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ABSTRACT

In this research, thermo-physical properties of different sizes of particulate
materials for optoelectronic devices applications were investigated. Five different
wood species of the family of Sterculiaceae, Moraceae, and Ulmaceae were used
in the study. The wood materials were pulverised into particles using a pulverizing
machine and were sieved into different maximum particle sizes; 106 um, 300 pm,
425 pm, 850 um and 1180 um with appropriate mesh. The wood samples were
oven-dried at 50°C for 30 minutes to avoid redistribution of moisture under the
influence of temperature. The basic apparatus that was used to determine the
thermal properties was a Differential Thermal Analyser. The result of the thermal
conductivity ranged from 0.0100 to 0.0492 Wm™' K-!. It was observed from the

Keywords:

Particle wood,
Optoelectronic devices,
Differential Thermal

NIGERIAN JOURNAL OF PHYSICS

Analysis, result that thermal conductivity of wood materials is dependent of particle sizes.
Thermal conductivity, This indicates that the performance of the material could be influenced by particle
Thermal diffusivity, size. It has also been noted from the results obtained that almost all the samples
Thermal effusivity, considered at some sizes have their thermal conductivity similar to that of
Hardness. polystyrene whose potency in optoelectronics devices has been confirmed.

INTRODUCTION from the standpoint of thermal insulation, drying,

In nearly all engineering industries, the choice, cost and
availability of the materials to be used are very important
(Ayugi et al. 2011; Hongli Zhu et. al 2016). It is of
necessity to study and understand the properties of a
material which will determine its reaction or response to
a given situation (Ogunleye and Awogbemi, 2007).
Much effort had been put together to understand the
fundamental physical and chemical properties of
optoelectronic devices to optimize their efficiency.
Physical properties are very important characteristics of
any material. Physical properties of materials;
conductivity, diffusivity, effusivity and specific heat
capacity are very important properties that characterize
the thermal behaviour of a material, including wood
(Suleiman et al., 1999; Olek et al., 2003; Sonderegger et
al., 2011; Oluyamo et al., 2017). They are also very
important tools used to examine the electronic properties
of wooding materials (Craig Dixon et al., 2000).

Wood is a complex biological structure, a composite of
many cells acting together to serve the needs of a living
plant. Information on the thermal conductivity of wood
and its relationship to other wood properties is of interest

plasticizing, preservation, gluing of wood, and where
heat resistance of wood is a major consideration in its
application (Sahin, 2010). Several researches had been
carried out on thermos-physical properties of materials
most especially wood at different stages and results had
also shown that different wood species do not have the
same thermos-physical properties. Samuel et al. (2016)
investigated the thermal properties of some selected
tropical hard wood species and discovered that their
thermal conductivities varied depending on the species.
Adekoya et al. (2020) also studied the thermal properties
of two wood species and observed that there was
variation in thermal properties of the two wood species.
Cavus et al. (2019) investigated thermal properties of
some wood species obtained from Turkey and observed
that they had different thermal properties. Monika et al.
(2002) investigated thermal properties of wood and wood
composites made from wood waste and discovered that
their thermal conductivity varied. Etuk et al. (2009)
carried out research on the investigation of thermal
properties of naturally seasoned dry macaranga barteri
timber board and concluded that dry African thorn tree
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timber is a good thermal insulator and can be used as
insulating board for self-cooled building in areas of
severe or harsh climatic condition. Oluyamo and Bello
(2014) studied the particle sizes and thermal insulation
properties of some selected wood materials for solar
device applications. This research revealed that, particle
sizes consideration can be of great importance in
improving the insulation properties of wood materials.
Oluyamo et al (2017) investigated the variation of bulk
and particle thermal properties of some selected wood
materials for solar device applications. The result of the
analysis revealed that the thermal conductivity of
sawdust samples of the same wood material considered
is lower compared with their bulk wood materials and
values obtained for all the particle sizes fall within the
range of thermal conductivities of materials used as
thermal insulators in solar cell development and
applications. In addition, some of the species considered
showed very important uniqueness, most especially
Celtis phillipensis where research had discovered that it
has its grain aligned (Ken, 2014). Hence, the need to
further research on the thermos-physical properties of
this material and its applications in Optoelectronics
devices.

Physical properties of particular interest are thermos-
physical properties, which define characteristics of heat
transport and heat storage in a material. Knowledge of the
properties depends on adequate data produced from
experiment. Light is emitted from a material when it is
stimulated by the incident energy. If the energy is in the
form of photons, photoluminescence is produced
(Mohan, 2003). Materials which exhibit highly nonlinear
optical characteristics of doubling or tripling the
frequency of incident light are currently of great
scientific and technological interest for use in the area of
optoelectronics such as optical telecommunications,
optical signal processing and, ultimately, the construction
of optical computers. Nonlinear optics (NLO) is
concerned with the interactions of electromagnetic fields
in various media to produce new fields, which may be
altered in phase, frequency or amplitude. Such media and
their physical properties as well as their nonlinear optical
properties have been of great interest in the field.
Formerly, inorganic materials, such as KH2, POA4,
LiNbO3 or InSb, were used as NLO materials, and are
currently being replaced by materials based upon
conjugated pi electron organic chromophores, which
promise superior performance and adaptability to the
desired chemical functions (Sureshkumar et al., 2007).
Organic nonlinear optical materials characteristically
have large non-resonant susceptibilities, ultrafast
response times, low di-electric constants, high-damage
thresholds and intrinsic tailorability. The nonlinear
optical response exhibited by organic materials with large
delocalized pi electron systems in many cases found to
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perform much better than that shown by prior inorganic
materials (Sureshkumar et al., 2007).

There exists today a plethora of optoelectronic devices
that are used in a multitude of applications. These devices
include sources such as light-emitting diodes (LEDs) and
laser diodes, photodetectors, optical amplifiers, and
optical modulators. With such devices, one can generate,
modulate, detect, and switch photons in an analogous
way to electrons in an electrical circuit. They utilize
energy in the visible and infrared regions of the
electromagnetic spectrum. Solid state devices like
sensors, IR emitters, and laser emitters are also used for
optoelectronic applications. Organic materials have
attracted much attention for applications in electronic and
optoelectronic devices, such as organic transistors,
organic solar cells and organic light-emitting devices.
The organic light-emitting diode (OLED) is one of the
most promising technologies for display and lighting
applications. Compared with existing liquid crystal
display (LCD) technology, OLED exhibits the
advantages of self-emission, wide viewing angle, fast
response time, simple structure, and low driving voltage.
Optoelectronic  devices can be classified into
photoconductive and photovoltaic devices.
Photoconductive devices such as photo resistors are
widely used in counting systems, twilight switches,
house security systems, etc. These detect variations in the
light intensities and activate or deactivate electronic
circuits. Photodiodes and phototransistors also fall in this
category. These utilize the reverse biased junctions for
generating current when illuminated. Photovoltaic
devices produce a voltage when these are exposed to
light. The light energy produces a potential difference
across the p-n junction depending on the intensity of the
incident light. Solar cells and photovoltaic cells are
widely used in various applications to generate
electricity.

Optoelectronics is one of the two major technologies
driving the revolution in communications, which will not
only have profound effects on the economy but on social
and political structures as well. The other technology,
optical fibers, is already beginning to mature, but
optoelectronics is rapidly catching up, enabling the
acceleration of the information age. Optoelectronic
devices are basically electronic devices involving light.
They have found their way into many different aspects of
modern life whether it be the ubiquitous indicator LEDs
on hi-fi systems, televisions, computers, solid-state
lighting and countless other items or in the bar-code
scanning systems at the supermarket, compact disk (CD),
digital versatile disk (DVD) and blue-ray systems at
home, the laser printer in the office, or when using a
telephone or watching cable television. They are also
found in many optoelectronics applications like military
services, telecommunication, automatic access control
system and medical equipment.
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MATERIALS AND METHODS

Sample Preparation and Experimental Method

The materials that were used in the study include five
different types of wood species of the families of
Sterculiaceae, Moraceae and Ulmaceae found in the
rainforest region, South Western Nigeria. These wood
species are Celtis Phillipensis, Milicia excelsa, Pterygota
macrocarpa, Antiaris africana and Guaraea cedrata.
Based on previous research, these species of wood had
revealed significant variation in their thermal
conductivity values and unique property most especially
Celtis  Phillipensis that has its grains interlocked
(Oluyamo et al., 2017). It is however, believed that
further research into these wood species at different sizes
could reveal more useful information apart from the
previous one which will enhance its applications in
industries rather than constituting menace into to the
environment. The wood samples were collected from
different sawmills in Akure South Local Government
Area of Ondo State, South Western Nigeria. Samples
were pulverized and oven-dried at 50°C for 40minutes to
avoid redistribution of water under the influence of
temperature. A mechanical test sieve shaker was used to
sieve the particles using different mesh sizes: 106 pum,
300 pm, 425 um, 850 um and 1180 pm respectively.
Several techniques can be used to measure the thermal
conductivity of wood: the guarded hot plate method, the
transient plate technique (Shekhawat et al., 2013), the
modified fitch-type apparatus, the heat flux meter
technique (Cavus et al., 2019), the hot wire method and
recently the parallel hot wire method. Most of these
techniques are impractical for the thermal
characterization of pure particle wood as the sample will
be needed to be bonded with other material convenience
sake. Since it is always difficult to account for the effect
of binder on the thermal properties of the original sample,
hence, the need for a differential thermal analyser which
is able to determine the thermal properties of particulate
wood materials in their form. The differential thermal
analyser which measures the temperature, the direction
and the magnitude of thermal transitions induced by
heating or cooling a material in a controlled way was
used. DTA measures these properties by comparing the
temperature of the sample and that of a reference
material, which is inert under similar conditions. This
temperature difference is measured as a function of time
or temperature under a controlled atmosphere and it
provides useful information about the transition
temperature but also about its thermodynamics and
kinetics. To determining the thermal conductivity of the
samples, each of them was placed inside the sample
holder and put in a controlled source of heat (furnace)
with a regulated temperature. The two thermocouples
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junction beads were inserted through the holes drilled by
the sides of crucibles so as to measure the temperature of
the sample and that of reference material. At the
beginning of each determination, the power from a
stabilized dc was turned on full until the temperature of
the sample and reference material reached the desired
value. This took several hours, throughout which time
readings were taken by the automated machine. The
details of the experimental procedure can be found in the
literature (Boettinger et al, 2007; Jaroslav Sestak and
Pavel Holba, 2013). The thermal properties determined
are thermal conductivity, thermal diffusivity and thermal
effusivity.

Thermal conductivity is a measure of the rate of heat flow
through one unit thickness of a material subject to a
temperature gradient. Thermal conductivity determines
to a reasonable extent ability of a material to transport
heat or resist heat. The value for the thermal conductivity
(k) of each sample was estimated using the relation.

_ 9%
K_AAT (1

where q is the heat flow, AT is the temperature difference
across the crucibles, A, is the sample size and A is the
cross-sectional area.

Thermal diffusivity is the thermal conductivity divided
by the density and specific heat capacity at constant
pressure. It measures the ability of a material to conduct
thermal energy relative to its ability to store thermal
energy. The thermal diffusivity of the samples were

determined using the relation;
k

A= . 2)

where;

A is the thermal diffusivity, k the thermal conductivity, p
the density and c is the specific heat capacity.

Thermal effusivity is a measure of the ability of a body
to exchange thermal energy with its surrounding. The
thermal effusivity of the samples were also determined
using;

e=+VApc (3)

where

A is the thermal diffusivity, p is the density and c is the
specific heat capacity.

RESULTS AND DISCUSSION

The results of the analysis are presented in table 1 to 3.
The thermal conductivities, diffusivities and effusivities
of the sample for all the wood species considered are
plotted against particle sizes in figure 1 to 3. Significant
variation in thermal conductivity value of the same wood
species as the particle sizes changed was noticed in the
study.
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Table 1: Thermal conductivity (Wm™K™) values of wood samples for different particle sizes

Sizes Milicia excelsa  Celtis phillipensis Pterygota macrocarpa Antiaris africana  Guarea cedrata
106 um 0.0274 0.0492 0.0283 0.0316 0.0271
300 um 0.0222 0.0417 0.0250 0.0309 0.0247
425 pm 0.0203 0.0271 0.0240 0.0293 0.0190
850 um 0.0200 0.0249 0.0223 0.0273 0.0121
1180 um  0.0192 0.0134 0.0164 0.0181 0.0100

Table 1 above contains the values of thermal conductivity
of all the samples. The values ranged between 0.0100
Wm'K! and 0.0492 Wm'K-! which agrees with
previous research (Ayugi et al 2011: Oluyamo et al.
2017). All the samples also have their highest thermal
conductivity at 106 um with Celtis phllipensis recording
the highest thermal conductivity value 0 0.0492 Wm™! K-
' and Guarea cedrata having the least thermal
conductivity value of 0.0271 Wm'K-!. At 1180 pm,
Guarea cedrata has the least thermal conductivity value
of 0.0100 Wm™'K"!. This is an indication that Celtis

phlilipensis is a better material in transporting heat energy
due its high thermal conductivity (Tritt, 2004). However,
this does not imply that other wood materials do not
transport heat energy.

Also, almost all the thermal conductivity values obtained
for all the particle sizes considered fall within the range
of that of polystyrene whose efficiency in optoelectronics
devices has been established (Sureshkumar et al., 2007,
Sureshkumar et al., 2008; Negi ef al., 2005; Sureshkumar
et al., 2004; Sureshkumar and Negi, 2005; Lindholf,
1996).

Table 2: Thermal diffusivity (10 x m?s!) values of wood samples for different particle sizes

Sizes Milicia excelsa  Celtis phillipensis Pterygota macrocarpa Antiaris africana  Guarea cedrata
106 pm 6.69 8.90 3.80 2.10 5.40
300 pm 4.90 2.40 2.20 2.00 2.70
425 pum 2.90 2.00 1.80 1.80 1.70
850 um 1.60 1.70 1.60 1.50 1.14
1180 yum  1.17 1.50 1.50 1.50 1.00

Table 2 above, showed thermal diffusivity of wood
samples ranged between 8.90x10°m?s! and 1.00x10"
®m?s!. Milicia excelsa has thermal diffusivity of 1.17
®m?s! to 6.69 m?’s™!, Celtis phillipensis has 1.50 ®m?s™! to
8.90 °m?s™!, Pterygota macrocarpa has 1.50 *m?s' to 3.80
*m?s'!> Antiaris africana has 1.50 *m?s ' to 2.10 ®m?s™! and
Guarea cedrata has 1.00 *m’s'1 to 5.40 *m?s™! . Thermal

diffusivity increases with decrease in particle sizes but at
106 um, Celtis phillipensis was observed to have the
highest thermal diffusivity value. This actually agrees
with previous researches and from this observation, it
implies that Celtis phillipensis has better ability to
transport heat than other wood of the same species.

Table 3: Thermal effusivity (Ws'?/m?K) values of wood samples for different particle sizes

Sizes Milicia excelsa  Celtis phillipensis Pterygota macrocarpa Antiaris africana  Guarea cedrata
106 um 9.360 9.958 7.028 7.842 11.47
300 um 7.418 9.290 5.840 7.651 10.27
425 pm 5.844 6.476 4.691 6.884 10.07
850 um 5.528 6.338 4.012 6.121 6.410
1180 um  3.309 4.489 3.895 5.891 3.819

Table 3 revealed the thermal effusivity of all the samples
to be between 3.309 Ws'?/m?K and 11.426 Ws"?/m?K.
Milicia excelsa has thermal effusivity 3.309 Ws"?/m2K
to 9.360 Ws'2/m?K, Celtis phillipensis has 4.489
Ws!2/m?K to 9.958 Ws"2/m?K, Pterygota macrocarpa
has 3.895 Ws"’m’K to 7.028 Ws"?/m’K, Antiaris
africana has thermal effusivity 5.891 Ws!2/m*K to 7.842
Ws'2/m?K and Guarea cederata has thermal effusivity

3.819 Ws"?/m’K to 11.246 Ws'"?/m?K. The results above
also showed that Guarea cedrata at 106 pm has the
highest thermal effusivity compared with other woods.
This connotes that the smaller the particle, the higher the
ability of that wood to exchange heat with its
surrounding. Also, based on this research, Guarea
cedrata seems to be the best wood in exchanging heat
with its surrounding.
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Figure 1: Thermal conductivity of the wood materials a function of particle sizes

Figure 1 revealed that among the particle sizes, 106 pm
has the highest thermal conductivity value 0.0492 Wm-
'K! compared with other particle sizes which is in
conformity with previous research (Oluyamo and
Adekoya, 2015, Oluyamo et al. 2017). This was as a
result of reduction in porosity. As sample particle size

decreased, thermal conductivities increased as a result of
the reduction in the intermolecular distance between the
grains in wood samples. This agrees with previous
researches (Ayugi et al 2011; Oluyamo and Adekoya,
2015, Oluyamo et al. 2017).
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Figure 2: Thermal diffusivity of the wood materials as a function of particle size

Figure 2, showed thermal diffusivity of wood samples
ranged between 8.90x10°m?s! and 1.00x10°m?s.
Thermal diffusivity decreases with increase in particle
sizes. At 016 pm, Celtis phllipensis exhibited a unique
behavior in the sense that it recorded the highest value

compare with other wood material. This was attributed to
the fact that celtis family usually have their grains aligned
and interlocked and the smaller the particles the more
aligned and interlocked the grains (Ken, 2014). This
makes it a better material for transporting heat.
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Figure 3: Thermal effusivity of the wood materials as a function of Particle size

In figure 3 above, thermal effusivity was plotted against
particle sizes so as to see the effect of particle size on the
thermal effusivity and it was discovered that based he
research, particle size has significant effect on thermal
effusivity of wood. The figure indicates that as particle
size decreases, thermal effusivity increases which could
be due to the fact that the more the particle size reduces,
the closer the particle becomes which definitely cause
reduction in porosity.

Also, comparing the results in this study with the thermal
insulation property of some commonly used materials for
flat plate solar collector which ranges between 0.0245-
0.1202 Wm™'K™! , some of the values obtained in this
research fall within the range of already established flat
plate solar collectors (Young, 1992; Ziman, 1967).

CONCLUSION

It was established in the research that the thermal
conductivity of wood materials ranged between 0.0492
Wm' K to 0.0100 Wm'K' for all the samples
considered. The thermal conductivity of wood samples
increases as particle size decreases which was attributed
to decrease in porosity and reduction in the
intermolecular distance between the grains in the
samples. The wood samples considered at specific
particle sizes, exhibit low thermal conductivity that is
comparable with materials used as industrial insulators.
Almost all the values obtained for all the particle sizes
considered fall within the range of that of polystyrene
which research had shown to have great potential
application in optoelectronic devices if doped with
optical chromophore. This connotes that; wood particles
at some sizes would also have great potential application
in optoelectronic devices if well harnessed.
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