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ABSTRACT

Solvent  evaporation technique is employed to cast films of cured Epoxy resin in
Diethylenetriamine.Diethylenetriamine is an organic solvent. Polymer and curing agent concentration is varied in
wt/wt ratio.The FTIR studies are employed as a tool to identify the functional groups and the importance of curing
agent.Samples are subjected to mechanical studies and mechanical parameters -toughness, flexural and tensile
strengths are established.Dielectric studies are performedat different concentrations of curing agent.
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INTRODUCTION
The synthesis of materials as films is anindispensable step in many applications.Films play a crucial role
in the enhancement and study of materials with new and peculiar properties. The titled compound (EP) is
thesignificantmaterial ~ with  exemplary  properties, ~ which  is  extensivelyutilized in
semiconductoraccessories manufacturing unit,"* adhesives,” aerospace®”® and other fields.Epoxy
resins, are referred to as polyepoxides- comes under the category of reactive prepolymers.Epoxy
monomer svital feature is the oxiranering functional group, it is a three-member ring made of oxygen
andtwo carbon atoms.” The doping of other materials to enhance the strength of the epoxy resin has been
a vital research field."’

EXPERIMENTAL
Epoxy Resin
The titled compound issemi-polymeric or polymeric materials or an oligomerand seldom exists in pure
form. Unprocessed epoxy resins have less chemical, mechanical, heat and moisture resistance properties.
These properties are enhanced by promoting the reaction of epoxy resin with propercuring agents to
create a network of three-dimensional cross-linked thermoset structures. This process is referred to as
curing or gelation process. Curing process of epoxy resins is an exothermic reaction and releasesthermal
radiation to cause thermal degradation if not controlled.To enhance the performance of epoxy resins, even
diffusion after mixing is vital.' The polymer was purchased from M/s ROTO POLYMERS Chennai.

Diethylenetriamine

Resins linked with amine hardeners have better mechanical andthermal properties. Amine compounds are
categorized as primary, secondary, and tertiary amines, in which one, two, and three hydrogen molecules
of ammonia (NH3) have been replacedby hydrocarbon, respectively. Amines are once again categorized
into monoamine, diamine, tri-amine, or polyamine based on the number of amines present in one
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molecule andaccording to the types of hydrocarbons substituted, as aliphatic, alicyclic and aromatic
aminesl.2 Curing of resins with the help of the aliphatic amines isstrong, and isexemplary in bonding
nature.

Diethylenetriamine (abbreviated DETA) falls under the category of an organic compound with the
formula HN(CH,CH,NH,),.DETA is a hygroscopic liquid. This colorless liquid is soluble in water, polar
organic solvents, but insoluble in hydrocarbons, with an ammonia-like odor. DETA is utilized in the
chemical, pharmaceutical industry and employed as a solvent for plastics, dyes and in the chemical
manufacturing unit, fabric softeners and fuel additives. DETA is used as a solvent for resins, colors, acid
gases, and sulfur and as a hardener in epoxy resins."’Boiling point is 206°C and its refractive index is
1.484. Diethylenetriamine was purchased from M/s SISCO RESEARCH LABORATORIES Pvt. Ltd.
Navi Mumbai, India.

The curing process of Epoxy resin in Diethylenetriamineis carried out. Films are cast by the solvent
evaporation method. A homogeneous mixture of epoxy resin with different concentration of curing agent
is produced,utilizing magnetic stirrer Remi model. The films are produced by employing the simple
technique of concentration variation of both the resin and curing agent. The concentrations of films
are2%, 6%, 16% (% weight by weight) of DETA are prepared.

Characteristic Studies
The IR spectrum of a substance is the emplacement of the absorption bands of peculiarfunctional
groups.“The vibrational frequencies are a kind of fingerprint of the compounds. This property is used for
study of organic, inorganic, polymer, smart and biological compounds. The band intensities are directly
related to the concentration of the compound and hence quantitative andqualitative evaluations are
possible. Spectral studies are carried out using The Perkin Elmer Spectrum Two FT-IR instrument. The
utility of IR spectroscopy is possible using a Fourier transform technique. The entire region of 4000 — 450
cm ' is focused by this instrument.
Mid-infrared spectroscopy has been collectivelyutilized for the study of organic compounds,a lot of
sustainable information and spectra libraries can be easily traced out. FTIR spectroscopy provides both
the qualitative and quantitative dataabout the material, but its usage to epoxy systems is quite
restraineddue to the positionand concentration of the oxirane ring absorptions.
The mechanical tests are conducted by using ASTM D-638-00 using an Instron testing machine
Model5567. Mechanical tests are carried out in the laboratory at Central Leather Research Institute,
Chennai.The load is increased at a uniform rate and the specimen elongates and finally ruptures.
Dielectric studies are carried out at Loyola college, Chennai. Dielectric studies are carried out at a
temperature of80 C.

RESULTS AND DISCUSSION
Spectral Analysis
FTIR studies are carried on pure epoxy resin without curing agent, DETA and epoxy resin with varying
concentration of DETA. FTIR spectrum of pure epoxy resin without curing agent is projected in Fig.-1.
FTIR spectrum of DETA is shown in Fig.-2. FTIR spectra of Epoxy resin with varying concentration of
DE"IFA are shown Fig.-3. Vibrational band assignments are made.Films undergoCO, deformationat 555
cm’ .
Similarly, epoxy resin films with varying concentration of curing agent 2%, 6%, 16% undergo stretching
vibration of C-O-C oxirane ring at 825 cm™ - 826 cm™.Similarly,an epoxy resin film undergoes stretching
of C-O at 1181 cm™. Similarly, films of epoxy resin with varying concentration of curing agent 2%, 6%,
16% undergoes O-H deformation at 1232 cm™'— 1243cm™.Similarly, films of epoxy resin with varying
concentration of curing agent 2%, 6%, 16% undergoes stretching of N-H at 3287 -3289 cm™.
The study of relative relation of area of functional group with a concentration of curing agent is carried
out. From the study, it is confirmed as an area of the functional group of FTIR spectra increases, the
percentage of concentration of curing agent decreases, shown in Table-1 and Fig.-4.
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Fig.-1: FTIR Spectra of Pure Epoxy Resin
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Fig.-2: FTIR Spectra of DETA
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Fig.-3: FTIR Spectra of Epoxy Resin with 2%, 6%16% of DETA
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Fig.-4:Variation of Area of Functional group with Varying Concentration of Curing Agent

Table-1: Typical Variation of Area of Functional Group with Varying Concentration of Curing Agent

S. No. The The area in sq units
cfonce;ntratlon Wave Wave number Wave number Wave number
° "“ﬁf‘?/agem number(555) (826) (1182) (1242)
0
1 2 20.34 29.20 18.65 36.05
2 6 20.31 24.85 11.81 26.45
3 16 8.62 3.26 6.41 6.27

Mechanical studies are carried out on epoxy resin films with the changing concentrations of curing agent
2%, 6%, 16%. The variation of stroke with stress is studied. It is concluded that as % of the concentration
of curing agent increases the tensile strength, flexural strength, toughness also gets enhanced. Table 2 and
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figure 5 highlights the fact - % of the concentration of curing agent increases, all the mechanical
parameters such as tensile strength, flexural strength and toughness also increases. Mechanical studies are
used as the tool to establish the role of curing agent is to increase the hardness of films.
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Fig.-5: Variation of Mechanical Parameters with Varying Concentrations of Curing Agent

Dielectric Studies

Dielectric studies are carried out on epoxy resin films with varying concentration 0f6%,16% of curing
agent at temperatures 80 C, from Fig.-6and Fig.-7it is confirmed as dielectric constant increases
frequency decreases for all concentrations.
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Fig.-6: Variation of Dielectric Constant with Log f at Temperature 80° C for 16% of Curing Agent
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Fig.-7: Variation of Dielectric Constant with Log f at Temperature 80° C for 6% of Curing Agent

CONCLUSION

Both spectral analysis and mechanical studies confirm the role of curing agent. Epoxy resin film with
16% of curing agent responded well for spectroscopic and mechanical studies. A dielectric study confirms
as frequency increases dielectric constant decreases.
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Table-2: Variation of Tensile Strength, Flexural Strength and Toughness with Varying Concentration of Curing

Agent
S. No. The Tensile Flexural Toughness
concentration of strength Strength N
Curing agent in N N
%
1 2 4.19 0.34 0.35
6 5.00 2.22 2.33
3 16 8.00 4.02 4.22
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