
American Journal of Mechanical and Industrial Engineering 

2026, Vol. 11, No. 3, pp. 45–56 

https://doi.org/10.11648/j.ajmie.20261103.12  

 

 

 

Received: 14 June 2026; Accepted: 6 July 2026; Published: 6 August 2026 

 

Copyright: © The Author(s), 2026. Published by Science Publishing Group. This is an Open Access article, distributed 

under the terms of the Creative Commons Attribution 4.0 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. 
 

Research Article 

Fabrication and Mechanical Feasibility of Fan Blade Using 

Alkaline Treated Hybrid Enset-Bamboo Fiber Reinforced 

Polyester Composite 

Abera Ayza Anebo1, * , Mubarek Sebre2, Temesgen Haile Giorgis1 

1Department of Mechanical Engineering, Wolaita Sodo University, Wolaita Sodo, Ethiopia 

2Department of Mechanical Engineering, Enterprise and Manufacturing Office, Silte, Ethiopia 

 

Abstract 

This study explores the development of eco-friendly, high-performance fan blades using a hybrid composite of Enset and 

Bamboo fibers reinforced with unsaturated polyester resin. An Enset-Bamboo reinforced composite was fabricated by using 

hand layup method. The easiest method for preparing polymers is hand layup. Above all, in order to prevent polyester tar from 

adhering to the surface, the shape surface of the previously created mold was cleaned by applying discharge gel or wax. To 

achieve a high-quality surface finish on the item, smooth-surfaced Polyethylene Plastic was utilized at both the upper and lower 

portions of the form plate. The Enset - bamboo fiber reinforced polyester composite was fabricated using a hand lay-up process. 

An Enset-Bamboo reinforced fiber composite is the best material based on the result of strength and low weight ratio and safe 

for ceiling fan blade. To improve mechanical interlocking, fibers underwent alkaline (NaOH) treatment, and an optimal 

composition of 25% Enset, 20% Bamboo, and 55% polyester was determined through systematic analysis. The result of the 

composite blades achieved excellent durability, exhibited a low water absorption rate of 1.38%, and offered a significant 31% 

weight reduction compared to traditional aluminum alternatives, demonstrating their viability for aerodynamic applications. So, 

generally Enset-bamboo fiber reinforced composite matrix material is the suitable weight ratio, strength and durability for the 

ceiling fan blade. 
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1. Introduction 

Ceiling fans serve as vital, energy-efficient devices for 

maintaining thermal comfort in various industrial, commercial, 

and residential spaces. Traditionally manufactured from alu-

minium, these blades offer corrosion resistance but suffer 

from a poor strength-to-weight ratio and difficulties with sur-

face finishing. To address these limitations, there is a growing 

shift toward fiber-reinforced composite materials. By combin-

ing a matrix typically, a thermosetting polymer like unsatu-

rated polyester with reinforcing fibers, engineers can create 

blades that are lighter and more efficient, ultimately reducing 

the energy required for rotation and improving overall perfor-

mance [6]. 
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Natural fibers have emerged as an excellent sustainable al-

ternative for these reinforcements, offering benefits such as 

cost-effectiveness, biodegradability, and high specific 

strength. Materials like false banana, hemp, jute, and bamboo 

provide impressive mechanical properties, largely driven by 

their cellulose, hemicellulose, and lignin content. For example, 

false banana fiber exhibits high tensile strength and favourable 

crystallite orientation, making it a promising candidate for 

bio-composites. While natural fibers present challenges re-

garding moisture absorption and interfacial bonding with the 

resin, these issues are increasingly managed through advanced 

material engineering to ensure stability and durability [10]. 

To optimize these new designs, researchers are increasingly 

relying on computational tools such as Finite Element Model-

ling (FEM) and Computational Fluid Dynamics (CFD). By us-

ing software like ANSYS, engineers can accurately simulate 

stress distribution, deformation, and airflow patterns before 

physical production. These numerical simulations allow for 

the precise evaluation of natural fiber-reinforced composites 

against traditional materials, ensuring that the resulting blades 

meet structural requirements while minimizing weight. This 

integration of sustainable natural fibers and advanced simula-

tion techniques represents a significant step toward more effi-

cient, eco-friendly, and high-performance ventilation technol-

ogy [4]. 

2. Statement of the Problem 

The primary practical challenge in hybrid or advanced rein-

forced composites lies in the critical trade-off between achiev-

ing high-performance lightweight characteristics and ensuring 

long-term resistance to fluid ingress. Whether dealing with 

natural fiber-reinforced polymer composites or metal matrix 

composites, the presence of internal voids, interfacial gaps, or 

the inherently hydrophilic nature of certain reinforcement 

phases can lead to significant water absorption, which de-

grades the composite's internal structure and increases its ef-

fective service weight. This accumulation of moisture not only 

causes volumetric swelling or oxidative corrosion, which 

compromises structural reliability, but it also fundamentally 

threatens the weight-saving advantages for which these mate-

rials were selected. Consequently, the core problem is to en-

gineer a highly dense, homogeneous matrix-reinforcement in-

terface that effectively repels moisture and maintains dimen-

sional stability without sacrificing the low-density profile es-

sential for high-efficiency structural applications. 

3. Objectives 

3.1. General Objective 

The general objective of the study was to fabricate and me-

chanical feasibility of Fan Blade using Alkaline treated Hy-

brid Enset-Bamboo Fiber Reinforced Polyester Composite. 

3.2. Specific Objectives 

1) To develop and fabricate hybrid enset - bamboo fiber re-

inforced polyester composite in different proportion. 

2) To design the experiment by using Taguchi method. 

3) To evaluate the density and water absorption. 

4. Materials and Methods 

4.1. Materials Used 

The material utilized in the current thesis work were Bam-

boo, Enset fiber alongside polyester resin and hardener. 

4.2. Bamboo Fiber 

Bamboo fiber is chosen for this research project because it 

has many benefits over other natural fibers, including high 

mechanical strength, high tensile strength, low specific weight, 

high modulus of elasticity, and availability locally [7]. 

The classification of natural fiber sources uses bamboo 

plant fiber source under leaf category Enset plant and 

grass/reed category bamboo plant. Bamboo fiber selected for 

this study is highland bamboo (Yushania alpina) due to its rel-

atively high tensile strength, good stiffness, low density, and 

excellent fatigue resistance, which are critical requirements 

for rotating components such as ceiling fan blades. Compared 

to other natural fibers, it provides a better strength-to-weight 

ratio and good interfacial bonding with polyester resin. Ma-

ture bamboo culms aged 2 - 3 years were specifically chosen, 

as this age range provides optimal mechanical performance 

with higher fiber strength and reduced moisture content. The 

bamboo was sourced from a highland area with stable envi-

ronmental conditions, and fibers were carefully extracted by 

experienced personnel using controlled manual methods to 

ensure consistency in fiber quality. These factors collectively 

make the selected bamboo suitable and reliable for hybrid 

composite development in this application. 

  
Figure 1. Bamboo Extraction Procedure. 
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Enset Fiber 

For many Ethiopian smallholder households, enset (Ensete 

ventricosum welw Chessman) is a crop of significant eco-

nomic and sociocultural significance. More than 20 - 25% of 

Ethiopia's population depends on enset as a staple and co-

strate food source and traditional medicinal. The methods 

used to process Enset for food vary depending on the Enset 

growing area and are based on the traditional indigenous 

knowledge of the people. 

Enset (Ensete ventricosum) fiber was selected because of 

its good toughness, biodegradability, and local abundance; 

mature enset plants aged four years were used to ensure better 

fiber strength. The extraction was carried out by skilled local 

processors using traditional scraping methods, where the 

scraper (sharp-edged bamboo tool) condition (new and well-

maintained) was controlled to minimize variability and ensure 

consistent fiber quality. 

  
Figure 2. Enset Extraction Process. 

4.3. Polyester Resin 

Polyester resins are widely used in the composite industries. 

The more alluring aspect of polyester resin is its affordability 

in comparison to epoxies, which exhibit superior performance. 

According to Gao et al. the unsaturated polyester resin has an 

ester bond and a C = C double bond created via polyconden-

sation. This unsaturated polyester resin allows for complex 

casting [3]. 

Cobalt naphthalene was employed as a catalyst and methyl 

ethyl ketone as an accelerator for the curing process. Polyester 

resins are widely accessible and typically less expensive than 

other resins. Polyester resin has superior mechanical qualities 

among the thermosetting polymer family. It is one of the res-

ins that may be readily utilized as a matrix for polymer com-

posites, and its composition can be altered to suit the needs [1]. 

Polyester resin-reinforced natural fiber composites are typ-

ically made by hand using the layup technique. Alkalization 

improves the adhesiveness between the polyester reinforce-

ment and the natural fiber matrix, boosting the composite's 

strength [5]. 

  
Figure 3. Polyester general-purpose resin. 

5. Calibration & Density Calculation 

Density of Specific Gravity bottle (Pycnometer) 

Density: Specific gravity bottle (Pycnometer) was used to 

determine the density of both Enset and Bamboo. 

A Specific gravity bottle is a device that determines density 

by using a liquid having a recognized density for current study 

water was used. 

To compute the density of fibers in this thesis, water was 

used. To determine the specific gravity/ density of the fibers 

Specific gravity bottle was used. The following steps are used 

[2]. 

Weight of the empty Specific gravity bottle = W1 

Weight of the Specific gravity bottle + sample = W2 

Weight of the Specific gravity bottle + sample + water = W3 

Weight of the Specific gravity bottle + water = W4 

The following procedures were followed to calibrate pyc-

nometer device for fiber density measurement. 

1) The pycnometer underwent cleaning, drying, and wash-

ing. 

2) The Pycnometer’s weight was determined without the 

addition of fibers or water. 

3) The pycnometer was filled with distilled water, and the 

total weight was determined. 

4) By subtracting the pycnometer’s weight from the overall 

weight, the mass of water was determined. 

5) Using mass and density, the volume of water was also 

computed (density of water at room-temperature (25oc) 

is 0.997g/ml [10]. 

6) The actual volume that the pycnometer holds was deter-

mined by measuring the volume of water it contains, and 

the two volumes were compared. 

Wbottle - Wieght of the empty, clean, and dry pycnometer. 

Wbottle + WH2O - Represents the total weight of the pycnom-

eter filled completely with distilled water. 
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WH2O = (Wbottle + WH2O) - Wbottle         (1) 

Equation (1) was used to calculate the weight of water con-

tained in the pycnometer by subtracting the empty bottle mass. 

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 =  
𝑚

𝑣
                 (2) 

Defines density as the ratio of mass to volume. 

Vbottle = VH2O                  (3) 

Indicates that the pycnometer volume is equal to the mea 

ured volume of the water it contains. 

𝑉𝐻2𝑂 =  
𝑚𝐻2𝑂

𝜌𝐻2𝑂
                 (4) 

This is the exact volume of Specific gravity bottle. 

Density of Bamboo Fiber 

The mass and volume calculation method, with the proce-

dures listed below, was used to determine the density of bam-

boo and Enset fibers. 

1) The weight of Specific gravity bottle was measured. 

2) After adding the fiber to the bottle with the specific grav-

ity, the total weight was calculated. 

3) Water was poured into the fiber-holding specific gravity 

bottle, and the weight was recorded. 

4) The water density at room temperature, which is 

0.997g/ml, was used to compute the volume of water and 

fibers. 

Wbottle - Represents the mass of the empty specific gravity 

bottle. 

Wbottle + Wbamboo - Represents the combined mass of the bot-

tle and dry bamboo fiber. 

Wbottle + Wbamboo + WH2O - Represents the total mass of the 

bottle containing bamboo fiber and filled with water. 

Wbamboo = (Wbottle + Wbamboo) - Wbottle         (5) 

Wbamboo - Determines the mass of bamboo fiber alone. 

WH2O = (Wbottle + Wbamboo+ WH2O) - (Wbottle + Wbamboo)   (6) 

WH2O - Calculates the mass of water added to the fiber-filled 

bottle. 

𝑉𝐻2𝑂 =  
𝑊𝐻2𝑂

𝜌𝐻2𝑂
                  (7) 

VH2O - Computes the volume of water inside the bottle using 

the density of water; Vbamboo - Determines the volume of bam-

boo fiber by subtracting the water volume from the bottle vol-

ume. 

Vbamboo = Vbottle - VH2O                         (8) 

𝜌𝑏𝑎𝑚𝑏𝑜𝑜 =  
𝑊𝑏𝑎𝑚𝑏𝑜𝑜

𝑉𝑏𝑎𝑚𝑏𝑜𝑜
 - Calculates the density of bamboo fi-

ber from its mass and volume. 

Density of Enset Fiber 

Wbottle - Represents the mass of the empty specific gravity 

bottle. 

Wbottle + Wenset - Represents the combined mass of the bottle 

and dry Enset fiber. 

Wbottle + Wenset + WH2O - Represents the total mass of the 

bottle containing Enset fiber and water. 

Wenset = (Wbottle + Wenset) - Wbottle         (9) 

Wenset - Determines the mass of Enset fiber alone. 

WH2O = (Wbottle + Wenset+ WH2O) - (Wbottle + Wenset).    (10) 

WH2O - Calculates the mass of water added after inserting 

the Enset fiber. 

𝑉𝐻2𝑂 =  
𝑊𝐻2𝑂

𝜌𝐻2𝑂
                 (11) 

VH2O - Computes the volume of water using the known den-

sity of water; Venset - Determines the volume of Enset fiber by 

displacement; 𝜌𝑒𝑛𝑠𝑒𝑡  - Calculates the density of Enset fiber 

based on its measured mass and volume. 

Venset = Vbottle - VH2O; 

𝜌𝑒𝑛𝑠𝑒𝑡 =  
𝑊𝑒𝑛𝑠𝑒𝑡

𝑉𝑒𝑛𝑠𝑒𝑡
                (12) 

Sample size 

Sample size for this study was selected from initial stand 

point that by ASTM standard; Mechanical test machines have 

their own sample dimension limit. Depending on that volume 

of sample was prepared for all samples, then samples were 

prepared by using prepared mold. Finally manufactured sam-

ples were shaped for each test as per their test standards and 

Tested. 

The following sample compositions are outlined for this re-

search work. Fiber is the primary load-bearing component in 

fiber-reinforced composites, while the resin matrix ensures fi-

ber bonding, load transfer, and structural integrity. Therefore, 

these specific ratios represent low, moderate, and high fiber 

volume fractions commonly used in composite research to 

identify the optimal balance between mechanical strength, 

stiffness, and adequate matrix wetting. For both treated and 

untreated composites, the compositions were chosen. Accord-

ing to the majority of researchers, this range of volume frac-

tions produced composite specimens with good mechanical 

qualities. The rule of mixing analytical approach was used to 

prepare the fiber to resin ratios [5]. 

The following calculations were made for the density, fiber 

volume, fiber weight, matrix volume, and matrix weight of the 

composite materials. 

Designation of Composite Materials 
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Carefully determining the weight percentages of these com-

ponents, the resulting material is engineered to optimize me-

chanical properties, such as strength, durability, and stability. 

The focus on integrating natural materials highlights the po-

tential for sustainable and high-performance solutions. 

Polyester resin is calculated to fit a 100% composition for 

each sample. 

Polyester (% in Volume) = 100 − (EF + B)    (13) 

The study employs a factorial design of experiments to sys-

tematically investigate the effects of Enset and Bamboo fibers 

on the mechanical properties. For both Enset and bamboo fi-

bers, Compositions (15%, 20% & 25%), were used for current 

study. The design considers all possible combinations of filler 

levels, enabling a comprehensive evaluation of their impacts. 

Table 1. Designed weight percent combination of the composite [9]. 

Enset Fiber Bamboo Fiber Polyester Composite variants 

15 10 75 15 EF+10 BF+75 EF 

15 15 70 15 EF+15 BF+70 EF 

15 20 65 15 EF+20 BF+65 EF 

20 10 70 20 EF+10 BF+70 EF 

20 15 65 20 EF+15 BF +65 EF 

20 20 60 20 EF+20 BF+60 EF 

25 10 65 25 EF+10 BF+65 EF 

25 15 60 25 EF+15 BF+60 EF 

25 20 55 25 EF+20 BF+55 EF 

For specimen one = 
1

𝜌𝐶1
= 0.1 (

1

1.38
) + 0.1 (

1

0.84
) + 0.8 (

1

1.4
) 

1

𝜌𝐶1
= 0.10+ 0.11+0.46 = 0.67                                  (14) 

𝜌𝐶1 = 1.49 g/𝑐𝑚3, and in similar way the remaining samples density are calculated. 

Table 2. Composite density. 

Enset Fiber Bamboo Fiber Polyester Composite variants Density of each sample (g/cm3) 

15 10 75 15 EF+10 BF+75 EF 1.35 

15 15 70 15 EF+15 BF+70 EF 1.29 

15 20 65 15 EF+20 BF+65 EF 1.26 

20 10 70 20 EF+10 BF+70 EF 1.33 

20 15 65 20 EF+15 BF +65 EF 1.29 

20 20 60 20 EF+20 BF+60 EF 1.26 

25 10 65 25 EF+10 BF+65 EF 1.26 

25 15 60 25 EF+15 BF+60 EF 1.29 

25 20 55 25 EF+20 BF+55 EF 1.25 

 

 

http://www.sciencepg.com/journal/ajmie


American Journal of Mechanical and Industrial Engineering http://www.sciencepg.com/journal/ajmie 

 

50 

I. Density and mass of each composite 

The mass of the composite is the product of volume, and 

density of the composite. So firstly, the volume and the den-

sity are determined [8]. 

Mass = Density * Volume 

Volume of die = Length * width * thickness     (15) 

Volume of die = 205mm * 65mm * 5mm = 66625mm3 = 

66.625cm3 

Volume of composite = V EF + V B + V P     (16) 

MC

ρC
=

Mass of EF 

ρ of EF
+

Mass of B

ρ of B
+

Mass of P

ρ of P
  

𝑀𝐶 (
1

𝜌𝐶
) = M EF (

1

ρ of EF
) + M of B (

1

ρ of B 
) + MP (

1

ρ of P
)(17) 

The combined mass of the Enset Fiber, Bamboo and poly-

ester, calculated using the given ratio, equals the total mass of 

the composite. 

Densities of the natural fibers are studied using Archimedes’ 

principle [11]. 

The density of Enset Fiber 1.38 g/cm3, bamboo fiber 0.84 

g/cm3, and polyester 1.4 g/cm3. 

For specimen one = 
1

𝜌𝐶1
= 0.1 (

1

1.38
) + 0.1 (

1

0.84
) + 0.8 (

1

1.4
) 

1

𝜌𝐶1
= 0.072+0.119+0.571= 0.762 

𝜌𝐶1 = 1.312 g/𝑐𝑚3 

For 10% Enset fiber, 10% of Bamboo fiber and 80% of pol-

yester Composite material, 𝜌𝐶1=1.312 g/cm3. It is density of 

composite for sample one. It was computed for the other spec-

imen of Composite material in a similar way for sample 2, 3, 

4, 5, 6, 7, 8, and 9. 

MC = ρC × VC                (18) 

For sample one MC1 = ρC1 × VC = 1.35
𝑔

𝑐𝑚3 ×

66.625𝑐𝑚3 = 89.94 𝑔. 

Table 3. Calculated mass of each composite in this study. 

Enset Fiber Bamboo Fiber Polyester Density (g/cm3) Calculated mass (g) 

15 10 75 1.35 89.94 

15 15 70 1.29 83.94 

15 20 65 1.26 83.94 

20 10 70 1.33 88.61 

20 15 65 1.29 85.94 

20 20 60 1.26 83.94 

25 10 65 1.26 83.94 

25 15 60 1.29 85.94 

25 20 55 1.25 83.28 

 

II. Mass of the fiber and matrix in each composite sample 

In composite material engineering, precise calculation of 

the filler, fiber, and matrix masses is essential for understand-

ing and optimizing the composite's properties and perfor-

mance. The weight of the filler, fiber, and matrix material 

must be calculated, because it is used to determine how many 

grams of filler, fiber, and matrix material are added in each 

sample composite. It is determined by using the formula be-

low. 

WEF = Mass percent of EF * MC 

WB = Mass percent of B * MC 

Wp = Mass percent of p * MC          (19) 
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Table 4. Mass of the fiber, and matrix contents of the composite for each sample. 

Sample Composite variant 

Mass of the fibre and matrix contents 

EF B P 

1 15 EF+10 BF+75 EF 14.89 9.92 64.52 

2 15 EF+15 BF+70 EF 12.89 12.89 60.15 

3 15 EF+20 BF+65 EF 11.59 15.45 57.96 

4 20 EF+10 BF+70 EF 17.72 8.86 62.02 

5 20 EF+15BF +65 EF 15.85 11.89 59.46 

6 20 EF+20 BF+60 EF 15.99 15.99 59.96 

7 25 EF+10 BF+65 EF 20.15 8.06 60.45 

8 25 EF+15 BF+60 EF 20.48 12.29 53.26 

9 25 EF+20 BF+55 EF 18.15 14.52 50.83 

 

III. Compute the volumes of fiber and matrix in each com-

posite sample 

In the design of composite materials, calculating the vol-

ume proportions of fiber and matrix is vital for assessing and 

predicting the composite's performance. Each component 

plays a crucial role in influencing the mechanical properties 

and overall behavior of the composite. Accurate measurement 

of these volumes for each sample is necessary for optimizing 

performance, maintaining consistency, and achieving the de-

sired material properties [13]. 

The fiber (BF) volume = 𝑉𝐵𝐹 =
𝑊𝐵𝐹

𝜌𝐵𝐹
 

The fiber (EF) volume = 𝑉𝐸𝐹 =
𝑊𝐸𝐹

𝜌𝐸𝐹
 

The matrix (P) volume = 𝑉𝑝 =
𝑊𝑝

𝜌𝑝
 

Calculated total volume;  

VC = VEF + VBF + VP             (20) 

Table 5. The volume of fibers and matrix for each sample. 

Sample Composite variants 

Volume (cm3) 

EF BF P VTotal 

1 15 EF+10 BF+75 EF 10.78 11.8 46.08 68.66 

2 15 EF+15 BF+70 EF 9.34 15.34 42.96 67.64 

3 15 EF+20 BF+65 EF 8.39 18.39 41.4 68.18 

4 20 EF+10 BF+70 EF 12.84 10.54 44.3 67.68 

5 20 EF+15 BF +65 EF 11.48 14.15 42.47 68.1 

6 20 EF+20 BF+60 EF 11.58 19.03 42.82 73.43 

7 25 EF+10 BF+65 EF 14.6 9.59 43.17 67.36 

8 25 EF+15 BF+60 EF 14.84 14.63 38.04 67.51 

9 25 EF+20 BF+55 EF 13.15 17.28 36.30 66.73 
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IV. Compute the volume fraction of the fiber and matrix in 

each composite sample 

Understanding the volume fraction of filler, fiber, and ma-

trix in composite materials is essential for customizing the ma-

terial's properties to achieve desired performance levels. The 

volume fraction reveals the proportion of each component, af-

fecting the composite's overall strength, stiffness, and durabil-

ity. To calculate these fractions, start by determining the vol-

ume of each component based on its mass and density. Then, 

divide the volume of each component by the total volume of 

the composite. These calculations are critical for fine-tuning 

the material composition and ensuring consistent performance 

across different samples [12]. 

The fiber (EF) volume fraction = 𝑉𝑓𝐸𝐹 =
𝑉𝐸𝐹

𝑉𝐶
 

The fiber (BF) volume fraction = 𝑉𝑓𝐵𝐹 =
𝑉𝐵𝐹

𝑉𝐶
 

The matrix (P) volume fraction = 𝑉𝑓𝑃 =
𝑉𝑃

𝑉𝐶
    (21) 

Table 6. The volume fraction of fibers and matrix for each sample. 

Sample Designation (Samples) 

Volume fraction (%) 

EF BF P 

1 15 EF+10 BF+75 EF 16.18 17.71 69.16 

2 15 EF+15 BF+70 EF 14.01 25.02 64.48 

3 15 EF+20 BF+65 EF 12.59 27.6 62.13 

4 20 EF+10 BF+70 EF 19.27 15.81 66.49 

5 20 EF+15 BF +65 EF 17.23 21.23 63.74 

6 20 EF+20 BF+60 EF 17.38 28.56 64.27 

7 25 EF+10 BF+65 EF 21.91 14.39 64.79 

8 25 EF+15 BF+60 EF 22.27 21.95 57.09 

9 25 EF+20 BF+55 EF 19.73 25.93 54.48 

 

Weight percentages for each sample are given in Table 5 

above. 

Manufacturing of Composite Samples 

Surface Treatment of Fibers 

In order to decrease the hydrophilic nature of the fibers and 

improve their wettability with the polymer matrix by strength-

ening the interfacial linkage between the constituents, natural 

fiber surface modification is necessary for natural fiber-rein-

forced composites. Silane, acetylation, mercerization, etheri-

fication, and enzymatic treatment are among the various fiber 

modification techniques that are accessible. Because of its im-

proved wettability, reduced fiber surface degradation, and 

lack of need for extra ingredients to neutralize the PH level, 

the mercerization (alkaline) kind of treatment was chosen for 

the current project. 

The fiber surface treatment was required since it reduces the 

hydrophilic qualities of natural fibers by eliminating amor-

phous (water-soluble) components. 

1) It helps the reinforced fibers more wettable and their sur-

face rougher. 

2) The interfacial connection between the fibers and matrix 

is strengthened. 

3) To decrease the fiber's ability to absorb moisture and wa-

ter. 

Making an alkaline (NaOH) solution and soaking fiber; 

Enset and bamboo fibers surface treatment were carried 

with NaOH concentrations of 5% for each and the soaking 

time was 2hr and 48hr respectively. The fibers surface treat-

ment procedure variation occurred due to the fiber's chemical 

compositions (cellulose, hemicellulose, lignin, and pectin) 

and previous researches. The alkaline solution preparation and 

surface treatment were carried out at room temperature, be-

cause it was simple, not time consuming, and helps to reduce 

fibers degradation. Types of equipment used for fiber surface 

treatment were beakers, electronic scale balance, stirrer, scis-

sor, plastic pan, and drier. 
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Figure 4. Alkaline treatment, Soaking and Extracted fiber. 

The treatment procedures are written below, 

1) The fibers were washed with water to remove dust and 

other impurities from superficial parts of the fibers (for 

a better hydrolysis process). 

2) The amount of water (solvent) was added to a beaker and 

measured on the electronic scale balance and poured into 

the plastic pot. The required amount of NaOH was meas-

ured on an electronic scale balance (5% for each enset 

and bamboo fibers and added to the water. 

3) The water and NaOH were stirred with a stirrer until a 

homogeneous solution was formed. 

4) The fibers were submerged in the solution for the neces-

sary amount of time two hours for Enset fiber and 

twenty- four hours for Bamboo fiber. 

5) After the immersion, the fibers were taken out and 

washed with water to neutralize the PH from the fiber 

surface. 

6) The fibers were placed in the dryer at 40°C for 24 hours. 

Once they were completely dry, they were removed and 

cut with 20mm-long scissors. 

Fabrication Method 

The easiest method for preparing polymers is hand layup. 

Above all, in order to prevent polyester tar from adhering to 

the surface, the shape surface of the previously created mold 

was cleaned by applying discharge gel or wax. To achieve a 

high-quality surface finish on the item, smooth-surfaced Pol-

yethylene Plastic was utilized at both the upper and lower por-

tions of the form plate. The Enset - bamboo fiber reinforced 

polyester composite was fabricated using a hand lay-up pro-

cess. The procedure is detailed below: 

Mold Preparation: The mold surface was coated with a re-

lease gel to prevent the epoxy resin from adhering during the 

curing stage. 

Initial Layering: An aluminum foil base was placed on the 

mold, followed by a layer of glass fiber. This was saturated 

with a uniform application of resin and hardener mixture to 

ensure complete wetting. A bamboo layer was then positioned 

and coated with the same resin-hardener mixture. 

Sequential Stacking: The layup continued with a repeating 

sequence of jute fiber and bamboo layers. The stacking order 

was carefully maintained to ensure the outermost layers con-

sisted of glass fiber. 

Compression and Bonding: An outer mold was placed over 

the stack. To ensure structural integrity and effective bonding 

between the fibers and the matrix, a uniform load was applied 

using a sand-covering technique. 

Curing: The assembly was left undisturbed for 24-48 hours 

to allow the composite to set completely. 

Finishing: After curing, the Enset - bamboo fiber reinforced 

polyester composite was removed from the mold. Excess ma-

terial and uneven edges were trimmed, filed, and sanded to 

achieve the final shape and a refined surface finish. 

 
Figure 5. Hand lay-up process [6]. 

Mold Design 

Mold was dimensioned and designed based on testing ma-

chines working on ASTM standard. It was modeled in Auto-

CAD and manufactured to be ready for Composite manufac-

turing. 

 
Figure 6. Mold Design. 

After that, a second layer of unidirectional bamboo fiber 

was applied to the gum surface, and to remove any air pockets 

that may have formed due to the quantity of gum, a roller was 

gently rolled over the enset fiber-sap layer. The cycle of steps 

described above was repeated to create sandwiched structures 

by stacking the required layers. 
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Figure 7. Samples Prepared for Test. 

Water Absorption Test 

The water absorption test of composite specimen was done 

to examine the material's ability to resist water penetration. 

  
Figure 8. Water Absorption Test. 

The specimens were tested at room temperature condition 

(21- 23°C). 

The test procedures for the specimen are listed below. 

1) An electronic scale balance was used to determine each 

specimen's weight. 

2) Every specimen spent 48 hours submerged in the water. 

3) The specimens were removed from the water after two 

days, and their weight was determined. 

6. Results and Discussion 

The design and fabrication of fan blades using alkaline-

treated hybrid Enset-Bamboo fiber reinforced polyester com-

posites represent a significant step toward sustainable engi-

neering. Below are the typical results and discussions ex-

pected in such studies, based on current research into natural 

fiber-reinforced polymer composites (NFRPCs). 

1). Effect of Alkaline Treatment 

Alkaline treatment (typically using NaOH) is a critical pro-

cessing step for natural fibers like Enset and Bamboo. 

Surface Modification: The treatment effectively removes 

non-cellulosic impurities such as lignin, hemicellulose, and 

waxes from the fiber surface. This process increases surface 

roughness, which facilitates better mechanical interlocking 

between the fibers and the hydrophobic polyester resin. 

Interfacial Adhesion: By exposing hydroxyl (-OH) groups, 

the treatment improves chemical compatibility between the 

hydrophilic fibers and the matrix. This enhanced adhesion is 

vital for efficient stress transfer from the matrix to the fibers, 

directly improving the density and water absorption of the 

blade. 

2). Mechanical and Physical Performance 

The resulting composite blades generally demonstrate a fa-

vorable balance between water absorption and weight. 

Mechanical Strength: Hybridization allows the composite 

to combine the specific strengths of both Enset (known for 

high cellulose content and flexibility) and Bamboo (known for 

rigidity). Research on similar natural fiber composites indi-

cates that treated hybrid composites can achieve substantial 

improvements in mechanical properties—often up to 30% 

compared to untreated counterparts. 

Weight Reduction: A primary benefit of transitioning from 

conventional materials (like aluminum and other composite 

fibers ratio) to natural fiber composites is weight reduction. 

Studies have shown that composite blades can be significantly 

lighter (e.g., ~31% lighter) than aluminum blades while main-

taining structural safety under operational stress. 

Environmental Stability: While natural fibers are inherently 

hydrophilic and susceptible to moisture absorption, the alka-

line treatment and proper encapsulation in a polyester matrix 

help mitigate swelling, dimensional instability, and degrada-

tion. 

3). Discussion on Design and Utility 

Sustainability: Using Enset and Bamboo both abundant in 

regions like Ethiopia aligns with circular economy principles 

by reducing reliance on synthetic, non-biodegradable materi-

als and lowering the carbon footprint associated with metal 

extraction and processing. 

7. Conclusion and Recommendation 

This research focused on developing a composite material 

for ceiling fan blades, utilizing locally sourced Enset and 

Bamboo fiber and unsaturated polyester, manufactured 

through a manual hand lay-up approach. The optimum ratio of 

reinforcement to matrix in the ceiling fan blade was estab-

lished based on physico-mechanical properties, utilizing De-
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sign of experiment and AutoCAD software. The optimum re-

sult was achieved with 25% Enset and 20% Bamboo fiber and 

55% unsaturated polyester. The optimal physico- mechanical 

properties resulted for density is of 1.25 g/cm3 and Water ab-

sorption was 1.38% over 24 to 48 hours was obtained. Fur-

thermore, the Enset-bamboo fiber-reinforced ceiling fan blade 

achieved a weight reduction of 6% compared to the glass fi-

ber-reinforced ceiling fan blade and 31% compared to the con-

ventional aluminium ceiling fan blade. 

7.1. Conclusion 

The study successfully demonstrates the viability of utiliz-

ing an alkaline-treated hybrid Enset-Bamboo fiber-reinforced 

polyester composite as a sustainable alternative for ceiling fan 

blade manufacturing. 

Mechanical Performance of the alkaline treatment proved 

instrumental in cleaning the fiber surfaces and enhancing the 

interfacial adhesion between the Enset-Bamboo fibers and the 

polyester matrix. This led to significant improvements in the 

density and Water absorption of the composite. 

Material Efficiency of the hybrid composite design effectively 

leverages the high cellulose content and flexibility of Enset with 

the rigidity of bamboo, creating a blade that is both durable and 

significantly lighter than traditional metallic counterparts. 

Sustainability by utilizing locally available natural fibers, 

this research provides a pathway toward reducing the environ-

mental impact associated with conventional industrial materi-

als, supporting the transition toward greener, circular manu-

facturing practices. 

7.2. Recommendations 

To further advance the development and industrial applica-

tion of these hybrid composite fan blades, the following rec-

ommendations are proposed: 

Optimization of Fiber Ratio by Conduct further research to 

determine the "optimum" in different volume fraction ratio be-

tween Enset and Bamboo fibers to achieve the perfect balance 

between stiffness, weight, and vibration dampening. 

Long-Term Durability Studies Since natural fibers can be 

sensitive to environmental fluctuations, it is recommended to 

perform accelerated aging tests. This includes testing the 

blades under varying levels of humidity and temperature over 

extended periods to ensure long-term structural reliability. 

Surface Coating Implementation to the further enhance re-

sistance to moisture absorption and surface degradation, inte-

grate a hydrophobic nano-coating or a thin protective varnish 

layer to the final blade surface. 

Abbreviations 

B Bamboo Fiber 

CAD Computer-Aided Design 

CM Composite Material 

EF Enset Fiber 
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NaOH Sodium Hydro-oxide 
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°C Degree Celsius 
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