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ARTICLE INFO ABSTRACT

In the study, natural origin polyol was obtained from apricot kernel oil. The obtained polyol was used in
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the synthesis of polyurethane, which is an industrially important polymer. Obtaining polyol from apricot

kernel oil was first epoxidized with a two-step process and then converted to the desired polyol structure
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by oxirane ring opening. The obtained biocompatible polyol structure was subjected to a polymerization

process with the hexamethylene diisocyanate structure. The obtained polyurethane structures were

characterized chemically, thermally, and morphologically. The chemical structure was investigated by

FTIR spectra. The thermal stability, Tg values, and decomposition temperatures of the obtained

polyurethane structure were investigated by TGA, DTA, and DSC techniques. The basic morphological
DOI: 10-46572/naturengs.1290047  features of the polyurethane structure were evaluated by SEM analysis.
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Introduction

Polyurethane (PU) is obtained by the reaction of an
oligomeric polyol and a diisocyanate [1]. The synthesis
of polyurethane is given in Figure 1. The raw materials
used in the synthesis of polyurethane are petroleum-
based. However, due to the fluctuations in oil prices and
the depletion of fossil fuel resources, the environmental
awareness of society necessitated the replacement of
petroleum-based polyols with natural oil-based polyols.
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Figure 1. Synthesis of polyurethane from diol and diisocyanate [1]

In the production of biobased polyols, natural oils
(vegetable or animal) are preferred, which are the most
abundant and cheapest of renewable organic resources
[2]. Vegetable oils, in particular, are potential
alternatives due to their abundance, relatively low cost,
and renewable nature [3]. It has also been used in oils
obtained from the seeds of plants such as soybean oil,
canola oil, and sunflower oil as renewable resources [4].
Polymers from these biobased polyols are prepared by
chemical modification of the carbon-carbon double
bonds, allylic carbon groups and ester groups of
vegetable oils [5-8]. The chemical industry has shown
great interest in the production of biobased polyols,
especially those synthesized from vegetable oils [9-11].

In this study, apricot kernel oil was used as a polyol
source for the first time and studied as a monomer in
polyurethane synthesis. Conversion of apricot kernel oil
to polyol was carried out by epoxidation/oxirane ring
opening methods. The obtained polyurethane structure

was characterized structurally, thermally, and
morphologically. Structural characterizations were
evaluated with FTIR spectra. The thermal stability, Tg
values, and decomposition temperatures of the obtained
PU structures were investigated by TGA and DSC
techniques. The basic morphological features of the
polyurethane structure were evaluated by SEM analysis.

Materials and Methods

The chemicals used in all experimental stages were
obtained from Sigma. The apricot kernel oil used was
obtained from local herbalists. The change in the
chemical bond structures of PU samples was investigated
with Thermo Matson 1100 brand Fourier transform
infrared spectroscopy (FTIR) analysis technique in the
wavelength range of 4000-400 cm-1. Thermogravimetric
analysis (TGA) was determined by the Schimadzu TGA-
50 device using 10 mg sample in a stable air atmosphere.
Thermal stability and structural stability properties were
determined by differential thermal analysis (DTA). The
device is Shimadzu DTA-50 model. Differential
scanning calorimetry (DSC) was performed using the
Schimadzu DSC-60 device. Surface morphological
properties of polyurethane samples were determined by
Leo EVO 40 model scanning electron microscope (SEM)
at different magnifications.

Epoxidation and Ring Opening of Apricot Kernel Oil

Here, apricot kernel oil was preferred as the polyol
source. In the epoxidation of apricot kernel oil, firstly,
the mixture containing glacial acetic acid and sulfuric
acid was mixed at a specified temperature, and the
mixture was oxidized with hydrogen peroxide in the
epoxy. The mixture was separated with a separatory
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funnel [12,13]. The realization of epoxidation was
followed by the FTIR spectrum taken at certain times.
Epoxy ring opening is a common method for obtaining
polyols from vegetable oils [14]. In the study, the ring
opening was carried out in a vacuum-inert system for
three days. Ring opening was followed by the FTIR
spectrum taken at certain times. The produced apricot
kernel oil-based polyol was obtained and it is in a ready
state for polyurethane synthesis.

Polyurethane Synthesis

Polyol obtained from apricot kernel oil and PEG-200
were mixed in different ratios (95%, 5%) and
hexamethylene diisocyanate (HMDI) monomer was
added in equimolar form and dissolved in THF/Toluene
mixture. The resulting mixture was stirred at room
temperature under nitrogen gas. Then, a catalytic amount
of triethylamine was added and refluxed at 90°C for four
hours. [15]. The determination of the reflux time, that is,
the completion of the polymerization was followed by
the FTIR spectrum. The reaction was stopped when the
free isocyanate peak at 2260 cm-1 in the FTIR spectrum
which was caused by isocyanate disappeared.

Results and Discussion

Structural Characterization of Apricot Kernel Qil
Based  Polyurethane  Structure by FTIR
Spectrophotometer

In the study, for the first time in the literature, polyol
structures obtained from apricot kernel oil were used in
the synthesis of polyurethane. The polyurethane
structure was prepared by reacting the synthesized
apricot kernel oil based polyol/PEG with HMDI. In
Figure 2, FTIR spectra of apricot kernel oil, apricot
kernel oil in epoxy, apricot kernel oil based polyol (with
oxirane ring opening) and polyurethane structures are
given. In these spectra, especially in pure apricot kernel
oil, the C-H stretch vibration peak is at 3007 cm-1 and
the C-H stretch vibration peak of the saturated
hydrocarbon group is 2850-2950 cm-1, the C=0 stress
vibration peak in the triglyceride ester bond is 1747 cm-
1, the C-O-C stretching vibration peak of the ester group
is at approximately 1100 cm-1, and the stretching
vibration of the carbonyl group is observed at 723 cm-1
[17]. In polyol functional structures, this peak disappears
and the hydrogen bond stretching vibration of the OH
groups becomes evident at 3000-3600 cm-1 [18]. The
formation of the urethane bond in the resulting
polyurethane was confirmed by FTIR spectroscopy.
After the polymerization synthesis, the peaks at 2260
cm-1  belonging to the free isocyanate groups

disappeared and new bands were observed due to the
urethane bond formed.
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Figure 2. FTIR spectra of pure apricot kernel oil, epoxy apricot
kernel oil, apricot kernel oil based polyol and polyurethane structures

When we look at the FTIR spectra of the
polyurethane (PU) structure; We see the band
corresponding to the NH stretch at a wavelength of 3300-
3400 cm—1. Sharp peaks between 2859-2945 cm-1 are
seen at —CH stretching and the -C=O absorption band in
the urethane structure at 1734 cm-1 and the C-N
stretching peak at 1450 cm-1. Characteristic PU
absorption bands are observed at 1090 cm—1 C-O and
778 cm—1 C-H. All these peaks confirm the desired
polyurethane structure. The peaks are compatible with
the literature [19].

Thermal Characterization of Apricot Kernel Oil
Based Polyurethane Structure by Tga/Dta/Dsc
Thermal Analysis Techniques

The effect of apricot kernel oil used during the
preparation of polyurethane on the thermal stability of
polyurethane was investigated by TGA and DTA
analysis. In Figure 3, TGA and DTA thermograms of
apricot kernel structure-based polyurethane structure are
given. According to the TGA thermogram, the
polyurethane shows a three-stage degradation structure.
First of all, between 260°-410°C, cross-linking points
and degradation in soft segments are observed.
Decomposition in hard segments is observed between
410-450°C. Thermal degradation and carbonization are
observed between 450-590°C and consistent with the
DTA thermogram. When the DSC thermogram was
examined, the Tg transition value of the polyurethane
structure was determined to be approximately -450C
below zero. The structure is flexible and durable. Melting
endotherm at -250C, endothermic endo I at 1900C, and
endothermic endo II at 275 oC are seen on the DSC
thermogram [20].
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Figure 3. TGA and DTA thermograms of apricot kernel oil based polyurethane structure
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Figure 4. DSC thermogram of apricot kernel oil based polyurethane structure
SEM Images of Apricot Kernel Oil Based Polyols are obtained from many vegetable oils.

Polyurethane Structure

SEM images of the polyurethane structure taken at
different magnifications are given in Figure 5.
Accordingly, the surface is rough, uneven and the
interface between the soft and hard segments observed
on the surface is not sharp, indicating partial
compatibility or poor interface interaction between the
soft and hard segments.

Castor oil, palm oil, cardanol oil, and vernonia oil have
been used to synthesize polyols to replace
petrochemical-based polyols [21,22]. There are
polyurethane products based on vegetable oils such as
corn oil, olive oil, soybean oil, hazelnut oil, canola oil,
castor oil and safflower oil [23]. When we look at the
literature, no publications were found on the use of
apricot kernel oil in the synthesis of polyurethane. In
previous studies, apricot kernel oil has been used in fields
such as biodiesel [24], food packaging [25], biomaterials
for textile purposes [26].

12



NATURENGS (MTU Journal of Engineering and Natural Sciences) Volume 4, Issue 1 (2023) 10-15

10pm
s Mag= 250 KX EHT =2000kv SignalA=SE1 WD= 11mm

100um

Mag= 500X EHT =2000kv SignalA=SE1 WD= 11mm

Mag= 1.00KX EHT =2000kV SignalA=SE1 WD= 11mm

Mag= 250X EHT =2000kV SignalA=SE1 WD= 10mm

100pm

Mag= 500X EHT =2000kV SignalA=SE1 WD= 11mm

20pm
[

Mag= 100KX EHT =2000kV SignalA=SE1 WD= 11mm

Figure 5. SEM images of apricot kernel oil based polyurethane structure

In this study, apricot kernel oil was used for the first
time as a source of polyol. The polyol obtained from
apricot kernel oil was used in the synthesis of
polyurethane.

Conclusions

Today, great developments have occurred in the
polymer world. These developments brought about the
production of polymeric materials with different
properties. Polyurethanes constitute an important part of
the polymer material class. Polyurethanes are widely
used in fields such as biomaterials [27], biomedical [28],
and coating [29]. In this study, polyol was obtained for
the first time from apricot kernel oil with known
biocompatibility. The obtained polyol was used in the

synthesis of polyurethane. Apricot kernel oil based
polyurethane structure will contribute to the literature as
a unique biomaterial. It also has the potential to be an
important resource for researchers.
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