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Production of bio-epoxide and bio-adhesive from non-edible oil
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Abstract—Epoxidation of Nahor oil was performed by H,O, in the presence of acid catalyst at 50 °C. It was possible
to obtain around 70% epoxide yield within 8 hrs of reaction. Amberlite IR 120H showed better epoxide yield com-
pared to H,SO, and Dowex 50 WX8. The performance of carboxylic acids was found to be in the order of formic
acid>acetic acid>propanoic acid. The curing of epoxidized nahor oil involved using ethylenediamine (EDA) and dieth-
ylenetriamine (DETA). The adhesive property of the cured resins was tested and compared with commercially avail-
able glue. The force required to detach the cardboard joint was about 36.3 N for DETA-cured resin.
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INTRODUCTION

Sustainable development has become the focus of research in
every corner of the world. It includes the development of environ-
mentally friendly processes and products. “Renewable resource” is
becoming a buzzphrase because of depleting of environmental con-
cerns and depleting of oil reserves. In search of renewable resources
for day-to-day products, people are looking at valuable alterna-
tives from natural sources [1,2]. Products obtained from plant oil
are known to be environment friendly, cleaner, and mostly bio-
degradable. Vegetable oils have some specific properties that are
required for lubricant applications. Conversion of unsaturated -C=C-
double bond into epoxide ring via epoxidation process has received
special attention for synthesizing bio-lubricant stock, which can be
further cured with a suitable curing agent to make adhesives [3].
Epoxidation of plant oils is a commercially important reaction, be-
cause the epoxides obtained from these renewable raw materials
have a wide range of applications, such as making plasticizers and
polymer stabilizers. Due to the increasing demand for petroleum-
based epoxy resin, the epoxidized vegetable oil came into existence
with its tremendous applications in the field of paints and coat-
ings, besides acting as a good stabilizing agent [4].

Epoxides are stable intermediates that can be converted to various
products like glycols, carbonyl compounds, polyesters, polyure-
thanes, etc. [5]. Epoxidation depends on many parameters, such as
type of feedstock, catalyst used, and temperature. Okieimen et al.
studied the epoxidation of rubber seed oil by peroxyacetic acid gen-
erated in-situ, from acetic acid and hydrogen peroxide [6,7]. The
literature shows that around 50% epoxide yield was obtained after
8.5 hrs at 50 °C. Rangarajan et al. studied kinetics of in-situ epoxi-
dation of soybean oil by peracetic acid in the presence of acid cat-
alyst [8,9]. Epoxidized soybean oil is produced at a large scale for
synthesis of plasticizers and polymer stabilizers [10,11]. Dinda et
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al. studied the kinetics of epoxidation of cottonseed oil by peroxy-
acetic acid in the presence of H,SO, and acidic ion exchange resin
Amberlite IR 120H as acid catalyst [12,13]. The study shows that
selectivity of epoxide product is better in the presence of Amber-
lite IR 120H compared to H,SO, under similar conditions. Goud
et al. studied the epoxidation reaction of karanja and jatropha oil
by hydrogen peroxide and acetic acid catalyzed by Amberlite IR
120H [14,15]. The study shows that around 72% epoxide conver-
sion is possible after 6 hrs of reaction at 60 °C.

Major ingredients of an epoxy adhesive are an epoxide material
and a hardener/curing agent. Amines are widely used as curing
agents for epoxide materials. Curing amine may be primary, sec-
ondary, or tertiary. It is known that the curing time and strength
of cured product highly depends on the nature of amine used for
curing. The more active hydrogen that is present in an amine, the
curing will be faster and product will be stronger. Garcia et al. and
Liu et al. studied the adhesive strength of glued epoxy resins on
metals. The article shows that an amine-cured epoxy material can
produce an adhesive strength in the range of 10-15MPa [16,17].
The strength of adhesive bonding depends on mechanical proper-
ties of adherend-adhesive interface. Katnam et al. studied the influ-
ence of adhesive thickness on bond strength [18].

The cost of a bio-based epoxide or epoxide derivative depends
highly on availability and cost of raw material. Various types of edi-
ble and non-edible plant oils, namely cottonseed, groundnut, sun-
flower, karanja, and nahor oil, are very common in tropical countries.
Epoxidation of edible oils may not be cost effective and not a bet-
ter solution to agro-economic growth. Hence, it would be always
better to target large number of non-edible plant oils to study the
epoxidation reactions. The progress on the utilization of various
oils, such as, karanja, jatropha, rubber seed, cottonseed etc. for epox-
ide synthesis at laboratory level, is very encouraging towards devel-
opment of an efficient epoxidation process. Based on the literature
survey, no article was found on epoxidation of Nahor oil. Nahor
trees are very common in tropical countries like India, Sri Lanka,
Nepal, Burma, Thailand, Indochina, Philippines, Malaysia and Suma-
tra, where they grow in evergreen forests, especially in river valleys.
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Nahor seed kernel contains about 70 wt% oil with an unpleasant
pungent odor and it is not used as edible oil [19]. Nahor oil, with a
fatty acid composition of around 54% oleic acid (C,s;) and 19%
linoleic acid (Cyg,), is an appropriate raw material for epoxidation
reaction. Epoxidized nahor oil can be a promising raw material for
making bio-lubricant or as an intermediate feedstock for chemical
industries.

The present study can be divided into two objectives. The first
is preparation of an epoxide material from nahor oil (Mesuaferrea
Linn), and the second objective is curing of epoxidized oil to develop
an epoxy-based adhesive. Epoxidation of nahor oil was carried out
using different carboxylic acids, in the presence of different acid
catalysts to obtain an optimum epoxide yield. Two different amine
compounds were used for curing of epoxidized nahor oil. The
present study also includes the characterization and testing of vari-
ous physico-chemical properties of the epoxidized oil and cured
products (adhesive).

EXPERIMENTAL DETAILS

1. Materials

Nahor oil (Mesuaferrea Linn) was obtained from Sanjeevani
Herbal Health Society, Hyderabad, India. Chemicals, such as gla-
cial acetic acid (CH;COOH), formic acid (HCOOH), propanoic
acid (CH,CH,COOH), 50% aqueous hydrogen peroxide (H,0,),
Amberlite IR 120H, Ethylenediamine (EDA), Diethylenetriamine
(DETA), and Sulfuric acid (H,SO,) used for epoxidation reaction
and curing of epoxide were purchased from S D Fine-chem Ltd.
(Mumbai, India). Dowex 50 WX8 was obtained from Sigma Aldrich.
All other chemicals, such as sodium thiosulphate (Na,S,05), hydro-
gen bromide (HBr), iodine tricholoride (ICL), iodine, chloroben-
zene, potassium iodide, diethyl ether for analytical purpose were
from S D Fine-chem Ltd. (Mumbeai, India).

2. Experimental Setup and Epoxidation Procedure

Epoxidation reactions were carried out in a glass reactor equipped
with a four-bladed turbine type stirrer. The reactor setup was fixed
in a thermostatic water bath to maintain a constant (+1 °C) reac-
tion temperature. About 100g nahor oil, calculated amount of
organic carboxylic acid and acid catalyst were taken into the reac-
tor, and the mixture was stirred at 1,600 rev/min for about 20 min
at 30 °C. Thereafter, the required amount of aqueous H,O, was
added drop-wise to the reaction mixture over a period of 30 min.
The reaction was continued for more than 10 hrs at a desired tem-
perature. The extent of epoxidation reaction was monitored by
withdrawing samples at regular intervals and analyzing its iodine
value, oxirane value, and glycol content.

After completion of epoxidation reaction, the epoxidized nahor
oil (ENO) was washed with warm water and then extracted with
diethyl ether to enhance the separation of the oil product from aque-
ous phase. A trace quantity of water was removed by using a rotary
centrifuge. To study the curing property of ENO, a fixed amount of
ENO was taken in two separate beakers and the required amount
of amine was added under stirring environment. The amount of
amine was calculated based on the molar ratio of the oxyrane oxy-
gen and the number of active hydrogens present in the amine.
Curing reaction was performed at around 80 °C using a hot plate
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magnetic stirrer. The cured resin obtained was highly viscous and
sticky. Various analysis, such as, viscosity, NMR, and tensile test,
were performed to characterize the cured products.
3. Chemical Analysis

Iodine value was determined according to Wijs method [20].
The following expression was used to calculate the iodine value.

12.69x (V5= V) xNy, 5.0,
m

Todine value (g I,/100 g oil)= @

Oxirane oxygen content was determined by direct method using
hydrobromic acid solution in glacial acetic acid [21]. The follow-
ing expression was used to calculate the percentage oxirane oxy-
gen of the oil samples.

1.6 XV g, XNy,

OO (weight %)= -

©)

The relative percentage yield of epoxide was calculated using the
following expression:

Relative percentage yield of epoxide=(0O,,,/O0y;,)x100 3)
T (V,2A)
where OO, = [100+(IV0/2A,-)AJAOX 100 “@

o-Glycol content was determined by oxidation of glycol com-
pound with benzyltrimethylammonium periodate in presence of a
non-aqueous medium [22].

Relative percentage yield of a-glycol=(G,,,/Gy;,)x100 (5)
~ (IV,/2A))
where Gy = [100 n (Ivo/zA,.)zAO,j <100 ©)

4. Instrumental Analysis

Fourier transform infrared (FTIR) spectroscopy analysis of nahor
oil and ENO was performed using PerkinElmer Spectrum GX
(model 4200) instrument to determine the presence of functional
groups qualitatively. "H-NMR spectra were recorded using Bruker
AMX-500 FT NMR spectrometer to predict the presence of oxirane
oxygen and C=C bond quantitatively. Brookfield made R/S Rhe-
ometer was used to measure the rheological property of cured epoxy
resins. Texture Analyzer (Stable Micro Systems, UK) was used for
testing the adhesive strength of the cured products.

RESULTS AND DISCUSSION

To investigate the epoxide formation, epoxidation reactions were
performed at a constant temperature of 50+1 °C in the presence of
acid catalyst and oxygen carrier. The acid catalysts used for the reac-
tion were H,SO,, Amberlite IR 120H, and Dowex 50 WX8. The
carboxylic acids, namely; acetic acid (AA), formic acid (FA), and
propanoic acid (PA), were used as an oxygen carrier for the reac-
tion. The reactions were carried out with an H,O,-to-ethylenic
unsaturation mole ratio of 2, and at a stirring speed of 1,600+25
rev/min. Carboxylic acid-to-ethylenic unsaturation mole ratio of
0.4 was maintained for each run. Repeatability analysis shows that
the deviation between two experimental results is less than 3%.
The properties of oil, as experimentally determined are: specific
gravity: 0.95 at 30 °C; iodine value: 90+1 (g 1,/100 g oil); The fatty
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acid composition of nahor oil as determined by gas chromatogra-
phy mass spectrometry (model GCMS-QP2010, SHIMADZU)
was: Palmitic acid (C,g): 7.5+1%; stearic acid (C,g0): 11.3+1%;
oleic acid (C,g,): 54+1%; linoleic acid (C,y,): 19+1%.
1. Epoxidation Reactions

A two-step process may be considered for the in-situ epoxida-
tion reactions: (i) aqueous phase formation of peroxycarboxylic acid
by reacting between H,O, and organic carboxylic acid in pres-
ence of acid catalyst, ii) reaction of peroxycarboxylic acid with the
unsaturated double bond to form epoxide in organic phase. Egs.
(7)-(8) show the two-step epoxidation reaction in the presence of
acetic acid.
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Table 1. Iodine value conversion and -G yield with different cata-

+

)
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—_—

CH3;COOH + H,0, CH3;COOOH + H;0

CH = CH- + CH3;CO00H XO\C ®
-CH = CH- 3 —= _HC—CH- + CH3;COOH
2. Comparison of Different Acid Catalysts on Epoxide Yield

To investigate the effect of acid catalysts on epoxide yield, epoxi-
dation reactions were carried out with acetic acid in presence of
three different acid catalysts, namely, H,SO,, Amberlite IR 120H,
and Dowex 50 WX8 under identical conditions. In each case, 48.7 g
H,0,, and 8.77 g CH;COOH were treated with 100 g nahor oil at
50°C, at a stirring speed of 1,600 rev/min. Around 15wt% (w.rt.
oil mass) catalyst loading was used for each acidic ion exchange
resin catalyst. In case of H,SO, catalyst, 2 wt% concentration (ex-
pressed as percentage of ‘total weight of H,0, and CH,COOH add-
ed’) was used for the reaction. The above-mentioned compositions
were considered based on our previous experience about epoxida-
tion reaction with different oil system.

Fig. 1 shows that the yield of epoxide increased with the increase
of reaction time (within the experimental time limit) in the pres-
ence of both the acidic ion exchange resin catalysts. However, in
the case of H,SO,, epoxide yield initially increased with reaction
time, attained a maximum value (~65%), and then started to de-
crease with time. Among the catalysts studied, Amberlite IR 120H
showed the highest yield of epoxide as compared to Dowex 50 WX8
and H,SO,. A maximum of 70% epoxide yield was obtained with
Amberlite IR 120H at 50 °C after a reaction time of around 8 hrs.
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Fig. 1. Effect of catlyst on epoxide yield.

lysts
Time, h
Catalyst Properties

3 5 8 11
% Conv. of IV 66.9 75.1 81.7 85.1
H.SO % Epoxide yield 59.1 652 669 632
= % Yield of o-G 29 48 95 161
% Yield of other by-product 49 51 53 58
% Conv. of IV 64.1 735 792 832
Amberlite % Epoxide yield 58.1 672 704 713
IR 120H % Yield of oG 1.7 18 39 69

% Yield of other by-product 4.3 45 49 5
% Conv. of IV 564 651 68.6 72.1
Dowex % Epoxide yield 498 583 604 62.1
50 WX8 % Yield of oG 16 17 32 54

% Yield of other by-product 5 51 5 46

Conditions: temp.=50 °C; H,0,-to-EU mole ratio=2; AA-to-EU mole
ratio=0.4

For H,SO,, the decrease of epoxide yield with time is mainly due
to the hydrolysis and other consecutive reactions of epoxide to
glycol products. The yield of o-glycol (o-G) and iodine value con-
version corresponding to epoxide yield with three different catalysts
is tabulated in Table 1. The most probable ring cleavage reactions
are shown by Egs. (9)-(10).

“HC-CH- + H;0 + H' —= — CH(OH)~ CH(OH)- (g
N/
— — CH(OH)~ CH(OCOR)- |,

Generally, for a homogeneous catalytic reaction, the rate of reac-
tion always depends on the initial catalyst concentration. Hence,
one may expect that the epoxide formation would increase with
the increase of H,SO, concentration. However, in the present study;
H,SO, not only catalyzed the formation of peroxycarboxylic acid,
but also it catalyzed the consecutive ring opening (e.g. hydrolysis)
reactions of epoxide to glycol derivatives.

To investigate the reason for lower epoxide yield with Dowex
50 WX8 compared to Amberlite IR 120H, the ion (H') exchange
capacity of both the catalysts was determined experimentally by
chemical analysis. The experimentally determined H' ion exchange
capacity of Dowex 50 WX8 is about 1.6 milliequivalent per gram
of catalyst and the corresponding value for Amberlite IR 120H is
about 2.1 milliequivalent per gram of catalyst. Therefore, the lower
yield of epoxide with Dowex 50 WX8 may be due to its poor ion
exchange capacity compared to Amberlite IR 120H catalyst.

3. Comparison of Different Carboxylic Acids on Epoxide Yield

To compare the effect of carboxylic acids on epoxide yield, epox-
idation reactions were carried out with three different carboxylic
acids: formic acid (FA), acetic acid (AA), and propanoic acid (PA)
under identical conditions. In each case, 48.7g H,0,, and 15¢g
Amberlite IR 120H were treated with 100 g nahor oil at 50 °C tem-

Korean J. Chem. Eng.(Vol. 33, No. 10)
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Fig. 2. Effect of carboxylic acid on epoxide yield.

perature under a stirring speed of 1,600 rev/min. Carboxylic acid-
to-EU mole ratio of 0.4 was maintained for all three experiments,
and the relevant results are shown in Fig. 2.

The figure shows that initially the epoxide conversion was rela-
tively higher with FA as compared to AA or PA. The epoxide yields
with FA, AA, and PA after 3 hrs of reaction were 61%, 57% & 46%
respectively. However, as time progressed, epoxide yield started to
decrease after reaching a maximum value of around 68%, whereas
the iodine value conversion increased gradually with time in pres-
ence of FA. Conversely, in the case of AA and PA, both iodine
value conversion and epoxide yield increased gradually within the
experimental time limit. The result shows that, after 11 hrs of reac-
tion, the epoxide yields were 71% and 67% with AA and PA, respec-
tively. However, in the case of AA, no significant (~1%) change in
epoxide yield was observed between 8 hrs and 11 hrs. The iodine
value conversion and a-glycol yield correspond to the epoxide yield,
given in Table 2.

The analysis also shows that the difference between iodine value

Table 2. Values of iodine value conversion and o-G yield with vari-

ous carboxylic acids
Time, h

Catalyst Properties
3 5 8§ 11
% Conv. of IV 68.9 783 847 86.9
Formic % Epoxide yield 60.7 67.8 68.1 65.8
acid (FA) % Yield of -G 42 68 11.8 162
% Yield of other by-product 4.0 4.0 48 49
% Conv. of IV 64.1 735 79.2 83.2
Acetic % Epoxide yield 58.1 67.2 704 71.3
acid (AA) % Yield of oG 1.7 18 39 69
% Yield of other by-product 4.3 45 49 50
% Conv. of IV 49.6 61.2 712 757
Propanoic % Epoxide yield 46.0 564 64.0 67.2
acid (PA) % Yield of -G 11 15 28 44

% Yield of other by-product 2.5 33 44 41

Conditions: temp.=50°C; Amberlite IR 120H loading=15 wt%;
H,0,-to-EU mole ratio=2; carboxylic acid-to-EU mole ratio=0.4
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conversion and epoxide yield (at maximum epoxide yield) was
higher (16.5%) in the case of FA than that of AA (11.9%) or PA
(8.5%). This indicates that greater amounts of undesired products
were formed in the presence of FA compared to the other two acids,
and that was confirmed from the analysis of -G values shown in
Table 2. The order of effectiveness of carboxylic acids was found to
be FA>AA>PA. The decreasing order of reactivity from FA to PA
may be due to the gradual increase of positive inductive effect (+I)
of -CHj; and -C,H; group attached to the carboxylic group in AA
and PA, respectively. Egs. (11)-(12) show the formation of percar-
boxylic acid from carboxylic acid and H,O, in presence of H" ion.

R-COOH +H,0,+H" === R-COOOH,;"+H,0 (11

R-COOOH,” = R-COOOH +H" (12)

The stability of R-COOOH; intermediate depends upon the
‘R-group attached to the -COOOH; group. For formic acid R=H,
for acetic acid R=CHj, and for propanoic acid R=C,H;. As +I effect
of -C,H;>-CH,>-H, hence, the stability order of C,H;-COOOH,
>CH,-COOOH; >H-COOOH;. The higher the stability of R-
COOOH;," intermediate, the lower is the rate of formation of per-
carboxylic acid (R-COOOH). Therefore, the rate of formation of
C,H;-COOOH<CH,-COOOH<H-COOOH and consequently
the rate of epoxidation with FA>AA>PA.

4. FTIR and NMR Analysis of Nahor Oil and Products

To identify the functional groups present in the nahor oil and
epoxidized nahor oil (ENO), FTIR analysis was performed for both
the oil and ENO samples A typical FTIR spectrum of nahor oil
and ENO sample is shown in Fig. 3. The iodine value conversion
and epoxide yield of the ENO sample used for FTIR analysis were
83.2% and 71.3% respectively.

A characteristic band at about 1,583 cm™" (Fig. 3(a)) indicates the
presence of C=C bond in the nahor oil. There is no characteristic
peak that corresponds to O-H group, and C-O (epoxide C-O) group
at around 3,400 cm™' and 830 cm ™, respectively, was found in Fig,
3(a). Conversely, a broad band at around 3429 cm™' and a sharp
band at around 830 cm ™" in Fig. 3(b) indicate the presence of O-H
group and C-O group, respectively, in the ENO product. The char-
acteristic band at 1,740 cm™' corresponds to C=0 stretching. The
presence of O-H group in the ENO sample (Fig. 3(b)) supports the
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Fig. 3. FTIR spectra of (a) nahor oil; (b) epoxidised nahor oil (ENO).
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Fig. 4. "H NMR spectra of (a) nahor oil; (b) epoxidized nahor oil (ENO).

cleavage of epoxide ring during the course of reaction.

Fig. 4 shows the 'H NMR spectrum of the nahor oil and ENO
(same sample used for FTIR analysis). For the "H NMR analysis,
both the samples were dissolved in CDCl; solvent. The peak at
7.27 ppm corresponds to the CDCl, solvent. The peaks between
5.25 and 545 ppm (Fig. 4(a)) indicate the presence of olefinic hy-
drogens (CH=CH) in nahor oil sample. The peaks mostly disap-
peared in the epoxidized nahor oil sample (Fig. 4(b)) and some new
peak appeared at 2.9 ppm. The peaks between 2.85 and 2.95 ppm
represent the C-H proton attached to the oxygen atom of epoxide
group. Based on the peak area calculation, it has been found that
the C=C double bond conversion was around 82% and it matched
very well with the experimentally measured conversion (around
83%) based on the iodine value analysis. Therefore, 'H NMR anal-
ysis confirmed two things for the present study: i) formation of
epoxide bond from C=C double bond, and ii) percentage conver-
sion of C=C double bond.

5. Curing of Epoxidized Nahor Oil (ENO)

To develop an epoxy resin from epoxidized nahor oil (ENO), a
curing reaction was carried out with ENO and curing agent. Two cur-
ing agents, ethylenediamine (EDA) and diethylenetriamine (DETA),

Chemical ;',hn': (ppm)

were tested. To do the curing reaction, a measured amount (25 g)
of purified ENO sample was taken into a glass reactor. Calculated
amount (molar equivalent) of hardener (~0.9g EDA or ~121g
DETA) was added into the reactor and the mixture was stirred at
500 rev/min for 30 min at around 70 °C. Then the reacting mass
was allowed to cool to room temperature (=30 °C). After 12 hrs, the
solidified mass was removed from the reactor, and then its vari-
ous physico-chemical properties were analyzed.
6. Rheological Behavior of Cured Epoxy Resin

To study the rheological behavior of the cured epoxy resins, rhe-
ology tests were performed using the Brookfield R/S+ Rheometer.
About 4 mL sample was loaded in the viscometer cup, and the shear
rate was varied from 1 to 900s ' over a span of 60 sec at 30 °C. Typi-
cal rheograms of cured epoxy resins and ENO sample are shown
in Fig. 5. Fig. 5(a) shows the variation of viscosity, and share stress
with share rate for ENO sample. To measure the viscosity of the
solidified or highly viscous cured resins, samples were diluted with
a fixed quantity (1:1 wt. ratio) of diluent. Chlorobenzene was used
as a diluent for the present study. Fig. 5(b) and Fig. 5(c) show the
variation of viscosity with share rate for EDA cured epoxy resin
without, and with, dilution respectively. Fig. 5(d) represents a simi-

Korean J. Chem. Eng.(Vol. 33, No. 10)
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Fig. 5. Rheogram of ENO and amine cured epoxy resins: (a) ENO without dilution; (b) EDA-cured epoxy resin without dilution; (c) EDA-
cured epoxy resin with dilution; (d) DETA-cured epoxy resin with dilution.

lar study for DETA cured epoxy resin with solvent dilution.

Fig. 5(a) shows that shear stress increases linearly with shear rate
for ENO sample, whereas for the amine-cured resins, a non-linear
behavior is observed with shear rate. The viscosity of the cured prod-
ucts (Fig. 5(b) and Fig. 5(d)) continuously decreases with the in-
crease of shear rate and shows a shear thinning behavior. With the
increase of shear rate, the cross-linked bonds opened and the mate-
rial began to flow, showing a considerable decrease in viscosity.
Therefore, based on the analysis, it can be said that the ENO sam-
ple behaves like a near Newtonian fluid. Whereas, both the amine-
cured resins behave like a non-Newtonian thixotropic fluid under
the present experimental condition. The area between the forward
and backward direction represents the degree of thixotropic behav-
ior. The estimated thixotropic value for EDA-cured resin (without
diluent) was around 80,800 Pa s, The average viscosity and thixo-
tropic values of ENO, and cured resin samples are in Table 3.

The data shows that the average viscosity of EDA-cured resin

Table 3. Average viscosity value of ENO and anime cured resins at 30 °C

increased by around 9.2-fold compared to ENO sample, and the
corresponding increment for DETA-cured resin is around 56.6 fold.
DETA contains both primary and secondary amine groups and can
act as tridentate chelating agent, whereas DEA acts as a bidentate
ligand and contains only primary amine groups. Therefore, based
on the above analysis, DETA acts as a more effective curing agent
compared to EDA for the present study:.

7. Adhesive Property of Cured Epoxy Resin (Tensile Test)

To study the adhesive behavior of the in-house developed cured
epoxy resins, an adhesive strength test was performed using the
Texture Analyzer. Cardboard surface was used to test the applica-
bility of the cured resin as an adhesive. To prepare sample for adhe-
sive strength test, cardboard material was cut into a dog bone shaped
structure and joined in a lap shear mode with the middle portion
of one substrate stuck to one-half of the other substrate using cured
epoxy resins. The glued samples were kept aside for 24 hrs with
5kg load on them to enhance the physico-chemical interaction

ENO without EDA-cured resin EDA-cured resin DETA-cured resin
diluent without diluent with diluent with diluent
Average viscosity, cP 148 1367 52 319
Thixotropic value, Pa s 70 150 80800 9900
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Fig. 6. Tensile strength of cardboard samples glued with amine-cured
epoxy resins and fevistick.

between the resin and the cardboard surface before performing the
tensile test. The cardboard sample was fixed between the tensile
grips (coated with rubber to avoid the slippage). The test was per-
formed with 2 mm/sec speed with a pre-test speed of 1 mm/sec
under auto trigger mode. The results are shown in Fig. 6 along with
the reference sample of commercially available fevistick glue.

The figure shows that the tensile force of DETA-cured resin is
around 1.7-fold greater than that of EDA-cured resin, and the ten-
sile force of the fevistick is around two-fold higher compared to
DETA-cured resin. The force required to detach the cardboard sheet
is directly proportional to the adhesiveness/stickiness behavior of
the sticking material. In the present study; the force applied to break
the cardboard joint was around 21.4 N and 36.3 N for EDA-cured
and DETA-cured resin, respectively. The present work confirms
that the bio-based cured epoxy resin could be used as an adhesive
or glue for various applications.

CONCLUSIONS

The present study reveals that nahor oil could be epoxidized
effectively by in-situ generated peroxyacid at a moderate tempera-
ture of 50 °C, and epoxidized oil could be further converted to a
amine-cured epoxy resin. The suitability of different carboxylic
acids--formic acid, acetic acid, and propanoic acid on epoxidation
reaction--was examined in the present study. The effectiveness of
carboxylic acids was found to be in the order of formic acid>acetic
acid>propanoic acid. The effect of different acid catalysts--H,SO,,
Amberlite IR 120H, and Dowex 50 WX8 on epoxide yield--was
examined. Amberlite IR 120H shows better epoxide yield com-
pared to H,SO, and Dowex 50 WX8. It was possible to obtain
around 70% epoxide yield within 8 hrs of reaction at 50 °C. The
FTIR and NMR analysis confirmed the formation of glycol prod-
uct during the course of reaction. An attempt was made to prepare
a cured epoxy resin from epoxidized nahor oil (ENO). Curing reac-
tions were performed with ENO and ethylenediamine (EDA) or
diethylenetriamine (DETA) as a curing agent at 80 °C. The adhesive
property of the cured resins was tested on cardboard material. The
test shows that the bio-based cured epoxy resin could be used as

an adhesive for sticking cardboard materials. The force required to
break the cardboard joint was around 36.3 N for DETA-cured epoxy
resin vis-a-vis the corresponding value was 73.6 N for the fevistick
material (commercial glue). The findings of the present study pro-
vide useful information for developing a bio-based lubricant (epox-
idized oil) and adhesive (cured epoxy resin).
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NOMENCLATURE

A, :atomic weight of oxygen [g mol ']

Aoy :atomic weight of hydroxyl group [g mol ']

A;  :atomic weight of iodine [g mol ']

EU :ethylenic unsaturation

G,, :experimentally obtained cr-glycol [mole/100 g sample]

Gy, :theoretically obtainable maximum o-glycol [mole/100 g sam-

ple]

IV, :initial iodine value [g of ,/100 g sample]

N :normality

00.,,,: experimentally obtained epoxide oxygen [g/100 g oil sam-
ple]

OOy, : theoretically obtainable maximum epoxide oxygen [g/100
g oil sample]

Vi :volume of sodium thisulphate solution consumed by blank
titration [mL]

Vs :volume of sodium thisulphate solution consumed by the
oil sample [mL]

Vg :volume of HBr [mL]

m  :mass of sample [g]

REFERENCES

1.N. Kim, Y. Li and X. S. Sun, Ind. Crops. Prod., 64, 1 (2015).
2.L.H. Gan, K. S. Ooi, L. M. Gan and S.H. Goh, J. Am. Oil Chem.
Soc., 72, 439 (1995).
3.V.B. Borugadda and V. V. Goud, Energy Procedia, 54, 75 (2014).
4. M. M. Ewumbua, M. H. Darrin and P W. Dennis, Ind. Crops. Prod.,
67, 364 (2015).
5. K. G. Padmasiri, O. B. Michael and K. J. Laleen, National Sci. Found.
Sri Lanka., 37, 229 (2009).
6. E E. Okieimen, O. L. Bakare and C. O. Okieimen, Ind. Crops. Prod.,
15, 139 (2002).
7.L. A. Rios, P. Weckes, H. Schuster and W. E Hoelderich, J. Catal,
232, 19 (2005).
8.B. Rangarajan, A. Havey, E. A. Grulke and P. D. Culnan, J. Am. Oil
Chem. Soc., 72, 1161 (1995).
9. M. Jankovi¢ and S. S. Fiser, . Am. Oil Chem. Soc., 82, 301 (2005).
10. U. Biermann, W. Friedt, S. Lang, W. Luhs, G. Machmuller, J. O.
Metzger, M. R. Klaas, H.J. Schafer and M. P. Schneider, Angew.
Chem. Int. Ed., 39, 2206 (2000).
11. M. R. Klaas and S. Warwel, Ind. Crops. Prod., 9, 125 (1999).
12.S. Dinda, V. V. Goud, A.V. Patwardhan and N. C. Pradhan, Asia-

Korean J. Chem. Eng.(Vol. 33, No. 10)



2922 S. Dinda et al.

Pac. J. Chem. Eng., 6, 870 (2011).

13.S. Dinda, A. V. Patwardhan, V. V. Goud and N. C. Pradhan, Biore-
sour. Technol., 99, 3737 (2008).

14. V. V. Goud, S. Dinda, A.V. Patwardhan and N. C. Pradhan, Asia-
Pac. J. Chem. Eng., 5, 346 (2010).

15. V. V. Goud, A. V. Patwardhan, S. Dinda and N. C. Pradhan, Chem.
Eng. Sci., 62, 4065 (2007).

16.E G. Garcia, M. E. Leyva, A. A. A. de Queiroz and A.Z. Simoes,
Int. |. Adhes. Adhes., 31, 177 (2011).

17.Y. Liu, G. Yang, H. M. Xiao, Q P. Feng and S.T. Fu, Int. J. Adhes.
Adhes., 41, 113 (2013).

October, 2016

18. K. B. Katnam, A.]. Comer, W. E Stanley, M. Buggy and T. M. Young,
Int. J. Adhes. Adhes., 37, 3 (2012).

19. D. K. Salunkhe, J. K. Chavan, R. N. Adsule and S. S. Kadam, World
Oilseeds: Chemistry, Technology and Utilization, first Ed., Van Nos-
trand Reinhold, New York (1992).

20.S. Siggia and J. G. Hanna, Quantitative Organic Analysis via Func-
tional Groups, 4™ Ed., Wiley, New York (1979).

21. C. Pequot, Standard Methods for the Analysis of Oils, Fats and Deriv-
atives, Part-1, fifth Ed., Pergamon Press, Germany (1979).

22.C. A. May, Epoxy Resins: Chemistry and Technology, Second Ed.,
Marcel Dekker, New York (1987).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


