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Abstract

Aim of study: The objectives this research was determined the effects of wood ash and microcrystalline
cellulose (MCC) filler on density and tensile, flexural and impact properties in the unsaturated polyester
based composites.

Area of study: To determine the some properties of polyester based composites manufactured using
different filler.

Material and Methods: In this study, polyester based composites were produced using wood ash and
MCC as reinforcement agent. Polyester based composites were manufactured by casting method. During
manufacturing process, cobalt and methyl ethyl ketone peroxide (MEKP) were used as accelerator and
catalyser, respectively.

Main results: Wood ash provided better tensile strength compare to the MCC ones. Best tensile strength
and elongation at break values were achieved with the use of 5% wood ash. In contrast, best tensile modulus
results were obtained when MCC was utilized. In the case of flexural properties, both flexural strength and
flexural modulus were reduced with the reinforcing agent concentration increase regardless of
reinforcements type.

Research highlights: Density was increased with rising filler concentrations.

Keywords: Unsaturated polyesters, wood ash, microcrystalline cellulose (MMC), physical properties,
mechanical properties.

Odun Kiilii ve Mikrokristalin Seliiloz ile Doldurulmus Poliester

Kompozitler

Ozet

Calismanin amaci: Doymamis polyester esasli kompozit malzemelerin yogunluk, ¢ekme, egilme ve
darbe direnci &zellikleri tizerine odun kiilii ve mikrokristalin seliiloz oraninin etkisinin belirlenmesi
amaglanmistir.

Calisma alani: Poliester esasli kompozitlerde farkli dolgu maddeleri kullanilarak bazi 6zelliklerinin
belirlenmesidir.

Materyal ve Yontem: Bu galismada polimerik matris olarak doymamis poliester reginesi kullanilirken
dolgu maddesi olarak odun kiilii ve mikrokristalin selilloz kullanilmistir. Poliester reginesi esaslt
kompozitler kast yontemiyle tiretilmistir. Poliester reginesi igerisine kobalt ve sertlestirici olarak Metil Etil
Keton Peroksit (MEKP) ilave edilerek jel kivaminda olacak sekilde matris karigimi olusturulmustur.

Sonuglar: Odun kiilii katilarak iiretilen poliester recinesi esasli kompozitlerin ¢cekme direnci degerleri
mikrokristalin seliiloz igeren kompozitlere gore daha iyi sonuglar verdigi tespit edilmistir. En iyi ¢ekme
direnci ve kopmada uzama degerinin %35 odun kiilii iceren kompozitlere ait oldugu belirlenmistir. Cekmede
elastikiyet modiiliinde ise en iyi sonucun mikrokristalin seliiloz igeren kompozitlere ait oldugu goriilmiistiir.
Odun kiilii ve mikrokristalin seliiloz oranin artmasiyla kompozitlerin egilme direnci ve egilmede elastikiyet
modiilii degerlerinin azaldig1 belirlenmistir.

Arastirma vurgulari: Dolgu maddesi oranin artmasiyla tiretilen kompozitlerin yogunluklarmimn arttigi
tespit edilmistir.

Anahtar kelimeler: Doymamis poliester reginesi, odun kiilii, mikrokristalin seliiloz, fiziksel
ozellikler, mekanik 6zellikler.
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Introduction

Wood polymer composites (WPC) is
generally defined as a material produced with
combination of lignocellulosic materials,
polymer and other additives through different
processing methods (Matuana and Heiden,
2004). Properties of the WPC strongly related
to the type and structure of the lignocellulosic
fiber/flour, polymer molecular weight, and
presence of other fillers and modifiers
(Mengeloglu, 2006). WPC can be produced
using thermoplastic and thermosetting
polymers. Recently, utilization different
additives in WPC manufacturing have gained
tremendous attention. Epoxy, phenolic and
unsaturated polyesters are principal examples
of thermosetting polymers. Unsaturated
polyester resins have cross-linking structure
and these resins are the condensation
products. Polyester resins are mixed with
different fillers and reinforcements by using
free radical initiators (Dholakiya, 2012).
Unsaturated polyester based composites are
usually manufactured with unsaturated
polyester and fiberglass. Resulting material is
called fiberglass reinforced plastic (FRP).
Recently different lignocellulosic based fillers
were utilized in unsaturated polyesters to
produce composites. Several studies were
conducted to investigate polyester based
composite manufacturing and property
determination.

Aziz and Ansell (2004) were studied the
effect of alkali treated long and randomly
distributed kenaf and hemp fibres. In another
study, Aziz et al., (2005) successfully
produced natural fibre filled polyester
composites. Balcioglu et al, (2012)
determined the effect of walnut shell flour on
the abrasion properties of polyester based
composites. Sanusi et al., (2013) investigated
the effect of wood ash on the some properties
of composites produced from fibre glass and
epoxy resin. Zhang et al., (2013) studied the
adhesion between wood fiber and unsaturated
polyester matrix.

Ricciardi et al., (2012) manufactured
polyester based composites reinforced glass
fibre and investigated thermal decomposition
and fire behaviour of composites. In another
study, Kushwaha et al., (2010) determined the
physical and mechanical properties of the
polyester composites filled bamboo and
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epoxy. There are needs further studies on
natural filler reinforced polyester composites.
In Turkey there is large amount of wood ash
is available in biomass utilizing power plants.
Successful application areas would serve both
to environment and economy. Wood ash and
microcrystalline cellulose (MCC) has been
polymer matrix composites found to increase
the some strength of polymer matrix
composites.

In this study, polyester based composites
were produced wusing wood ash as
reinforcement agent. For comparison (MCC
was also evaluated. Wood ash and MCC
concentration was studied.

Materials and Method

Materials
Polyester (CE 92 N8) by CAMELYAF
Resin industry & trade LTD and

microcrystalline cellulose (EMCOCEL) were
used as polymeric matrix and filler,

respectively. Wood ash was collected from
the power plant of Kastamonu Integrated
industry and trade limited company (Fig 1.)
During manufacturing process, cobalt and
methyl ethyl ketone peroxide (MEKP) were
used as accelerator and catalyser, respectively

(Fig 2.)

Figure 1. Wood ash and MCC

Polyester ~ based composites  were
manufactured by casting method. Unsaturated
polyester, cobalt and MEKP were mixed,
poured into rectangular shape (2x175x160
mm) mould and let drying for 24 hours. Test
samples were cut from composites and
conditioned (65% relative humidity and 23°C)
for 48 hours.

Figure 2. Polyester and MEKP
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Figure 3. Rectangular shape mould.

Composites Testing

In this study, ASTM standards were
conducted for mechanical properties of
manufactured polyester based composites.
ASTM D 638, ASTM D 790 and ASTM D

256 were used for the tensile, flexural and
impact tests using Zwick testing machine,
respectively. Ten impact samples for each
group were cut from the manufactured
composites. Polytest notching cutter were
used for the notches using a by RayRan™,

Data Analysis

Design-Expert® Version 7.0.3 statistical
software program was used for statistical
analysis. The effect of fillers loading on  the
physical and mechanical properties of the
polyester based composite samples were
evaluated.

Table 1. Experimental design

Formulations Polyester

Wood Ash Microcrystalline cellulose

(MCC)

100

95

980

100

95

MmOl O W >

90

Results and Discussion

The effect of reinforcer type and
concentration was investigated. Figure 4
represents the density of the polyester based
composites. 'Y axis shows measured

Design-Expert® Software

properties while X axis denoting the filler
concentrations. Rectangular and triangle
shapes present wood ash and MCC fillers,
respectively

Interaction

Density (g/cm3)

B Al Ash
A A2 MCC

X1 =B Filler Conc. (%)
X2 = A: Filler Type

Density (g/cm3)

A: Filler Type

T 1
5 10

B: Filler Conc. (%)

Figure 4. Interaction graph of filler type and filler content on density



Kastamonu Uni., Orman Fakiiltesi Dergisi, 2017, 17 (2): 282-289

Kastamonu Univ., Journal of Forestry Faculty

Karakus et al.

Densities of the manufactured composite

were in the range of 1.21-1.28 g/cm3.
Interaction graph of density of the
manufactured  polyester composites was

presented in Figure 1. Statistical analysis
showed that both filler type and filler
concentration had significant effect on density
(P>0.0001 and P>0.0001, respectively). Wood
ash filled composites provided higher density
values compared to MCC filled ones. In both
filler type, density was increased with rising
filler concentrations. Figure 5a shows the
interaction graph of tensile strength. Statistical
analysis showed that filler type had a significant
effect on tensile strength (P: 0.0339). Wood ash
(%5) provided higher tensile strength compared
to MCC filler. The tensile strength of
composites manufactured with addition of 5%
wood ash was increased but were decreased
with addition of more wood ash into polyester
matrix. Similar results were also reported by
others (Sanusi et al., 2013). Dabade et al.,
(2006) investigaed the effects of fiber lengths on
tensile properties of hemp fiber/polyester
composites. For MCC filled polyester
composites, tensile strength values were similar
results.

Figure 5b and 5c represents the interaction
graphs of tensile modulus and elongation at
break values, respectively. Once again filler
type had a significant effect on tensile modulus
(P: 0.0223). However, for tensile modulus,
MCC filler provided better properties compared
to wood ash filled ones. The tensile modulus of
polyester composite filled MCC were increased
with filler concentrations. The tensile modulus
of composites manufactured with addition of
5% wood ash was decreased but were increased
with addition of more wood concentration into
polyester matrix. In the case of elongation at
break values, both filler type and filler
concentration had significant effect (P<0.0001
and P: 0.0016, respectively).

Interaction graphs of flexural strength and
flexural modulus were given in Figure 6a and
Figure 6b, respectively. Statistical analysis
showed that filler type did not have significant
effect on flexural strength (P: 0.3099). On the
other hand, filler concentration had a significant
effect on flexural strength (P<0.0001). Values
were reduced with rising concentration of
fillers.
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MCC filling at higher concentration (%10)
provided higher flexural strength compared to
wood ash filler. A similar effect was also
reported by Dhakal (2007) for hemp fibre
reinforced  polyester ~ composites.  Also
Khuswaha et al., (2010) used bamboo and glass
fibre as reinforcement for polyester composites
and found that fillers increased strength
properties.

In flexural modulus, both filler type and
filler concentration had significant effect on
flexural modulus (P: 0.0009 and P<0.0001,
respectively). It should be noted that wood ash
filled composites provided higher modulus
values at 5% loading while MCC ones provided
higher results at 10% filling. O’Dell (1997)
were manufactured glass fiber and jute
Ipolyester composites filled 10-15% fiber by
using RTM technique. Mechanical properties of
these composites were determined. Results
showed that tensile and flexural strength of
polyester composites reinforced jute fibers were
half of those in glass fiber based composites.
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Figure 5. Interaction graph of filler type and filler content on tensile properties; a) tensile
strength, b) tensile modulus and c) elongation at break.
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In the case of impact strength, interaction
graph was given in Figure 7. Impact strength
values were in the range of 0.75-2.28 kJ/m?.
Statistical analysis showed that filler type has
significant effect on impact strength (P:
0.0499). This should be noted that it was not a
strong effect. MCC filled ones provided
higher impact strength values compared to
wood ash filled ones (Singla and Chawla,
2010). In a similar study by Dhakal et al.,
(2007) were used to make nonwoven hemp

5 10

B: Filler Con. (%)

(b)

Figure 6. Interaction graph of filler type and filler content on flexural properties; a) flexural
strength and b) flexural modulus
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fiber reinforced polyester composites. Filler
concentration, on the other hand, did not have
significant effect on impact strength in the
concentration range (P: 0.3410). The results
showed that impact strength of polymer
composites manufactured with addition of
10% MCC was increased but were decreased
with addition 10% wood ash concentration
into polyester composites. Similar results
were also reported by others.
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Figure 7.

Conclusion

This study evaluated the effects of wood
ash and MCC concentrations on the physical
and mechanical properties of unsaturated
polyester composites. Physical properties
(density), mechanical properties (tensile,
flexural, impact strength) were determined.
Wood ash was successfully utilized as filler in
polyester based composites. Wood ash
provided better tensile strength compare to the
MCC ones. Best tensile strength and
elongation at break values were achieved with
the use of 5% wood ash. In contrast, MCC
filled ones provided best tensile modulus
results. Regardless of filler type, addition of
filler reduced both flexural strength of flexural
modulus. In addition, impact strength of the
composites was not significantly affected by
filler type and concentration. MCC ones
provided slightly higher impact strength
values compared to wood ash ones. Different
natural fillers such as hemp, jute, banana,
sisal, coir, kenaf, bamboo, rice, oil palm, and
flax may be used to reinforcement in the
polyester based composites. Chemical
modification of fibers improved the interfacial
properties. There is a need for future studies
to investigate the effect of both filler chemical
structure and their surface modification on the
properties of polyester based composite.
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Interaction graph of filler type and filler content on impact strength
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