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Abstract. This study examines the dynamic compression and thermo-physical properties of some wood
particles obtained from Akure, south local government area, Ondo State, South Western Nigeria. These
wood particles are of the species of Celtis zenkeri and Celtis philippensis of the Ulmaceae family. The
samples were possessed into different particle sizes (300, 600 and 850 pm) and subjected to varied
compacting pressures (2.6-3.0 MPa). The density and specific heat capacity of the wood samples were
determined using weighing displacement methods and temperature dependent model while the thermal
diffusivity was estimated from other thermal properties. The results revealed significant variation in the
values of the specific heat capacity as a result of change in pressure for all the wood samples considered.
The density of wood samples lies between 4.51x10%-7.32x10? kg/m?® and the specific heat capacity values
obtained for the samples fall within the range of 1.28x103-1.33x10° J/kg/K. It was also noted that the
thermal diffusivity obtained falls within the range of 1.37x1077-2.10x10~7 m?/s for the wood materials
considered. However, the values of the densities, specific heat capacities and thermal diffusivities of the
samples were found to change as the compacting pressure increased due to decreased in porosity. The
implication of the study is that the materials have potential for use in polymer applications and the fabrication

of film based photographic devices.
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Introduction

Thermal insulation material generally reduces the heat
flow by minimizing heat in a system. Thermal properties
of a material include; thermal conductivity, thermal
diffusivity and specific heat. It is of common knowledge
that as the moisture content of a material increases, the
thermal conductivity, thermal diffusivity and specific
heat also increase (Ajit et al., 2013). One of the important
parameters for determining the insulation property of
a material is the specific heat capacity. It is the amount
of heat required to raise the temperature of one kilogram
of a material by one degree Kelvin. The specific heat
capacity is fairly constant for different wood samples;
it increases with temperature and moisture content
(Simpson and Tenwolde, 1999). A high specific heat
capacity value means high ability of heat retention for
an insulating material (Ayugi et al., 2011). The thermal
diffusivity (A) of a material is usually estimated from
the values of the thermal conductivity (k), density (p)
and specific heat capacity (c) (Moore, 2011; Glass and
Zelinka, 2010; Silva et al., 1998; Suleiman et al., 1997).
Thermal diffusivity is a measure of how quick a material
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can absorb heat from its surroundings and diffused
through crystal lattice of the material; it is the ratio of
thermal conductivity to the product of density and heat
capacity. Wood is a hard fibrous structural tissue found
in the stems, roots of trees and other woody plants. It
has been in use for many years as fuel (fire wood) and
construction material. It is an organic material, a natural
composite of cellulose fibres, embedded in a matrix of
lignin which resists compression (Hickey and King,
2001). Sawdust is generally considered as a waste
product. It is a by-product of wood, which is produced
from sawing of wood (Badejo and Giwa, 1985). Saw
dusts are very prevalent around sawmills and wood
based industries (Akande, 2001). According to
Ogunsawo (2001), the non-utilization of the sawdust
create disposal problems, which are burdensome.
Owonubi and Badejo (2000) have therefore observed
that in order to dispose of the large environment and
also cause environmental pollution; many saw miller
resort to burning. It however produces smoke and
offensive gases like carbon dioxide and carbon
monoxide, which are hazardous to human health.
Knowledge on the thermal properties of wood is a
continuous process as the understanding of the model
heat transfer processes in wood and wood based materials
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cannot be overemphasized. For example, the energy
design and evaluation of energy performance of wood-
frame buildings partially rely on the thermal properties
of wood and wood products (Zi-Tao et al., 2011,
Tenwolde et al., 1988). Various properties had been
adduced to affect the thermal properties materials which
will in turn have attendant influence on their device
utilization and applications (Oluyamo et al., 2016;
Oluyamo and Adekoya, 2015; Oluyamo and Bello,
2014). This research intends to study the effect of
dynamic compression on the thermo-physical properties
of selected wood particles which may lead to a more
beneficial usefulness to the society rather than menace.

Materials and Methods

Sample preparation. The wood materials used in the
study are two different wood species growing in the
rainforest region, South Western Nigeria. These species
are; Celtis zenkeri and Celtis philippensis of the family
Ulmaceae. The samples were collected from different
sawmills in Akure, south local government area of ondo
State, Nigeria. These wood samples were converted
into sawdusts using circular saw machine and further
separated into different particle sizes (300, 600 and 850
um) with the aid of a mechanical test sieve shaker
(Fig. 1). The samples were subjected to different
compacting pressure (2.6-3.0 MPa) and later shaped
into circular disc shape using a modified California
Bearing Ratio (CBR). The preparation of the samples
into disc shapes and particle sizes were carried out at
the Department of Applied Geology and Material and
Metallurgical Engineering Department of The Federal
University of Technology, Akure. Possessed samples
were oven dried in the laboratory before further analyses
were carried out.

Determination of density and specific heat
capacity. The density was measured for each of the
sample using the weighing displacement methods
(Akpabio et al., 2001; Ekpe et al., 1996) while
Temperature Dependent Model (TDM) was used to
determine the specific heat capacity of the wood samples.
According to Simpson and Tenwolde (1999), the
approximate specific heat capacity of oven-dry wood
as a function of temperature is given as

¢=0.1031+0.003867T (1)
where:

T is the equilibrium temperature.

Determination of Thermal Diffusivity. The thermal
diffusivity is given as
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The thermal conductivity of the two samples at different
compacting pressure and particle sizes has earlier been
reported by Oluyamo and Adekoya (2015).

Results and Discussion

Density. Variation in densities of the samples has been
depicted in Fig. 2-3. The values of the density were

Fig. 1. Final disc shape of the samples for different
particle sizes.



Dynamic Compression on Wood Particles

found to change as the compacting pressure increased.
There also seems to be no definite variation in densities
of the material with compacting pressure. However, for
C. zenkeri, the densities of the wood samples increases
as the particle sizes decreases except at 3.0 MPa.

These values of densities of wood samples for different
compacting pressures at particle sizes, 300, 600 and
850 pum, respectively are shown in Tables 1-2. The
values of the density ranged from 4.51x102-6.81x10?
kg/ms for C. philippensis (Ita funfun) and 4.7x10%-
7.32x10% kg/m3 for C. zenkeri (Ita pupa).The values of
the densities were found to be relatively high for 300um
particle size at 2.7 MPa compacting pressure for C.
zenkeri.

Specific heat capacity. The variations of the various
specific heat capacities of the selected wood samples
as a function of compacting pressure are displayed in

800 7
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2.6 2.7 2.8 2.9 3

compacting pressure (MPa)

—@-300um —m— 600um 2 850um

Fig. 2. Graph of density as a function of compac-
ting pressure for Celtis philippensis (Ita
funfun).
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Fig. 3. Graph of density as a function of compacting
pressure for Celtis zenkeri (Ita pupa).

Fig. 4-5. It was observed that the specific heat capacity
has no defined trend with the compacting pressure for
all the wood samples. The values of the specific heat
capacities only fluctuate between minimum and
maximum values within the range of compacting
pressure.

The specific heat capacities of the wood samples depend
on the moisture content of the wood and seen to be
independent of density and species which is in agreement
with previous research (Simpson and Tenwolde, 1999).
In addition, materials with high specific heat capacity
absorb more energy before they change in temperature
than substances with low specific heat capacity
(Oladunjoye and Sanuade, 2012; Oyekan and Kamiyo,
2011). The specific heat capacity values obtained ranged
between 1.29x10° -1.33x10° J/kg/K for C. phillipensis
and 1.28x10° — 1.31x10* J/kg/K for C. zenkeri. The
samples have their highest specific heat capacity at 300
um particle size of 3.0 MPa with C. philippensis having

iiompac!mg iensJy gpem!lc !eal capac1!y | !erma !1!!!sw1!y

pressure (10% x kg/m?) (10° x J/kg/K) (107 x m?/s)
(MPa)

300 um 600 um  850pm 300 um 600 pm  850um 300 pm 600 pm  850pum
2.6 6.70 4.51 4.99 1.29 1.31 1.30 1.54 2.10 1.86
2.7 5.45 5.55 4.60 1.31 1.30 1.30 2.00 1.85 2.05
2.8 6.81 5.58 5.50 1.29 1.30 1.30 1.72 1.93 1.77
2.9 6.51 5.70 5.18 1.31 1.30 1.30 1.77 1.91 1.93
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pressure (10°xkg/m®) (10°xJ/kg/K) (10""xm?/s)
(MPa)
300 um 600 pm  850pum 300 um 600 um  850um 300 um 600 um  850pm

2.6 7.00 5.20 4.70 1.30 1.29 1.30 1.37 1.68 1.66
2.7 7.32 5.36 523 1.31 1.30 1.29 1.38 1.70 1.67
2.8 6.60 5.23 5.05 1.30 1.30 1.31 1.58 1.82 1.74
2.9 7.00 533 5.08 1.29 1.28 1.30 1.56 1.93 1.80
3.0 7.00 5.30 6.75 1.30 1.31 1.30 1.70 1.97 1.42
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Fig. 4. Graph of specific heat capacity as a function
of compacting pressure for Celtis
philippensis (Ita funfun).

the highest specific heat capacity value of 1.33x10°
while C. zenkeri has the least for 600 pm particle sizes
at 2.9 MPa. These values are within the range obtained
by Simpson and Tenwolde (1999) and the values conform
to Kirkkiinen (2007) which is 1.34 x 10° J/kg/K at
temperature range of 273-373 K. The results of the
study reveals that the specific heat capacity values
conform to common material used in polystyrene
(1.30x10*-1.50x10%), polycarbonates (1.20x10°-
1.30x10% and cellulose acetate (1.30x10° -1.80x10%)
(www.engineering tool box.com, May 2016). Therefore,
the particulate materials could be useful in the fabrication
of film based photography, eye protection, producing
plastics cutlery and dinnerware and smoke detector
housing. However, the particle sizes seem to be more
suitable in these categories
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Fig. 5. Graph of specific heat capacity as a function
of compacting pressure for Celtis zenkeri

(Ita pupa).

Thermal Diffusivity. Variations of thermal diffusivities
of the selected wood samples are depicted in Fig. 6-7.
The values of the thermal diffusivity change gradually
as the compacting pressure increases except at 2.9 MPa
compacting pressure which increases as the particle
sizes increase.

Evidence of slight increase in thermal diffusivities of
the wood samples was noticed as particle size increases
from 300 um to 600 pm but decreases monotonically
at 850 um for c. zenkeri.

Conclusion

The effects of dynamic compression on thermal
properties of wood species were investigated. It was
established in the research that the specific heat capacity
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Fig. 6. Graph of thermal diffusivity as a function
of compacting pressure for Celtis
philippensis (Ita funfun).
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Fig. 7. Graph of thermal diffusivity as a function
of Compacting Pressure for Celtis zenkeri

(Ita pupa).

of wood materials used in the study falls between
1.28x10°~ 1.33x10°. This range lies within the specific
heat capacity values of common materials used in
polystyrene, polycarbonates and cellulose acetate. The
selected wood materials could find useful applications
in insulating and heat resistant devices. The results in
the study revealed that compacting pressure and density
has an effect on the thermal diffusivities but has no
significant effect on specific heat capacity of the wood
samples studied.
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