We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

6,900 186,000 200M

ailable International authors and editors Downloads

among the

154 TOP 1% 12.2%

Countries deliv most cited s Contributors from top 500 universities

Sa
S

BOOK
CITATION
INDEX

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Y



Chapter 16

Revalorization of Grape Seed Oil for Innovative Non-

Food Applications

Juan Carlos de Haro, Juan Francisco Rodriguez,
Manuel Carmona and Angel Pérez

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.71710

Abstract

Grape processing produces a substantial amount of residues that are highly polluting and
expensive to treat, being grape seed one of the main by-products with high commercial
interest. During the extraction process of grape seed oil, most of the nutraceutical com-
pounds remain on the solid cake. This book chapter resumes the potential utilization of
grape seed oil for producing biobased materials through environmentally friendly pro-
cesses that could substitute petroleum-derived products. Special attention is given to
transesterification and epoxidation processes. The transesterification of grape seed oil in
presence of methanol drives to the production of a biodiesel with excellent low-temperature
properties. According to EN 14214, grape seed oil-based biodiesel presents a slightly lower
cetane number than the specified limit. In addition, this biodiesel presents a low oxidation
stability which can be improved by the incorporation of oxidation stabilizer. Attending to
the epoxidation of grape seed oil, short reaction times and high temperatures are advised.
Epoxidized grape seed oil can be used for the synthesis of biobased polyols and its further
application on the synthesis of polyurethane compounds.

Keywords: biodiesel, biopolyol, epoxidation, grape seed oil, polyurethane foam,
transesterification

1. Introduction

Grapes and grape-related products are among one of the most important horticultural prod-
ucts and therefore they are of high commercial interest. According to the Food and Agriculture
Organization of the United Nations (FAO), the grape farming occupies 7.12 million hect-
ares and approximately 74.49 million tonnes were produced in 2014. The top five countries
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producer of grapes are China (12.6 MTon), USA (7.15 MTon), Italy (6.93 MTon), Spain (6.22
MTon), and France (6.17 MTon) [1]. Despite grapes can be commercialized as fresh fruit, dried
(raisins) and in the form of jellies and jams, beverages (wine and juice) are the most important
derived products. As an estimation performed by the International Organization of Vine and
Wine (OIV), 276 million hL were globally produced in 2015.

The socioeconomic activity of grape pressing for producing grape juice and wine imply the
generation of a considerable amount of solid wastes, since approximately 30% (w/w) of the
material used become a waste. There are several environmental problems associated with
wineries, including water pollution, soil degradation, damage to natural vegetation, odors,
and air emissions [2].

The main solid by-products and residues produced during wine production are vine shoots,
grape marc or pomace (composed by skins, seeds, and stems), and wine lees.

* Vine shoots are a non-wood lignocellulosic residue generated during the vine pruning.
Manzone et al. [3] quantified the pruning residue between 1850 and 5360 kg/ha, depending
on the weather conditions during the year and the structure of plantation. This residue,
which is mainly composed by cellulose (34%), hemicelluloses (19%), and lignin (27%), have
been used for the extraction of phenolic acids [4], lactic acid [5], and also for production of
biosurfactants [6] and energy [7, 8].

¢ Grape marc is the main by-product of the wine industry. It is composed by stems, skins,
and seeds that remains after pressing the grapes. Taking into account that the marc repre-
sents 15-20% of grapes” weight [9], around 13.03 Mt of grape marc are produced annually.
The main chemical components of grape marc are phenols, which confer a high antioxidant
capacity, peptic substances, cellulose, and lignin [10].

o Grape skins can represent up to 20% of grape pomace. This winery by-product was
mainly used as compost or fuel as unusable waste, overall on the small wineries. How-
ever, grape skin represents nowadays a valuable source of biologically active phyto-
chemicals due to the high amount of phenolic compounds that contents [11].

o Grape stems are the structure of grape bunch and represent around 3% of grape marc
mass. These are composed mainly of cellulose (30.3%), hemicelluloses (21.0%), lignin
(17.4%), tannins (15.9%), and proteins (6.1%). However, the compounds that can be
found in grape stems depend on several factors, such as geographic origin, time of har-
vest, and climatic conditions [12].

o Grape seeds are one of the main by-products from grape processing industries. An indi-
vidual grape berry typically contains two/three seeds and it constitutes around 4% of grape
marc. Grape seeds contain 13-19% oil, which is rich in essential fatty acids, about 11% pro-
tein, 60-70% of non-digestible carbohydrates, non-phenolic antioxidants, such as tocoph-
erols and beta-carotene [10], and also phenolic compounds with antioxidant capacity [13].

e Wine lees, which are generated during the fermentation and aging processes of the
wine, are defined as the residue formed at the bottom of recipients containing wine, after
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fermentation, during storage or after authorized treatments, as well as the residue obtained
by the filtration or centrifugation of this product. The lees consists of a solid phase, mainly
composed by microorganisms (yeast and bacteria), insoluble carbohydrates from the cellu-
losic and hemicellulosic fractions, phenolic compounds, lignin, proteins and tartrates; and
a liquid phase rich in ethanol, lactic acid and acetic acid [9].

The legislative situation in Europe governing the by-products produced by the wine indus-
tries only indicates that wine lees have to be withdrawn once they have been denatured to
make their use in winemaking impossible. Producers with a capacity of less than 25 hL/year
of wine may be exempted by the Member State from this obligation. However, most of the
Member States have specified the rules for the withdrawal and legal destinations of winery
industries by-products [14].

1.1. Grape seed oil

As it was previously commented, grape seed is one of the main by-products of winery indus-
tries. Even some investigations have focused on the use of grape seeds as a fuel via pyrolysis
[15, 16] or gasification [17] processes, the most interesting activity from an economic point of
view consists on the extraction of the interesting compounds prior to the thermal exploitation.

Grape seed oil composition has been studied by different authors, focusing mainly on the
fatty acid profile, the phytochemical composition, and antioxidant properties. Table 1 shows
the fatty acid profile for grape seed oil found on a previous study [18]. These values agree
with the ones found in literature. For example, Beveridge et al. [19] compared 8 different
grape seed oils obtained by two different extraction methods, finding a linoleic acid content
between 66.76 and 73.23%. They also reported oleic acid, palmitic acid, and stearic acids as
main fatty acids in the range of 12.63-18.95%, 6.28-8.62%, 3.60-5.26%, respectively. However,
slight differences on the fatty acid profile can be found due to the use of different grapes vari-
eties and/or extraction methods [20-23].

Fatty acid Percentage (wt.%)
Palmitic C16:0 6.9

Palmitoleic C1é6:1 0.1

Stearic C18:0 4.0

Oleic C18:1 19.0

Linoleic C18:2 69.1

Arachidic C20:0 0.3

Gadoleic C20:1 0.3

Others 0.3

Table 1. Fatty acid composition (wt.%) of grape seed oil.
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With respect to vitamin E active compounds, most of the vegetable oils only contain a signifi-
cant content of tocopherols, meanwhile tocotrienols are seldom. Virgin grape seed oil con-
tains up to 10 mg a-tocopherol/100 g and different tocotrienols with a total amount of around
35mg/100 g [24]. Crews et al. [25] investigated the total content of tocopherols and tocotrienols
of 30 samples of grape seed oil, finding a total content between 63 and 1208 mg/kg. This range
is much wider than the values given at the Codex Alimentarius (240-410 mg/kg). Hassanein
and Abedel-Razek [26] reported a value of 380 mg/kg of total tocopherol content. These values
are relatively low compared with other vegetable oils, indicating that most of vitamin E active
compounds remain on the solid phase of the seed (grape seed flour).

Phytosterols are natural sterols which occur in plants and vegetable oils. A content of phy-
tosterols ranged from 2580 to 11,250 mg/kg phytosterols have been reported in literature.
However, independently of the author, [3-sitosterol is the main phytosterol found in grape
seed oil (67-70%) [25, 26].

Different techniques have been proposed for grape seed oil extraction. The traditional method
consists of pressing the whole seeds in a hydraulic press or the milled and heated seeds in
screw press. Cold-pressing is a method of oil extraction that involves no heat or chemical
treatment, and hence might retain more health beneficial components, such as natural anti-
oxidants. The cold-pressed oils may be a better source of beneficial components, such as anti-
oxidative phenolic compounds, as well as other health-beneficial phytochemicals. Although
the yield is usually lower than that with conventional solvent extraction, there is no concern
about solvent residues in the o0il, making for a safer and more consumer-desired product [27].
Using this technique, Lutterodt et al. [20] determined no significant differences on the fatty
acid profile of cold-pressed grape seed oil, but an increment on the oxidative stability index,
indicating a higher content of antioxidant compounds.

Solvent extraction of grape seed oil is a diffusion process achieved by immersing the seed
in solvent or by percolating solvent through a bed of seeds. Solvent is recovered from the
oil-solvent mixture (known as micella) by an evaporator and recycled to the process. In
order to determine the influence of the solvent, Fernandez et al. [28] compared hexane,
acetone, pentane, acetonitrile, diethyl ether, methanol, and ethanol. Among them, diethyl
ether showed the highest extraction yield (20.8%). However, its use was rejected due to its
high flammability and hexane was chosen as an extraction agent. It was also found that
the use of polar solvents enhanced the oxidation stability of the extracted grape seed oil,
indicating a higher antioxidant content in those cases. In order to combine both effects,
solvents mixtures were tested and it was observed a maximum in oil yield (18.5%) and oxi-
dation stability (16.3 h) by using a mixture hexane/acetone 1:1 (v/v). Moreover, Soxhlet and
Soxtherm extration technologies were compared, without observing a significant diference
on the extraction yield nor on the oxidation stability of the oil. Luque-Rodriguez et al. [29]
compared superheated hexane extraction with conventional Soxhlet system, finding that
similar yields can be obtained in shorter extraction times.

Supercritical fluid extraction of vegetable oils has been intensively studied in the last
decades and the results of the research are protected by several patents. However, this
procedure is not applied in Iarge-scale plants because of the difficulties with continuous
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transport of seeds into, through and out of the high-pressure extractor. Smaller amounts of
seeds can be extracted in semi-batch mode, with the supercritical fluid flowing through a
fixed bed of material [30]. Molero Gémez et al. [31] compared the supercritical extraction
and the non-supercritical one using CO, as extraction agent, showing a great increment
on oil yield by working at supercritical conditions. Jokic¢ et al. [32] determined that the
optimal conditions for obtaining the highest oil yield (14.49%) and antioxidant activity
using supercritical CO, as extracting agent were 400 bar and 41°C. Fiori [33] determined a
break-even value of grape seed oil obtained at 550 bar and 60°C of 5.9 €/kg using the same
technology. Freitas et al. [23] pointed that supercritical propane is a more suitable solvent
for grape seed oil extraction since a higher extraction yield and faster kinetic was observed.
However, most of authors conclude that the grape variety, the harvesting conditions, and
the cultivation structure have a major influence on the grape seed oil yield, composition
and antioxidant components concentration [19].

As aresult of the fatty acid profile of grape seed oil with a high content of linoleic acid and the
low amount of nutraceutical compounds compared with other vegetable oils, grape seed oil
is not as important as olive or rapeseed oil. Moreover, phenolic compounds, whose concentra-
tion is very high in the grape seed, are only extracted into the oil only to a very small extent
[24]. From this, it can be drawn that grape seed oil is not as an interesting vegetable oil as oth-
ers from a nutritional point of view. Hence, in this chapter, the major non-food applications
of grape seed oil are discussed, mainly focusing on the transesterification to produce biodiesel
and the epoxidation and further ring-opening reactions to produce biobased polyols.

2. Transesterification of grape seed oil for biodiesel production

Biodiesel is an alternative fuel for diesel engines which is made from renewable resources,
such as vegetable oils and animal fats. It is biodegradable, nontoxic, sulfur- and benzene-free
and, therefore, is environmentally advantageous. The recent concern about the increase in
the crude oil price, the limited resources of fossil o0il, and the environmental concerns have
increased the interest on vegetable oils to make biodiesel [34].

Different alternatives have been proposed on literature to increase the content of vegetable
oil-based compounds on diesel fuels. The first approach consisted on directly using vegetable
oils without any chemical transformation as direct fuel. Thus, soybean oil [35], sunflower oil
[36], canola oil [37] or rapeseed oil [38] have been studied. However, the direct use of vegeta-
ble oils or the use of blends with traditional petroleum-based diesel has not been considered
a suitable solution due to the high viscosity, the gum formation due to oxidation processes
and the deposition of carbon on piston and head of the engines [39]. As an alternative, some
authors proposed the pyrolysis of rapeseed oil [40], soybean oil [41] and safflower oil [42] to
yield small molecules. Nevertheless, the required equipment is expensive and the obtained
results do not justify the use of this technology. In addition, the pyrolysis of vegetable oils
implies the remove of oxygen from biofuel, which nowadays is a legal requirement in bio-
based fuels [43]. Therefore, the most interesting route to produce biodiesel from vegetable
oils is the transesterification.
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Transesterification reactions consists of the alcoholysis of a triglyceride to form esters and
glycerol. To improve the reaction rate and yield, a catalyst is usually used. As the reaction
is limited by an equilibrium, excess of alcohol is used to enhance the production of esters.
Among the alcohols that can be used during the transesterification process, methanol and
ethanol are the most efficient and commonly used ones. With respect to catalysts, alkalis
(NaOH, KOH, carbonates, and alkoxides), acids (sulfuric acid, sulfonic acid, and hydrochlo-
ric acid), and enzymes (lipases) have been proposed in literature [44]. However, alkali-cat-
alyzed transesterification is much faster and economically viable and, therefore, is the most
often used industrial system for producing biodiesel from vegetable oils [34]. However, for
alkali-catalyzed transesterification, the glycerides and alcohol must be substantially anhy-
drous, because water causes a partial reaction change to saponification which produces
soaps. Soaps consume the catalyst and reduce the catalytic efficiency, as well as causing an
increase in viscosity, the formation of gels and difficulty in achieving separation of glycerol
at the end of the reaction [44].

In respect to the transesterification mechanism, it consists of three consecutive reversible reac-
tions where the triglyceride is converted into diglyceride, monoglyceride, and finally, glyc-
erol, liberating a mole of esters at each step (Figure 1). After the transesterification reaction,
a mixture of esters, glycerol, alcohol, catalyst, and unreacted tri-, di-, and monoglycerides is
obtained.

The obtained transesterification product should be purified and characterized to quantify the
global biodiesel quality. Table 2 shows the requirements of the most important regional stan-
dards and the analytic methods.

0

O R, O R2 o
R; o{ + ROH =——>= Ry O{ Rl)kO-R'
Oyt
Triglyceride O Alcohol Diglyceride Ester
o X
k*&{? %, ron :::2:Rj%{5}{ 2
+ : + R
: OH 3 OH R;” OR
Diglyceride Monoglyceride

O
Ry O + ROH <——> HO + oY
3 am {OH Ry OR
Monoglyceride Glycerol

Figure 1. The transesterification reaction of triglycerides with alcohol.
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EU (EN 14214:2012) USA (ASTM D6751-15cel)
Parameter Units Limit Method Limit Method
Ester content % (m/m) >96.5 EN 14103 — —
Density at 15°C kg/m? 860-900 EN ISO 3675 — —
EN ISO 12185
Viscosity at 40°C mm?/s 3.50-5.00 EN ISO 3104 1.9-6.0 ASTM D445
Flash point °C >101 EN ISO 2719 >93 ASTM D93
EN ISO 3679
Distillation temperature °C — — <360 ASTM D1160
(90% recovered)
Cetane number — >51.0 EN ISO 5165 >47 ASTM D613
Copper band corrosion Classification 1 ENISO 2160 3 ASTM D130
Oxidation stability h >8.0 EN 14112 >3.0 EN 15751
EN 15751
Acid value mg KOH/g <0.50 EN 14104 <0.50 ASTM D664
Iodine value gl/100 g <120 EN 14111 — —
EN 16300
Cloud point °C EN 23015 Report ASTM D2500
CFFP °C EN 116 — -
Methyl linoleate % (m/m) <12.0 EN 14103 — —
Polyunsaturated methyl esters % (m/m) <1.00 EN 15779 — —
Methanol content % (m/m) <0.2 EN 14110 <0.2 EN 14110
Monoglyceride content % (m/m) <0.70 EN 14105 <0.40 ASTM D6584
Diglyceride content % (m/m) <0.20 EN 14105 — —
Triglyceride content % (m/m) <0.20 EN 14105 — —
Free glycerol % (m/m) <0.02 EN 14105 <0.02 ASTM D6584
EN 14106
Total glycerol % (m/m) <0.25 EN 14105 <0.24 ASTM D6584
Water content mg/kg <500 EN ISO 12937 — —
Carbon residue % (m/m) — — <0.05 ASTM D4530
Water and sediment % vol. — — <0.05 ASTM D2709
Total contamination mg/kg <24 EN 12662 — —
Sulphated ash content % (m/m) <0.02 ISO 3987 <0.02 ASTM D874
Sulfur content mg/kg <10.0 ENISO 20846 <15 ASTM D5453
EN ISO 20884

EN ISO 13032

343
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EU (EN 14214:2012) USA (ASTM D6751-15cel)

Parameter Units Limit Method Limit Method
Cold soak filterability test s — — <200 ASTM 7501
Group I metals (Na + K) mg/kg <5.0 EN 14108 <5.0 EN 14538

EN 14109

EN 14538
Group II metals (Ca + Mg) mg/kg <5.0 EN 14538 <5.0 EN 14538
Phosphorous content mg/kg <4.0 EN 14107 <10 ASTM D4951

EN 16294

‘Differences exist between the national versions of the EN 14214 standard. These differences relate to cold weather
requirements and are detailed in the national annex of each standard.

Table 2. Comparison of the European and American biodiesel quality standards.

Among the general parameters for biodiesel, the viscosity controls the characteristics of the
injection into the engine. The viscosity of fatty acid methyl esters can reach very high values
when the vegetable oil used as raw material is highly unsaturated and, therefore, it should be
controlled. The flash point of a fuel is the temperature at which it will ignite when exposed to a
flame or a spark. The flash point of biodiesel is higher than the petroleum-based diesel, which
is safe for transport purposes. Cetane number measures how easily ignition occurs and the
smoothness of combustion. Cetane number is a critical variable because it affects important
performance parameters such us combustion, stability, production of white smokes, noise,
and emissions of CO and hydrocarbons. The presence of mono-, di-, and triglycerides, and
other non-interesting products (alcohol, glycerol, phosphorylated and sulfated compounds,
etc.) cause engine problems, such as fuel filter plugging, carbon deposition, and hydrolytic
and oxidative reactions of fatty acid methyl esters [34].

In their previous work, Ramos et al. [18] studied the influence of vegetable oils properties
and composition on the quality of biodiesel synthesized from different vegetable oils. Among
them, grape seed oil was also used as raw material. As a resume, Table 3 shows a comparison
of properties of biodiesel obtained using different vegetable oils.

As can be observed, grape seed oil-based biodiesel shows similar values of ester content,
viscosity, flash point, and acid value to those obtained from traditional vegetable oils (soy-
bean oil, sunflower oil, etc.). However, iodine number, cetane number, and oxidative stability
exclude the direct use of this biodiesel because their values are out of the range indicated by
the major biodiesel standards.

Iodine number is an important parameter on biodiesel quality, since heating highly unsatu-
rated fatty acid methyl esters results in polymerization. This can lead to the formation of
deposits or to deterioration of the lubricant properties of biodiesel. It is well known that
biodiesel cetane number depends on the feedstock used for its production. The longer and
the more saturated the fatty acid carbon chains, the higher the cetane number [45]. Also,



Revalorization of Grape Seed Qil for Innovative Non-Food Applications
http://dx.doi.org/10.5772/intechopen.71710

Parameter Grape Palm Olive Rape Soybean Sunflower
Ester content (% mass) 97.8 97.7 99.0 99.5 96.9 97.2
Viscosity at 40°C (mm?/s) 4.1 45 45 4.4 42 42
Flash point (°C) 175 176 178 170 171 177
Cetane number 48 61 57 55 49 50
Oxidative stability at 110°C (h) 0.5 4.0 3.3 2.0 1.3 0.8
Acid value (mg KOH/g) 0.27 0.12 0.13 0.16 0.14 0.15
Iodine value (g 1/100 g) 138 57 84 109 128 132
Linoleic acid content (% mass) 0.4 0.2 0.6 7.9 6.3 0.2
CFPP (°C) -6 10 -6 -10 -5 -3
Methanol content (% mass) 0.00 0.00 0.00 0.00 0.00 0.00
Monoglyceride content (% mass) 0.28 0.17 0.67 0.41 0.21 0.37
Diglyceride content (% mass) 0.08 0.06 0.09 0.08 0.10 0.07
Triglyceride content (% mass) 0.03 0.04 0.03 0.03 0.07 0.04
Free glycerol (% mass) 0.00 0.01 0.00 0.01 0.07 0.00
Total glycerol (% mass) 0.09 0.06 0.19 0.09 0.00 0.11

Table 3. Properties of biodiesel obtained from different vegetable oils via transesterification.

oxidation stability is one of the major issues affecting the use of biodiesel because it is very
difficult to meet the 6 h of stability required by most of the main standards, even for many
common raw materials. Therefore, since linoleic acid (C18:2) is the majoritarian fatty acid
on grape seed oil composition, cetane number, iodine value, and oxidation stability require-
ments cannot be easily accomplished.

On the other hand, biodiesel obtained from grape seed oil showed some excellent proper-
ties, such us a very low cold filter plugging point (CFPP). Certain types of biodiesel present
an operability problem based on the wax settling and plugging of filters and fuel lines when
overnight temperatures approach. Low-temperature properties depend mostly on the satu-
rated ester content. In this sense, grape seed oil barely contains a 11% of saturated fatty acid
methyl esters, so its excellent CFPP is justified [46, 47].

To improve the performance of grape seed oil as biodiesel feedstock, different approaches
have been discussed in literature. One of the most common solutions consists of the bio-
diesel-biodiesel blending from different feedstocks. Fernandez et al. [28] studied the fea-
sibility of blending jatropha, grape, rape and palm biodiesel, finding good properties at
specific mixing portions. Atabani et al. [48] improved the kinematic viscosity of Sterculia
foetida methyl esters by blending it with soybean-based biodiesel. Also, biodiesel has been
blended with petroleum-based diesel and other fuels to meet the standards requirements
[49, 50].

345
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The issue of oxidative stability affects biodiesel mainly during extended storage. Generally, fac-
tors such as presence of air, elevated temperatures or presence of metals facilitate oxidation.
Several approaches have been discussed in literature to either prevent or decelerate oxidation
rate [51, 52]. The most obvious solution consists on preventing contact of the biodiesel with
atmospheric air. Another solution is to prevent contact with prooxidative substances and avoid
elevated temperatures and light. However, these solutions are not always viable and the use of
antioxidants is of significant interest. Different natural and synthetic antioxidants had been used
on biodiesel obtained from different vegetable oils. The most interesting result, apart from the
obvious increment on oxidative stability, was that properties such us viscosity, CFPP, density,
carbon residue and sulphated ash remained constant [53]. Different antioxidants, such as vita-
min E [54], tocopherols [55], and synthetic ones (butylated hydroxytoluene, tert-butyl hydroqui-
none, and pyrogallol) [56], had been studied over biodiesel obtained from different feedstocks.

Nevertheless, grape seed oil-based biodiesel has been used for different applications. For
example, Karthikeyan [57] proposed its use as a biofuel in marine engines by blending it with
traditional petroleum-based fuel. It was found that flash point, cloud point and pour point
where improved and NOx emissions were significantly reduced. Bazooyar et al. [58] com-
pared the behavior of biodiesels based on various vegetable oils in a semi-industrial boiler.
Grape seed oil biodiesel showed the lowest CO and CO, emissions. Hence, it can be con-
cluded that grape seed oil can be used.

3. Epoxidation of grape seed oil

Epoxidation reaction consists of the addition of an oxygen atom to a carbon-carbon double
bond. This reaction has been established as one of the most important methods for the forma-
tion of carbon-oxygen bonds [59]. Epoxides are highly reactive and versatile functional groups
which are commonly used as precursors for alcohols, glycols, carbonyls, alkanolamines, sub-
stituted olefins, polyester polyurethanes, and epoxy resins [60, 61]. Increasing environmental
problems related to fossil sources overuse have made plant oils an attractive alternative for
the production of epoxy-based materials.

In the industry, epoxidized vegetable oil, and more specifically soybean and linseed oil, are
currently used as plasticizers for PVC and related resins, reaching an annual production of
about 200,000 tons [62]. Indeed, the epoxides change the solubility and flexibility of the PVC
resins and react with hydrochloric acid liberated from the PVC resins under the prolonged
action of light and heat. Epoxidized vegetable oils are also used as lubricants [63, 64] and as
prepolymer in coating formulations [65-67]. The applicability of an epoxidized oil depends
on its purity, oxirane number, and iodine number.

There are three different potential sources of vegetable oils containing epoxy groups. Firstly,
there is a variety of natural occurring epoxy vegetable oil, mainly Vernonia galamensis [68]
and Euphorbia lagascae oil [69], which contain up to 70% of vernolic acid (12S,13R-epoxy-9-
cis-octadecenoic acid). The second option consists of the production of oil from genetically
modified seeds which already contains vernolic acid in order to increase its content [70, 71].
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However, none of these vegetable oils are commercially available at a competitive cost.
Therefore, the only remaining solution is the chemical transformation of unsaturated veg-
etable oils, such us soybean [72] or grape seed oil [73], on epoxidized vegetable oils.

A wide variety of methods have been proposed for epoxidation of vegetable oils and related
products (e.g., unsaturated free fatty acids). The most important ones are listed below [74]:

* Chlorohydrin process: this indirect epoxidation process is based on the reaction of the un-
saturation with HOCI, forming the chlorohydrin which subsequently yields the epoxide on
alkaline treatment. However, this method is highly unfriendly environmentally.

* Halcon reaction: epoxides can also be prepared by treating the unsaturations with tert-
butyl hydroperoxide using vanadium, titanium of molybdenum complexes as catalysts.

* Epoxidation with dioxirane: the enantioselective epoxidation in a neutral medium is made
possible by using dioxirane and an optically active manganese (III) salt as catalyst.

¢ Epoxidation with molecular oxygen: this process is catalyzed by silver and is the cheapest
and greenest route to epoxidize low molecular weight molecules (e.g., ethylene and buta-
diene). However, this process is not efficient to be applied to vegetable oils, but its use is
mostly restricted to low molecular weight substrates.

However, the selectivity and workup of these processes are not satisfactory for industrial
applications, and currently, the industrial processes are based on the use of peracids. The
Prilezhaev reaction consists on the epoxidation of alkenes with peracids, typically performic
or peracetic acid, formed in situ from hydrogen peroxide and formic or acetic acid, respec-
tively. Among them, peracetic acid is the most used one due to its low price, higher epoxi-
dation efficiency, and safety issues at ordinary temperatures. Acidic catalysts, either strong
acids or acidic ion exchange resins, are required on this process. Dinda et al. [75] found that
the order of catalyst effectiveness for the vegetable oil epoxidation reaction based on mineral
acids was headed by H,SO,, followed by H,PO,, HNO,, and HCL

During the in situ epoxidation process, different reactions take place. Firstly, the peracid must
be formed from hydrogen peroxide and the carboxylic acid. Secondly, the previously formed
peracid attacks the alkene group, generating an oxirane group and the carboxylic acid. Hence,
the carboxylic acid is not consumed during the epoxidation reaction. However, two side
reaction might take place during the epoxidation process. Since oxirane rings are formed in
aqueous acidic media, they can be hydrolysed into hydroxyl groups. Consequently, reactions
between hydroxyl groups form different triglycerides led to the formation of oligomers linked
by ether groups.

3.1. A case study: influence of temperature on grape seed oil epoxidation

Grape seed oil was epoxidized using peracetic acid formed in situ from acetic acid and hydro-
gen peroxide using H,SO, as catalyst. The epoxidation reactions were carried out at 50, 60, 90,
and 100°C [73]. To evaluate the conversion and selectivity of the process, the concentration of
different functional groups was determined.
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Figure 2 shows the evolution of double bonds, epoxy groups, and hydroxyl groups along the
reaction time at the previously commented reaction temperatures.

As can be observed, a gap exists in the double bond conversion (Figure 2A), depending
on the reaction temperature, with increased conversion at greater temperature. If the tem-
perature is higher than 90°C, conversions greater than 90% can be obtained in less than
1.5 h. Complete conversion of double bonds was only achieved when the reaction tem-
perature and time were 100°C and 4 h, respectively. However, the double bonds conversion
decreased much slower when the reaction temperature was 60°C or lower, requiring reac-
tion times longer than 6 h for complete double bond conversion. Nevertheless, high double
bond conversion rate cannot be the desired reaction conditions because the presence of
secondary reactions can be promoted.

In respect to the oxirane ring formation (Figure 2B), the obtained data also indicated an
important influence of reaction temperature. The reactions performed at high temperature
(90 and 100°C) showed a maximum concentration of epoxide groups at short reaction times,
between 1 and 1.5 h. After this, oxirane rings were completely consumed when the reaction
time was 6 h. However, when the reaction was performed at lower temperatures (50 and
60°C), the epoxide group concentration increased constantly during the reaction, without
observing any depletion.

In the same way, the hydroxyl group concentration (Figure 2C) increased abruptly at 100°C,
reaching its maximum value in 4 h. At this point, the hydroxyl group concentration decreased
in the reaction media, indicating the presence of another secondary reaction. On the other
hand, when the reaction was performed at lower temperatures, the hydroxyl group formation
was almost negligible.

The diminishing in the concentration of hydroxyl groups at 100°C indicates the presence of
another secondary reaction, which mainly takes place when oxirane rings exist. The most
common reaction in these cases reported in literature consists of the oligomerization of tri-
glycerides. The generation of oligomers in the reaction bulk was confirmed by Gel Permeation
Chromatography (GPC). All chromatograms presented three peaks, indicating the presence
of dimers and trimers in addition to the main product.
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Figure 2. Concentration of different functional groups along the reaction time as function of different temperature used.
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The concentration of oligomers (dimers and trimers) could be calculated through the mass
balance presented in Eq. (1). This mass balance indicates that the initial content of double
bonds (DB, _,) is equal to the unreacted double bonds (DB), the oxirane rings (OR)), half of the
hydroxyl groups (OH,), and the oligomers (OLIG,). The portion of dimers (DIM) and trimers
(TRIM) was quantified using the area ratio of these compounds from the chromatograms.
In this estimation, the same response factor was assumed for both dimers and trimers. The
obtained values are presented in Figure 3.

OH,
DB_, = DB, +OR,+——+OLIG, (1)

When the epoxidation reaction was performed at low temperature (50 or 60°C), oligomer for-
mation was almost neglected. However, the oligomer concentration profiles obtained at high
temperatures (90 and 100°C) indicate that the formation of dimers (Figure 3A) is required
to form a trimer (Figure 3B) and that a unique reaction step is not taken place. Moreover, a
change in the trend can be observed at a reaction time of 1.5 and 2.5 h for the reactions per-
formed at 90 and 100°C, respectively. This result could be explained by the lack of oxirane
ring groups in the reactor at this time, suggesting that the formation of oligomers requires the
presence of both oxirane rings and hydroxyl groups.

3.2. Kinetic model for the in situ epoxidation of grape seed oil

Jankovic¢ and Sinadinovic¢-FiSer [76] have already postulated a kinetic model for the in situ for-
mation of peracetic acid from acetic acid and hydrogen peroxide in the presence of a homoge-
neous acid catalyst. The mechanism can be summarized in the following steps: (i) formation
of peracetic acid in the presence of the catalyst and (ii) reaction between peracetic acid and the
double bonds to produce oxirane rings, releasing acetic acid. Moreover, different secondary
reactions were observed during the epoxidation of grape seed oil: the hydrolysis of oxirane
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Figure 3. Concentration of dimmers and trimmers along the reaction time as a function of different temperature used.
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rings (iii) and the formation and dimers (iv) and trimers (v). Finally, it is important to take into
account the degradation of hydrogen peroxide in water (vi) [77].

From the above mechanism, the following reaction system (Egs. (2)—(7)) can be proposed:

kl
AA+H,0,<—PAA+H,0 )
kO
kZ
PAA+DB=OR + AA 3)
k3
OR +H,0=20H (4)
k4
OR + OH - DIM (5)
k5
OR + DIM = TRIM (6)
k6
H,0,~H,0+05 0, 7)

where AA, PAA, DB, OR, OH, DIM, and TRIM represent the acetic acid, peracetic acid, double
bond, oxirane ring, hydroxyl groups, dimers, and trimers, respectively.

The kinetic model was simplified assuming that the epoxidation reaction takes place in a
unique phase (i.e., pseudo-homogeneous system). This assumption avoids the use of distribu-
tion constants, which would be necessary to quantify the concentration of the species in the
organic and aqueous phases. To minimize the error caused by this assumption on the kinetic
model, a high agitation rate was used. This high agitation rate favors the formation of small
oil drops in the aqueous phase, increasing the external surface for mass transfer and minimiz-
ing limitations to the mass transfer [73].

Therefore, the corresponding differential equation system (Egs. (8)—(16)) can be drawn from
the proposed reaction set:

d[AA]

441 - _K[AAI[H, O, +k[PAAI[H, O] + k,[PAAIIDBI (8)
d[H, 0]
S - L AANH, O,] +k[PAAI[H, O] - k,[H, O) 9)
APAAL - kIAAI[H, O, - KIPAAI[H, O] - k[PAAIIDBI (10)
d[H, O]
~— = k[AAI[H, 0,] - K[PAAI[H, O] - k[ORI[H, O] +k,[H, O, (11)
ADBl — _k [PAAIIDBI (12)
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AOR] ~ k [PAAIIDBI - KJORI[H, O] - k,JORIIOH] - kJORIIDIM] (13)
AOHl ~ 2k [ORI[H, O] - k,[ORIIOH] (14)
d[DIM]
M _ & [ORIOH] - kJORIIDIM] (15)
d[TRIM]

| 7 k,IORIIDIM] (16)

The differential equation system was solved numerically by using the fourth-order Runge-
Kutta method. Hence, all the kinetic constants (k) were calculated by fitting the experimental
concentrations of the species to those predicted from the equations Egs. (8)—(16).

A comparison between the experimental values and the theoretical trends for the concentra-
tion of DB, OR, OH, DIMS, and TRIMS is shown at Figure 4. As can be observed, a good
agreement exists among the experimental and predicted values, with an error lower than
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Figure 4. Theoretical and experiential profiles of functional groups along the reaction time for different temperatures.
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T(O k,(L/mol k, (L/mol k, (L/mol k, (L/mol k, (L/mol k, (L/mol k, (L/min)

min) min) min) min) min) min)
50 1.35x 107 6.56 x 107 0.129 0.247 x 10™* 0.106 x 107 1.04 x 102 5.85x 107
60 1.20 x 1072 4.02 x 102 0.178 0.288 x 10™* 5.94 x10°® 1.05 x 1072 7.10x 107
90 1.01 x 10 0.102 x 102 0.485 1.38 x 10 3.81x10° 1.50 x 1072 0.14 x 10°®
100 0.990 x 1072 0.573 x 102 0.560 1.75x 10 3.07 x10°® 1.70 x 102 6.30 x 107

Table 4. Kinetic constants for the proposed model.

0.5% in all cases. Student’s t-test was performed, observing in all cases ¢ values lower than the
critical one (2.56) [73].

Table 4 shows the obtained values for the kinetic constants. All the kinetic constants pre-
sented the same order of magnitude, excepting k,, which was the lowest. This lower value
could be related to the high concentration of water that was considered in this model by
neglecting the presence of a secondary aqueous phase. Therefore, it is expected that this value
would increase in a two-phase model. Respecting to the values of k; and k,, it indicates that
the peracetic formation is not favorable at high temperatures. Moreover, the kinetic constants
k, and k; indicate that the formation of trimers is favored over dimers one.

One of the most traditional representations of kinetic constants is the Arrhenius equation
(Eqg. (17)). To obtain the pre-exponential factor (A) and the activation energy (E,), all obtained
constants for the chemical reactions were adjusted by non-linear fitting.

k=A-ert (17)

The E,, A, and coefficient of determination values (R?) are summarized in Table 5. A good fit
between the experimental kinetic constants and the Arrhenius equation was observed for all
reactions, except for the reverse reaction of peracetic acid synthesis (k).

Different authors have determined the E , value of different in situ epoxidation system using dif-
ferent vegetable oils as raw materials. For example, Cai et al. [78] and Mungroo et al. [79] found
a value of 10.3 and 10.7 kcal/mol, using soybean and canola oil as raw material, respectively.
There is a small difference among these values and our determined one (7.3 kcal/mol). Jankovi¢
and Sinadinovié¢-FiSer [76] concluded that the number and the position of the double bonds,
their position with respect to the carboxylic group, and the presence of cis- or trans-isomers have

Kinetic constant k, k, k, k, k, k, k,
E, (kcal/mol) -1.46 -16.51 7.30 10.19 -5.33 2.47 5.33
A 1.35x 1073 435 %1078 1.12 x 10* 171 227 x10° 0.468 23.18
R? 0.972 0.738 0.994 0.979 0.937 0.966 0.996

Table 5. Arrhenius equation parameters.
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a strong influence on the activation energies. Moreover, E, values are affected by the simplifica-
tions and assumptions considered along the proposed model. Therefore, slight differences in
the activation energies values are expected.

4. Synthesis of biopolyols

The uncertainty of petroleum price and its availability, combined with the global and institu-
tional tendencies toward the principles of green chemistry, have forced the chemical industry
to explore the use of renewable resources. Polyurethanes (PUs), with a global production of
12.28 Mt in 2010, are the sixth most widely used polymer [80]. This is due to the high versatil-
ity of use in mostly all the fields of polymer applications: foams, elastomers, adhesives, coat-
ings, sealants, fibers, etc. PUs are obtained by the reaction of a polyol and a polyisocyanate,
being both of these raw materials typically obtained from petroleum. However, the chemical
industry is paying a great interest to the production of biobased polyols (biopolyols).

The most interesting alternative to produce biopolyols consists of the chemical transforma-
tion of unsaturated vegetable oils through different alternatives to produce hydroxyl groups,
which enable the reaction with polyisocyanates to get PUs. Some of the proposed routes in
literature are the ozonolysis-hydrogenation process [81], hydroformylation [82], dimerization
of fatty acids [83], thiol-ene coupling [84], and formaldehyde addition [85]. However, the most
used one consists of the epoxidation of double bonds and its further epoxide ring opening.

4.1. Ring-opening reaction with glycerol

To obtain desired biopolyols, the oxirane rings can be opened with compounds containing
active hydrogen atoms, such as monoalcohols [86], amines [87, 88] or carboxylic acids [89],
among others.

In addition, if diols or triols are used as nucleophile for epoxide ring opening, then both
primary and secondary hydroxyl functions could be inserted on each epoxide group. Thus,
although the production of polyols from different vegetable oils has been reported, there is a
lack of information about the yield of this reaction toward hydroxyl groups and the viability
of using grape seed oil as unsaturated vegetable oil.

Therefore, in this work, the ring-opening reaction was carried out using glycerol as ring-
opening agent and double metal cyanide (DMC) complex as catalyst (Figure 5) [90].

The epoxidized grape seed oil previously produced, with an oxirane oxygen concentration of
5.87%, a hydroxyl value of 31.98 mg KOH/g, and an average molecular weight of 1151.75, was
stirred at 900 rpm during 2 h at 80°C. Figure 6 shows the infrared spectrum of the grape seed
oil, the epoxidized oil, and the green-polyol obtained after ring-opening reaction with glycerol.
It can be observed a drop in the intensity of the bands at 3009 and 1660 cm™ related to unsatu-
rations during the epoxidation reaction. Moreover, a big increase in the intensity area at the
stretching band of 3500 cm™ is observed, which confirms the rupture of the oxirane ring and
the incorporation of a large number of terminal hydroxyl groups from the glycerol molecule.
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Figure 5. Reaction scheme of the ring-opening process in presence of glycerol.

The developed renewable green-polyol presents the following characteristics: an oxirane oxygen
concentration of 1.06%, a hydroxyl value of 80.84 mg KOH/g, and an average molecular weight
of 1800.94 g/mol. These values indicate that 82% of the oxirane rings were opened by the glycerol.

4.2. Ring-opening reaction with NaN,

As it was previously commented, biopolyols synthetized from epoxidized vegetable oils can
be functionalized by different groups, when the epoxide group is hydrolysed. Among the
possible pathways, the ring-opening reaction with sodium azide [91] is one of the most inter-
esting alternatives for obtaining very interesting compounds (Figure 7) [92].

The presence of nitrogen atoms in the structure of the biopolyol resulting from the incorpora-
tion of azide groups enables the polyol to act as thermal stabilizer compound in polyurethane
foams [93]. Additionally, the azide group is highly polar, and when it is linked to a hydro-
carbon chain, the hydrophobic character is modified, favoring its use as a surfactant [94].
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Figure 6. Infrared spectrum of the grape seed oil, the epoxidized oil, and the vegetable biopolyol.

Moreover, the azide group is one of the two main parts for performing the 1,3-dipolar cyclo-
addition reaction among azides and alkynes in the field of click chemistry [95]. The latter one
is of the most actively investigated approaches for preparing tailor-made bioactive substances
at this time.

The azidification reaction was performed at three different temperatures (50, 60, and 70°C)
for 24 h. Samples were extracted at four points: 1, 2, 4, and 24 h [92]. The hydroxyl value and
oxirane content of the synthesized azidified biopolyols are presented in Figure 8.

Ascanbeobserved, highreactiontimesandtemperaturesfavorthetransformationofoxiranerings
intohydroxylgroups. Theinfluenceoftemperaturewasdetermined consideringthatthereactions
follow apseudo-first-orderkinetics. Hence, the observed kineticconstant (k , )canbedetermined
from the slope of the representation In(C_ ) vs. reaction time. The high correlation coefficient
(R?=0.990) indicated a good fit between the experimental and theoretical values. Moreover, it
is also remarkable that longer reaction times than 24 h are required to achieve full conversion
of epoxide groups. However, the polyol obtained after 24 h at 70°C was used for the subse-
quent foaming process.
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Figure 7. Reaction scheme of the ring-opening process in presence of sodium azide.

Kinetic constant values of 2.70 x 1072, 5.05 x 102, and 7.18 x 102 s™! were obtained at 50, 60,
and 70°C, respectively. As expected, higher reaction temperatures favored the ring-opening
reaction. Arrhenius equation (Eq. (17)) was used to determine the E, and A for the proposed
reaction system. Also in this case, a good correlation (R* = 0.987) was observed. E, and A was

calculated from the slope and y-intercept of its linearized form, obtaining values of E, = 0.341 J/
mol and A =0.121.

4.3. Rigid polyurethane foam synthesis

As was stated previously, polyurethanes constitute a large family of polymers which is char-
acterized for their versatility. Depending on the characteristics and structures of polyols and
polyisocyanates, polyurethanes can be obtained as thermoplastics, adhesives, coatings, foams,
etc. Rigid polyurethane foams are widely used in different applications, such as thermal [96]
and acoustic [97] insulation.

The versatility of these products and the great consumption of polyurethanes (PUs) in
the new emerging economies, which are believed to increase in incoming years, are forc-
ing researchers to find alternative raw materials to avoid the petroleum dependence.
Related to this, use and disposal of petroleum-based PUs is to be taken into account.
Therefore, since polyol components usually are around half the weight of the final prod-
uct, the use of greener polyols in PU synthesis has attracted much interest during the last
decade [98].

In this section, different rigid PU foams were synthesized from the previously synthesized
grape-seed-oil-based polyols. The commercial polyol Alcupol R4520 was used as a reference
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Figure 8. Oxirane content and hydroxyl values for the azidified biopolyol obtained at different reaction temperatures
during 24 h.

Foam A Foam B Foam C
Type of polyol R4520 Vegetable biopolyol Azidified biopolyol
Polyol (wt.%) 47.75 48.43 47.75
Water (wt.%) 0.75 1.21 0.75
Tegostab B8404 (wt.%) 3 0.73 3
Tegoamin 33 (wt.%) 0.37 0.37 0.37
Tegoamin BDE (wt.%) 0.37 1.20 0.37
MDI (wt.%) 47.76 48.06 47.76

Table 6. Weight percentages of raw materials for the synthesis of rigid PU foams.

material to compare the internal structure and properties of the final product. Table 6 shows
the formulations used to synthesize the PU foams. The required quantities of these reactants
were calculated based on the hydroxyl number of the polyol used to synthesize the rigid PU
foam, as indicated elsewhere [99].
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No differences during the foaming process (growth start time, growth rate, and final aspect of
the foam) were observed between the two polyols. The only appreciable difference that was
observed between the three PU foams was that the azidified foam was slightly darker than the
commercial one due to the higher coloration of the azidified biopolyol [91].

The internal morphology of all the rigid PU foams was observed using a scanning electron
microscope (SEM) (Figure 9). In all three foams, a polyhedral cell structure can be observed. A
slight increase in the cell size of Foams B and C with respect to that of Foam A can be observed.

Figure 9. SEM images of (a) Foam A (synthesized from commercial polyol) (b) Foam B (synthesized from the biopolyol
obtained using glycol as ring-opening agent) and (c) Foam C (synthesized from the azidified biopolyol).

100 v ' T L} I L I L I L I ] l T I L I L] 1-50
04 — TGAFoamA
- i TGA Foam C
! (it DTGA Foam A
704 -~~~ DTGAFoamC
60 —- g
—_ <
\Q -1 =
< 504 =
= .
B0 1 R
2 404 ]
: &2
3
30 — 0o
20 -
10 H )
O — l_ - "' - _l_ - I-J’I = I T I L} I L) I L) I L] I ) I T I L] I L] 0.00

50 100 150 200 250 300 350 400 450 500 550 600 650

Temperature (°C)

Figure 10. Comparison between thermogravimetric curves of Foam A (commercial foam) and Foam C (azidified foam).
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This increase can primarily be attributed to two effects: the different volumes of pendant
groups and the unadjusted foam formulation, which modify the nucleation and foaming rate.

Finally, thermogravimetric analyses (TGA) were used to investigate the effect of the incorpo-
ration of azide groups on the thermal stability of the biopolyols. Figure 10 compares the TGA
and DTG curves for Foam A and Foam C under an air atmosphere.

Two degradation steps can be observed for both polyurethane foams. The first one is assigned
to the thermal degradation of the crosslinked polymer, which can be divided into hard and
soft segments. The second step is attributed to the decomposition of the hydrocarbon chains
formed by the main components of the foam (polyol and isocyanate) [100, 101]. As can be
observed in the thermogravimetric curve, the incorporation of 0.09 g of nitrogen per gram of
Foam C increased the maximum degradation temperature from 330 to 450°C. Moreover, the
residue yield observed at 650°C improved from 6.28 to 8.11, indicating that Foam C is more
thermally stable than Foam A. These results confirm the enhancement in the thermal stability
of the PU foams because of incorporating nitrogen groups into their chemical structures by
using azidified biopolyols from grape seed oil as raw materials.

5. Other non-food applications

Cosmetics are substances or products used to enhance or modify the aspect or smell of
the body. During the last years, a wide sector of cosmetic consumers is expressing their
interest in natural products due to the appearance of allergies and skin irritations due
to the synthetic preservatives (mainly parabens), colorants, stabilizers, etc. [102]. Grape
seed oil has been presented by Fiume et al. [103], as a safe alternative to these synthetic
compounds, which are to be incorporated in cosmetics. Mbah [104] compared different
vegetable oils with grape seed to act as lipophilic substance, indicating that it can be a
potential dermal permeation enhancer. Attending to micro- and nano-structured cosmetic
systems, Contri et al. [105] determined the viability of preparing grape seed oil nano-
capsules for cutaneous applications, which enhanced the antioxidant activity. Moreover,
Glampedaki and Dutschk [102] studied the preparation of oil-in-water emulsions using
wine and grape seed oil, observing a good stability, when using glycerol monostearate as
emulsifying agent.

Grape seed oil was compared with soybean and rapeseed oil for producing renewable cross-
linked polyester resins by Clark et al. [106]. They concluded that grape seed oil presented a
lower crosslink density due to its higher linoleic acid content but a higher thermal stability,
being this product a viable substitute of traditional polyester resins in low stress or high-
demanding thermal applications.

6. Conclusions

Grape seed oil is one of the main by-products of the winery industry. The fatty acid profile
of this oil showed that it is mainly composed by linoleic and oleic acid, but the total amount
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and proportion of this depend on the grape variety, the weather, and the extraction method.
However, grape seed oil has a limited application from a nutritional point of view, since
most nutraceutical compounds (vitamin E active compounds, phytosterols, etc.) remain on
other by-products, mainly on the grape skin and grape seed flour. Hence, different non-
food applications have been proposed and discussed along with this book chapter.

The transesterification of grape seed oil leads to the production of a biodiesel with excellent
low-temperature properties. On the other hand, other quality requirements, such as cetane
number and oxidation stability, cannot be easily accomplished using grape seed oil as raw
material due to its high content of polyunsaturated fatty acids. However, this can be easily
solved by blending the grape seed oil based biodiesel with other fuels.

The epoxidation of grape seed oil using peracetic acid formed in situ from acetic acid and hydro-
gen peroxide is a feasible process for obtaining a highly epoxidated vegetable oil. The negative
effect of the secondary reactions of this process, namely the hydrolysis and further oligomeriza-
tion, can be diminished by working at high temperature (90°C) and short reaction times (1 h).

Epoxidized vegetable oils, such as grape seed oil, are of high interest for producing biobased
materials that nowadays are produced from petroleum. So, biopolyols can be produced from
epoxidized grape seed oil using different ring-opening agents such us glycerol and sodium
azide. Different rigid polyurethane foams were synthesized from these biopolyols, using a
commercial petroleum-based polyol as reference material to compare the internal structure
and their properties. No internal differences were observed between the foams. However, it
was observed an increase on the thermal stability of the foam which incorporated N, groups.

Acknowledgements

Authors gratefully acknowledge the financial support from Spanish Ministry of Education,
Culture and Sport for the fellowship for PhD studies FPU014/00009.

Author details

Juan Carlos de Haro*, Juan Francisco Rodriguez, Manuel Carmona and Angel Pérez
*Address all correspondence to: jcarlos.haro@uclm.es

Department of Chemical Engineering, Institute of Chemical and Environmental Technology,
University of Castilla-La Mancha, Ciudad Real, Spain

References

[1] FAOSTAT [Internet]. 2014. Available from: http://www.fao.org/faostat [Accessed: 2017]



[4]

[9]

[10]

[11]

[12]

[13]

Revalorization of Grape Seed Qil for Innovative Non-Food Applications
http://dx.doi.org/10.5772/intechopen.71710

Jin B, Kelly JM. Wine industry residues. In: Biotechnology for Agro-Industrial Residues
Utilisation: Utilisation of Agro-Residues. Dordrecht, Netherlands: Springer; 2009.
pp. 293-311. DOI: 10.1007/978-1-4020-9942-7_15

Manzone M, Paravidino E, Bonifacino G, Balsari P. Biomass availability and quality
produced by vineyard management during a period of 15 years. Renewable Energy.
2016;99:465-471. DOI: 10.1016/j.renene.2016.07.031

Max B, Salgado JM, Cortés S, Dominguez JM. Extraction of phenolic acids by alka-
line hydrolysis from the solid residue obtained after prehydrolysis of trimming vine
shoots. Journal of Agricultural and Food Chemistry. 2010;58(3):1909-1917. DOI: 10.1021/
jf903441d

Bustos G, Moldes AB, Cruz JM, Dominguez JM. Influence of the metabolism path-
way on lactic acid production from hemicellulosic trimming vine shoots hydrolyzates
using Lactobacillus pentosus. Biotechnology Progress. 2005;21(3):793-798. DOI: 10.1021/
bp049603v

Cortés-Camargo S, Pérez-Rodriguez N, Oliveira RPDS, Huerta BEB, Dominguez JM.
Production of biosurfactants from vine-trimming shoots using the halotolerant strain
Bacillus tequilensis ZSB10. Industrial Crops and Products. 2016;79:258-266. DOI:
10.1016/j.indcrop.2015.11.003

Mediavilla I, Fernandez M]J, Esteban LS. Optimization of pelletisation and combustion
in a boiler of 17.5 kWth for vine shoots and industrial cork residue. Fuel Processing
Technology. 2009;90(4):621-628. DOI: 10.1016/j.fuproc.2008.12.009

Ganan J, Al-Kassir Abdulla A, Cuerda Correa EM, Macias-Garcia A. Energetic exploi-
tation of vine shoot by gasification processes. A preliminary study. Fuel Processing
Technology. 2006;87(10):891-897. DOI: 10.1016/j.fuproc.2006.06.004

Davila I, Robles E, Egiiés I, Labidi J, Gullon P. The biorefinery concept for the indus-
trial valorization of grape processing by-products. In: Handbook of Grape Processing
By-Products. Academic Press; 2017. pp. 29-53. DOI: 10.1016/B978-0-12-809870-7.00002-8

Yu ], Ahmedna M. Functional components of grape pomace: Their composition, bio-
logical properties and potential applications. International Journal of Food Science and
Technology. 2013;48(2):221-237. DOI: 10.1111/j.1365-2621.2012.03197.x

Pinelo M, Arnous A, Meyer AS. Upgrading of grape skins: Significance of plant cell-
wall structural components and extraction techniques for phenol release. Trends in Food
Science and Technology. 2006;17(11):579-590. DOI: 10.1016/j.tifs.2006.05.003

Prozil SO, Evtuguin DV, Lopes LPC. Chemical composition of grape stalks of Vitis vinif-
era L. from red grape pomaces. Industrial Crops and Products. 2012;35(1):178-184. DOI:
10.1016/j.indcrop.2011.06.035

Jordao AM, Ricardo-da-Silva JM, Laureano O. Evolution of proanthocyanidins in bunch
stems during berry development (Vitis vinifera L.). Vitis. 2001;40(1):17-22

361



362 Grapes and Wines - Advances in Production, Processing, Analysis and Valorization

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Spigno G, Marinoni L, Garrido GD. State of the art in grape processing by-products.
In: Handbook of Grape Processing By-Products. Academic Press; 2017. pp. 1-27. DOI:
10.1016/B978-0-12-809870-7.00001-6

Parparitad E, Brebu M, Azhar Uddin M, Yanik ], Vasile C. Pyrolysis behaviors of vari-
ous biomasses. Polymer Degradation and Stability. 2014;100(1):1-9. DOI: 10.1016/].
polymdegradstab.2014.01.005

Ferreira CIA, Calisto V, Cuerda-Correa EM, Otero M, Nadais H, Esteves VI. Comparative
valorisation of agricultural and industrial biowastes by combustion and pyrolysis.
Bioresource Technology. 2016,218:918-925. DOI: 10.1016/j.biortech.2016.07.047

Fidalgo B, Berrueco C, Millan M. Chars from agricultural wastes as greener fuels for
electric arc furnaces. Journal of Analytical and Applied Pyrolysis. 2015;113:274-280. DOI:
10.1016/j.jaap.2015.01.027

Ramos MJ, Fernandez CM, Casas A, Rodriguez L, Pérez A. Influence of fatty acid compo-
sition of raw materials on biodiesel properties. Bioresource Technology. 2009;100(1):261-
268. DOI: 10.1016/j.biortech.2008.06.039

Beveridge TH]J, Girard B, Kopp T, Drover JCG. Yield and composition of grape seed oils
extracted by supercritical carbon dioxide and petroleum ether: Varietal effects. Journal
of Agricultural and Food Chemistry. 2005;53(5):1799-1804. DOI: 10.1021/jf040295q

Lutterodt H, Slavin M, Whent M, Turner E, Yu L. Fatty acid composition, oxidative stabil-
ity, antioxidant and antiproliferative properties of selected cold-pressed grape seed oils
and flours. Food Chemistry. 2011;128(2):391-399. DOI: 10.1016/j.foodchem.2011.03.040

Passos CP, Silva RM, Da Silva FA, Coimbra MA, Silva CM. Supercritical fluid extraction
of grape seed (Vitis vinifera L.) oil. Effect of the operating conditions upon oil composi-
tion and antioxidant capacity. Chemical Engineering Journal. 2010;160(2):634-640. DOI:
10.1016/j.cej.2010.03.087

Rubio M, Alvarez-Orti M, Andrés A, Fernandez E, Pardo JE. Characterization of oil
obtained from grape seeds collected during berry development. Journal of Agricultural
and Food Chemistry. 2009;57(7):2812-2815. DOI: 10.1021/jf803627t

Freitas LDS, De Oliveira JV, Dariva C, Jacques RA, Caramao EB. Extraction of grape
seed oil using compressed carbon dioxide and propane: Extraction yields and charac-
terization of free glycerol compounds. Journal of Agricultural and Food Chemistry.
2008;56(8):2558-2564. DOI: 10.1021/jf0732096

Matthaus B. Virgin grape seed oil: Is it really a nutritional highlight? European Journal
of Lipid Science and Technology. 2008;110(7):645-650. DOI: 10.1002/ejlt.200700276

Crews C, Hough P, Godward ], Brereton P, Lees M, Guiet S, et al. Quantitation of
the main constituents of some authentic grape-seed oils of different origin. Journal of
Agricultural and Food Chemistry. 2006;54(17):6261-6265. DOI: 10.1021/jf060338y



[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Revalorization of Grape Seed Qil for Innovative Non-Food Applications
http://dx.doi.org/10.5772/intechopen.71710

Hassanein MMM, Abedel-Razek AG. Chromatographic quantitation of some bioactive
minor components in oils of wheat germ and grape seeds produced as by-products.
Journal of Oleo Science. 2009;58(5):227-233. DOI: 10.5650/j0s.58.227

Shinagawa FB, de Santana FC, Torres LRO, Mancini-Filho J. Grape seed oil: A poten-
tial functional food? Food Science and Technology. 2015;35(3):399-406. DOI: 10.1590/
1678-457X.6826

Fernandez CM, Solana M, Fiori L, Rodriguez JF, Ramos MJ, Pérez A. From seeds to bio-
diesel: Extraction, esterification, transesterification and blending of Jatropha curcas oil.
Environmental Engineering and Management Journal. 2015;14(12):2855-2864

Luque-Rodriguez JM, De Castro MDL, Pérez-Juan P. Extraction of fatty acids from
grape seed by superheated hexane. Talanta. 2005;68(1):126-130. DOI: 10.1016/j.talanta.
2005.04.054

Sovova H, Kucera J, Jez J. Rate of the vegetable oil extraction with supercritical CO2-1II.
Extraction of grape oil. Chemical Engineering Science. 1994;49(3):415-420. DOI: 10.1016/
0009-2509(94)87013-6

Molero Gémez A, Pereyra Lopez C, De La Martinez Ossa E. Recovery of grape seed oil
by liquid and supercritical carbon dioxide extraction: A comparison with conventional
solvent extraction. Chemical Engineering Journal and the Biochemical Engineering
Journal. 1996;61(3):227-231. DOI: 10.1016/0923-0467(95)03040-9

Jokic¢ S, Bijuk M, Aladi¢ K, Bili¢ M, Molnar M. Optimisation of supercritical CO, extrac-
tion of grape seed oil using response surface methodology. International Journal of Food
Science and Technology. 2016;51(2):403-410. DOI: 10.1111/ijfs.12986

Fiori L. Supercritical extraction of grape seed oil at industrial-scale: Plant and process
design, modeling, economic feasibility. Chemical Engineering and Processing: Process
Intensification. 2010;49(8):866-872. DOI: 10.1016/j.cep.2010.06.001

Meher LC, Vidya Sagar D, Naik SN. Technical aspects of biodiesel production by trans-
esterification— A review. Renewable and Sustainable Energy Reviews. 2006;10(3):248-
268. DOI: 10.1016/j.rser.2004.09.002

Adams C, Peters JF, Rand MC, Schroer BJ, Ziemke MC. Investigation of soybean oil as
a diesel fuel extender: Endurance tests. Journal of the American Oil Chemists’ Society.
1983;60(8):1574-1579. DOI: 10.1007/BF02666588

Engler CR, Johnson LA, Lepori WA, Yarbrough CM. Effects of processing and chemical
characteristics of plant oils on performance of an indirect-injection diesel engine. Journal
of the American Oil Chemists' Society. 1983;60(8):1592-1596. DOI: 10.1007/BF02666591

Strayer RC, Blake JA, Craig WK. Canola and high erucic rapeseed oil as substi-
tutes for diesel fuel: Preliminary tests. Journal of the American Oil Chemists' Society.
1983;60(8):1587-1592. DOI: 10.1007/BF02666590

363



364  Grapes and Wines - Advances in Production, Processing, Analysis and Valorization

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

Peterson CL, Auld DL, Korus RA. Winter rape oil fuel for diesel engines: Recovery and
utilization. Journal of the American Oil Chemists' Society. 1983;60(8):1579-1587. DOI:
10.1007/BF02666589

Schlick ML, Hanna MA, Schinstock JL. Soybean and sunflower oil performance in a diesel
engine. Transactions of the American Society of Agricultural Engineers. 1988;31(5):1345-
1349. DOLI: 10.13031/2013.30868

Billaud F, Dominguez V, Broutin P, Busson C. Production of hydrocarbons by pyroly-
sis of methyl esters from rapeseed oil. Journal of the American Oil Chemists' Society.
1995;72(10):1149-1154. DOI: 10.1007/BF02540981

Niehaus RA, Goering CE, Savage LD Jr, Sorenson SC. Cracked soybean oil as a fuel
for a diesel engine. Transactions of the American Society of Agricultural Engineers.
1986;29(3):683-689. DOI: 10.13031/2013.30213

Schwab AW, Bagby MO, Freedman B. Preparation and properties of diesel fuels from
vegetable oils. Fuel. 1987;66(10):1372-1378. DOI: 10.1016/0016-2361(87)90184-0

Ma F, Hanna MA. Biodiesel production: A review. Bioresource Technology. 1999;70(1):
1-15. DOI: 10.1016/50960-8524(99)00025-5

Fukuda H, Kondo A, Noda H. Biodiesel fuel production by transesterification of oils.
Journal of Bioscience and Bioengineering. 2001;92(5):405-416. DOI: 10.1016/51389-
1723(01)80288-7

Demirbas A. Biodiesel production from vegetable oils via catalytic and non-catalytic
supercritical methanol transesterification methods. Progress in Energy and Combustion
Science. 2005;31(5-6):466-487. DOI: 10.1016/j.pecs.2005.09.001

Gonzélez Gémez ME, Howard-Hildige R, Leahy JJ, Rice B. Winterisation of waste cook-
ing oil methyl ester to improve cold temperature fuel properties. Fuel. 2002;81(1):33-39.
DOI: 10.1016/S0016-2361(01)00117-X

WuM, Wu G, Han L, Wang J. Low-temperature fluidity of bio-diesel fuel prepared from
edible vegetable oil. Petroleum Processing and Petrochemicals. 2005;36(4):57-60

Atabani AE, Mahlia TMI, Masjuki HH, Badruddin IA, Yussof HW, Chong WT, et al.
A comparative evaluation of physical and chemical properties of biodiesel synthesized
from edible and non-edible oils and study on the effect of biodiesel blending. Energy.
2013;58:296-304. DOI: 10.1016/j.energy.2013.05.040

Pramanik K. Properties and use of jatropha curcas oil and diesel fuel blends in com-
pression ignition engine. Renewable Energy. 2003;28(2):239-248. DOI: 10.1016/S0960-
1481(02)00027-7

Aydin H, Ilkili¢ C. Effect of ethanol blending with biodiesel on engine performance and
exhaust emissions in a CI engine. Applied Thermal Engineering. 2010;30(10):1199-1204.
DOI: 10.1016/j.applthermaleng.2010.01.037



[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

Revalorization of Grape Seed Qil for Innovative Non-Food Applications
http://dx.doi.org/10.5772/intechopen.71710

El Boulifi N, Bouaid A, Martinez M, Aracil J. Optimization and oxidative stability of bio-
diesel production from rice bran oil. Renewable Energy. 2013;53:141-147. DOI: 10.1016/;.
renene.2012.11.005

Lepak GS, Moser BR, Bakota EL, Sharp J, Thornton CD, Walker T. Improved oxidative
stability of biodiesel via alternative processing methods using cottonseed oil. International
Journal of Sustainable Engineering. 2017;10(2):105-114. DOI: 10.1080/19397038.2016.1250839

Knothe G. Some aspects of biodiesel oxidative stability. Fuel Processing Technology.
2007;88(7):669-677. DOI: 10.1016/j.fuproc.2007.01.005

Liang YC, May CY, Foon CS, Ngan MA, Hock CC, Basiron Y. The effect of natural and
synthetic antioxidants on the oxidative stability of palm diesel. Fuel. 2006;85(5-6):867-
870. DOI: 10.1016/j.fuel.2005.09.003

Mittelbach M, Schober S. The influence of antioxidants on the oxidation stability of bio-
diesel. JAOCS, Journal of the American Oil Chemists' Society. 2003;80(8):817-823. DOI:
10.1007/s11746-003-0778-x

Polavka ], Paligova J, Cvengros ], Simon P. Oxidation stability of methyl esters stud-
ied by differential thermal analysis and rancimat. JAOCS, Journal of the American Oil
Chemists' Society. 2005;82(7):519-524. DOI: 10.1007/s11746-005-1103-4

Karthikeyan S. An environmental effect of Vitis vinifera biofuel blends in a marine
engine. Energy Sources, Part A: Recovery, Utilization and Environmental Effects. 2016;
38(21):3262-3267. DOI: 10.1080/15567036.2016.1179362

Bazooyar B, Ghorbani A, Shariati A. Combustion performance and emissions of petro-
diesel and biodiesels based on various vegetable oils in a semi industrial boiler. Fuel.
2011;90(10):3078-3092. DOI: 10.1016/j.fuel.2011.05.025

Linker T. The Jacobsen-Katsuki epoxidation and its controversial mechanism. Ange-
wandte Chemie (International Edition in English). 1997;36(19):2060-2062. DOI: 10.1002/
anie.199720601

Petrovi¢ ZS. Polyurethanes from vegetable oils. Polymer Reviews. 2008;48(1):109-155.
DOI: 10.1080/15583720701834224

Yadav GD, Manjula Devi K. A kinetic model for the enzyme-catalyzed self-epoxidation
of oleic acid. JAOCS, Journal of the American Oil Chemists' Society. 2001;78(4):347-351.
DOI: 10.1007/s11746-001-0267-2

Corma Canos A, Iborra S, Velty A. Chemical routes for the transformation of biomass
into chemicals. Chemical Reviews. 2007;107(6):2411-2502. DOI: 10.1021/cr050989d

Adhvaryu A, Erhan SZ. Epoxidized soybean oil as a potential source of high-temper-
ature lubricants. Industrial Crops and Products. 2002;15(3):247-254. DOI: 10.1016/
50926-6690(01)00120-0

365



366 Grapes and Wines - Advances in Production, Processing, Analysis and Valorization

[64] Campanella A, Rustoy E, Baldessari A, Baltanas MA. Lubricants from chemically

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[73]

modified vegetable oils. Bioresource Technology. 2010;101(1):245-254. DOI: 10.1016/j.
biortech.2009.08.035

Wan Rosli WD, Kumar RN, Mek Zah S, Hilmi MM. UV radiation curing of epoxi-
dized palm oil-cycloaliphatic diepoxide system induced by cationic photoinitiators
for surface coatings. European Polymer Journal. 2003;39(3):593-600. DOI: 10.1016/
S0014-3057(02)00241-0

Shaker NO, Kandeel EM, Badr EE, El-Sawy MM. Synthesis and properties of renewable
environment-friendly epoxy resins for surface coatings. Journal of Dispersion Science
and Technology. 2008;29(3):421-425. DOI: 10.1080/01932690701718800

Thames SF, Yu H. Cationic UV-cured coatings of epoxide-containing vegetable oils.
Surface and Coatings Technology. 1999;115(2-3):208-214. DOI: 10.1016/50257-8972
(99)00244-3

Perdue RE, Carlson KD, Gilbert MG. Vernonia galamensis, potential new crop source of
epoxy acid. Economic Botany. 1986;40(1):54-68. DOI: 10.1007/BF02858947

Krewson CF, Scott WE. Euphorbia lagascae Spreng., an abundant source of epoxyoleic
acid; seed extraction and oil composition. Journal of the American Oil Chemists Society.
1966;43(3):171-174. DOI: 10.1007/BF02646296

Cahoon EB, Ripp KG, Hall SE, McGonigle B. Transgenic production of epoxy fatty
acids by expression of a cytochrome P450 enzyme from Euphorbia lagascae seed. Plant
Physiology. 2002;128(2):615-624. DOI: 10.1104/pp.128.2.615

YuK, LiR, Hatanaka T, Hildebrand D. Cloning and functional analysis of two type 1 dia-
cylglycerol acyltransferases from Vernonia galamensis. Phytochemistry. 2008;69(5):1119-
1127. DOI: 10.1016/j.phytochem.2007.11.015

Petrovi¢ ZS, Zlatani¢ A, Lava CC, Sinadinovi¢-FiSer S. Epoxidation of soybean oil in
toluene with peroxoacetic and peroxoformic acids—Kinetics and side reactions.
European Journal of Lipid Science and Technology. 2002;104(5):293-299. DOI: 10.1002/
1438-9312(200205)104:5<293::AID-EJLT293>3.0.CO;2-W

de Haro JC, Izarra I, Rodriguez JF, Pérez A, Carmona M. Modelling the epoxidation
reaction of grape seed oil by peracetic acid. Journal of Cleaner Production. 2016;138:
70-76. DOI: 10.1016/j.jclepro.2016.05.015

Armylisasa AHN, Hazirahb MFS, Yeonga SK, Hazimaha AH. Modification of olefinic
double bonds of unsaturated fatty acids and other vegetable oil derivatives via epoxida-
tion: A review. Grasas y Aceites. 2017;68(1):1-11. DOI: 10.3989/gya.0684161

Dinda S, Patwardhan AV, Goud VV, Pradhan NC. Epoxidation of cottonseed oil by aque-
ous hydrogen peroxide catalysed by liquid inorganic acids. Bioresource Technology.
2008;99(9):3737-3744. DOI: 10.1016/j.biortech.2007.07.015



[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

Revalorization of Grape Seed Qil for Innovative Non-Food Applications
http://dx.doi.org/10.5772/intechopen.71710

Jankovi¢ MR, Sinadinovi¢-FiSer S. Kinetic models of reaction system for the in situ
epoxidation of unsaturated fatty acid esters and triglycerydes. Chemistry & Industry.
2004;58(12):569-576. DOI: 10.2298/HEMIND0412569]

Miller CM, Valentine RL. Hydrogen peroxide decomposition and quinoline degrada-
tion in the presence of aquifer material. Water Research. 1995;29(10):2353-2359. DOI:
10.1016/0043-1354(95)00059-T

Cai C, Dai H, Chen R, Su C, Xu X, Zhang S, et al. Studies on the kinetics of in situ
epoxidation of vegetable oils. European Journal of Lipid Science and Technology.
2008;110(4):341-346. DOI: 10.1002/ej1t.200700104

Mungroo R, Goud VV, Pradhan NC, Dalai AK. Modification of epoxidised canola oil.
Asia-Pacific Journal of Chemical Engineering. 2011;6(1):14-22. DOI: 10.1002/apj.448

Shen L, Worrell E, Patel M. Present and future development in plastics from biomass.
Biofuels, Bioproducts and Biorefining. 2010;4(1):25-40. DOI: 10.1002/bbb.189

Petrovi¢ ZS, Zhang W, Javni L. Structure and properties of polyurethanes prepared from
triglyceride polyols by ozonolysis. Biomacromolecules. 2005;6(2):713-719. DOI: 10.1021/
bm049451s

Guo A, Demydov D, Zhang W, Petrovic ZS. Polyols and polyurethanes from hydrofor-
mylation of soybean oil. Journal of Polymers and the Environment. 2002;10(1-2):49-52.
DOI: 10.1023/A:1021022123733

Tolvanen P, Maki-Arvela P, Kumar N, Erdnen K, Sjoholm R, Hemming J, et al. Thermal
and catalytic oligomerisation of fatty acids. Applied Catalysis A: General. 2007;330
(1-2):1-11. DOI: 10.1016/j.apcata.2007.06.012

Samuelsson J, Jonsson M, Brinck T, Johtansson M. Thiol-ene coupling reaction of fatty acid
monomers. Journal of Polymer Science, Part A: Polymer Chemistry. 2004;42(24):6346-
6352. DOI: 10.1002/pola.20468

Biermann U, Friedt W, Lang S, Liths W, Machmiiller G, Metzger JO, et al. New syn-
theses with oils and fats as renewable raw materials for the chemical industry. Ange-
wandte Chemie—International Edition. 2000;39(13):2207-2224. DOI: 10.1002/1521-3773
(20000703)39:13<2206::AID-ANIE2206>3.0.CO;2-P

Dahlke B, Hellbardt S, Paetow M, Zech WH. Polyhydroxy fatty acids and their deriva-
tives from plant oils. Journal of the American Oil Chemists' Society. 1995;72(3):349-353.
DOI: 10.1007/BF02541095

Biswas A, Adhvaryu A, Gordon SH, Erhan SZ, Willett JL. Synthesis of diethylamine-func-
tionalized soybean oil. Journal of Agricultural and Food Chemistry. 2005;53(24):9485-
9490. DOLI: 10.1021/j£0507310

Lee KW, Hailan C, Yinhua ], Kim YW, Chung KW. Modification of soybean oil for
intermediates by epoxidation, alcoholysis and amidation. Korean Journal of Chemical
Engineering. 2008;25(3):474-482. DOI: 10.1007/s11814-008-0081-7

367



368 Grapes and Wines - Advances in Production, Processing, Analysis and Valorization

[89]

[90]

[91]

[92]

[93]

[94]

[97]

[98]

[100]

Miao S, Zhang S, Zhiguo S, Wang P. A novel vegetable oil-lactate hybrid monomer
for synthesis of high-T g polyurethanes. Journal of Polymer Science, Part A: Polymer
Chemistry. 2010;48(1):243-250. DOI: 10.1002/pola.23759

Diaz-Medino A, Pérez A, Rodriguez JF, De Lucas A, Carmona M. Rigid polyurethane
foam from grape seed oil. Research Journal of Chemistry and Environment. 2014;
18(8):22-28

de Haro JC, Rodriguez JF, Pérez A, Carmona M. Incorporation of azide groups into bio-
polyols. Journal of Cleaner Production. 2016;138:77-82. DOI: 10.1016/}.jclepro.2016.05.012

Akintayo ET, Thomas Z, Akintayo CO. Characterization of the reaction products of
epoxidised Adenopus breviflorus Benth. Seed oil with sodium azide and trimeth-
ylsilyl azide. Industrial Crops and Products. 2006;24(2):166-170. DOI: 10.1016/;.
indcrop.2006.03.008

Lu SY, Hamerton I. Recent developments in the chemistry of halogen-free flame retar-
dant polymers. Progress in Polymer Science (Oxford). 2002;27(8):1661-1712. DOI:
10.1016/S0079-6700(02)00018-7

Zhong Q, Steinhurst DA, Carpenter EE, Owrutsky JC. Fourier transform infrared
spectroscopy of azide ion in reverse micelles. Langmuir. 2002;18(20):7401-7408. DOI:
10.1021/1a0260234

Kolb HC, Finn MG, Sharpless KB. Click chemistry: Diverse chemical function from a
few good reactions. Angewandte Chemie - International Edition. 2001;40(11):2004-2021.
DOI: 10.1002/1521-3773(20010601)40:11<2004:: AID-ANIE2004>3.0.CO;2-5

Serrano A, Borreguero AM, Garrido I, Rodriguez JF, Carmona M. Reducing heat loss
through the building envelope by using polyurethane foams containing thermoregu-
lating microcapsules. Applied Thermal Engineering. 2016;103:226-232. DOI: 10.1016/;.
applthermaleng.2016.04.098

Oliviero M, Verdolotti L, Stanzione M, Lavorgna M, Iannace S, Tarello M, et al. Bio-based
flexible polyurethane foams derived from succinic polyol: Mechanical and acoustic per-
formances. Journal of Applied Polymer Science. 2017;134:1-12. DOI: 10.1002/app.45113

Ugarte L, Gomez-Fernandez S, Pefia-Rodriuez C, Prociak A, Corcuera MA, Eceiza A.
Tailoring mechanical properties of rigid polyurethane foams by sorbitol and corn derived
biopolyol mixtures. ACS Sustainable Chemistry and Engineering. 2015;3(12):3382-3387.
DOI: 10.1021/acssuschemeng.5b01094

Simon D, Borreguero AM, De Lucas A, Rodriguez JF. Glycolysis of viscoelastic flexible
polyurethane foam wastes. Polymer Degradation and Stability. 2015;116:23-35. DOI:
10.1016/j.polymdegradstab.2015.03.008

Chattopadhyay DK, Webster DC. Thermal stability and flame retardancy of polyure-
thanes. Progress in Polymer Science (Oxford). 2009;34(10):1068-1133. DOI: 10.1016/j.
progpolymsci.2009.06.002



[101]

[102]

[103]

[104]

[105]

[106]

Revalorization of Grape Seed Qil for Innovative Non-Food Applications
http://dx.doi.org/10.5772/intechopen.71710

Sacristan M, Ronda JC, Galia M, Cadiz V. Phosphorus-containing soybean-oil copo-
lymers: Cross-metathesis of fatty acid derivatives as an alternative to phosphorus-
containing reactive flame retardants. Journal of Applied Polymer Science. 2011;122(3):
1649-1658. DOI: 10.1002/app.34011

Glampedaki P, Dutschk V. Stability studies of cosmetic emulsions prepared from
natural products such as wine, grape seed oil and mastic resin. Colloids and Surfaces
A: Physicochemical and Engineering Aspects. 2014;460:306-311. DOI: 10.1016/j.
colsurfa.2014.02.048

Fiume MM, Bergfeld WEF, Belsito DV, Hill RA, Klaassen CD, Liebler DC, et al. Safety
assessment of vitis vinifera (grape)-derived ingredients as used in cosmetics. International
Journal of Toxicology. 2014;33(6):485-83S. DOI: 10.1177/1091581814545247

Mbah CJ. Studies on the lipophilicity of vehicles (or co-vehicles) and botanical oils used
in cosmetic products. Die Pharmazie. 2007;62(5):351-353. DOI: 10.1691/ph.2007.5.6184

Contri RV, Ribeiro KLF, Fiel LA, Pohlmann AR, Guterres SS. Vegetable oils as core of
cationic polymeric nanocapsules: Influence on the physicochemical properties. Journal
of Experimental Nanoscience. 2013;8(7-8):913-924. DOI: 10.1080/17458080.2011.620019

Clark AJ, Ross AH, Bon SAF. Synthesis and properties of polyesters from waste grape-
seed oil: Comparison with soybean and rapeseed oils. Journal of Polymers and the
Environment. 2017;25(1):1-10. DOI: 10.1007/s10924-016-0883-3

369



ntechOpen

ntechOpen



