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ABSTRACT 
The polymer composite material is replacing the traditional materials as other materials are limited and composite 

having condescend properties such as high impact strength, high tensile strength, high flexural strength and nature 

created materials natural fiber which are biodegradable and eco-friendly and easily available. Natural fiber is by 

product of agricultural product and natural fibers have low density and light weight. The polymer composite is made 

by compression moulding process. The percentage of sisal fiber is 10% of resin weight and size of sisal fiber is 

varied from 5mm to 20mm. It was used with 80% of polyester resin (93P) and 2% of cobalt as accelerator and 8% of 

methyl ethyl ketone peroxide as catalyst for cured. The polymer composite is made with 8Mpa pressure at room 

temperature. The test specimen is cut from 200mmx200m sheet which is made by compression moulding machine. 

The investigation of mechanical properties using ASTM standard test for plastic materials. After study about the 

properties with respect to fiber length it concludes that mechanical properties are increases as size increases. 
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I. INTRODUCTION 
 

It is clear that when two or more materials are combined, the result is a composite. In the ancient time of polymer 

composites first time an Egyptians and Mesopotamians for the construction purpose.[1]. The Composite, the wonder 

material with low cost, light weight, high strength and abundantly available. Sisal fiber is by product of agricultural 

products and extracted from the plant of sisal using various methods like water retting, chemical retting etc. [2] 

Natural Fiber as reinforcement in polymer matrix provide biodegradable and eco-friendly and positive 

environmental benefits. The use of natural fiber with polymer has been an appreciable success for many researchers 

and engineers for the application of aerospace, automobile, electrical appliances, constructional line. 

 

The properties of the composite depend upon the composition of individual components as resin and fiber have their 

different properties and it also depends on the method of formation and process parameters. Recent studies 

investigate that use of natural fiber is positive for environment as compare to the manmade fibers and polymer 

composite is observed that it is biodegradable using natural fiber such as flax [3-4], bamboo [5-6], sisal [7-8-9], 

hemp [10], jute [11-12], nettle [13] as reinforcement of biodegradable plastics. The Tensile strength of the polyester 

and sisal fiber is 20-25MPa and 360-370MPa respectively. The Flexural Strength of the polyester and sisal fiber is 

30-35MPa and 650-700MPa. 

 

The major drawback associate with the mixing of natural fiber is as reinforcement with the polymer composite are 

the bad wettability and water absorption which is overcome by chemical extraction treatment using alkaline 

treatment. This will be finished by using polyester resin with sisal fiber in a mould with compression moulding 

process at 80Mpa pressure and at room temperature of 30.2°C and they are left for curing for 15 minutes. Then the 

panel cut according to the ASTM standards for the testing of mechanical properties of composite. Once the testing is 

finished then analysed the mechanical properties as the specimen according to the fiber size. 

 

 

 

 

II. MATERIALS AND METHOD DETAILS 
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Sisal Fiber: -Sisal Fiber is purchased from local source and for to extraction of fiber for better mechanical 

properties is purchased from Astha Fiber and Chemicals MI road Jaipur. Then fiber is copped in 

5mm,10mm,15mm,20mm size and treated with 10% of NaOH for 1 day then it washed and dry for 3 hours in the 

sunlight. 

 

Polyester     Resin: - Resin is also purchased from Aastha Fiber and Chemicals and it is of Polyester 93P grade 

which cured at room temp easily. 

 

Catalyst: - Methyl Ethyl Ketone Peroxide is used as catalyst for to initiate the process and help to cure the material. 

 

Accelerator: - Cobalt Naphthalene is used as accelerator which accelerator the rate of chemical process and help to 

cure. 

 

III. FABRICATION OF POLYMER COMPOSITE 
 

Compression Moulding process [13] is the best and most common method for fabrication under the pressure for the 

fabrication of composite. The mild steel mould is used for the specimen of size 200mm X 200mm X 5mm.The 

Teflon sheet was placed in the mould for better surface finish and easily removing the sheets of composite. The 

Teflon sheet is used for both side female and male part of the mould for the surface finish. Sisal fiber after alkaline 

treatment is used for fabrication of polymer composite with polyester resin and catalyst and accelerator. 

 

For the better reinforcement 10% fiber to the weight of the resin is used and accelerator is 2-3% of the resin weight 

and catalyst is 5-8% of the resin weight is used. 

 

 
Figure 1. Mild Steel Mould 

 

 
Figure 2. Compression Moulding Setup 

Engineering Letters || ISSN 1816-0948 || VOL_16 ISSUE_10 2025

12



 

First the accelerator is added to the resin then the catalyst then add the fiber into the mixture and stir the mixture 

properly then pour the mixture into the mould and apply the pressure through hydraulic bottle jack and measure the 

pressure using pressure gauge which was attached with the hydraulic jack and for to measure the temperature there 

is one thermocouple is fixed on the frame as shown in figure 2.Then the sheet is remove from the mould and cure 

the sheet about 30 minute then it is use for to cut according to the ASTM standards. Simultaneously same process is 

for other size fiber to fabricate the sheets.  

 

IV. METHODOLOGY 
 

Preparation of Specimen for various Mechanical testing as per ASTM Standards: - From the sheet as per 

mould size of 200mmX 200mm X 5mm and cutting the specimen for tensile, flexural, impact testing. 

 

Mechanical Tests: - The main objective to determine the three important properties of composite materials are 

following test at room temperature. 

 

Tensile Test [15]: - The tensile strength is determined using ASTM D638 Standard testing machine and the 

specimen is cut from sheet of size 150mm X 20mm X5mm and gauge length is 50mm.The test is conducted using 

computerised tensile testing machine and tensile strength was reported in MPa. 

 

Flexural Test [16]: - This test is also conducted at room temp using ASTM D790 Standard through three-point 

computerised testing machine and the size of specimen cut from the sheet is 115mm X 15mm X5mm. The Flexural 

Strength is carried out and reported in MPa. 

 

Impact Test [17]: -Izod Impact test is conducted using ASTM D256 Standard by swinging pendulum as similar in 

the case of metal using sudden applied of load to the specimen and the size of the specimen is 

55mmX10mmX5mm.The Impact Strength is carried out and reported in J/m 

 
Figure 3. Specimen for Testing 

 

V. EXPERIMENTAL RESULTS AND DISCUSSIONS 
 

Tensile Test: -Tensile Strength of any material is the exterme stretching force to the material that it can sustain 

before breaking the part. It is considered in force per unit area. Tensile strength can use determine using the below 

equation  

 

𝛔𝐭 =
𝐅𝐜

𝐀𝐟
                                        (1) 

 

𝑨𝒇 =
𝒎

𝝆𝑳
                                       (2)   

 

Here 𝛔𝐭 is the tensile strength of the fiber, Fc is the force at the failure point, m is the mass of the fiber and 𝛒 is the 

density of the fiber, Af is the cross-section area of the specimen, Length of the fiber were diferent and weight of 

fiber is 10% of the resin weight. The sisal polymer composite fiber result were found 10% higher than those found 

by [10] and similar to those found by [11]. 
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Table I. Tensile test result for the polyester composites reinforced with 5-20mm length sisal fiber. 

S.No. Fiber Length 

(mm) 

Tensile Strength  

(MPa) 

1. 5 13.6 

2. 10 22.5 

3. 15 29.4 

4. 20 34.5 

 

 
Figure 4. Graph between tensile strength and fiber length. 

 

Flexural Test: -It is basically bending test to find out the maximum bending stress that can be applied to the 

material before it yields. It is also known as modulus of rigidity. The sisal polymer composite result were found 5% 

higher than those found by [11] and similar to those found by [12]. 

 
Table II. Flexural test result for the polyester composites reinforced with 5-20mm length sisal fiber. 

S.No Fiber Length 

(mm) 

Flexural Strength (MPa) 

1. 5 35.8 

2. 10 41.2 

3. 15 46.7 

4. 20 52.1 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5. Graph between flexural strength and fiber length 
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Izod Impact Test: -It is for to determine the impact resistance of the materials. A pendulum with certain load is 

applied to the specimen releasing from the specific height as per standard. The swings of pendulum were applied 

impact or sudden load on the specimen and the impact strength is reported in the Joule. 

 

 

 
Table III. Impact test result for the polyester composites reinforced with 5-20mm length sisal fiber 

S.No Fiber Length (mm) Flexural Strength (J/m2) 

1. 5 2.1 

2. 10 3.8 

3. 15 5.4 

4. 20 6.9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6. Graph between Impact strength and fiber length 

 

VI. CONCLUSION 
 

Sisal fiber reinforced polyester resin composite were investigate and conclude that all three tensile, flexural, impact 

strength is increases with fiber length increases for the short fiber size 5mm to 20mm. Interior of the automobile can 

be constructed using sisal fiber. 

 

REFERENCE 

1. N. Venkatachalam, E. Naveen and N. Maheswaran, “Alkali chemical Treatment on the Surface of 

Natural Fiber”, International Journal of Innovative Research in Science, Engineering and 

Technology, 4, Special Issue 4, (2015),172-178. 

2. Cao, Y., Shibata, S. and Fukumoto, I. Mechanical properties of biodegradable composites reinforced 

with bagasse fibre before and after alkali treatments. Composites Part A. Applied Science and 

Manufacturing 37,(2006),423-429. 

3. Andersons J, Joffe R. Estimation of the tensile strength of an oriented flax fiber-reinforced polymer 

composite. Composites Part A. 2011; 42:1229–1235 

4. Van de Velde K, Kiekens P. Influence of fibre and matrix modifications on mechanical and physical 

properties of flax fibre reinforced poly (propylene). Macromol. Mater. Eng. 286,(2001),237–242. 

5. Mohanty S, Nayak SK. Short bamboo fiber-reinforced HDPE composites: influence of fiber content 

and modification on strength of the composite. J. Reinforced Plastic. Compos. 29,(2010), 2199–2210. 

6. Bajpai PK, Singh I, Madaan J. Comparative studies of mechanical and morphological properties of 

polylactic acid and polypropylene based natural fiber composites. J. Reinf. Plast. Compos. 

31,(2012),1712–1724. 

7. Prasad AVR, Rao KM. Mechanical properties of natural fibre reinforced polyester composites: jowar, 

sisal and bamboo. Mater. Des. 2011; 32:4658–4663. 

8. Kalaprasad G, Joseph K, Thomas S, et al. Theoretical modelling of tensile properties of short sisal 

fibre-reinforced low-density polyethylene composites. J. Mater. Sci. 1997; 32:4261–4267. 

9. Reis JML. Sisal fiber polymer mortar composites: introductory fracture mechanics approach. Constr. 

Build. Mater.  37, (2015)177–180. 

2.1

4.5

5.4

6.9

0

2

4

6

8

5mm 10mm 15mm 20mm

Impact Strength J/m2 V/s Fiber Length mm

Impact Strength V/s Fiber Length

Engineering Letters || ISSN 1816-0948 || VOL_16 ISSUE_10 2025

15



10. Yuanjiang T, Lianghua X. Hemp fiber reinforced unsaturated polyester composites. Adv. Mater. Res. 

11–12,(2006) ,521–524. 

11. Ranaa AK, Mandala A, Bandyopadhyay S. Short jute fiber reinforced polypropylene composites: effect 

of compatibilizer, impact modifier and fiber loading. Compos. Sci. Technol. 63,(20801–806. 

12. Khondker OA, Ishiaku US, Nakai A, et al. A novel processing technique for thermoplastic 

manufacturing of unidirectional composites reinforced with jute yarns. Composites Part A. 

37,(2006),2274–2284 

13. P.A Sreekumar, Kuruvilla Joseph, G Unnikrishnan, Sabu Thomas on “A comparative study on 

mechanical properties of sisal-leaf fiber-reinforced polyester prepared by resin transfer and 

compression moulding techniques.” in science direct journal of composite science and 

technology.67(2007)455-461. 

14. JOSEPH, P. V.; JOSEPH, K.; THOMAS, S. Effect of processing variables on the mechanical 

properties of sisal-fiber-reinforced polypropylene composites. Composites Science and Technology, n. 

59,(2009),1625-1640 . 

15. ASTM D 638, Standard Test Method for Tensile Properties of Plastic (Metric), Annual Book of ASTM 

Standards, American Society for Testing and Materials, 1989. 

16. ASTM, Standard test method for Flexural properties of Unreinforced and Reinforced Plastic and 

Electrical Insulating materials, ASTM D790, Annual Book of ASTM Standards, American Society for 

Testing and Materials. 

17. ASTM, Standard Test Methods for Determining the Izod Pendulum Impact Resistance of Plastics, 

ASTM D256, Annual Book of ASTM Standards, American Society for Testing and Materials 

 

Engineering Letters || ISSN 1816-0948 || VOL_16 ISSUE_10 2025

16


