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ABSTRACT 

The present work aims to develop a polymer matrix composite (polyester- resin) using coconut shell 

ash powder (CSA), teak wood and typha fiber in different compositions under reinforcing with 

different volumes and evaluating its tensile strength, impact strength along with engineering 

application of resulting composites. Particulate filled polymer composites are becoming attractive 

because of their low cost and wide applications. To determine the possibility of using agricultural 

waste materials as reinforcing fillers in thermosetting polymer composite, the effects of coconut shell 

ash (CSA), teak wood and typha fiber concentration on the tensile properties of polyester composite 

was investigated. Four filler concentrations (viz. 5 to 20 weight %) were fabricated, test results 

shows that tensile strength, elastic modulus, and micro-Hardness of the composite increases with 

increase in filler concentration, while percentage elongation and load at break decreases with 

increase in filler concentration. Thus CSA, wood powder and typha can be use as reinforcing filler in 

polyester composite. 

Key words polyester, Reinforcement, Composite, Coconut shell ash, Wood powder. 

 

1 INTRODUCTION: 

A composite is a product made with a minimum of two materials – one being a solid material and the 

other a binding material (or matrix) which holds together both materials. There are many composite 

products with more than two raw materials. Those materials are not miscible together and are of a 

different nature. X. Y. Liu*, G. C. Dai [1] found out that a new treating method using sodium 

hydroxide(NaOH) and Malefic  anhydride-grafted polypropylene  (MPP) emulsion  was introduced 

to treat jute fiber mat in order to enhance the performance of jute/polypropylene (PP) composite 

prepared by film stacking method. The surface modifications of jute fiber mat have been found to be 

very effective in improving the fiber-matrix adhesion.  H.M.M.A. Rashid, M. A. Islam and F. B. 

Rizvi [2] observed that the results show that tensile strength increases with increase in the fiber size 

and fiber percentage; however, after certain size and percentage, the tensile strength decreases again. 

Compared to untreated fiber, no  significant  change  in  tensile  strength  has  been  observed  for  

treated  jute  fiber reinforcement.  Zhan  Ying  Sun,  Hai  Shan  Han,  Gan  Si  Dai [3] studied  the  

effects  of  material optimization and compounding processes on the properties of natural fiber 

composites were studied.  The  thermal  stabilities  of  sisal  fiber  and  jute  fiber  were  compared  

by  thermo gravimetric analysis.  Byung-Ho Lee, Hyun-Joong Kim, and Woong-Ryeol Yu1 [4] 

observed that the natural LD fiber content needs to be maintained at less than the nominal fiber 

fraction of 40 % by weight for the composites fabricated using the current method, which is quite 

low compared to that of continuous or short fiber reinforced composites. The limited fiber fraction 

can be explained by the void content in the bio composites, which may be caused by the non-uniform 

packing or the deficiency of the matrix PP fibers Byung S. Hwang*,  Byung S. Kim*,  Jung H. Lee*,  

Joon H. Byun*,  Jong M. Park[5] found out that in order to improve the mechanical properties of jute 
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fiber/polypropylene(PP) composites, the property change with the addition of a coupling agent, 

malefic anhydride, polypropylene  (MAPP)  was  examined  experimentally.  The molested coupler 

acts as an intermediate to chemically connect the polar nature of the fiber and non-polar nature of the 

polyolefin polymer resin. Furthermore, the decrease in viscosity of the resin which results from the 

melting point reduction by the MAPP, leads to an increase of contact area with the fiber interface. 

With fiber length of about 80mm, MAPP contents have improved the tensile and interfacial shear 

strength .E Sinha* and S K Rout [6] studied and observed Jute fibres (Co chorus  olitorius) when 

they were treated with 5% NaOH for 2 h, 4 h and 8 h. From FT–IR spectra, it is revealed that the 

bands 1735, 1370, 1230–1240, 1030 cm–1 and the band at   1455 and 830 cm–1 ascribed mainly to 

hemicelluloses and to the lignin, show higher absorbance intensity ratio for the raw jute in 

comparison to the alkali treated   jute.  . young-Ho Lee, Hyun-Joong Kim, and Woong-Ryeol Yu [7]   

found out  that Long and discontinuous  natural  fiber  (kenaf  and jute)  reinforced polypropylene 

composites were fabricated using the carding and punching processes followed by hot press 

compression molding To incorporate more natural fibers into the bio-composites, the fiber length of 

both the natural and PP fibers may need to be shortened; however, too short fibers may spoil the 

processibility of the carding operation,  thus  further  experimental  or  theoretical  studies  are  

necessary  to  determine  the optimum fiber fraction 

  Dipa Ray,  B K Sarkar,  A K Rana and N R Bose[8]   found out  that  the composites 

reinforced  with  alkali  treated  fibres  showed  improved  mechanical  properties.  The strength and 

modulus of the composites were found to be lower than the values estimated from the general rule 

of..  The variation of slopes of the rate  of change of flexural  strength and modulus  with  alkali  

treatment  time  showed two separate  zones  with  a  deflection  at  4  heat treatment,  indicating  the  

possibility  of  two  different  failure  modes  before  and  after  4  heat treatment..P.E. Imoisili*; 

C.M. Ibegbulam; and T.I. Adejugbe [9] Successful fabrication of coconut shell  Ash (CSA) epoxy 

composites is possible,  incorporation of these fillers modifies the Mechanical properties of the 

composite. The micro-hardness of the composites is also greatly influenced  by  the  content  of  

fillers,  hence,  while  fabricating  a  composite  of  specific requirements, there is a need for the 

choice of appropriate filler material and for optimizing its content in the composite system. 

 

2 Fabrication of composite materials: 

The technology and cost of composite materials depend largely on the process ability; i.e., how the 

components are combined to form a composite material. The process ability depends largely on the 

ability of the components to join, thereby forming a cohesive material. The processing often involves 

elevated temperatures and/or pressures. The required temperature and pressure, as well as the 

processing time, are typically dictated by the matrix material. The bonding of the filler with the 

matrix at an elevated temperature has a disadvantage in that bond weakening or even debonding may 

occur during the subsequent cooling, due to the difference in the thermal contraction between filler 

and matrix. The bond weakening will result in the filler being less effective as reinforcement, thus 

causing the mechanical properties of the composite to diminish. This problem tends to be particularly 

serious in metal-matrix composites, due to the relatively high processing temperatures involved. 

 

2.1 EXPERIMENTAL SETUP: MATERALS 

The following materials were procured prior to starting the experimental Work:  

coconut shell ash of particle size 1-100µm, teak wood , long typha fiber, 160mmx12mmx3mm 

ASTM638D specification trays, polyester resin, hardener. 

2.2PREPARATIONMETHODS: 
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2.2.1 Preparation of coconut shell ash powder and wood powder: 

 

                               
 

Fig:1 Coconut shell in furnace     Fig :2Coconut shell ash                  Fig :3 wood powder 

 

2.2.2TYPHAFIBERS: 

Typha fibers are naturally available fibers. They are extracted from the bast plants. Water retting 

process is implemented to separate fibers from the core of the bast plants. These semi-retted typha 

fibers have been obtained from the road side fields. 

 
Fig:4 Typha fibers 

2.2.3 SAMPLE PREPERATION 

Molds are prepared from aluminum sheets by tinsmith and the size of the molds is 160x13x3 mm. 

The polyester resin mixed with hardener is poured into the mold. When the Polyester is poured into 

the molds, the fibers are induced when the polyester is in molten state. The composite (PE + Fiber) in 

the mold is shook to set the polyester properly on fibers and then a roller is rolled over it by applying 

hand pressure. After cooling the composite material is removed from the mold and filed to the 

required dimensions.4 samples of polyester are prepared and then grinded to the size 160x12x3 mm, 

for even surface.  

 
Fig 4: Molds for preparing sample 

The coconut shell ash powder was weighed using digital weighing machine. The resin used was poly 

ester resin 3554A with the density of 1.15 g/cm
3
. The open mould type was used with rectangular 

shape with standard (ASTM D638) for tensile test. 
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2.2.4 Preparation of coconut shell ash-polyester composite samples 

 
Fig 5: CSA – Polyester composite samples 

2.2.5 Preparation of poly ester-wood powder composite sample: 

 
Fig 6: Wood powder- polyester composite specimens 

2.2.6 Preparation of poly ester-long typha fiber composite sample: 

  The long typha fiber strips were weighed using digital weighing machine.  The resin used was poly 

ester resin 3554A with the density of 1.15 g/cm
3
. The open mould type was used with rectangular 

shape according standard (ASTM D638) for tensile test. 

 The weight of the resin in the mould is weighing by using digital weighing machine. The weight 

found is 7.153 grams. According to this weight different percentage of weight of long typha fiber are 

prepared viz.5%, 10%, 15% and 20%. 

 
Fig 7: Typha Fiber - polyester composite samples 

2.2.7 SAMPLES TESTING 
These Samples are tested for tensile property on a tenso meter and the results are analyzed as per 

ASTM standards. The samples are loaded on the machine and the maximum load is automatically 

applied. The elongation and their respective loads are noted. The diameters and the weights of the 

fibers are tested before and after chemical treatment. 

 

3. RESULTS AND DISCUSSIONS 

 

 RESULTS: 

Table 3.1: Ultimate tensile strength of the coconut shell ash (CSA) reinforced with polyester 

composite material samples 
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Table 3.2: Ultimate tensile strength of the wood powder reinforced with polyester composite  

material samples 

 

Table 3.3: UT strength of the typha fiber reinforced with polyester composite material samples 

 

Table 3.4: Flexural load and Flexural strength of  polyester &coconut shell ash reinforced polyester 

composites with different volume % of filler 

 

Sample Volume % of 

filler  

Flexural 

Load(N)  

Extension(mm) Flexural 

strength,σ(MPA) 

Neat polyester    45.52 

 

Coconut shell 

ash at 600 

degrees  

5 211 4.77 51.72 

10 236 4.36 54.63 

15 226 3.64 60.87 

20 239 4.16 49.79 

Coconut shell 

ash at 800 

degrees  

 

5 225 2.72 53.35 

10 253 3.33 58.56 

15 245 3.11 65.98 

20 249 1.59 51.88 

Table 3.4: Volume and weight percentage of Coconut shell ash(CSA) 

S.no. Type Of specimen Samples Peakload(N)              UTS (N/mm
2
) 

 

1 

polyester+ 

%CSA 

S1 5% CSA 245.2 8.2 

S2 10% CSA 774.8 25.8 

S3 15% CSA 166.7 5.6 

S4 20% CSA 372.7 12.4 

S.no.   Type of specimen  Samples Peakload(N)              UTS(N/mm
2
) 

 

1 

Polyester 

          + 

%wood powder 

S1 5% wood powder 627.6 20.9 

S2 10%  wood powder 490.4 16.3 

S3 15%  wood powder 215.8 7.2 

S4 20%  wood powder 431.5 14.4 

S.no

. 

  Type of  Specimen Samples Peakload(N) UTSN/mm2) 

 

 

 

1 

     Polyester 

           +  

  %typha fiber 

S

1 

5%  typha fiber 853.2 23.7 

S

2 

10%   typha fiber 637.5 17.7 

S

3 

15%  typha fiber 755.1 21 

S

4 

20%  typha fiber 696.3 19.3 
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S.no. Sample Weight (%) Volume (%) 

 

1 

5% CSA 5 3.17 

95% Resin 95 96.83 

2 

 

10% CSA 10 6.46 

90% Resin 90 93.54 

3 15% CSA 15 9.89 

85% Resin 85 90.11 

4 

 

20% CSA 20 13.46 

80% Resin 80 86.54 

Table 3.5: Volume and weight percentage of wood powder: 

 

S.no. Sample Weight (%) (gram) Volume (%) (m
3
) 

1 5% wood powder 5 51.28 

95% Resin 95 48.72 

2 

 

10% wood powder 10 67.36 

90% Resin 90 32.64 

3 15% wood powder 15 76.62 

85% Resin 85 23.38 

4 20% wood powder 20 82.28 

80% Resin 80 17.72 

Table 3.6 :Volume and weight percentage of typha fiber: 

 

S.no. Sample Weight (%)(gms) Volume (%)(cm
3
) 

1 5% typha fiber 5 3.31 

95% Resin 95 96.69 

2 

 

10% typha fiber 10 6.74 

90% Resin 90 93.26 

3 15% typha fiber 15 10.29 

85% Resin 85 89.71 

4 

 

20% typha fiber 20 13.98 

80% Resin 80 86.02 

 

4. GRAPHS 

4.1 Polyester + 10% Coconut shell ash 

 
Graph 1 peak load Vs CSA weight% 
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 This graph is drawn between peakload and coconut shell ash weight%.The x-axis is show coconut 

shell ash and y-axis show peak load. At CSA 10%weight the peak load is high. Remaining all the 

coconut shell ash weight percentage is low. 

4.2 Polyester+ Teak wood powder 

 

                                   Graph 2 peak load Vs wood powder weight percentage 

The graph is drawn between peak load and wood powder weight percentage. The x-axis shows wood 

powder and y-axis is shows peak load. At teak wood 5% weight the peak load is high. Remaining all 

weights percentages of peak load is low. 

 
Graph 3 peak load Vs Typha fiber weight percentage 

The graph is drawn between peak load and typha fiber weight percentages .The graph x-axis is show 

typha fiber weight and y-axis show peak load. At the 5%typha fiber’s peak load is high. Remaining 

all typha fiber weight percentage of   peak loads is low.  

4.3 Polyester + 10% CSA +5% wood powder +5% typha fiber 

 
Graph 4 peak load Vs displacement 

The graph is drawn between peak load and displacement. The x-axis shows displacement and y-axis 

is shows peak load. From the all samples the better composition samples  are mixed and determines 

the tensile strength which is obtained as 882.6N with displacement of 2.72mm. 
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 4.4 coconut ash + resin 

 

 

. 

Graph 5 weight percentage Vs Volume percentages 

The graph is indicated volume and weight percentage of coconut shell ash powder and resin. The x-

axis shows weight % and y-axis shows volume%. The coconut shell ash powder weight is increases, 

the resin weight is decreases.column-1 is indicate csa weight % and column-2 is indicate resin 

weight %. 

4.5 Wood powder + Resin 

 
Graph 6 weight percentage Vs Volume percentage 

 The graph is indicated volume and weight percentage of wood powder and resin. The-axis shows 

weight % and y-axis shows volume%. The wood powder weight is increases, the resin weight is 

decreases.column-1 is indicate CSA weight % and column-2 is indicate resin weight %. 

4.6 Typha fiber + Resin 

 
Graph 7 weight percentage Vs Volume percentages 
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The graph is indicated weight percentage and volume percentage of typha fiber and resin. The x-axis 

is shows weight % and y-axis is shows volume % of typha fiber and resin. The typha fiber % is 

increases, the resin % decreases.column-1 shows typha fiber % and column-2 shows resin %. 

 

5. CONCLUSIONS 

With the results obtained from the experimental procedure, the following conclusions are made. 

1. Four sample specimens 5%,10%,15% and 20% of  CSA are tested on tensometer. The tensile 

strength values are obtained as 245.2N,774.8N,166.7N,372.7N 

2. Four sample specimens 5%, 10%, 15% and 20% of wood powder are tested on tensometer. 

The tensile strength values are obtained as627.5N,490.4N,215.8N,413.5N  

3. Four sample specimens 5%,10%,15% and 20% of  Typha fiber are tested on tensometer. The 

tensile strength values are obtained as 853.2N,637.5N,755.1,696.3N 

4. By observing above values 10% CSA,5% wood powder and 5% typha fiber gives better 

results and make these samples as one specimen and tested which gives better result as 882.6N 

5. The tensile strength of the fiber increases as the percentage of NaOH for treating fibers is 

increased. NaOH dissolves lignin, hemicelluloses and other binding materials and providing reactive 

hydroxyl groups on the surface of the fiber for better interfacial bonding.  
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