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PRODUCTION AND CHARACTERIZATION OF ALTHEA OFFICINALIS
L. MARSHMALLOW) REINFORCED POLYESTER COMPOSITES
SUMMARY

In this study Althea officinalis 1. (marshmallow) fiber was used as reinforcement to
produce polyester matrix composites. A. officinalis L. was obtained from Mordogan,
Izmir (Turkey). Extraction of fibers from stem was done by water and chemical
(NaOH) retting. After extraction process mechanical and thermal properties of althea
fibers were measured and morphological structure was examined. Crystallinity
indexes (CI) of fibers were determined by Rigaku D-max-2200-PC XRD (X-ray
diffractometer); surface morphologies of fibers and fractured regions of composites
were determined and investigated by JEOL-JIM 6060 model SEM. Althea
fiber/polyester composites were produced by conventional hand lay-up method.
Althea fiber reinforced composite specimens were prepared with different weight
fractions such as 5%, 10%, and 20%. After preparation process of composite
materials, test specimens were produced by machining of composite plates.
Mechanical; tensile and flexural properties of composites were examined.

The results showed extraction of althea officinalis fibers by alkali boiling in a
solution including 5% NaOH led to removal of surface impurities and improved
tensile strength and cellulose crystallinity about 37% and 74% respectively. Also
FTIR analyses showed that alkali boiling caused change of chemical composition by
decreasing and/or disappearing of some peaks which belong to hemicellulose and
lignin. Densities of water and chemically retted fibers was determined as 1,26 g/cm’
and 1,34 g/cm’ respectively.

For composite materials, increasing fiber loading and fiber length resulted in

increasing tensile and flexural strength. Tensile strength was almost three times
higher for 20% loading of 50mm fibers length than neat polyester resin.
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ALTHEA OFFICINALIS L. (HATMI) LiFi KATKILI POLYESTER
KOMPOZITLERIN URETiMi VE KARAKTERIZASYONU
OZET

Bu calismada Althea Officinalis L. (Hatmi) lifleri polyester kompozitler
tiretilmesinde takviye malzemesi olarak kullanilmistir. Althea officinalis 1. bitkisi
Mordogan, izmir'den (Tiirkiye) toplanmistir. Lif eldesi suda havuzlama ve kimyasal
(NaOH) ¢ikarim ile yapilmistir. Cikarim isleminin ardindan althea liflerin mekanik,
1s11 ve morfolojik 6zellikleri incelenmistir. Liflerin kristalinite indeksi Rigaku D-
max-2200-PC XRD (X-1s11 difraktometresi) kullanilarak; liflerin yiizey morfolojisi
ve kompozitlerin kirilma yiizeyleri JEOL-JJM 6060 model SEM kullanilarak
incelenmistir. Althea lifi/polyester kompozitleri el yatirmasi yontemiyle tiretilmistir.
Althea lifi takviyeli kompozit numuneler %35, %10 ve %20 olmak tizere farkli agirlik
oranlarinda tiretilmistir. Kompozit malzemelerinin iiretilmesinin ardindan kompozit
plakalarin islenmesiyle test numuneleri tiretilmistir. Kompozitlerin mekanik; ¢cekme
ve egilme 6zellikleri incelenmistir.

Sonuglar althea officinalis liflerinin %5 NaOH igeren ¢ozeltide kaynatilmasinin
yiizey empiiritelerinin giderilmesine, cekme dayanimi ve kristalinitenin sirastyla %37
ve %74 artmasina neden oldugunu gostermistir. Ayrica FTIR analizleri gostermistir
ki althea liflerinin %5 NaOH iceren ¢6zeltide kaynatilmasiyla hemiseliiloz ve lignine
ait bazi piklerin siddetleri azalmis ve/veya pikler yok olmustur. Suda havuzlanmis ve
kimyasal olarak ¢ikarilmus liflerin yogunluklarn sirastyla 1,2584 g/em® ve 1,3378
g/em’ olarak bulunmustur.

Kompozit malzemeler agisindan bakildiginda ise artan lif takviye oranina ve artan lif
uzunluguna bagli olarak ¢ekme ve egilme dayanimlari artis gostermistir. Cekme
dayanimi, 50mm lif boyutlu %20 takviye oraninda takviyesiz polyestere gore
neredeyse ti¢ kat daha yiiksektir.
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1. INTRODUCTION

1.1 Background

Environmental concern and depletion of petroleum resources have stimulated
researchers and industries to use sustainable materials instead of conventional
synthetic materials. In this context usage of new materials containing natural
components like natural fibers have great importance in composite materials [1, 2].
Besides mechanical and physical properties such as good specific modulus values,
low density, considerable toughness properties of natural fibers [3,4], low cost,
biodegradable, recyclability, non-toxicity and easy accessibility properties are also
attractive side of them [5,6]. These properties give an opportunity to use natural fiber
reinforced composite products in various industries such as automotive, building, and

furniture [7].

Chemical composition of a fiber is important because quantity of the components in
it, effect mechanical properties of the fiber. Lignin, cellulose, and hemicellulose are
main components of plant fibers and remaining components are pectin and wax
substances [8]. Bismarck et al. (2005) indicated that increasing cellulose content of

fiber results in increase of tensile modulus and tensile strength [9].

Various common plant fibers such as jute, flax, hemp, banana, sisal etc. have been
investigated by many researchers owing to their availability and good properties.
Some other studies advance the feasibility to use novel natural fibers, such as napier
grass [10-12], snake grass (sansevieria ehrenbergii) [13], cissus quadrangularis [14],
arundo donax [15], ferula communis (chakshir) [16], lygeum spartum 1. [17] fibers as

reinforcement for composite materials.

Under the light of this trend, novel natural fiber; chemically extracted althea
officinalis 1. fibers were used in this study for production of natural fiber reinforced
composites. Till now, previous works which investigate the effect of extraction
method on chemical composition, properties and structure of althea officinalis 1.

(AOL) fibers and composite application of AOL fibers are not present.



1.2 Composite Materials

Composite materials are defined as “multiphase materials obtained through the
artificial combination of different materials in order to attain properties that the
individual components by themselves cannot attain" [18]. Many composite materials
are composed of at least two phases; one is called the matrix, which is continuous
and surrounds the other phase, and the other one is often called the dispersed phase
[19]. Composite materials are classified according to both their matrix materials or
dispersed phase. Composite materials are divided into three groups according to type
of matrix material as metal matrix composites, ceramic matrix composites, and
polymer matrix composites. Figurel.l shows the classification of composite

materials according to type of matrix.

Compaosite
Materials

Ceramic
matrix
composites

Polymer Metal matrix

composites

matrix
composites

Thermoset Thermoplastic

Figure 1.1: Classification of composite materials [19].
Metal matrix composites (MMCs): Metal matrix composites are defined as
"combinations of two or more materials (one of which is a metal) where tailored
properties are achieved by systematic combinations of different constituents" [20].
Metal matrix composites are used in production of electronic devices, some parts of
automobiles and spacecrafts because of resistance to external effects and high
melting temperature. But high density, high production temperature and tendency to
corrosion of reinforcement-matrix interface are significant drawbacks for metal

matrix composites.

Ceramic matrix composites (CMCs): Structural and functional advanced ceramics
are used for ceramic matrix composites such as B4C, Al,O3, Si0,, SiC. Ceramics do
not show plastic deformation, they are rigid and brittle. They have high melting

temperature and low thermal and electrical conductivity. Armors composed of

2



ceramic sandwich (laminated) structures and various military equipments are main

utilization areas of ceramic matrix composites [21].

Polymer matrix composites (PMCs): Polymer composites have numerous significant
properties such as corrosion resistance, easy processing, long service life, light
weight, high load carrying capability per unit mass. In addition to these polymeric
composites are more suitable to interact with fluids than both ceramic and metal
matrix composites. Therefore polymeric composites are preferred for automotive
industry, production of machine parts and materials which are in contact with fluids
[22]. Polymer matrix composites are divided into two subgroups; thermoset and
thermoplastic matrix composites. The most important commercial thermosets are
unsaturated polyester, epoxy and phenolic resins. According to the properties of
dispersed phase, composites classified by three main divisions: Particle-reinforced,
fiber-reinforced and structural composites [23]. Figurel.2 shows classification of

composite materials according to properties of dispersed phase.

Particle- Fiber-
reinforced reinforced

Structural

Sandwich

Continuous Discontinuous Laminates

panels

Aligned Randomly

oriented

Figure 1.2: Classification of composite materials according to properties of dispersed phase
[23].

1.3 Natural Fiber Reinforced Composites

Natural fiber reinforced composites are composite materials formed by a matrix and
a reinforcement of natural fibers such as wood fibers (hardwood and softwood) or
non-wood fibers. Natural fibers can be defined as substances produced by animals,
minerals or plants.

Discovery of natural fiber reinforced composites goes back to 3000 years ago.

Egyptions used straw reinforced clay/mud composites for construction of their huts.



In 1958, a car named as Trabant made in Germany is another example of natural
fiber composites. Roof, doors and bonnet of Trabant composed of cotton
fiber/phenolic resin composite [24]. Today many of automotive manufacturers use
natural fibers composites in their products such as door panels, seat backs, sides and
back door panels [25]. Examples of natural fiber reinforced composites are shown in

figure 1.3.

Finished Doo?

Figure 1.3: Examples of natural reinforced composites [25].
1.4 Natural Fibers

Natural fibers refer to any hair like raw material which can be obtained from plants
(vegetable), minerals or animals. Some examples of natural fibers are shown in

figure 1.4.

Figure 1.4: Examples of natural fibers a) plant fiber, b) basalt fiber, ¢) silk fiber, d) wool
fiber [24].

Natural fibers are divided into three main groups according to their origins, whether
they are derived from animals, plants, or minerals [9]. Figure 1.5 shows classification

of natural fibers depending on their origins.

4



Natural fibers

|
| | |
Vegetable Animal Mineral fibers
(cellulose or lignocellulose) (protein)

Wool'hair Silk

Lamb's wool Tussah silk
Goat hair Mulberry silk
Angora wool

Cashmere

Yak

Horsehair

etc.

Asbestos
Fibrous brucite
Wollastonite

Figure 1.5: Classification of natural fibers [9].
1.4.1 Plant fibers

Plant fibers are extracted fibers from different plants such as leaf, seed, root, stem or
wood. Flax, jute, ramie, kenaf, pineapple leaf, sisal are most common plants for

extraction of fibers [26]. Classification of plant fibers are shown in figure 1.6.

Vegétable
(cellulose or lignocellulose)

Seed Fruit Bast Leaf Wood  Stalk Cane, grass &

‘ ‘ (or stem) (or hard) | reed fibers
| | |
Cotton Coir Flax Pineapple (PALF) Wheat  Bamboo
Kapok Hemp Abaca (Manila-hemp) Maize Bagasse
Milkweed Jute  Henequen Barley Esparto
Hamie Sisal Rye Sabei
Kenaf Oat Phragmites
Rice Communis

Figure 1.6: Classification of plant fibers [9].

Plant fibers have complex structure and chemical composition. Misra et al. [9]
indicated that "plant fibers can be defined as composite material designed by nature".
For plant fibers, amorphous hemicellulose or lignin is matrix and crystalline
cellulose microfibrils are reinforcement phase which are embedded in matrix". With
the exception of cotton, the components of natural fibers are cellulose, hemicellulose,

lignin, pectin, waxes and water soluble substances, with cellulose, hemicellulose and

5



lignin as the basic components with regard to the physical properties of the fibers"

[27]. Figure 1.7 shows plant structure.

/ P Primary c
i cell wall
D

<
A= 81
(D)) Secondary
il cell wall o
Hli[ls— Sz -
T Elementary (&, ', *
B St S5 R 2 2)
(e i 3 fibres D,

:> 6: microfibrillar

angle

-~ Cellulose fibrils
F

Figure 1.7: Fiber structure; a) plant, b) cross section of plant stem, c) fiber bundle, d)
elementary fiber structure, e) microfibrillar arrangement in S, layer, f)
microfibrillar angle [28, 29].

Fiber bundles are composed of several elementary fibers, linked to get herby pectin
and lignin. Elementary fibers have a multi-wall structure. The outer wall represents
“the primary wall”. The primary wall forms small proportion of whole fiber. It
contains hemicellulose, low crystalline cellulose, pectin and small amount of wax.
“The secondary wall” is divided into three parts and forms most of the fiber. It can be
thought as natural composite composed of parallelly oriented cellulose microfibrils
embedded in an amorphous matrix composed of lignin, pectin and hemicellulose.
Each three layers have distinct structures; chemical composition, microfibrillar
arrangement and wall thickness. S2 is the thickest part. S2 forms about 80% of whole
secondary wall. Therefore, properties of fiber are mainly depends on structure of S2
layer [29]. Cellulose is main constituent of plant fibers. Cellulose I is crystal

structure of natural cellulose and it is resistant to strong alkali although acids



hydrolyze cellulose to water soluble sugars. Hemicellulose has shorter and branched
chains and thus this hemicellulose has amorphous structure. Alkalis can solve
hemicellulose and acids can easily hydrolyze it. Rigidity of plant originates from
lignin. "Lignin is three-dimensional copolymer of aliphatic and aromatic constituents

with very high molecular weight." [9].

1.5 Fiber Extraction

Fiber production starts with growing of plant. Once a plant that reaches a desired
maturity is then harvested and the next step is retting. Obtaining technical fiber
bundles includes extraction and separation of fibers from woody core of plant and
this process is called retting [9]. It can be said that there are three main retting
methods for fiber extraction; biological, mechanical and chemical retting [30]. Figure

1.8 shows the retting methods.

Retting

: Chemical
Mechanical
Biological

Surfactant retting
NaOH retting

Green retting

Natural Artificial
Dew (or field) retting Hot water or canal
Cold-water retting retting

Figure 1.8: Retting methods [9, 30].
1.5.1 Biological retting

Biological retting includes degradation of non-fibrous matter such as pectin and
hemicellulose which act as glue between fibers without damaging cellulose part.
[30]. There are two traditional biological retting methods; dew retting and water

retting [31].

Dew retting contains placing of harvested plants in fields and then decomposition of

cementitious substances occurs by filamentous fungi present both on plants and in
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soil. Humidity and temperature differences during the day speed up this process. [9,
31].

For water retting, stems are soaked in tanks filled with water. In this process, plant
absorbs water. Water is suitable medium for growing of micro-organisms which are
present in plants as well as in water. Micro-organisms grow by consuming pectin,
hemicellulose, free sugars, proteins etc. of plant and this allows easy separation of

fiber from the woody core of plant [9, 30, 31].

1.5.2 Mechanical retting

Mechanical retting corresponds to separating of fibers by mechanical means. Not
having woody part makes leaves suitable for mechanical retting. For hand
decortication that is historical way of mechanical decortication, leaf is first pounded
and then pulp is scraped away with a knife. With a development of mechanical
decorticators, this time consuming process is no more used. In the mechanical
decoration process, rotating wheel crushes and beats leaves with blunt knives, so that

only fibers remain [30]. Mechanical decorticaton process was shown in figure 1.9.

Mouthpiece

) I Fluted Feed Rollers
}— Stationary Beater Bar

Stripping Drum

Blunt Blade

Fibres

Figure 1.9: Cross sectional view of stripper/decorticator [30].
1.5.3 Chemical retting

Chemical retting refers to extraction of fibers from stem by using chemical solutions
such as sodium carbonate, potassium or sodium hydroxide, chlorinated lime and
sulfuric acid solutions in heated tanks. Depending on the process conditions,

chemical treatment reduces the retting time to a few minutes or up to 48 hours.

Using of alkali in chemical retting results in increased surface area by dissolving of

hemicellulose and lignin component, increased cellulose crystallinity by repackaging
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of cellulose microfibrils during process and cleaner fiber surface by removal of

pectin and wax substances [9, 32, 33].

1.6 Althea Officinalis 1. (marshmallow) Plant
Althea officinalis 1. is annual plant which is known as "marshmallow" and widely
abundant in Turkey. The plant naturally grows widely on the banks of rivers and
field borders and length of plant can reach up to 2 meters. Althea officinalis 1. plant
belongs to malvaceae family and in Turkey there are four species of althea occur;

Althea hirsuta ., Althea officinalis 1., Althea americana ten. and Althea cannabina t.

The name "althea" is derived from Greek word "altho" which means to cure. Owing
to the high mucilage content, the plants were used commonly for soothing chapped

skins, minor wounds, sore throats, external and internal flammations.

In Turkey, althea officinalis 1. is used for many purposes as a medicine by rural folk.
The infusion prepared by the flowers and leaves of althea officinalis is used in
ailments of the lungs and as a demulcent. The root decoction is used as diuretic;
counters excess stomach acid; oral, esophageal and peptic ulcerations and gastritis. It
is also applied externally to bruises, sprains, skin inflammations and splinters as an

emollient, as a protective and wound healing agent [34].

1.7 Literature Survey

This section includes summary of papers about novel plant fibers which are potential

reinforcement for composite materials.

Fiore et al. (2011) extracted fibers from artichoke by water retting method. The plant
stems were kept in water for 25 days to achieve fibers. Real density of fiber was
determined 1.580 g/cm’ and the apparent density was determined as 1.210 g/cm’.

Decomposition temperature was determined by DT/TGA.

As it was indicated fiber has multi-stage decomposition profile. Decomposition of
the fiber starts at 230 °C and gives first peak at 295 °C (decomposition of
hemicellulose and pectin) and the second peak occurs at 352 °C (decomposition of

cellulose). Tensile test results showed fiber exhibits brittle behavior [35].

De Rosa et al. (2010) characterized okra fibers and in 2011 they studied effects of
chemical treatments on properties of the fiber. According to first study okra fibers

were extracted by water retting for 15-20 days. Chemical composition analysis
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showed that fiber contains 4% pectin, 5-10% lignin, 15-20% hemicelluloce, 60-70%
cellulose. Also fiber starts to decompose at 220 °C because of hemicellulose and
gives peak at 360 °C and tensile test showed that the fiber has brittle structure.
Acetylation caused diminish of tensile strength and modulus, changes for physical

structure and some compositional changes [36, 37].

Chirayil et al. (2014) extracted nanofibrils from isora plant. They first extracted fiber
bundles from stem by biological retting. Extracted fiber bundles ware alkali treated
and bleached to achieve delignified isora and then acid treated to obtain cellulose
nanofibrils. It was indicated in study that alkali treatment caused dramatic decrease

in lignin and hemicellulose content [38].

Seki et al. (2013) characterized ferula fibers. Ferula fibers were extracted by using
20% aqueous solution of acetone. Crystallinity index was determined as 48% and
chemical composition was 1.4% lignin, 8.5% hemicellulose and 53% cellulose.

Tensile strength was determines as 475 MPa for the fiber [16].

Almeida et al. (2006) extracted piassava fibers by mechanical retting and results of
tensile test showed fiber has about 160 MPa tensile strength. DT/TGA showed

decomposition occurs at 350 °C [39].

Saravanakumar et al. (2013) investigated properties of prosopis juliflora fibers.
Fibers were extracted by water retting. Fibers have about 560 MPa tensile strength
and are composed of 61% cellulose, 17% lignin and 16% hemicellulose.

Decomposition occurs at 330 °C for prosopis juliflora fibers [40].

Indran et al. (2015) extracted fibers from cissus quadrangularis stem by water retting
for 14 days and characterized fibers. Chemical composition of the fibers was
determined as about 11% lignin, 8% hemicellulose and 83% cellulose. Crystallinity
index, tensile strength and decomposition temperature were 47%, 342 °C and 2300-
4157 MPa in increasing gauge lengths for cissus fibers respectively [41]. Haameem
et al. (2016) determined effect of alkali treatment on fiber properties of napier grass.
Fibers were extracted by water retting and fibers were reacted with NaOH solutions
(5% to 20%). Single fiber tensile test result of study revealed that tensile strength
increase with increasing concentration to a specific point. This point (concentration)
was %35 for napier grass. After this concentration mechanical properties decreased

[11]. Amroune et al. (2015) extracted fibers from palm fruit branches. They
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investigated effect of alkali treatment on properties of fiber. Fibers were soaked
solutions having different NaOH concentration for various times from 12 hours to 96
hours. Results showed that chemical treatments increased tensile strength and
modulus (up to 178% for the stress and 167% tensile modulus compared to untreated

fibers) [42].

Fiore et al. (2014) extracted fiber from arundo donax 1. plant by hand decortication.
Density of arundo fiber was determines as 1.168 g/cm® and cellulose content was
43%, hemicellulose and lignin contents were 20% and 17% respectively. Tensile

strength of fiber was determined as about 320 MPa by single fiber tensile test [15].
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2. MATERIALS AND METHODS

2.1 Fiber Extraction

AOL plants were harvested after flowering in Mordogan (Izmir-Turkey). After
harvesting, stems of the fresh plants were separated from branches and foliages.
Separated stems were cut into parts about 100 mm and washed with distillated water
to remove any dirt and/or dust. Then cleaned parts of stems divided into half and
some of them were used for water retting and rest of them used for chemical retting.
For water retting, stems were soaked in a can including water and closed to allow
microbial degradation till easy separation of fibers from stem. For chemical retting,
cleaned stems were submerged in NaOH solution including 5% NaOH and boiled for
2 hours. Boiling time was determined by trial and error approach to easy separation
of fibers from the stem. Extracted fibers were then thoroughly washed five times
with warm water to remove any alkali boiling waste and prevent further retting.
Figure 2.1 shows the chemical extraction process. Finally fibers were dried in an

oven at 60°C for a night (12 hours) to remove moisture.

Figure 2.1: Fiber extraction process a) fresh plant, b) cleaned part of stem, ¢) NaOH boiling,
d) warm water washing, e) chemically extracted fibers.
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2.2 Characterization of Althea Fibers

Water and chemically retted Althea fibers were deeply characterized to examine
effects of retting method on fibers chemical and mechanical properties. In
accordance with this purpose; FTIR, XRD, density measurement, TG/DTA, SEM

observation, and single fiber tensile tests and analysis were done.

2.2.1 Plant anatomy

In the preparation of the samples, firstly the stems were cut into 0.5 mm of
thicknesses. Before embedding to paraffin, samples were formalin fixated and waited
in ethyl alcohol and xylene respectively. After embedding to paraffin, samples were
cut to 5 pm with rotary microtome. After that cut samples were dried and waited in
xylene, ethyl alcohol, and distilled water respectively. The samples were then
hematoxylin-eosin stained and finally the samples were closed with cover glass by

using balsam.

2.2.2 FTIR analysis of fibers

Perkin Elmer Spectrum spectrophotometer was used to determine compositional
change of water and chemically retted althea officinalis 1. fibers with a scan rate of
16 scans per minute at a resolution of 2 cm™ in the wave number region 650- 4000
cm’™’. In this work, chopped Althea fibers were ground into powder prior to analyze.
Spectral outputs were recorded in transmittance mode as a function of wave number.

FTIR device was shown in Figure 2.2

Figure 2.2: Fourier transform infrared spectroscope.
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2.2.3 XRD analysis of fibers

Rigaku D-max-2200-PC XRD (X-ray diffractometer) was used for X-ray diffraction
analysis. Determination of crystallinity of water and chemically retted althea
officinalis fibers were done by XRD. Samples were scanned in(20) range of 3-70°
with scan speed of 4°/min, at 40 kV and 36 mA. Segal empirical method was used

for calculation of crystallinity indexes [43]:

Crop = Yelam) » 100 equation 1

Doz

Ipo2and Iy, correspond to maximum intensity value (in arbitrary units) of crystalline
phase peak and minimum intensity value (in arbitrary units) of amorphous phase.

Figure 2.3 shows x-ray diffractometer.

Figure 2.3: X-ray diffractometer.

2.2.4 Determination of the densities of fibers

Micromeritics accupyc II 1340 model helium gas pycnometer was used for density
measurement of water and chemically retted fibers. Helium pycnometer was shown

in figure 2.4.

Figure 2.4: Helium pycnometer.
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2.2.6 TG/DTA analysis of fibers

Decomposition temperatures of water and chemically retted fibers were determined
by thermogravimetric analysis. Thermogravimetric analysis (TGA) was carried out
with Perkin Elmer STA 8000 TG/DTA by heating from room temperature by
10°C/min from room temperature to 700°C under N, atmosphere. TGA device was

shown in figure 2.5

Figure 2.5: TGA device.
2.2.7 Surface morphology of fibers

The surface morphologies of the water and chemically retted Althea fibers were
examined by JEOL-JJM 6060 model scanning electron microscope (SEM). SEM
images were obtained with an accelerating voltage of 5 kV and magnification of 50x
to 2500x. Fibers surfaces were coated with Au-Pd by sputter coating prior to

scanning. Figure 2.6 shows sputter coating device and scanning electron microscope.

Figure 2.6: a) Sputter coating device and b) Scanning electron microscope.
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2.2.8 Single fiber mechanical properties

The tensile properties of single Althea fibers were determined by placing of fibers
onto cupboards from end tabs and applying of polyester adhesive and mounting
prepared single fiber system onto Shimadzu AGS-X machine with a 5 kN load cell

and a crosshead speed of 1 mm/min.

Determination of fibers diameters was done via optical microscope investigation.
Average of three different sections was calculated as diameter value. Figure 2.7

shows longitudinal image of fibers.

Figure 2.7: Longitudinal image of a) water retted, b) chemically retted fibers.

Althea fibers were mounted on cardboards from end tabs with adhesive polyester.
The gauge length of each Althea fiber was specified as 50 mm. Twenty samples were
tested and the average tensile strength, tensile modulus, and elongation at break were

determined. Figure 2.8 shows single fiber mounted on tensile testing machine.
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Figure 2.8: a) Mounted single fiber b) Tensile testing machine.

2.3 Composite Production

2.3.1 Polymer matrix curing

Unsaturated polyester resin was used as matrix material for this study and supplied
by DYO Paints Manufacturing and Trading Company. Catalyst (Cobalt Naphthalene)

and accelerator (Methyl Ethyl Ketone Peroxide) were used to cure unsaturated

polyester resin.

2.3.2 Composite preparation

Dried fibers were cut to lengths of 10mm, 30mm, and 50mm to prepare the
composites. The conventional hand lay-up technique was used to prepare the
composite specimen with various weight fractions as 5%, 10%, and 20%.Composites

are coded depending on weight fractions and represented in table 2.1.

Table 2.1 Codes of composites.

Fiber length (mm) Weight fraction (%owt.) Code
5 UPI1-5
10 10 UP1-10
20 UP1-20
5 UP3-5
30 10 UP3-10
20 UP3-20
5 UP5-5
50 10 UP5-10
20 UP5-20
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One percent of catalyst and one percent of accelerator was used to cure the polyester
resin. Aluminum mould was prepared to product the composite specimens. Firstly
surface of the mould was coated by releasing agent for easy removal of the
specimens after the curing process. Mould surfaces were dried for 10 min, then fibers
were spread over the mould and unsaturated polyester resin was poured into mould
cavity. During curing, compressive pressure was applied on the closed mould at
atmospheric temperature. Finally the Althea fiber reinforced polyester composite
plates were obtained having dimensions of 19mm x 15mm x 4mm. After

solidification, composite plates were post-cured for one hour in oven at 60°C.

2.4 Characterization of Composites
2.4.1 Tensile test

Tensile tests were performed according to ASTM D638 by Shimadzu AG-IS
Universal Test Machine with the capacity of 250 kN. The cross head speed was set
up to Smm/min. and elongation was measured by non-contact video extensometer.
Composite plates were machined to dog bone shaped tensile test specimens
conforming type-1; dimensions and gage length of specimens were 160 mm x 13 mm

x 4 mm and 50 mm respectively. Figure 2.9 shows tensile testing machine.

Figure 2.9: Tensile testing machine.
2.4.2 Flexural test

ASTM D790 standard was used for determination of flexural properties of
composites by using Shimadzu AG-IS Universal Test Machine with the capacity of
50 kN and cross head speed was set up to 2 mm/min. Dimensions of specimens were

120mm x 13mm x 4mm. Figure 2.10 shows three point bending device.
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Figure 2.10: Three point bending machine.

2.4.3 SEM analyses of composites

The fracture surface of 5, 10, and 20% reinforced fiber/polyester composites were
examined by JEOL-JIM 6060 model SEM to evaluate microstructure of composite
and interface between fibers and the matrix. SEM images were obtained with an
accelerating voltage of 5 kV and various magnifications. Fractured surfaces were

coated with Au-Pd by sputter coating prior to scanning.
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3. RESULTS AND DISCUSSION

3.1 Fiber Characterization
3.1.1 Plant anatomy

In Althea officinalis’s stem section (fig. 3.1), there are 9 distinct regions. First layer,
cortex, consists four parts, hypodermis (fig 3.1.1-2), collenchima (fig 3.1 1-3) and
epidermis (fig 3.1 1-4) with a thickness of 10-12 cells. The outer region, epidermis
(fig 3.1 1-1), is formed of an individual layer of rectangular closely-packed cells. It
has cells with outer walls which is cuticle. The second layer is parenchyma (fig 3.1
1-5). This layer has cells rather bigger than other cells. It surrounds sclerenchyma
(fig 3.1 1-6) and phloem (fig 3.1 1-7). Sclarenchyma is the main support cells that
give the mechanical rigidity to body and protects phloem from any damage (99).
Phloem is the living tissue that carries organic nutrients to all parts of the plants.
Third layer is xylem (fig 3.1 1-8). It is a thick layer in the plant because it transports
water. The inner part of the plant has a pith (or medulla), which composed of spongy
parenchyma cells that store and transport the nutrients (fig 3.1 1-9) [44].

Figure 3.1: Optical Microscope image of Althaea officinalis stem cross section, 1)epidermis,
2)hypodermis, 3)collenchyma, 4)epidermis, 5)parenchyma, 6)sclerenchyma,
7T)phloem, 8)xylem, and 9)pith [34].
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3.1.2 FTIR analysis of fibers

Effect of alkali boiling on the compositional changes of fibers was investigated by
FTIR. FTIR analysis of water and chemically retted fibers are shown in Figure 3.2.

And also table 3.1 shows detailed explanation of peaks.

Table 3.1: FTIR spectral data

Wave
Number Vibration Functional group or component  References
(em™)
B-glucosidic linkages .
890 - Hemicelluloses and celluloses [45,46]
between sugar units
1030 C-O stretching Hydoxyl and ether groups in [47]
cellulose
i }(6)2 C-O-C stretching Pyranose ring in polysaccharides [48,49]
1241 C-O stretching of acetyl Lignin [50]
groups
1320 CH, wagging and CHj; Lignin [52]
1373 bending [54]
1425 Benzene ring stretching [48,49,51,53]
1506 and CH, deformation Lignin [48,51]
1597 [37]
1636 H-O-H bending Water content of fiber [55]
1737 C=0 stretching Hemlcelluloge or garboxyhc acid [15]
in lignin

2850 . CH and CH, groups in cellulose

2920 C-H stretching and hemicellulose [15, 16]
3300 O-H stretching Lignin and cellulose [49]

Changes in the Althea fibers as a function of alkali treatment were followed by FTIR
and are shown in Figure 3.2.Spectral data examination showed that some changes did
occur. Vibration peak at 2920 cm 'which belongs to C-H stretching vibration of
hemicellulose and cellulose, reduced after alkali boiling indicating that part of the
hemicellulose was removed. Because of hemicellulose was removed from chemically
retted fibers, vibration peak at 1737 cm ™', assigned to a C=O stretching vibration of
carboxylic acid or ester in lignin, disappeared. In the same way vibration peak at
1425 cm ' and 1241 cm™' which belong to benzene ring stretching vibration of lignin
and C-O stretching vibration of the acetyl group in lignin were reduced respectively.
These results all indicate that alkali boiling leads to the partial removal of lignin and

hemicellulose [56].
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Figure 3.2: FTIR spectrum of fibers.

3.1.3 XRD analyses of fibers

Figure 3.3 shows XRD patterns of water and chemically retted Althea fibers. Peaks
located at 22.16 and 22.14 260 angle are belong to (002) lattice reflection peak of
cellulose I. Minimum intensity values located between 18° and 19° belong to

amorphous phase [57].

According to equation 1 (Segal empirical method), crystallinity indexes of water and
chemically retted Althea fibers were determined as 65% and 74% respectively. This

improvement can be explained by NaOH treatment.

As a result of chemical retting with alkali treatment, some reactions take place
between fiber and NaOH. Hydrogen bonded cellulose structure disrupts due to alkali
treatment and Na' ions penetrate into cellulose planes and increase distance between
planes and water molecules fill these spaces. As a result fiber swells. Structure of
fiber-OH is converted fiber-O-Na. Finally rinsing of fiber by water causes removing
of linked Na" ions and celluloses are packaged to a new crystalline structure. This

new closed packaged form have higher crystallinity [32, 47, 58- 62].
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Figure 3.3: XRD patterns of water and chemically retted Althea fibers
Basu et al. reported similar results. They investigated effect of various retting method
on the properties of coconut fiber. They reported crystallinity indexes of raw and
chemically retted coconut fibers as 37% and 54% respectively. They attributed these

results to removal of non-crystalline constituents such as hemicellulose, lignin and

pectin [71].

3.1.5 Density determination of fibers

Densities of water and chemically retted fibers was determined asl,2584 g/cm’
and1,3378 g/em’® respectively. This difference probably derived from alkali
treatment. Removal of amorphous phases such as hemicellulose and wax and
increasing cellulose crystallinity may cause density improvement of fibers [63].

Mean densities of different plant fibers are shown in table 3.2.

Table 3.2: Densities of different plant fibers [61].

Fiber Density (g/cm”)
Cotton 1.5-1.6
Jute 1.3-1.46
Flax 1.4-1.5
Hemp 1.48
Ramie 1.5
Sisal 1.33-1.5
Coir 1.2
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3.1.6 TG/DTA analysis of fibers

Figure 3.4 and 3.5 show DT/TGA results of water and chemically retted fibers.
Chemical retting caused shifting of decomposition temperature to higher values. It
can be seen that decomposition temperature of chemically retted fiber is 339 °C
while water retted fiber decomposes at 334 °C. Also water retted fiber has multi-
stage decomposition due to amorphous contents. This decomposition behavior is
derived from chemical retting. Removal of pectin, wax, hemicellulose and lignin
contents results in higher decomposition temperature and also these constituents

decompose at lower temperatures compared to cellulose [56].
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Figure 3.4: DT curves of water and chemically retted althea fibers.
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Figure 3.5: TGA curves of water and chemically retted althea fiber.
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3.1.7 Surface morphology of fibers

Figure 3.6 a, b, ¢ show water retted while Figure 3.7 a, b and ¢ show chemically
retted Althea fibers surface morphologies at different magnifications from 250x to
2500x. It was important to study the surface morphology of the fibers to observe the
changes that occurred on the surface of the althea officinalis fibers because of the
alkali boiling process. As it is seen from figure that surface of water retted fiber
contains impurities probably lignocelluloses covered with waxy substances and
hemicellulose. On the other hand chemically retted fiber surface is cleaner and
rougher than water retted fiber because alkali boiling causes removal of
hemicellulose, lignin and wax contents of fibers because the surface impurities on the
fibers are soluble in the alkali solution and this explains the cleaner surface.
Fibrillation is obvious but no deterioration or severe fibrillations of fibers are

observed [12, 64].

Figure 3.6: a, b, c show surface morphology water retted fibers.
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Figure 3.7: a, b, ¢ show surface morphology chemically retted fibers.

3.1.8 Single fiber tensile testing

Stress-strain plots of water and chemically retted fibers are shown in figure 3.8. Both
water and chemically retted fibers exhibit brittle behavior with a linear profile. It is
obvious that chemical extraction improved tensile strength of Althea fibers. While
water retted fibers have average 185 MPa, chemically retted fibers have average 275
MPa ultimate tensile strength. Extraction of Althea fibers by boiling in alkali solution
including 5% NaOH for two hours resulted in about 48% improvement of tensile
strength and also decreasing in elongation at break and increasing in tensile modulus

by 29% and 53% respectively.

According to single fiber tensile test results it can be concluded that chemical
extraction made Althea fibers more brittle. Figure 3.9, 3.10 and 3.11 show bar chart
of tensile strength, elongation at break and tensile modulus of water and chemically

retted fibers respectively.
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Figure 3.8: Stress-strain plots of water and chemically retted fibers.
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Figure 3.10: Tensile modulus bar chart of water and chemically retted fibers.
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Figure 3.11: Elongation at break bar chart of water and chemically retted fibers.

As it is mentioned in section 3.1.3; as a result of chemical retting with alkali
treatment and packaging of celluloses to a new crystalline structure results in higher
crystallinity of cellulose and tensile strength of fiber increases [32, 47, 58- 62].
NaOH treatment not only causes increasing in cellulose crystallinity but also
changing in spiral angle of cellulose micro fibrils. Cellulose micro fibrils are
arranged in an order as seen in figure 3.12. Spiral angle of cellulose micro fibrils
decreases by NaOH treatment and elastic modulus of fibers increase with decreasing

spiral angle [65- 69]. Table 3.3 shows mechanical properties of various plant fibers.

B: microfibrillar
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Figure 3.12: Micro fibril orientation and spiral angle [65].
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Table 3.3: Mechanical properties of various plant fibers [61].

Fiber Elongation (%) Tensile strength (MPa) Tensile modulus (GPa)
Cotton 3.0-10.0 287-597 5.5-12.6
Jute 1.5-1.8 393-800 10-30
Flax 1.2-3.2 345-1500 2706-80
Hemp 1.6 550-900 70
Ramie 2.0-3.0 220-938 44-128
Sisal 2.0-14 400-700 9.0-38.0
Coir 15.0-30.0 175-220 4.0-6.0

3.2 Composite Characterization

3.2.1 Mechanical characterization

The tensile properties of althea fiber reinforced polyester composites were

investigated for the various fiber weight fractions. Tensile strength and modulus

values with standard deviations are indicated in table 3.4. The maximum tensile

strength was observed with 20% fiber loading and 50mm fiber length. Tensile

modulus values of specimens were calculated by considering the slope of the elastic

region of the stress—strain curve. The tensile strength increased from 21.66 MPa for

UP to 82.68 MPa for UP5-20. Figure 3.13shows bar chart of tensile strengths, 3.14

shows bar chart of flexural strength of composites against the fiber weight fractions

for all fibers which have 10 mm, 30 mm and 50 mm fiber length. It can be seen from

figure 3.13, tensile strength increases with increasing fiber weight fraction and

length. Fiber-matrix interface determines the composite strength.

Table 3.4: Tensile properties of composites.

Specimen Tensile strength (MPa) Tensile modulus (GPa)

UP 21.66+8.14 3.31+0.49
UP1-5 25.39+7.69 4.73+1.22
UP1-10 31.86+6.79 5.21+0.51
UP1-20 39.66+4.79 6.70+2.07
UP3-5 27.70+£5.78 2.59+0.39
UP3-10 39.79+£5.42 6.99+2.27
UP3-20 63.38+£5.76 7.54+2.78
UP5-5 31.12+£7.48 4.43+0.43
UP5-10 42.16+5.47 6.17+1.50
UP5-20 82.68+16.31 7.77+1.88
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Figure 3.13: Tensile strengths of composites versus various fiber length and fiber loading.

A summary of the flexural properties of the composites with fiber weight fractions

and fiber lengths are presented in Figure 3.14. Generally flexural strength increases

with increasing fiber length and loading but somehow UP-3-20 has the highest

flexural strength with a high standard deviation.
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Figure 3.14: Flexural strengths of composites versus various fiber length and fiber loading.

3.2.2 SEM analysis of composites

Failure mechanisms of althea fiber reinforced composites were investigated by SEM

analysis. SEM images of fractured samples are shown in figure 3.15 to figure 3.23. It

can be seen that althea fibers are not homogeneously distributed in unsaturated

polyester matrix especially for low loadings. This manner is probably derived from

31



production method. Generally existence of long fibers on the fractured surface refers
to fiber pull-out. Fiber pull out is derived from weak interfacial bonding between
fiber and matrix. In case of strong interfacial bonding, fibers are broken without pull
out on the other hand fiber-matrix interface cannot carry load efficiently because of
weak adhesion and results in fiber debonding [13, 70]. Although there are fiber pull-
outs, as it can be seen in figures, there are also good bonded fibers that fractured near

the crack. This situation supports the tensile test results.

' 4

e

Fiber split |

Figure 3.17: Tensile failure surface of UP1-20.
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Figure 3.20: Tensile failure surface of UP3-20.
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Figure 3.23: Tensile failure surface of UP5-20.
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4. CONCLUSION

In this study Althea fibers were extracted by both chemical and water retting
methods. Effect of retting method on the chemical and mechanical properties was

investigated by using FTIR, XRD, SEM, TGA, and tensile tests.

FTIR result showed that alkali boiling caused compositional changes because some
peaks belonged to hemicellulose and lignin were reduced or disappeared. XRD result
showed that alkali boiling improved crystallinity index. Crystallinity index of althea
fibers increased 13%. Tensile test showed that alkali boiling made fibers more brittle
by increasing tensile modulus and strength. Alkali boiling caused removal of surface
impurities. Removal of hemicellulose and lignin substances altered decomposition
temperature of althea fibers and less hemicellulose and lignin content increased this

temperature.

Althea fiber reinforced unsaturated polyester composites were investigated by tensile
and flexural tests. It was concluded that tensile and flexural strengths were increased
with increasing fiber loadings and lengths. SEM images of fractured samples
revealed that adhesion between althea fibers and matrix can be considered as good.
Although broken fibers were exist which is evidence of stress transfer from matrix to
fiber, there were some fiber pull outs. In table 3.5 mechanical properties of various

natural fiber reinforced polyester composites are given.

Table 3.5: Mechanical properties of various natural fiber reinforced polyester composites

[61].

Fiber Volume Tensile Strength  Tensile Modulus  Flexural Strength

fraction (%) (MPa) (GPa) (MPa)

Vakka 37% 66 1.79 93.8

Jowar 40% 124 2.75 134

Sisal 37% 50 1.60 98.1
Banana 37% 60.9 1.08 91.4
Bamboo 37% 121.5 2.23 127.1
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AOL fiber reinforced polyester composites have tensile strength of between 25-82
MPa and flexural modulus of between 28-75 MPa. These results support that usage
of AOL fibers as reinforcement for polyester composites is suitable. Also some
properties such as being annual plant, availability and having strong fibers make

AOL suitable plant for fiber extraction.

36



5. REFERENCES

[1] Mahjoub, R., Yatim, J. M., Mohd Sam, A. R., & Hashemi, S. H. (2014). Tensile
properties of kenaf fiber due to various conditions of chemical fiber surface
modifications.  Construction and Building Materials, 55, 103-113.
doi:10.1016/j.conbuildmat.2014.01.036

[2] Anbukarasi, K., & Kalaiselvam, S. (2015). Study of effect of fibre volume and
dimension on mechanical, thermal, and water absorption behaviour of luffa
reinforced epoxy composites. Materials & Design, 66, 321-330.
doi:10.1016/j.matdes.2014.10.078

[3] Zakikhani, P., Zahari, R., Sultan, M. T. H., & Majid, D. L. (2014). Extraction and
preparation of bamboo fibre- reinforced composites. Materials and Design, 63,
820—828. doi:10.1016/j.matdes.2014.06.058

[4] Arthanarieswaran, V. P., Kumaravel, a., & Kathirselvam, M. (2014). Evaluation
of mechanical properties of banana and sisal fiber reinforced epoxy composites:
Influence of glass fiber hybridization. Materials & Design, 64, 194-202.
doi:10.1016/j.matdes.2014.07.058

[5] Shalwan, A., & Yousif, B. F. (2014). Influence of date palm fibre and graphite
filler on mechanical and wear characteristics of epoxy composites. Materials and
Design, 59, 264-273. doi:10.1016/j.matdes.2014.02.066

[6] Suresh Kumar, S. M., Duraibabu, D., & Subramanian, K. (2014). Studies on
mechanical, thermal and dynamic mechanical properties of untreated (raw) and

treated coconut sheath fiber reinforced epoxy composites. Materials and Design,
59, 63-69. doi:10.1016/j.matdes.2014.02.013

[7] Reddy, N., & Yang, Y. (2005). Biofibers from agricultural byproducts for
industrial ~ applications.  Trends in  Biotechnology,  23(1), 22-27.
doi:10.1016/j.tibtech.2004.11.002

[8] Ese, P., & Doris, E. A. (2014). Processing And Evaluation Of Chemically
Treated Kenaf Bast ( Hibiscus Cannabinus ). International Journal of Scientific &
Technology Research,3(7), 1-6.

[9] Mohanty, A. K., Misra, M., & Drzal, L. T. (2005). Natural Fibers, Biopolymers,
and Biocomposites.Most.doi:10.1201/9780203508206

[10] Reddy, K. O., Maheswari, C. U., Shukla, M., & Rajulu, A. V. (2012). Chemical
composition and structural characterization of Napier grass fibers. Materials
Letters, 67, 35-38. doi:10.1016/j.matlet.2011.09.027

[11] Haameem J.A., M., Abdul Majid, M. S., Afendi, M., Marzuki, H. F. A., Fahmi,
I., & Gibson, A. G. (2016). Mechanical properties of Napier grass fibre/polyester
composites. Composite Structures, 136, 1-10.

[12] Ridzuan, M. J. M., Abdul Majid, M. S., Afendi, M., Aqmariah Kanafiah, S. N.,
Zahri, J. M., & Gibson, A. G. (2016). Characterization of natural cellulosic fibre

37



from Pennisetum purpureum stem as potential reinforcement of polymer
composites. Materials & Design, 89, 839—847.d0i:10.1016/j.matdes.2015.10.052

[13] Sathishkumar, T. P., Navaneethakrishnan, P., & Shankar, S. (2012). Tensile and
flexural properties of snake grass natural fiber reinforced isophthallic polyester

composites. Composites Science and Technology, 72(10), 1183-1190.
doi:10.1016/j.compscitech.2012.04.001

[14] Indran, S., Raj, R. E., & Sreenivasan, V. S. (2014). Characterization of new
natural cellulosic fiber from Cissus quadrangularis root. Carbohydrate Polymers,
110,423-9. doi:10.1016/j.carbpol.2014.04.051

[15] Fiore, V., Scalici, T., & Valenza, a. (2014). Characterization of a new natural
fiber from Arundo donax L. as potential reinforcement of polymer composites.
Carbohydrate Polymers, 106, 77-83. doi:10.1016/j.carbpol.2014.02.016

[16] Seki, Y., Sarikanat, M., Sever, K., & Durmuskahya, C. (2013). Extraction and
properties of Ferula communis (chakshir) fibers as novel reinforcement for

composites materials. Composites Part B: Engineering, 44(1), 517-523.
doi:10.1016/j.compositesb.2012.03.013

[17] Belouadah, Z., Ati, A., & Rokbi, M. (2015). Characterization of new natural
cellulosic fiber from Lygeum spartum L. Carbohydrate Polymers, 134, 429-437.
doi:10.1016/j.carbpol.2015.08.024

[18] Chung, D. D. L.(2010). Composite Materials: Science and Applications,
Springer Science & Business Media..doi: 10.1007/978-1-84882-831-5

[19] Kaxiras, E. (2001). Materials Science. Computing in Science and Engineering,
3(6). doi:10.1109/MCISE.2001.963423

[20] Rohatgi, P. K. (1993). Metal-matrix Composites. Defence Science Journal,
43(4), 323-349.

[21] Geckinli, A. E. (1992). Seramikler, leri Teknoloji Malzemeleri, Istanbul
Universitesi Matbaasi, Istanbul 40-65

[22] Vasiliev, V. V., & Morozov, E. (2001). Mechanics and analysis of composite
materials. Elsevier.

[23] Singh NB, Sarita R, Sonal A (2014) Polymer Nanocomposites and Cr(VI)
Removal from Water. Nano. sci. Technol.,1(1), 10.

tevens, C. . Inaustrial applications of natural fiores: Structure,
[24] S C. (2010). Industrial licati I fib
properties and technical applications (Vol. 10). J. Missig (Ed.). John
Wiley&Sons.

[25] Akova, 1. E. (2013). Developement of Natural Fiber Reinforced Polymer
Composites, Transfer inovacii, 235.

[26] Nabi Saheb, D., & Jog, J. P. (1999). Natural fiber polymer composites: A
review. Advances in Polymer Technology, 18(4), 351-363.
doi:10.1002/(SICI)1098-2329(199924)18:4<351::AID-ADV6>3.0.CO;2-X

[27] Bledzki, a. K., & Gassan, J. (1999). Composites reinforced with cellulose based
fibres.  Progress in  Polymer Science (Oxford), 24(2), 221-274.
doi:10.1016/S0079-6700(98)00018-5

38



[28] Ratanakhanokchai, K., Waeonukul, R., Pason, P., Aachaapaikoon, C., Kyu, K.
L., Sakka, K., & Mori, Y. (2013). Paenibacillus curdlanolyticus Strain B-6
multienzyme complex: A novel system for biomass utilization. Biomass Now-
Cultivation and Utilization.

[29] Célino, A., Fréour, S., Jacquemin, F., & Casari, P. (2014). The hygroscopic
behavior of plant fibers : a review, 1(January), 1-12.
doi:10.3389/fchem.2013.00043

[30] Hulle, A., Kadole, P., & Katkar, P. (2015). Agave Americana Leaf Fibers.
Fibers, 3, 64-75. doi:10.3390/fib3010064

[31] Manuel, S. (2011). Insights on microbial and biochemical aspects of retting for
bast fiber plant processing in a bioreactor.

[32] Adamsen, A. P. S., Akin, D. E., & Rigsby, L. L. (2002). Chemical retting of flax
straw under alkaline conditions. Textile research journal, 72(9), 789-794.

[33] Wang, H. M., Postle, R., Kessler, R. W., & Kessler, W. (2003). Removing
pectin and lignin during chemical processing of hemp for textile applications.
Textile Research Journal, 73(8), 664-669.

[34] Ozkan, A. M., Uzunhisarcikli, M. E. (2009). Stem and Leaf Anatomy of Althaea
L .( Malvaceae ) Species Growing in Turkey, Hacettepe University Journal of the
Faculty of Pharmacy,28(2), 133—148.

[35] Fiore, V., Valenza, a., & Di Bella, G. (2011). Artichoke (Cynara cardunculus L.)
fibres as potential reinforcement of composite structures. Composites Science and
Technology, 71(8), 1138—1144. doi:10.1016/j.compscitech.2011.04.003

[36] De Rosa, I. M., Kenny, J. M., Puglia, D., Santulli, C., & Sarasini, F.
(2010).Morphological, thermal and mechanical characterization of okra
(Abelmoschus esculentus) fibres as potential reinforcement in polymer
composites. Composites  Science and  Technology, 70(1), 116-122.
doi:10.1016/j.compscitech.2009.09.013

[37] De Rosa, I. M., Kenny, J. M., Maniruzzaman, M., Moniruzzaman, M., Monti,
M., Puglia, D., Sarasini, F. (2011). Effect of chemical treatments on the
mechanical and thermal behaviour of okra (Abelmoschus esculentus) fibres.
Composites Science and Technology, 71(2), 246-254.
doi:10.1016/j.compscitech.2010.11.023

[38] Chirayil, C. J., Joy, J., Mathew, L., Mozetic, M., Koetz, J., & Thomas, S.
(2014). Isolation and characterization of cellulose nanofibrils from Helicteres

isora plant. Industrial Crops and Products, 59, 27-34.
doi:10.1016/j.indcrop.2014.04.020

[39] d’Almeida, J. R. M., Aquino, R. C. M. P., & Monteiro, S. N. (2006). Tensile
mechanical properties, morphological aspects and chemical characterization of
piassava (Attalea funifera) fibers. Composites Part A: Applied Science and
Manufacturing, 37(9), 1473-1479.d01:10.1016/j.compositesa.2005.03.035

[40] Saravanakumar, S. S., Kumaravel, A., Nagarajan, T., Sudhakar, P., & Baskaran,
R. (2013). Characterization of a novel natural cellulosic fiber from Prosopis
juliflora bark. Carbohydrate Polymers, 92(2), 1928-1933.
doi:10.1016/j.carbpol.2012.11.064

39



[41] Indran, S., Raj, R. E., & Sreenivasan, V. S. (2015). Characterization of new
natural cellulosic fiber from Cissus quadrangularis stem. Carbohydrate Polymers,
117,392-399

[42] Amroune, S., Bezazi, A., Belaadi, A., Zhu, C., & Scarpa, F. (2015).
Composites: Part A Tensile mechanical properties and surface chemical
sensitivity of technical fibres from date palm fruit branches ( Phoenix
dactylifera L ). Composites Part a, 71, 95-106.
doi:10.1016/j.compositesa.2014.12.011

[43] Park, S., Baker, J. O., Himmel, M. E., Parilla, P. A., & Johnson, D. K. (2010).
Cellulose crystallinity index: measurement techniques and their impact on

interpreting  cellulase performance. Biotechnology for Biofuels, 3(1),
10.doi:10.1186/1754-6834-3-10

[44] Evert, R. F. (2006). Esau's plant anatomy: meristems, cells, and tissues of the
plant body: their structure, function, and development. John Wiley & Sons.

[45] Jaouadi, M., M’sahli, S. and Sakli, F. (2009) Optimization and Characterization
of Pulp Extracted from the Agave Americana L. Fibers. Textile Research Journal,
79, 110-120

[46] Adebajo, M.O. and Frost, R.L. (2004) Infrared and 13C MAS Nuclear Magnetic
Resonance Spectroscopic Study of Acetylation of Cotton. Spectrochimica Acta,
Part A: Molecular and Biomolecular Spectroscopy, 60, 449-453

[47] Zannen, S., Ghali, L., Halimi, M. T., & Hssen, M. B. (2014). Effect of Chemical
Extraction on Physicochemical and Mechanical Properties of Doum Palm Fibres.
Advances in Materials Physics and Chemistry, 4(10), 203.

[48] Sarikanat, M., Seki, Y., Sever, K., & Durmuskahya, C. (2014). Determination of
properties of Althaea officinalis L.(Marshmallow) fibres as a potential plant fibre
in polymeric composite materials. Composites Part B: Engineering, 57, 180-
186.do1:10.1016/j.compositesb.2013.09.041

[49] Subramanian, K., Kumar, P. S., Jeyapal, P., & Venkatesh, N. (2005).
Characterization of ligno-cellulosic seed fibre from Wrightia Tinctoria plant for
textile applications—an exploratory investigation. European Polymer Journal,

41(4), 853-861.

[50] Reddy, N., &Yang, Y. (2005). Structure and properties of high quality natural
cellulose fibers from corn stalks. Polymer, 46(15), 5494-5500.

[51] Saha, P., Manna, S., Chowdhury, S. R., Sen, R., Roy, D., & Adhikari, B. (2010).
Enhancement of tensile strength of lignocellulosic jute fibers by alkali-steam
treatment. Bioresource technology, 101(9), 3182-3187.

[52] Li, F. H., Hu, H. J., Yao, R. S., Wang, H., &Li, M. M. (2012). Structure and
saccharification of rice straw pretreated with microwave-assisted dilute lye.
Industrial & Engineering Chemistry Research, 51(17), 6270-6274.

[53] Sgriccia, N., Hawley, M. C., &Misra, M. (2008). Characterization of natural
fiber surfaces and natural fiber composites. Composites Part A: Applied Science
and Manufacturing, 39(10), 1632-1637.

[54] Lima, P. R., Santos, R. J., Ferreira, S. R., & Toledo Filho, R. D. (2014).
Characterization and treatment of sisal fiber residues for cement-based composite
application. Engenharia Agricola, 34(5), 812-825.

40



[55] Iiiguez, G., Valadez, A., Manriquez, R., &Moreno, M. V. (2011). Utilization of
by-products from the tequila industry. Part 10: characterization of different
decomposition stages of Agave Tequilana webber bagasse using FTIR
spectroscopy, thermogravimetric analysis and scanning electron microscopy.
Revista Internacional de Contaminacion Ambiental, 27(1), 61-74.

[56] Liu, W. Mohanty, A. K. Drzal. L.T. Askel, P. Misra, M. (2004). Effects of alkali
treatment on the structure , morphology and thermal properties of native grass

fibers as reinforcements for polymer. Journal of Materials Science, 9(c), 1051—
1054. doi:10.1023/B:JMSC.0000012942.83614.75

[57] Yu, L. Yu., Shen, H. M., &Xu, Z. L. (2009).PVDF-TiO2 Composite Hollow
Fiber Ultra filtration Membranes Prepared by TiO2 Sol-Gel Method and Blending
Method. Journal of Applied Physics, 113, 1763—1772. doi:10.1002/app

[58] Parikh, D. V., Calamari, T. A., Sawhney, A. P. S., Blanchard, E. J., Screen, F. J.,
Warnock, M., & Stryjewski, D. D. (2002). Improved chemical retting of kenaf
fibers. Textile research journal, 72(7), 618-624.

[59] Ramaswamy, G. N., Ruff, C. G., &Boyd, C. R. (1994). Effect of bacterial and
chemical retting on kenaf fiber quality. Textile research journal, 64(5), 305-308.

[60] Umoru, P. E., Boryo, D. E., Aliyu, A. O., & Adeyemi, O. O. (2014). Processing
and Evaluation of Chemically Treated Kenaf Bast (Hibiscus Cannabinus).
International Journal Of Scientific & Technology Research, 3(7)

[61] Li, X., Tabil, L. G., & Panigrahi, S. (2007). Chemical treatments of natural fiber
for use in natural fiber-reinforced composites: a review. Journal of Polymers and
the Environment, 15(1), 25-33.

[62] Ebisike, K., AttahDaniel, B. E., Babatope, B., & Olusunle, S. O. O. (2013).
Studies on the extraction of naturally-occurring banana fibers. Int. J. Eng. Sci,
209), 9.

[63] Valadez-Gonzalez, A., Cervantes-Uc, J.M., Olayo, R. and Herrera-Franco, P.J.
(1999). Effect of Fiber Surface Treatment on the Fiber-Matrix Bond Strength of

Natural Fiber Reinforced Composites. Composites Part B: Engineering, 30, 309-
320.

[64] Ridzuan, M. J. M., Abdul Majid, M. S., Afendi, M., Aqmariah Kanafiah, S. N.,
Zahri, J. M., & Gibson, A. G. (2016).Characterization of natural cellulosic fibre
from Pennisetum purpureum stem as potential reinforcement of polymer
composites. Materials & Design, 89, 839—-847. doi:10.1016/j.matdes.2015.10.052

[65] Gassan, J., Chate, a, & Bledzki, A. K. (2001).Calculation of elastic properties of
natural  fibers.  Journal of  Materials  Science, 6, 3715-3720.
doi:10.1023/A:1017969615925

[66] M. Sfiligoj Smole, S. Hribernik, K. Stana Kleinschek and T. Kreze (2013).Plant
Fibres for Textile and Technical Applications. Advances in Agrophysical
Research, Prof. Stanistaw Grundas (Ed.), InTech, doi: 10.5772/52372.

[67] Thakur, V. K. (Ed.). (2013). Green composites from natural resources. CRC
Press.

[68] Kriven, W.M. (2013) Developments in Strategic Materials and Computational
Design, Ceramic Engineering and Science Proceedings, 33(10)

41



[69] Wallenberger, F. T., & Weston, N. (Eds.). (2003). Natural fibers, plastics and
composites. Springer Science & Business Media.

[70] Abral, H., Gafar, M. F., Andriyanto, H., [lhamdi, Sapuan, S. M., Ishak, M. R., &
Evitayani. (2012). Fibers and Its Effect on Unsaturated Polyester Composites.
Polymer-Plastics Technology and Engineering, SI(1), 12—18.
http://doi.org/10.1080/03602559.2011.593090

[71] Basu, G., Mishra, L., Jose, S., Samanta, A.S. (2015). Accerelated retting cum
softening of coconut fiber. Industrial Crops and Products. 77, 66-73.
http://dx.doi.org/10.1016/j.indcrop.2015.08.012

42



Curriculum Vitae

PERSONAL INFORMATION

Name: Ahmet Cagri

Surname: KILINC

Education Status : MSc. Student
Marital Status : Married
Nationality : Turkish

Date/Place of Birth : 26.10.1987/HATAY
Driver’s License : B (2011)

Cell Phone: +90 505 628 50 39

E-mail: cagri.kilinc@deu.edu.tr

Address: Yenigiin Mah. 265/33 Sk. 9/11 1ZMiR

EDUCATION INFORMATION
University (Master's Degree) Izmir Katip Celebi University

Engineering and Architecture Faculty
02.2013- 02.2016 (predicted) Materials Sciences and Engineering (English)

University (Bachelor's Degree) Dokuz Eyliil University- (Formal Education)

09.2006- 01.2012 Engineering Faculty, Metallurgical and
Materials Engineering (Turkish)

High School Karabiik Demir Celik High School
2001-2005

WORK EXPERIENCE

= Research Assistant 05.2014- [zmir-TURKEY

Dokuz Eyliil Universitesi Fen Bilimleri Enstitiisi Metalurji ve Malzeme
Miihendisligi Anabilim Dali

= Internship 08.2011 - 09.2011 (1 month) [zmir- TURKEY
Izmir Demir Celik Sanayi A.S.
= Internship 07.2009 - 08.2009 (1 months) Hatay-TURKEY

Iskenderun Demir ve Celik A.S.

PUBLICATIONS/PAPERS

43



* A.C. Kiline, M. Atagur, O. Ozdemir, I. Sen, N. Kucukdogan, K. Sever, O.
Seydibeyoglu, M. Sarikanat, Y. Seki, Manufacturing and characterization of
vine stem reinforced high density polyethylene composites, Composites Part
B: Engineering, Volume 91, 15 April 2016, Pages 267-274, ISSN 1359-8368,
http://dx.doi.org/10.1016/j.compositesb.2016.01.033.

KEY TECHNICAL SKILLS
* Foreign Languages English (KPDS 71,25/100)
= Computer Skills Microsoft Office, Autocad
REFERENCES

M. Ozgiir SEYDIBEYOGLU seydibey@gmail.com

Ali Aydin GOKTAS aydin.goktas@deu.edu.tr

44



