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Abstract

This work reports the preparation and characterization of Buriti (Mauritia flexuosa L.) oil/polystyrene (PS) and Buriti
oil/poly(methyl methacrylate) blends. The Buriti is an abundant palm tree of the Amazon region. This oil was used because
of its chemical composition (high concentrations of oleic acid, tocopherols and carotenoids, especially f-carotene) and
interesting optical properties, such as absorption and photoluminescence. The incorporation of the vegetable oil in the
PS and PMMA matrices renders orange-colored blends, which were verified to absorb UV-Vis radiation and emit light
in the green region. The intensity of these properties is proportional to the oil content in the samples. Micrographs of
the blends showed that the oil is located in cavities distributed in the polymeric matrices. This work shows that it is possible
to employ the Buriti oil, a cheaper and abundant natural resource, to improve absorption and light emission properties of
PS and PMMA polymers.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction radation is particularly important and threatens
mainly polymeric materials exposed to external

The wide variety of polymer applications in environments. Pigmentation, used in most cases,
several environments makes the polymers more sus- works as a good indicator of the stabilization
ceptible to several degradative processes. Photodeg- against this type of degradation and can further

reduce the radiation penetration in the interior of

the polymer matrix. However, the use of pigmenta-
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traps for radicals [1]. Al-Malaika et al. [2-4]
investigated the use of vitamin E (a-tocopherol) as
an alternative to the phenolic antioxidants, conclud-
ing that the tocopherol has an excellent melt stabi-
lizing activity in polyolefin.

Currently, there is a high demand for polymeric
materials with special properties such as absorption
and emission of light. Light emission is one of the
most important optical properties of polymers
because it allows its use in several technological
areas, especially in the construction of light emitting
diodes (LEDs) [5-9]. Luminescent organic materials,
mainly fluorescent polymers, show many benefits in
comparison to luminescent inorganic materials such
as low cost, easy manufacture, and color synchrony
[10]. There are several studies involving the synthe-
sis, characterization, investigation of optical proper-
ties, and application of luminescent conjugated
polymers, especially with the derivatives of
poly(phenylenevinylene) (PPV) [11-17]. However,
conjugate polymers are known to be unstable to
photoxidation, especially when exposed to radiation
with photon energy much higher than its electron
gap energy [18].

Few studies exist on the use of vegetable oil in
polymer technology, but these studies have inten-
sified in recent years. Besides the studies of epox-
idized oils as plasticizers and thermal stabilizers,
new themes such as oil transesterification cataly-
sed by enzymes, fatty acids sorption by polymer
films and polymer production from seed, palm
and soybean oil are described in the literature
[19-27].

The Buriti (Mauritia flexuosa L.), an abundant
palm in the Amazonian region of Brazil, supplies
raw material for a variety of applications such as
roots for medicinal use, fruit and trunks to produce
wine, liqueur and canoe manufacture, standing out
as an important resource. The oil extracted from
the Buriti fruit is of great interest because of its
physical and chemical characteristics [28-33]. The
average composition of fruit is 20% of shell and
pulp, 30% of white cellulose layer and 50% seed
(wt/wt of fruit) [29]. The Buriti oil extracted with
hexane presents a remarkable chemical composition
and nutritional properties, and it was thus proposed
that the oil could be used to combat the lack of lip-
ids in nourishment [28]. When the Buriti oil is
extracted with supercritical CO,, it shows a chemi-
cal composition with high concentrations of oleic
acid, tocopherols and carotenoids, especially B-car-
otene, which is responsible for the oil’s red—orange

color [29,31]. Some of characteristics of Buriti oil
are: density of 0.86 g cm?, refractive index of 1.46
at 22 °C, iodine index of 77.2 cg I, per 100 g, sapon-
ification index of 169.9 mg KOH/g and melting
point at 12 °C [31-33].

The m-conjugated structures, which the tocophe-
rols and carotenoids exhibit, are of special interest
in the research of optical devices. However, it is
known that the carotenoids have poor photo and
thermostability in vitro, which makes it unsuitable
for the construction of photofunctional materials
[34].

Studies of Buriti oil’s thermal diffusivity, using
the thermal-lens technique, were performed [30].
Garcia-Quiroz et al. [31] investigated its dielectric
properties by determining the dielectric constant
(dc), which was related to the dc of its main con-
stituents. They also reported that the oleic acid’s
phase transition, which was present in the differen-
tial scanning calorimetry (DSC) curves of Buriti
oil, is a consequence of the acid’s high concentra-
tion in the oil [31]. Albuquerque et al. [32]
observed that the infrared spectrum of Buriti oil
is very similar to that of triolein, a triglyceride of
oleic acid.

With the aim to introduce these notable Buriti oil
properties in a polymeric material, we decided to
incorporate this oil into polystyrene (PS) and poly
(methyl methacrylate) (PMMA) matrices, which
are typical polymers for multiple and common uses.
Besides, Buriti oil has a favorable chemical compo-
sition in that it provides a medium with a higher sta-
bility of B-carotene. In this work we investigated the
absorption and photoluminescence properties of
Buriti oil, PS and PMMA polymers blends in the
UV-Vis region.

2. Experimental
2.1. Materials

Buriti oil (p =0.86 gmL ") was extracted with
supercritical CO, from the shell and the pulp of ripe
Buriti fruits. Table 1 presents the oil composition
used in this work. Low molecular weight PMMA
(M, = 120,000; p=1.188gmL™"; T,=114°C)
and PS (M, =280,000; p=1.047gmL™"; T,=
100 °C) purchased from Aldrich Chemical Co. were
chosen to be the matrices because they are widely
employed polymers and are soluble in the same sol-
vent as Buriti oil. Analytical reagent grade chloro-
form was used in all preparations.
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Table 1
Composition of the oil from the shell and pulp of Buriti extracted
with CO, at 20 MPa and 313 K [33]

Substance Amount
Carotenoids (ppm) 1707
Tocopherols (ppm) 800
Free fatty acid composition (%)
Saturated fatty acid:
Miristic 0.10
Palmitic 17.34-19.20
Stearic 2.00
Unsaturated fatty acid:
Oleic 73.30-78.73
Linoleic 2.40-3.93
Linolenic 2.20
Some carotenoids (ppm)
trans-B-Carotene 672 £ 10
13-cis-B-Carotene 359 £27
9-cis-B-Carotene 150 + 18
a-Carotene 61 £7

2.2. Preparation of Buriti o0ill PS and Buriti oill
PMMA blends

The Buriti 0il/PS and Buriti oil/PMMA blends
were prepared by adding different amounts of Buriti
oil (8; 15; 35 and 47 wt%) to polymer in chloroform
at room temperature under continuous stirring for
4 h. The resultant mixture was submitted to solvent
casting technique using Teflon™ dishes for at least
24 h at room temperature and vacuum (between 5
and 10 Torr) for 4 h. The casting surfaces were in
an environment free from light to avoid the oil’s
decomposition and the thickness of the material
obtained was between 200 um and 300 um.

2.3. Absorption and photoluminescence
measurements

Buriti oil solution in chloroform (0.5% (vol/vol))
were prepared and exposed at ambient with different
lighting conditions: laboratory environment, dark,
UV light (254 nm) and sunlight, under atmospheric
conditions. Samples of solutions were analyzed after
the following time intervals: 0, 1, 2, 4 and 8 h of
exposure. UV-Vis absorption spectra of the Buriti
oil solutions were recorded on a DU650 Beckman
UV-Vis spectrophotometer.

Measurements of electromagnetic radiation
absorption and photoluminescence of Buriti oil,
Buriti oil/PS and Buriti oil/PMMA were obtained
in equipment built in the Physics Department of

Universidade Federal do Pard (UFPA) for this
application. The equipment consisted of a silicon
photodetector, an Acton 3081 monochromator with
a sample chamber, a Xenon lamp (75 W), a filter
(350 nm) and a computer to control the experiments
and data acquisition.

2.4. Scanning electron microscopy

Surface structures of the samples were studied
through scanning electron microscopy, SEM (Zeiss,
model DSM 962). The samples were fractured in
liquid nitrogen, fixed on aluminum supports using
silver adhesive and covered with gold (Sputter
Coater Balzers SCDO050). The SEM images were
obtained at 15 kV and 60 pA.

3. Results and discussion

The UV-Vis absorption spectrum of Buriti oil is
displayed in Fig. 1. It can be observed that the Bur-
iti oil shows a strong absorption of radiation
between 300 nm and 550 nm due to the presence
of B-carotene. Keinonen [34] observed an absorp-
tion band between 350 and 550 nm for a B-caro-
tene—polystyrene film, while Kakegawa and Ogawa
[35] reported absorption bands close to 463 nm
and 488 nm for an inorganic system containing
B-carotene. It is important to emphasize that even
though the oil’s fatty acids also present UV absorp-
tion as a result from the forbidden n — m* (carbonyl
groups) and the m — m* (not-conjugated double
bond) transitions, these absorptions take place near
200 nm [36-39]. On the other hand, B-carotene
consists of a conjugated system where the © — n*
transitions shift towards longer wavelengths as a
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Fig. 1. UV-Vis absorption and fluorescence spectra of Buriti oil.



J.A. Duraes et al. | European Polymer Journal 42 (2006) 3324-3332 3327

consequence of the proximity of the molecular orbi-
tal energy levels [40,41]. Therefore, it is clear that
the oil’s absorption between 300 nm and 550 nm is
due to the B-carotene content. Furthermore the Bur-
iti oil exhibits an intense and well-resolved photolu-
minescence band centered around 540 nm (Fig. 1),
corresponding to the green range of the spectrum.

The evaluation of the oil’s capacity to act as a
radiation capturer was carried out by exposure of
the Buriti oil solution to different radiation condi-
tions. In all investigated situations a discoloration
of the solution as a function of exposure time was
verified. This is probably an effect of the deactivation
of chromophore groups present in the oil, caused by
the absorption-relaxation process. The loss of color
was of greater intensity in the solution exposed to
sunlight because of the nature and intensity of the
incident radiation in addition to the heat generated
by the UV radiation absorbed.

It is appropriate to mention that all the solutions,
as well as the oil, were handled under atmospheric
air. It was reported by Arudi et al. [38] that the unsat-
urated fatty acids have a significant lability toward
dioxygen and light and this leads to the formation
of hydroperoxide impurities. Furthermore, these
impurities can absorb UV radiation in the 240—
290 nm range. The absorption of solutions of Buriti
oil was evaluated at 245 nm, 248 nm and 276 nm,
which corresponded to the maximum absorption
wavelengths registered. Variation of the solutions
absorbance with time is showed in Figs. 2 and 3.
The absorption changes more pronounced in the first
two hours of exposure. After this time, in spite of the
absorption being reduced, the solutions still
absorbed at a high percentage in relation to the initial
absorption (Table 2).
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3.0 —e— 248nm (Laboratory enviroment)
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Fig. 2. Absorbance variation in UV-Vis with the time of
exposition of the solutions of Buriti oil: in the laboratory
environment and in the dark.
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Fig. 3. Absorbance variation in UV-Vis with the time of
exposition of the solutions of Buriti oil: in the UV light
(254 nm) and in the sunlight.

The mixtures of PS and PMMA with Buriti oil
resulted in materials with an orange color and
whose intensity varied with the oil concentration
in the matrix (8; 15; 35 and 47 wt%). It was also
observed that an increase in oil content provides
an increase in the apparent material flexibility.

Absorption spectra in the UV region of the PS
and the Buriti 0il/PS blends (Fig. 4) shows that
the oil caused a very significant increase in the
absorption of UV radiation by blends. While pure
PS is almost transparent to UV radiation the Buriti
oil/PS blends exhibits a strong/intense band of
absorption between 275 nm and 375 nm. This sug-
gests that the Buriti oil was incorporated in the PS
matrix, although the absorption region is shorter
than that exhibited by the oil itself (300-550 nm),
probably due to the oil aggregation in the matrix
interlayer. It is important to notice the displace-
ment of the maximum absorption towards longer
wavelengths that occurs following the addition of
the Buriti oil content in the blends. This gradual
change is associated with the B-carotene contained
in the Buriti oil, and consequently, in the matrix
interlayer.

Mixtures of PS with the Buriti oil also promoted
an impressive enhancement in the visible radiation
absorption of the resulted material. Fig. 5 shows
that while pure PS was 80% transparent to visible
light the Buriti oil/PS blends absorb around 70%
of radiation in the range of 550-700 nm. By analyz-
ing Fig. 5, we can also conclude that the wavelength
limit of permitted light crossing the sample is deter-
mined by the oil concentration in the blends. There-
fore, it is possible to make a variety of capturer with
different cutoff point. Furthermore these blends can
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Table 2

Percentage absorption of the Buriti oil solutions, after exposure for 8 h to different conditions

A (nm) Laboratory environment Dark UV light (254 nm) Sunlight
245 80.22 51.84 70.37 82.92
248 91.59 90.61 92.61 86.77
276 89.64 84.65 89.49 66.04

Original absorption = 100%.
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Fig. 4. UV absorption spectra of PS and Buriti 0il/PS blends.
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Fig. 5. Visible transmittance spectra of PS and Buriti o0il/PS
blends.

emit visible light exhibiting the photo-luminescent
phenomena when it is properly UV excited. In
Fig. 6, we can see that the PS mixed with Buriti
oil presents a large band (around 510 nm) of emitted
light when the samples are illuminated at 350 nm.
We also observed a red shift in the emission band
as a function of oil concentration.

Absorption spectroscopy in the UV region shows
that the Buriti oil provides an increase of radiation
absorption (up to 400%) by Buriti oil/PMMA
blends, as indicated in Fig. 7. Absorption spectra
of these blends reveal intense bands between 260
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Fig. 6. Fluorescence spectra of PS and Buriti 0il/PS blends.
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Fig. 7. UV absorption spectra of PMMA and Buriti 0il/PMMA
blends.

and 380 nm, with relative intensities proportional
to the oil content, except for the blend with the
major grade of Buriti oil. Even though exudation
has not been observed, it is possible at higher oil
concentrations that the Buriti oil has not been fully
incorporated into the polymer matrix, and the most
superficial coating undergoes the degradation reac-
tions caused by light or atmospheric oxygen.
Transmission spectra in the visible region (Fig. 8)
reveal that the PMMA mixed with Buriti oil pre-
sents one of the most notable properties of Buriti
oil: light absorption in visible region (400 and
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Fig. 8. Visible transmittance spectra of PMMA and Buriti oil/
PMMA blends.

500 nm). Pure PMMA exhibits 60% transparency,
while the mixed material underwent a transparency
reduction with increasing oil content in the
polymeric matrix. PMMA mixed with Buriti oil also
presents photoluminescence related to the oil incor-
porated into the matrix (Fig. 9). The emission spec-
tra of the blends exhibit a large band in the green
region (530 to 580 nm) when the material is UV irra-
diated (350 nm).

The morphology of the samples was analyzed by
SEM. In the micrographs of the fractured surfaces
of the pure PS and Buriti 0il/PS blends (Fig. 10) it
can be observed that while pure PS presents a
homogeneous surface, the Buriti oil/PS exhibit a
lot of spherical cavities where the oil is located
and immobilized. These cavities are regularly dis-
persed throughout the PS matrix, which may act
as protection for the oil from degradation reactions
generated by exposed to sunlight and atmospheric
oxygen. The fractured surface of the pure PMMA

5x10 ——PMMA

5x10’- —&— Buriti 0il/PMMA, 8 wt %
—e— Buriti 0il/PMMA, 15 wt %
—A— Buriti 0il/PMMA, 35 wt %
¥ Buriti 0il/PMMA, 47 wt %

T T T T T T T
500 550 600 650
A (nm)

Fig. 9. Fluorescence spectra of PMMA and Buriti oil/PMMA
blends.

Lemm

Fig. 10. SEM micrographs of the (a) pure PS (x3000) and Buriti
0il/PS, 8 wt%, (b) X800 and (c) x3000.

(Fig. 11) shows layers and globules spread irregu-
larly. In the Buriti 0il/PMMA blends (Fig. 11) the
oil is also located into cavities concentrated in one
of the extremities of the longitudinal fracture of
the sample. It can be noted that these cavities
present an oval shape that may be linked to the
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Fig. 11. SEM micrographs of (a) pure PMMA (x3000) and Buriti
0il/PMMA, 8 wt%, (b) x800 and (c) x3000.

intermolecular interactions between the carboxylate
groups of PMMA and the oil. Although these inter-
actions have low energy they are present in vast
quantities leading to a very good dispersion of Bur-
iti oil in the matrix. The dispersed oil drops have
diameters varying between 0.5 um and 1.5 um. We

can conclude that the oil’s properties were not mod-
ified and consequently, as observed for the PS, it is
protected from the damages caused by exposure to
sunlight and atmospheric oxygen.

Based on the observed absorption and photolu-
minescence properties it is possible to predict differ-
ent applications for this type of polymeric material.
Our results show that the typical Buriti oil absorp-
tion as well as its photoluminescence properties
can be incorporated in PS and PMMA polymer
matrices getting it in a stable solid material with
important optical properties with a variety of pow-
erful applications such as electromagnetic wave fil-
ters, UV radiation detectors, photo-luminescent
plastics, LED devices, etc.

4. Conclusions

This study presents new materials composed by a
polymer [polystyrene or poly(methyl methacrylate)]
that incorporated Buriti oil micro drops at different
concentrations. This study contributes towards the
initial characterization of the optical properties of
the Buriti oil/PS and Buriti oil/PMMA blends.
Preliminary results showed that the Buriti oil pre-
sents intense absorption (300-550 nm). Its absorp-
tion bands are related to the B-carotene presence.
This interesting oil has a strong emission band
(500-650 nm). The diluted Buriti oil’s solutions,
even after 8 h of exposition at ambient temperature
and pressure with different conditions of lighting,
continue exhibiting a considerable percentual absor-
bance of the initial oil. The results also revealed two
important physical properties of Buriti oil when
added to PS and PMMA matrices: absorption and
emission of light. It was observed that both Buriti
0il/PS and Buriti 0il/PMMA present a strong radi-
ation absorption in visible and ultraviolet regions.
Furthermore, the maximum of absorption displaced
itself towards longer wavelengths as a consequence
of an increase in the oil content. A similar behavior
was noted regarding to photoluminescence phenom-
ena. All the studied blends, when irradiated at
350 nm, showed light emission in the visible region
(from 508 nm to 539 nm and from 530 nm to
580 nm, respectively). The maximum light emission,
which occurs around the green light region, under-
goes a displacement to longer wavelengths following
an increase in the oil’s concentration in the matri-
ces. The Buriti oil displays itself as a good alterna-
tive to produce polymeric materials that absorbs
visible and ultraviolet radiation, and exhibits
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photoluminescence. It is worthwhile to notice that
the wavelength of maximum emission is related to
the oil content in the matrices. In this sense, the
importance of this work is to encourage the use of
the Buriti oil as polymeric additive, since this oil is
cheaper and more abundant natural resource of
Amazonian region. Moreover, the use of this oil
mixed with PS and PMMA matrices allows one to
obtain polymeric blends that absorbs UV and visi-
ble radiation and emits light.
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