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Abstract: The main objective of this work is to try to find potential novel absorbents that could be used
for oil spill cleanup. The swelling properties of poplar sawdust were investigated in order to predict its
behavior in adsorption with two types of oils (i) diesel and (ii) heating oil. The sorption experiments for
sawdust on both diesel and heating oil showed that the prediction obtained by the swelling experiments
were correct, and the sawdust exerted good sorption characteristics for both oils. The second part of the
experiment focused on synthesizing activated carbon from Aloe vera to check its potential for oil
removal. Through BET analysis, characterization showed the high surface area, and FTIR analysis
pointed out some possible functional groups. The absorption experiments showed moderate sorption
capacity of this material based on diesel experiments and good sorption results with heating olil.
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1. Introduction

Oil spills are regrettably common around the world: they originate in oil platforms (such
as the big disaster in the Gulf of Mexico a decade ago), refineries or oil tankers that have an
accident (or that ‘clean’ their tanks in the ocean) [1, 2]. The aforementioned 2010 rig explosion,
which killed 11 workers and sent oil spewing into the gulf for 87 days, triggered one of the
worst environmental disasters in US history, according to the newspaper; it released 206m
gallons of oil from the well, affecting wildlife and water-quality along hundreds of miles of the
coastline. Hence, global environmental problems are becoming more and more acute.

Certainly, one of the promising techniques applied for the decontamination of
wastewaters constitutes adsorption; the potential of nanomaterials as sorbents and their many
advances were discussed in detail [3]. Activated carbons (of various porosity) are among the
suitable adsorbents because of their good sorption capacity [4]. Their use has often been
prohibited due to their relatively high cost, regeneration problems, and low selectivity.
Adsorption isotherms, thermodynamics, kinetics of the process, and different characterization
analytical techniques have been discussed. The composition of sorbents in a composite (when
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used as such) enhanced both the hydrophobic and oleophilic properties. As a result, a more
effective removal of diesel and oil from the water surface was achieved [5].

In general, different physicochemical processes have been examined for oily wastes,
including coagulation and flotation [6], being effective as a liquid/liquid separation technique
for oil-water emulsions. In the latter, when electrolysis was applied for the generation of the
necessary bubble and due mainly to the low space requirement, it was tested for bilge water
and effluent treatment on a ship, too [7]. Often for oil spill remediation, chemical dispersants
have been applied, also in situ burning and mechanical removal. However, the augmented
toxicity and poor biodegradability of dispersants have created the necessity for replacing the
dispersants used, as reported [8].

The thermochemical modification of lignocellulosic waste biomass, an abandoned
agro-industrial by-product (pine sawdust was included there), was said to provide relatively
low-cost adsorbents with increased sorption capacity and biodegradability, appropriate for the
removal of chemicals, heavy metals, and oil spills from aquatic media [9-15]. Elsewhere [16],
chemically and biologically pretreated rice husk cellulosic sorbents were investigated for oil
sorption capacities. Natural sorbent materials have practical advantages for the oil spill
cleanup, their low-cost, feasibility for real-life applications, and environmental adaptability
[17].

Aloe vera is a succulent plant species (according to Wikipedia), found in many
consumer products, including beverages, skin lotion, cosmetics, or ointments for minor burns
and sunburns. Noting that few publications deal with its present application - i.e., a triazene
azo dye was removed from contaminated wastewater samples using a green adsorbent recycled
from Aloe vera leaves waste [18]. Many researchers have studied the biosorption (i.e., the
process that uses dead biomass) of different pollutants [19-25]; microorganisms' ability to
remove metal ions, for instance, is a known phenomenon. Efforts were conducted to isolate
bacteria strains from metal-polluted strains (mining and industrial areas) and investigated them
as possible effective biosorbents.

Sawdust, natural cellulosic material and easily available by-product in the timber and
paper industry, is regarded as a relatively dominant material among all kinds of adsorbents
thanks to its low-cost advantages, eco-friendly, and low density [26]. Biosurfactants, obtained
from several microorganisms, have also received attention as emulsifiers and oil recovery
agents; so, their use to modify lignocellulose sawdust for oil spill cleanup was evaluated; and
the biodegradation potential was evaluated after 5 days [27]. Certain sorbent materials showed
limitations, especially in the presence of waves and wind [28]. A synthesis was reported of
various organic-inorganic hybrid matrices with magnetic properties, obtained in the form of
powders and membranes [29]; biomass wastes were applied to form the organic phase,
including sawdust.

2. Materials and Methods
2.1. Materials.

The types of oils to be tested for the sorption experiments were diesel oil and heating
oil (Figure 1). Aloe was harvested from a local garden.

https://biointerfaceresearch.com/ 11779


https://doi.org/10.33263/BRIAC114.1177811796
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC114.1177811796

Figure 1. Tested oils in sorption experiments: Diesel oil (yellow - left) and Heating oil (orange - right).
2.2. Absorption experiments.

To proceed with the sorption experiments, which aim to test the sorption capacity of
the chosen synthesized compound based on Aloe vera towards both diesel oil and heating oil,
several previous steps and procedures had to be considered and achieved.

2.2.1. Sawdust.

The first step to be implemented was to check the swelling properties of poplar sawdust
that was provided locally with deionized water. This step consisted mainly of inputting a certain
amount of poplar sawdust within conical flasks filled with deionized water at a stable
temperature for a certain time to be recovered later and reweighed. The method agreed upon
for implication was to pour 50 mL of deionized water in 200 mL conical flasks and then add
around 1 g of poplar sawdust for each conical flask, which will be transferred to a water bath
in order to stabilize the whole experiment under a temperature of 25°C. In the experiments, a
total of 10 conical flasks was placed in the water bath containing the specified amount of poplar
sawdust and volume of deionized water. Each flask was corresponding to a certain time allowed
for the sorption of the deionized water particles onto the poplar sawdust, which is 5, 10, 20, 30,
and 45 min in additionto 1, 1.5, 2, 3, 6, and 24 h to reach a total of 10 different sorption periods
corresponding to the 10 conical flasks used. To keep the bulk of the poplar sawdust together as
much as possible, especially when contacted with the deionized water, 1 g of poplar sawdust
was weighed and then put into a filter paper sealed carefully, thus resembling a teabag. The
material's weight to be introduced to the conical flask filled with deionized water was then
recorded. It included both the weight of poplar sawdust and the filter paper before its
installation into the proper conical flask for the swelling experiment. All of the sorption
experiments calculations, including the swelling experiments, in order to obtain the sorption
capacity, are based on the following equation (Eq. 1):

mi —mf
o _mi (@)
ms
where mi is the initial mass of the adsorbate in (g), mr is the final mass of the adsorbate, and

ms is the mass of the sorbent used in (g)

This procedure was done for all of the respective flasks. Another reason for filling the
poplar sawdust masses into filter papers was to remove the conical flask when the experiment
is over easier since the recovery of the filter paper containing the now popular sawdust and the
additional mass of water is relatively easier than trying to recover stranded sawdust from the
conical flask which will result in loss of poplar sawdust mass and hence cause inaccuracy in
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the results obtained. After an experiment is finished, the poplar sawdust is recuperated from
the conical flask and laid on a filter paper to naturally dry, usually for a period of 3 days, in
order to make sure that the deionized water that was absorbed by the filter paper while
extraction of sawdust was fully dried and the only extra amount of water that remains is the
one present within the cells of poplar sawdust. After drying, the filter paper containing now the
poplar sawdust and its additional water content is weighted again in order to determine the new
mass of poplar sawdust, therefore, deducing the percentage of swelling of poplar sawdust. The
reason why swelling experiments were conducted on poplar sawdust in this experiment or on
any other compound subjected to sorption experiments is to understand the compound's
morphological structure in question. From the results acquired from the swelling experiments,
graphs will be constructed, and from the plotted points of these graphs representing the swelling
capacity of poplar sawdust concerning time, a clear understanding of the structure of the
compound in an investigation will be provided, which leads to a better understanding of the
behavior of the structure of the compound regarding sorption of certain elements, therefore,
allowing a further modification of the structure of the compound investigated in order to
achieve better sorption characteristics.

After finishing with the swelling experiments, the whole process's second step begins
also involving the poplar sawdust. This step was concluded after several literature reviews
stating different sawdust types as potential cleanup processors for oil spills; therefore, sorption
experiments of poplar sawdust with both heating oil and Diesel oil were conducted. This
experiment's basic steps are relatively similar to the ones adopted for the swelling experiments
with a small number of modifications. For instance, 10 conical flasks of a volume of 200 mL
representing 10 different settling time will also be used where oil will be poured. However,
instead of using 1 g of sawdust as previously done with the swelling experiments regarding
sawdust with deionized water, a reduced quantity of 0.5 g of sawdust will be used while
experimenting with oil due to the lack of sawdust availability and hence reducing the quantity
of poplar sawdust used will ensure that the remaining quantities of poplar sawdust will be
enough to proceed with the whole sorption experiments relating poplar sawdust with both
diesel and heating oils. Naturally, since the amount of poplar sawdust was reduced to 50%, it
is necessary to keep the calculations proportional and decrease the volume of oil used in the
experiment, whether it is diesel oil or heating oil, by 50%. Therefore the amount of oil that will
be poured into the conical flasks will be reduced to 25 mL.

In other words, 10 conical flasks will be used in which 25 mL of diesel oil as a first step
will be poured in each flask, and 0.5 g of poplar sawdust will be introduced to create the wanted
combination. After being weighted, poplar sawdust will be enveloped with a filter paper and
weighted again, where a new weight will be recorded for the same purposes that were explained
for the swelling experiments. Each conical flask corresponding to a certain contact time ranging
from 5 min until 24 h and containing the respective amounts of poplar sawdust and diesel oil
will be sealed using aluminum foil and then placed in a water bath with a stable temperature of
25°C. After each conical flask's respective contact time has been achieved, the filter paper
containing both poplar sawdust and the retained diesel oil will be recovered and placed on filter
papers to dry naturally for 3 consecutive days to make sure that no more traces of oil are present.
After the samples are dehydrated, the filter paper bearing with it now the poplar sawdust and
the appropriate amount of diesel oil retained will be weighed in order to finally deduce the
sorption capacity of sawdust in respect to diesel oil and the respective contact time related to
it. It should be noted that this sorption experiment is also repeated 2 times to avoid human
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errors; thus, the outcome for each contact time will be deduced from the average of the three
batches prepared to obtain a sorption capacity that is as close as possible to the reality.

The procedure adopted for diesel oil's sorption with poplar sawdust will be repeated the
same way but this time while using heating oil instead of diesel oil. Still, in the third step of
the full experimentation, the sorption capacity of poplar sawdust for heating oil will be
evaluated by pouring 25 mL of heating into a 200 mL conical flask in 10 different batches,
with each batch corresponding to a specific settling time between poplar sawdust and heating
oil for times ranging from 5 min up to 24 hours and the heating oil in each conical flask would
be mixed with 0.5 g of poplar sawdust covered with a filter paper as the steps done previously.
After that, the amount of the sawdust in addition to the filter paper, have been weighted. After
the settling time has been reached for each conical flask, the sawdust with the retained heating
oil is recovered and left on filter papers to dry naturally for three full days, after which the new
mass of the filter paper collected will be weighed again in order to determine the final sorption
capacity of sawdust regarding heating oil with the implementation of three times of the
experiment in order to avoid possible stranded results and the results adopted for the sorption
experiment of sawdust with heating oil will be the average of the three results collected from
the experiment.

In a summary of the sorption experiments related to the poplar sawdust, all the steps
are mainly the same as the swelling experimentations, except a reduction in the amounts of
poplar sawdust and the two types of oil used. Moreover, the experimentations of poplar sawdust
with both oil types were repeated two more times for human error reduction. The average of
the three results was adopted as the outcome. The results will then be plotted into scatter points,
forming a graph representing the sorption capacity of sawdust for both types of oil used in the
experiment concerning contact time. These graphs will be created using the Origin 8.0
software, and this software was adapted to get more precise graphs.

2.2.2. Activated carbon from Aloe vera.

After the end of the swelling and sorption experiments, which both involve the use of
poplar sawdust, the focus is then shifted to the third step, which is considered a very important
step and is based around the main aim of this research and this step circles around the Aloe
vera and the process of synthesizing the final product. Noting that Aloe vera will not be used
in the sorption experiments as it is found naturally. However, certain modifications will be
implemented to improve the morphological structure of the Aloe vera, which might lead to
better sorption capabilities. Aloe vera was harvested from a local farm and then washed with
deionized water for a total of 1 day and a half to remove the impurities that were stuck on the
surface of Aloe vera.

In the washing process, Aloe vera leaves were cut into small pieces. Usually, the weight
of Aloe vera that is considered acceptable to form a batch is around 80 grams and put in a 500
mL beaker were half a liter of deionized water was poured alongside a magnetic stirrer, after
that the proper beaker now containing the small pieces of Aloe vera and the deionized water
will be sealed using an aluminum foil in order to prevent some reacting agents to evaporatefrom
evaporating from the beaker in case they were present and cause a potential threat in the
laboratory where the experiment is being conducted. The whole beaker is put on the stirring
equipment. The washing process starts as the deionized water is washing the Aloe vera pieces
via stirring for 1.5 days. After the washing process is finished, the Aloe vera pieces are filtered
from the deionized water and put on filter papers in order for the deionized water to dry
https://biointerfaceresearch.com/ 11782
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naturally and allow the surface of the Aloe vera to be dried even if slightly and for a period of
time usually set for a couple of hours (2 to 3 hours). After the Aloe vera have dried naturally
for a short period, the Aloe vera is then collected and put in porcelain plates then sealed again
with aluminum foil to be introduced to an oven where the drying process will be operated at a
temperature of 110 °C for 12 hours in order to remove the water molecules that are still present
on the surface of the pieces of Aloe vera alongside some other component that could become
vaporized at the specified temperature hence further purifying the Aloe vera pieces.

After the drying process, the Aloe vera will be subjected to a surface enhancement
phase, which will introduce potassium hydroxide (KOH) into the Aloe vera's surface.
Potassium hydroxide was selected because literature provided some information about the use
of chemicals to improve the Aloe vera's surface, which suggested the use of an acid or a base,
which is why potassium hydroxide (base), which is readily available in the laboratory, was
chosen. A concentration of 1 M of KOH was adopted for the surface improvement process.
Calculations were made in order to provide the proper proportions of materials needed for this
step. This calculation concluded that a reasonable amount of potassium hydroxide to be used
with Aloe vera would be around 5.611 g. This amount of KOH will be used with an appropriate
volume of 100 mL of deionized water to reach a 1 M KOH solution.

After the calculations have been set, the dried Aloe vera is put in a 500 mL beaker with
a magnetic stirrer where 100 mL of deionized water will be poured, after which the specific
amount of potassium hydroxide will be added slowly, while the beaker has been set on the
stirrer to ensure efficient mixing of the potassium hydroxide and creation of the solution. The
beaker is then covered with aluminum foil for safety reasons because the reaction of potassium
hydroxide is exothermic. The mixing process is conducted for 12 h to make sure that the
maximum adaptation of basic ions on the surface of Aloe has been achieved.

When the mixing process ends, Aloe vera is separated from the solution of 1 M
potassium hydroxide and settled on filter papers in order to dry naturally for around 2 hours.
Now that the Aloe vera is slightly dried and ready to be transported, another drying step is
performed by introducing the improved newly enhanced Aloe pieces into the oven for drying
at a temperature of 110 °C for a period of 12 hours. Pyrolysis is the final step of the
syncretization of the desired Aloe vera compound for the sorption experiments. It involves
reintroducing the newly dried (for the second time) Aloe in the oven at a certain temperature
(100 °C or 120 °C) until a temperature of 5000C is reached. This is done by incrementing the
temperature by 20°C every 5 minutes. While the pyrolysis is ongoing and when the temperature
is nearing its final target (500 °C), an input of nitrogen is introduced to the oven to finalize the
procedure. The pyrolysis is conducted at these stable conditions for three hours, after which
the compound residing in the oven is recovered. The oven is shut down to finally acquire the
desired product that will be used for the sorption experiments and which is an activated carbon-
based on Aloe vera and improved by potassium hydroxide.

Now that the proposed activated carbon based on Aloe vera is finally synthesized, it is
time to initiate Aloe's sorption experiments. Unfortunately, the yield of aloe leaves is very low,
meaning that fair amounts of aloe leaves will be needed to create sufficient activated
compounds for the sorption experiments (80g of aloe pieces will roughly yield after the whole
synthesis process around 1g of the activated compound); therefore it is expected to repeat the
synthesis process a few more times to ensure that there is enough quantity of activated Aloe
vera to perform the whole sorption experiments on the different types of oils to be used, the re-
experimentations and the characterization processes. The process of testing the sorption
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capacity of the newly formed compound will be conducted with both diesel oil and heating oil
is typically the same procedure underwent by poplar sawdust in its sorption experiments.

The activated Aloe vera will be provided for testing in powder form. Therefore, it is
very important to implement extreme caution when dealing with the compound in order to
prevent loss of materials; moreover, since the yield of the synthesized product is very low, it is
advisable to lower the numbers of Aloe vera activated compound when used in the sorption
experiments to ensure enough quantities for the whole process. So, the number of conical flasks
will be set again to 10, representing different contact times with a time range between 5 minutes
until 1 day; however, the amount of activated Aloe that will be used in each flask will be
reduced to 0.25g in comparison to the 0.5g of sawdust that was used for sorption experiments
and 1g of sawdust for the swelling experiments. In order to be able to decrease the amount of
activated Aloe in the experiment and keep proportional measurements, the volume of oil to be
used should be divided in half in parallel to the reduction of the amount of sorbent by half.
Thus, 12.5 mL of oil (heating or diesel oil) will be poured in each conical flask.

Just like the previous steps done with poplar sawdust, and since the activated Aloe is in
its powder form, caution must be adopted when handling this compound, so it was decided to
envelop the necessary quantity (0.25g for each conical flask) with a filter paper and seal it
correct to prevent mass loss. Then the sealed filter paper containing the appropriate quantity of
activated Aloe will be weighted for each conical flask and then put in the conical flask were
12.5 mL of diesel oil will be poured in each conical flask and then sealed with an aluminum
foil and settled in a water bath for a stable temperature of 25°C until the respective contact
time is reached. After that, the wetted filter paper containing now both the activated Aloe and
the diesel oil is recovered from the conical flask and left on a filter paper to settle and dry
naturally for approximately three full days, after which the envelope of the dried filter paper in
addition to its content (activated Aloe) will be weighted, and the result will be recorded. This
will be done for each conical flask or each contact time. Each result will transform into a point
where these points will be forming a graph representing the sorption capacity of activated Aloe
versus the contact time. This graph will be illustrated via Origin 8.0 software. It gives a better
understanding of the performance of activated Aloe in the sorption of diesel oil.

The remaining part of the sorption experiment will evaluate the enhanced Aloe vera's
sorption capacity with diesel oil. The same steps that have been applied for the sorption of
diesel oil into activated Aloe will be applied exactly in the same way, with the only difference
being replacing diesel oil with heating oil and while retaining the same procedures and
measurements that were adapted specifically with the experiment involving diesel oil and
activated Aloe (0.25 g of activated Aloe and 25 mL of heating oil). After the complete setup of
the experiment's full batch, the conical flasks bearing activated Aloe and heating oil will be
settled in the water bath for the appropriate contact time to be then recovered and dried naturally
for three days again and weighted after this period for final mass evaluation.

After the final calculations are made, graphs relating the sorption capacity of heating
oil into the activated Aloe will be illustrated using the Origin software for comparison to verify
the possibility of activated Aloe being a good sorbent for the heating oil. This section covered
in details the whole procedure underwent in this research with a special emphasis on the recipe
prepared in order to synthesize the final product, which is the activated Aloe in order to be used
for sorption experiments with both diesel and heating oil while providing specific steps and
procedures to ensure that the correct methods are implied with minimal error. The next section
will be providing details about the characterizations part, including the equipment that has been
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used for the characterization of the activated Aloe vera, with some brief explanations
surrounding the functioning of this equipment.

2.3.Characetrization.

FTIR analysis was used to characterize the functional groups of materials. The
laboratory equipment used to conduct the FTIR analysis was the Frontier MIR/FIR
spectrometer (PerkinElmer). This system possesses many advantages. It is a single optimized
system with an automatic reconfiguration that allows the shifting between the samples without
the need for a manual process. The temperature at which the FTIR spectrometer could operate
with no problem is set by the company to between 5 and 40 °C; moreover, the spectrum 10
software runs on this equipment and allows the receipt of optimized results from the analysis.

BET analysis is another characterization process that circles around the Brunauer-
Emmet-Teller (BET) equation, which is used to determine the surface area of the tested
compound. Usually, the compound set for BET analysis is in the form of a solid, but the
material in its gaseous phase could also be used. The BET method usually relies on nitrogen
adsorption at a temperature of 77 K. After the process is done, the plot will present a graph that
will resemble one of six possible adsorption isotherms according to the IUPAC classification.
The NOVA 4200a (Quantocrome instruments) was available to assess the activated Aloe's
specific surface area. This equipment is not only used for analyzing surface areas but also for
porosity analysis. It possesses two chambers, one for degasification and the other for the
analysis, where 4 samples can be input for analysis simultaneously.

3. Results and Discussion

3.1. Characterization.
3.1.1. FTIR analysis.

Figure 2 shows the FTIR (Fourier transform Infrared) spectroscopy that was performed
on the activated Aloe in the hopes of determining whether functional groups that help increase
that adsorption process are present and their types. Usually, when interpreting an FTIR
spectrum, the focus is on the wavelengths ranging between 1500 cm™* and 3000 cm™. This is
where the functional groups will be present. Moreover, a higher peak in FTIR means that the
compound or element has absorbed a higher infrared quantity. Elements shown for a
wavelength surpassing 1500 cm-1 are considered fingerprints even though some functional
groups could be absorbed in this area; however, it cannot be granted confirmation that these
functional groups can correctly assess the compound's composition tested. The fingerprint's
role is to give information on what’s going on within a molecule rather than showing the
functional groups contained in the compound subjected to the spectroscopy.

According to Figure 2, the peak shown at a wavelength of 3124.8 cm™ indicates the
presence of an alcohol group (O-H stretching), the peak at 1636.08 cm™ could be attributed to
a C=0 stretching or a C=C stretching. However, most probably, this peak belongs to a C=0
stretching since it is broader, while a C=C stretching usually has a sharper peak. Also, the
visualization of a “teeth-like” formation ranging from the values of 1760 cm™ until 1730 cm*
could be a sign of the presence of aromatics in the activated Aloe. At 2483 cm™ until 2203.74
cm?, a small series of perturbations can be seen on the figure, indicating small noises.
However, a small peak forming at 2483 cm-1 has a slight chance of signaling the presence of
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formaldehyde. However, it is tricky to detect such compounds a small potential of
formaldehyde existence, especially that a C=0 stretching is most likely to be in the compound.
The FTIR spectrum showed the functional groups that are present in the activated carbon-based
on Aloe. Even though the functional groups are not sharply confirmed or abundant, this
compound still has some functional groups that could play a major role in its adsorption
process.

Transmittance

T T T T T T T T T T
3500 3000 2500 2000 1500 1000
Wavenumber (cm™)
Figure 2. FTIR spectrum of the synthesized activated carbon.

3.1.3. BET analysis.

In order to determine the surface area of the newly synthesized activated carbon based
on Aloe vera, a small sample of the compound have been subjected to BET testing where a full
adsorption analysis that is based on liquid nitrogen adsorption at a temperature of 77 K will be
conducted. The results will be processed using NovaWin software. The surface area is a very
important parameter when dealing with an adsorption experiment since it can provide valuable
information on whether the material analyzed is fit for removal of the desired elements through
sorption or not. In fact, the morphology of the shape of a material's surface is crucial to correctly
assess the sorption results. An increase in the surface's roughness will increase the adsorption
capacity of a certain material. Moreover, the surface area of a material is based on the pores
present within the structure of the material; the more porous the structure is, the bigger the
surface area since more channels are passing through the material hence increasing its surface
structure and this is why it is important when evaluating the characteristics of certain material
for sorption experiments to define its surface area. A sample weighing 0.0706 g of activated
Aloe was introduced for analysis in order to determine the BET surface area of the compound,
and the results showed by the software indicated that the surface area that was obtained for the
activated Aloe was estimated to be around 26.83 m?/g. The obtained value is a good indicator
of the activated Aloe's sorption capabilities and shows that the structure of the synthesized
compound in powder form is porous enough and worthy of being tested for sorption
experiments that could yield good results.

3.2. Absorption evalaution.

The first part of the experiment deals with the results obtained from the swelling
experiments conducted on poplar sawdust with deionized water, as stated before and described
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with details in the previous part. Figure 3 shows the graph representing the swelling of poplar
sawdust concerning contact time ranging from 0 to 24 h. According to the figure, it is clear that
the swelling of poplar sawdust did not show a high value, with all the points evaluated
recording low swelling; moreover, it was noticed that most of the points showed swelling at a
stable rate of 0.001 g/g.

In addition, it can be observed from the graph that the average swelling capacity was
reached within the first 5 minutes of the experiment and remained more or less stable regarding
the rest of the contact times that were tested. This suggests that a contact time of 5 min can be
considered the optimum time needed for the poplar sawdust to attain nearly its maximum
swelling with deionized water. The swelling experiments were conducted in order to study the
morphological structure of the poplar sawdust to determine its sorption capability in general;
therefore, the experiment showed that the structure of poplar sawdust was indeed porous,
explaining the deionized water that was held within the sawdust over time.

The swelling that was obtained is considered low, but this does not mean that the
structure of the poplar sawdust that was used is not porous since the sorbate, in this case, was
deionized water, which means that most of the ions were removed from the water; hence, there
were no amounts of ions that could bind to the surface of the poplar sawdust and in turn,
increase the swelling. Therefore, what can be concluded from this small experiment is that the
structure of poplar sawdust does include pores. This structure could be porous enough to
acquire other types of sorbents that are rich in ions with an acceptable sorption capacity.
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Figure 3. Swelling experiment of poplar sawdust.

Figure 4 represents the poplar sawdust's sorption capacity in the experiments
concerning contact time and shows poplar sawdust's affinity towards diesel oil. It is important
to note that the graph presented in this figure is actually based on the average of the three
sorption trials that have been conducted between poplar sawdust and diesel oil where the
average result between these three trials was taken into consideration for each specific contact
time in order to build the following graph.

In a very similar behavior of poplar sawdust with deionized water, Figure 4 shows that
poplar sawdust has behaved in nearly the same manner as in the case of the deionized water,
which means that sawdust saw a rapid increase in sorption capacity within a very short period
of time (5 min). This sorption capacity remains in a rigid way relatively stable throughout all
the contact times that were tested, with sorption reaching approximately 0.08 g/g in the first
points of the experiments (until a time of 30 minutes is reached) after which the sorption
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capacity decreases within the contact times ranging from 30 minutes to 2 hours where it starts
to increase again reaching a maximum value of 0.09 g/g at a contact time of 24 hours.

The graph proves that the swelling experiments for poplar sawdust correctly predicted
the poplar sawdust's behavior with a type of sorbent that is different from the deionized water.
The swelling experiments gave a clear view of poplar sawdust's behavior with diesel oil in
terms of the quick increase in the sorption capacity within a very short contact time and the
stability of this sorption that was maintained throughout the different contact times. According
to the graph represented by Figure 4, it can be shown that the sorption capacity of poplar
sawdust by acquiring the diesel oil increases with the contact time, increasing at a rapid rate at
first and within a short contact time, then decreasing slightly with contact time in order to
decrease again after long contact times starting with 2 hours until 24 hours. The advantage that
was presented by poplar sawdust is its affinity to attract diesel oil rapidly. It is normal to receive
a sorption capacity by the sawdust into diesel that is higher than the sorption capacity that was
recorded for sawdust with deionized water, and this is because the ions that are present within
the diesel oil are much higher than the ions in the deionized water which naturally increases
the affinity of sawdust and its structure towards diesel oil and hence increases the sorption
capacity.

Moreover, poplar sawdust shows that the maximum sorption capacity it had with diesel
oil was reached a maximum value of nearly 0.1 g per 1 g of sawdust; however, this value was
reached in one day, and the duration of this period might be considered critical when dealing
with oil spills so shorter durations are probably preferred. Therefore, it is safe to say that a
small duration of contact between poplar sawdust and diesel oil is enough to reach the poplar
sawdust's sorption capacity, especially that this sorption capacity increases very slightly after
long periods of time.

Similar to the experiment of poplar sawdust with diesel oil, another one has been
conducted to check the sorption of heating oil into the sawdust. As Figure 5 shows, the sorption
capacity of heating oi into the poplar sawdust increases with the increase of contact time. A
sharp increase in the sorption capacity is observed during only the first five minutes. It is safe
to say that the sorption capacity progresses steadily with the different contact times by retaining
a stable sorption capacity ranging from 0.04 g/g to 0.043 g/g.
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Figure 4. Adsorption of diesel oil on poplar sawdust.

After 24 hours of contact time, heating oil's sorption capacity into the sawdust reaches
a maximal value of 0.45 g/g. Again, the graph shows that a contact time of 5 min can be
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considered an optimum time to recover nearly most heating oil amounts by the sawdust. The
behavior of the poplar sawdust with heating oil is very similar to when diesel oil was introduced
for sorption measurements into sawdust in the previous experiments since both graphs show a
similar trend of a sharp and fast increase in sorption capacity during the first 5 min of the
experiments after which the sorption capacity remains almost steady and experiences a slight
increase towards the late contact times that were used in both of the experiments (6 hours and
24 h).

The difference between both sorption experiments of the two types of tested oils (diesel
and heating oil) can be clearly observed within the comparisons of their two respective graphs
(Figures 4 and 5). The sorption capacity of heating oil into sawdust is relatively lower than the
sorption of diesel oil into sawdust (0.045 g/g and 0.09 g/g, respectively), which means that the
sawdust had more affinity to attract and extract diesel oil than heating oil at least in the contact
times that were used. This could be explained by the fact that the heating oil that was used in
the experiments is heavier than the diesel oil. When the oil is heavy, usually the sorption
process takes a longer time, and equilibrium is reached in later stages. Also, since the diesel oil
is a light oil, it is normal for the sorption into sawdust to happen fast since the molecules move
faster than the molecules of the more viscous and heavy heating oil.

Since the heating oil is viscous and assuming that the morphological structure of poplar
sawdust is similar in both the experiments with the two oils, then it is possible that the heating
oil, while entering the structure of the sawdust has blocked some pores within the structures
due to its higher viscosity than that of diesel oil and therefore has blocked some empty spaces
where more oil could be filled, and this could explain why the sorption capacity of heating oil
into sawdust was observed to be lower than the sorption capacity of diesel oil into the same
sawdust. Nevertheless, sawdust still showed good sorption of heating oil even though the
numbers were not very encouraging than the values obtained from the sorption experiments
between diesel oil and poplar sawdust.
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Figure 5. Adsorption of heating oil into poplar sawdust.

It is notable to mention that many previous work and research have dealt with the
potential of sawdust in general, whether by using poplar sawdust or sawdust from other origins
and doing further chemical enhancing of its structure. For instance, S¢iban et al. investigating
the use of poplar sawdust as a cheap alternative for the removal of heavy metal ions from
electroplating waters specifically the removal of cadmium, zinc and copper ions. The
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investigation consisted of an evaluation of the efficiency of removal of poplar sawdust of the
mentioned heavy metals through a system of a single metal solution and a system of a multi-
metal solution while plotting several adsorption isotherms such as Langmuir and BET in order
to check which isotherm fitted best the adsorption process of the experiment. The authors found
that most of the adsorption isotherms that fitted corresponded to multilayer adsorption when
dealing with a multi-metal solution, whereas the adsorption in a single-metal solution mostly
showed the formation of a single layer. The adsorption results for the tested heavy metals
showed that zinc ions had approximately the same adsorption rate for both systems. In contrast,
cadmium ions were adsorbed well in the single-metal system and the copper ions in the multi-
metals system [30].

Beech sawdust was used in batch studies for adsorption purposes to study the removal
of hexavalent chromium ions. It was found that the optimum pH to maximize the adsorption
capacity was found to be equal to 1.0 with an optimum contact time of 1 hour and 20 min.
Moreover, the results showed that with increasing the metal concentration of hexavalent
chromium in the solution, the adsorption capacity decreased, indicating that the adsorption
capacity will increase with a small amount of metal concentration, after which the adsorption
capacity decreases. Both Langmuir and Freundlich isotherms were found to fit the adsorption
isotherm obtained by removing hexavalent chromium by the Beech sawdust [31].

A similar and more detailed study was performed by Baral et al. to remove hexavalent
chromium, but this time using modified sawdust. The study was based on checking many
parameters that would affect the adsorption process, such as the amounts of sawdust and
chromium used, the pH, the temperature, and the contact time, emphasizing the kinetic and
thermodynamic studies. The study concluded that the adsorption process reached equilibrium
after a contact time of 3 hours. It was found that the pH was greatly influential in the adsorption
process as the adsorption capacity increased with the decrease of the pH where results showed
that the optimum pH was found to be ranging between 4.5 and 6.5 based on an initial
concentration of 5 mg/L for the hexavalent chromium. The thermodynamic parameters that
were evaluated, such as the enthalpy and the Gibbs free energy, showed that the adsorption
process was an exothermic reaction [32].

Using batch techniques, Yu et al. studied the adsorption of Cu(ll) ions into maple
sawdust by evaluating parameters similar to the ones studied by Baral et al., where it was found
that adsorption might have been the main mechanism that was leading the binding of the copper
ions into the surface of the maple sawdust without elimination of the ion exchange possibility
and what’s more, the pH, initial concentration of the copper ions and the contact time were all
parameters found to have an impact in shifting the adsorption process [33].
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Figure 6. Adsorption of diesel oil into activated Aloe.
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Even though a good analysis was obtained from conducting the sorption experiments
to evaluate the poplar sawdust and its sorption capacity towards diesel oil and heating, the main
focus was given to the sorption experiments that will be conducted with the newly synthesized
compound, which is a form of activated carbon-based on Aloe vera. The average result that
was obtained from the sorption experiment of diesel oil into the activated carbon is shown in
Figure 6.

According to the figure, when a certain amount of Aloe is in contact with the diesel oil,
the observed sorption behavior is quite similar to the trend that emerged from the sorption of
diesel into sawdust. Even when activated Aloe is introduced, the sorption capacity still
increases with the contact time, especially during the initial contact time of 5 minutes, where
the rise in the sorption capacity is rapid and sharp, shifting in just a short time from 0 to
approximately 0.11 g/g. After the initial rise, the diesel oil's sorption capacity into the activated
aloe experiences some form of stability until a contact time of 30 minutes is reached, where
the sorption capacity elevates again to each its maximum recorded value of 0.12 g/g.

The value of the sorption capacity then slightly decreases to reach 0.11 g/g for a contact
time of 3 hours then reaches again its maximum value of 0.12 g/g at 6 hours, where it remains
relatively stable afterward; therefore, it is safe to say that most of the sorption occurred in the
very first few minutes of the experiments with traces of diesel oil being attracted by the
activated Aloe as the contact time increased and regarding the slight decrease in the sorption
capacity that was observed after a contact time of one full day was used, this can be attributed
to the fact that the equilibrium was reached earlier in this adsorption process. Some quantities
of diesel oil have escaped the surface of the activated Aloe due to the desorption phase.

Figure 6 also shows that even though the maximum sorption capacity was reached in a
matter of 30 minutes, the optimum contact time to be selected is probably still 5 min in order
to effectively remove spilled oil in case of an accident. The adsorption process did yield
acceptable results even though the activated Aloe was anticipated to have a better sorption
result than the one that was obtained.

In comparison to the sorption experiments of diesel oil into the poplar sawdust, it is
clear that the activated Aloe has an advantage as the better adsorbent for diesel oil if both
products were to be compared with poplar sawdust achieving a sorption capacity of 0.08 g/g in
average in comparison to the 0.11 g/g of the activated Aloe.
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Figure 7. Adsorption of heating oil into activated carbon from Aloe vera.

This difference in the sorption capacity could be attributed to the actual structures of
both the poplar sawdust and the activated Aloe; the activated carbon could have a better and
more plain surface area and an increase in the porous structure than the sawdust due to surface
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modification, which explains the better sorption capacity of diesel into the synthesized
activated Aloe in comparison with the sawdust. However, it is not a shock to get relatively low
results for the activated Aloe with diesel oil. The synthesized product had an average surface
area as shown by the characteristics conducted, which means that its ability to attract diesel oil
will be lowered.

The results that were obtained from the sorption experiment of heating oil into the
activated Aloe are in a different situation as shown by Figure 7, which represents the sorption
capacity of the activated Aloe with heating oil concerning contact time. Again, in this
experiment, the trend remained identical to all the previous trends observed in the other
experiments, with the sorption capacity increasing with the increase of contact time. However,
the interesting part that can be clearly noticed from the graph is that the sorption capacities
acquired by this experiment have the largest values indisputably in comparison with the rest of
the experiments (both sawdust with diesel and heating oils and activated Aloe with diesel oil).

According to Figure 7, the sorption capacity increases steadily and sharply in the very
first few minutes. It attains a value of 0.2 g/g, after which the sorption capacity experiences
slight and negligible changes (both increases and decreases) ranging between 0.14 g/g and 0.16
g/g throughout the progression of the contact time until a value of 0.35 g/g of the sorption
capacity is reached at a contact time of 6 hours. This value decreases dramatically to reach a
value of 0.2 g/g when a contact time of 1 day is reached. This decrease observed between the
final two tested points could be attributed to the fact that the equilibrium was reached between
the contact times of 6 hours and 24 hours, where the desorption cycle led to this decrease in
the sorption capacity.

Therefore it is safe to say that although a good sorption capacity has been acquired in a
very short amount of contact time, the optimum contact time to attract the possible quantity of
heating oil was found to be 6 hours. This value is still acceptable if it were to be considered for
a cleanup application. In general, the sorption experiments that were conducted between
heating oil and the activated Aloe proved to have good results; if all the results are to be
compared, it is noticed that the reaction of activated Aloe towards the heating oil was much
better than for the diesel oil with maximum adsorption capacities of 0.35 g/g and 0.12 g/g
respectively.

These results can only conclude that the synthesized activated carbon's affinity towards
the heating oil was much better than for diesel oil. In terms of properties of the oils used, the
activated Aloe showed a better affinity towards the heavier and more viscous oil rather than
the light oil, which is proved by the fact that the activated Aloe was able to attract amounts of
heating oil reaching up to 0.35 g/g of its adsorption capacity. Moreover, it is noticed that the
activated Aloe showed much better results for adsorption of heating oil than the results shown
by poplar sawdust (0.35 g/g and 0.045g/g respectively) and taking into consideration that
sawdust is a serious contender and applicant for the removal of oil from water then this outcome
proves that the activated Aloe that was synthesized or at least an activated carbon-based on
Aloe vera, in general, should be considered for oil sorption and its removal from water in
applications of oil spill cleanups at least when dealing with heavy oils.

Many studies have been based on the sorption capabilities of Aloe vera. However, the
majority of these studies did not get involved with oil experiments and focused on other
adsorption processes such as the removal of heavy metals by materials based on aloe [34-38],
dyes [39-42], and fluoride removal [43-45] among many other applications.
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Cortez et al. conducted a study of oil sorption into Aloe vera since Aloe was highly
abundant and cheap in Mexico. The contact angle measurement showed that Aloe was
considered hydrophobic as the contact angle exceeding 90° The experiments consisted of
testing three different types of plants. However, regarding the focus on Aloe, it was studied in
both raw and modified forms. The sorption results on raw Aloe vera showed good sorption
characteristics as the raw Aloe was able to reach a good sorption capacity of 9 g/g. This value
decreased when multi-walled carbon nanotubes composites were introduced to the Aloe to
reach a value of 7.8 g/g and decreased further to 7.3 g/g when Aloe was treated with carbon
nanotubes and Fe(l1l) oxide. Coating the Aloe with polystyrene and treatment with SiO2
particles resulted in a sorption capacity of 5.8 g/g for Aloe, and when the treatment involved
the addition of Fe(ll1) oxide, the sorption capacity increased to reach its highest value of 9 g/g
[17].

4. Conclusions

Oil-spills still have a chance of occurrence and could result from many causes such as
rig blowouts and tanker accidents. These incidents proved extremely detrimental as they
claimed human lives and even affected plants and animals in both the short and long terms.
Therefore, an interest in protecting the environment from these potential threats grew up
quickly. Many studies and researches focused on finding a way to contain the oil spill after the
incident and remove it to clean up the environment from the oily wastes.

Usually, the cleanup methods applied are mostly physically applied, such as skimmers
and in situ burning, but the studies were more focused on the use of chemical applications that
could be deployed to remove the spilled oil. One of the major chemicals used nowadays is
dispersants. Many studies focused on using alternative chemical compounds to remove oil
spilled from the environment; activated carbon was of high interest due to its high sorption
abilities; however, this material posed different drawbacks in terms of reusability and
selectiveness, and cost. Hence, studies shifted their focus towards cheaper materials such as
agricultural wastes in order to test their sorption capabilities and their potential for oil-spill
cleanup.

In this work, poplar sawdust and activated carbon-based on Aloe vera were subjected
to adsorption experiments using two different oil types: diesel oil and heating oil. The purpose
was to check how both compounds would behave in the presence of oil with certain
characteristics and whether they can be considered for future oil removal. Starting with poplar
sawdust, swelling experiments were conducted with the use of deionized water in order to
obtain a clear view of the behavior of poplar sawdust in an adsorption process. This step proved
to be correct as the exact behavior was predicted for the adsorption of both diesel and heating
oils into the poplar sawdust with the sawdust achieving a better sorption result for diesel oil
than heating oil and this could be due to the viscosities of the oils as the lightest oil would
achieve better adsorption into the sawdust since the heating oil which is more viscous than
diesel could move slowly within the pores of sawdust thus blocking the passage for additional
sorption.

The main focus was to check the newly synthesized compound's adsorption capabilities
and, therefore, since activated carbon based on Aloe vera was synthesized using specific recipes
and guidelines. After synthesizing the desired material, the activated carbon was to be
processed through characterization followed by sorption experiments. The characterization part

consisted first of evaluating the BET surface area, which indicates that the activated Aloe
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possessed a good surface area fit for adsorption. FTIR analysis showed via the spectrum that
the activated Aloe could have some potential functional groups that are important for the
adsorption potential of the synthesized compound. The sorption experiments of diesel oil into
the activated Aloe showed that the results obtained were better than the sorption capacity that
was obtained from the removal of diesel oil by the poplar sawdust.

Moreover, the results were totally different when the heating oil was adsorbed into the
activated Aloe. The results obtained were the highest values recorded between the four sorption
case studies. All the experiments conducted showed that the poplar sawdust is a good adsorbent
for the types of oils used. More importantly, the characterization process showed that the
activated carbon that was based on Aloe vera showed good sorption characteristics. Adsorption
experiments proved that the activated Aloe is a good candidate for oils' adsorption, especially
the more viscous oils.

Though promising in terms of removal of oil-spills, the synthesized material is still
novel and more studies should be considered to check the sorption capacity of this material for
other types of oils. Also, more parameters should be taken into accounts, such as the effect of
pH, agitation rate, and contact time, among others, and their role in the adsorption process. The
compound's morphological structure could easily be enhanced and changed even through a
change in the recipe or further modifications. The whole experiment proved that the activated
Aloe is a good sorbent and has a good potential to be used in future applications. Further
research is needed to improve its candidacy as an applicant for oil-spill removal.
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