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ABSTRACT 

In this study, the areca bast fiber reinforced epoxy and vinyl ester composites were subjected to water 

immersion test in order to study the water absorption and diffusion properties under the room temperature. 

Areca fiber epoxy/vinyl ester composites containing 6, 8, 10, 12 and 14 weight percentage of fiber were 

prepared. The water absorption and diffusion properties of these composites sample were determined using 

standard weight gain method by immersing the sample in saline water at room temperature. It shows that 

moisture uptake increases with increase in fiber weight percentage due to increased voids and cellulose content. 

The diffusion rate also increased with increase of the fiber loading.  All specimens showed a high rate of 

swelling at the beginning of the wetting test, but rate of swelling decreased asymptotically with time. The epoxy 

matrix shows moisture sensitivity due to interactions between some polar groups of the macromolecules and 

water molecules. This sensitivity increases with increasing degree of cross linking and also with polarity 

concentration of the molecular groups. All specimens of vinyl ester composites showed a high rate of water 

absorption and diffusion compared to specimens of epoxy composites due to their hydrophilicity.   

     Key Words: Areca Fiber, Diffusion Coefficient, Epoxy, Vinyl Ester, Water Absorption.  

 

I. INTRODUCTION 

 

During recent years, interest in using eco-friendly materials in engineering has been increased due to growing 

environmental awareness. As a result researchers are leading for renewable recyclable, sustainable, green, 

decomposable or biodegradable materials to replace some of the traditional engineering that are not 

environmental friendly [1]. The use of natural fibers as reinforcement in polymer composites for making low 
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cost engineering materials has guaranteed recent years. It can be substituted for conventional non renewable 

reinforcing materials such as glass fibers [2]. The use of natural fibers and polyester matrix is highly beneficial 

because strength and toughness of the resulting composites are greater than those of unreinforced plastics [3]. 

The bio-fiber world is full of examples where cells or group of cells are designed for strength and stiffness. 

Cellulose is a natural polymer with high strength and stiffness per unit weight and it is the building materials for 

long fibrous cells. These cells can be found in the stems, leaves and seeds of plants [4]. 

Although several natural fibers has been used in composites for many years. Areca fiber is one of the rare 

materials used for making of composites. In this work areca bast is used for composites. In fact it is cellulose 

fiber possess several potential advantages such as,  1) their low density which makes it possible to obtain lighter 

composites 2) their good mechanical properties, 3) their bio-renewable character, 4) their ubiquitous availability 

at low cost and their modest abrasive character which ensures a greater longevity of a processing tools [4].  

Epoxy and vinyl ester are considered as the best polymeric materials for many applications and widely used in 

industry as matrix materials of fiber reinforced composites due to their superior characteristics such as good 

mechanical properties and good resistance to chemicals [5]. Epoxy and vinyl ester composites have many 

advantages such as lower cost, lighter in weight and better performances over hermetic packages [6].  

In this work, the water absorption and diffusion coefficients of areca fiber reinforced epoxy and vinyl ester 

composites have been studied. 

The water absorption is caused due to the hydrophilic nature of fiber due to its polarity owing to the free 

hydroxyl groups of cellulose and lignin. These hydroxyl groups can hold the water molecules by hydrogen 

bonding. Water absorption into composite materials is addressed by three different mechanisms. The main 

process consists of diffusion of water molecule inside the micro holes between polymer chains. This involves 

direct diffusion of water into matrix and to a much lesser extent into fibers. In addition moisture penetration can 

also occur through the fiber ends, which serves as conduits for water transport. Another mechanism is capillary 

transport to the gaps and flows at the interfaces between fibers and polymers due to the incomplete wet ability 

and impregnation and also transport through micro cracks in the matrix formed during the compounding process 

[7,8]. 

 

II. EXPERIMENTAL 

2.1 Materials 

 Raw materials used in experimental work were, 

1) Natural fiber (areca bast) 

2) Resins (epoxy and vinyl ester) 

3) Boron fluoride (promoter) 

4) Methyl ethyl ketone peroxide (catalyst) 

5) Cobalt Napthanate  (accelerator) 

6) Aradur HY95 1(hardener) 

 

2.2  Methods 

The samples were prepared with 6%, 8%, 10%, 12%, 14% weight mass fractions of fibers. For different mass 

fraction of fibers a calculated amount of epoxy resin and hardener (10:1) by weight thoroughly mixed and gently 
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stirred. The load was put on cavity. The whole is left for 24 hours and then removed for curing in the oven. Then 

composites cut for water absorption testing. Same procedure is taken for vinyl ester matrix based composite in 

which additional accelerator, catalyst and promoter were mixed and the same procedure was continued as done 

for epoxy composites [10]. 

Water absorption testing of composites has been carried out by taking rectangular bars (approximately 3.2 mm 

thick, 75 mm long and 25 mm width) from composite sheet as per ASTMD570. The samples were dried in oven 

at 50
0
C for 24 hours, and removed, cooled and weighed. Then samples were immersed in sea water at the room 

temperature. For every 24 hours samples were removed and wiped using cotton and weighed until samples 

attain saturation [11, 12, 13]. 

 

The change in mass of the sample in terms of percentage is calculated by the expression, 

  M= (Ms-Mi)/Mi×100 

Where, Msis the mass of the sample after immersion 

Mi is the initial mass of the sample [14, 15]. 

The diffusion coefficient (D) was calculated by the formula, 

D=  

is the slope. 

Where M2 and M1are the moisture content at time t2 and t1 respectively, h is the thickness of the specimen in 

mm and M is the maximum moisture uptake. It is graphically represented below in figure, [12,16]  

 

III. RESULT 

Generally water absorption in polymer composites is an activated absorption-diffusion process. The water 

molecule first enters into surface of matrix and then diffuses through the bulk of the polymer composites. It also 

enters through nanopores of the composites. The amount of water absorption depends on time, temperature, 

equilibrium moisture content. When the time increases the proportion of the water absorption decreases [17]. 
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In the figure (1) and (2) water content of composite increased with time and later became saturation. Water is 

predominantly absorbed at fiber interface and matrix. All specimens showed high rate of absorption and 

decreases asymptotically with time. Water absorption increases with increase in fiber loading, because asearlier 

said in the introductory part, fibers containing cellulose which having polar groups are attracted towards water 

molecules. 

Comparisons of epoxy and vinyl ester composite materials are quite interesting. It was observed that water 

absorption in vinyl ester is more when compared to epoxy composite materials. It is because of ester group 

present on vinyl ester which is attracted towards water molecules. And graphical representation shows epoxy 

has resistance power towards water molecules.  

Here,   

A, F= 6% fiber 

B, G= 8 % fiber 

C, H= 10 % fiber 

D, I= 12 % fiber 

E, J= 14 % fiber 

  

Fig. 1: Water absorption test for                          Fig. 2: Water absorption test for vinyl  

          epoxy-areca bast composite materials                   ester-areca bast composite materials 

Wt. of 

fibre 

in % 

D.C of Epoxy CM 

in m
2
/s 

D.C of Vinyl Ester 

CM  in m
2
/s 

6 0.171 10
-14

 1.062 10
-14

 

8 0.289 10
-14

 1.120 10
-14

 

10 0.469 10
-14

 1.142 10
-14

 

12 0.673 10
-14

 2.570 10
-14

 

14 0.504 10
-14

 0.147 10
-14
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3.1 Diffusion coefficients of epoxy and vinyl ester composites 

By analyzing above data’s, it shows that diffusion coefficient increases with  increase in fiber content up to 12% 

of fiber and at 14%, it suddenly decreases in both epoxy and vinyl ester composite material. It is because of 

increase in clouding of fiber load which will resist to water molecules to diffuse through the nano-pores. When 

epoxy and vinyl ester composite materials are compared, it shows that vinyl ester composites having more 

diffusion rate compared to epoxy composites. More over mechanism of water absorption and diffusion 

coefficients are similar and they are directly proportional. This context can be observed by the obtained results 

that, water absorption and diffusion property is more in vinyl ester-areca bast composites compared to epoxy-

areca bast composites. 

IV. CONCLUSION 

The absorption behavior and diffusion coefficient of epoxy and vinyl ester composite materials in sea water at 

room temperature and comparison of epoxy and vinyl estercomposites materials has been studied. Ultimate 

result shows that water absorption and diffusion coefficient increases with fiber loading. Water absorption is 

mainly because of areca fiber. If cellulose composition is more the more water is absorbed. Also these two 

properties are more in vinyl estercomposite materials compared to epoxy composite material. So it can be 

concluded that epoxy based composite material is more favorable against water absorption when compared to 

vinyl ester composite material. In this regard, the study may give platform for the further modifications for the 

marine applications as well as the materials used in moisture conditions. 
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