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ABSTRACT

in various industries including aerospace and automotive industries. In

this respect, epoxy resins are of particular importance. Strengthening the
mechanical properties of this resin for use in special applications has always been
a requirement of the industry. Thereby, an attempt was made to improve the tensile
modulus of epoxy resin using benzoxazine resin based on aniline and bisphenol A
(BA-a) and silica nanoparticles (Si).
Method: Due to the lack of availability of epoxy resin and to achieve the scientific
ability of producing epoxy-benzoxazine composites, benzoxazine resin was
synthesized by solvent method and then the solvent was removed. Subsequently,
Fourier transform infrared spectroscopy (FTIR), proton nuclear magnetic resonance
("HNMR) and differential scanning calorimetry (DSC) tests were used to verify the
Keywords: structural nature of the synthesized resin and evaluate its thermal properties. After
making sure that the benzoxazine resin was produced and familiarized with its process
properties, epoxy resin blending was performed.
Finding: The results of this work showed that the tensile modulus of epoxy-
benzoxazine-based composite (80:20 wt/wt%) (EB-82) (3.9 GPa) is 17% higher than
aneat epoxy resin (3.33 GPa). By increasing the amount of benzoxazine resin to 30%,
the mechanical properties did not change. Therefore, EB-82 was used to make other
composites. In nanocomposites with 2 and 4 wt% nanosilica, the tensile modulus
increased to about 26 and 51% (4.1 and 1.5 GPa, respectively). These interesting
results were attributed to the good interaction between the components and the good
filler dispersion.

l l ypothesis: Today, thermoset resins are one of the most widely used resins
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Fig. 1. Schematic reaction toward synthesis of benzoxazine [16].
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Table 1. The used nanosilica specification.

Property Quantity
Appearance White powder
Specific surface (m?%g) 175-225
Bulk density (g/L) 50
Particle size (nm) 12-20
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Table 2. Samples specifications.

Sample name Samples Components
B Synthesized benzoxazine resin
BE-73 70 wt% BA-a + 30 wt% epoxy resin
BE-37 30 wt% BA-at+ 70 wt% epoxy resin
E Epoxy resint+cure agent+accelerator
E-Si2 Epoxy resintcure agenttccelerator+ 2 wt% nanosilica
EB-82 20 wt% BA-a+ 80 wt% epoxy resin +cure agent+accelerator
EB-73 30 wt% BA-a+ 70 wt% epoxy resin + cure agent + accelerator
EB-82-Si2 20 wt% BA-a + 70 wt% epoxy resin + cure agent + accelerator + 2 wt% nanosilica
EB-82-Si4 20 wt% BA-a + 70 wt% epoxy resin + cure agent + accelerator + 4 wt% nanosilica
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Fig. 4. DSC curve of EB-82 blend.
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Table 4. The results of DSC test for the synthesized and reference benzoxazine resins [20].

Start cure temperature Peak temperature Final cure temperature Cure heat
Sample name
O O O J’g)
BE-73 153 207.7 300 291
BE-37 160 235.6 305 160.8
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Table 4. The results of DSC test of two parts blends.

uﬁf}) 6Lhoﬂ.ﬂ DSC Q)A)T c:l;h -¥ d}-"?

Start cure temperature Peak temperature Final cure temperature Cure heat
Sample name
O O O (/g
BE-73 153 207.7 300 291
BE-37 160 235.6 305 160.8
EB-82 & 54l DSC 03031 gl -0 Jsutr
Table 5. The results of DSC test of EB-82 blend.
Start cure temperature Peak temperatures Final cure temperature Cure heat
Sample name
O O O (/g
EB-82 106 166.2-207.7 337 245.5
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Fig. 6. Comparison of '"H NMR spectra of B resin with the

reference sample [19].
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Table 6. The results of tensile tests.

Uabian— (32 LuS 9 jia— S 93l SLos 5101593l (SSuilo (yolgd ) 22 9 2Ly i (2)) Sl

Sample name B (%) Silica (%) | Tensile strength (MPa) Elongation (%) Tensile modulus (GPa)
E 0 0 5243 2.08+0.04 3.33+0.05
E-Si2 0 2 57.3+4 2.2+0.16 3.4+0.024
EB-82 20 0 50.15+4 1.6120.1 3.9+0.023
EB-73 30 0 50.1+5 1.29+0.17 3.9+0.012
EB-82-Si2 20 2 58.4+4 1.8+0.15 4.1£0.02
EB-82-Si4 20 4 42.06+3 1.2+0.18 5+0.053
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components of silica-containing blend.
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