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ABSTRACT: Composites consisting of high density poly-
ethylene (HDPE) reinforced with randomly oriented
chopped Twaron fibers (both fluorinated and nonfluori-
nated) show a significant increase in mechanical and thermal
properties. To increase the better fiber matrix adhesion, the
Twaron fiber is surface fluorinated using elemental fluorine.
The surface of the Twaron fiber becomes very rough and the
diameter of Twaron fiber increases from � 12 to 14 lm after
fluorination. The composites were prepared using solution
method to overcome the damage of the fiber. The tensile
strength and the Young’s modulus increases with increasing
fiber content. The tensile strength and modulus of modified
fiber (fluorinated Twaron fiber) composites is much higher
than nonmodified fiber composites indicating that there is

better mechanical interlocking between the modified fiber
and the matrix. Thermal properties obtained from DSC and
DTA-TG analysis of the fluorinated fiber composites are also
improved. Contact angle measurements, as well as the sur-
face energy measurements, indicate that the composites are
more wettable and is maximum for fluorinated fiber compo-
sites i.e., surface energy for fluorinated fiber composites is
highest. Crystallinity is also higher for fluorinated fiber
composites. � 2007 Wiley Periodicals, Inc. J Appl Polym Sci 107:
3739–3749, 2008
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INTRODUCTION

Polyolefin’s are the low-cost, most widely used, eas-
ily processable general polymeric materials. Through
blending, filling, and reinforcing, it is possible to
obtain high performance of polyolefin-based materi-
als. The interfacial compatibility between the compo-
nents that affects the performance of composites is
the main factor. Usually, the compatibility between
polyolefins and other materials is very poor because
of hydrophobic and the inert nature of polyolefins.
This poor compatibility in the blends often results in
bad mechanical properties.

High-performance composite applications require
reinforcement by fibrous materials with outstanding
mechanical properties. Especially, polymeric fibers,
such as poly(p-phenylene terephthalamide) (i.e., Kev-
lar/Twaron fibers) are well suited to high-perform-
ance composite applications, because they combine a
high specific strength and modulus with a high ther-
mal resistance and chemical inertness, and more-

over, they exhibit low electrical conductivity com-
pared with metallic or carbon fibers. Since it came to
market in 1972, the availability of Kevlar/Twaron
aramid fibers has advanced in material science, par-
ticularly in the areas of fiber-reinforced composites,
rubber goods, ropes and cables, ballistics, pulp-rein-
forced friction products, gaskets, and so forth.1–3

However, the Twaron fiber-reinforced composites
show poor interfacial adhesion between the Twaron
fiber and the matrix resin, due to the low surface
energy and chemically inert surface of the fiber.
Therefore, the properties of the composites and their
durability with regard to combined moisture and
temperature attack are dependent on the interface
between the above two components. For this reason,
the interfacial adhesion between the fiber and the
matrix has been known as a key factor that deter-
mines the mechanical interfacial strength of fiber-re-
inforced polymer matrix composites. To improve the
interfacial adhesion of Twaron fiber reinforced com-
posites, extensive studies have been performed.4–6

Various methods have been developed to improve
or modify the affinity between the components.
Among the various methods, chemical treatment is
one for improving the interfacial adhesion of organic
fiber-reinforced composites.7–9 And many researches
have reported that this improved interfacial adhesion
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can increase several mechanical properties of the com-
posites.10,11 High-energy treatment approaches includ-
ing plasma, corona charge, and electron beam have
been used to improve the polarity (oxygen concentra-
tion) on the surface12 Other method is to graft polar
monomers onto polyolefin molecular chains by solu-
tion or melt graft polymerization13–15 These grafting
techniques are complex, elaborate, and involve envi-
ronmental pollution and damage to the apparatus.
Furthermore, the residue graft monomers and other
auxiliaries will then have negative effects on the ther-
mal, electrical, andmechanical properties of blends.

Direct fluorination of polymeric materials by using
elemental fluorine is one of the most effective tech-
niques to modify the polymer surface.16–21 Direct
fluorination and oxy-fluorination have emerged a
premier physicochemical surface modification tech-
nique, as this process does not need any initiation
proceeding at practically appreciable rates at ambi-
ent temperatures for exothermic nature of this reac-
tion. Fluorinated polymers possess a set of unique
properties such as enhanced mechanical properties,
thermal stability, good barrier and membrane prop-
erties, printability, and adherence properties. The
direct fluorination can be successfully applied to
enhance adhesion properties and printability of
HDPE, LDPE, polypropylene, ethylene-vinyl acetate
copolymers, polyimides, polyethers, ethylene propyl-
ene copolymer, butadiene-styrene copolymers, etc.22–
25 The main advantage of direct fluorination is that
the bulk properties of the materials remain un-
changed only the thin upper layer is modified.

In this present work, we performed surface treat-
ment of Twaron fibers by direct fluorination method
using elemental fluorine and composites were pre-
pared by using high density polyethylene (used as a
matrix) with Twaron fiber as the reinforcing materi-
als. The Twaron fiber was treated with 20% Fluorine
and 80% Helium mixture. The surface of the Twaron
fiber after fluorination becomes very rough. Because

of increased surface roughness, the fiber when used
for composites preparation better mechanical inter-
locking takes place between the fiber and the matrix.
Then we will concentrate on the effect of fluorinated
and nonfluorinated short Twaron fiber reinforcement
on thermal, mechanical, and crystalline properties
and also the effect of fiber loading on the high density
polyethylene matrix. Both fluorinated and nonfluori-
nated Twaron fiber was used to prepare composites.

EXPERIMENTAL

Materials

The Twaron fiber used in this experiment as a
reinforcing agent was Twaron-1055 (AKZO). The
matrix was high density polyethylene from IPCL,
India.

Fluorination of Twaron fiber

Surface fluorination of Twaron fiber was done in a
fluorination system fabricated in our laboratory. Flu-
orination of the fiber was done by treating with
(20% F2 1 80% He) mixture in closed vessels at total
mixture pressure of 95.59 KPa and a temperature of

TABLE I
Composition of the Composites

Sample
name

Wt. of the
nonfluorinated
Twaron fiber (g)

Wt. of the
fluorinated

Twaron fiber (g)

HDTW0 00 –
HDTW1 0.25 –
HDTW2 0.50 –
HDTW3 0.75 –
HDTW4 1.00 –
HDTW5 1.50 –
HDTW1F 0.25
HDTW2F 0.50
HDTW3F 0.75
HDTW4F 1.00
HDTW5F 1.50

Figure 1 SEM micrograph Twaron fiber (TW) before and
(TWF) after fluorination.
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258C. The sample was placed inside the reaction
chamber and treated for 2 h.

Preparation of composites by solution
casting method

The composites were prepared by dissolving the
high density polyethylene in toluene at 1208C with
continuous stirring. After dissolving the polyethyl-
ene a clear solution was obtained. To this clear solu-
tion chopped (� 5 mm length) Twaron fibers (both
nonfluorinated and fluorinated fibers) were used in
different batches to make the composites. The fibers
were added and stirred to distribute the fibers
homogeneously. After drying, molding was done in
a hot press to get a sheet. The molding condition
was 1508C under a pressure of 15 tons. The formula-
tions of the composites are given in Table I.

Mechanical testing

From the molded sheet, dumb-bell-shaped samples
were prepared according to ASTM D 424. Tensile
testing of the composites was performed at room
temperature with a computerized universal testing
machine [Hounsfield H25KS Universal Testing
Machine (UTM)] at a speed of 5 mm/min.

Scanning electron microscope study

The fibers and the fractured (after tensile testing)
samples (composites) were gold coated and their
morphology was observed using a scanning electron
microscope (SEM) Model No. JEOL JSM 5800 scan-
ning microscope.

X-ray diffraction study

X-ray Diffraction (XRD) of the fibers and composites
was carried out by X-ray Diffraction analyzer (Model
No: PW 1710 X-ray diffractometer with Cu-target
with accelerator (k 5 1.5418 Å) and Ni-filter in the
range of 08 to 708 (2y). The percentage of crystallinity
of the sample was then calculated from the analysis
of the XRD plot. The percentage of crystallinity was
calculated using the following equation. Percent
crystallinity 5 Ic 3 100/Ic 1 Ia, where Ia and Ic are
the area under the curve for amorphous and crystal-
line regions, respectively.26,27

IR study

For structural analysis, IR study of the fibers and
composites was undertaken using an apparatus,
Thermo Nicolet, NEXUS 870 FTIR spectrophotome-
ter. The IR-spectrum was taken in the frequency
range of 4000–500 cm21.

Contact angle measurement

Surface tension (surface free energy) of polymers
was tested by contact angle measurements at 24.58C
using a dynamic contact angle measuring instrument
(Model No. DCAT II). The single liquid method
using distilled water (surface tension 72.75 mN/m)
and N,N-dimethylformamide (surface tension 37.30
mN/m) as reference liquids was employed. The sur-
face tension (g) of the polymers was obtained from a
combination of the dispersion (gd) and polar (gp)
components of the surface tension g 5 gd 1 gp.

Thermal study

A Perkin–Elmer Pyris Diamond thermo gravimetric
analyzer (TGA) (Model No.TG/DTA Perkin–Elmer
Instrument. Technology by SII) was used for thermal
stability analysis of the virgin matrix and the compo-
sites. The prepared sample were scanned between 50
and 6508C under air atmosphere at a heating rate of
108C/min. Values for onset and ninety percent
(T90%) degradation temperature of the samples were
determined.

Nonisothermal crystallization kinetics of the com-
posites and virgin matrix were studied by
NETZSCH Differential Scanning calorimeter (DSC)

Figure 2 XRD plot of nonfluorinated [TW] fluorinated
[TWF] and Twaron fiber.

TABLE II
Crystallinity of the Nonfluorinated [TW] and Fluorinated

[TWF] Twaron Fiber

Sample name Crystallinity (%)

Nonfluorinated Twaron fiber (TW) 33.69
Fluorinated Twaron fiber (TWF) 32.81
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(Model No. NETZSCH DSC 200PC) under Nitrogen
atmosphere. About 4–5 mg of samples were first
heated from 2120 to 2008C at a heating rate of
108C/min. The percentage of crystallinity (Xc)
obtained from DSC was determined by using the fol-
lowing relationship.

Xc % crystallinity
� � ¼ DHf 3 100 = DH0

f 3 w

where DHf and DH0
f are the enthalpy of fusion of the

composites and the enthalpy corresponding to the
melting of 100% crystalline HDPE. The value of
DH0

f 5 293 J/g was taken for 100% crystalline
HDPE28 and w is the mass fraction of HDPE in the
composite.

RESULTS AND DISCUSSIONS

Fiber characterization

The scanning electron micrographs of the fiber
before and after fluorination are shown in Figure 1.
From SEM image, it can be shown that there is a
massive change occurs on the surface. The diameter
of the nonfluorinated Twaron fiber was 12 lm,
which changes to � 14 lm after fluorination. It was
also observed from SEM micrograph that after fluori-
nation the fiber surface becomes rough. The increase
in surface roughness after the treatment was desira-
ble for improved mechanical interlocking and
increased bondable surface area.

The X-ray diffraction plots of the fiber are given in
Figure 2. From the XRD plot, the percentage of crys-
tallinity was calculated using the following equation.
Percent crystallinity 5 Ic 3 100/Ic 1 Ia, where Ia and
Ic are the area under the curve for amorphous and
crystalline regions, respectively. The values (% crys-
tallinity) are given in Table II. From the crystallinity

data, it is seen that there is slight change in the
crystallinity of fluorinated fiber as compared with
the nonfluorinated fibers. Crystallinity of polymer
depends on many factors including prevailing physi-
cal conditions, chemical nature of the polymers, their
molecular symmetry, and structural regularity or
irregularity. Twaron fiber is highly crystalline due to
the presence of bulky aromatic ring in the polymer
backbone. Bulk pendant groups or short chain
branches of different lengths hinder molecular pack-
ing and hinder crystallization. After fluorination, the
fluorine group introduced into the polymer chain
may remain as a pendant group and reduce the
crystallinity.

The infrared spectroscopy of the fiber is shown in
Figure 3. The strong band at 3315 cm21 is the N-H
stretching vibration. The band at 3038 cm21 is due
to C��H stretching of the aromatic compound. The
bands at 1650–1651 cm21 and 1538–1539 cm21 are
the so-called m(C¼¼O) and m(C��N) stretching fre-
quency of amide bands. Because of their constant
position and strong intensities, they are characteristic
of amides. The amide band consists mostly of the
m(C¼¼O) and m(C��N) stretches, and it also involves
contributions of the m (N-H) bending vibration. The

TABLE III
IR Peak Assignment of Nonfluorinated [TW] and

Fluorinated [TWF] Twaron Fiber

Nonfluorinated
Twaron fiber

(TW)

Fluorinated
Twaron

fiber (TWF)
Peak

assignment

3315 3317 m (N��H)
3046 3038 m (C��H)
1651 1651 m (C¼¼O) of amide band
– 1010 m (C��F)

1106 1113 m (C��N)
727 727 CH2 rocking

Figure 3 (a) FTIR spectrum of nonfluorinated [TW] Twaron fiber. (b) FTIR spectrum of fluorinated [TWF] Twaron fiber.
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series of bands below 1500 cm21 concern ��C��H
(1440 cm21), ��CH2 (1388 cm21), and m(C��N)
(1110 cm21) modes. The band at 723 cm21 is the
CH2 rocking vibration. Some important changes
occur in the infrared spectra of Twaron fiber after
fluorination. The frequency at 1010 cm21 is a charac-
teristic frequency of the C��F bond. The C��F
stretching frequency is absent in case of nonfluori-
nated fiber but appears in the fluorinated fiber. All
other peak values remain almost at the nearly same
position in both the cases i.e., before and after
surface fluorination but fluorination of the fiber is
evident from the appearance of a peak at around
1010 cm21. The probable peak values of different
bonds are given in Table III.

Composite characterization

The mechanical properties of high-density polyethyl-
ene and Twaron fiber composites systems are sum-
marized as a stress–strain curve in Figure 4(a,b)
shows the plot of modulus and EB (%). The values
of tensile strength, modulus and elongation at break
are given in Table IV (see also Figs. 5 and 6). Poly-
ethylene with no reinforcement shows the lowest
tensile strength and modulus while also showing a
higher elongation at break. The mechanical test
revealed an increase in the tensile strength, modulus,
and reduced elongation at break with the increase of
fiber loading. It is often observed that the increase in
fiber content leads to an increase in the strength and
modulus,29,30 and also in the toughness if the matrix
has low toughness.31 It is also observed that the
tensile strength and modulus is higher in case of
fluorinated fiber composites indicate that better me-
chanical interlocking between the modified fiber and
the matrix takes place which is also responsible for
improve fiber matrix adhesion.

The SEM micrograph of tensile fractured speci-
mens of modified and nonmodified fiber composites
is depicted in Figure 7. It is observed that the non-
modified fiber composites shows extensive fiber
pullouts with wide gaps between the fibers de-
bonded from the matrix. This confirms the weak
interfacial adhesion between the nonmodified fiber
and the matrix. Evidence of improved adhesion
between the fiber and the matrix is observed when
the fiber is fluorinated. In case of the fluorinated
fiber composites, fibers are well bonded to the
HDPE matrix. It is also clear from the SEM micro-
graph that there is a homogeneous distribution of
fibers in the high density polyethylene matrix. It is
well known that the homogeneous dispersion of fil-
ler in the polymer matrix is one of the conditions for
a composite to show good mechanical strength rein-
forcement because in homogeneities can lead to
structural defects in the composite material.

Infrared spectroscopic study (Fig. 8) was carried
out from the range of 4000–500 cm21 to investigate
bond formation between the matrix and the reinforc-
ing agent. The absorption at � 719 cm21 is due to

TABLE IV
Mechanical Properties of the Prepared Samples

Sample name Tensile strength (MPa) Modulus (MPa)

HDTW0 22.40 1043
HDTW1 24.24 1116
HDTW2 29.76 1567
HDTW3 34.14 2611
HDTW4 34.74 2639
HDTW5 42.87 3658
HDTW1F 28.04 1565
HDTW2F 30.71 1692
HDTW3F 41.26 2869
HDTW4F 42.09 2867
HDTW5F 57.30 4209

Figure 4 (a) Stress–strain plot of the virgin matrix [HDTW0] and the composites. (b) Plot of modulus of the virgin matrix
[HDTW0] and the composites.
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��CH2 rocking, absorption at 1015 cm21 is due to
C��F stretching frequency which is present only in
the fluorinated fiber composites, the absorption at
� 2800–2900 cm21 is due to C��H stretching vibra-
tion which is present in all the samples. The peak at
� 3600 and 1650 cm21 are due to the stretching fre-
quency of the -NH2 and C¼¼O bond of the aromatic
amide compound.

X-ray Diffraction (XRD) study of the composites
was also carried out. From the XRD plot, the per-
centage of crystallinity was calculated (see Table V,
Fig. 9) using the following equation. Percent crystal-
linity (Xc) 5 Ic 3 100/Ic 1 Ia, where Ia and Ic are the
area under the curve for amorphous and crystalline
regions, respectively. It is shown that the crystallin-
ity is minimum where no reinforcing agents are
present and the percent crystallinity of the compo-
sites increased upto 5 wt % of fiber (both modified
and nonmodified fiber) which can be explained in
terms of the enhanced mobility of HDPE macromo-
lecular chains, leading to better alignment of the
crystal lattice. As the concentration of the fiber
increased further, the fiber started to act as a restric-
tion site for the HDPE segments, obstructing them
from obtaining a highly ordered spherulite structure,
and thus the percentage crystallinity again decreased.
Crystallinity is increased in fluorinated fibers compo-
sites compared to the nonfluorinated fiber composites.
This behavior is expected from the stress–strain behav-
ior of the composite system. The XRD plots are given
in Figure 10.

To see the effect of nonfluorinated and fluorinated
Twaron fiber incorporation on the thermal stability
of HDPE, the thermogravimetric (TG) study was
conducted. The TG curves of the composites
obtained at a heating rate 108C/min in air and are
shown in Figure 11 and respective parameters are

tabulated in Table VI (see also Fig. 12). To avoid any
ambiguity, the onset degradation temperature has
been defined as the temperature at which polymer
lost 1% of its weight. From the thermogram, it is
observed that degradation starts at higher tempera-
ture for all Twaron/HDPE composites than pure
HDPE. This enhancement in onset degradation tem-
perature is more pronounced in case of fluorinated
Twaron/HDPE composites. This extent of enhance-
ment of thermal stability of the fluorinated Twaron/
HDPE composites is may be due to the incorporation
of the functional groups (during fluorination some
radicals are formed) on to the Kevlar surface result-
ing good compatibility between two polymeric spe-
cies. Moreover, it is known that crystalline polymer
is thermally more stable than its amorphous counter
part due to energy input required overcoming both
intermolecular and intermolecular forces. It is impor-
tant to point out that the extent of more interaction
in case of fluorinated Twaron/HDPE composites
due to more functional groups of fluorinated Twaron
fiber can be responsible for a higher thermal stability
of the fluorinated Twaron fiber reinforced composite.

DSC measurements were performed to character-
ize the thermal behavior of the samples. The results
of the DSC heating and cooling scans of the compo-
sites are shown in Figure 13 and the corresponding
parameters, melting temperature (Tm), crystallization
temperature (Tc), heat of fusion (DHf), and percent
crystallinity (Xc) are tabulated in Table VII (see also
Figs. 14–16). From DSC analysis, it was observed
that the melting temperature of pure sample was
1358C. It was also observed that the position of the
peak shifts towards higher temperature and the
shifting is higher for fluorinated fiber composites. A
marked increase of the crystallization peak tempera-
ture can be observed when the fibers are incorpo-
rated in the polymer matrix and this increment is

Figure 5 Plot of modulus as a function of fiber content
(g).

Figure 6 Plot of TS as a function of fiber content (g).
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more significant when the fibers are fluorinated.
Crystallization peaks shift to the higher temperature
side in case of all Twaron/HDPE composites. This
may be due to the nucleating effect of the fibers into
the HDPE matrix that supports the increasing
crystallization.

It is clear from Figure 9 and Table VII that the
addition of Twaron fiber to HDPE results in an

increase in Xc and Tc of the PP matrix. This can be
explained as due to the nucleating ability of Twaron
fiber for the crystallization of HDPE. As the amount
of the added fiber increases, Tc also is found to
increase. Tc and enthalpy of crystallization (DHc) of
the PP phase increase on the addition of Twaron
fiber, indicating that fibers accelerate the crystalliza-
tion process. The Tc and the heat of crystallization of

Figure 7 SEM micrograph of broken sample of virgin [HDTW0] and the nonmodified [HDTW1, HDTW2, HDTW5] and
the modified fiber composites [HDTW1F, HDTW2F, HDTW5F].
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the PP phase is further increased by the addition of
chemically treated fibers (fluorinated fiber), which
further favors the crystallization process. It is
observed that the addition of Twaron fiber to HDPE
causes only a marginal effect on Tm and no correla-
tion of the results with the fiber content can be
established. However, in the case of chemically
treated composites, Tm changes appreciably, as is
evidenced from Figure 9 and Table VII. As a result
of fiber surface modification by chemical treatments,
the compatibility between the fiber and PP matrix is
increased favoring interaction between the fiber and
HDPE. As the amount of fiber increases, crystallinity
too increases because the fiber surface acts as nuclea-
tion sites for the crystallization and the partial crys-
talline growth of HDPE. It may be assumed that the
nucleating effect contributes considerably to the
occurrence of transcrystalline layer (TCLs) around
the fibers when a specimen of the HDPE/Twaron
fiber composite is cooled from the melt. Wang and
Liu32 proposed that roughness on the fiber surface
enhance the formation of TCLs. After fluorination of
fiber the fiber surface becomes rough and the rough-

ness on fiber surface favors the formation of TC
layers.

To study the effects produced by the fluorination
of the base polymer and the composites, the surface
energy of the prepared samples was evaluated from
the contact angle measurements. Although the sur-
face energy cannot be measured directly, different
indirect methods have been proposed in the litera-
ture.33,34 In this work, the geometric-mean34–36

approximations were used to get the dispersive and
the nondispersive contributions to the total surface
energy of the base, modified, and the unmodified PE
composites. These expressions will be used here
only to compare the effects produced in the surface
fluorination. The surface energy of different samples
is given in Table VIII and Figure 17. From surface

TABLE V
Percentage Crystallinity of the Virgin Matrix

and the Composites

Sample name Crystallinity (%)

HDTW0 50.25
HDTW1 51.63
HDTW2 52.79
HDTW3 56.98
HDTW4 53.89
HDTW5 53.90
HDTW1F 55.16
HDTW2F 55.69
HDTW3F 58.33
HDTW4F 56.41
HDTW5F 57.52

Figure 8 FTIR spectrum of Virgin matrix [HDTW0] and
the composites [HDTW5, HDTW5F].

Figure 9 Plot of percent crystallinity as a function of fiber
content (g).

Figure 10 XRD plot of the virgin [HDTW0] and the non-
modified [HDTW1, HDTW2, HDTW3, HDTW4, HDTW5]
and the modified fiber composites [HDTW1F, HDTW2F,
HDTW3F, HDTW4F, and HDTW5F].
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Figure 11 Thermo gravimetric (TG) plot of the virgin
[HDTW0] and the composites.

TABLE VI
Weight Loss Starting temperature and 90%

Decomposition Temperature (T90%) Obtained from TGA

Sample name Wt. loss started at (8C) T90% (8C)

HDTW0 262 451
HDTW1 260 468
HDTW2 250 468
HDTW3 263 470
HDTW4 262 470
HDTW5 272 477
HDTW1F 272 481
HDTW2F 255 487
HDTW3F 253 501
HDTW4F 255 516
HDTW5F 252 541

Figure 12 Plot of T90% as a function of fiber content (g).

Figure 13 Melting endotherm of the virgin matrix
[HDTW0] and the composites.

TABLE VII
The Results of the DSC Heating and Cooling Scans of the Virgin Matrix

and the Composites

Sample
name

Melting
temperature,

Tm (8C)

Heat of
fusion,

DHm (J/g)

Crystallization
temperature,

Tc (8C)

Percent
crystallinity,

Xc

HDTW0 135.0 164.6 108.0 56.2
HDTW1 136.0 165.8 109.0 58.0
HDTW2 136.5 167.7 110.5 60.1
HDTW3 137.0 166.8 111.8 61.2
HDTW4 138.0 168.1 112.6 63.1
HDTW5 136.5 170.2 113.0 66.8
HDTW1F 137.0 169.7 110.5 59.4
HDTW2F 137.0 170.5 112.5 61.1
HDTW3F 139.0 170.8 113.7 62.7
HDTW4F 142.0 173.4 114.0 65.1
HDTW5F 142.0 179.3 115.0 70.3
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energy analysis, it is observed that the surface
energy is maximum for fluorinated fiber composites.

CONCLUSIONS

High density polyethylene and Twaron fiber (non-
fluorinated and fluorinated) fiber composites were
compounded by solution method. From the different
characterization and result analysis of both the
nonfluorinated and fluorinated composites it can be
concluded that modified (fluorinated) fiber compo-
sites are better in strength, thermally more stable,
and better wetting properties. From the view point
of application, fluorinated fiber composites have
higher TS, EB, and higher modulus value, in addi-
tion with the highest surface energy. The barrier
properties, friction coefficient, adhesion properties,
etc. for surface fluorinated composites are being
studied.

TABLE VIII
Surface Energy of the Virgin Matrix and the Composites

Obtained from Contact Angle Measurement

Sample name Surface energy (mN/m)

HDTW0 21.11
HDTW1 22.91
HDTW2 22.91
HDTW3 24.30
HDTW4 26.47
HDTW5 24.91
HDTW1F 26.89
HDTW2F 35.50
HDTW3F 35.63
HDTW4F 36.13
HDTW5F 36.80

Figure 17 Plot of Surface energy as a function of fiber
content (g).

Figure 16 Plot of DHm as a function of fiber content (g).

Figure 14 Plot of melting temperature as a function of
fiber content (g).

Figure 15 Plot of Tc as a function of fiber content (g).
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