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Obstract

Oil spills into water have been an environmental concern since the beginning of large-scale oil extraction. In this 
study, flexible open-cell polyurethane (PU) foams with added microcrystalline cellulose (MCC) were formulated and 
chemically modified with organosilane for use as an absorbent system for oil spill cleanup in water. The influence of 
cellulose concentration on mechanical properties and chemical treatment with organosilane was evaluated. The primary 
findings indicate that the surface treatment of the solid fraction of the foams was effective, as indicated by the contact 
angle, increasing the hydrophobicity of the samples. Because of the increased roughness of the PU solid fraction and 
the cellulose reactivity, the mechanical compressive strength and thickness of the organosilane layer increased with 
increasing MCC content. However, the higher the MCC content in the composition, the higher was the density, which 
reduced the sorption capacity of the samples.
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1. Introduction

Oil contamination has been an environmental issue 
since the beginning of large-scale extraction and use of oil. 
According to the International Tanker Owners Pollution 
Federation, the total global volume of tanker oil spills in 
2022 was approximately 15,000 tons[1]. Oil spills typically 
occur during the extraction and transportation processes, 
causing economic, environmental, and social damage. 
Oil spilled during maritime extraction kills marine animals, 
contaminates seafood, produces toxic steam, and its residues 
can last for decades[2-5]. Oil spilled into the water spreads 
immediately. Its volatile components can evaporate and 
contaminate the air, and it can simultaneously become 
emulsified in the oil–water, making it difficult to extract 
and remove[6].

Some water–oil separation techniques, such as 
flotation, centrifugation, adsorption, gravimetric separation, 
electrochemistry, and biodegradation, have been investigated 
to minimize the impact of oil spills[4]. The sorption process 
has been highlighted as a technique for treating industrial 
effluents and is an effective and economical alternative 
for remediating areas degraded by oil spills. This process 

involves simultaneous absorption, adsorption, and desorption 
processes. In absorption, the oil is absorbed within the 
system, and in adsorption, the oil is retained on the surface 
of the solid part of the sorbent[7].

For an oleophilic sorbent to be effective, oil must enter the 
sorbent rapidly, in large quantities, and without causing the 
sorbent system to rupture or disintegrate. Simultaneously, oil 
desorption during the sorbent withdrawal from the medium 
must be low; therefore, the oil must remain within the system 
until it is removed from the environment[8]. According to 
Liu et al.[9], an ideal sorbent would be a material with a high 
oil sorption capacity and selectivity to oil but not to water, low 
density, recyclability, and low environmental aggressiveness. 
Sorbent materials have a high oil removal capacity, are able 
to absorb 3–100 times their original mass and have a low 
environmental impact and cost[10]. The selectivity for oil 
(predominantly hydrophobic) of a sorbent for removing apolar 
materials is the most important property that determines its 
efficiency in removing apolar materials, especially when 
oils are in an aquatic environment[11].
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 Polyurethane (PU) foams are synthesized via the 
polymerization reaction between a di or tri isocyanate and 
a hydroxylated polyol, resulting in a PU chain. PU foams 
can take various shapes depending on the formation 
method, such as rigid, semi-rigid, or flexible, with varying 
densities. Upholstery made of reinforced materials with 
sorption capacities can benefit from the application of PU[12]. 
The viscoelastic properties of foams synthesized with high 
open-cell concentrations allow for oil sorption and desorption. 
The development of oleophilic and hydrophobic properties 
is related to sorption and desorption using reagents like 
organosilanes for modification during the foam preparation[13].

Several researchers have used organosilanes as coating 
agents to produce hydrophobic surfaces. Jianliang et al.[13] 
modified the seaweed Enteromorpha with organosilanes 
to maintain its oleophilic properties while becoming 
hydrophobic, whereas Usman et al.[14] modified ceramic 
membranes with organosilanes, both of which intend to use 
such modifications to remove oil from water. The advantages 
of using organosilane as a coating include its availability on 
a large scale, the possibility of being a bifunctional molecule 
capable of reacting with the surface, and the presence of 
functional groups that can modify the hydrophobicity of 
the sample[15]. The reaction in silanes is based on their 
bifunctionality (they have two distinct reactive groups); in 
the presence of water, silane hydrolyzes and forms silanol, 
which can react with the hydroxyls of the substrate and 
form covalent and/or secondary bonds on the surface of 
the substrate[5,16].

In the production of expanded composites or reinforced 
foams, another mechanism commonly used to modify the 
physical and mechanical properties of polymeric foams is the 
incorporation of fillers. The addition of fillers to polymeric 
foams can be used to reduce the final cost of the product, 
increase foam rigidity, or modify specific properties, such as 
changing surface characteristics, such as roughness, increasing 
thermal stability, increasing cell nucleation (a greater number 
of cells and smaller size per unit volume), and facilitating 
the opening of pores around the cells[17]. Depending on the 
type, size, and filler content of the polymeric foams, various 
cell morphologies can be obtained[18]. Organic materials 
derived from plant fibers have recently gained prominence 
in the field of polymeric composites, owing to their lower 
abrasiveness and density than those of inorganic materials, 
being derived from renewable and biodegradable sources, 
and being easy to obtain (with relatively low cost)[17]. Among 
plant fibers, cellulose is the most abundant biopolymer on 
Earth and is a fundamental component of most plant species. 
Another important property of cellulose is its ability to be 
easily chemically modified, making it appealing for use as 
a reinforcing agent in polymeric composites owing to the 
combination of chemical affinities that can be obtained[16,19-21].

Microcrystalline cellulose (MCC) is produced from 
purified and partially depolymerized cellulose. It can be 
used as a fine-particle powder or processed with a water-
soluble polymer to obtain a colloidal form. MCC can be 
produced from various cellulose sources; however, cotton and 
wood are the primary sources used for breeding. The most 
common applications include binders and fillers in food 
and medical tablets and as reinforcement reagents for the 
development of polymer composites. MCC is considered 

a potential reinforcement for improving the mechanical 
properties of the material[22].

Given the difficulty of cleaning oil spills from water 
sources around the world, there is a need to develop alternative 
oil-absorbing options. This study aimed to produce a PU 
foam reinforced with MCC for use as a sorbent in oil spills 
and to evaluate the effect of different MCC concentrations 
on the chemical treatment with organosilane and the physical 
and mechanical properties of the PU foam.

2. Materials and Methods

2.1 Materials

For the development of PU foams, Voranol WL 
4010 polyol and Voranate™ T-80 toluene diisocyanate 
(TDI), supplied by Dow Brasil Sudeste Industrial Ltda., 
were used. The amine catalyst (Dabco® 2033 Catalyst) 
was supplied by Air Products and the organometallic tin 
octanoate catalyst (Kosmos® 29) was supplied by Evonik 
Industries. The surfactant, commercially known as Niax 
silicone L-595, was supplied by Momentive Performance 
Materials, Inc. Methylene chloride, a deionizing agent 
supplied by Brasil Sudeste Industrial Ltd., and deionized 
water were used.

Sigma-Aldrich S. A supplied MCC, Sigmacell Type 
20 grade, particle size approximately 20 µm, code S3504. 
Triethoxyvinylsilane (TEVS) (supplier code: 175560) and 
tetraethoxysilane (TEOS) (supplier code: 13190) were used 
for the hydrophobic coating of PU foams, and were supplied 
by Sigma-Aldrich.

The following oils were used for the sorption tests: 
Ipiranga SAE 5W30 oil (lubricating motor oil) with a 
density of 0.86 g.cm–3 at 20 ºC and a kinematic viscosity 
of 70 cSt at 40 ºC, soybean oil (vegetable oil–cooking oil) 
with a density of 0.91 g.cm–3 at 20 °C and a kinematic 
viscosity of 32 cSt at 40 °C; and kerosene (fuel oil) with a 
density of 0.78 g.cm–3 at 20 °C and a kinematic viscosity of 
2.2 (max) cSt at 40 °C. Crude oil, supplied by Petrobras, has 
an °API of 30.2, a density of 0.87 g.cm–3, and is classified 
as medium oil.

2.2 Methods

Table 1 lists the PU foams formulated with various 
MCC concentrations expressed in parts per hundred polyols 
(pphp). In the standard composition of the flexible PU 
foams, four levels of MCC were used, with a theoretical 
density of 10 kg.m–3.

The PU foams were produced via the batch method 
using a Fisaton 715 propeller mixer at a rotational speed of 
2500 rpm. Water, amine, silicone, and various concentrations 
of MCC were initially added to the polyol and stirred for 
80 s. Tin octanoate was then added and mixed for 40–50 s. 
Thereafter, TDI and methylene chloride were added to the 
blend while vigorously stirring for approximately 10–15 s, 
and the mixture was poured into a mold for free expansion to 
form the foam. The expansion time is approximately 1 min. 
The foam was cured for 48 h at a constant temperature of 
23 °C.
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Hydrophobization of the PU foam was performed 
using an organosilane-based coating. First, organosilane 
hydrolysis was performed in a water:alcohol (70:30) solution 
containing 1% (mass) organosilane TEVS and 1% (mass) 
TEOS. To stabilize the pH of the solution at 4.5, acetic acid 
(approximately 10 mL/L of solution) was added dropwise. 
For 2 h, the resulting solution was stirred. Following that, 
foam samples (25 mm × 25 mm × 25 mm) were immersed 
in the solution, and the solution was slowly stirred with a 
magnetic bar stirrer for 4 h. Later, the foams were removed 
from the solution, the excess liquid was drained, and the 
samples were dried at 120 °C for 4 h (with the occurrence 
of concomitant organosilane curing).

Figure 1 presents photographic images of the foams after 
the hydrophobic coating, with and without the addition of 
cellulose, highlighting the change in color of the foams to 
darker tones as the cellulose content increases. This change 
in foam color could be attributed to the curing time altering 
the chemical structure of the cellulose and promoting partial 
degradation of its constituents.

2.3 Characterization

To analyze the density of the samples, five specimens 
of dimensions 25 mm × 25 mm × 25 mm were used per 
sample, and the densities of the foams were calculated 
using Equation 1, as described in ASTM D3574-11. Each 
value was calculated as the average of seven independent 
measurements (seven specimens per formulation).

6   1 0f
f

f

m
v

ρ = ×  (1)

where ρf, mf, and vf represent the foam density (kg.m–3), the 
mass (g), and the volume (mm3) of the specimen, respectively.

The sample morphology was examined via field-emission 
scanning electron microscopy (FEG–SEM) on a Shimadzu 

device (Superscan SS-550 model) and a Tescan microscope 
(model Mira3). All samples were pre-coated with gold, and 
a voltage of 15 kV was used. The foam area was observed 
vertically in the direction of sample expansion.

Three specimens of dimensions approximately 25 mm × 
25 mm × 25 mm were conditioned in an environment with 
a temperature of 23 ± 2 °C and a relative humidity of 60 ± 
5% to assess the hydrophobic properties of the coated foam. 
The samples were then placed under a glass slide, and a 
drop of deionized water was added to a glass syringe at 
five different points under the same conditions. Images 
were taken with a Lumix FZ40 digital camera as soon as 
the drop touched the surface of the sample and after 5 min, 
and were analyzed using Surftens software (version 3.0).

Chemical properties were evaluated using a Nicolet 
iS10 Fourier-transform infrared (FTIR) spectrometer 
(Thermo Scientific) with attenuated total reflectance (ATR). 
The samples were scanned at a resolution of 4 cm−1 in the 
wavenumber range of 4000−400 cm−1.

The thermal properties of the foams were evaluated 
using a thermogravimetric analyzer (TGA) (Shimadzu 
model TGA-50) with a heating ramp of 23−800 ºC at a rate 
of 10 ºC.min–1 in a nitrogen atmosphere (50 mL.min–1). Each 
assay used approximately 10 mg of each sample.

Compressive strength tests on the PU foams were 
performed using universal testing equipment, EMIC model 
DL 2000, with specimens of dimensions 50 mm × 50 mm × 
25 mm and a compression speed of 50 mm.min–1. The tension 
required to reduce the thickness of a specimen by up to 80% 
of its initial thickness was evaluated using ASTM D3574-11. 
Tests were performed on five specimens.

Static sorption tests were performed using the ASTM 
F726-12 methodology, in which the sorbent was added to the 
oil for 15–30 min (sorption time increased with increasing 
oil viscosity) until the samples were completely submerged 
in the oil. Following that, the samples were withdrawn, 

Table 1. Polyurethane foams formulations (pphp).

Reagents PU 1 PU.C10 PU.C20 PU.C30 PU.C40
Polyol 100 100 100 100 100

Diisocyanate 80 80 80 80 80
Water 6 6 6 6 6
Amine 0.3 0.3 0.3 0.3 0.3

Silicone 3.3 3.3 3.3 3.3 3.3
Octoate 0.5 0.5 0.5 0.5 0.5
Chloride 22 22 22 22 22

MCC 0 10 20 30 40

Figure 1. Photographic image of PU foams after organosilane coating.
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suspended for 30 s to drain excess oil (desorption), and 
reweighed. The dimensions of the samples used in the tests 
were 25 mm × 25 mm × 25 mm. All samples were evaluated 
in triplicate, and the tests were performed at 23 °C.

To calculate the sorption capacity of the PU foams, 
two methods were used: (1) the standard method, which 
evaluates the sorption capacity as a function of the mass 
of the sorbent before and after the test, as represented in 
Equation 2, and (2) sample collection capacity. Concerning 
the collection of oil per sample, the test specimens with a 
constant volume (25 mm × 25 mm × 25 mm) and exposed to 
different types of oils according to the previously described 
methodology were compressed (crushed) for maximum 
oil removal from the body of the foam. The oil collected 
from the test specimens (in a constant volume) was then 
weighed (measured in units) in grams, and all tests were 
performed in triplicate.

1 0 
0

M MSC
M
−

=  (2)

where SC, M0, and M1 represent the sorption capacity 
(g.g−1) and the mass (g) of the dry sorbent and the mass (g) 
of the sorbent added to the sorbate, i.e., the mass after the 
sorption test, respectively.

3. Results and Discussions

Figure 2 depicts SEM micrographs of PU foams with 
varying cellulose contents. All samples were predominantly 
composed of open cells. There were no significant differences 
in the morphologies of the PU foam cells with different 
cellulose contents. The MCC was deposited inside the 
solid phase of the foam (PU) and exhibited no effect on 
cell nucleation during foam expansion.

Figure 3 depicts the bulk densities of PU foams with 
different MCC contents and foams samples after organosilane 
treatment (PU.S). Increasing the MCC content causes an 
increase in the bulk density of the samples, which is to be 
expected given that cellulose is an additional component. 
It is also necessary to consider that the addition of cellulose 
to polyol causes a proportional increase in the viscosity of 
this phase, which restricts the expansion capacity of the 
foam. This is coupled with the fact that cellulose fibers 
occupy the empty spaces within the PU molecules and can 
promote an increase in foam density[23].

It was also discovered that following the hydrophobic 
chemical treatment, all samples exhibited higher density 
than their non-chemically treated counterparts, which is 
associated with the incorporation of organosilane layers on the 
surface of the solid fraction of the foam. It is noteworthy that, 
when compared to the pure PU sample (which increased by 
approximately 7%), the samples containing MCC following 
chemical treatment increased in density, with increases of 
27, 29, 20, and 14% for PU.C10, PU.C20, PU.C30, and 
PU.C40, respectively. The increase in density of the foams 
with MCC could be attributed to an increase in the surface 
roughness of the solid fraction, which could have resulted 
in the formation of thicker layers of organosilane on the 
surface of the foam solid fraction.

Figure 4 depicts the FTIR spectra of PU foam (without 
cellulose) before and after organosilane coating. Only 
the PU sample spectra are shown in this figure because 
cellulose was deposited inside the solid fraction rather 
than on the surface in the PU foam samples with MCC, 
and no significant difference was observed between the 
PU samples with and without MCC. A band was observed 
at 3320 cm–1, corresponding to the N–H group (urethane); 
a nearby peak at 2272 cm–1, attributed to the NCO group 
present in the isocyanate; absorption bands at 1224 cm–1 and 

Figure 2. SEM images of the morphology of (a) PU; (b) PU.C10; (c) PU.C20; (d) PU.C30; and (e) PU.C40 foams.
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1513 cm–1, arising from the presence of the N–H and N–C 
groups, respectively; and a peak at 1725 cm–1, attributed 
to the presence of the carbonyl (C=O) group. The band at 
1075–1115 cm–1 is assigned to C–O–C groups, the band at 
2880–2890 cm–1 is assigned to CH groups, and the bands 
at 1605, 1540, and 870 cm–1 are due to aromatic structures, 
such as C=C of the benzene ring[24].

The appearance of a band at 765 cm–1 that is related 
to Si–C was observed in the samples treated with the 
organosilane coating[25] and an increase in the intensity of 
the band near 3500 cm–1, which may be due to the presence 
of OH– terminal groups of the hydrolyzed organosilane. 
The disappearance of several PU characteristic bands was 
observed following chemical treatment, which may be 
due to the test method used (FTIR–ATR spectroscopy), 
in which the depth of penetration of the beam interferes 
with the existing bonds in the PU with the hydrophobic 
coating.

Figure 5 depicts the stress–strain curves of PU foams 
with various cellulose contents. All samples exhibited the 
typical deformation behavior of polymeric foam, with 
three well-defined stages: (I) deformation, (II) plateau, and 

(III) densification, as determined by analyzing the curves 
obtained by compressing the foams with deformations up to 
80% of the initial volume[26]. The first linear stage (elastic) 
deformation is related to the modulus of elasticity and consists 
of a reversible deformation responsible for the bending and 
distension of the cell walls. That is, the cell must be able to 
withstand the applied force without deforming its geometric 
shape. After reaching the critical stress value of the elastic 
region, the cell begins to deform, and in general, the sample 
exhibits low resistance and mechanical response during this 
phase. When the deformation reaches its maximum value, 
the solid fraction of the polymeric matrix is compacted[27].

Analyzing the PU samples with various MCC contents 
reveals a tendency for mechanical resistance to increase by 
compression with an increase in cellulose content in the 
foams. According to Hussain and Kortschot[23] short fibers 
are preferentially deposited inside the polymer matrix in 
the contours of the cells. Because cellulose exhibits a high 
concentration of hydroxyl groups in its chemical structure, 
it is assumed to have a strong interaction with the polyol 
used in the formulation of PU foams, promoting the 
strengthening and stiffening effects of the polymer matrix[23]. 
The morphology of the cells in the PU foams with different 
cellulose contents did not change significantly, leading to the 
conclusion that the stiffening of the polymer matrix combined 
with the increased density of the foams in the presence of 
cellulose fibers were the primary factors contributing to the 
increase in compressive strength of PU foams reinforced 
with different cellulose contents.

Figure 6 depicts thermogravimetric thermal characterization. 
The PU experienced two stages of mass loss, as previously 
described. The second event of the degradation thermogram 
shows an increase in the degradation temperature with 
increasing cellulose content. According to Borsoi et al.[28], 
the primary degradation event in the thermogravimetry 
degradation of MCC in an N2 atmosphere at a rate of 
10 °C/min occurs in the temperature range of 338–376 °C, 
which would justify the increase in degradation temperature 
in this second event with increasing cellulose content in 
PU foams. Furthermore, cellulose is mixed with polyols 
in the formulation, which may result in strong interactions 
between the phases.

Figure 4. FTIR spectra of PU sample foams (without cellulose), 
before and after coating with organosilane.

Figure 5. Stress–strain of PU foams with different MCC contents.Figure 3. Densities of PU samples with varying MCC contents and 
without/with organosilane-based hydrophobic treatment.
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Figure 7 depicts SEM micrographs of PU samples with 
various MCC levels, with and without hydrophobic treatment. 
It is possible to observe that following the organosilane 
treatment, the samples exhibited a rigid coating layer that 

was fragmented during the cutting process, making the 
organosilane coating layer more evident. Pure PU exhibits 
a smoother surface before chemical treatment, which may 
contribute negatively to the adhesion of the organosilane to 
the surface; under mechanical effects, it deteriorates and is 
more easily removed. As observed in the micrographs, the 
presence of MCC resulted in thicker layers of organosilane 
and no significant tricks or detachments compared to PU.

The hydrophobicity of the PU foams was determined by 
measuring the contact angle of their (pressed) surface with 
water (polar liquid), which is defined as the angle between 
the solid surface and the tangent line of the liquid phase at 
the solid phase interface. Figure 8 lists the contact angles 
of the water droplet and the PU foam surface.

At time t = 0, the contact angle obtained for all samples 
silanized with a liquid with maximum surface tension (water) 
was greater than 110°, indicating a surface with hydrophobic 
properties. The water droplet angle above cellulose-reinforced 
foams increased slightly, probably because of the increased 
interaction of the foam surface with organosilane.

The contact angle of water with the substrate surface 
is related to the functional groups present on the solid 
surface of the PU foam. After 5 min of testing, water 

Figure 7. SEM images of (a) untreated pure PU, (b) pure PU with organosilane, (c) and (d) untreated PU.C40, and (e) and (f) PU.C40 
with organosilane.

Figure 6. Degradation thermograms of PU foams with different 
cellulose contents (uncoated).
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droplet measurements on the silanized PU foam exhibited 
a slight decrease in contact angle compared to that at t = 0, 
probably owing to water migration into the compensated 
porous structure[29]. After 5 min, the foams without chemical 
treatment showed greater water migration into the foam.

According to the results, all organosilane-treated samples 
were hydrophobic. According to Cunha et al. (2010)[30], the 
hydrophobicity of a material can be evaluated using the 
contact angle of a drop of water deposited on its surface. 
When the contact angle is greater than 90°, it is considered 
hydrophobic. The greater the contact angle, when considering 
water as the fluid, the greater the hydrophobic selectivity, 
preventing the foam adsorbing water during exposure to 
dynamic environments (water and oil)[29].

Figure 9 depicts the static sorption capacity of PU foams 
with varying cellulose contents coated with organosilane and 
the influence of various types of oils. The sorption capacity was 
associated with oil viscosity and foam density. First, PU foams 
with more viscous oils exhibited higher sorption capacities. 
This phenomenon is primarily attributed to oil desorption 
after its removal from the system. More viscous oils have a 
more difficult time flowing out of the foam and require longer 
desorption times; thus, a greater amount of oil is retained inside 
the foam. Because the desorption time for all samples was set 
to 30 s, it was expected that the foams would have a higher 
sorption capacity for more viscous oils. The sorption process 
is directly influenced by the viscosity of the oil, and oils with 
high viscosity are more easily anchored and retained in porous 
polymer systems than oils with less viscosity.

A comparative analysis of the samples revealed that as 
the cellulose content in the PU foams increased, the sorption 
capacity decreased for all oils. Because the morphologies of 
the cell structures of the foams were similar, this decrease in 
sorption capacity was directly associated with an increase 
in density with increasing cellulose content. Duong and 
Burford[8] investigated the effect of the sorption capacity 
of PU foams by evaluating the effect of the density of PU 
foams, viscosities of oils, and temperature on the sorption 

Figure 8. Contact angles between the water droplet and the PU foam surface with and without coating and different cellulose contents.

Figure 9. Static sorption capacities of PU foams with different 
cellulose contents.
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behavior of oils in different PU foams. They reported that 
the sorption capacity increased significantly with decreasing 
foam density owing to an increase in the number of open 
cells and cell morphology, and that this behavior was also 
affected by oil viscosity and temperature (test temperature).

Figure 10 depicts the sorption capacity in grams of 
oil per gram of sorbent. Because the increase in sample 
mass (constant volume) is directly related to the sorption 
capacity of the foam, as the foam density increases, the 
sorption capacity tends to decrease. Figure 9 depicts the 
amount of oil (g) collected per specimen with the same 
dimensions to evaluate the oil collection capacity per unit 
volume of sorbent.

According to the data in Figure 10, the recovered oil 
mass of the samples with each of the oils was observed to 
be collected by the samples; however, SAE 5W30 oil was 
the most abundant mass removed, followed by petroleum. 
As previously stated, sorption capacity is associated with 
oil viscosity and foam density. Because the morphologies 
of the foam cell structures were similar, the sorption was 
directly associated with the increase in density of the foams 
with increasing cellulose content.

4. Conclusions

PU foams reinforced with MCC chemically modified with 
organosilane were successfully developed as an absorbent 
system, as the contact angle test and sorption capacity of the 
samples could be visualized. Developing a mechanism that 
satisfies some of the requirements for oil-in-water removal. 
Although the morphology of the cells in PU foams with 
different cellulose contents did not change significantly, 
the MCC content increased compressive strength, which 
can be attributed to an increase in density combined with 
stiffening of the polymer matrix. The results of the sorption 
capacity tests demonstrate that higher-density foams, such 
as PU foams, have the worst sorption capacity. Therefore, 
the presence of micro cellulose affected the decrease in 
oil sorption and collection capacity, which is related to the 
improvement in material density. Although the use of MCC in 
the composition is responsible for the higher density, which 
negatively affects the sorption capacity of the samples, the 

presence of cellulose increased the surface roughness of the PU 
and provided better adhesion and anchoring of the chemical 
treatment based on organosilane in the foam, as observed 
during the characterization stage. Nevertheless, the obtained 
samples exhibited hydrophobic and oleophilic properties. 
Microcrystalline polymeric foams are an appealing and 
promising solution for the oil spill environmental problem, 
especially when compared to conventionally used inorganic 
fillers, which are relatively low in cost and density.
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