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ABSTRACT 
 

The aim of this work was to study the suitability of wood flour, fluted pumpkin stem and rice husk 
flour/epoxy bio-composites for application in aquatic environment. The water absorption, thickness 
swelling and diffusion coefficient of wood flour, fluted pumpkin stem flour, rice husk flour/epoxy bio-
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composites were investigated. Composites were prepared by the hand layup method at varying 
weight percentages of filler reinforcement (10, 20 & 30%). The increase in the addition of the fillers 
enhanced the water absorption, thickness swelling and diffusion coefficient of the composites. 
However, after 14 days of immersion, all the composites attained an equilibrium state. It was 
observed that with 30wt% filler loading, the fluted pumpkin stem flour epoxy composites showed 
the highest water absorption of 40.5%, diffusion coefficient of 10.80x10-8m2/s, followed by the wood 
flour epoxy composite with water absorption of 35.3%, diffusion coefficient of 8.17x10-8m2/s, while 
rice husk flour epoxy composites had the lowest water absorption of 16.5%, diffusion coefficient of 
6.12x10-8m2/s. The same trend was observed for the composites with 20 and 10 wt% filler loading. 
In terms of thickness swelling, the wood flour composite showed 1.62%, followed by fluted pumpkin 
stem flour composite 1.40% and rice husk flour composite 0.35% with 30wt% filler loading. A 
similar trend was observed for the composites with 20 and 10wt% filler loading. This study can be 
useful to comprehend the effect of water absorption on the performance of natural fiber composites 
and help in creating designer compositions for use in building, construction and automotive. 

 

 
Keywords: Natural fiber composite; water absorption; thickness swelling; diffusion coefficient; epoxy 

resin. 
 

1. INTRODUCTION 
 
“The attraction of using natural fibers as a 
replacement for manmade fibers in composites 
as reinforcements has surged extensively in 
modern times. The importance of utilizing natural 
fibers has risen owing to their outstanding 
features including lightweight, non-abrasive, 
combustible, nontoxic and biodegradable” [1,2]. 
“The conventional composite applies 
reinforcements such as glass fiber, the carbon 
fiber and numerous other reinforcing elements. 
Natural fibers such as flax, bamboo, hemp, jute 
and so forth have been employed recently as 
reinforcements in the composites. A natural fiber-
reinforced composite exerts the merits such as 
low density, low cost, easily recyclable and 
biodegradable in nature, so therefore it is 
referred to as a potential substitute for manmade 
fibers. Utilization of natural fibers elicits a 
comprehensive understanding of surface 
adhesive cohesion and its chemical composition” 
[3-5]. “Natural fibers are a blend of primary 
components such as cellulose, hemicelluloses, 
lignin, wax and pectin. To produce improved 
adhesion between reinforcements and matrix, 
fiber surface modifications has to be performed 
by chemical modifications such as NaOH 
treatments. Many researchers have studied on 
the fiber modifications of the fibers                 
surfaces to achieve enhanced mechanical                              
properties” [6-11]. 
 
“The hydrophilic nature of the natural fibers plays 
a vital function in the ageing of bio-composites by 
immersion in water or in a wet atmosphere. 
Moisture absorption has become a barrier in the 
development of the use of the natural fibers in 

composite materials due to degradation and 
decrease in the properties of composites in wet 
conditions. Bio-composites used for outdoor 
applications need to be investigated for water 
absorption, thickness swelling and diffusion 
coefficient in a wet environment. Moisture 
absorption is one of the main parameters to 
assess the quality of the bio-composite materials. 
Water absorption is considered a shortcoming 
considering its migration into the material and 
this can lead to perturbing of the matrix-fiber 
interface as well as affects the stability and 
reduces the overall strength of bio-composites” 
[12]. Munoz et al. [13] analyzed “the water 
absorption and change on flax fiber reinforced 
bio-epoxy composites for mechanical properties 
focusing on sustainable green composites and 
eco-friendly preparation using RTM (resin 
transfer molding) process. Diffusion coefficient, 
water uptake values, flexural properties were 
studied showing diffusion coefficient in the order 
of 10-6 mm2/sec”. Gomes et al. [14] investigated 
“the absorption capability for water in sisal fiber 
reinforced polymer matrix composites at 
temperatures of 25, 50 and 70oC with 44.6% 
sisal fibers and 55.4% polyester matrix in 
proportion manufactured using hand layup 
technique and water absorption were analyzed. 
Results revealed favorable water absorption, 
moisture content gradients were higher in the 
surface planes, while diffusion coefficient was 
dependent on the moisture content, geometrical 
shape and temperature.  It is thus imperative that 
this problem is addressed so that natural fiber 
may be considered as a viable reinforcement in 
composite materials”. The mechanisms of water 
transport in hybrid composite was investigated by 
Melo et al. [15] who reported that the water 
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absorption of all formulations approach the non-
Fickian diffusion model.  
 
The rice husk was observed to be better in terms 
of its water absorption properties when it was 
compared with other types of fillers. Muthuraj et 
al. [16] reported that “composites having rice 
husk showed lower water absorption compared 
to other types of fillers, such as wheat husk, 
wood fibers, and textile waste. This observation 
was ascribed to the higher hydrophobicity of rice 
husk compared to other fillers”. Yusuf et al. [17] 
compared “composites containing rice husk with 
composites having bamboo stem fiber. They 
reported that composites with rice husk were 
better in terms of their lower water absorption 
and swelling thickness as a result of the reduced 
attraction of rice husk to water”. Sheykh et al. 
[18] compared “rice husk and bagasse ash in an 
HDPE composite. The rice husk/HDPE 
composite was seen to have lower water 
absorption and thickness swelling properties. 
This was ascribed to the lower accessible -OH 
group on the surface of rice husk compared to 
bagasse fibers”. Mohamed et al. [19] compared 
“the water absorption properties of various 
contents of hybrid kenaf/rice husk in a 
polypropylene composite”. Similarly, other 
researchers found that a higher rice husk content 
exhibited lower water absorption properties. The 
reason being that kenaf has larger voids with 
more hydroxyl groups that can interact with 
water.  
 
The aim of this study is to explore the suitability 
of wood flour, fluted pumpkin and rice husk flour 
epoxy composites for building, construction and 
automotive applications. Therefore, the water 
absorption, thickness swelling and diffusion 
coefficient of fluted pumpkin stem flour, rice husk 
flour and wood flour epoxy bio-composites were 
investigated.  
 

2. MATERIALS AND METHODS 
 

2.1 Materials 
 
In the present work, three different natural 
fibers/agro-waste materials were used, namely, 
wood flour, fluted pumpkin stem flour and rice 
husk flour (density 0.22-1.14 g/cm3) were 
sourced locally and processed. Epoxy resin 
(Ampreg 21) with a density of 1.2 g/m3 and the 
epoxy curing agent/hardener (Ampreg 21) with a 
density of 1.02 g/cm3, brown color and hardening 
time of 24-36 at 23oC were purchased from AMT 
Composites Company Johannesburg, RSA. 

2.2 Mold Preparation 
 
The square plate mold with dimensions: 480 × 
480 x 3 mm was specifically fabricated for the 
development of the samples was assembled with 
base and top plates, for the easy removal of the 
samples without sticking. The mold cavity was 
thoroughly cleaned in order to avoid particles 
interaction with the epoxy resin and were coated 
the inner layers of the mold with polyvinyl alcohol 
(PVA), for easy removal of the composite 
samples. 
 

2.3 Preparation of the Composites Test 
Samples 

 
Natural-fiber-reinforced epoxy resin was 
fabricated using hand-lay-up technique to 
ascertain the water absorption and thickness 
swelling tendencies of the composites. Newly 
manufactured ampreg-21 epoxy resin, which 
belongs to the larger family of epoxides was 
used as the matrix material and wood flour, fluted 
pumpkin and rice husk flour agro-waste materials 
used as reinforcing fillers. The ampreg 21 epoxy 
resins and the Ampreg 21 hardener were mixed 
in a ratio of 100:33 by weight as prescribed in the 
manufacturer data sheet and all the composites 
were fabricated at room temperature. This 
experimental work fabricated three composite 
sheets at different percentage weights of polymer 
matrix and reinforcing fillers: 90/10, 80/20 and 
70/30 percentage weight loadings of epoxy resin 
and the different natural fiber agro-waste fillers 
respectively. 
 

2.4 Water Absorption and Thickness 
Swelling Test 

 
Rectangular composite panel samples of 
dimension 22.4mm x 66.2mm were used for 
water absorption and thickness swelling tests as 
per ASTM D-570-98 [20]. Thirty samples were 
dried with three representing each composite 
sheet. All the samples were heated in an oven at 
160oC for about 30 min in order to dry any initial 
moisture that may be present in the samples and 
later cooled at room temperature condition for 
4hrs. The initial weights and corresponding 
thicknesses of these samples were measured 
thereafter, to the nearest 10-3 g and 10-3 mm, 
respectively. All the samples were later 
immersed in distilled water and after every 24 h, 
the composite samples were periodically taken 
from the water bath and the sample surface was 
wiped using tissue paper. After that, the 
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composite samples were weighed to determine 
the mass of the water they absorbed. Composite 
samples were weighed regularly until the water 
absorption percentage attained a saturation 
level. In the present investigation, all the 
composites attained saturation at 10 days of 
immersion. After the 14th day there was no 
increase in the water absorption percentage, 
hence, for analysis, water absorption percentage 
for 14 days was reported (24, 48, 72, 96, 120, 
144, 168, 192, 216, 240, 264, 288, 312 and 336 
h) at room temperature (22±3oC). All the samples 
were measured with the digital balance and 
vernier caliper and the results were analyzed. 
The moisture absorption and the thickness 
swelling were then estimated using the relations.  
 

W (%) = Wt-Wo/Wo x100%                          (1) 
 
S (%) = Tt-To/To x 100%                             (2) 

 
Where Wo is the oven-dried mass of the 
specimen before it was immersed in distilled 
water, while Wf is the final mass of the specimen 
after its immersion in water. Three samples were 
analyzed for each panel and were reported. 
Where To is the initial thickness (mm) of the 
composite specimen after it was oven-dried and 
Tf is the final thickness of the specimen after it 
was immersed in distilled water. 
 

2.5 Determination of Diffusion Coefficient  
 
The diffusion coefficient of the different natural 
fiber composites were calculated using the 
Fickian equation, 
 

∂C/∂t = χ∂2C/∂x2                                          (3) 
 
In which the accumulation, ∂C/∂t [cm-3s-1], is 
proportional to the diffusivity χ [cm2/s] and the 2nd 
derivative of the concentration, ∂2C/∂x2 [cm-5]. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Water Absorption and Thickness 
Swelling Behavior 

 
“Lignocellulosic fibers exhibit weak resistance to 
water absorption as a result of this natural fiber 
reinforced composites have negative impact on 
dimensional stability properties when subjected 
to water in the environment. To comprehend the 
durability of composites based on the field of 
application, it’s vital to investigate the water 
absorption and thickness behavior of natural fiber 
composites. In general, water molecules enter 

natural fiber composites by three varying 
mechanisms: diffusion of water content within the 
micro-gaps between the polymer chains; 
capillary transport into the micro-gaps and flaws 
in the interfaces between the fibers and the 
matrix” [21-23]. The moisture is basically 
absorbed by the interface between the fiber and 
the matrix, as well as by the fiber through 
hydrogen bonding. 
 
The percentage water absorption and thickness 
swelling of the composites were plotted against 
the number of days of immersion as shown in 
Figs. 1-6. The results were expected because 
the higher the natural fiber content in the 
composites, the higher the water absorption rate 
as well as the higher the thickness swelling. The 
percentage of water absorption and thickness 
swelling increased with number of days of 
immersion in water and attained equilibrium after 
14 days.  

 
From Figs.1-6, it is observed that the composites 
with 30wt% filler loading showed the maximum 
water absorption and thickness swelling, followed 
by the composites with 20wt%. However, the 
degree of water absorption and thickness 
swelling of the composites varied according to 
the type of natural fiber utilized. This is to say 
that the wood flour, fluted pumpkin stem flour 
and rice husk flour/epoxy composites, showed 
differences in the amount of water absorption 
and thickness swelling properties at the 10, 20 
and 30 wt% filler reinforcement. This could be 
attributed to the differences in the chemical 
composition of the natural fibers (i.e., to 
differences in the cellulose, hemicelluloses and 
lignin contents of the different types of natural 
fibers used [24]. “Higher reinforcement increased 
water absorption and thickness swelling as a 
result of increased contact between water 
molecules and fiber. Moreover, the percentage of 
water absorption and thickness swelling 
increased linearly from the onset of the 
immersion period, showing the steady absorption 
of water by the natural fiber composites. Similar 
results were found in napier grass fiber/polyester 
composites” [25].  

 
For all the composites exposed to water, the 
amount of water penetration increased linearly 
and attained a saturation state after 14 days of 
immersion. From the water absorption and 
thickness swelling results, it is evident that the 
lowest and highest water absorption and 
thickness swelling was observed at 10wt% and 
30wt% of fiber volume of the composites 
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respectively. 10wt% fiber volume of composites 
showed reduced water absorption and thickness 
swelling, and this is due to the amount of                   
matrix is higher at the lower fiber weight 
percentage. The hydrophobic nature of the 
matrix restricts the interaction of the water 

molecules with the fiber content. Aji et al. [26] 
reported that after 14 days of immersion, 
kenaf/pineapple leaf fiber had minimum water 
absorption of 4% obtained by varying the kenaf 
and pineapple leaf fiber reinforcement by an 
equal amount.  

 

 
 

Fig. 1. Water absorption of wood flour/epoxy composites 
 

 
 

Fig. 2. Water absorption of fluted pumpkin stalk flour/epoxy composites 
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Fig. 3. Water absorption of rice husk/epoxy composites 
 

 
 

Fig. 4. Thickness swelling of wood flour/epoxy composites 
 

3.2 Diffusion Coefficient 
 
Water molecules penetrate into natural fiber 
composites by the diffusion mechanism, and the 
diffusion coefficient can be computed using the 
experimental data. It has been reported that the 
diffusion coefficient can be used to determine the 

permeability of water molecules. For example, it 
has been reported that sisal fiber composites 
attained equilibrium quickly when the diffusion 
coefficient was at its maximum. Table 1 gives the 
values of the diffusion coefficients “D” for the 
three types of natural fiber composites. It was 
observed that the diffusion coefficient increased 
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with the increase of the wood flour, fluted 
pumpkin and rice husk flour fiber content from 
10wt to 30wt% respectively. It can be seen that 
the 10wt% fiber composites show the lowest 
diffusion coefficient values for the wood flour, 
fluted pumpkin and rice husk flour/epoxy 
composites. The 30wt% fiber composites gave 

the highest diffusion coefficient followed by 
20wt% fiber composites. Similar findings have 
been reported by other researchers [27] where it 
was found that higher fiber weight percentages 
resulted in higher diffusion coefficient, water 
absorption and swelling.  

 

 
 

Fig. 5. Thickness swelling of fluted pumpkin stalk/epoxy composites 
 

 
 

Fig. 6. Thickness swelling of rice husk/epoxy composites 
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Table 1. Diffusion coefficient of natural fiber/epoxy composites 
 

Composite 
Samples 

Concentration 
(c) =(Wi -Wo) 

Thickness (x)  
= (T1-T2) 

Duration (s) 
  

Diffusion coefficient 
(m2/s) 

Sample A (Rice husk flour/Epoxy Composites) 

 90:10 0.11 0.03 604800 1.11x10-8 
 80:20 0.09 0.04 604800 3.96x10-8 
 70:30 0.13 0.03 604800 6.12x10-8 

Sample B (Wood flour/Epoxy Composites) 

 90:10 0.09 0.12 604800 2.66x10-8 
 80:20 0.23 0.01 604800 5.18x10-8 
 70:30 0.1 0.02 604800 8.17.10x10-8 

Sample C (Fluted pumpkin stem/Epoxy Composites) 

 90:10 0.36 0.01 604800 3.63x10-8 
 80:20 1.03 0.03 604800 6.443x10-8 
 70:30 1.9 0.05 604800 10.80x10-8 

 
It was observed that with 30wt% filler loading, the 
fluted pumpkin stem flour epoxy composites 
showed the highest water absorption of 40.5%, 
diffusion coefficient of 10.80x10-8m2/s, followed 
by the wood flour epoxy composite with water 
absorption of 35.3%, diffusion coefficient of 
8.17x10-8m2/s, while rice husk flour epoxy 
composites had the lowest water absorption of 
16.5%, diffusion coefficient of 6.12x10-8m2/s. The 
same trend was observed for the composites 
with 20 and 10 wt% filler loading. In which the 
composites with 20wt% filler loading showed 
improved water absorption and diffusion 
coefficient values compared to the composites 
with 10wt% filler loading. In terms of thickness 
swelling, the wood flour composite showed the 
highest value of 1.62%, followed by fluted 
pumpkin stem flour composite 1.4% and rice 
husk flour composite 0.35% with 30wt% filler 
loading. A similar trend was observed for the 
composites with 20 and 10wt% filler loading. 
Where by the composites with 20wt% filler 
loading showed higher thickness swelling values 
compared to the composites with 10wt% filler 
loading respectively. 

 
4. CONCLUSIONS 
 
The wood flour/fluted pumpkin stem flour/rice 
husk flour/epoxy bio-composites were prepared 
by varying filler concentrations using the hand 
lay-up technique. The water absorption, 
thickness swelling and diffusion coefficient 
properties of the natural fiber/agro-waste 
composites was investigated for their suitability 
of application in water-rich environment. The 
water absorption, thickness swelling and 
diffusion coefficient of the composites increased 
with increase in filler concentration which 

depends upon the type of natural fiber/agro-
waste material utilized. The composites with 
30wt% filler concentrations showed the 
maximum water absorption, thickness swelling 
and diffusion coefficient values, followed by the 
composite with 20wt% filler loading, while the 
composite with 10wt% filler loading showed the 
lowest values. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
  

REFERENCES 
 
1. Paul V, John MJ. Composites from natural 

fibers and bio-resins, Eds. Shakeel 
Ahmed, Saiqa Ikram, Suvardhan Kanchi, 
Krishna Bisetty, In Biocomposites. Pan 
Stanford. 2018;21–46. 

2. Singh RR, Kumar Ranjan N. Sustainability 
of recycled ABS and PA6 by banana fiber 
reinforcement: Thermal, mechanical and 
morphological properties. Journal of the 
Institution of Engineers ((India): Series C). 
2018;1–10,  
Available:https://doi.org/10.1007/s40032-
017-0435-1. 

3. Johnson RDJ, Arumugaprabu V, Ko TJ. 
Mechanical property, wear characteristics, 
machining and moisture absorption studies 
on vinyl ester composites–A Review. 
Silicon. 2018;1–16. 
Available:https://doi.org/10.1007/s12633-
018-9828-x. 

4. Manikandan GV, Jaiganesh Malarvannan 
RRR. Mechanical, thermal stability and 
water uptake behavior of silane-modified 

https://doi.org/10.1007/s40032-017-0435-1
https://doi.org/10.1007/s40032-017-0435-1
https://doi.org/10.1007/s12633-018-9828-x
https://doi.org/10.1007/s12633-018-9828-x


 
 
 
 

Ogah et al.; J. Appl. Phys. Sci. Int., vol. 16, no. 1, pp. 1-10, 2024; Article no.JAPSI.11961 
 
 

 
9 
 

chitosan particle and morinda-citrifolia 
fiber-reinforced epoxy bio-composite, 
Materials Research Express. 
2019;6(5):055513.  
DOI:10.1088/2053-1591/ab0566. 

5. Sadrmanesh V, Chen Y. Bast fibers: 
Structure, processing, properties, and 
applications. International Materials 
Reviews. 2018;64:7:381-406,  
DOI:10.1080/09506608.2018.1501171. 

6. Baley CC, Goudenhooft P, Perré P, Lu F, 
Pierre Bourmaud A. Compressive strength 
of flax fiber bundles within the stem and 
comparison with unidirectional flax/epoxy 
composites. Industrial Crops and Products. 
2019;130:25–33.  
DOI:10.1016/j.indcrop.2018.12.059. 

7. Krishnudu, DM, Sreeramulu, D, Reddy, 
PV. Optimization the mechanical 
properties of coir-luffa cylindrica filled 
hybrid composites by using Taguchi 
method. In AIP Conference Proceedings, 
1952(1):020058). AIP Publishing, 
Hyderabad; 2018. 

8. Krishnudu DM, Sreeramulu D, Reddy PV, 
Rao HR. Effect of alkali treatment on 
mechanical properties of prosopis juliflora 
hybrid composites, International Journal of 
Applied Engineering Research. 2018;13 
(5):2933–35. 

9. Seki YAÇ, Kılınç R, Dalmis M, Atagür S, 
Köktaş AA, Göktaş AB, Önay. Surface 
modification of new cellulose fiber 
extracted from Conium maculatum plant: A 
comparative study. Cellulose. 2018;25: 
3267–80.  
DOI:10.1007/s10570-018-1797-0. 

10. Sreeramulu D, Ramesh N. Synthesis, 
characterization, and properties of epoxy 
filled luffa cylindrical reinforced 
composites. Materials Today: Proceedings. 
2018;5(2):6518–24. 

11. Stocchi A, Lauke B, Vazquez A, Bernal C. 
A novel fiber treatment applied to woven 
jute fabric/vinylester laminates. 
Composites Part A: Applied Science and 
Manufacturing. 2007;38(5):1337–43. 
DOI:10.1016/j.compositesa.2006.10.010. 

12. Vilaplana F, Stromberg E, Karlsson S. 
Environmental and resource aspects of 
sustainable biocomposites, Polymer 
Degradation and Stability. 2010;95(11): 
2147-2161. 

13. Munoz E, García-Manrique JA. Water 
absorption behavior and its effect on the 
mechanical properties of flax fiber 
reinforced bioepoxy composites. 

International Journal of Polymer Science; 
2015. 

14. Gomes dos Santos D, Barbosa de Lima 
AG, de Sousa Costa P, de Lima ES, 
Moreira G, Nascimento JJ. Water 
absorption in sisal fiber reinforced-
polymeric matrix composites: Three-
dimensional simulations and experiments. 
In Diffusion Foundations. 2019;20:143-
154. 

15. Melo RQ, Lia Fook MV, de Lima AG. Non-
Fickian moisture transport in vegetable-
fiber-reinforced polymer composites using 
a langmuir-type model. Polymers. 
2020;12:2503. 

16. Muthuraj R, Lacoste C, Lacroix P, Bergeret 
A. Sustainable thermal insulation 
biocomposites from rice husk, wheat husk, 
wood fibers and textile waste fibers: 
Elaboration and performances evaluation. 
Industrial Crops Production. 
2019;135:238–245. 

17. Yusuf TA. Characterization of selected 
properties of composites of waste paper 
with untreated bamboo stems fiber and 
rice husk, Acta Polytech. 2017;57:295–
303. 

18. Sheykh MJ, Tarmian A, Doosthoseini K. 
Wear resistance and friction               
coefficient of nano-SiO2 and ash-filled 
HDPE/lignocellulosic fiber composites. 
Polym. Bull. 2017;74:4537–4547. 

19. Mohamed R, Mohamed, MMF, Norizan, 
MN, Mohamed, RRR. Physical and 
morphological properties of filled calcium 
carbonate/kenaf fiber/rice husk 
polypropylene hybrid composite. In 
Proceedings of the AIP Conference 
Proceedings, Selangor, Malaysia. 2017; 
050003. 

20. ASTM International. ASTM D570—
Standard test for water absorption of 
plastics, ASTM Standards. 2010;98:1–4. 

21. Bilal A, Lin RJ, Jayaraman K. Performance 
characterization of raw, ground and 
expanded rice husk reinforced 
polyethylene composites. 9th International 
Conference Fracture and Strength of 
Solids, Jeju, Korea; 2013. 

22. Maslinda AB, Abdul Majid MS, Ridzuan 
MJM, Afendi M. Gibson AG. Effect of water 
absorption on the mechanical properties of 
hybrid interwoven cellulosic-cellulosic fiber 
reinforced epoxy composites. Compos. 
Struct.  2017;167:227–237 

23. Almansour FA, Dhakal HN, Zhang ZY. 
Effect of water absorption on ModeI 



 
 
 
 

Ogah et al.; J. Appl. Phys. Sci. Int., vol. 16, no. 1, pp. 1-10, 2024; Article no.JAPSI.11961 
 
 

 
10 

 

interlaminar fracture toughness of 
flax/basalt reinforced vinyl ester hybrid 
composites. Compos. Struct.  2017;168: 
813–825. 

24. Ogah AO, Elom NI, Ngele SO, Nwofe PA, 
Agbo PE, Englund KR. Water absorption, 
thickness swelling and rheological 
properties of agro fiber/HDPE composites, 
IOSR Journal of Polymer and Textile 
Engineering.  2015;2(3):66-73. 

25. Haameem M. et al. Effects of water 
absorption on Napier grass fibre/polyester 
composites. Compos. Struct. 
2016;144:138-146  

26. Aji IS, Zainudin ES, Abdan K, Sapuan SM, 
Khairul MD. Mechanical properties and 

water absorption behavior of hybridized 
kenaf/pineapple leaf fiber-reinforced                 
high-density polyethylene composite.                
J. Compos. Mater. 2013;47                                 
:979-990. 

27. Vigneshwaran S, Uthayakumar M, 
Arumugaprabu V, Sundarakannan R. 
Numerical and experimental                     
assessment of water absorption of                 
red mud—An industrial waste              
reinforced sisal/polyester hybrid polymer                 
composite. In Structural Health                 
Monitoring System for Synthetic,                    
Hybrid and Natural Fiber Composites. 
2021;217–229. (Springer Singapore, 
2021).  

_________________________________________________________________________________ 
© Copyright (2024): Ogah et al. The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 

 

 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://prh.ikprress.org/review-history/11961 


