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Abstract

Natural fibers reinforced polymer composites have a large area as a progressive material in such industrial applications. Although
pine cones have the fibrillar morphology and good mechanical properties they are unusually used as reinforcement in polymer
composites. In this study, polymer matrix composites were produced using pine cone waste as reinforcement and polyester as
polymer matrix with casting method. Before mixing the polyester and filler the pine cones were chemically treated to avoid the
weak coherence between the natural fibers and polymer matrix and to clean their surface and corroborate binding with the polymer.
Some mechanical and physical properties of composite materials were analyzed and the composites tested to determine their
flexural strength, elastic modulus, hardness also physical features such as density and water absorption was investigated. Increasing
ratio of pine cone filler had led to increase of flexural strength values and decrease of elastic modulus. Chemical treatment applied
for pine cones reduced the increasing ratio of flexural strength and also decreasing ratio of elastic modulus. Increasing amounts of
cones reduced the impact strength and it is supported by increase amount of open porosity. Because the high amount of pine cone
has increased both the porosity of composite and water absorption.

Keywords: Polymer matrix composites, pine cone wastes, polyester, mechanical properties

1. Introduction

Recently, there has been a wide interest for the production of natural fiber/particle reinforced polymer composites
which have great potential to use in many application areas like construction, packaging, electronics and automotive
industries [1]. Because the increasing of environmental problems researchers focused on the new sustainable bio-
composite materials [2]. Polymer based composites have some significant features such as light weight, good
mechanical and tribological responses [3]. Recently conducted several studies on this subject are available. Arrakhiz
et al. researched mechanical and thermal properties of clay and pine cone fibers reinforced polypropylene hybrid
composite at a total weight percent of 30. The tensile properties results indicate that the Young’s modulus has
increased for whole systems reaching a gain of 80%, while tensile strength remained stable with the use of both
charges [4]. In other study of Arrakhiz et al. fiber—matrix adhesion was assured by both a styrene—(ethylene—butene)—
styrene triblock copolymer grafted with maleic anhydride (SEBS-g-MA) and a linear block copolymer based on
styrene and butadiene compatibilizer. Results show a clear improvement in mechanical properties from the use of both
alkali treated Pine cone and Pine cone compatibilized with maleic anhydride, a gain of 43% and 49% respectively in
the Young’s modulus [5].

2. Material and Method

2. 1. Materials

Polyester resin (Polipol 383-G, Poliva Composite Resins and Polymers Inc., density of 1.076+0.05 g/cm?) was used
as polymer matrix in all experiments. While methyl ethyl ketone peroxide (MEKP,Butanox™ M-60, AkzoNobel

Products) was hardener used for polyester resins Cobalt 1% solution was used as promoters. Butanox is organic
peroxide which reacted with the resin to turn it from a liquid to a solid. Pine cone wastes were used as reinforcement.

96



Sample code

PC1
PC2
PC3
PClct*
PC2 ct
PC3 ct

Hardness

88
87
86
85
86
87

Izod impact
strength
(J/mm2)

5.27
5.12
5.02
5.14
4.96
4.64

Max
Force(N)

109.38
118.75
125.00
103.12
106.25
115.63

Flexural
Strength(N/mm?2)

59.46
66.32
71.69
53.59
56.49
64.65

Flexural

modulus

(MPa)
5337.43

5187.54
4667.38
5726.75
5627.45
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
Pinecone Powder
Chemically Treated Pinecone Powder
Grinded Waste Chestnut Shell
Chemically Treated Grinded Waste
Chestnut Shell

Mean Density (g/cm3)
1.4179+ 0.0008
1.4492+ 0.0007
1.4722+ 0.0007

1.5248+ 0.0007

Mean Volume (cm3
1.9555+ 0.0011
1.8737+ 0.0009
2.2621+ 0.0011

1.7273+ 0.0008
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The filler percentage range was chosen based on the recommended filler concentration similar previous work in
literature related with wood composites (Table 2).

Table 2. Detailed designation and composition of composites

Filler *[wt%] Polyester
Sample Code *[wt%]

. PC1 6 0 94
Pinecone powder/ polyester PC2 9 0 91
Composites

PC3 12 0 38
6 0 94
Chemically treated Pinecone PClct

owder/ polyester Composites PC2ct ¢ 0 o
Grinded Chestnut shell / gg; 8 g gzll
polyester Composites CC3 0 12 88
Chemically Grinded Chestmut | Cats . ‘ o
shell / polyester Composites CC3ct 0 12 88

*Iwt%]: Weight Percent
**P: pine cone powder. C: Grinded Chestnut shell. ct: Chemically treated material

Fillers are first dried in the laboratory condition then grinded with a hammer mill and sieved. After then separated into

two parts and the half was treated with a solution of 1.6 Mol/l sodium hydroxide. One part is washed with 0.6 Mol/l
acetic acid solutions to be neutralization and checked with pH meter. They are filtered into Buchner funnel and the last
are dried in the oven at 105°C. Polyester and prepared fillers are weighed in proportions specified in the recipe (Table
2). They are blended for 5 minutes at a speed of respectively 500, 1000 and 1500 rpm by using mechanical stirrer
(Stuart scientific stirrer SS3, UK). After a homogeneous mixture is obtained the specified amount of the accelerator
and hardener has been added. The mixture is poured into molds and kept for 2 hours at room temperature, then it is
removal from the mold. 1 day later is achieved curing in the oven at 105 °C.

The mechanical and physical properties of the obtained composite materials were determined by applying three-point
bending test, shore-D hardness test, and water absorption tests. The results of the analysis of the tests are calculated
based on the average value.

3. Results and Discussion

Both powder of the waste chestnut shell and the pine cones applied to the chemical process in the production of
composite materials resulted in little decrease in the bulk density.

Chemical process applied both to cones and to the shell of chestnut powder has led to the visible change in porosity in
the production of composite materials prepared with increasing reinforcement filler. The open porosity in the chemical
process applied waste cones’ dust increased with increasing supplementation in composite samples.

The open porosity reached to 25% in samples with the highest dust cones PC3ct. This situation has developed
differently in composites which are added the waste chestnut shell. The open porosity increased with the application
of chemical operation and with the increasing amount of reinforcement. However. this increase decreased depending
on the increased the rate of reinforcement (Table 3.).
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Table3. Effect of various filler loadings and chemical pretreatment on density and dimensional properties of
composite samples

Sample Bulk Density Apparent Wate?
code (g/em®) Porosity. (%) Absorption.
24hrs (%)
PC1 1.19 1.86 1.38
PC2 1.19 1.92 1.56
PC3 1.19 1.94 1.64
PClet 1.18 2.06 1.75
PC2et 1.17 225 1.9
PC3.t 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
CCla 1.19 2.37 2.00
CC2u 1.19 2.51 2.12
CC3at 1.18 3.05 2.59

When the 24-hour water absorption results of polyester composite samples are reviewed. It is observed that they have
a parallel development with the results the open porosity. Both the chemical process applied to pollen cones and both
chestnut shell has increased the amount of water absorption. Additionally, the chemical process that is applied to
chestnut shell showed the positive effect and it was enabled to gradually reduce this decline with the addition of
increasing amounts of supplements (Table 3).

Chemical process applications both pinecone powder and grinded waste chestnut shell of composite materials has been
effective in different level on impact resistance and hardness values. Increased rates of the cone and the pretreatment
application made caused to a decrease in impact resistance and hardness values. However grinded waste chestnut shell/
polyester composite applications are positively affected from both increasing in the rate of reinforcement and
pretreatment operation; an increase in the impact resistance and hardness values was observed (Table 4).

Max strength that is applied to break the specimen in the bending test has showed an increase in the powder waste of
pinecones and decrease in chestnut shell depending on reinforcement ratio. it was observed that lower forces was
exposed to samples produced with cones filler and higher force was applied samples produced with chestnut waste for
breakage of polyester composite samples through the use of chemical processing supplements.

Table 4. Some Mechanical properties of composite samples

Sample Max Force Flexural Flexural Izod impact
Hardness.
code N Strength modulus strength Shore-D
N/mm? MPa (J/mm?)
PC1 109.38 59.46 5.337.43 527 88
PC2 118.75 66.33 5.187.55 512 87
PC3 125.00 71.69 4.667.39 5.02 86
PCle 103.13 53.59 5.726.75 5.14 85
PC2 106.25 56.49 5.627.46 4.96 86
PC3.t 115.63 64.66 5.089.82 4.64 87
CC1 146.88 89.15 2.984.32 476 84
CC2 143.75 77.61 3.299.57 5.00 87
CC3 128.13 72.20 3.369.73 5.30 88
CCla 150.00 87.68 3.487.71 5.24 88
CC2 143.75 74.13 3.576.19 6.65 89
CC3.t 131.25 70.90 3.669.24 6.89 91
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