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ABSTRACT

Epoxy maleate of 9,9'-bis(4-hydroxyphenyl)anthrone-10 (EANM) was synthesized and its jute
(J-EANMS) and glass(G-EANMS) composites were prepared by hand layup compression
molding technique under 20 bar at 120°C for 5h. The structure of EANM was supported by
FTIR and 1HNMR spectroscopic techniques and also characterized by acid and hydroxyl
values. Thermal properties of EANM and cured EANMS were evaluated by DSC and TGA at
10°C min-1 heating rate in nitrogen atmosphere. EANM and EANMS are thermally stable up to
149o and 300°C and followed three and single step degradation kinetics. The energy of activation,
frequency factor, degradation order and entropy change were evaluated and compared.
J-EANMS and G-EANMS showed 38.2 and 184MPa tensile strength; 31.6 and 90.3 MPa
flexural strength, 4.4 and 5.7 kVmm-1 electric strength and 2.6x1012 and 4.2x1012 ohm cm
volume resistivity, respectively. Good thermo-mechanical and electrical properties and excellent
hydrolytic stability against different environments indicated its industrial utility as low load
bearing housing, insulating material for electrical and electronic appliances and marine
applications.

KEYWORDS : Epoxy, FT-IR, NMR, DSC, TGA, Mechanical and Electrical properties, Composites,
Activation energy, Degradation

INTRODUCTION

Vinyl ester resins are prime thermosetting
materials with excellent physico-chemical
properties are the most suitable for

manufacturing of reinforced pipes, tanks,
scrubbers, marine crafts [1] . They also useful
for coatings, adhesives, molding compounds,
structural laminates, and electrical
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applications[2] . Generally tertiary amines,
pyridine, triphenyl phosphine, imidazole,
phosphine, alkali, etc. are used as catalysts
for the synthesis of vinyl ester resins[3,4] . Most
commonly styrene is used as a reactive diluent
and free radical generating initiators[5,6].
Commonly methyl ethyl ketone peroxide is used
as an initiator along with suitable promoters.
Cured vinyl ester resins possess excellent
thermo-mechanical, electrical and chemical
resistance make them suitable for several
industrial applications.

Recently several investigators have reported
the synthesis, curing, fabrication of filled and
unfilled fiber reinforced composites and
carried out their spectral,  thermal
mechanical, electrical, water absorption, etc.
studies[7-18] . They observed very good to
excellent studied physico-chemical

properties for various industrial applications.
The selection of the materials for various
industrial applications is mainly based on
thermo-mechanical, electrical and chemical
resistance properties of the materials. Fiber-
matrix interfacial adhesion, degree of resin
cure, impurities, humidity, temperature,
nature of polymers and fillers, additives,
extent of ageing, electrode material,
electrode area, sample thickness, voltage
application time, current frequency, etc. affect
the electrical properties of the polymeric
composites[19] .

To the best of our knowledge no work has been
reported in the literature on epoxy maleate of
9,9'-bis(4-hydroxyphenyl)anthrone-10, which
encouraged us to investigate present work. In
this work we have synthesized epoxy maleate
of 9,9'-bis(4-hydroxyphenyl)anthrone-10 (I) and
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characterized by acid and hydroxyl values,
spectral and thermal techniques. Using styrene
as a reactive diluent, jute and glass composites
are prepared and evaluated their mechanical and
electrical properties and chemical resistance
against water, acids, alkalis and salt.

EXPERIMENTAL

Materials and Methods

Solvents and chemicals used in the present work were
of laboratory grade and used as received or purified
according to reported methods[20]. Epoxy resin of 9,9'-
bis(4-hydroxyphenyl)anthrone-10 (EAN, EEW 940) was
synthesized and purified according to our recent
reported work[21]. Silane treated E-glass fabric (7mil)
and woven jute fabric (Brown jute, Corchorus
capsularis) were purchased from Unnati Chemicals,
Ahmedabad and from local market, respectively.

Synthesis of Epoxy Maleate of 9,9'-Bis(4-
hydroxyphenyl)anthrone-10

Epoxy maleate of 9,9’-bis(4-hydroxyphenyl)anthrone-
10 (Scheme 1) here after designated as EANM, was
synthesized as follows. Into a 500 mL three-neck flask
0.1 eq (94.2 g) of EAN was dissolved in 250 mL acetone.
To this solution 0.22 mol maleic anhydride, 10 mL xylene
and 1 mL triethylamine catalyst were added with stirring.
The temperature of the resultant solution was brought
to reflux. The samples were withdrawn at the interval
of 1h starting from 2h onwards. The water formed

during the reaction was separated as an azeotropic
mixture by Dean and Stark apparatus. The reaction mass
was cooled to room temperature and brownish red
colored resin was isolated from water, filtered, washed
well with hot distilled water and finally with cold
methanol and dried at room temperature. The resin was
found soluble in common organic solvents. Resin was
purified three times from MEK-water system prior to its
use.

Preparation of Jute and Glass Composites of
Epoxy Maleate

Required quantity of EANM and styrene (Table 1) were
transferred into a 500 mL beaker containing 100 mL
tetrahydrofuran and stirred well at room temperature.
To this solution 2% methylethylketoneperoxide and
1% of 6%-cobalt naphthenate of mixed matrix material
were added as an initiator and as an accelerator,
respectively. Resultant solution was stirred well and
was applied to jute (350 GSM) / glass (450 GSM) fabrics
(24 cm × 24 cm) with a smooth brush and solvent was
allowed to evaporate at room temperature. Eight jute
and ten glass impregnated fabrics were stacked one
over the other between two mylar films. The stacked
plies were kept between two teflon sheets. These teflon
sheets were kept between two preheated stainless
steel plates and pressed under 20 bar pressure at
120°C for 5h and 2h at room temperature. Silicone spray
was used as a mold releasing agent. Here after jute
and glass composites are designated as J-EANMS and
G-EANMS, respectively. Samples with required
dimensions were machined for tensile and flexural tests.

TABLE 1. Mechanical and electrical properties of J-EANMS and G-EANMS

Parameter J-EANMS G-EANMS

Jute/Glass fabric, g 180 110

EANMS, g 90 55

Styrene, g 90 55

Tensile strength, MPa 38.2 184

Flexural strength, MPa 31.6 90.3

Electric strength, kVmm-1 4.4 5.7

Volume resistivity, ohm cm 2.6x1012 4.2x1012
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For chemical resistance test samples of 3 cm x 3 cm
were machined and edges were sealed with matrix
material.

Measurements

Acid and hydroxyl values of EANM were determined
according to standard methods[22, 23] . The FTIR spectrum
of EANM was scanned on a Shimadzu 1S-IR affinity
FTIR spectrometer over the frequency range from 4000-
600 cm-1. The 1HNMR spectrum of EANM was scanned
on a Bruker AVANCE II (400MHz) spectrometer by using
DMSO-d6 as a solvent and TMS as an internal standard.
Differential Scanning Calorimetric (DSC) and Thermo
Gravimetric (TG) thermograms of EANM and EANMS
were scanned on a Shimadzu DSC-60 and Shimadzu
DTG-60H, respectively at 10C min-1 heating rate in
nitrogen atmosphere (flow rate 100 mL min-1) using
standard aluminum pans. Known mass of the samples
were taken in aluminum pans covered by empty
aluminum lids and sealed using a crimper. The DSC and
TG thermograms were scanned over the temperature
range from 40-350C and 40-700C, respectively.
Tensile (ASTM D 638-01) and flexural (ASTM D-790-
03) strengths of J-EANMS and G-EANMS were
measured on a Shimadzu Autograph Universal Tensile
Testing Machine, Model No. AG-X Series at a speed of
10 mmmin-1. Electric strength (IEC-60243-Pt-1-1998)
and volume resistivity (ASTM-D-257-2007)
measurements were made on a high voltage tester
(Automatic Electric-Mumbai) in air at 27C by using
25/75mm brass electrodes and a Hewlett Packard high
resistance meter in air at 25C after charging for 60
sec at 500 V DC applied voltage at ERDA Vadodara,
Gujarat. Replicate measurements (3-5) on each sample
were performed and average values were
considered. Water absorption study was carried out
at room temperature (30 ± 2C) according to ASTM
D570-98 by a change in mass method against distilled
water, 10% NaCl, 10% HCl, 10% HNO3, 10% H2SO4,

10% NaOH, and 10% KOH. Preweighed samples were
immersed in distilled water, 10% NaCl, 10% HCl, 10%
HNO3, 10% H2SO4, 10% NaOH, and 10% KOH solutions
at room temperature. Samples were periodically taken
out from the solutions, wiped surfaces with tissue
papers on both the sides, reweighed and reimmersed
in the solutions. The process was carried out till
equilibrium was established.

RESULTS AND DISCUSSION

Acid and Hydroxyl Values

Acid and hydroxyl values of EANM at different
interval were determined volumetrically. Average
of three measurements on each of the samples
with time is reported in Table 2 from which it is
observed that acid value decreased and hydroxyl
value increased with reaction time confirming
almost conversion of epoxide groups into ester
groups.

Spectral Analysis

FTIR spectrum of EANM is presented in Fig.
1 and characteristic IR absorption frequencies
(cm-1) are 3417.8 and 3277.8 (O-H, str.),
2954.7 (C-H, asym. str.), 1662.8 (ester and
ketone C=O, str.), 1568.9 (C=C, str.), 1422.8
(Alkane C-H, def.), 1230.3 (Ar-O-R, str.), 1027
(C-H, ipd and C-OH def.), 860.4 (C-H, oopd.)
and 708.9 (C-H, oopd). 1HNMR (DMSO-d6)
spectrum of EANM is presented in Fig. 2 from
which it is observed that the spectrum is
complex. Different types of protons and their
chemical shifts (ppm) are assigned as follows:
2.86 [d, -OCH

2
, (g)], 2.93 [d, -CH

2
O, (j)], 3.57

TABLE 2. Acid and hydroxyl values of EANM.

Time, h 2 3 4 5 6 7 8

Acid value, mg KOH/g 24.7 18.2 12.9 10.7 8.2 6.5 4.3

Hydroxyl value, mg KOH/g 84.2 171.6 268.2 341.5 463.2 514.9 587.2
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Fig. 1. FTIR spectrum of epoxy maleate of 9, 9’-bis (4-hydroxyphenyl) anthrone-10 (EANM).

Fig. 2. 1HNMR(400MHz) spectrum of epoxy maleate of 9,9’-bis(4-hydroxyphenyl)anthrone-10
(EANM) in DMSO-d6.
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[m, -CH(OH) (h)], 4.30 [s, —OH(i)],7.05 [m, -
ArH, (a, b, k, l)], 7.11 [d, -ArH, (c)], 7.29 [d, -
ArH, (e)], 7.40 [d, -ArH, (d)], 7.81 [d, -ArH, (f)]
and 7.9[s, -COOH(m). Residual DMSO and
moisture appeared at about 2.50 and 4.2,
respectively. Thus, IR and NMR data supported
the structure of EANM.

Thermal Analysis

DSC thermograms of EANM and EANMS at
10C min-1 heating rate in nitrogen atmosphere
are presented in Fig.3. EANM showed
endothermic transition at 243.84C and
exothermic transition at 301.91C due to
thermal polymerization followed by
decomposition reactions and further confirmed
by weight loss over that temperatures in its TG
thermogram (Fig. 4). EANMS showed a broad
endothermic transition centered at 281.94C
due to some physical change and confirmed
by no weight loss at this temperature in its TG
thermogram.

From Fig. 4, it is clear that EANM is thermally
stable up to about 149C and followed three-
step degradation reactions, while EANMS is
thermally stable up to about 300C and followed
single step degradation reaction. EANMS
showed excellent thermal stability than EANM
is due to high degree of cross linking density.
EANM showed 6.1% weight loss over
temperature range from 149 °C to 227C may
be due to decarboxylation followed by thermal
polymerization of terminal acid groups. Initial
decomposition temperature (T

o
), decomposition

range, temperature of maximum weight loss
(Tmax), % weight loss, and % residue remained
at 700C for EANM and EANMS are presented
in Table 3. Tmax values were derived from dw/dt
against Temperature plots.

Associated kinetic parameters such as energy
of activation (E

a
), frequency factor (A) and order

of the reaction (n) for both the samples were
derived according to Anderson-Freeman
method [24]:

Fig. 3. DSC curves of EANM and EANMS at 10°C min-1 heating rate in nitrogen atmosphere
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      (1)

 (2)

 (3)

Where dw/dt is the rate of decomposition, W
is the active mass,  is the heating rate, R is
the gas constant, h is the Planck’s constant,
T is temperature and k is the Boltzmann

constant. The entropy change S* was
determined at corresponding Tmax.The least
square values of above mentioned parameters
along with regression coefficients (R2) are
reported in Table 4. First and third step
degradation reactions of EANM followed
apparently first order degradation kinetics, while
second step followed second order kinetics.
The E

a
 values of first and second steps are

comparable and much smaller than that of
second step probably due to very rigid nature
of thermally cross-linked EANM. The S*

Fig. 4. TGA thermograms of EANM and EANMS at 10°C min-1 heating rate in nitrogen atmosphere.

TABLE 3. TGA data of EANM and EANMS.

Sample T
o
, oC Decompn. T

max
, oC % Wt loss % Residue at

range, oC  at 700 oC

EANM 149 149-227 181.4 6.1 15.1

245-352 306.6 29.6

496-628 553.3 18.2

EANMS 300 300-502 402.5 49.3 33.5
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values of first and second steps are negative
and large in magnitudes, while for second step
it is positive and relatively large in magnitude.
The E

a
 value of EANMS is somewhat higher

than those of first and second step degradation
reactions of EANM but much smaller than that
of second step degradation reaction due to
much rigid nature of thermally cross-linked
EANM. Low value of Ea of EANMS may be
accounted for flexible polystyrene bridges.
EANMS also followed apparently first order
degradation kinetics. Negative and large
magnitudes of S* indicated that the transition
states are in orderly states than initial states
and vice versa [25, 26] .

Degradation reactions are complex reactions
and involve a variety of reactions. Ether, ester
and side substituents in the cross-linked resins
are thermally weak linkages and preferentially
degradation starts from such weak points in
accordance to bond strength and lead to
formation of free radicals, which further
undergo a variety of reactions with evolution
of hydrocarbon gases. Relatively large
residues (15-34%) at 700°C confirmed
formation of highly thermally stable cross-
linked products. Thus, EANMS showed
excellent thermal stability with large residue
at 700 °C signifying its importance as high
performance polymer.

Mechanical and Electrical Properties

Tensile strength, flexural strength, electric
strength and volume resistivity of J-EANMS and
G-EANMS are presented in Table 1. It is
observed that both the composites showed good
tensile and flexural strengths. Both the
composites showed moderately good electric
strength, which indicated that composites
are not sustainable to high voltages but
they displayed good volume resistivity due to
partial cancellation of dipolar charges present
both in fiber and matrix. Both J-EANMS and
G-EANMS showed comparable tensile strength
and flexural strength with epoxy methacrylate
of 9,9'-bis(4-hydroxyphenyl)anthrone-10-jute
(J-EANMAS:38.8MPa tensile strength, 30.9
MPa flexural strength) and glass and (G-
EANMAS:192.9 MPa tensile strength, and 90.1
MPa flexural strength) composites[21].
J-EANMS showed somewhat better electric
strength than that of J-EANMAS (3 kVmm-1),
while G-EANMAS (5.9kVmm-1) showed
comparable electric strength. J-EANMS
showed 14 times better volume resistivity than
that of J-EANMAS (1.9x1011 ohm cm), while
G-EANMA (3.1x1013 ohm cm) showed 7 times
lower volume resistivity due to structural
dissimilarity of both the matrices. Moderate to
good mechanical and electrical properties of
both the composites signified their industrial

TABLE 4. Kinetic parameters of EANM and EANMS.

Sample Ea, kJmol -1 A, s -1 S * , JK mol -1 n R2

EANM 67.11 3.36 x 105 -142.63 1.39 0.9881

197.21 6.93 x 1015 52.81 2.27 0.9966

72.61 82.8 -216.67 0.88 0.9970

EANMS 77.82 3.55x103 -183.76 1.12 0.9952
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importance for low load bearing housing and
insulating applications.

Chemical Resistance

The interaction of chemicals with fiber reinforced
composites proceeds through different
mechanisms namely chemical reaction,
solvation, absorption, plasticization and stress
cracking and affects physical properties
adversely. The chemical resistance of the
composites depends upon bond strength, time,
temperature, crystallinity, branching, polarity,
concentration and reactivity of the reagents,
etc.

Water absorption in composites is Fickian as
well as non-Fickian in character [27, 28].
Assuming one dimensional diffusion in the
composites, water absorption in J-EANMS and

G-EANMS in different environments namely
water, 10% each of aqueous NaCl, HCl, HNO

3
,

H
2
SO

4
, NaOH, and KOH was carried out at

30oC. The percentage water absorbed by the
composites with the passage of time in a given
environment at 30oC was determined according
to Eqn. 4:

       (4)

Where M
t
 = % water absorbed at time t, Wm

= weight of moist sample and Wd = weight of
dry sample. The plots of % water absorbed
against time for J-EANMS and G-EANMS are
presented in Figs. 5 and 6, respectively.
Equilibrium time and equilibrium water
absorbed by J-EANMS and G-EANMS in
different environments are presented in

Fig. 5. The plots of % water absorbed against time for J-EANMS in 10% aq. each of NaCl, HCl, HNO3, H2SO4,
NaOH, KOH and distilled water at 30 oC.
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Table  5. J-EANMS and G-EANMS showed
13.1-17.3% and 7.3-10.9% equilibrium water
absorption tendency and 360-408h and 312-
336h equilibrium time in 10% aq. each of NaCl,
HCl, HNO3, H2SO4, NaOH, KOH and distilled
water at 30°C. Equilibrium time of G-EANMS
is found somewhat shorter than that of J-
EANMS due to different nature of both the
composites. Observed % water absorption
trends for J-EANMS and G-EANMS in different
environments are H2SO4 > HCl > NaOH > H2O
> NaCl > KOH > HNO

3
 and H

2
SO

4
 >HCl > KOH

> NaOH > H
2
O > NaCl > HNO

3
, respectively.

From Table 5, it is observed that the nature of
electrolytes affected water structure and hence
water absorption due to solvation phenomenon.
The hydroxyl groups of matrix and jute fibers
(cellulose, hemicellulose and lignin) are mainly
responsible for high water absorption tendency
in the composites. The nature of strong

electrolytes affected the water structure and
hence diffusivity in the composites. We have
observed the effect of strong electrolytes on
water absorption and diffusivity in our recent
published work [25, 26] .

Diffusivity in different environments was
determined according to Eqns 5 and 6 by
determining the initial slopes of the plots of %
water absorption against t:

       (5)

       (6)

Where Mm = % Equilibrium water absorption,
Dx = Diffusivity and h=Sample thickness.
Diffusivity in different environments for both
composites is reported in Table 5. Observed

Fig. 6. The plots of % water absorbed against time for G-EANMS in 10% aq. each of NaCl, HCl, HNO3, H2SO4,
NaOH, KOH and distilled water at 30 oC.
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TABLE 5. Water uptake and diffusivity data of J-EANMS and G-EANMS at 30C and in boiling water

Environment Equilibrium time, h Equilibrium Diffusivity, D
x
, % Equilibrium

water content 10 -13 , m2 s -1 water content
in boiling water

J-EANMS

H2O 408 15.5 1.57 15.2

HCl 360 16.7 2.70

HNO
3

384 13.1 2.73

H2SO4 408 17.3 3.47

NaOH 408 16.2 2.45

KOH 384 13.6 2.14

NaCl 408 14.7 2.46

G-EANMS

H
2
O 336 9.6 3.51 8.2

HCl 336 10.6 3.29

HNO3 312 7.3 3.95

H
2
SO

4
312 10.9 3.96

NaOH 336 10.0 1.87

KOH 312 10.4 2.59

NaCl 336 8.7 4.04

diffusivity trends for J-EANMS and G-EANMS
are H

2
SO

4
 > HNO

3
  HCl > NaOH  NaCl >

KOH > H
2
O and NaCl  H

2
SO

4
   HNO

3
 > H

2
O

> HCl > KOH > NaOH, respectively. Thus the
nature of strong electrolytes affected diffusivity
in the composites without any damage.
Absorption of water in the composites causes
swelling of fibers till the cell walls are saturated
with water and then after water exists as free
water in the void structure leading to
composites delamination or void formation.
Fiber-matrix interfacial bonding is weaken by
absorbed water and leads to hydrolytic
degradation and thereby tensile property
deteriorates slowly [29, 30]. Cracks and blistering

of fibers lead to high water absorption in the
composites [29, 30] .

Water Absorption in Boiling Water

The % water absorption in J-EANMS and
G-EANMS was also carried out in boiling water.
The % water absorbed by the composites with
the passage of time is presented in Fig. 7.
Equilibrium time and equilibrium water
absorption for J-EANMS and G-EANMS are 10
and 9h; and 15.2 and 8.5%, respectively. In
case of J-EANMS equilibrium time is reduced
to 41 times, while in G-EANMS it is reduced
to 37 times. Thus increasing temperature led
to drastic reduction in equilibrium time without
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Fig. 7. The plots of % water absorbed against time for J-EANMS and G-EANMS in boiling water.

any damage. Thus, both the composites
showed excellent hydrolytic stability in different
environmental conditions indicating their marine
applications.

CONCLUSIONS

Epoxy maleate of 9,9'-bis(4-hydroxyphenyl)
anthrone-10 was synthesized and
characterized by acid and hydroxyl values,
spectral and thermal techniques. EANMS
showed excellent thermal stability. Jute and
glass composites showed good tensile and
flexural strengths, moderate electric strength
and good volume resistivity. Both the
composites showed excellent hydrolytic
stability in different  environment. The
electrolytic solutions affected water absorption
and diffusivity in the composites. Both the
composites may find their applications in
housing and electrical  fields.
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