
 * * 20.58 0.39 20.488 0.13

   PHENOLIC COMPOUNDS       
 18 Phenol  C

6
H

6
O 14.482 3.17 14.586 4.18 14.655 2.98

 21 Phenol, 2-methyl  C
7
H

8
O 17.418 2.38 17.505 2.15 17.552 2.12

 22 Phenol, 3-methyl  C
7
H

8
O * * 18.368 4.64 * *

 23 Phenol, 4-methyl  C
7
H

8
O 18.234 4.72 * * 18.416 3.75

 24 2-Methoxyphenol (guaiacol) C
7
H

8
O

2
 18.925 39.92 19.059 38.32 19.108 32.07

 26 Phenol, 2,3-dimethyl C
8
H

10
O * * 19.56 2.07 * *

 27 Phenol, 2,6-dimethyl C
8
H

10
O * * * * 19.593 0.55

 29 Phenol, 2,5-dimethyl C
8
H

10
O 21.029 1.83 * * * *

 30 Phenol, 3.4-dimethyl C
8
H

10
O * * 21.894 0.26 21.132 2.43

 31 Phenol, 2-methoxy-4-methyl C
8
H

10
O

2
 * * 22.315 1.24 * *

 32 Phenol. 3-methoxy-4-methyl C
8
H

10
O

2
 * * * * 22.327 1.67

 33 Phenol, 4-methoxy-3-methyl C
8
H

10
O

2
 * * 22.597 1.14 * *

 34 2-Methoxy-5-methylphenol C
8
H

10
O

2
 22.285 2.21 * * 22.61 1.19

 35 2,6-dimethoxy-phenol (syringol) C
8
H

10
O

3
 22.819 15.56 22.911 14.74 22.942 18.46

 38 Phenol, 4-ethyl-2-methoxy C
9
H

12
O

2
 25.915 4.18 25.961 2.90 25.982 5.52

 39 Phenol, 3,4-dimethoxy C
8
H

10
O

3
 * * 28.391 0.81 * *

 41 Phenol, 2,6-dimethoxy C
8
H

10
O

3
 * * * * 28.402 0.39

 42 Phenol, 2-methoxy-4-propyl C
10

H
14

O
2
 * * 28.954 0.43 28.982 0.52

   OTHER COMPOUNDS       
 1 Methyl propionate C

4
H

8
O

2
 3.346 0.96 3.347 0.67 3.36 0.40

 2 Propanoic acid, 2-methyl, methyl ester C
5
H

10
O

2
 * * 4.366 0.21 4.394 0.14

 3 Butanoic acid, methyl ester C
5
H

10
O

2
 11.899 0.75 5.253 0.26 5.272 0.22

 4 Pyridine  C
5
H

5
N 5.812 0.59 5.799 0.56 5.822 0.32

 6 4-Hydroxy-pyridine C
5
H

5
NO 8.768 3.31 8.808 3.02 8.823 2.92

 7 3-Methyl-3-hexene C
7
H

14
 * * * * 9.293 0.10

 8 Propanoyl chloride, 2-methyl C
4
H

7
C

l
O * * * * 9.608 0.15

 9 3-Hexyne, 2-methyl C
7
H

12
 * * * * 10.127 0.12

 14 1-Methylcycloheptene C
8
H

14
 * * * * 12.855 0.22

 20 1H-Pyrrole-2-carboxaldehyde,  C
6
H

7
NO * * 15.574 0.23 * * 

  5-methyl 
 25 Cis-1.4-dimethyl-2-methylenecyclohexane C

9
H

16
 * * 19.451 0.19 19.485 0.36

 37 1H-Pyrrole, 3-methyl- C
5
H

7
N 24.107 0.60 24.151 0.77 24.167 0.41

 36 Benzene, 1,2-dimethoxy- C
8
H

10
O

2
 23.023 2.76 23.084 3.18 23.114 3.21

 40 3,4-Dimethoxytoluene C
9
H

12
O

2
 * * 24.433 0.24 24.448 0.37

Table 3 – Groups of chemical compounds identifi ed in wood vinegar of Mimosa tenuifl ora wood obtained at three heating rates.

Tabela 3 – Grupos de compostos químicos identifi cados no extrato pirolenhoso Mimosa tenuifl ora em função da taxa de aquecimento.

RT = retention time

(*) compounds with concentration under detection limit
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and ketones are also in accordance with values reported 
in the literature (Araújo et al., 2017). Since furfural 
and phenols are the most important compounds in the 
chemical composition of WV, heating rates that favor 
their yields should be used. In other words, lower 
pyrolysis heating rates are related with higher yields of 
furfural and phenols.

5. CONCLUSIONS

Heating rate was the main factor determining the 
chemical composition of WV of both Eucalyptus and 
Mimosa, and a higher heating rate was associated with 
larger yields of charcoal and lower yields of liquids and 
gases. If the idea is to maximize the yields of furfural and 

The concentrations of furans and pyrans were also 
consistent compared to values reported by Pimenta et al. 
(2018), who worked with both wood species in similar 
pyrolysis conditions and reported that that group was 
the second most abundant in the chemical composition 
of WV. The increase in the concentration of furans 
and pyrans as the heating rate increased, according 
Galaverna and Pastre (2017), is related to the fact 
that those compounds come mainly from the thermal 
degradation of cellulose and hemicellulose, followed 
by a higher amount of pyrolysis liquids. Therefore, the 
higher concentration of furans and pyrans in Eucalyptus 
WV can be explained by that pattern, since that species 
showed higher percentage of cellulose and hemicellulose 
than Mimosa wood. Lastly, the low amounts of alcohols 

Figure 2 – Variation in chemical composition of wood vinegar according the heating rate. (A) Eucalyptus urograndis 
and (B) Mimosa tenuifl ora.

Figura 2 – Variação da composição química do extrato pirolenhoso em função da taxa de aquecimento (A) Eucalyptus 
urograndis e (B) Mimosa tenuifl ora.
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phenolic compounds, lower pyrolysis heating rates are 
recommended, with the added advantage of producing 
higher yields of charcoal.
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