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Abstract: In this study, chicken feather fiber has been used as reinforcement and unsaturated polyester as
matrix. In addition, unsaturated polyester had been modified using maleic anhydride and reinforced with chicken
feather fiber. The dielectric properties of the unsaturated polyester reinforced chicken feather fiber have been
studied with reference to maleic anhydride modification and various fiber loading. The structures of unsaturated
polyester and maleic anhydride modified unsaturated polyester have been investigated. SEM indicated an
improved interfacial bonding between polymer and fiber through maleic anhydride modification. XRD analysis
indicated the development of intercalated maleic ahydride structure, which in turn forms intercalated
unsaturated polyester composite. It is observed that maleic anhydride modified composites increases dielectric
constant, dissipation factor and resistivity. The dielectric constant, dissipation factor and resistivity increases
with fiber content for the entire range of frequencies. The values are high for the composites with 40wt% fiber
content. The results also indicated that both composite systems are stable at low frequency, i.e. at 60Hz and
high frequency, i.e. at 1000 KHz. The increments of dielectric values are high at low frequency region and
gradually becoming low at higher frequencies. 
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INTRODUCTION The feather is considered as waste and is usually

Fibers  are  one  of  the main components for which is considered as an expensive process and not
polymer-matrix composites. Although the market is environmentally friendly [7]. The proposed solution is to
dominated by the utilization of synthetic  fiber,  there  is utilize chicken feather as reinforcements in composites to
an increasing trend to adopt natural fibers [1-3]. The offer environmental solution for feather disposal.
change  from synthetic fibers to natural fibers is due to Among the vertebrates, feathers are the most
the increasing environmental concerns and energy complex appendage. Feathers have a low density of
consumptions from processing traditional synthetic 0.8g/cm  while having good thermal, mechanical and
fibers. Natural fibers provide advantages such as insulation properties [6,-8]. These properties are resulted
biodegradability, availability, relatively low cost  and from the air pockets within the protein filaments of the
good specific properties-to-density ratio [4]. Natural feather [4]. Therefore, chicken feather is suitable for the
fibers, particularly plant fibers have been a major interest application of low load bearing composites such as
for most researchers. On the other hand, fewer studies interior paneling or ready to assemble furniture where the
have been done on keratin fiber, including chicken feather qualities such as bulk quantity, low cost and light-weight
fibers. In US alone, the poultry industry produces 50.4 are desirable [7, 9, 10]. Currently, there are limited works
billion pounds of chicken annually [5]. The annual focusing on chicken feather which indicates more
production of the chicken feathers will be subjected to 3.5 researches need to be conducted to exploit the availability
billion pounds if 6% of the bird’s weight is feather [6]. and relatively low cost of the chicken feather fiber. 

disposed  by either subjected for burning or landfill,
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The chicken feather can be separated into two parts, MATERIALS AND METHODS
the quill and the fiber [11]. The keratin, distinctively fiber
keratin and quill keratin are two forms of microcrystalline Materials: The matrix material used in this study was
keratin in the feathers [12]. The quill is a hard and dense based on the Unsaturated Polyester (UP) with the trade
central  stem  while  the  fiber is of soft fiber branches name ”Reversol P9509”. For curing, the matrix needs to be
from the  quill  stem.  Both  the quill and the fiber can be mixed with a catalyst, namely Methyl Ethyl Ketone
utilized as reinforcements in the composites [7-8]. Uzun Peroxide (MEKP). The maleic andride with mw of
and co-workers [7] have attempted by using thermoset as 98.06g/mol is supplied by Aldrich. All other chemicals
matrix to produce chicken feather based composites, used were of analytical grade obtained from local
namely vinlyester and polyester to discover the impact commercial sources.
properties of vinlyester and polyester composites at  
10wt% chicken feather fiber were improved by 25% and Chicken Feather Fiber: The chicken feathers were
300% respectively. Reddy & Yang [8] works with obtained from a local poultry farm. Generally, there are
grounded chicken feather quill (processed) and whole contour feather, down feather and semiplume feather that
chicken feathers (raw) to couple with polypropylene. can be used as reinforcement fiber. The chicken feathers
They found that the whole chicken feather is better than were soaked, washed in a water soluble ethanol and sun-
processed chicken feather in terms of acoustic, flexural dried for 7h. To ensure that the materials were completely
and tensile properties. Besides, the amino acid sequence dried, the chicken feathers were left in convection oven at
of feather keratin from chicken feather contains 60% of 80 C for 24h. For this experiment, the semiplume feather as
hydrophobic amino acids and the remaining hydrophilic shown in Figure 1 was used as reinforcements. The
amino acids [10]. This allows the chicken feather to have semiplume feathers obtained after the convection oven
some compatibility with thermoplastics such as were cut into sizes of approximately 3 - 6mm. 
polyethylene, polypropylene or thermosets such as epoxy
resin and polyester resin. Recently, Bullions et al. [9] Specimen Preparation
used maleic anhydride modified polypropylene to Maleic  Anhydride  Modified  Unsaturated  Polyester:
increase polypropylene/keratin fiber interactions. The matrix material, unsaturated polyester was modified

There is an increasing interest in utilizing chicken with maleic anhydride with a molecular weight of
feather fiber as dielectric materials due to its hollow 98.06g/mol. 1 wt% of maleic anhydride was added to
honeycomb structure that contains air,  where  air 1000ml of unsaturated polyester by mechanical mixing at
provides optimum dielectric value at 1.0 [6]. The research 70rpm at room temperature for 1h until the maleic
conducted by Zhan and co-workers[11-12] realizes the anhydride  was  completely  dissolved  into the matrix.
potential of chicken feather fiber for electronic The modified unsaturated polyester resin was then
applications,  which  is generally comparable or lower bottled and stored under ambient temperature before
than the dielectric properties of the commercial PCBs. experiment. The proposed chemical reaction between
Unsaturated polyester is easily available and maleic anhydride and unsaturated polyester is shown in
hydrophobic in nature. Maleic anhydride has been Figure 2.
commonly utilized by researchers [13-16] to improve the
bonding between  natural  fibers  and  thermoplastics Chicken Feather Fiber Composites: Unsaturated
such as polypropylene and polyethylene. A better polyester reinforced  with  Chicken  Feather  Fiber
bonding created hindrance in the dipoles movement, (average  length  3  -  6mm) (CFF) composites and Maleic
leading to the increase of the dielectric relaxation time. 

In this paper, a type of chicken feather called
semiplume feather is used as the reinforcement fiber by
incorporating it into unsaturated polyester matrix at
various fiber loading from 0 wt% to 40 wt%. In addition,
the polymer matrix is modified with maleic anhydride to
show the effects on the electrical resistivity and
permittivity  resulted  from  the changes in composite
fiber-matrix adhesion. Fig. 1: Semiplume Feather
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Fig. 2: Unsaturated polyester matrix modification with maleic anhydride. 

Table 1: The Fiber Content (%) in Composites

CFF Actual fiber MACFF Actual fiber
Sample Name content (%) Sample Name  content (%)

CFF0 0 MACFF0 0a b

CFF10 12.82 MACFF10 12.1 a b

CFF20 20.81 MACFF20 20.89 a b

CFF30 31.67 MACFF30 31.5 a b

CFF40 41 MACFF40 38.87 a b

unsaturated polyester reinforced Chicken Feather Fiber composite (CFF)a

with 0% - 40% weight volume of chicken feather fiber.
Maleic Anhydride modified unsaturated polyester reinforced Chicken Featherb

Fiber composite (MACFF) with 0% - 40% weight volume of chicken feather
fiber.

Andydride modified unsaturated polyester reinforced with
Chicken Feather Fiber (average length 3 - 6mm) (MACFF)
composites were fabricated by Resin Transfer Moulding
(RTM). Randomly dispersed chicken feather fibers were
placed in the first half of the mould (female mould) while
the other half of the mould (male mould) is clamped over
the top. The chicken feather fiber was pre-pressed into the
mould before the resin is injected. After preform process
is conducted, the mould was closed, clamped and
unsaturated polyester resin mixed with 1 wt% of Methyl
Ethyl Ketone Peroxide (MEKP) were injected at an
optimum pressure of 1Kg/cm . Vacuum was applied2

simultaneously during the resin impregnation to drive the
resin through the cavity and reduce the void formation.
The hardening of composite was carried out at room
temperature for 6h. The composites were post cured at
80°C in a convection oven for 3h. For each composite
fiber loading, five specimens were produced. 

Microstructural Analysis
Scanning Electron Microscopy (SEM): The specimens
were first fixed with Karnovsky’s fixative and then taken
through a graded alcohol dehydration series. Once
dehydrated, the specimens were coated with a thin layer
of platinum and proceed to view on the Scanning Electron
Microscopy (JSM6701F) supplied by JEOL Company
Limited, Japan. The specimens were viewed perpendicular
to the composite surfaces. The micrographs were taken at
a magnification of 500X.

X-Ray Diffraction Analysis: XRD analysis was
conducted to study the morphological properties of
modified unsaturated polyester composites. A analytical
XRD diffractometer was used where Cu K" (8=1.54060D)
radiation was employed with 22 varying between 5° and
80° at 5°/min.
 
Dielectric Analysis
Permittivity Measurement: The dielectric properties of
CFF and MACFF composites were measured with an HP
16451B dielectric test fixture and an HP LCR impedance
analyzer at the frequency range of 60Hz, 1KHz, 10KHz,
100KHz and 1000MHz. The specimens fabricated were
disc-shaped with a diameter of 50mm and a thickness of
5mm. The samples have flat surfaces and low
compressibility. The accuracy of the measurement can be
enhanced when analyzed through contacting electrode
method. All the specimens were dried in convection oven
at 80°C for 3h and stored in a dry container before tests.
The average value is recorded by the HP impedance
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analyzer after the samples had been tested for 10 times at patterns were recorded between 22 equal to 5° and 22
a given frequency. The HP dielectric test fixture measured equal to 80° to reflect the changes in the degree of
the capacitance value of the specimens and the dielectric crystallinity. Figure 4 presents the X-ray micrographs for
constant (g ) can be calculated from the following (a) CFF0 composite and (b) MACFF0 composite. Bothr

equation, Figureures show diffractions peaks at the following 22
 angle: 43° and 77°. This suggests that the structure of
g = (t C)/( Br  g  ) (1) modified unsaturated polyester functional groupsr     o

2

Where t is the thickness of the specimen, C is the It is observed that the MACFF0 composite exhibited a
equivalent parallel capacitance value; r is the radius of the new narrow 22 peak at 10.5° and a broad region between
test specimen and g is the dielectric constant of free 15° - 25°. These values are attributed to the modificationo 

space. The dissipation factor (tan *, or loss tangent) can of the unsaturated polyester by maleic anhydride. The
be obtained directly from the HP impedance analyzer. unmodified unsaturated polyester in Figure 4(a)  shows
Loss factor, g” can be obtained by multiplying dielectric an amorphous region between 15 - 25, corresponding to
constant and dissipation factor. a d-spacing value of 4.3D, whereas the maleic anhydride
 modified unsaturated polyester shows a Figure 4(b)
Electrical Resistivity Measurement: The volume diffraction peak at 22 equal to 19.3°, corresponding to a d-
resistivity was measured using Keithley 8009 resistivity spacing value of 4.6D, which suggests of basal spacing
test fixture. All samples were dried in convection oven at expansion. This is possibly resulted from the intercalation
80 °C for 3h before tests. The voltage source was set at of maleic anhydride in the interlayer of unsaturated
200V. The specimens were cut into 70 x 70 mm  plates and polyester. 2

surface ground to a thickness of 2mm. For each sample,
the measurement lasts for about 60 min and the current Permittivity 
was recorded every 0.5s. The mean of 10 min time course Dielectric Constant: Frequency dependence of the
during the steady state of the current was used to dielectric constant as a function of fiber loading of
calculate the volume and surface resistivity. unsaturated polyester Chicken Feather Fiber system (CFF)

RESULTS AND DISCUSSIONS Chicken Feather Fiber system (MACFF) composites at

Scanning Electron Microscopy (SEM): Scanning Electron respectively. It can be seen that the dielectric constant of
Micrographs (SEM) of (a) unsaturated polyester (CFF0) the composite for both CFF and MACFF system is
and (b) maleic anhydride modified unsaturated polyester influenced by the fiber loading. The system with chemical
(MACFF0) are shown in Figure 3 (a)  and  (b).  From modification, MACFF has significant improvement in the
Figure 3(a), the surface of unsaturated polyester dielectric constant than the system without modification,
composite was shown with a number of voids and uneven CFF. Dielectric constant decreases monotonically as a
surface. Unsaturated polyester had trapped small air function of frequency. Composite consists of 40wt%
bubbles that led to the formation of void and uneven chicken feather fiber treated with maleic anhydride
surface upon the completion of hardening process. From modified unsaturated polyester (MACFF40) showed that
Figure 3(b), the surface of maleic anhydride modified highest dielectric constant compared with unmodified
unsaturated polyester (MACFF0) is smooth and had no composites (CFF). The maleic anhydride acts as molecular
voids. The smooth surface of maleic anhydride modified bridges between the polymer and the organic filler,
unsaturated polyester is probably caused by the good resulting in the formation of covalent bonds across the
penetration of maleic anhydride to bond with the interface, which improve the dielectric properties. From
monomer of unsaturated polyester. This had indicated the scanning electron micrographs from Figure 3(b), the
that the maleic anhydride had good compatibility with the good microstructure obtained from the composite as a
unsaturated polyester and infused into the cavities. result of maleic anhydride modification assures a good

X-ray Diffraction Analysis (XRD): The dielectric dielectric  properties in unmodified composite, CFF
properties of polymers are profoundly affected by the system tends to have lower dielectric properties than
change in crystallinity. In the current work, the diffraction MACFF system,  can  be  attributed    to  higher  porosity,

remained compared to unmodified unsaturated polyester.

and Maleic Anhydride modified unsaturated polyester

room temperature are shown in Figure 5(a) and (b),

distribution of higher permittivity particles. The lower
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Fig. 3: SEM micrographs of (a) unsaturated polyester (CFF0) and (b) maleic anhydride modified unsaturated polyester
(MACFF0)

Fig. 4: X-ray diffraction of (a) unmodified unsaturated polyester composite-CFF0 and (b) maleic anhydride modified
unsaturated polyester composite - MACFF0

Fig. 5: Dielectric Constant of (a)CFF (b)MACFF composite as a function of fiber loading and frequency at room
temperature.

agglomeration particles and defect content [17]. These influence the values of dielectric constant for composite
high porosity and defect content characteristics are the at all range of fiber loadings. The enhancement in
signature of the hollow structure of the chicken feather dielectric constant of the composite system is due to the
barb, which contributes to an overall low dielectric facilitation of the maleic anhydride and chicken feather
constant [12]. This gives CFF system having an overall fiber in charge transport through different chains and
lower dielectric constant as compared to MACFF system. interfaces [18], especially for MACFF system with
 Table 2 reveals the dielectric constant of both significant improvement as compared to  CFF  system.
composite systems. From Table 2, it can be seen that the The air has the lowest dielectric constant i.e. 1 [11]. With
dielectric constant of maleic anhydride modified increasing chicken feather fiber content, the amount of air
unsaturated polyester at 0wt% is higher than the in the feather’s honeycomb structure also increased [12].
unmodified unsaturated polyester. Thus this will The  simultaneous occurrence of these processes will in
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Table 2: Dielectric constant and dissipation factor of CFF and MACFF composites

Dielectric Constant, g’ Dissipation Factor, tan*
------------------------------------------------------ --------------------------------------------------------------
Frequency (Khz) Frequency (KHz)
----------------------------------------------------- -------------------------------------------------------------

Fiber System Fiber Content 1 10 100 1000 1 10 100 1000

CFF composites 0 1.823 1.799 1.754 1.712 0.0112 0.0114 0.0137 0.0175
10 1.894 1.844 1.812 1.753 0.0495 0.0277 0.0229 0.0203
20 1.962 1.88 1.835 1.774 0.0639 0.0318 0.0252 0.0234
30 2.055 1.918 1.872 1.798 0.0693 0.0352 0.0292 0.0271
40 2.126 1.969 1.887 1.809 0.0736 0.0393 0.032 0.0303

MACFF composites 0 1.854 1.821 1.786 1.737 0.0147 0.0148 0.015 0.0187
10 2.048 1.916 1.819 1.732 0.0808 0.047 0.0344 0.0315
20 2.286 2.14 1.962 1.842 0.133 0.0752 0.0502 0.0404
30 3.518 2.548 2.207 2.003 0.27 0.137 0.086 0.0617
40 9.654 5.189 3.621 2.838 0.511 0.356 0.225 0.14

effect cause the significant enhancement in the composite surface resistivity of CFF and MACFF system decrease
dielectric constant at all frequencies, especially with with fiber content, which indicates that the chicken
MACFF system. feather fiber have lower resistivity than the matrix. It can

Dissipation Factor: The variation of dissipation factor higher volume resistivity and surface resistivity than
(tan*) with frequency for CFF and MACFF composite unmodified, CFF system across all range of chicken
system is shown in Figure 6(a) and (b), respectively. It feather fiber loading. The effective conductivity of a
had been observed that the dissipation factor decreased composite can be expressed as the power-law in the
with frequency. At low frequency region, it shows percolation model of a conductor-insulator composite
significant dissipation factor variations when the fiber [22]. The volume resistivity of the composite can be
loading increases; at 1 KHz, CFF0 denotes at 0.0112 and estimated by:
CFF40 denotes at 0.0736 while MACFF0 denotes at 0.0147
and MACFF40 denotes at 0.51. However, the dissipation D  = 1.62 x 10 (1-v )  (S cm) (4)
factor curve gradually became closer in the higher
frequency region. The dissipation factor of modified where D  is the volume resistivity, v  is the volume fraction
composite, MACFF was significantly higher as compared of chicken feather fibers.
to unmodified composite, CFF; the chemical modification The surface resistivity of the composite can be
resulted in improved dissipation factor. The decrement in estimated by:
dissipation factor for MACFF system when the frequency
increases from 1KHz to 1000 KHz is more prominent than D  = 6.61 x 10 (1-v )  (S) (5)
CFF system, particularly due to mobile charges which
results from chemical modification in the backbone of the where D  is the surface resistivity, v  is the volume fraction
polymer [19]. In addition, the highest dissipation factor of chicken feather fibers.
from MACFF40 may well be due to an increment in polar The conductivity is the reciprocal of the resistivity,
groups resulted from 40 wt% chicken feather fiber which F =1/D  and F =1/D  where F  and F  are volume and
facilitates the flow of current through amorphous region surface conductivity, respectively. Figure 8  represents
[20]. the conductivity of the CFF and MACFF composites.

Composite Resistivity: High volume resistivity is required conductivity and surface conductivity than CFF
to prevent leakage of current  across  the  conductors. composites. Normally, in polymer materials, particularly
The leakage of current across the dielectric material is also cross-linked polymers have low charge carrier mobility
a critical variable as the transport through the material [21] that resulted in low conductivity [22]. It is generally
Figure 7 shows the resistivity of CFF composites and expected that MACFF composites had lower conductivity
MACFF composites, including (a) volume resistivity and than CFF composites due to enhanced interfacial
(b) surface resistivity. Both the volume resistivity and adhesion that restricted the electron’s movements [13, 23].

also be seen that the modified composite, MACFF had

v     f
17 3

v     f

s     f
16 3.26

s     f

v v  s s,  v  s

Overall, MACFF composites had lower volume
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Fig. 6: Variation of dissipation factor (tan*) with frequency for (a) CFF composites, (b) MACFF Composites.

Fig. 7: (a)Volume Resistivity of CFF and MACFF composites, (b) Surface Resistivity of CFF and MACFF composites
as a function of fiber volume fractions at room temperature. The straight lines indicate the power-law decay.

Fig. 8: (a) Volume conductivity of CFF and MACFF composites, (b) Surface conductivity of CFF and MACFF
composites as a function of fiber volume fractions at room temperature.

CONCLUSIONS the formation of enhanced interfacial adhesive bonding

Increase of fiber content in the unmodified composite surface appears to be smooth and no sign of
unsaturated polyester matrix and maleic anhydride voids. The authors also deduced from SEM analysis that
modified unsaturated polyester matrix will enhance the the maleic anhydride as chemical modification increased
dielectric constant, dissipation factor and resistivity of the the adhesion between chicken feather fiber and
composites. This increase is more pronounced in the unsaturated polyester and XRD analysis indicated of
composites having fiber content of 40 wt% due to the intercalated structure of maleic anhydride in the structure
presence of polar groups of keratin protein in chicken of unsaturated polyester. This has resulted MACFF for
feather. These polar groups facilitate the decrease of enhancements in dielectric constant, dissipation factor
composite resistivity. An increase in the fiber content will and resistivity of all selected composites used in this
lead to the decrease of the resistivity. SEM study showed study.  Nevertheless,  both composite systems are stable

through maleic anhydride modification and the MACFF
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at high frequency, especially at 1000 KHz across all fiber 6. Zhan, M.J. and R.P. Wool, 2011. Mechanical
loadings. These composite systems can be utilized in the
high-speed electronic applications as an insulation
material. However, with desire for insulation material
requires relative low permittivity properties, chemical
modification using maleic anhydride is not encouraged.
This is due to maleic anhydride facilitate the mobility of
charges within the composites, by which the composite
as an insulation material requires deterioration of the
charges mobility within the composites. CFF composites
at 10wt% of chicken feather fiber contains desired
permittivity properties of g’=1.753 and tan* =0.0203 at
1000KHz, which is comparable to the commercial
insulation material. 
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