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Abstract - Multi-walled carbon nanotube and cellulose microfibril reinforced epoxy composite (MWNT/CMF Composite) is 

successfully fabricated; the MWNT reinforcement is prepared by dispersing in ethanol utilizing the Couple Ultrasonication 

technique, and the CMF reinforcement is prepared by chemically  treating coir with the solutions of NaOH (aq) and H2O2, 

respectively, and homogenizing the mixture using ultrasonication. The MWNT/CMF Composite is then fabricated into 

samples with various mixing ratios of the reinforcements for mechanical properties testing. According to the tensile and 

flexural properties tests, the sample reinforced with 40 % MWNT and 60 % CMF shows promising properties including 

elimination of plastic deformation region, broadening of elastic deformation region, and increasing in modulus of elasticity. 
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I. INTRODUCTION 

 

Nowadays, the development of aircraft technology is 

of great importance to national development both in 

the economy and national security. Advanced 

unmanned aerial vehicles have been developed to have 

higher performance. One of the major factors 

governing the performance of an aircraft is its 

construction material. During the past few decades, 

the technology of aircraft materials has been 

developed rapidly [1]. There has been a great deal of 

attention towards developing advanced engineering 

techniques and material combinations to achieve 

stronger and lighter materials that meet specific 

requirements for each aircraft’s component. 

Particularly, the interest towards composite material, 

consisting of two or more constituents, with the main 

component being a matrix and the secondary 

component being reinforcement, as an alternative 

aircraft material has been rising over the years due to 

its adjustable mechanical properties such as strength 

and durability. Moreover, nanotechnology has been 

applied to the synthesis of composite materials by 

using nanomaterials such as carbon nanotubes (CNT) 

as reinforcement, resulting in greatly improved 

mechanical properties due to a combination of 

materials at nanoscale [2], [3]. 

 

Carbon nanotubes have received much attention from 

scientists around the world as they are stronger than 

steel when compared in the same quantity [4]-[6]. 

However, they tend to be intertwined and grouped into 

large clumps, and that when they are unevenly 

distributed in the matrix, the strength of the material 

will be greatly reduced [3]. Therefore, the nanotubes 

must be distributed evenly throughout the material. 

One of the suitable methods for loosening apart carbon 

nanotubes and distributing them uniformly in the 

matrix of composite materials is ultrasonication since 

it is a simple and inexpensive method that does not 

need expensive chemicals [2]. Carbon nanotubes that 

are uniformly distributed in the liquid medium can 

greatly improve the mechanical properties of the 

material [7], [8]. From our previous studies, it was 

found that dispersing the multi-walled carbon 

nanotubes (MWNT) in ethanol at room temperature 

for 5 h using an ultrasonic bath at 37 kHz could loosen 

the MWNT and the MWNT was distributed evenly in 

the media, and the addition of 0.01% (w/w) 

well-dispersed MWNT into epoxy resin as 

reinforcement could increase its adhesiveness by 47% 

[7]. Furthermore, it was also found that dispersing the 

MWNT in ethanol at room temperature for 2 h using 

both ultrasonic bath at 37 kHz and ultrasonic probe at 

20 kHz and 60% power at the same time could result 

in the particle size of ca. 14 µm, and the addition of 

0.1% (w/w) well-dispersed MWNT into epoxy resin as 

reinforcement could enhance the tensile strength by 

140% and tensile modulus by 49% [8]. 

 

Currently, the applications of natural fibers from 

locally available resources, such as bamboo, rattan, 

and coconut, as reinforcing materials in polymer 

composites are being investigated among scientists 

[9]-[11] because they provide strong, lightweight, and 

environmentally friendly materials. However, for the 

natural fibers to be used as reinforcing fillers, their 

surfaces have to be chemically treated to remove 

impurities that are not needed, such as pectin, lignin, 

and hemicellulose, leaving only the useful cellulose 

microfibrils. Only then the fibers can adhere strongly 

to the matrix and hence mechanical properties of the 

material is improved [12], [13]. In our previous 

research, it was found that the best method for 
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preparing cellulose microfibrils from coir is by 

treating the coir with 10% (w/v) NaOH at 90°C for 2 h 

and 30% (w/w) H2O2 at 90°C for 2 h, respectively, 

followed by ultrasonication at room temperature for 1 

h [14]. Furthermore, by reinforcing an epoxy-based 

composite with 2% (w/w) cellulose microfibrils, its 

tensile modulus is enhanced by ca. 40%.  

 

In this work, both MWNT and CMF are utilized as 

reinforcements in epoxy-based composite materials. 

The aim is to determine the optimal mixing ratio and 

condition for reinforcing the composites that lead to 

significantly improve their tensile and flexural 

properties. 

 

II. EXPERIMENTAL METHODS 

 

A. Preparation of Multi-Walled Carbon 

Nanotube Reinforcement 

 

To prepare the multi-walled carbon nanotube 

(MWNT) reinforcement, the MWNT in an amount of 

1.03 g is dispersed in a 250.0 mL absolute ethanol 

using the Couple Ultrasonication technique, i.e., 

sonicating using Elma Elmasonic E30H at 37 kHz 

(Ultrasonic Bath) together with Cole Parmer 

500-Watt Ultrasonic Processor CP505 with Probe 

Model CV334 (Ultrasonic Probe) at 20 kHz and at 

60% power. The mixture is sonicated at room 

temperature for 2 h (divided into 4 intervals, each with 

a 30 min sonication period plus a 10 min pause). 

 

B. Preparation of Cellulose Microfibril 

Reinforcement 

 

The thoroughly washed coconut coir in an amount of 2 

g is oven-dried at 80°C for 24 h and mixed into 10% 

(w/v) NaOH (aq) of 50 mL. The mixture is 

continuously stirred using magnetic stirrer and kept at 

90°C for 2 h. The coir is then washed until pH 7 and 

oven-dried at 60°C for 24 h. Next, it is treated with 

30% (w/w) H2O2 at 90°C while continuously stirred 

for 2 h.  The product is washed until pH 7 and dried in 

an oven for 24 h. Finally, the treated fibers are 

ultrasonicated at room temperature for 2 h, oven-dried 

at 70°C for 24 h, and spun with blender for further use. 

 

C. Fabrication of MWNT/CMF Composite 

 

According to our previous studies [8], [14], 

reinforcing epoxy composite with 0.1% (w/w) MWNT 

and reinforcing epoxy composite with 2% (w/w) CMF 

shows the best tensile properties. Therefore, a sensible 

approach to constructing mixing ratios used in 

reinforcing the composite is to specify the composite 

reinforced with only 0.1% (w/w) MWNT as “100% 

MWNT” and the composite reinforced with only 2% 

(w/w) CMF as “100% CMF.” The MWNT/CMF 

Composite samples are then fabricated by resin 

casting technique with mixing ratios between MWNT 

and CMF as shown in Table I. Specifically, the 

MWNT and the CMF for each mixing ratio are mixed 

in ethanol in separate containers and ultrasonicated at 

room temperature for 30 min using Ultrasonic Probe 

at 60% power. After that, the mixture is oven-dried at 

50°C for 2 h and cooled down to room temperature. 

Next, the mixture is mixed into epoxide, followed by 

ultrasonication for 30 min using Ultrasonic Probe at 

60% power, and cooled down to room temperature. 

Then, the mixture is homogeneously mixed with 

hardener in a weight-to-weight ratio of 5:3 between 

epoxide and hardener, put into a vacuum chamber to 

remove bubbles, and cast into silicone mold shaped 

according to ASTM D638 and D790 to fabricate into 

tensile and flexural properties testing samples, 

respectively. Finally, the samples are cured using 

stage cure method, i.e., the samples are first left to 

cure under room temperature for 24 h and followed by 

heating in an oven at 50°C for 1 h and 80°C for 1 h. 

 

Ratio of reinforcement 

(%) 
Actual amount (g) 

MWNT:CMF MWNT CMF 

100:0 0.12 0.00 

90:10 0.11 0.24 

75:25 0.09 0.61 

60:40 0.07 0.97 

50:50 0.06 1.22 

40:60 0.05 1.46 

25:25 0.03 1.83 

10:90 0.01 2.19 

0:100 0.00 2.43 
Table I Mixing ratios of MWNT and CMF reinforcements 

 

D. Mechanical Properties Testing 

 

The tensile properties of composite samples are tested 

according to ASTM D638 Standard test method for 

tensile properties of plastics by using universal testing 

machine. The specimen type is Type I and the speed of 

testing is  

5 mm/min. The flexural properties of the samples are 

tested according to ASTM D790 Standard test 

methods for flexural properties of unreinforced and 

reinforced plastics and electrical insulating materials 

by using the universal testing machine. The procedure 

A is used and the speed of testing is 5 mm/min. 

 

III. RESULTS AND DISCUSSION 

 

A. Tensile Properties Testing 

The tensile stress-strain curve of the neat epoxy 

sample exhibits the behavior of thermosetting polymer 

as shown in Fig.1, i.e., the elastic deformation region 
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is narrow whereas the plastic deformation region is 

wide. The sample stretches beyond 8% strain before 

yielding and breaks at 10% strain. However, the 

sample reinforced with only CMF (100% CMF) 

exhibits a completely different stress-strain profile as 

shown in Fig.2. The plastic deformation region is 

entirely eliminated but the tensile strength decreases. 

 
Fig. 1 Tensile stress-strain curve of the neat epoxy sample 

showing a typical behavior of thermosetting polymer properties 

with narrow elastic deformation region and wide plastic 

deformation region. 

 

 
Fig. 2 Tensile stress-strain curve of the 100% CMF reinforced 

sample showing only elastic deformation region. The tensile 

strength of the sample becomes significantly lower than that of 

the neat epoxy sample. 

 

According to the test results of other samples with 

various mixing ratios between MWNT and CMF, the 

tensile strength changes only slightly as shown in 

Fig.3; however, as the proportion of MWNT increases 

and the proportion of CMF decreases, the plastic 

deformation region is broader and the elastic 

deformation region is narrower, resulting in greater 

tensile strain as shown in Fig.4. Interestingly, the 

tensile modulus, which is calculated from the slope of 

the graph in elastic deformation region, of the 40% 

MWNT/60% CMF reinforced sample is highest as 

shown in Fig.5. 

 
Fig. 3 Tensile Strength (MPa) of the neat epoxy sample and the 

MWNT/CMF Composite samples of various mixing ratios, each 

labeled in “%CMF:%MWNT” format where %CMF is the 

percentage proportion of cellulose microfibril and %MWNT is 

the percentage proportion of multi-walled carbon nanotube. 

 

 
Fig. 4 Tensile strain (%) at yield (black) and at break (grey) of 

the neat epoxy sample and the MWNT/CMF Composite samples 

of various mixing ratios, each labeled in “%CMF:%MWNT” 

format where %CMF is the percentage proportion of cellulose 

microfibril and %MWNT is the percentage proportion of 

multi-walled carbon nanotube. 

 

 
Fig. 5 Tensile modulus (MPa) of the neat epoxy sample and the 

MWNT/CMF Composite samples of various mixing ratios, each 

labeled in “%CMF:%MWNT” format where %CMF is the 

percentage proportion of cellulose microfibril and %MWNT is 

the percentage proportion of multi-walled carbon nanotube. 

 

B. Flexural Properties Testing 

From the flexural stress-strain curve, the neat epoxy 

sample shows a similar behavior as the tensile 

stress-strain curve but with breaking point further 

away from the yield point than that of tensile as shown 

in Fig. 6. The elastic deformation region spans as far 

as 3% strain and the plastic deformation region 

reaches slightly under 7% strain. Like that of tensile, 

the flexural stress-strain curve of the 100% CMF 

reinforced sample is entirely dissimilar to that of neat 

epoxy as shown in Fig. 7. The curve shows only the 

elastic deformation region but its flexural strength 

decreases significantly.  

 
Fig. 6 Flexural stress-strain curve of the neat epoxy sample. 
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Fig. 7 Flexural stress-strain curve of the 100% CMF reinforced 

sample. 

 

However, it is found that the 40% MWNT/60% CMF 

reinforced sample achieves similar flexural strength 

as that of the neat epoxy and nearly 36% higher than 

that of the 100% CMF reinforced sample as shown in 

Fig. 8. It is found also that as the proportion of MWNT 

increases and the proportion of CMF decreases, the 

flexural strain increases, and the flexural strain at 

break becomes further apart from the flexural strain at 

yield as the proportion of CMF decreases below 50% 

as shown in Fig. 9. The flexural modulus of the neat 

epoxy sample is the lowest among other samples 

whereas that of the 100% CMF reinforced sample is 

highest, approximately 25% higher than the neat 

epoxy sample, as shown in Fig. 10. The modulus of 

other samples decreases as the proportion of MWNT 

increases and the proportion of CMF decreases. Even 

though the 40% MWNT/60% CMF reinforced sample 

cannot compete with the 100% CMF reinforced 

sample, its modulus is almost 11% higher than the 

neat epoxy sample. 

 
Fig. 8 Flexural strength (MPa) of the neat epoxy sample and the 

MWNT/CMF Composite samples of various mixing ratios, each 

labeled in “%CMF:%MWNT” format where %CMF is the 

percentage proportion of cellulose microfibril and %MWNT is 

the percentage proportion of multi-walled carbon nanotube. 

 
Fig. 9 Flexural strain (%) at yield (black) and at break (grey) of 

the neat epoxy sample and the MWNT/CMF Composite samples 

of various mixing ratios, each labeled in “%CMF:%MWNT” 

format where %CMF is the percentage proportion of cellulose 

microfibril and %MWNT is the percentage proportion of 

multi-walled carbon nanotube. 

 
Fig. 10 Flexural modulus (MPa) of the neat epoxy sample and the 

MWNT/CMF Composite samples of various mixing ratios, each 

labeled in “%CMF:%MWNT” format where %CMF is the 

percentage proportion of cellulose microfibril and %MWNT is 

the percentage proportion of multi-walled carbon nanotube. 

 

IV. CONCLUSION 

 

The epoxy-based composites reinforced with multi- 

walled carbon nanotube and cellulose microfibril are 

successfully fabricated. The effects of the 

reinforcement on tensile and flexural properties are 

clearly presented. From the results, the modulus of 

elasticity of the composite depends on the added 

amount of CMF reinforcement whereas the MWNT 

reinforcement plays the important role in maintaining 

the strength of the composite. The optimal mixing 

ratio of reinforcements in the composite is 40% 

MWNT to 60% CMF since the plastic deformation 

region has nearly been eliminated while maintaining 

its strength. Moreover, the tensile and flexural 

modulus have also been improved by ca. 8% and 11%, 

respectively. These enhanced properties lay a 

promising foundation for an alternative airframe 

material. 
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