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Abstract — Environmentally friendly biocomposites based on ED-20 epoxy resin modified with
reactive soybean oils functionalized with cyclocarbonate and epoxy groups were obtained with UP
(mono(cyanoethyl) diethylene triamine) hardener. Influence of the curing mode on the water
absorption and chemical resistance of the synthesized polymer materials was investigated.
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Introduction

The attraction on the biocomposite materials (also known as green composites) due to the
potential of being substitute to conventional materials has significantly increased nowadays
because of awareness of environmental issues. Vegetable oils are typical sourses of biogenic
modifiers; they are triacylglycerides and can be functionalised with reactive groups such as
epoxy and cyclocarbonate and, hence, can be cross-linked to form rigid biocomposites [1-3].
Therefore, the objective of this work was to modify diglycidyl ether of bisphenol-A epoxy resin
(ED-20) with functionalized SbO such as as cyclocarbonated soybean oils (SbOc) and mixture
of epoxidized soybean oil and cyclocarbonated one (SbOm). The effect of modifier and curing
mode on water sorption and chemical resistance of the synthesised samples has been studied
and discussed.

Experimental section

Sample Preparation. Compositions of pristine as wel as modified ED-20 samples were
synthesized with UP ((mono(cyanoethyl) diethylenetriamine)) hardener, its content for all
samples was 20 wt.% according to the monomer(s). Functionalised soybean oils, such as SbOc
and SbOm were supplied by the group of researchers headed by Grishchenko V.K. and used as
modifiers [4]. SbOm is a mixture of soybean oil functionalized with epoxy (12.5 wt.%) and
cyclocarbonate (24.6 wt.%) groups, while SbOc contains soybean oil functionalized only with
cyclocarbonate (27.03 wt.%) groups. Mass fraction of functionalized SbO for all biocomposite
samples was 10 wt.%. The homogenized reaction mixture was poured into molds and cured
under three different temperature regimes. The curing mode | was performed at 25 °C for 4
hours; curing mode 11 - 2 hours at 80 °C, 7 hours at 100 °C; and curing mode 111 - 1 hour at 80
°C, 1 hour at 100 °C, 3 hours at 120 °C, and 2 hours at 160 °C.

Characterization. Fourier transform infrared (FT-IR) spectra (4000400 cm™) of all
synthesized materials were recorded on a TENSOR 37 spectrometer using KBr pellets. The
chemical resistance of the synthesized samples to the action of aggressive media (water,
10 wt.% H>SO4 and 10 wt.% NaOH) was determined in accordance with water absorption tests
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by ASTM D-570 - 98(2018) “Standard Test Method for Water Absorption of Plastics” and ISO
175:2010 “Plastics — Methods of test for the determination of the effects of immersion in liquid
chemicals”.

Results and Discussion

The chemical structures of the synthesizes samples were analyzed by FT-IR. It is
observed that the characteristics peaks of both epoxy resin and functionalised SbO appear in all
spectra of the initial reaction mixture. Characteristic bands of cyclocarbonates (1798 cm™) and
oxiran rings (913 and 830 cm™) disappear after curing procedure. Biocomposite samples
containing SbOc and SbOm revealed small band at 1713 cm™ that corresponds to the C=0
group of hydroxyurethanes that confirm possible interaction between cyclocarbonate groups of
SbO and amino-groups of UP hardener. This process can contribute to the grafting between
epoxy matrix and soybean oil (Scheme 1) [5].
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Scheme 1. Representation of interaction between epoxy resin, cyclocarbonate group of
functionalized SbO and UP hardener as diamine

The character of the absorption curves indicates that all samples achieve sorption
equilibrium without destruction in all aggressive media (Fig. 1). The water absorption degree
in distilled water as well as in alkaline media of biocomposites increases negligibly compared
to the corresponding samples of pristine ED-20 regardless of the type of modifier (Fig. 1.a and
b). Thus, equilibrium water absorption (Wm.:) was in the range of (1.0 — 1.8) % for samples
ED-20 with different curing mode, and (2.0 — 2.8) % and (2.3 —2.7) % for samples ED-20/SbOc
and ED-20/SbOm correspondently. It means that presense of functionalized SbO at the
formation of epoxy network leads to slightly less dense netted structure formation. It should be
noted that an increase in the curing temperature also has no significant effect on equilibrium
water absorption in both water and alkaline medium for samples of pristine epoxy resin and
biocomposites.
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Fig.1. Water absorption curves (a) in distilled water, (b) in alkaline medium, (c) in
acidic medium of epoxy polymers based on the ED-20 and their biocomposites made with UP
hardener: 1, 2, 3 — pristine ED-20; 4, 5, 6 — ED-20/ShOc; 7, 8, 9 — ED-20/SbOm.

1,4, 7 —curing mode I; 2, 5, 8 — curing mode 11; 3, 6, 9 — curing mode I11.



Investigation of chemical resistance in the acidic environment revealed that all samples
had higher sorption capacity and thus lower chemical resistance (Fig. 1.c). For example, it
increases by ~ 6 times for samples based on the pristine ED-20 and ~ (7 — 9) times for
biocomposites comparing to correspondent samples” resistane in the alkaline media. Samples
of biocomposites showed, that their chemical resistance to acidic media is lower by ~ 2 times
comparing with pristine ED-20 samples of corresponding curing mode.

It should be notified, that all synthesized samples after exposure to aggressive media did
not detect any defects in the film surface such as cracking, delamination, discoloration, weight
loss. Therefore, it can be concluded that destruction of the synthesized samples did not proceed.

Conclusion

In conclusion, environmentally friendly biocomposites based on ED-20 epoxy resin
modified with reactive soybean oils functionalized with cyclocarbonate and epoxy groups were
obtained with UP (mono(cyanoethyl) diethylene triamine) hardener. Possible chemical
interaction between reactive groups of SbO, epoxy resin and hardener was shown. Influence of
the curing mode on the water absorption and chemical resistance of the synthesized polymer
materials was investigated. Samples of biocomposites as well as unmodified samples revealed
lower chemical resistance in acidic environment comparing to the water and alkali media.
Addition of functionalized SbO to the epoxy matrix and chosen curing modes did not change
chemical resistance to water and alkaline medium dramatically.
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