Applied Polymer

SCIENCE

Oil sorbers based on renewable sources and coffee grounds

Fernanda D. Marques,* Fernando G. Souza Jr.,>? Geiza E. Oliveiral

Laboratério De Biopolimeros E Sensores - Instituto De Macromoléculas, Universidade Federal Do Rio De Janeiro, Brasil
2Programa De Engenharia Civil, COPPE, Centro De Tecnologia - Cidade, Universitaria, Av. Horécio Macedo, 2030,
Bloco B. Universidade Federal, De Rio De Janeiro, Brasil

SDepartamento De Quimica - Centro De Ciéncias Exatas, Universidade Federal Do Espirito Santo, Brasil
Correspondence to: G. E. Oliveira (E-mail: geizaesperandio@gmail.com)

ABSTRACT: This work presents useful composites for oil spill cleanup processes. These systems are composed of a polyester matrix
loaded with coffee ground powder and maghemite. They were prepared by in situ polymerization. The aliphatic monomers propor-
tion—castor oil and glycerin—was studied with the aim of understanding the effect of feed ratio on the product properties. The
materials were studied using several techniques, including Fourier Transform Infrared Spectroscopy, Ultraviolet-visible Spectropho-
tometry, and Wide Angle X-ray Scattering, with magnetic force tests used for the characterization of materials. Density tests showed
the presence of coffee grounds causes an important reduction in the density values of composites, improving their flotation. The
interaction between composites and petroleum is more than twice that between composites and water. Moreover, for all magnetizable
composites, the removal capability was (25.1 = 1.2) g/g (petroleum/composite), allowing us to state that this is a promising material

for use in oil spill cleanup processes. © 2015 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2016, 133, 43127.
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INTRODUCTION

Crude oil spill accidents are among the worst environmental
catastrophes. The increasing consumption has caused a growth
in the production, transport, and storage steps. These steps
present risks related to environmental oil spills. The damages
caused in this kind of accident are, most of the times, irreversi-
ble, which shows the importance of researching cleanup
methods."

Crude oil absorbers are materials that are able to clean and
remove oily compounds from the water surface. Currently, sev-
eral studies are being conducted aimed at this kind of applica-
tion.”® This type of material can be considered a beneficial
alternative because they may significantly reduce the impact of
this kind of accident. The main natural absorbers are leaves
from different plants,” chitin, chitosan and their derivatives.'®
Among the synthetic absorbers, polymeric resins from renew-
able sources are highlighted.'"'?

Alkyd resins are very much used in the paint industry based on
several formulations.> However, these polyesters, when pre-
pared as a thermoset, can be used as good crude oil absorbers.
These kinds of material are formed basically to aliphatic and/or
aromatic chains which increases their lipophilicity, closely
resembling that of crude oil.'*"”

© 2015 Wiley Periodicals, Inc.

M&‘«\;Fli"s WWW.MATERIALSVIEWS.COM
]

43127 (1 of 7)

Coffee is consumed around the world, thus producing lots of
coffee grounds. Annually, more than 7.4 million tons of coffee
grounds are discarded; this can have a significant environmental
impact, depending on the discard conditions.'® Coffee grounds
have a low density and a chemical composition that is similar
to several organic compounds, including crude oil. These fea-
tures of coffee grounds can be used to prepare an absorber for
the oil spill cleanup process, which can accelerate the crude oil
removal process or promote improved properties in the
materials.

Magnetizable materials are those that answer to an applied mag-
netic field. Normally, this kind of material is composed of sev-
eral domains, distributed randomly, which provides a zero net
magnetic moment. However, magnetizable nanoparticles present
single domain, a monodomain, inside each particle, because of
their nanometric scale. This feature allows the magnetizable
nanoparticles show superparamagnetic behavior, which means,
there is no residual magnetization after the magnetic field
removal.'” Besides vegetable fillers, the addition of magnetizable
nanoparticles allows the production of materials that are able to
catch and remove crude oil from water using a magnetic field
by an on/off behavior.'* This kind of behavior makes possible
to use the electromagnet to remove the material from water
after crude oil absorption.
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The main aim of this study was to develop and understand new
multiphase systems containing magnetic properties, able to
present an on/off magnetic behavior and to remove crude oil
from water surface. The materials obtained were evaluated using
several analytical techniques, including Fourier transform infra-
red spectroscopy (FTIR), X ray diffraction (XRD), thermogravi-
metric analysis (TGA), cross-link degree, magnetic strength, and
crude oil removal capability. Among the main results, FTIR
confirmed the polymeric resin synthesis, and evidence was pro-
vided that the particles are dispersed in the polymeric matrix.
The XRD results enabled calculation of the size of magnetizable
particles inside the materials, which confirmed that the particles
were not altered during the mixture process. In turn, density
tests demonstrated the materials’ flotation capability, as
expected, while the cross-link degree determination permitted
information about the resin structure to be obtained. The resin
was found to be insoluble and infusible, making it perfect for
use as a crude oil absorber, and it was also possible for the
absorber material to be recycled and recovered after the removal
of oil. In addition, the developed absorber presents a crude oil
removal capability of more than 25 crude oil parts for compos-
ite part. This is one of the best results obtained by this research
group.”™'* Therefore, this work can be considered a step for-
ward in this subject, and presents novel uses for byproducts,
such as glycerin, and wastes, such as coffee grounds, which cre-
ates added value.

EXPERIMENTAL

Materials: Hexahydrated iron chloride (FeCl; 6H,0), anhydrous
sodium sulfite P.A. (Na,SO3), sodium hydroxide P.A. (NaOH),
hydrochloric acid (HCI), phthalic anhydride P.A. and glycerin
P.A. were purchased from Vetec (Rio de Janeiro, Brasil). All
chemicals were used as received. The deionized water (H,O)
was produced at LaBioS/IMA/UFR]. Castor oil and crude oil
were kindly donated by Petrobras. The crude oil sample tar type
presented viscosity equal to (7006 = 10) mPas, water content of
(11.5+0.4)% v/v; density of 0.97 *0.01 g/cm ™' and °API (at
60°F) equal to (13.40 = 0.01).

Maghemite Synthesis: The maghemite was synthesized by a co-
precipitation method using alkaline solution as described in the
literature.>'>'*2* The procedure involved preparing an alkaline
solution containing 0.14 mol L' of iron chloride (FeCl;) in
200 mL of deionized water. The reaction mixture was left under
magnetic stirring at room temperature and N, gas flow.

After iron chloride dilution was completed, 0.10 mol L' of
sodium sulfite (Na,SO;) and 0.64 mol L™ of hydrochloric acid
(HCl) were added, keeping the initial conditions for stirring
and temperature and limiting the amount of air in the medium.
As expected, the reaction medium color changed when the solu-
tion was poured into the 0.1 mol L™' sodium hydroxide, under
strong stirring (100 rpm).>* At that moment, maghemite par-
ticles formed, which were then separated using a magnet (Nd —
2000 Gauss).

Alkyd Resin Synthesis and Preparation of Magnetizable Compo-
sites: The alkyd resin was synthesized following the generation
of cross-linked polyesters in our research group.® Three kinds of
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Table I. Alkyd Resins/Composites Matrix Composition

Resins
Reactants R1 R2 R3
Phtalic anhydride (g) 59 58 56
Castor ail (g) 4 7 10
Glycerin (g) 37 35 34

alkyd resins were synthesized, with distinct amounts of castor
oil: 4, 7, and 10 g, which is equal to 4, 7, and 10% w/w. The
amounts used in these syntheses are shown in Table I.

The procedure used to obtain the alkyd resins was performed
inside a 500 mL reactor. Initially, phthalic anhydride, glycerin
and castor oil were added to the reactor. The reactor was locked
and a reflux condenser was then connected to it. This system
was held at 240°C for 20 minutes, using a silicon bath. After
that, the temperature was slowly increased, using a rate of 10°C/
min, to dissolve the phthalic anhydride. After this step, the sys-
tem was put under a vacuum. The reaction was stopped when
the viscosity achieved a value that meant that it was impossible
for the magneto to continue stirring. The composites were pre-
pared using the same procedure, via in sifu polymerization. The
composite fillers were previously mixed in the glycerin to make
the dispersion inside the polymeric matrix easy. The fillers used
were 5% w/w maghemite and 5% w/w coffee grounds. The
materials obtained from these syntheses were named from C1 to
C3. All synthesized materials were macerated to provide a kind
of powder, which made easier their posterior use.

Materials Characterization

Fourier Transformed Infrared with Attenuated Total
Reflectance (FTIR-ATR). The obtained materials were dried at
80°C in the furnace up to constant weight. After that, they were
held in a desiccator. The FTIR-ATR spectra were obtained using
the equipment iN10 from Nicolet at room temperature and
atmosphere, with a resolution of 4 cm ™! and 100 accumulated
scans.

X-ray Diffraction (XRD). The analyses were performed at
room temperature, using an X-ray diffractometer Miniflex from
Rigaku, with a radiation source that presented a potential differ-
ence of 30 kV and electric current of 15 mA. The equipment
target was a copper plate that produces CuKo radiation with a
wavelength of 0.154 nm. The scan was carried out at 20 values
from 10° to 80°, with a goniometer step of 0.05°/min. The crys-
tallite size (Lc) was calculated using the Scherrer equation [eq.
(1))

Le=KA/(f cosl) (1)

In this eq. (1), Lc is the crystallite size, 4 is the wavelength, f is
the half-width and 0 is the angle. The crystalline degree (Xc)
was estimated using eq. (2), the Ruland method?®:

Xc = (Ac*100)/Ac + Aa (2)
Where, Ac is the crystalline area and Aa is the amorphous area.

Degree of Cross-Linking. After the samples were weighed, they
were put inside the Soxhlet extractor in a filter paper package.
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To perform the solvent extraction process, an equivolumetric
mixture of toluene, heptane and cyclohexane at 250°C was used.
Then, the samples were dried and weighed again to determine
the weight lost and, consequently, the degree of cross-linking.*”

Apparent Density. These tests were carried out by measuring
the weight of the materials inside a 10 mL graduated cylinder.
After that, the volumes were determined and the apparent den-
sity values were calculated. Every measure was performed in
triplicate.

Thermogravimetric Analyses. These analyses were carried out
using the STA 6000 equipment from Perkin Elmer. The condi-
tions used were a heating ramp method from 30°C to 700°C
with an isotherm of 3 min at 700°C, a heating rate of
10°C min~" and a nitrogen inert atmosphere in platinum pans.

Magnetic Force. The magnetic force was established using a
homemade apparatus composed of a lab balance, a removable
support connected to an electromagnet, a sampler, a voltmeter,
and an amperemeter.”* The samples were submitted to a mag-
netic field, produced by an electromagnet, 5.5+ 0.2 mm from
the samples. The magnetic field intensity, measured in Gauss,
was increased by applying an electric current from 0.00 to 0.9 A
using a step of 0.05 A. The sample weight was measured in
each step and the weight variation was determined. The mag-
netic force can be calculated using the following equation:

MF=Aw.g (3)

where the MF is the magnetic force, Aw is the weight variation
in presence of magnetic field and g is gravitational acceleration.

Scanning Electron Microscopy (SEM) and Energy-Dispersive
X-ray Spectroscopy (EDX). The analyses were performed using
a scanning electronic microscope (SEM) from EI Quanta, Model
400 FEG, under vacuum with a secondary electron detector
from Everhart-Thornley — ETD. The use of energy-dispersive X
ray spectroscopy (EDX) associated with SEM was selected to
determine the iron oxide agglomerates on the sample surface.

Water Absorption. The water absorption tests were carried out
based on the ASTM F 726-81 standard. In these analyses, ini-
tially, the materials were dried up to constant weight, being
kept in a desiccator. In the second step, they were immersed in
water for 20 minutes. After that, they were weighed using an
analytical balance. The change in weight is the amount of water
absorbed in the material.

Crude Oil Magnetic Removal. These tests were performed at
room temperature using synthetic brine, prepared using 50,000
ppm of sodium chloride and 5000 ppm calcium chloride. The
crude oil used presented high visual viscosity, like a syrup,
which makes crude oil removal from the water easy. In this
kind of test, a 100 mL beaker containing 90 mL of brine was
used, into which 0.5 g of crude oil was spilt. After that, a
known weight of absorber composites was added onto the crude
oil spot. The beaker was left for 5 min for the composites to
interact with crude oil and form a semi-solid paste that could
be removed using a magneto. The crude oil amount (Or)
removed from the water was determined by gravimetry using
the following equation:
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Or=(w,—ws)/w (4)

where w, is the used composite weight, w, is the total weight
(beaker with water and crude oil), and wj is the system weight
after removal (beaker with water and residual crude oil). This
method allows the ratio between the removed crude oil and the
composite, both in grams (g/g), to be calculated. The data
obtained from this method were used to plot the absorption
isotherm, which makes the data interpretation easier.

RESULTS AND DISCUSSION

Fourier Transform Infrared with Attenuated Total Reflectance
(FTIR-ATR)
Figure 1 shows the main materials spectra from this work.

In the ground coffee spectrum shown in Figure 1(a), it is possi-
ble to see a band around 3500 cm ™' related to stretching of
bond O-H. This band is wide because of the hydrogen bonds
formed in this kind of group. Moreover, this band is very
intense because there are many compounds with this kind of
bond in the ground coffee.”® The maghemite spectrum can be
observed in Figure 1(b). There are some important characteris-
tic bands of this type of compound, such as the band around
3420 c¢cm ', which is associated with stretching of the O-H
group because of the presence of FeOH. There is a characteristic
band related to the presence of structural water at 1632 cm™ ',
while the characteristic band at 644 cm™'
stretching of the Fe-O bond. These characteristic bands indicate
successful maghemite synthesis.'>'”™"? The alkyd resin spectrum
is shown in Figure 1(c), where the characteristic band at
1750 cm™' corresponds to stretching of C=0O bond. The
C(C=0) groups vibration can be observed at 1270 cm” " The
stretching of esters and ethers can be seen at 1115 and
1036 cm ™', respectively. The (C=0)O groups vibration appears
at 1045 cm ™', Also, a decrease in the intensity of the hydroxyl
group characteristic band intensity can be seen at around
3500 cm™ .®% All synthesized alkyd resins were also tested and
present similar FTIR spectra. The composite spectrum presented
the same characteristic bands as those seen for alkyd resin,
which indicates that the fillers did not change the chemical
nature of the polymeric matrix.” The other two composites
were tested too and they presented the identical profile.

X-ray Diffraction (XRD)
Figure 2 presents the sample diffractograms.

is associated with

Figure 2(a,b) present the diffractograms of ground coffee and
alkyd resin, respectively. In both diffractograms an amorphous
halo can be seen, which indicates that both materials are pre-
dominantly amorphous. In Figure 2(c), the maghemite diffrac-
togram is presented, which exhibits the following diffraction
peaks, in 20 values: 30.5°, 35.8°, 43.1°, 53.9°, 57.5°, and 62.9°.
These peaks correspond to the (220), (311), (400), (422), (511),
and (440) crystalline planes in an orthorhombic cell of the
cubic spinel structure, respectively.’® This kind of crystalline
structure is characteristic of y-Fe,O;-type paramagnetic par-
ticles.”* The diffractogram for the composite containing maghe-
mite and ground coffee shows maghemite peaks and the
amorphous halo as well. The crystallinity value and the crystal-
lite sizes were calculated for maghemite and composites
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200 Table II. CDL and Apparent Density for Resins and Composites
| Sample CLD (%) Apparent density (g/cm®)
19 RL 86117 052001
> 1 R2 925+1.1 0.55+0.05
e 1504 R3 95.0+0.5 0.49+0.02
x c1 86.8+1.6 0.46 +0.01
g 1 c2 932+2.2 0.43+0.05
o 504 c3 978+19 0.40+0.07
<
04 Magnetic Force
The magnetic force tests were performed using the methodology
y w y T w 1 established by our research group®’; the results for maghemite
4000 3500 3000 2500 2000 1500 1000

Wavelength (cm -1 )

Figure 1. FTIR spectra of (a) ground coffee, (b) maghemite, (c) alkyd
resin, and (d) composite C3.

containing 4%, 7%, and 10% of castor oil. The synthesized
maghemite presented a crystallinity equal to (67.1 =2.1)%,
which is a small value when compared with those in the litera-
ture.® This crystallinity value indicates that the maghemite was
contaminated by waste salts from the synthesis process. The
composites presented similar crystallinite values with an average
value of (26.9 = 4.7)%. The crystallite sizes (Lc) were calculated
from the peak at 20 that was equal to 35.8°, which represents
the (311) crystalline plane for maghemite and composites con-
taining different amounts of castor oil. The average maghemite
crystallite size (Lc) was (7.7 £0.9) nm, while the composites
from C1 to C3 had average crystallite sizes of (6.4 *0.9) nm,
(7.6 £ 1.1)nm and (8.8 = 0.3)nm, respectively. These values are
statistically the same, which proves that the nanoparticles did
not suffer any changes during the matrix mixture process, keep-
ing their properties.'>*

(@)

(b)
(©)

20(°)
Figure 2. Diffractogram of (a) ground coffee, (b) alkyd resin, (c) maghe-
mite, and (d) composite C3.
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and the composites from C1 to C3 were (591 *55), (38 = 3),
(32*=1), and (41 *1) mN/g, respectively. As expected, the
magnetic force of pure maghemite was stronger than that of the
composites. However, the magnetic force achieved in the com-
posites is sufficient for use in the removal of crude oil from the
water surface, as can be seen in other works by our research
group.>**

Cross-Linked Degree and Apparent Density

The cross-linked degree (CLD) and apparent density enabled
verification of the effect of the insertion of fillers in the studied
systems. These results are presented in Table II.

Table II presents the values of CLD and apparent viscosity.
About CLD, it can be noticed the amount of castor oil is more
influent than the fillers presence, the smallest CLD was obtained
to both, resin and composite, with 4% w/w of castor oil. There
is no significant variation in the CDL value in presence of fill-
ers, for the same composition. Another fact, the CDL value
seems increasing with the increment of castor oil amount. This
result is strongly positive because the crude oil recovery and
reuse of the absorber are directly related to the CLD. Higher
values of this property promote chemical stability, which makes
the absorber loss during the process smaller. With regard to the
apparent density, the results are statistically equal when the

100
(a)

80 - |
— 60- &
X
7
g 40 - _

(b)

20 4

(€) ]
0- (d)

T T T T T T T T T T T T T T T
100 200 300 400 500 600 700 800
Temperature (°C)

Figure 3. TGA of (a) maghemite, (b) coffee ground, (c) composite C3,
and (d) alkyd resin.
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Figure 4. Composite containing 20% castor oil/glycerin SEM at (a) 500X, (b) 1000X, and (c¢) EDX spectrum. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com.]

resins are compared their selves. The same behavior is observed
in composites. However, the results are closely distinct when
these two groups are compared. These results show effect of the
coffee ground as a reducer of the density in the composites,
once the iron oxide has an apparent density around 5 g/cm’.
That property is fundamental to guaranteeing the floatation of
materials during the removal process on water surfaces.

Thermogravimetric Analyses

Figure 3 shows the TGA of some of the main prepared compo-
sites. Maghemite presents a typical inorganic material mass loss
profile, showing the highest thermal stability, followed by the
composite containing maghemite and coffee grounds, then pure
resin, and the smallest thermal stability being presented by pure
coffee grounds. The maghemite presented two main mass loss
regions, in which the maximum mass loss rates occurred at
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(100 = 2)°C and (567 = 6)°C for the elimination of water that
was physically and chemically absorbed in the material, respec-
tively.”! As expected, the coffee ground showed weight dimin-
ishing related to water and light organic chemicals at low
temperatures, starting at (211 = 3)°C.

The nanocomposite shown in Figure 3(c) presents a degradation
profile that is very similar to that of pure resin. The resin and
composites TGA curves presented three mass loss processes in
which the rates are (90 = 12)°C, (210 = 17)°C and (358 = 21)°C,
respectively. The first process is related to light organic chemi-
cals from the polymerization process. The second weight loss
process is associated with the elimination of lighter molar mass
compounds and the third one refers to the resin thermo-
oxidative degradation.®” These results, together with the CLD,
make it clear that the prepared composites can be heated during

J. APPL. POLYM. SCI. 2016, DOI: 10.1002/APP.43127
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‘ Composite(g) ‘
Figure 5. Crude oil absorption isotherm from the composites C1 (@), C2
(M) e C3 (A). [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]

the crude oil recovery process in the presence of organic sol-
vents without thermal or chemical degradation.

Water Absorption Capability

The average value of absorbed water amount to resins was
(1.2 +0.2)g/g, while to composites was (0.8 = 0.2)g/g. It can be
seen that the distinct amounts of castor oil used in the resin, or
composites, composition did not promote any effect in the
amount of water absorbed by these materials. Besides, the inor-
ganic nanoparticles containing a small quantity of absorbed
water as seen in the TGA result. However in this test, the inor-
ganic nanoparticles presence, in the composite, did not produce
any changes in the absorbed water amount.

Scanning Electron Microscopy (SEM) and Energy-Dispersive
X-ray Spectroscopy (EDX)

The morphology of the composite containing coffee grounds
and maghemite nanoparticles is shown in Figure 4(a,b). In this
image, it is possible to see that grain fractures are irregular and
smooth, which are typical characteristics of tough and brittle
materials. Also, the grains presented a smooth surface and irreg-
ular shape, which suggests that the crude oil removal mainly
occurred via chemical interactions between the materials, as the
particles did not present visible porosity. This result corrobo-
rates the previous study performed. In this study it was showed
that the removal capability is higher when resins more chemi-
cally similar to crude oil are used.” The particle morphology,
which was tough and brittle, supported material reuse because
of the high mechanical strength.

Figure 4(b) shows a lighter region, marked with number 2,
which may be related to the agglomerated maghemite nanopar-
ticles. This was confirmed by the EDX analyses, as shown in

Table III. Exponential Model Parameters and its Respective Correlations
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Figure 4(c), where it is possible to observe peaks from some
chemical elements, with iron being the most intense. The pres-
ence of regions with agglomerated iron indicates that the in situ
addition methodology was not efficient enough to disperse the
nanoparticles in the matrix bulk; on the other hand, the com-
posite magnetic force (38 = 3)mN/g was strong enough to be
used in the crude oil removal process, even though the compos-
ite magnetic force was around 10 times less than that of pure
maghemite (591 = 55)mN/g.

Crude Oil Magnetic Removal
These tests allow the crude oil absorption isotherm to be built,
as shown in Figure 5.

Data used to plot in Figure 5 were analyzed by the following
model, shown in the following equation:

RO =RO, + A.el7R/») (5)

where RO is the crude oil removal capability, RO, corresponds to
the lower amount of crude oil removed, A represents the func-
tion amplitude, R is the amount of resin used in each crude oil
removal process and p corresponds to the system decay constant.
The results obtained from this model are shown in Table III.

From analyzing Figure 5 and Table II, it is possible to see that
every parameter is statistically equal, which enabled the conclusion
that the amount of castor oil used, 4%, 7%, and 10%, did not
alter the crude oil removal capability of the composites. These
results show that each gram of composite is able to remove
around (25 * 1)g of crude oil, which indicates that the composites
are chemically similar to crude oil. In addition, the crude oil
removal capability values obtained for these materials are the high-
est obtained in this research group, >™*'* and were associated with
lower water absorption, allowing us to confirm that these materi-
als are very promising for application in oil spill accident scenarios
with the subsequent crude oil removal and recovery process.

CONCLUSION

The bulk polymerization was able to produce thermoset crude
oil absorbers, generating high CLD polymers. The in situ filler
addition methodology used to obtain composites with two fill-
ers, an organic and an inorganic, was very successful. The fillers
were inserted in the matrix bulk and did not change the physi-
cal and chemical properties of either phase. The composites
produced showed high crude oil chemical affinity and low
chemical affinity with the water. This behavior shows that the
composites are more oleophilic, making these composites useful
for the crude oil removal process. Therefore, the use of coffee
grounds can be considered a sustainable measure in the produc-
tion of polymers. The reuse of these materials, as well as pro-
ducing high volumes of vegetable waste, also contributes to the

Sample A P Oro R?

c1 (5.7+1.1)x10* (2.2+0.4)x10? (4.0+1.1)x10° 0.9949
c2 (4.9+1.0)x10* (2.3+0.5)x10? (45+1.1)x10° 0.9937
c3 (4.8+0.5)x10* (2.5+0.3)x10? (3.9+0.8)x10° 0.9976
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final properties of the magnetizable composites, mainly in the
apparent density decrease, which increases the floatability, and
thus making the removal of oil from water surfaces easy. The
crude oil magnetic removal tests showed that one gram of the
composite containing 5% coffee grounds and 5% maghemite is
able to remove (25.06 = 1.18)g of crude oil. Evaluating all of
the synthesized composites, it is possible to conclude that the
castor oil amount did not cause any change in the composite
properties, including the crude oil removal capability. Consider-
ing this last statement, it is suggested that the use of the mag-
netizable composite containing 10% castor oil is related to the
amount of glycerin because, in this case, a larger amount of cas-
tor oil, a toxic waste, is taken away from the environment. It
can therefore be considered another sustainable measure.
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