This article was downloaded by:

On: 19 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

International Journal of Polymeric Materials
Publication details, including instructions for authors and subscription information:
| http://www.informaworld.com/smpp/title~content=t713647664

Curing Kinetics, Thermal Stability and the Glass Fibre Reinforced

Composites of Novel Tetrafunctional Epoxy Resin
Kamlesh G. Amin?; Kalpesh J. Patel; Ranjan G. Patel®
* Department of Chemistry, Sardar Patel University, Vallabh Vidyanagar, Gujarat, India

To cite this Article Amin, Kamlesh G. , Patel, Kalpesh J. and Patel, Ranjan G.(1999) 'Curing Kinetics, Thermal Stability and
the Glass Fibre Reinforced Composites of Novel Tetrafunctional Epoxy Resin', International Journal of Polymeric
Materials, 43: 1, 127 — 136

To link to this Article: DOI: 10.1080/00914039908012129
URL: http://dx.doi.org/10.1080/00914039908012129

PLEASE SCROLL DOWN FOR ARTICLE

Full terns and conditions of use: http://wwinformworld.coniterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or nmake any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clains, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713647664
http://dx.doi.org/10.1080/00914039908012129
http://www.informaworld.com/terms-and-conditions-of-access.pdf

11:14 19 January 2011

Downl oaded At:

Intern. J. Polymeric Mater., 1999, Vol. 43, pp. 127-136 © 1999 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under
Photocopying permitted by license only the Gordon and Breach Science
Publishers imprint.

Printed in Malaysia.

Curing Kinetics, Thermal Stability and
the Glass Fibre Reinforced Composites
of Novel Tetrafunctional Epoxy Resin

KAMLESH G. AMIN , KALPESH J. PATEL and RANJAN G. PATEL*

Department of Chemistry, Sardar Patel University,
VallabhVidyanagar - 388 120, Gujarat, India

(Received 28 February 1998)

The curing reactions of the epoxy resin 2,7-bis(4-N, N-diglycidyl amino phenoxy)
naphthalene using diamino diphenyl sulfone (DDS), diamino diphenyl methane (DDM),
triethylene tetra amine (TETA) and diethylene triamine (DETA) as curing agents were
studied kinetically by differential scanning calorimetry. The dynamic scans in the
temperature range (20— 300°C) were analyzed to estimate the activation energy and the
order of reaction for the curing process using some empirical relations, The activation
energy for the various epoxy system is observed in the range 67.4—121.5KJmol~'. The
cured epoxy resins were studied for kinetics of thermal degradation by thermogravimetry
in a static air atmosphere at a heating rate of 10°Cmin~'. The thermal degradation
reactions were found to proceed in a single step having an activation energy in the range
41.84-71.84 KJmol™!. The data were utilized in fabricating the glass-fibre reinforced
epoxy composites. Glass fibre reinforced composites were fabricated using the matrix
resin DGEBA and the above tetrafunctional epoxy resin in the ratio 80:20 using different
curing agents and evaluated for their physical, mechanical, chemical and electrical
properties.

Keywords: Epoxy resin; mechanical property; kinetics; thermal stability; chemical
resistance

INTRODUCTION

Epoxy resins have gained increasing importance due to their wide range
of applications. The earlier resin diglycidyl ether of bisphenol-A, which

* Corresponding author.
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is suitable for many applications but for high performance applications,
resins with higher functionality are essential. The kinetics of curing
reactions of epoxy resins with amines have been studied by several
workers [1—4]. However, no report has mentioned on the study of curing
reactions and thermal stability of 2,7-bis(4-N,N-diglycidyl amino
phenoxy)naphthalene resin cured with different amines as curing agents.
The present paper discusses the curing kinetics and thermal stability
of the above mentioned epoxy resin using various amines as curing
agents. The data were utilized in fabricating glass fibre reinforced
epoxy composites and the composites were evaluated for their physical
properties, e.g., density of composite, %resin content, %void content,
mechanical properties, e.g., flexural strength, ILSS, shore-D hardness
and electrical properties, e.g., dielectrical constant loss tangent,
dielectric loss, resistivity and resistance to chemical reagents.

EXPERIMENTAL

Materials

The resin 2,7-bis(4-N,N-diglycidyl amino phenoxy)naphthalene was
prepared from a diamine 2,7-bis(4-amino phenoxy)naphthalene
according to the method reported in literature [5, 6]. The structure
of the above mentioned resin is as shown below.

HZ{‘— HC— H'ZC\ /CHZ_CH é‘i

oy O*’@ Cogoron

The epoxy equivalent weight estimated by the hydrochlorination
method [7] was found to be 131.5g.equi”'. The resin was also
characterized by Nicolet 400-D FTIR spectrophotometer. IR
spectrum shows absorption bands at 3050 and 1190cm™' which are
the characteristic of the aromatic C—H stretching frequency [8]. The
peak at 1175cm™' is due to C—N stretching frequency. The
absorption bands in the regions of 1260, 920 and 855cm™ ' are due
to terminal epoxy groups.
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Curing Procedure

A Du Pont 900 differential scanning calorimeter was used for the
kinetic study of the curing reaction. The instrument was calibrated
with sample of known heat of fusion.

The epoxy resin and amines were mixed in the proportion
corresponding to one amine proton per epoxy group. The resin and
solid diamines were heated with vigorous stirring for 5min at the
required temperature. The mixture was then placed into a vacuum
oven for 10min to remove gaseous bubbles. The void-free mixtures
(5-6mg) were used for the DSC studies at a heating rate of
10°Cmin~ ! using and empty cell as reference.

The samples remaining in the test tubes were then cured in a
previously heated oven (about 200°C) for about 2 h for complete
curing. Cured products were powdered and taken for thermal analysis
at a heating rate 10°Cmin~ ! in nitrogen atmosphere. A Du Pont 951
thermogravimetric analyser was used for the study.

Analysis of DSC and TG Scans

The exothermic peaks obtained in the DSC scans were analyzed to
give heat-flow data as a function of temperature and time. These data
were processed further to obtain the fractional conversion and the rate
of reaction. Using the Barrett relation [9], the rate constant K was
estimated. By assuming that the value of K was Arrhenius-type
temperature dependence, the kinetic parameters, such as activation
energy E and frequency factor In A, were obtained. The activation
energy, E and order of the reaction n were determined from, the
Freeman — Carroll relation [10].

TG curves were analysed to give percentage weight loss as a
function of temperature. Broido’s method [11] was used to obtain the
activation energy E of the degradation process. Using Doyle’s method
(12], IPDT values (integral procedure decomposition temperature)
were obtained.

Composite Fabrication

Laminates were prepared using epoxy compatible, 0.254 mm (10 mil),
plain weaved E-type glass cloth. Ten plies of 30.5 x 30.5cm glass
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fabric were uniformly coated with the matrix resin diglycidyl ether of
bisphenol-A (DGEBA) and 2,7-bis(4-N,N-diglycidyl amino phenoxy)-
naphathalene in (80:20) proportion respectively using different amine
as curing agent by hand lay up technique and dried in air for 20 min.
The dried prepregs were stacked together between two mild steel plates
having teflon sheets as mould release agent and then placed between
the plates at a press. The temperature was held at 100°C for about
15min. A pressure of 1.72mpa (250 psi) was then applied and the
temperature was maintained at 150°C for 1.5 h and at 180°C for 1h.
The mould was allowed to cool and the laminate was removed and cut
into specimens for testing as per ASTM standards.

Characterization of Composites

All the physico-chemical measurements for characterizing the lami-
nates were made at room temperature (~ 30°C). Resistance to
chemical reagents was estimated according to ASTM D 543-67
(1978). Flexural and interlaminar shear strength (ILSS) were measured
on a universal Instron Testing Machine Model 1193 according to the
ASTM methods D790-71 and D2344-76, respectively. Shore-D
hardness of the composite samples were measured on Shore-D
Hardness tester TSE testing Machine. In order to study the dielectrical
properties of laminated samples, the resistance was measured by a
Hewlett packard 4329-A High Resistance Meter at an applied AC
voltage of 250 V. The diclectric constant and the loss tangent (tané)
were determined from the measured values of capacitance and
dissipation factor on a digital LCR meter at a frequency of 1 KHz.

Density, resin content and void-content were determined and listed
in Table III.

RESULTS AND DISCUSSION

The curing agents used in the present study were DDM, DDS, TETA
and DETA. From the characteristic DSC scans, the temperatures at
which curing reaction started (7)), peaked (7)), and completed (7))
were noted. The data reveal that the value of T;, T, and T depends
upon the curing agent. Considering the type of curing agents used, the
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TABLE 11 Temperature characteristic and kinetic parameters of cured epoxy resins

System T, Tio Tso Twax  IPDT  E£2
cC) C) °C) <) ¢C) KJ Mol™!
Resin + DDS 250.0 3125 4575 5700  587.75 7184
Resin + DDM 242.5 300 435 5650  S81.72  63.14
Resin + TETA 237.5 300 3875 5560 57507 5170
Resin + DETA 2125 260 3750 5350 52225 4184
Resin + DGEBA 275 360 387.5 5986 59548  71.38
(20:80) + DDS
Resin + DGEBA 262.5 3025 355 5750 59816  66.81

(20:80)+ DDM

See Table I for the meaning of the abbreviations for the systems.
IPDT: Integral procedure decomposition temperature.

TABLE Il Physical and Mechanical properties of glass cloth reinforced epoxy
laminates

System Flexural ILSS  Shore-D  Density Resin Void
strength (Kg/ cm®)  hardness (g/ em™)  content  content
(Kgjem®) (%ovly)  (%v/v)

Resin + DGEBA 3.325 117.65 94 1.81 30.9 2.86

+ DDS

Resin + DGEBA 5.394 149.42 96 1.72 31.0 295

+ DDM

Resin + DGEBA 2.860 108.42 90 1.73 31.2 2.92

+ TETA

Resin + DGEBA 2.621 102.26 87 1.69 30.8 2.94

+ DETA

See Table I for the meaning of the abbreviatious for the systems.

values are lowest for DETA and highest for DDS. This indicates that
the rate of curing for resin-DETA system is highest among the systems
used. The trend revealed for the ease of curing for the epoxy system is
as follows.

resin-DETA > resin-TETA > resin-DDM > resin-DDS

Aliphatic amines DETA and TETA has highest reactivity, while
DDS has the lowest reactivity, because of electron withdrawing
sulfonyl group. DSC curves are reproduced in Figure 1. In the mixed
system also the rate of curing for the resin + DGEBA + DDS system
1s lowest and highest for resin + DGEBA + DDM systems.

The kinetic parameters such as activation energy (E), order of
reaction (1) and preexponential factor determined by analysing the
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Heatflow—EXxo

T T T T —
50 100 150 200 290
FIGURE 1 Dynamic DSC scans at 10°C.min"! for the systems: A: Resin + DDS, B:
Resin + DDM, C: Resin + TETA, D: Resin + DETA.

data of Borchardt~—Daniel relation [13], Freeman—Carroll relation
[10], and Barrett relation [9] are presented in Table 1.

In order to determine thermal stability trend, the temperature
characteristics such as T} (temperature of onset of decomposition), T
(temperature for 10% weight loss), T3y (temperature for 30% weight
loss), Tiax (temperature of maximum rate of decomposition), IPDT
(Integral procedural decomposition temperature), and the activation
energy (E), of the degradation process were calculated and presented
in Table 11. Ty and T4 are two of the main criteria of the heat stability
of polymers. The higher the values of Ty and Tq, the higher will be
the heat stability of the system [14]. However Ty, Tio and Ty
are single features of the TG curves. To obtain the quantitative pic-
ture of the relative stability, IPDT values can be regarded of signi-
ficant importance, since they represent the overall nature of the TG
curves.

The thermal stability of amine cured epoxy system is affected by the
structure of the amine used as curing agents.

The trend of the thermal stability for the amine cured epoxy resins
as shown in Table 11, is

resin-DDS > resin-DDM > resin-TETA > resin-DETA
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It is deduced from the results that the epoxy resin cured by DDS is
more thermally stable than that cured with DDM.

This may be ascribed to greater heat resistance character of the
sulphur linkage refering to a carbon linkage [15]. The lowest stability
observed in case of DETA and TETA cured resin systems is due to a
purely aliphatic structure of DETA and TETA in the cured product.
TG curves are reproduced in Figure 2.

Mechanical Properties

Examination of the data furnished in Table III shows that the
mechanical properties like flexural strength, and interlaminar shear
strength (ILSS), of the laminated samples are affected by the nature of
the curing agent. The mechanical properties of the system resin + D-
GEBA + DDM are superior compared to other systems. The
increased flexural and interlaminar shear strength indicate that in
the system resin + DGEBA + DDM there is increased interfacial
bonding between the fibre and the matrix resin. This is a critical
property in composites, Due to the aromatic structure in the

A T T T T
100 200 300 400 500 600 700
FIGURE 2 TG curves for cured epoxy systems in a nitrogen atmosphere at a heating

rate at 10°C.min~! for the systems: A: Resin + DDS, B: Resin + DDM, C: Resin +
TETA, D: Resin + DETA.
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backbone, the diamines like DDM and DDS impart better rigidity to
the finally crosslinked network and hence they yield the composites
with better mechanical properties. Under identical curing conditions,
the more reactive a material, the greater will be its final degree of
conversion [16], resulting in a tightly crosslinked network. The
reactivity of DDM is higher compared to DDS and hence the
mechanical properties of the system (resin + DGEBA + DDM) are
superior to the system (resin + DGEBA + DDS). Even though DETA
and TETA are highly reactive compared to DDM and DDS, the
purely aliphatic nature of DETA and TETA are responsible for the
least values of flexural and ILSS [17].

Chemical Resistance

Examination of the glass fibre reinforced composites showed that these
composites had excellent chemical resistance properties. The composites
specimens were dipped in water, 20% sodium hydroxide, 20%
hydrochloric acid, and methyl ethyl ketone for 7 days. After 7 days
their physical appearance was checked. Neither a loss in gloss nor a
change in dimensions was observed. Data on percentage weight change
showed that only about 2% weight change was observed in each case.

Dielectric Properties

The dielectric data for all the glass epoxy composites are given in
Table IV. The data reveal that GFRC behave as a very good insulating
materials.

TABLE IV Dielectric properties of glass cloth reinforced epoxy laminates

System Resistance Dissipation Dielectric Dielectric

©x1071% factor loss Constant
(tan 8) =) "

Resin + DGEBA 1.210 0.409 1.312 3.0186

+ DDS

Resin + DGEBA 0.960 0.402 1.210 2917

+ DDM

Resin + DGEBA 0.710 0.406 1.232 2.823

+ TETA

Resin + DGEBA 0.621 0.401 1.1754 2.762

+ DETA

See Table I for the meaning of the abbreviations for the systems.
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CONCLUSION

The curing reaction of the epoxy resin amine system follows Arrhenius
type kinetics with an activation energy in the range of 67.4-121.5
KJ mol™!. The thermal stability of the cured epoxy system depends on
the structure of the curing agent used. The activation energy of the
thermal degradation is in the range 41.89-71.84 KJmol !. The
mechanical properties depend on the structure of the curing agents.
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