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ABSTRACT

The field performance of palm fibre insulation board treated with cassava starch solution has been
studied. This was done in search of local substitutes for imported insulation materials used in low
temperature (45C — 200C) ovens. Fresh oil palm fibr e was collected from palm-kernel, washed
with non-reactive detergent to remove its oil content and dried to constant mass in an oven. The
dried palm fibre was treated with 0.2 w/w starch solution, compacted into rectangular boards and
re-dried in an oven to constant mass. The fibre bands were then installed in a locally developed
oven for the field test. The test involved examining the stability of the thermo-physical properties of
the insulation board after baking activities for 4 hours. This was done by comparing the density,
physical appearance and thermal conductivity of the board before and after the use in the oven for
baking. There were no significant changes in the thermo-physical properties observed before and
after use. The results indicate that the palm fibre board is suitable for use as an insulation material
in low temperature oven application. Successful implementation of the board could contribute
greatly to savings on importation costs of conventional insulation materials while enhancing the
safer utilization of a by-product of the Nigerian palm oil industry. Furthermore, this will enhance
better environmental conditions and comply with the current clamor of converting waste to riches.
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1. INTRODUCTION

There has been an exponential growth of
population and material wealth since the
industrial revolution. The growth has been
associated with the increasing use of energy in
devices. Many manufacturing and processing
systems produce or utilize heat energy when
operating. The efficient use of the insulating
property of materials to conserve heat energy
depends on the type of material employed which
in turn brings in the issue of cost. Hence, it is
necessary to effectively plan and design the
insulation of such thermal appliances [1,2].

In Nigeria, the growth in population and demand
for food has influenced the increasing need for
the fabrication of ovens locally for domestic use.
The domestic oven commonly used has glass
wool as thermal insulation in between its double
metal walls. Of recent, there has been the
emergence of local fabricators who rely mainly
on imported wool glass for the insulation of the
ovens resulting in an increase in the cost of the
products. Therefore, developing insulation
materials locally that could replace the imported
ones will help to reduce the cost of equipment
that uses them. Before introducing the local
insulation material into the market as a
substitute, the field performance tests must be
carried out [3-6].

There are lot materials that are readily locally
available especially as by-product of agricultural
processes. These materials can be processed to
provide good substitutes for imported insulation
materials. Furthermore, this could contribute to
environmental sanitation while generating a
mean of earning some income [7,8]. However, no
naturally occurring biomass is suitable for use as
an insulation material directly. It must therefore
undergo some forms of treatment to improve its
properties for usage and subsequent
manufacturing or forming processes if required
[9-11]. Naturally occurring oil palm fibres is a
common example. Some forms of treatments are
necessary to ensure the stability of the biomass
such as reduction of moisture content of the oil
palm fibre, removal of residual oil palm and
addition of suitable additives such as starch to
enhance its usage [12-15].

Agro-fibres have been used as thermal insulation
especially in the building sectors in many
countries [7,16]. Coffee husk and hulls [17],

wood [18], waste tea leaves [19,20], coconut
husk [21,22], bagasse [23], cotton [24] and oil
palm [25] have all been used for particle board
production in many regions of the world. In this
way they not only provide a renewable material
source and low thermal conductivity, but also
generate a non-food source of economic
development for farming and rural areas. Studies
have been conducted using palm oil fibres for
thermal insulation material in thermal processes
especially at low temperatures [26—29].

Insulation board production from these materials
is feasible for a number of reasons. Cellulose
accounts for 47.6% of the oil palm frond [30] and
for 62.9% of the empty fruit bunch content [31-
33]. Cellulose has a potential to be used in the
paper and fiber-board manufacturing. Large
amounts of oil palm wastes will continually be
generated as long as palm oil products are being
produced. These wastes are biodegradable and
therefore more environmentally benign compared
to many of the synthetic materials being used
[34,35].

Therefore, this study concentrates on applying
the results of the previous tests in a simple
locally fabricated conductivity testing device at
steady state conditions. This is all in the process
of finding an alternative resource from locally
available agricultural residues such as palm oil
fibre to produce thermal insulation construction
materials in board form. This will not only reduce
the operation cost but also help to preserve the
environment. The binder used is the waste starch
solution from several cassava processing
systems which is of great interest from an
environmental perspective [15]. Evaluation
mainly included production methods and thermal
conductivity measurements.

The objective of this research is to determine the
preliminary field performance of oil palm fibre
insulation boards treated with cassava starch
solution in a locally fabricated oven. The specific
aims include sourcing for an alternative local
material for application in locally fabricated
ovens, enhancement of local development of
ovens using the insulation material and
consequently minimizing the cost of ovens.
Furthermore, this study could provide the basis
for the development of a suitable technology for
mass production of the insulation materials. The
field performance results will be of great benefit
to small scale industries that are into the



construction of oven and enable the minimizing
of heat loss in various heat related applications
with a locally constituted insulation material.

2. MATERIALS AND METHODS

The materials used for this work included oil
palm fibre and cassava starch solution (CSS).
The equipment and materials used to produce
the sample included a 35 x 50 x 4 cm of
aluminium mould, compressive weights of 34 and
30 kg, a Gallenkamp hotbox oven, 5000 ml and
250 ml of beakers, a kerosene stove, a Harvard
trip balance, a sliding balance, distilled water and
detergent. The equipment and materials used to
fabricate the oven included 2 mm metal sheet, 1
in. angle iron, a block wood of dimension 1 x 1 x
1 inch, fasteners, roller, cold weld adhesive, a
2000 Watts electric cooking plate fitted with
thermal sensor and thermostat, a dual channel
thermocouple thermometer manufactured by
Einstruments, K type thermocouple with L bend
surface probes and a 2500 VA variable voltage
regulator.

The assessment of the insulation material
involved

i. The effect of temperature on the thermal
conductivity of the oil palm fibre under
actual use condition.

ii. The effect of temperature on the physical
structure of the fibre board under actual
use condition.

Extracted palm kernel fibore was washed using
water and a non-reactive detergent to completely
remove the oil content of the fibre. The fibre was
initially sun dried to reduce its moisture content.
Further drying was carried out using Gallenkamp
hotbox oven to completely remove the moisture
content at a constant weight of the fibre. The
dried fibre was properly shredded so as to
increase its surface area to enable proper
mixture with starch solution.

Fig. 1 shows the flow diagram of the process for
extraction of starch from fresh cassava roots.
The screened starch was later sun dried to
completely remove its moisture content. The
dried starch was grounded so as to increase its
surface area and further screening was carried
out using 425 ym diameter screens.

To prepare the insulation board samples, 850 g
of the dried palm fibre was gradually soaked in a
cassava starch solution initially prepared by
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mixing 1000 ml of distilled water at 100C with
170 g of cassava starch powder at 0.2 starch-
fibre concentration and stirred until there was a
proper mixture. The mixture was poured into an
aluminium mould of dimensions 35 x 50 x 4 cm
and compressed with a weight of 24 kg to a
thickness of 3 cm. The compressed sample was
dried in a Gallenkamp hotbox oven at a constant
temperature of 80T until a constant weight was
obtained. The procedure was repeated to obtain
the other three samples of equal dimensions.
The procedure was further repeated using 750 g
of the dried oil palm fibre, 150 g of cassava
starch, and a mould of dimension 35 x 30 x 4 cm
and compressive weight of 20 kg for two
consecutive times so as to produce two samples
of equal dimension making a total number of six
samples.

Cassavaroots

\4

Peeling

\ 4

Washing

y

Grinding/Rasping

\4

Mixing with water

v

Screening

Fig. 1. Flow diagram of the extraction of
cassava starch

The test oven comprises mainly of rectangular
inner and outer walls made of 2 mm mild steel, 1
inch mahogany block wood fastened to angle
iron and electric cooking plate. The electric
cooking plate was installed at the base of the test
oven and fixed firmly with fasteners. A thermal
sensor and a thermostat were connected to the
heating element of the electric cooking plate to
ensure steady state energy supply in the test
oven. Electricity supply to the electric cooking
plate was taken from public source but passed
through the automatic voltage regulator to ensure
steady energy supply to the electric cooking plate



element. Between the inner and outer walls is 3
cm thick sample of the insulation board to resist
the heat transfer from the inner to the outer wall.
Two holes were drilled on the top of the test oven
for the passage of the thermocouple probes. The
dual channel thermocouple thermometer was
used to read the temperature of the inner and
outer walls of the test oven. Fig. 2 shows
samples of the insulation boards while Fig. 3
shows the inside view of the test oven.

Fig. 2. Samples of the insulation boards

The oven was preheated to a temperature of
220<C in 25 minutes before inserting the already
prepared dough into the oven. The temperature
was reduced to a constant baking temperature of
180C with the aid of the thermostat. The
dough was allowed to bake for 20 minutes.
The temperature of preheating, baking, inner
and outer walls of the oven were noted and
recorded. After using the test oven to bake
several loaves of bread for a period of four hours,
the insulation material was detached and
observed.

In determining the thermal conductivity (k) of the
treated insulation material, the absolute steady-
state measurement was used because baking in
ovens is normally done under such conditions.
The parameters of the test materials noted were
the thickness and cross-sectional area. The inner
wall surface was heated up by an electric power
source which was kept constant. The heat from
the inner wall was conducted through the
insulation material to the outer wall of the oven.
The temperature of the inner and outer wall
surface T, and T, respectively were measured by
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means of thermocouple. As heat transfer
becomes steady in which state T, and T, remain
invariable with time, the quantity of heat transfer
(Q) through the metal sheet and the insulation
material is same. The quantity of heat transfer
was calculated using equation 1.

_ k, A(AT)
- X.

M

D
14

Where k, = thermal conductivity of the mild
steel, A = surface area of the metal sheet, AT =
temperature difference between the surfaces of
the inner wall and x, = thickness of the metal
sheet. Similarly, the thermal conductivity of the

insulation material was calculated using
equation 2.
QSXS
Ks = ——r 2
STAT T @

Where Qs - quantity of heat transferred, Xs =
thickness of the insulation material, A = surface
area of the insulation board, T, = temperature of
the inner wall, T, = temperature outside the wall
(ambient) and K; = thermal conductivity of the
insulation material.

The density of the oil palm fibre board was
determined by weighing directly a cross-section
of the insulation board on top loading
balance weighing machine that has an accuracy
of 0.001g to obtain the mass (m). The area
(A) and thickness (X) were measured with the
aid of a metre rule to compute for the volume
of the oil palm fibre board. The density of the

palm fibre board was calculated using
equation 3.

p— m 3

p=- 3)

Where p - density of the oil palm fibre board
(kg/m®), m - mass of the oil palm fibre board (kg)
and v - volume of the oil palm fibre board (m?®).

The pressure exerted on the treated oil palm
fibre insulation material during compression in
the mould was determined using equation 4.

P== 4)

Where P = pressure (N/m%), F = force acting
pegpendicularly (N) and A = area of the surface
(m).
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1. Temperature probe
2. Interior of test oven
3. Hot plate

4. Insulation boards
5. Test oven door

Fig. 3. Inside view of the test oven

3. RESULTS AND DISCUSSION

The data obtained from the various experimental
tests carried out on the treated palm fibre
insulation material (0.2 w/w cassava starch) in
the course of the study are presented in tables
below. Results of the compaction test are shown
in Table 1. The result shows a 25% reduction in
the thickness of the samples. Compaction was
necessary to minimize the presence of air
pockets within the fibers of the test insulation
material which would interfere with results of
thermal conductivity of the samples. This is
because the thermal conductivity of air is
significantly different from that of the test
insulation material.

The density of the oil palm fibre treated with
cassava starch insulation board before and after
the performance test is shown in Table 2. The
result shows a slight reduction of density of the
insulation board after use due to reduction of the
mass of the board. The change in mass may
have been contributed by a slight consumption of
the binder by the excessive heat and possible
wear of the board during installation into and
removal from the test oven. However, the
dimensions of the board remained unchanged
after use suggesting structural stability of the
samples which will be invaluable in practical use
of the insulation boards in oven design. Also,

there was a slight change in colour from light to
slightly darker brown; and the physical structure
of the insulation board samples after use
because the material was subjected to very high
temperature of 320 during the calibration of an
alcohol in glass thermometer using the dual
channel thermocouple thermometer as
reference. The standard applied is ANSI/NCSL
Z540-1-1994 and the accuracy of the instrument
is £0.5 FSD with a resolution of 0.01C. The
temperature of 320°C is outside the temperature
range intended for the application of the test
insulation material investigated in this work at its
present stage. However, it strengthens the
existence of the possibility of further
development of the material to withstand more
adverse conditions without losing structural
stability and texture. This forms the basis for
further work in order to improve the functional
characteristics of the oil palm fibre insulation
board in terms of higher temperature applications
than the range for this study.

Table 3 shows the temperatures attained by the
test oven and the surroundings during baking of
the bread while Table 4 shows the mean
computed thermal conductivity and the
parameters used. The results show that the
mean thermal conductivity of the oil palm fibre
board with 0.2 w/w cassava starch and at
161.1°C was found to be 0.29 W/m K. With the
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Table 1. Compaction of the palm fibre samples

Force (N) Initial thickness Final thickness Reduction in Applied pressure
(m) (m) thickness (%) (KN/m 2)
240 0.04 0.03 25 1.37
Table 2. Density of the oil palm fibreboards before and after use
Period Mass of dry board (kg) Volume of board (m °)  Density (kg/m °)
Before use 0.85 0.00525 161.9
After use 0.83 0.00525 158.1

Table 3. Temperatures attained during baking proces s

1% (°C) 2" (°C) 37 (°C) Average ( °C)
Inner wall (T;y) 162.1 160.6 161.1 161.3
outer wall (Tou) 64.1 62.1 60.6 62.3
Ambient (Tams) 26.2 29.2 30.0 28.5

Table 4. Mean computed thermal conductivity of oil

palm fibreboard

Material Thickness X Change on Sectional Quantity of Thermal
(mm) temperature area A (m?) heat (kJ) conductivity
(AT) k (W/m K)
Palm fibre 0.03 372 0.175 623.35 0.29
low thermal conductivity of the palm-kernel fibre 1. The oil palm fibre treated with cassava
and from the result of low thermal diffusivity of starch  solution has low thermal
2.129 x 107 m%s and high specific heat value of conductivity.

27095.23 J/kgT obtained from an earlier
unpublished study, the material has the
potentials of a good heat insulating material for
use in the construction of low temperature ovens
and furnaces, and other low temperature thermal
processes.

The value of the thermal conductivity of the
insulation board in its present state though
promising is higher than those of several
conventional insulation materials. However, the
main objective now is to convert waste biomass
materials into useful insulation material while
contributing to waste management and
enhancing environmental conditions. The
handling of oil palm fibre by the many small and
medium enterprises spread across many rural
areas in Nigeria can be updated and upgraded
into insulation board making. This will also
contribute to employment of the theming youths
especially with the new administration’s
commitment to reduce unemployment
significantly.

4. CONCLUSION AND RECOMMENDA-
TIONS

The field performance of palm fibre insulation
board treated with cassava starch has been
studied and it was observed that

2. It can be used in the production of low
temperature ovens and the likes with a
range of temperature (45C — 200<C) used
mainly for domestic cooking.

3. It has the capacity to serve as a substitute
for imported insulation materials in the
future.

4. The material is also available to support
the local industry which will in turn create
job opportunities, increase the nation’s
foreign earnings and also bring about
scientific development.

5. It will contribute to waste handling of the
local palm oil industries.

Further work will be undertaken to improve on
the thermal conductivity, the physical structure
and tensile and compressive strengths of the
material. Particularly, addition of other biomass
such as coconut fibre and small quantities of
other additives will be tested. Test conditions will
be improved in order to increase the range of the
maximum temperature of use and emission data
will then have to be studied.
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