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1. Introduction – Carbonization is the oldest form of slow pyrolysis, in which the production of charcoal

or char is the primary goal, and the biomass is heated slowly in the absence of oxygen to a relatively low

temperature (400 ºC approx.) over an extended period, which in ancient times ran for several days.

Conventional pyrolysis involves all three types of pyrolysis products (gas, liquid and char). It heats the

biomass at a moderate rate to a moderate temperature (600 ºC approx.) and the product residence time is

about minutes [1].

The so-called wood vinegar or pyrogenic acid is the aqueous phase obtained from the condensation of

gases during the slow pyrolysis of forest and agricultural products or residues. Archaeological studies

have found that pyrolysis liquids were already used in the time of the Neanderthal. Wood vinegar and

other slow pyrolysis liquids produced initially as a by-product of charcoal production are now a

possibility that may replace synthetic chemicals in the form of pesticides and biocides [2] to improve the

quality of soils, as well as the agricultural crops or plants. Depending on the water content, as fuels [3].

At the same time of increasing European environmental concern, the development of the Knowledge

Based Bio-Economy (KBBE) concept clearly highlights that products of plant cells could replace

synthetic chemicals in the future and substantial research is necessary to be focused on bio-economy and

the development of novel products [4].

Pyrolysis of forest waste takes also part of the concept of biorefinery or integral use of biomass for the

production of biofuels and other bioproducts. It also links to the concept of circular economy that allows

consuming less natural resources of our planet through the valorisation of waste.

In this work, the sawdust obtained as a by-product in a wood industry of Cantabria (Spain) was pyrolysed

in a laboratory plant at different temperatures (from 300 to 600ºC) in order to determine the conditions to

maximize the liquid fraction, to explore its composition and the fractions distribution. With the final

purpose of using this wood vinegar as a fungicide and/or insecticide on the boards produced in this

industry, and achieve an integral valorisation of the obtained fractions.

2. Experimental – Sawdust from a company located in Los Corrales de Buelna in Cantabria (Spain),

from sawing mainly softwoods (such as pine, poplar and eucalyptus) and to a lesser extent hardwood

(chestnut, oak), with particle size less than 2mm, was used in the pyrolysis experiments.

Conventional pyrolysis was performed in a semi-continuous lab scale plant (Image 1, left). The plant

consists of an "ISUNI" electric oven that can reach temperatures up to 1000ºC, with a PID controller.

Image 1. Experimental installation used (left) and detail of the quartz reactor and joints (right). 
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Inside, a quartz reactor is inserted vertically (Image 1, right). Special glass wool is placed for high 

temperatures that acts as a support, and the sample is deposited. The upper and lower part of the reactor 

are connected by spherical ground joints (Image 1, right), which are lubricated with high vacuum silicone 

grease (Grease Dow Corning R). A heating mantle covers the lower elbow to maintain the temperature. 

The recuperation system consists of three flasks in series for the condensation of volatile liquids, 

connected by means of silicone tubes and submerged in cooling baths.  

Experiments at a heating rate of 15ºC/min were carried out by triplicate to 6g of sawdust with two 

different particle size (less than 1 mm and between 1 and 2 mm) in the vertical fixed bed quartz reactor in 

nitrogen flow (300 cm3/min), heated at 300, 400, 500 and 600ºC during one hour. The solid and liquid 

fractions were obtained by weighing and the gaseous fraction by difference. 

Proximate analysis to determine moisture, volatile matter, ash and fixed carbon of sawdust was carried 

according to Standard Test methods (UNE-EN-ISO 18134-3, 18123 and 18122). Fixed carbon percentage 

was calculated as: 100-volatile matter-ash. Acidity of the liquid fraction was measured with a pHmeter. 

Initial sawdust was also characterized by TG-DSC-MS to explore the volatile products composition 

obtained in the pyrolysis process. This was carried out in a Setaram thermal analyzer model SETSYS-

1700 coupled to a Balzers Thermostar/Omnistro mass spectrometer (30−900 °C, heating rate of 10 

°C/min in N2 atmosphere with flow rate of  50 cm3/min., with a sample mass of approximately 15 mg). 

The number of mass-to-charge ratio (m/z) signals selected from the scan experiment (recorded from m/z 1 

to 100), according to their abundancy, corresponds to H2 (2), CH4 (15), H2O (18), C2H2 (26), HCHO or 

C2H6 (30), CO2 (44), HCOOH or CH3CH2OH (46), CH3COCH3 (58), CH3COOH (60), furano (68), C6H6 

(78), C5H6O (82), C5H8O (84), C6H6O (94). 

3. Results and Discussion – Image 2 shows the percentage of liquid fraction (wood vinegar) obtained in

each experiment at the different temperatures for the two-particle size essayed.

Image 2. Percentage of liquid fraction (wood vinegar) obtained by triplicate at the different pyrolysis 

temperatures for initial sawdust particle size (ps) between 1 and 2 mm (left) or less than 1mm (right). 

Image 3 shows the appearance of the wood vinegar obtained as the liquid fraction at all the temperatures 

tested for the largest particle size. Similar results are found for the smaller. Despite the brownish colour, 

water is the majoritarian component, being a heterogeneous mixture that includes tar and a little organic 

fraction, with very acidic pH (between 1.3 and 1.4 in all the fractions), as is usual in this conditions [4]. 

Image 3. Liquid fractions obtained at 300, 400, 500 and 600ºC respectively.

The medium values calculated for the liquid fractions at the two particle sizes and at the different 

temperatures are shown in Image 4, with indication of experimental error. 
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Image 4. Medium values of the liquid fractions obtained in the pyrolysis experiments for the two particle 

sizes at temperatures of 300, 400, 500 and 600ºC. 

As can be observed, the medium liquid fraction is near 40% at 300ºC, being 55% approximately for the 

rest of the temperatures, without appreciable influence of particle size or temperature between 400 and 

600ºC.  

Table I shows medium values of the solid, liquid and gas fractions for the two particle sizes tested at the 

different temperatures essayed. 

The data of the solid and gas fractions distribution in the interval of 400 and 600 ºC, in which liquid 

fraction can be considered constant, show a slightly increase in the gaseous fraction (from 17.7 to 21.4%) 

at the expense of the decrease in the solid fraction (from 26.8 to 21.4%).  

Proximate analysis gave a moisture content of 8.83%. The percentage of volatile material was 85.82%, 

ash 0.26% and according to this, the calculated fixed carbon was 13.92%, all on dry basis. These typical 

values support the high content of softwoods in the sawdust, with lower ash and fixed carbon and higher 

volatile content than in the case of hardwood [4, 5]. 
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Image 5. TG-DTG-DSC results for initial 

sawdust. 

Results of the TG-DTG-DSC experiment for 

initial sawdust are shown in Image 5. 

A total mass loss near 82% that includes a 

moisture content of 7.9% is observed. The rest 

(18%) corresponds to the ash fraction, lignin, 

and hemicellulose not decomposed at 900ºC, as 

literature also refers [6]. Differences in moisture 

or volatile material are attributable to variability 

in sample conditioning and variability of the 

samples. 

 Image 6 (left) shows some of the original scan 

data obtained by TG-MS that processed allow to 

found the individual variation of each m/z with 

the temperature. Image 6 (right) shows the 

evolution of m/z 2 and 46 as examples. 

Table I. Yields obtained by pyrolysis of sawdust with different particle sizes (ps) 

SOLID  (%) LIQUID (%) GAS (%) 

T (°C)  ps< 1 mm 2>ps> 1  ps< 1 mm 2>ps> 1  ps < 1 mm 2>ps> 1 

300 51.0 47.0 38.3 41.2 10.7 11.8 

400 27.1 26.4 56.0 55.2 16.9 18.4 

500 23.5 23.6 57.8 49.7 18.6 26.7 

600 21.7 21.1 56.5 58.0 21.8 20.9 
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Image 6. Example of the original scan data from m/z 24 to 50 (left) and evolution of m/z 2 (H2) and 46 

(formic acid) (right). 

Maximum values near 370ºC were assigned to formic acid and ethanol, formaldehyde, acetone, acetic 

acid, furan, cyclic ketones and CO2, and correspond to the decomposition of hemicellulose and cellulose 

[5, 6]  

Other compounds like benzene and gases like methane, hydrogen or acetylene are produced at higher 

temperatures, as Image 6 (right) shows in the case of hydrogen (m/z 2). 

According to bibliography [5] many oxygenated products that come from the defragmentation of the 

constituents of the biomass found in this work (alcohols, ketones, aldehydes, acids and other aromatics) 

decrease the quality of this fraction in terms of its energetic content (the presence of hydrocarbons would 

increase it). The stability of the liquid fraction also decrease with these oxygenated compounds, 

responsible of the changes with air by oxidation or by loss of volatile material, and with heat by 

polymerisation. 

The absence of phenol fragments (m/z 94) indicates also the absence of phenol derivatives, used in 

healing treatments in wood. 

 In general, treatments based on pH change or exposure to high temperatures could cause the removal of 

many fungi, bacteria or insects. However, the use of certain basic or acidic substances may dissolve the 

constituents (cellulose, lignin) and defiber the wood or degrade it in such a way that it is useless if it is not 

previously controlled [7]. That is why a dosage study of this diluted product is necessary prior to its use 

with guarantees of success. 

4. Conclusions – The best conditions found to obtain the maximum yield of wood vinegar (55%) by

conventional pyrolysis with this sawdust were temperatures of 400 to 600ºC. Organic acids in the

heterogeneous liquid fraction are probably responsible of its fungicide action, according to its low pH,

capable of kill fungi, bacteria and/or insects. A dosage study will be necessary prior to its use diluted.
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