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Sample code Hardness Izod impact
strength
(J/mm2)

Max
Force(N)

Flexural
Strength(N/mm2)

Flexural
modulus
(MPa)

PC1 88 5.27 109.38 59.46 5337.43

PC2 87 5.12 118.75 66.32 5187.54

PC3 86 5.02 125.00 71.69 4667.38

PC1ct* 85 5.14 103.12 53.59 5726.75

PC2 ct 86 4.96 106.25 56.49 5627.45

PC3 ct 87 4.64 115.63 64.65 5089.82
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PC1 1.19 1.86 1.38
PC2 1.19 1.92 1.56
PC3 1.19 1.94 1.64
PClct 1.18 2.06 1.75
PC2 ct 1.17 2.25 1.90
PC3 ct 1.16 2.44 2.25
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Material Mean Density (g/cm3) Mean Volume (cm3)
Pinecone Powder 1.4179± 0.0008 1.9555± 0.0011
Chemically Treated Pinecone Powder 1.4492± 0.0007 1.8737± 0.0009
Grinded Waste Chestnut Shell 1.4722± 0.0007 2.2621± 0.0011
Chemically Treated Grinded Waste 
Chestnut Shell 1.5248± 0.0007 1.7273± 0.0008



Sample Code
Filler *[wt%] Polyester

*[wt%]
**P **C

Pinecone powder/ polyester 
Composites

PC1
PC2
PC3

6
9
12

0
0
0

94
91
88

PC1ct 6 0 94
Chemically treated Pinecone PC2ct 9 0 91
powder/ polyester Composites

PC3ct 12 0 88

Grinded Chestnut shell / CC1
CC2
CC3

0
0
0

6
9
12

94
91
88polyester Composites

CC1ct 0 6 94
Chemically Grinded Chestnut CC2ct 0 9

12
91shell / polyester Composites CC2ct

CC3ct 0 88



Sample
code Bulk Density

(g/cm3)
Apparent 

Porosity. (%)

Water 
Absorption. 
24hrs (%)

PC1 1.19 1.86 1.38
PC2 1.19 1.92 1.56
PC3 1.19 1.94 1.64

PC lct 1.18 2.06 1.75
PC2ct 1.17 2.25 1.9
PC3ct 1.16 2.44 2.25
CC1 1.19 1.88 1.58
CC2 1.18 2.39 2.02
CC3 1.18 3.12 2.63

CC lct 1.19 2.37 2.00
CC2ct 1.19 2.51 2.12
CC3ct 1.18 3.05 2.59

Sample
code

Max Force 
N

Flexural
Strength
N/mm2

Flexural
modulus

MPa

Izod impact 
strength 
(J/mm2)

Hardness.
Shore-D

PC1 109.38 59.46 5.337.43 5.27 88
PC2 118.75 66.33 5.187.55 5.12 87
PC3 125.00 71.69 4.667.39 5.02 86

P C lct 103.13 53.59 5.726.75 5.14 85
PC2ct 106.25 56.49 5.627.46 4.96 86
PC3ct 115.63 64.66 5.089.82 4.64 87
CC1 146.88 89.15 2.984.32 4.76 84
CC2 143.75 77.61 3.299.57 5.00 87
CC3 128.13 72.20 3.369.73 5.30 88

CC1ct 150.00 87.68 3.487.71 5.24 88
CC2ct 143.75 74.13 3.576.19 6.65 89
CC3ct 131.25 70.90 3.669.24 6.89 91






