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ABSTRACT 

Fiber reinforced polymer composites are replacing many metallic structures due to its high specific strength 

and modulus. However commonly used man-made E-glass fibers are hazardous for health and carcinogenic by 

nature. The increasing demand in recent years for new light considerable research and development in reinforced 

polymeric systems of greatest interest from an engineering viewpoint. The majority of the literature on fiber-

reinforced polymer composites is concerned with continuous fibers in thermo set polymer matrices such as cured 

epoxy or polyester resin. The present paper, which emphasis the importance of the newly identified sea grass fibers 

which are extracted from sea grass plant by manual process. The composite plates are produced by using 

compression molding machine. The mechanical properties such as tensile, impact, flexural and wear properties are 

studied with and without the chemical treatment. The chemical sources for the treatments include alkali, 

permanganate (with and without alkali pre-treatment) and acetylation of various concentrations. The significance of 

chemically treated natural fibers is seen through the improvement of mechanical strength and dimensional stability 

of resultant composites as compared with un-treated composites on sea grass fiber. 

Key words: sea grass fiber, Compression molding, Mechanical properties, Surface treatments, Dimensional 

stability.  

1. INTRODUCTION 

Most of the fiber reinforced polymer composite material (FRP) consists of a polymer matrix with man-

made vitreous fibers (MMVFs) like glass wool, carbon, aramid, rock wool, etc. How-ever, most of them are 

carcinogenic in nature (Cavallo et al., 2004).The increasing risk of cancer to long term exposure of MMVFswas 

investigated and reported (Zhong, Ong, & Whong, 1997). Researchers are in search of better alternatives to 

MMVFs, espe-cially to commonly used glass fiber for general applications. Nature always comes in handy for 

every good alternative materials search. There are some good fiber yielding plants which are cost effective without 

compromising mechanical properties (Sreenivasan,Somasundaram, Ravindran, Manikandan, & Narayanasamy, 

2011).The fibers can be extracted from different parts of the plant such as stem, leaf, petioles, roots, fruits and 

seeds. In general, natural fibers are harmless, renewable, biodegradable and cost effective with high specific 

strength in com-parison with synthetic fiber. The first use of fibers in reinforced concrete has been dated to the 

1870’s. Increasing environmental awareness throughout the world has greatly impacted materials engineering and 

design. The synthesis fibers like glass, carbon and aramid are widely being used in polymer-based composites 

because of their high stiffness and strength properties (Rout J et al.).  

The introductions of natural fibers from annually renewable resources are now popularly used as reinforced 

in polymer matrix. These provide benefits to the environment with respect to the degradability and utilization of 

natural materials (Rout J et al.). Natural fibers like flax, hemp, jute and sisal have been well recognized as good 

potential reinforcements for engineering fiber composites. The advantageous features of these fibers are 

lightweight, high specific modulus, non-toxic and easy for processing and absorbing CO2 during their growth 

(Abdelmouleh M et al.). Chemical treatment is an essential processing parameter to reduce hydrophilic nature of 

the fibres and thus improves adhesion with the matrix. Pre-treatments of fibre change its structure and surface 

morphology. Hydrophilic hydroxyl groups are removed from the fibre by the action of different 

chemicals.Significant improvements in the mechanical properties of the composites are reported by using different 

chemical treatment processes on the reinforcing fibre (Kabir M.M et al).  

The chemical treatment of fiber aimed at improving the adhesion between the fiber surface and the polymer 

matrix may not only modify the fiber surface but also increase fiber strength (Xue Li et al). Alkaline removes a 

certain amount of lignin, wax and oils covering the external surface of the fiber cell wall, depolymerizes cellulose 

and exposes the short length crystallites (Mohanty AK et al ,Jacob et al.. Mishra et al  reported that 5%NaOH 
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treated sisal fiber-reinforced polyester composite had better tensile strength than 10% NaOH treated composites.. 

The tensile strength of the composite decreased drastically after certain optimum NaOH concentration. 

Permanganate treatment on natural fibres is conducted by potassium permanganate (KMnO4) in acetone solution.. 

This treatment enhances chemical interlocking at the interface and provides better adhesion with the matrix 

(Rahman MM et al [9]). Formation of cellulose–manganate is responsible for higher thermal stability of the fibre. It 

also reacts with the lignin (hydrophilic AOH groups) constituents and separates from the fibre cell wall. It reduces 

the hydrophilic nature of the fibre (Li X et al.). Mathur et al prepared the sisal, jute and coir fiber reinforced 

composites with unsaturated polyester/epoxy resin. Murali Mohan Rao et al. extracted and processed the newly 

identified elephant grass fiber by manual and chemical methods. They observed that the chemically extracted fibers 

have higher tensile strength than the raw fibers but the difference between those values was very less. Obi Reddy et 

al. prepared the composites by using the leaf sheath of the coconut tree and studied its significance with and 

without chemical treatment process.  

2. Materials and methods 

2.1Extraction procedure of fiber 

In sea grass fiber is newly identified fiber. As the name suggests, is made from a species of grass that 

grows beside (not in) the sea.Seagrasses are most closely related to plants in the class Helobiae and are not true 

grasses of the family Poaceae (Tomlinson, 1982). Sea grasses, having adapted to a submerged aquatic environment, 

show morphological and anatomical features that are similar to freshwater hydrophytes. However, there is 

sufficient variation in reproduction and structure to indicate the independent evolution of species. The sea grass 

were collected from farms and extracted using microbial degradation technique (Saravanakumar,Kumaravel, 

Nagarajan, Sudhakar, & Baskaran, 2013). After remov-ing the dirt and other foreign materials, the roots were 

immersedin water for two weeks to allow microbial degradation. They were then taken out and thoroughly washed 

with fresh water and dried in the sun light for a week to remove the moisture content. The soil particles and outer 

layer of the root where then removed by traditional combing process with metal teeth brush.  The required mats are 

formed by using sea grass fiber Sea grass fibers are reinforced in unsaturated isophthalic polyester Resin to prepare 

the composite. The composite slabs are made by conventional hand lay-up molding Technique. Two percent cobalt 

naphthalene (as accelerator) is mixed thoroughly in isophthalic polyester resin and then 3% methyl-ethyl-ketone-

peroxide (MEKP) as hardener is mixed in the resin prior to reinforcement.    

  
Fig1. Sea grass fiber Fig 2.Mat form sea grass fiber 

2.2FTIR (Fourier transform infrared spectroscopy): 

FTIR analysis was carried out in order to determine the modifications that occurred on the fiber surface due to their 

chemical structure. In this fiber they can find out the transmittance capacity and absorbance capacity was 

determined and it is shown in fig. The figure 1.7 shows the absorbance capacity with the wave number. The 

maximum absorbance capacity in the fiber is 2900cm-1 wave number is 0.45. So the fiber absorbed spectrum 

maximum by 2900cm-1 wave number is 0.45. Minimum absorbance capacity wave number is 3307.08cm-1 is 0.05.  
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Fig 3 Absorbance vs. Wave numbers Fig 4.Tensile test specimens 

3. Physical property analysis 

3.1Tensile test 

Tensile specimens were prepared from dried fibers and sub-jected to tensile loading in an INSTRON 

universal testing machine (5500R) computerized with data acquisition system. A minimum of 10 tests was carried 

out for each type of treatment of a specimen. The composite specimens were tested as per ASTM standards. Tensile 

testing was done as per ASTM D 638. The specimen dimensions were 165 * 13 *3 mm3. All the testing’ were 

conducted at ambient temperature (28◦C) with a relative humidity of around65%. 

3.2Flexural test 

The 3-point bending test is used to find the flexural modulus, flexural strength and strain at break of the 

fiber reinforced polymer composites. Flexural testis conducted on the cured samples using universal testing 

machine with cross head speed of 2 mm/min according to ASTM 790-98. The specimen dimensions were 

127*13*3-6 mm3. By the using of formula to find out the flexural modulus and flexural strength are calculated. 

Modulus of elasticity E =    N/mm2  

Flexural rigidity EI =  N-mm2 

 

 

Fig 5.Flexural test specimens Fig 6.Impact test specimens 

3.3 Impact test 

The UN notched Charpy impact test is conducted to study the impact energy according to the ASTM D256. 

The specimen dimensions were 64 x 12 x 3 mm3 .The un-notched specimens are kept in cantilever position and the 

pendulum swings around to break the specimen. The impact energy (J) is 

Calculated from the dial gauge, which is fitted on the machine. Five samples are taken for each test and the 

results are averaged. 

3.4Wear Resistance Testing 

 Wear can be defined as the removal of surface material as a result of mechanical abrasion. The weight loss due to 

the abrasion is measured in a particular interval of time (1 min) using disc-on disc wear testing machine. It consists 

of a rotating disc which is attached to the shaft of the motor with speed of 500 rpm. The surface of the rotating disc 

is pasted with the emery paper of 80 grit size. There will be another disc made up of Aluminium.The work piece is 

placed between the two discs and it is made rotated. As the base disc rotates; it rotates the upper disc there by the 

wear take place over the loaded specimen. For every 60 seconds the weight loss is recorded. 

4. CHEMICAL PROPERTY ANALYSIS 
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4.1Alkaline treatment  

The important modification done by alkaline treatment is the disruption of hydrogen bonding in the 

network structure thereby increasing surface roughness. This treatment removes the certain amount of lignin, wax 

and oils covering the external surface of the fiber cell wall. Selected concentrations are 0.1N and 1N NaOH 

solution Increase surface roughness resulting better mechanical interlocking Increase tensile properties. 

4.2Permanganate treatment 

Permanganate treatment on natural fibers is conducted by potassium permanganate (KMnO4) in acetone 

solution. This treatment forms highly reactive permanganate (Mn3+) ions to reacts with the cellulose hydroxyl 

groups and forms cellulose–manganate for initiating graft copolymerization. This treatment enhances chemical 

interlocking at the interface and provides better adhesion with the matrix. Formation of cellulose–manganate is 

responsible for higher thermal stability of the fibre. It also reacts with the lignin (hydrophilic AOH groups) 

constituents and separates from the fibre cell wall. It reduces the hydrophilic nature of the fibre. Higher 

concentrations of KMnO4 (more than 1%) cause excess delignification (removal of cementing materials) within the 

cellulosic structure and degrade fibre properties. Selected concentrations are 0.1N and 0.5N KMnO4 solution 

Potassium permanganate treatment effects of fiber Hydrophilic tendency decrease and Water absorption is reduce. 

4.3Acetylation 

Acetylation is a well-known esterification method originally applied to wood cellulose to stabilize the cell walls 

against moisture, improving dimensional stability and environmental degradation. In lignocelluloses material the 

acetic anhydride reacts with more reactive hydroxyl groups (OH) in lignin and hemicelluloses (amorphous 

material), whereas the hydroxyl groups of cellulose (crystalline material) prevent the diffusion of the reagent and 

result in a low extent of reaction. 

5. RESULTS AND DISCUSSION 

5.1 Tensile test  

Figure 7 comparisons of tensile strength for different chemical treatment. The comparisons of tensile 

strength for untreated and different chemical treated sea grass fiber composite are shown in figure. In all chemical 

treatment to increase the tensile strength as compared to the untreated sea grass fiber composite. The best tensile 

strength is the fiber treated with NaOH solution of different concentrations. Sea grass fiber is treated with 1N 

NaOH solution the tensile strength increases up to 70% of untreated sea grass fiber composite. The increases in 

tensile strength due to increases in the concentrations of NaOH solution, because the improvement of adhesion 

between fiber and matrix interfaces. 

5.2 Flexural test 

The effect of fibers treatment on the flexural strength of sea grass fiber reinforced polyester resin can be 

seen in figure 8. Result shows the flexural strength of 0.5N KMnO4 treatment showed the best flexural strength 

properties (287.4023 N/mm2) which nearly 63% is more than that of untreated composite. This may be due to 

bonding of the fiber with polyester matrix thereby improving fiber-matrix interactions. The alkaline treatment of 

0.1N NaOH will be increasing the flexural strength is 13% of untreated fiber composite. The alkaline treatment of 

1N NaOH will be affecting the flexural strength is reduced up to 9% of untreated sea grass fiber composite. This is 

because at higher alkali concentrations, excess delignification of natural fiber occurs resulting in a weaker or 

damaged fiber.  

 
 

Fig 7. Tensile Strength of Various Treated Composite Plate Fig 8. Flexural Strength of Various Treated Composite Plate 
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5.3Impact test 

The impact energy of permanganate treatment with alkaline pre-treatment of 0.5N concentration increases 

up to 48% as compared to the untreated sea grass fiber composite. The next highest value 42% increases the impact 

energy when fiber is treated with 0.1N KMnO4 with alkaline pre-treatment. The impact energy of the 0.5N 

acetylation treated fiber will be increases up to 32% of untreated fiber. 0.1N acetylation treatment fiber the impact 

energy slightly increases as compared to the untreated fiber.During the impact testing of various chemical treated 

sea grass fiber the best result was displayed in 0.5 N KMnO4 treatment with alkaline pre-treatment, the value of 

impact energy is 11.436 J. The alkaline treatment 1 N concentration will be affecting the impact properties, but 0.1 

N concentrations is nearer to untreated sea grass fiber. In acetylation treatment the best result of impact energy is 

0.5N concentration with the value of impact energy is 8.564 J. 

 
 

Fig 9. Impact Strength of Various Treated Composite 

Plate 

Fig 10. Wear rate of Various Treated Composite 

Plate 

5.4 WEAR TEST 

Wear test of the fiber reinforced composite  are conducted at wear testing machine. Every 2mins  

taking weight loss and the readings are tabulated. To finding the wear rate by using the required formula. untreated 

fiber composite.The increasing the concentration of alkaline treatment they will reduce the wear of the product. The 

untreated sea grass fiber composite the wear rate is 0.0054 g/sec.  

The best result of the wear rate in the permanganate treatment is 0.5N KMnO4 concentrations with alkaline 

pre-treatment. The wear will be reduced up to 25% of the untreated fiber composite. The permanganate treatment 

without alkaline pre-treatment the wear rate is nearer to same of the untreated fiber composite. The wear rate of the 

fiber reinforced composite with acetylation treatment will be reduced up to 60% of untreated fiber composite. The 

value of wear rate is 0.0021g/sec. The increasing concentration of acetylation treatment will be reducing the wear 

of the materials. During the wear test of the various chemical treated sea grass fiber composite the best result 

shown in the less amount of wear is takes with the fiber will be treated on 0.5N acetylation treatment. The wear rate 

of this treatment of fiber composite is 0.0021g/sec. The second best result is 1N alkaline treatment. The wear rate 

of this fiber composite is 0.0025g/sec.  

Natural fibers are considered as potential replacement for man-made fibers in composite materials. Although 

natural fibers have advantages of being low cost and low density, they are not totally free of problems. The present 

work clearly shows that the sea grass fiber will become a future alternative for the conventional materials due to its 

enhanced mechanical properties and availability. The following conclusions are made based on the extensive 

experimental study. 

 The sea grass fiber treated with 0.5N Acetylation treatment is reducing the wear of the materials. The reduction 

of wear on this treatment about 60% as compared to the untreated sea grass fiber composite. 

 The maximum impact energy is obtained when the fiber is treated with 0.5N KMnO4 with alkaline pre-

treatment. The value of impact energy is increased up to 48% of untreated sea grass fiber composite. 

 The maximum flexural strength and modulus of the sea grass fiber reinforced polyester composite is achieved 

at 0.5N KMnO4 treatment.  

 The maximum tensile strength and tensile modulus of the sea grass fiber is achieved at the fiber will be treated 

with 1N Alkaline treatment. In other chemical treatment also increasing the tensile properties. 
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