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Abstract. Six species of wood were studied by combined
thermogravimetric and differential thermal analysis (TG/
DTA) so as to evaluate their combustion properties in terms
of the amount of energy released, the initial temperature
of ignition, and the cleanness of burning. Pinus monticola,
Acer saccharum, Quercus rubra, Diospyrus spp., Tabebuia
spp. and Guaiacum spp. were chosen to provide a wide
range of hardness values and densities. Quercus rubra
burned to the hottest temperature of the samples, and also
left the least amount of ash behind. For Guaiacum spp. its
burning temperature is in the middle of the peak
temperatures for other woods – while its final amount of
ash is considerably larger than in the other samples. There
is no connection between the wood density and the
parameters characterizing the burning process.
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1. Introduction

Wood has been extensively studied because of its use
as a construction material [1-3] and as fuel source [4].
Combustion properties of wood are also important because
of safety issues since it is one of the more commonly available
flammable materials. Its combustion process is well studied
[5, 6] particularly so for modified woods which have been
treated to resist burning [7-9]. Untreated wood have also
been studied, most commonly as a fuel source [10].
Differential thermal analysis (DTA) and thermogravimetric
analysis (TGA) have been used to look at the effect of oxygen
levels [11] on combustion. The two techniques have been
described by one of the present authors [12] and also by
Lucas and her colleagues [13]. In addition, specific species
such as birch [14], olive [15], oak [16], willow [17], and
pine species [18] have been investigated.
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Wood species show tremendous variation in
physical and mechanical properties [19]. Moreover,
culinary studies report significant differences in wood used
for smoking of food products [20]. Our work looks at
the composition properties of untreated wood by species
- to see whether the natural variation in wood has any
significant effects on the combustion properties.

2. Experimental

Wood species were selected on the basis of
hardness and oil content to cover a range of properties.
Pinus monticola, Acer saccharum, Quercus rubra,
Diospyrus spp., Tabebuia spp. and Guaiacum spp. were
chosen to represent a range of wood strengths and
properties as described by Vangaard [1]. All samples were
air dried to 12 ± 2 % humidity, as measured using an
electronic humidity meter. Samples were prepared by
removing small shaving of the wood with a plane. Attempts
to use ground samples were unsatisfactory due to the
weight losses caused by the nitrogen purge.

5–10 milligrams of each species were studied using a
PerkinElmer Diamond Thermo-gravimetric/ Differential
Thermal Analyzer (TG/DTA). The analyzer was calibrated
using indium, aluminum, and gold standards and the
calibration checked using calcium oxalate. All calibrations
and checks were run at 10 K⋅min-1 and 200 cc⋅min-1 air purge.

Samples of each species were run three different
times. The samples were loaded into unsealed alumina
crucibles, and were run from beginning at room
temperature up to 1273 K at the rate 10 K⋅min-1 with a
200 cc⋅min-1 purge rate. Dry air was used as the purge
gas. After the run was completed, the starting temperature
that it began to burn, the energy released while burning
(enthalpy of combustion Hcomb) and the amount of ash left
were calculated.
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3. Results and Discussion

A representative DT/TGA trace is shown in Fig. 1.
Comparisons of the TGA curves are shown as an overlay
in Fig. 2. DTA data is shown overlaid in Fig. 3. The
averaged results for all 7 species are reported in Table 1.

On completing all runs, a white ash remained in
the pan. Several events are seen in each material in the
TGA results. First, depending on the amount of water
and oil in the sample, a small percentage of the total weight
would be evaporated. Interestingly, in no case did this
amount correspond to the approximate 10 % moisture
detected by the electronic humidity meter. We infer that

this water is trapped in the fibers and released during the
burn. As the temperature rose, the main body of the wood
ignited, leaving a small amount of ash seen in the pan.
Ignition temperature appeared to bear no relationship to
the wood density in either the DTA or TGA experiments.
Ash remaining, a measure of the inorganic material in the
specimen was similarly unrelated to density; see Fig. 4.

The species of the wood does have an effect on
the combustibility of the sample but it does not appear to
be related to density. Quercus rubra burned to the hottest
temperature of the samples, and also left the least amount
of ash behind.

 302.98            473                   673                  873                  1073                
Temperature in K 

Fig. 1. An example of the TG/DTA scan, showing
the relationship of the DT and TGA data

Fig. 2. Overlay of TGA curves for all species of wood, showing the multiple weight losses discussed below
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Table 1
Results from all seven species of wood

Fig. 3. Overlay of DTA curves for all seven species of wood, showing the multiple energetic events discussed below.
Curves show the normalized heat flow for the samples

Common 
Name Species 

Density 
(dry), 
kg/m3 

TGA 
water, 

% 

TGA 
burn 

onset, K 

TGA 
loss, 
% 

TGA 
ash, 
% 

DTA 
onset, 

K 

Enthalpy of 
combustion, 

J/g 
Peak, K 

Pine Pinus monticola 450 5.6 278.6 92.9 1.7 274.7 -9953.3 -9680.3 

Maple Acer saccharum 720 5.4 278.4 92.7 1.7 274.7 -8603.3 -8330.3 
Oak Quercus rubra 770 5.8 277.8 92.5 0.6 273.6 -6826.7 -6553.7 

East Indian 
Rosewwod Diospyrus spp. 1170 6.5 279.5 92.3 1.3 274.2 -11160 -

10887.0 
Ipe Tabebuia spp. 1200 5.6 278.4 92.9 0.9 273.9 -9806.7 -9533.7 

Lignum Vitae Guaiacum spp. 1230 5.1 277.4 91.9 2.7 275.3 -7166.7 -6893.7 
 

Fig. 4. TGA data according to species Fig. 5. TGA data according to species
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 While Guaiacum spp. burning temperature was in
the center of the other samples peak temperatures, the
final amount of ash was considerably more than in the
other samples.

Similarly in the DTA, corresponding events are
seen when each material was ignited. DTA onsets tended
to be higher than TGA in all cases and neither the onset
nor the peak values of species on burning showed any
relationship to the material density.

Fig. 6. Enthalpies of combustion

We also display the enthalpies of combustion in
Figure 6. As an example, Fig. 6 tells us that oak wood
releases less energy (has smaller enthalpy of combustion)
than the other kinds of wood.

4. Conclusions

Quercus rubra burned to the hottest temperature
among all the samples, and also left the least amount of
ash behind. This while for Guaiacum spp. the burning
temperature is in the middle of the peak temperatures for
other samples; at the same time, the final amount of ash is
considerably larger than for the other samples.

Finally, we recall that wood is the most widely used
natural composite. Its role does not seem to be limited by
the growing use of synthetic composites [21].
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ГОРЮЧІ ВЛАСТИВОСТІ ДЕЯКИХ ВИДІВ ДЕРЕВИНИ

Анотація. З використанням термогравиметричного
і диференційного термічного методів аналізів вивчено шість
зразків деревини. Проведено оцінку їх горючих властивостей,
як кількості звільненої енергії, початкової температури
займання і чистоти горіння. Pinus monticola, Acer saccharum,
Quercus rubra, Diospyrus spp., Tabebuia spp. and Guaiacum spp.
було вибрано з огляду забезпечення широкого інтервалу величин
густини і твердості. Встановлено, що при згорянні Quercus
rubra виділяється найбільша теплота і найменша кількість
золи. Guaiacum spр. має середнє значення температури
згоряння серед інших видів деревини, в той час як його
зольність суттєво вища за інші зразки. Показано, що між
густиною деревини і параметрами, які характеризують процес
горіння, відсутня залежність.

Ключові слова: деревина, температура горіння,
ентальпія згоряння, утворення золи, термогравиметричний
аналіз, диференційний термічний аналіз.




