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Abstract: Mixed polyolefin-based waste needs urgent attention to mitigate its negative impact on
the environment. The separation of these plastics requires energy-intensive processes due to their
similar densities. Additionally, these materials cannot be blended without compatibilizers, as they
are inherently incompatible and immiscible. Herein, non-wettable microporous sheets from recycled
polyethylene (PE) and polypropylene (PP) are presented. The methodology involves the application
of phase separation and spin-casting techniques to obtain a bimodal porous structure, facilitating
efficient oil–water separation. The resulting sheets have an immediate and equilibrium sorption
uptake of 100 and 55 g/g, respectively, due to the presence of micro- and macro-pores, as revealed
by SEM. Moreover, sheets possess enhanced crystallinity, as evidenced by XRD; hence, they retain
their structure during sorption and desorption and are reusable with 98% efficiency. The anti-wetting
properties of the sheets are enhanced by applying a silane coating, ensuring waterless sorption and a
contact angle of 140◦. These results highlight the importance of implementing sustainable solutions
to recycle plastics and mitigate the oil spill problem.

Keywords: polyolefins; non-wettable; plastic wastes; thin sheets; oil spill; polyethylene; polypropylene

1. Introduction

Plastic pollution has become a growing concern globally. The amount of recycled
plastic in developed countries is estimated to be less than 20%., with most of it destined for
energy recovery [1]. According to the Environmental Protection Agency, plastic waste in
the US accounts for 12.2% of municipal waste [2,3]. Plastic waste contributes to microplastic
ingestion [4–6] and toxic chemicals being released into the environment [5–7]. By 2040, it is
predicted that the amount of greenhouse gases released during the creation, consumption,
and disposal of traditional plastics made from fossil fuels will increase to account for 19%
of the world’s carbon budget [8]. Therefore, unless proper recycling measures are taken,
the risks associated with plastic waste’s environmental impacts will rise exponentially, due
to waste amalgamation, in the coming decades [9,10].

Polyethylene (PE) and polypropylene (PP) are the two main types of plastics that make
up 60% of all plastic waste [11–14]. They are often used for low-end, one-time applications
and are commonly discarded as waste. Due to their similar densities and immiscibility,
they are difficult to separate and blend [15–21]. If they are melted together, they tend to
phase separate, forming distinct regions of each polymer, rather than forming a single,
homogenous melt. This can result in a non-uniform material with varying properties, which
may be undesirable. However, the compatibility issues can be resolved by preparing a dilute
solution of PP and PE without using a compatibilizer. This method avoids conventional
blending techniques, such as extruders and melt-blenders. By dissolving the polymer
chains in a common solvent, it creates free space between the chains, making it possible to
separate both polymers’ chains through the diffusion of the solvent molecules. The diluted
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solution prepared using this method can be used for a variety of applications, and one such
application is the preparation of oil sorbent [12,22–25].

The use of polyethylene and polypropylene in the production of sorbents has been
widely explored [26,27]. In this regard, Wei et al. [28] created a PP-based oil sorbent material
and discovered that the oil sorbent’s effectiveness is correlated with the diameter of the PP
fiber, oil property, and the porosity of the sorbent. Yuan et al. [26] developed nano-porous
membranes, for which the wetting characteristics can be varied from super-hydrophobic to
super-hydrophilic. In another study, super-hydrophobic mats made from electrospinning
PP removed 99% of the water from fuel [29]. However, most of the polymeric sorbents
reported in the literature had a limited oil uptake capacity. While commercial polymeric
sorbent pads typically have a reasonable oil uptake capacity, they are not suitable for use in
thin water-borne oil layers. As they have a minimum thickness of 10 mm, a portion of them
hovers below the oil surface so they absorb unwanted water. Examples of such sorbent
pads include Chemtex-BP-9W, 3M-156, and 3M-HP-255, which consist of stacked sheets to
create a thick sorbent pad.

Hence, there is a need to prepare an oil sorbent that has a high oil uptake capacity.
Our proposed technique addresses the following two problems simultaneously: (a) oil spill
treatment, and (b) plastic waste. Among the available methods to create porous polymer
sheets, the wet process yields uniform thickness and favorable physical properties [12,30].
We employed dissolution, thermally-induced phase separation, and spin-casting to pre-
pare non-wettable microporous sheets with enhanced internal surface area. To assess the
morphology and effectiveness, detailed characterizations via XPS, XRD, FTIR SEM, and
tensile testing were carried out.

2. Experimental Section
2.1. Materials and Reagents

The p-xylene was procured from Sigma Aldrich and was used without further purifi-
cation. PP and high-density polyethylene (HDPE) food containers were obtained from a
local food restaurant, washed in soap solution and cut into small pieces for use as plastic
waste sources. Diesel oil, WOQOOD 15w-40 engine oil, was purchased from a local petrol
station. Paraffin oil was purchased from a local pharmacy store. N-hexane, 99.5% was
purchased from Sigma and used as received for solvent washing of oil sorbents.

2.2. Method
2.2.1. Thin Sheet Sorbent’s Preparation Process

In a conical flask, 1.5 g of HDPE and 1.5 g of PP were added. Then, 50 mL of p-xylene
was added to the conical flask and heated under reflux conditions. A clear solution was
obtained by heating the reaction mixture to 130 ◦C, but below the boiling point of the solvent
used. The plastic waste polymer typically dissolved in 15 to 20 min. A reflux condenser
was attached to a conical flask in order to minimize the loss of solvent. When the liquid
had become evenly clear, it was then poured onto a pristine piece of glass that was placed
on a specially designed spin coater chuck. To stop the solvent from evaporating and being
exposed, the spin coater’s lid was sealed. To prevent solvent exposure to the surroundings,
it is recommended to position the stirrer and spin coater adjacent to each other and to
keep the entire apparatus within a fume hood. The spin-cast sheet was annealed in a hot
air oven at 160 ◦C for 25 min to obtain an optimized microporous thin film sheet. The
annealing can also be done on the Heidolph heating plate, but the duration required for
annealing decreases to 15 s or less. Moreover, annealing of the thin sheet is a critical step
and requires a detailed study before finalizing the optimum time and temperature as it
leads to various porosities and strengths. After the spin-casting process, the thin sheet
was detached from the glass substrate and further used for oil sorption studies, and the
as-prepared thin film sheet was subjected to silanization to achieve a non-wettable surface.
The details of the methodology can be found elsewhere [31–33]. Figure 1 represents the
preparation of thin sheets.



Polymers 2023, 15, 3072 3 of 13

Polymers 2023, 15, x FOR PEER REVIEW 3 of 14 
 

 

the spin-casting process, the thin sheet was detached from the glass substrate and further 
used for oil sorption studies, and the as-prepared thin film sheet was subjected to 
silanization to achieve a non-wettable surface. The details of the methodology can be 
found elsewhere [31–33]. Figure 1 represents the preparation of thin sheets. 

 
Figure 1. A method to fabricate hydrophobic and porous oil sorbent sheets. 

2.2.2. Oil Sorption Testing 
A 25 cm2 as-prepared sorbent sheet was weighed and investigated for oil sorption 

studies. It was immersed in different types of sorbates (organic solvents and oils) for 
various durations to calculate saturation uptake. Then, the sorbent was taken out and oil 
uptake capacity was measured in the following two ways: (a) the sorbent was weighed 
right after being taken out from the oil bath, termed here as immediate uptake and (b) the 
sorbent was allowed to drain to remove loosely attached oil molecules, termed here as 
equilibrium uptake. The equilibrium values were obtained after 5 min of dripping as no 
more dripping was observed after 5 min. The oil uptake capacity was calculated as a mass 
of sorbate taken up by a unit mass of dry sorbent. The tests were carried out five times 
and an average value was reported in the results. 

2.2.3. Recyclability Test 
The recyclability of the sorbent shows the durability and reusability for subsequent 

cycles. The reusability of the sorbent sheet was examined using the following two 
techniques: (a) mechanical squeezing, whereby the sorbent was squeezed mechanically to 
remove the oil from the sorbent sheet after oil sorption, and (b) solvent washing, whereby 
the sorbent was initially mechanically squeezed and was then placed in a hexane bath to 
remove the oil present in the microporous structure. Then, the same films were reused for 
oil sorption in subsequent cycles. 

2.2.4. Silane Grafting 
The hydrophobicity of the sorbent was improved by grafting a silane layer on the 

surface of the oil sorbent film [34]. Initially, 100 µL of HDTMS and 150 µL of MTMS, 20 
mL of water and 10 mL of ethyl alcohol were stirred in a beaker and the as-prepared thin 
sheet was dipped in it for 6 h to graft the silane layer onto its surface. Next, the film was 
removed and heated to 120 °C for 30 min to achieve a non-wettable superhydrophobic 
sorbent. The idea of silane grafting is to repel the water and absorb only the oil from the 
oil–water surface, resulting in selective and efficient oil sorption. 

  

Figure 1. A method to fabricate hydrophobic and porous oil sorbent sheets.

2.2.2. Oil Sorption Testing

A 25 cm2 as-prepared sorbent sheet was weighed and investigated for oil sorption
studies. It was immersed in different types of sorbates (organic solvents and oils) for
various durations to calculate saturation uptake. Then, the sorbent was taken out and oil
uptake capacity was measured in the following two ways: (a) the sorbent was weighed
right after being taken out from the oil bath, termed here as immediate uptake and (b) the
sorbent was allowed to drain to remove loosely attached oil molecules, termed here as
equilibrium uptake. The equilibrium values were obtained after 5 min of dripping as no
more dripping was observed after 5 min. The oil uptake capacity was calculated as a mass
of sorbate taken up by a unit mass of dry sorbent. The tests were carried out five times and
an average value was reported in the results.

2.2.3. Recyclability Test

The recyclability of the sorbent shows the durability and reusability for subsequent cy-
cles. The reusability of the sorbent sheet was examined using the following two techniques:
(a) mechanical squeezing, whereby the sorbent was squeezed mechanically to remove the
oil from the sorbent sheet after oil sorption, and (b) solvent washing, whereby the sorbent
was initially mechanically squeezed and was then placed in a hexane bath to remove the
oil present in the microporous structure. Then, the same films were reused for oil sorption
in subsequent cycles.

2.2.4. Silane Grafting

The hydrophobicity of the sorbent was improved by grafting a silane layer on the
surface of the oil sorbent film [34]. Initially, 100 µL of HDTMS and 150 µL of MTMS, 20 mL
of water and 10 mL of ethyl alcohol were stirred in a beaker and the as-prepared thin
sheet was dipped in it for 6 h to graft the silane layer onto its surface. Next, the film was
removed and heated to 120 ◦C for 30 min to achieve a non-wettable superhydrophobic
sorbent. The idea of silane grafting is to repel the water and absorb only the oil from the
oil–water surface, resulting in selective and efficient oil sorption.

3. Results and Discussion
3.1. Composition Analysis of the HDPE–PP Sorbent through X-ray Diffraction

The XRD spectra of the HDPE–PP sorbent before and after annealing are shown in
Figure 2. It was observed that the HDPE thin sheet sorbent before annealing showed a more
amorphous nature, as compared with PP. The peaks at 13◦ and 22◦ are characteristic peaks of
PP and HDPE, respectively [22]. Initially, the peaks before annealing were less intense and
showed broader peaks compared to the peaks after annealing. In the annealed thin sheets,
the characteristic peaks of PP and HDPE were enhanced significantly. This significant
enhancement in peak intensity is attributed to the increase in crystallinity. The increase in
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crystallinity is due to the realignment and close packing of the polymer chains, through
which the chains are compacted, resulting in increased crystallinity. The crystallinity before
and after the annealing process was calculated through the area under the curve, and the
calculated values are shown in Table 1. An increase of 24.9% in crystallinity is attributed to
the rearrangement and compact alignment of polymer chains.
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Table 1. The % Crystallinity calculations using XRD data.

Polymer % Crystallinity
before Annealing

% Crystallinity
after Annealing

% Change in
Crystallinity

HDPE–PP 35.5 60.4 24.9

3.2. Morphological Analysis of PP, HDPE, and HDPE-PP through SEM

The SEM images of PP, HDPE, and HDPE–PP, after annealing, are presented in Figure 3.
The plastic PP showed a web-like network that was connected intermittently through
polymer bridges, as shown in Figure 3a. Concurrently, the plastic HDPE appeared to have
a flake-like or petal-like structure, as shown in Figure 3b. These petals were interconnected
through intermolecular polymeric forces. Medianly, the HDPE–PP blend demonstrated
a mesh-like structure, a hybrid morphology of both web-like and petal-like structures, as
shown in Figure 3c. These intermolecular forces were the dispersion forces that created the
interconnected structure through which the tensile strength was enhanced. As discussed in
the X-ray diffractions section, the increase in crystallinity was due to the close and dense
packing of the polymer chains, which was attributed to the enhancement in intermolecular
forces, resulting in an interconnected morphological structure.
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3.3. Functional Group Analysis of HDPE–PP before Annealing and after Annealing through FTIR

The FTIR spectra of the HDPE–PP, before annealing and after annealing, were com-
pared with PP and HDPE, as shown in Figure 4. It was observed from the PP scan that
the C–H peaks were in the region of 2950–2850 cm−1, and the C–H bending peaks were
observed at 1450 cm−1 and 1370 cm−1. Moreover, the branched methyl -CH3 stretching was
found only in PP in the region of 2950 cm−1. Similarly, in the HDPE scan, the C–H stretch-
ing peaks were observed in the regions of 2930 cm−1 and 2850 cm−1, respectively, and the
C–H bending peaks were observed at 1454 cm−1. Unlike the case in PP, HDPE represented
intense C–H peaks in the region 730 cm−1. The characteristic peaks of PP and HDPE in
HDPE–PP presented the CH stretching and branched free methyl -CH3 peaks in the region
between 2950–2850 cm−1. The C–H bending peaks and C–H rocking peaks were observed
in the regions of 1452 cm−1 and 730 cm−1, respectively. However, the transmittance (T%) in
the before-annealing HDPE–PP was very low compared to the after-annealing blend. This
low transmittance and more absorbance in the before-annealed thin film was attributed
to the more amorphous character of the polymer blend. A more amorphous character
results in a distorted arrangement of the polymer chains, resulting in more diffractions and
more scattering, and more absorption of energy. On the other hand, the after-annealed thin
film showed more crystallinity, which was due to the compact and proper arrangement of
the polymer chains, resulting in fine alignment and more transmission [35]. Thus, higher
crystallinity in the after-annealing blend suggested the dense and compact configuration of
polymer chains, leading to an increase in strength.
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3.4. XPS Analysis of HDPE–PP before and after Annealing

The XPS spectra of the HDPE–PP before and after annealing are shown in Figure 5. A
peak at 292 eV, which was due to π–π* interactions of aromatic conjugated bonds inferred
the presence of xylene [36]. No peak was observed at 292 eV in the before and after
annealing samples, confirming solvent removal during the spin-casting process. The C 1s
spectra represented the presence of carbon species like C-C, C-C-O, etc at 284 eV. Moreover,
the existence of a very small amount of oxygen in the after-annealing sample was identified
at 532 eV. We further explored O 1s spectra to identify the type of oxygen species, which
was identified to be the C-C-O or C-O-C ether functional group. The small quantity of
oxygen detected was attributed to the partial oxidation of the sorbent that took place
during annealing.
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3.5. Determination of Mechanical Properties of HDPE–PP Sheets

Oil sorbent sheets depend on their tensile strengths. When thin sheet sorbents were
prepared at room temperature, they showed 78% porosity with no mechanical strength.
However, these thin sheets could not be used for practical purposes, because of their
insufficient tensile strength. When attempts were made to remove the thin films from
the substrate, chipping of the polymer occurred and intact film was not obtained. Later,
we tried to enhance the tensile strength by annealing the thin sheets, which eventually
compacted the thickness of the sheets. Annealing caused shrinkage in polymer chains,
reducing the porosity to 73%. This compacted the sheet thickness, yet the desired strength
could not be achieved. After that, the annealing duration was increased by another 10 min,
which led to relatively more shrinkage of polymer chains and decreased porosity and
thickness. However, we noticed a discernible improvement in the tensile strength of the
sheets at that time. The sheets were reinforced by increasing the annealing time to 15 min.
The optimum values of tensile strength were achieved with an annealing period of 20 min.
Beyond that, porosity and thickness were significantly reduced, as shown in Table 2. The
optimized values were obtained with 33% porosity, 7 µm thickness, and 8 MPa tensile
strength, which were sufficient for real-time sorbent applications. These thin films are
highly efficient when the oil-water separation is in very low quantities, and also when the
oil is in very thin layers. For these thin layers of oil, thick pads are insufficient, because
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most of the pad area is submerged in the water, making much less contact with the oil and,
hence, inefficient in oil–water separation. Thus, a very thin film sorbent makes a perfect
solution for the separation of thin oil layers from the water bodies.

Table 2. Porosity and Tensile Strength for HDPE–PP sheets.

Sr. No. Porosity (%) Annealing
Temperature (◦C)

Annealing
Time (min)

Thickness
(µm)

Tensile Strength
(MPa)

1 78 25 0 20 ND *
2 73 160 5 18 ND
3 67 160 10 16 1
4 61 160 15 14 4
5 33 160 20 7 8
6 7 160 25 5 11
7 <1 165 5 5 12

* ND = not determined.

Figure 6a–d shows the effects of annealing temperature on porosity, thickness on
porosity, annealing time on porosity, and porosity on strength, respectively. High porosity
could be achieved at temperatures ranging from 20–120 ◦C; however, as the temperature
further increased, the sorbent porosity decreased, because of the shrinking of polymer
chains, as shown in Figure 6a. However, with an increase in thickness, the pore size and the
pore size distribution increased, resulting in increased porosity, as shown in Figure 6b. In
contrast, upon annealing, the polymer became soft and the pores started shrinking, resulting
in a decrease in thickness. Thus, when the polymer is annealed porosity decreased. The
time of annealing also plays a major role in maintaining the porosity. When the controlled
heating increased, the polymer molecules absorbed more and more energy, thus becoming
soft and compact, and, thereby, the pore size and pore size distribution decreased, resulting
in a decrease in porosity, as shown in Figure 6c. Figure 6d exhibits the relationship between
porosity and tensile strength. Higher porosity tends to have low tensile strength because of
the weakened internal structure of the material. The weak internal structure is a result of
minimal intermolecular forces and loosely connected polymeric bridges. These bridges are
strengthened when annealed, due to an increase in dispersion forces or the van der Waal
forces; thus, resulting in more tensile strength and decreased porosity.

3.6. Contact Angle Measurements

The HDPE–PP thin sheet sorbent showed a contact angle of 116◦, which revealed the
surface as hydrophobic, but not superhydrophobic. However, the oil tests confirmed the
super oleophilic nature of the sheet. When tested with diesel oil, the contact angle was
found to be <1.0◦; hence, it was difficult to capture the contact angle. As soon as the droplet
came in contact with the thin sheet surface, the diesel oil spread over the thin sheet in a
fraction of a second without creating any meniscus. This flattening suggested that these
sheets were super oleophilic. Further, the contact angle was also measured with paraffin
oil and engine oil, for which we found the contact angles of 12.2◦ and 15.4◦, respectively,
and the angles decreased with time. This suggested that these sheets were microporous
and could absorb oil. Moreover, the affinity of this thin film sheet towards oil was more
than that of water. Thus, the sheets could be used in oil–water separation and oil sorption
studies. However, when the film came into contact with an oil and water body, wherein the
oil was in very low quantities, it absorbed 97 ± 2% oil and some water also adhered to the
film, due to oxygen species. The contact angle images are shown in Figure 7a–d.
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3.7. Process of Oil Sorption

Saturation kinetics refers to the time taken by a thin sheet sorbent to reach a saturation
point, whereafter, the oil cannot be further absorbed. In short, it is the maximum capacity
of the oil absorbed by a thin sheet with respect to time. In other words, the total amount of
oil absorbed by a sorbent in a specific time. The saturation time gives us an understanding
of how fast a sorbent can absorb oil. The larger the surface area, the faster the absorption.
In this study, as the sorbent was in the form of a thin sheet, the surface area was high,
compared to an aerogel, where the contact surface area is limited. In thin sheet form, the
contact surface area between the sorbent and oil is very high, thus reaching saturation in a
short time. Whereas in the aerogel the contact surface area between the oil and the aerogel
is low, and the oil is absorbed through capillary action; thus, the sorption time is high. The
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as-prepared thin sheet sorbent reached its saturation value within 30 s of sorption. The
saturation capacity at different times is shown in Figure 8a.
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Dripping kinetics refers to the amount of oil dripping from a thin sheet sorbent over
time. A thin sheet of sorbent was placed in oil and was allowed to absorb oil till it reached
saturation. After it reached equilibrium, the thin sheet of sorbent was taken out, and loosely
connected oil was allowed to drain from it. Initially, the oil drips more, and, as time passes,
the dripping decreases, and then, after some time, some oil is retained by the sorbent sheet,
and the oil does not drip. This is termed the retention capacity of the thin sheet sorbent.
The as-prepared thin sheet sorbent reached its equilibrium uptake value after 5 min of
dripping, i.e., after 5 min there was no more dripping of oil from the sorbent. Similarly,
the larger the contact surface area, the higher the binding affinity of the sorbent to the oil,
resulting in more uptake capacity. The retention capacity, or dripping kinetics, at different
times is shown in Figure 8b. Engine oil (density 0.89 g/cm3) was used to carry out the
saturation and dripping studies.

A comparison of the as-prepared oil sorbent sheet with commercial sorbents CS1 and
CS2, namely 3M255 and ChemtexBP9W, is reported in Figure 8c. The equilibrium oil uptake
value of our as-prepared thin sheet sorbent was 55 g/g, which was much higher than that
of the commercial sorbent pads. The uptake capacity for the HDPE–PP thin sheet sorbent
was investigated using different oils and liquids, and the values are shown in Figure 8d.
The results showed that the sorbent thin film was effective in absorbing diverse oils from
much less viscous to viscous oils, edible to mineral, crude to automotive oils, etc. The more
viscous the oil, the more the adhesion to the sorbent. The as-prepared sorbent followed
an uptake mechanism which was a combination of the following: adhesion between oil
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and sorbent molecules, such that higher viscous oil tended to adhere more at the surface;
cohesion between oil molecules trapped inside the pores and on the surface, resulting in a
capillary action; higher surface area to thickness ratio, providing maximum available sites
for oil sorption. The uptake capacity was measured soon after saturation was achieved and
dripping was allowed for 5 min after reaching equilibrium.

3.8. Recyclability

The recyclability of the as-prepared thin sheet sorbent, using mechanical squeezing
and hexane washing, is presented in Figure 9. The sorbent was dipped in engine oil
till saturation was achieved. The sheet was then removed from the oil and weighed
immediately. The oil uptake capacity immediately after the sheet was taken from the oil
surface was found to be 100 g/g, and the oil uptake capacity after reaching equilibrium was
found to be 55 g/g. Then, the thin sheet of sorbent was mechanically squeezed to remove
oil from it and weighed again. Mechanical squeezing resulted in 96% oil recovery as some
oil (4 g/g) was retained inside the pores of the sorbent sheet; whereas hexane washing led
to 100% oil recovery. The repeatability was carried out for six more cycles and could be
continued for more cycles. This robust characteristic of the thin film sorbent suggested that
the sorbent could be used multiple times without losing its affinity and efficiency.
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(b) mechanical squeezing using engine oil.

3.9. Contact Angle, Oil–Water Separation Study of Silane-Grafted Non-Wettable Sorbent

To further increase the oil sorption and water repulsion, the thin film sorbent was sub-
jected to silane grafting, a well-known superhydrophobic agent. After the thin film sorbent
was silanized, the non-wettable sorbent was subjected to contact angle measurements. The
contact angle results revealed a significant improvement in hydrophobicity. The contact
angle with water was found to be 140◦, indicating a superhydrophobic nature that repelled
water and was expected to solely absorb oil, as shown in Figure 10a. To demonstrate
the sorbent’s selective oil uptake, an oil–water separation study was conducted, and is
presented in Figure 10b. The non-wettable sorbent was immersed in an oil–water mixture
ranging from 0.5–5% (w/w) oil in water, and it was observed that the sorbent absorbed only
oil, with no water uptake. This experiment demonstrated the sorbent’s high oil selectivity
over water, making it suitable for oil recovery in oil spill scenarios.
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sorbent), (b) oil–water separation study showing highly effective oil only absorption characteristics
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3.10. Oil Sorption in Previous Literature

A variety of plastic waste was used for the oil sorption, and some of the relevant
reported literature is shown in Table 3.

Table 3. Reported oil sorbents from various plastic wastes.

S.N. Type of Plastic Oil Uptake Capacity (g/g) Type of Oil Used Reference

1 PET 39.3 Chloroform [37]

2 Recycled PET 40 Crude oil [38]

3 Unsaturated
Polyester Resins 18.3 Carbon tetrachloride [39]

4 PP aerogel 6 Silicone oil [40]

5 PE–PP sorbent 55 Engine oil This work

4. Conclusions

Non-wettable microporous sheets using isolated HDPE and PP were prepared. These
sheets have an enhanced internal surface area, due to the presence of micropores. An-
nealing ensures that the sheets have sufficient strength and can be used as free-standing
structures. The sheets reached saturation in 30 s. The uptake capacity at the equilibrium
point was found to be 55 g/g, though it varied with the type of oil. Further, the as-prepared
sheets are recyclable, and more than 98% of oil can be easily squeezed out by means of
mechanical squeezing.

This study targets reduction of the environmental impact of mixed polyolefin-based
waste and addresses the challenges associated with oil spill remediation by valorizing
waste into oil sorbent. Lastly, it expands the possibilities for upcycling plastic waste, which
could be advantageous for managing waste during the shift towards a circular economy.
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