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Epoxidized
Vegetable Oils

Introduction

Open up new possibilities

With the increasing of controversial

All the VOs wealth resides in their composition which is notably dependent

epoxy compounds such as the

on the nature of the oil, its geographical origin and its extraction process.

DiGlycidyl Ether of Bisphenol A

VOs are generally composed by triglycerides and minor components:

(DGEBA), researches are more and
more

geared

towards

the

development of bio-based and
non-hazardous

alternatives.

Among them, Vegetable Oils (VOs)
constitute

the

single,

largest,

renewable, low cost, non-toxic, nondeletable and biodegradable family
yielding materials that are capable
of

competing

derived

with

fossil

petro-based

fuel

products.

Therefore, they find innumerable
industrial

applications

plasticizers,

biodiesel,

such

as

lubricants,

Triglycerides (from 95% to 99%) are comprised of three fatty acids
joined at a glycerol junction. Fatty acid varies from 8 to 28 carbons in
length, with 0 to 6 double bonds and may even contain functional
groups. The most important fatty acids are shown below (Figure 1).
Double bonds are one of the most important factor since they
influence the reactivity, the stability and the physical and physiological
properties of vegetable oils. Double bonds are mainly positioned on
the third, sixth and ninth chain position and the related fatty acids are
commonly known as omega-3, omega-6 and omega-9 respectively.
Minor components (from 1% to 5%) are phospholipids, complex lipids
and non glyceride compounds such as tocopherol, phytosterols or
carotenoids.
Figure 1: Structures of the most important fatty acids

adhesives, biodegradable packaging
materials, printing inks, paints and
coatings.
Structure, composition, functionality
and epoxy material performances
vary across vegetable oils nature.
Within

this

POLYMERS
advantage

of

scope,

SPECIFIC

wishes

to

oils

diversity

take
to

modulate the thermo-mechanical
properties of related materials.
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A wide sustainable epoxy plateform
Epoxidation process
During the epoxidation process, double bonds are converted into epoxy rings. In order to reach a large panel of
epoxy content, VOs were thus selected according to their double bonds content. Epoxidation was performed by
using an eco-friendly triphasic system with hydrogen peroxide, acetic acid and a supported acid catalyst (Figure
2). The use of this procedure enables us to develop an energy-cost-efficient and high throughput general method
for the preparation of epoxidized vegetable oils (EVOs). Finally, thanks to oils diversity the epoxy content of the
EVOs available in SPECIFIC POLYMERS brochure (see enclosed leaflet) varies from 2.5meq/g to 7.0meq/g.
Figure 2: Synthetic route for the epoxidation of vegetable oils

Characterization
Figure 3: General 1H NMR spectra of EVOs

Deep characterization by NMR (1H, 13C, HSQC,
COSY) and GPC (THF and DMF) were performed on
both raw materials (VOs) and end-products (EVOs).
Firstly, evaluation of the fatty acids composition
(omega-3, omega-6, omega-9 and saturated fatty
acids) and the double bonds content were performed
prior to epoxidation in order to adapt the epoxidation
process conditions. Finally, these analytical tools
were also used to highlight the chemical structure of
EVOs (Figure 3) and to determine both the epoxy
content and eventual side-reactions.

SPECIFIC POLYMERS values
Aside from involving a relatively green one-step pathway for VOs epoxidation, SPECIFIC
POLYMERS also decides to work on a large range of VOs to adjust the thermomechanical
properties. Doing that, intensive chemical modifications are reduced and the principles of green
chemistry are preserved. Moreover, SPECIFIC POLYMERS pays a significant attention on the nonvaluated and non-edible aspects for the selection of the oils.
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Towards Tunable, Reparable, Reformable & Recyclable materials
In the context of tunable epoxy material properties, several experiments were set out to assess and compare the
thermal and mechanical properties of both thermocured and photocured materials prepared from SP's EVOs
leaflet. The evaluated EVOs associated to their epoxy content are listed in Table 1.
Table 1: EVOs acronym and their related epoxy content

Thermocured epoxy materials
Curing

conditions

were

Photocured epoxy materials

selected

This technique enables to set aside

studying the crosslinking reaction by in

influences of the hardener composition

situ FT-IR, 1H and 13C NMR, dynamic

generally used in thermoset epoxy

and isothermal Differential Scanning

materials. Fourier Transform InfraRed

Calorimetry (DSC) analyses. Various

spectroscopy

initiators and hardeners were confronted

evaluate the epoxy conversion rate.

(FTIR)

was

used

to

to select the curing system.
EVOs’ thermal stability
ThermoGravimetric Analysis (TGA)
measurements show that EVOs are
thermally stable up to 250°C either
before (Figure 4a) or after thermal
curing

(Figure

4b),

which

is

comparable to the values commonly
obtained
thermosets.

with

fossil-derived
Figure 4: Thermal stability of EVOs before (a) and after (b) thermal curing
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EVOs crosslinking
The glass and sub-glass transitions
on the EVO's thermosets were
analyzed by DSC (Figure 5) and
Dynamic

Mechanical

Analysis

(DMA) (Figure 6) respectively.

Figure 5: DSC thermograms of
the thermal curing of EVOs

Figure 6: DMA curves
of thermocured EVOs

Conclusion
100% bio-based materials were performed thanks to anionic thermocuring and UV cationic process. Only based
on crosslinking rate, these materials show a range of glass transition temperature from -23°C to 22°C, whereas
the thermocured EVOs materials enable glass transition temperature from 17°C to 91°C. Thus, these results give
to our customers a wide range of new possibilities on their epoxy based materials.
Table 2: Overview of EVOs materials properties

R&D services, partnering
Thanks to its facilities, its analytical equipments, its expertise and transparency, SPECIFIC POLYMERS will be
your technical support at all step of your projects (product conformity control, proof of concepts, scale up, …).
We are always looking forward to establish and optimize synthetic routes for the development of innovative
compounds having a noteworthy future in green chemistry and epoxy materials fields.
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