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Abstract
The thermal behavior of a ceiling board produced with breadfruit seed coat as the �ller material, and
recycled Low Density Polyethylene, as the binder, was investigated. The Breadfruit seed coat was treated
with sodium hydroxide and acetic acid, to remove the pigments. The ceiling material was produced with
19.722% �ler-binder ratio, and pressed for 10 minutes, at temperature and pressure of 197.31 oC and
9.042 MPa respectively. Lee-Charton’s apparatus was used to determine the thermal conductivity of the
produced material, which gave a value of 0.362 Wm− 1K− 1 and the corresponding thermal diffusivity and
resistivity of 5.24 x 10− 7 m2/s, and 2.76 Wm− 1K− 1, respectively. Thermo-gravimetric analyzer and Digital
Scanning Calorimeter was used to study the thermal behavior the �ller material and the produced sample,
which showed a good thermal stability. Hence, this research showed that the produced material is
suitable for ceiling board application.

1. Introduction
In tropical countries, the major source of heat within a building occurs through the roof of the building.
This is because of the use of zinc and aluminum-made roofs in most countries such as Nigeria (Ettah et
al, 2016). These roof materials are exposed to the sun, and because of its high thermal conductivity,
allows the transfer of intense heat to the internal environment of the building, which causes thermal
discomfort to the inhabitants (Onyeaju et al, 2012). Hence the need for thermal insulation of roof section
using ceiling board to reduce or eliminate the thermal discomfort from the roof section.

Ceiling board materials are used for ceiling padding in building construction, for insulation and aesthetic
purposes. It covers the upper internal section of the building, thereby concealing the details of the roof
trusses (aesthetics) (Oladele, et al, 2014), and preventing thermal radiation from the roof section due to
the roo�ng materials which are mostly zinc, and its long exposure to the sun (Gesa et al, 2014). These
desires for aesthetic and thermal comfort in building determines the choice of ceiling materials and
in�uences technological advancement in ceiling board production (Oyekunle et al, 2018). These ceiling
materials ranges from plant-originated materials, such as thatches, plywood and cardboard, to synthetic
and composite ceiling materials, such as asbestos, plaster of Parish (POP) and the more recently PVC
(George et al, 2010).

In the past, asbestos which are natural �bers in rocks, were commonly used to produce ceiling boards,
due to its high tensile strength, low thermal conductivity and high �re resistance. However, asbestos
causes asbestosis, which leads to cancer (Amenaghawon et al., 2016). The carcinogenic nature of
asbestos necessitated the research for alternative materials for ceiling board production. These
alternatives include shredded wood, cellulose �bre, agricultural waste, industrial and man-made products
(Ameh et al, 2019). Another commonly used material for ceiling padding is shredded wood, but the
demand load on wood for other applications is comparatively high with the rate at which it replenishes,
thereby making wood a relatively high commodity (Amenaghawon et al., 2016). Hence the need to look
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into other options, such as natural �bres especially from agro waste, rather than industrial and man-made
materials, due to its friendly effect to humans and environment, as well as cost.

The demand for ceiling board and other panel products have been on the increase in recent time due to
increased activities in the building industries (Ameh et al, 2019). In other to meet up with these demand,
production of ceiling board with readily available materials such as cellulose and natural �bres, and agro-
waste becomes imperative. Natural �bres and agro-waste are readily available, and in large quantity due
to high agricultural activities, especially in most developing countries that engages more in peasant
farming (Ezenwa et al, 2019). The agro-wastes generated as a result of these agricultural activities are
mostly burnt off at the dumping sites thereby constituting environmental hazards such as emission of
CO2 into the atmosphere, which is the major cause of global warming and soil degradation. (Ezenwa et al,
2019).

Researchers have been investigating the use of these available agro-waste for the production of
construction materials, depending on its use, ranging from particle boards, thermal insulators, masonry
composites/bricks, cementations/binder, to aggregates, etc (Amit and Ipshita, 2015). Some of the
available literature for ceiling board production using agro-waste include; the use of breadfruit seed coat
(Ezenwa et al, 2019), rice husk (Oladele et al., 2009; Suleiman et al., 2013; Madu et al., 2018), banana
�bres (Stephen et al., 2014), jatropha curcas seedcake material (Olorunmaiye and Ohijeagbon, 2015),
water melon peels (Idris et al., 2011), bamboo (Chibudike et al., 2011), corn cobs and cassava stalks
(Amenaghawon et al., 2016), and sawdust (Idehai, 2012; Akinyemi et al., 2016; Atuanya and Obele, 2016;
Isheni et al., 2017; Olufemi et al, 2012), as well as other synthetic wastes like waste paper (Ekpunobi et al.,
2015).

The use of these ceiling boards in building construction exposes the ceiling board materials to intense
heat from the sun through the roof by conduction (Onyeaju et al, 2012). Therefore, this is need to study
the thermal behavior of theses ceiling board materials in other to determine its suitability. The thermal
behavior to consider, for proper selection of insulating materials include: the thermal conductivity, thermal
absorptivity, thermal diffusivity, speci�c heat capacity and thermal stability. (Gesa et al 2014). Most of
the available literature such as Gesa et al (2014), Oyekunle et al (2018), Oyekunle et al (2018), Adepitan et
al (2019), Onyeaju et al (2012), and Ettah et al (2016), investigated thermal conductivity, thermal
absorptivity, thermal diffusivity, and speci�c heat capacity of asbestos, and synthetic ceiling materials
such as Plaster of Paris (P.O.P), and Poly Vinyl Chloride (PVC). Though Onyekunle et al (2018), and
Onyeaju et al (2012), went further to include Thermal Inertia, thermal absorptivity, and speci�c heat
capacity, in their studies. Also, some researchers reported the thermal properties of ceiling board made
from agro-waste. Seun and Ige (2018), reported the thermal conductivity, diffusivity and resistivity of
ceiling board produced from sugarcane bagasse and rice husk. Isheni et al (2017) reported that of ceiling
board produced from combination of maize husk, rice husk, and saw-dust, while Ezenwa et al (2019)
reported that of ceiling board produced from breadfruit seed coat, as well as some other researchers.
However, only few research are available that investigated thermal behavior such as thermal stability and
phase change over long exposure of these materials to heat. Hence the knowledge gap for this work.
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2. Materials And Method

2.1 Materials
The materials that are used for this work are breadfruit seed coat as seen in Fig. 1(a), recycled low
density polyethylene as seen in Fig. 1(b), sodium hydroxide (NaOH), acetic acid, and water. The breadfruit
seed coat, which serves as the �ller material was sourced from a market waste dump at Amansea,
Anambra, while recycled Low Density Polyethylene (rLDPE), which serves as a binder was sourced from a
vendor in Onitsha, both in Anambra, Nigeria. The chemicals, NaOH and acetic acid used for sample
treatment was obtained from Pure Chemicals Co., Anna Nagar, Chennai, India

2.2 Materials Preparation
A sample of the breadfruit seed coat was socked in 1 mol/dm3 solution of NaOH for 60 mins, and
washed to remove the material’s pigment. The sample was then neutralized in 0.5 mol/dm3 of acetic
acid, washed with water to remove the acetic acid and sun dried. The dried sample was ground into
powder and sieved to 600µm particle size. Also the recycled low density polyethylene which comes in
pellets form was ground into powdery form and sieved to 600µm particle size.

2.3 Sample Production
The optimized process parameter combination reported by Ezenwa et al (2019) which are 19.7%
�ller/rLDPE, 10 minutes press time, 197.31 0C and 9.042 MPa press pressure. A weighed sample of
prepared breadfruit seed coat and the binder (rLDPE) in the ratio of 19.7% of �ller/rLDPE, was put into a
bowl and thoroughly mixed to obtain a homogeneous mixture. The mixture is then transferred into a
rectangular mold and placed in a hot press. The mixture then pressed at a temperature 197.31 0C and
pressure of 9.042 MPa, for 10 minutes. The produced sample as seen in Fig. 3, is then allowed to cool.

2.4 Sample Characterization
The speci�c heat capacity of the produced sample was determined using the experimental method
reported by Dirisu et al (2019). From the experiment, the following parameters; such as mass of sample
ms, mass of calorimeter with stirrer mc, mass of calorimeter with stirrer and water mcw, initial temperature
of normal water T1, temperature of boiling water T2, and �nal temperature of mixture T3, was obtained.
While thermal energy Q and Speci�c heat capacity (S.H.C.) of copper calorimeter cc and water cw used for
the experiment was noted. The speci�c heat capacity of the produced sample cs was determined by
equating the heat loss by the sample to the sum of heat gain by water and the calorimeter with stirrer as
stated in Eq. (1).

1

cs =
Q

msΔT
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The thermal conductivity was also determined using Lee Chalton’s stead state method as reported by
Dirisu et al (2019). Before the experiment, the dimension of the specimen such as the thickness (x) and
diameter (d) of the sample was noted, while the area (A) and volume (V) was calculated using Eqs. (2)
and (3) respectively.

2

3
The temperatures changes for both heating and cooling was obtained during the experiment for 5
minutes interval up to 60 minutes, and 2 minutes interval up to 22 minutes respectively. The obtained
data was applied using Eq. (4) to determine the thermal conductivity (k) of the sample.

4
Other properties of the sample such mass density (𝝆), thermal diffusivity (α), and thermal resistivity (R),
was obtained using Eq. (5), (6), and (7) respectively.

5

6

7
Also, Thermo-Gravimetric Analysis and Differential Thermal Analysis was carried out on the raw material
and on the produced sample to determine their thermal stability and phase changes. These thermal
characterization was done with TA Instruments Thermo-Gravimetric Analyzer TGA2950, and TA
Instruments Modulated Differential Scanning Calorimeter MDSC2920/DTA1600 respectively as shown in
Fig. 2(a) and (b) respectively. These devices are computer interfaced and controlled with the TA
Instruments universal analysis 2000 software

A = π
d2

4

V = A.x

k = mcsx
( )dT

dt

A (T1 − T2)

ρ =
ms

V

α =
k

ρcs

R =
1

k
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For TGA experiment, ceramic pan was placed on the sample platform and tarred by clicking TARE on the
instrument panel. The nitrogen purge gas was set at 60 ml/minute and 40ml/minute for the furnace and
balance chambers respectively, while the pan with sample was placed on the sample platform. The
experiment is then allowed to run by clicking the start icon on the software control program, which
automatically loads, weighed and ran the experiment to completion. Realtime plot was then generated as
the experiment proceeds.

Similarly, for DSC experiment, aluminum pans with lids were selected for both the sample and the empty
reference, and placed in their respective positions in the heating cell. By clicking START on the software
Control program, the instrument automatically ran the experiment to completion. Real time plot was
generated simultaneously as the experiment ran.

3. Result And Discussion
The produced sample as seen in Fig. 3, is brownish in colour, and of polymer form due to type and the
amount of binder used for the production.

3.1 Speci�c Heat Capacity
Table 1

Speci�c heat experimental data
Parameters Symbol Unit Value

Mass of sample ms Kg 0.006

Initial temperature of water T1 K 304

Temperature of boiling water T2 K 373

Final temperature of the mixture T3 K 315

Thermal energy supplied Q W 60

 
Table 1, shows some of the data obtained from the experiment to determine the speci�c heat capacity of
the produced sample. These data were applied in Eq. (1), to obtain 909.1 JKg− 1K− 1 as the speci�c heat
capacity of the produced sample. The obtained result is close to the speci�c heat capacity of asbestos
reported by Oyekunle et al (2018), which means that the developed sample is a good replacement for
asbestos.

3.2 Thermal Conductivity, Diffusivity and Resistivity
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Table 2
Thermal conductivity experimental data for heating and

cooling process
Heating Process Cooling Process

Time (mins) T1(oC) T2 (oC) Time (mins) T (oC)

5 28 28 0 80

10 32 28 2 78

15 39 30 4 77

20 47 34 6 76

25 55 39 8 74

30 63 46 10 73

35 67 51 12 71

40 70 55 14 69

45 75 59 16 67

50 77 62 18 65

55 81 65 20 65

60 88 71 22 65

 
Table 2, presented the data obtained from the thermal conductivity experiment for both heating and
cooling process. From the table, the average temperature for T1 and T2 are 60.16 oC and 47 oC
respectively, while dT/dt was obtained from the plot of temperature change against time during cooling
process, as presented in Fig. 4.

From Fig. 4, the rate of cooling dT/dt was obtained by determining the gradient of the curve, with the
assumption that the heat lost from the sides of the sample itself is negligible. The plot gave a cooling
rate of 0.75 K/min. Also the diameter and the thickness of the sample given as 0.01 m and 0.003 m
respectively, was measured with caliper, while the weight of the sample was measured with a weighing
balance and given as 0.018 Kg. these parameters are applied in Eq. (4) to give the thermal conductivity of
the produced sample as 0.362 Wm− 1K− 1

Similarly, thermal diffusivity and resistivity of the produced sample was obtain by applying the obtained
data to Eqs. (6) and (7) respectively, and the values given as 5.24 x 10− 7 m2/s, and 2.76 Wm− 1K− 1. This
shows that the produced material has a very low thermal conductivity, which makes it very suitable
ceiling board application and also other low heat insulation application.
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3.3 Thermo-Gravimetric Analysis Result
Figures 5(a) and (b) represent the TGA results of the breadfruit seed coat (BSC) and produced samples. In
Fig. 5(a), the BSC sample experienced a slight weight loss of 6.611% when heated from 31.75  to
125.38 . A weight loss of 54.34% occurred when the BSC sample was heated from 125.38  to 374.02

. Also, from 374.02  to 400.50  a weight loss of 26.75% was observed during the third
decomposition operation. While in Fig. 5(b), it could be seen that a weight loss of 3.023% occurred when
the produced sample was heated from 26.99  to 174.28  during the �rst decomposition. From
174.28  to 250  the sample maintained a stable weight (no decrease or increase) until the sample
was heated beyond 250  to 379.35 , a weight loss of 37.56% was observed. During the third
decomposition operation, the sample was heated from 379.35  to 445.60  which led to a weight loss
of 31.397% of the produced sample. In addition, the fourth decomposition heating from 445.60  to
496.08  caused a weight loss of 25.34% of the sample. Therefore, considering the gradual rate at
which the produced sample lost weight due to thermal heating in comparison to the BSC sample that was
more rapid, it can be inferred that the produced sample is more stable thermally, than the BSC sample.
This observation would be because of the BSC raw material that was used in the development of the
sample.

3.4 Differential Scanning Calorimetry Analysis Result
Figures 6(a) and (b) depict the differential scanning calorimetry (DSC) analyses of the BSC and produced
samples. From Fig. 6(a), the BSC sample experienced a slight heat loss of about 2MW when heated from
60  to 110 , which was regained when the sample was heated up to 201.43 . Also, the BSC sample
could be observed to absorb 60MW of heat energy when heated from the in�exion temperature point of
201.43  to 385 . When the BSC sample was heated beyond 385 , the material started to dissipate
heat energy. This could be seen from the heat drop of about 2MW as delineated in Fig. 6(a). In other
words, the thermal capacity of the material will most likely be at the 60MW zone. The heat absorption
operation of the BSC sample rapidly increased the enthalpy parameter of the sample within the
temperature bound of 201.43  to 385 . While Fig. 6(b) showed a very rapid heat dissipation of the
produced sample from 0MW to -30MW (that is heat loss of -30MW) in the negative gradient within the
temperature boundary of 25  to 112.5 . This was followed by a small ranged heat loss within the
temperature bound of 112.5  to 125 . The sample maintained a constant heat loss from 125 to
237.5  at -20MW. From 237.5  to 250  the material’s heat loss decreased from 20MW to 5MW.
This was because the material has started regaining stability to withstand and absorb heat energy. From
300  to 375 the material experienced abrupt heat again of about 35MW. Therefore, the heat
absorptivity potential of the produced sample is within the temperature boundary of 300–375  for a
heat gain of 35MW.

3.5 Comparison of TGA and DSC Analysis of the BSC and
Produced Sample
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Figure 7 depicts the comparison between the TGA and DSC analyses of the BSC sample and produced
sample. From Fig. 5, it could be observed that the produced sample was more thermally stable than the
BSC sample. The thermal gap of 51.57  between the TGA curve of the produced sample and BSC
sample in addition to the in�exion temperature points of the two samples- 309.70  and 258.13
respectively validated this conclusion. From 26.99  to the in�exion point temperature of 309.70 , the
weight of the produced sample was 91.01%, implying that a weight loss of only 8.99% occurred during
thermal heating. But, from 31.75  to the in�exion point temperature of 258.13  of the BSC sample, a
total weight loss of 14.05% occurred. In addition, the DSC curve of the produced sample identi�ed a heat
loss of -20.39MW from 25  to the in�exion temperature point of 229.54 . Also, the DSC curve of the
BSC sample showed a heat loss of -19.57MW from 60  to the in�exion temperature point of 191.99 .
Therefore, the BSC sample absorbed more heat �ux than the produced sample, but its weight loss rate is
higher than that of the produced sample.

3.6 Data Availability
All the data generated during this study, starting from the thermal conductivity experiment, to thermo-
gravimetric analysis, and differential scanning calorimetry analysis of the breadfruit seed coat and the
produced sample, are included in this published article and in its supplementary information �les.

4. Conclusion
This research has shown that the board material developed from a breadfruit seed coat, using the
optimal production parameters reported by Ezenwa et al (2019), has a good thermal properties for ceiling
padding application. The developed material has a very low thermal conductivity of 0.362 Wm− 1K− 1, and
speci�c heat capacity of 909.1 JKg− 1K− 1, which is very close to that of asbestos reported by Oyekunle et
al (2018). This makes the developed material a very good replacement for asbestos. Also the TGA and
the DSC analysis shows a good thermal behavior of the produced material to heat. The material showed
thermal stability up to the temperature of 379.35 . Meaning that the material when applied to building
as ceiling boards will withstand the heat from sun over long duration.

References
1. Adepitan J. O., Ogunsanwo F. O., Ayanda J. D., Okusanya A. A., et al (2019). Determination of thermal

properties of some ceiling materials commonly used in Ijebu Ode, Nigeria. Nigeria Journal of Pure &
Applied Physics, Vol. 9, No. 1, pages 23–27,

2. Akinyemi A. B., Afolayan J. O., Oluwatobi E. O., (2016). Some properties of composite corn cob and
sawdust particle boards. Construction and Building Materials. l(127): 436–44.

3. Ameh, E. M., Nwogbu, C.C., Agbo A. O., (2019). Production of Ceiling Board Using Local Raw
Materials. Advance Journal of Science, Engineering and Technology, Volume: 4; Issue: 06 ISSN:
2330–1744

℃
℃ ℃

℃ ℃

℃ ℃

℃ ℃
℃ ℃

℃



Page 10/15

4. Amenaghawon N. A., Osayuki A. W. and Okieimen C. O. (2016). Production of Particle Boards from
Corn Cobs and Cassava Stalks: Optimization of Mechanical Properties using Response Surface
Methodology. J. Mater. Environ. Sci. 7 (4) (2016) 1236–1244.

5. Amit B. D., Ipshita S., (2015) Sustainable application of agro-waste as substitute for construction
materials: a review. IJSART; 1(9): 30–34.

�. Atuanya C. U., Obele C. M., (2016). Optimization of process parameter for sawdust/recycled
polyethylene composites. Journal of Minerals and Materials Characterization and Engineering 2016;
4: 270–277.

7. Chibudike H. O., Anyakora A. N., Suleiman M. A., et al (2011). Utilization of baamboo in the
production of ceiling board. Journal of Engineering Research; 16(1):1–10.

�. Dirisu, J. O., Fayomi, O. S.., Oyedepo, S. O., Mmuokebe, J. I. (2019). Performance assessment of the
�re�ghting personal protective tunic. Energy Procedia, 157, 405–418.

9. Ekpunobi U. E., Ohaekenyem E. C., Ogbuagu A. S., (2015). The mechanical properties of ceiling board
produced from waste paper. British Journal of Applied Science & Technology; 5(2): 166–172.

10. Ettah E. B., Egbe J. G., Takim S. A., Akpan U. P., et al (2016). Investigation of the Thermal Conductivity
of Polyvinyl Chloride (PVC) Ceiling Material Produced in Epz Calabar, for Application in Tropical
Climate Zones. Journal of Polymer and Textile Engineering (IOSR-JPTE) e-ISSN: 2348-019X, p-ISSN:
2348 – 0181, Volume 3, Issue 2, PP 34–38

11. Ezenwa, O. N., Obika, E. N., Umembamalu, C., Nwoye, F. C. (2019). Development of Ceiling Board
using Breadfruit Seed Coat and Recycled Low Density Polyethylene. Heliyon, 5(11), e02712.

12. Ezenwa O. N., Obika E. N., Azaka O. A., Nwadike E. C., (2021), Effect of Filler Carbonization on Agro-
Waste Based Ceiling Board. Advances in Mechanical Engineering, Vol. 13(2) pp 1–12

13. George N. J., Obianwu V. I., Akpabio G. T., Obot I. B., (2010). Comparison of thermal insulation
e�ciency of some selected materials used as ceiling in building design. Archives of Applied Science
Research, 2010, 2 (3): 253–259.

14. Gesa, F. N., Atser A. R., Aondoakaa, I. S., (2014). Investigation of the Thermal Insulation Properties of
Selected Ceiling Materials used in Makurdi Metropolis (Benue StateNigeria). American Journal of
Engineering Research (AJER), e-ISSN: 2320 – 0847 p-ISSN: 2320 – 0936 Volume-03, Issue-11, pp-
245-250.

15. Idehai O. O., (2012). Retro�ting composite ceiling tiles with sawdust introduction. Cuvillier 2012;
291–295.

1�. Idris U. D., Aigbodion V. S., Atuanya C. U., et al (2011). Eco-friendly (water melon peels): alternatives
to wood-based particleboard composites. Tribology in industry; 33(4): 173–181.

17. Isheni Y., Yahaya B. S, Mbishida M. A., Achema F., et al (2017). Production of Agro Waste Composite
Ceiling Board (A Case Study of the Mechanical Properties). Journal of Scienti�c and Engineering
Research, 2017, 4(6): 208–212

1�. Madu O. G., Nwankwojike B. N., Ani O.I., (2018). Optimal design for rice husk-saw dust reinforced
polyester ceiling board. American Journal of Engineering Research (AJER). 7(6): 11–16.



Page 11/15

19. Oladele I. O., Akinwekomi A. D., Aribo S., et al (2009). Development of �bre reinforced cementitious
composite for ceiling application. Journal of Minerals & Materials Characterization & Engineering
2009; 8(8): 583–590.

20. Oladele I.O., Daramola O.O., Fasooto S., (2014). Effect of Chemical Treatment on the Mechanical
Properties of Sisal Fibre Reinforced Polyester Composites, Leonardo Electronic Journal of Practices
and Technologies, 2014, p. 1–12.

21. Olorunmaiye J. A., Ohijeagbon I. O., (2015). Retro�ting composite ceiling boards with jatropha curcas
Seedcake material. Journal of Production Engineering; 18(2): 96–102.

22. Olufemi A. S., Abiodun O. O., Omaojor O., et al (2012). Evaluation of cement-bonded particle board
produced from afzelia africana wood residues. Journal of Engineering Science and Technology; 7(6):
732–743.

23. Onyeaju, M. C., Osarolube, E., Chukwuocha, E. O., Ekuma, C. E., et al (2012). Comparison of the
Thermal Properties of Asbestos and Polyvinylchloride (PVC) Ceiling Sheets. Materials Sciences and
Applications, 03(04), 240–244. doi:10.4236/msa.2012.34035

24. Oyekunle J. A. O., Dirisu J. O., Okokpujie I. P., Asere A. A., (2018). Determination of Heat Transfer
Properties of Various PVC and Non-PVC Ceiling Materials Available in Nigerian Markets, International
Journal of Mechanical Engineering and Technology, 9(8), 2018, pp. 963–973.

25. Seun I. Jesuloluwa, Ige Bori (2018). Formation of Ceiling Boards by the Combination of Sugarcane
Bagasse and Rice Husk. Proceedings of ICGET 2018

2�. Stephen K., Zachary O. S., Joan J. K., et al (2014). Comparative study of composite made from
ensete false banana �bres and polyethylene with block board. Journal of Energy Technologies and
Policy. 4(12): 48–54.

Figures



Page 12/15

Figure 1

The picture of (a) breadfruit seed coat (BSC), and (b) recycled low density polyethylene

Figure 2

The experimental setup of (a) TGA and (b) DSC
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Figure 3

The picture of the produced sample

Figure 4

Graph of temperature drop against time during cooling process.
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Figure 5

Thermo-gravimetric analysis of (a). BSC sample and (b). produced sample

Figure 6

Differential scanning calorimetry of (a) BSC sample and (b) produced sample.
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Figure 7

TGA and DSC comparison of the BSC and produced sample.
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