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Abstract : The efficiency of the residual fibre of the African Palm (Elaeis guineensis) was
evaluated as an adsorber of emulsified oils against a wastewater treatment process from an oil
extraction plant. The initial characterization of the emulsified waters and residual fiber was
carried out initially, then the amount of oil removed was evaluated through an experimental
design that involved four variables at two levels, whose response variable was the final
concentration of the liquid phase in the equilibrium. The removal capacity of the material used
was determined from the adsorption isotherms, the Freundlich model being the one that best
fits the system. After the experimental procedure, it was concluded that the residual fibre from
oil extraction presents a removal rate of 85% when maintaining the temperature at 25°C, a pH
of 8.5, agitation of 80 rpm and use an A/E ratio of 1:80 with particles of 2mm at low
concentrations, with a maximum adsorption capacity of 112 mg g™.
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1. Introduction

The dumping of residual effluents with oil produces direct pollution to water bodies and sectors near the
discharge area, since it prevents oxygenation and favours gastrointestinal diseases such as cholera and
infectious hepatitis due to bathing or ingestion of contaminated foodstuffs. Therefore, alternatives are being
sought that can prevent or mitigate the damage caused to water sources by industrial pollutants; however, most
focus on the use of fossil resources and by-products of petrochemical origin, which due to their excessive use,
increase the number of pollutants[1, 2].Different technologies have been implemented for wastewater treatment,
some of them are: dissolved air flotation, coalescence, skimmer and emerging technologies, the latter is a group
of new alternatives, which are cost efficient when it comes to putting them into operation, among these
technologies are aeration, flocculation, filtration, biological degradation and adsorption.
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The search for the use of organic materials contributes to the remediation of environmental problems
such as water pollution, achieving a better disposal and use of solid waste [3]. Keeping very similar
characteristics to the adsorbents mentioned above and bearing in mind that their production is abundant and
considered as a waste, the residual fibre resulting from the digestion stage in the extraction process of African
palm oil is an adsorbate for the treatment of emulsified wastewater.

Different researchers have tested different adsorbents in the cleaning of oily waters; biomaterials being
one of the most promising options. Among the vegetable residues recently used for the removal of emulsified
oils, sugar cane bagasse was used to determine the mass of hydrocarbon sorbide per gram of sorbent material at
different granulometries with the hydrocarbon used. It was also considered the use of copolymers, specifically
di-vinyl benzene Moreno, [3] as well as a resin from a styrene and benzene di-vinyl copolymer by removing
more than 89% of the oil present in the emulsion [4].

Ibrahim et al., [5] conducted an investigation into the extraction of emulsified oil from oily wastewater
using barley residues chemically modified with hexadecilpyridinium chloride monohydrate (HCM), observing a
strong bond of the CCP to the straw surface and that it creates a non-polar layer on the material increasing its
adsorption capacity[6].Also studied at the University of Curtin, Australia, oil adsorption with the straw of
barley modified with sodium hydroxide (NaOH), achieving a removal of 88.1%, for oil contained in the
solution [5].

Deschamps et al., [7]investigated the recovery of oil from an aqueous solution during a flow through a
hydrophobic cotton bed, using cellulose acilation and was defined by sorption and coalescence phenomena. In
addition, oxymatrine (OMT) has been used in a spherical cellulose absorbent fitted with acacia bark tannins and
Kapoc sawdust (Ceiba) to adsorb oils present in aqueous solutions, achieving removal rates of 50 and 57%
respectively [8, 9].

Keeping very similar characteristics to the adsorbents mentioned above and bearing in mind that their
production is abundant and little used, the residual fibre resulting from the digestion stage in the extraction
process of African palm oil is an alternative adsorbent medium for the treatment of emulsified wastewater,
which is an innovative and profitable idea, since the wax palm fibril is considered a waste but in the treatment
of aqueous effluents containing heavy oils, has a significant value to be used as adsorbent material.

This research focused on evaluating the efficiency of African palm residual fiber (Elaeis guineensis) as
an adsorbent medium for oil in aqueous solution, as well as analyzing physico-chemically the emulsified
wastewater and palm fiber microstructure, determining its removal capacity, and identifying the mathematical
model and isotherm that best fits adsorption in a batch-type process.

2. Experimental
2.1 Preparation of the adsorbent

The African palm fibre sample was obtained from the palm oil extraction process as a residual material
in the Bolivar department (Colombia). It was washed with distilled water and dried at 80°C for 24 h, in order to
remove dirt and impurities and avoid biochemical transformations; then it was milled by impact and shear,
using a rotor mill at a rotation speed of 1700 rpm, finally it was sieved by selecting the sizes of 1 and 2 mm[10,
11].

2.2 Adsorbent characterization

The samples were subjected to drying; once free of moisture, they were encapsulated in potassium
bromide discs and then characterized by means of Fourier Transform Infrared Spectroscopy (FTIR) with a
frequency range between 200 cm™and 4000 cm™, in order to know the functional groups that compose it.

2.3 Adsorption tests

Initially the crude oil and water emulsion was poured, a dose of 2 g or 2.5g of residual biomass was
added for each concentration and a particle size of 1 mm or 2 mm, with a contact time of 15 min [12]. At the
end of the time, turbidity of the liquid was measured and the fibre removed from the emulsion, allowed to drain
into the environment for 5 min and SOXHLET analysis was carried out with a factor of 24 without replicates to
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verify the effectiveness of the fibre used[13].Concentrations of oil adsorbed by the fibre were obtained, under
each proposed condition, these values were divided by the amount of adsorbent used, resulting in the
interchangeability in equilibrium.

2.4 Adsorption isotherms

Knowing the interchangeability in equilibrium, the isotherm was constructed that related the
interchangeability with the equilibrium concentration of the liquid phase in time, based on Langmuir and
Freundlich adsorption models, to determine the behavior of the process in the material used.

3. Results and discussions

3.1 Characterization of wastewater with African palm oil (Elaeis guineensis)

The characterization of the wastewater generated during the oil extraction process of the African palm
is shown in Table 1. PH, COD, BODs, suspended solids, etc. were analyzed in order to know the conditions

under which the wastewater samples must be kept in order to guarantee a low oil concentration.

Table 1: Characterization of wastewater

Sample/ units Emulsified waters 3rd lagoon. | Emulsified waters 5th lagoon
pH 8.17 8.92

Nitrites(mg L™ <0.025 <0.025

Turbidity (UNT). 590.30 355.10

Conductivity. (uScm™) 11990.00 10450.00

Oils and fats (mg L™) 1.46 1.38

Suspended Solids (mg L™) 344.00 220.00

C.0.D. (mg L™ 2854.60 1377.20

B.0.Ds(mg L™) 1800.00 800.00

From Table 1 it can be said that in the lagoons the turbidity is high, evidenced by the large amount of
impurities in these, it is also observed that they are basic solutions as evidenced by the pH of 8,17 and 8.92
respectively for lagoons 1 and 2. The oil content compared to the permitted levels is high, therefore treatment is
necessary before deposition, and based on the amount of solids in suspension is concluded to be highly
contaminated.

3.2 Characterization of African palm fibre

The residual African palm fibre had a pleasant, brownish smell with a moisture content of 39.5 %. The
FTIR analysis of residual African palm fibre is shown in Figure 1.

Transmittance (%)
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Figure 1.FTIR of residual African palm fibre
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Figure 1 shows the most representative groups of the material, these are characterized by being
hydrophobic and oleophilic, i. e. they repel water and have great affinity with oils and fats, respectively. The
three peaks that stand out in the FTIR correspond to the O-H vibrations, due to the stretching of alcohols,
carboxylic and carbonylic acids, whose main adsorbent characteristic is hydrophobic, confirming the feasibility
of this material when adsorbing oils in wastewater [14].

3.3 Kinetics and optimal timing

Calibration curve, showing fiber kinetics initially at a low oil concentration of 195.8 mg/L, pH 5.9,
turbidity 2842, particle diameter 2 mm, 350 mL volume without agitation, temperature = 25°C (Test A, Figure
2).
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Figure 2.African Palm Fiber Kinetics, Test A

In Figure 2 it can be seen that during the first 15 min of contact the concentration of oil in the container
decreased considerably, and then remain constant when dealing with low concentrations. Figure 3 shows the
calibration curve of the fibre kinetics at a high oil concentration of 1692 mg L™, pH= 4.10, turbidity= 5245,
particle diameter of 2 mm, 350 mL volume without agitation and temperature of 25°C.
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Figure 3.African Palm Fiber Kinetics, Test B

In Test B (Figure 3) it is observed that the behavior in time is similar to Test A, showing that after 15
min and a significant decrease in concentration, it becomes constant.
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3.4 Soxhlet Analysis

At the end of the adsorption tests, a Soxhlet analysis was performed on African palm fibre, obtaining an
adsorbed oil concentration of 73 and 113.6 mg L™ and exchange rates of 37,283 and 6,714 for tests A and B,
respectively. The Soxhlet test confirms the low oil removal by residual fiber for high concentrations due to
material saturation with oil which obstructs the adsorption process; however for low concentrations it can be
said that the removal obtained from Soxhlet is higher compared to calculations made from the calibration curve,
because this curve was made from turbidity data, where adding fiber at low solution concentrations affected the
reading of the turbidimeter. The kinetic experiments conclude with an optimal contact time of 15 min, since the
concentration is maintained constant from this time onwards.

3.5 Statistical Processing

The experiments were carried out in duplicate, presenting the mean results with their standard deviation
by the StatGraphics program. Figure 4 shows in decreasing order the importance of the effects taken into
account in the experimental design. It is evident that the most important are the unitary effects, except for the B
effect (amount of fibre), it is important to highlight the impact that the CD and AC correlations have, (size-
agitation) and (concentration-size) respectively, since both relationships are synergistic, i. e. by joining two or
more variables that positively affect the experiments, the result is more favorable.
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Figure 4.Pareto diagram

Figure 4 suggests that the effect of residual fibre granulometry, in static or dynamic conditions, on
adsorption capacity is significant, however the combination of agitation and particle size is a key factor for
adsorption capacity.

3.6 Adsorption isotherms

Based on the results obtained during the experimental phase, two models of adsorption isotherms were
evaluated that allowed to know the behavior of the residual fiber from the extraction process of the African
palm, as an oil adsorber in emulsified wastewater, under the conditions in which the highest percentage of
removal was observed. Initially, a new experimental stage was carried out in which the adsorption of oil by
residual fibre was observed using only 2.5 g of oil with a diameter of 2 mm for 12 hours, an agitation of 80 rpm;
with oil concentration greater than 200 mg/L, to clearly evidence the adsorption isotherms.

Table 2 shows the decrease of the equilibrium concentration in the liquid phase with respect to time, for
an initial concentration of 1463 mg L™,
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Table 2.Balance concentration in the liquid phase.

t(h) | Cq(mg/L)
0.25 | 1293

0.5 1292

1 1291

2 1188

4 1073

6 793

8 63

10 63

12 63

3.7 Residual fiber oil retention capacity

166

Table 3 shows the oil retention in the adsorbent material; it is observed that the higher oil concentration
in the filtered solution increases the retention capacity of the material.

Table 3.Oiladsorptionpercentages

Cq (mg/L)

13,5

13,6

14

31,2

53,6

112

112

112

t (h)

0,25

0,5

4

6

10

12

La Figura 5 muestra la dispersion de los datos y el comportamiento de la capacidad de retencion versus la
concentracién en el equilibrio de la fase liquida.
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Figure 5.Adsorption isotherms, graph of experimental data
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Figure 5 shows that the curve resulting from the dispersion of experimental data has a behavior similar
to the isothermal type IV, which is characteristic of mesoporous solids and consists of an increase in the
adsorbed quantity, by means of a multilayer filling mechanism.

The experimental results of adsorption in residual fibre were used to determine the equilibrium
parameters of both isotherms. For this purpose, it was decided to use widely used adsorption models such as
Langmuir and Freundlich. The models allow us to know the maximum quantity that can be fixed on the
adsorbent for a given concentration in dissolution; that is, the modelling consists of looking for a theoretical
relationship between these two values: Ce (Concentration of the liquid phase in the equilibrium) and ge
(Capacity of exchange in the equilibrium).



Diofanor Acevedo et a/ /International Journal of ChemTech Research, 2018,11(05): 161-169. 167

3.8 Adjustment of the Adsorption models.

The parameters K_ (Constant equilibrium) and gma (Maximum number of molecules that can be
adsorbed) of the Langmuir isotherms, K¢ and n of the Freundlich isotherms and the regression coefficients were

obtained through graph Civs. éand logCeqVs. log g vs. q, respectively.
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Figure 6.Parameter calculation of isotherms for material particle diameter. (A) Langmuir (B)
FreundlichT

When talking about the Langmuir model, it is said that the favorability of adsorption depends on
parameter K. The previous table shows that the parameter has a value lower than the unit, which indicates that
adsorption in these experiments is favorable [15].

Table 4.Parameters of adsorption models

z Langmuir Freundlich
K. 0,0023 | --—--

Omax 20 |-

R 0,839 0,896

Ke |- 1,615

n |- 0,592

18 14

Ca/qig/l)
Cafe (afL)

0
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Figure 7.Adsorption isotherms: (a) Langmuir model. (b) Freundlich Model

Figure 7a is similar to class L isotherms containing Langmuir type curves. In these, there is no strong
competition from the solvent to occupy sites on the adsorbent surface or the adsorbate contains linear molecules
in its coordination sphere which leads to greater axial adsorption parallel to the surface. When performing the
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data dispersion with the Langmuir model, a setting of 0.9616 was obtained; and g=20 indicated that the
adsorption capacity is good, however the K, value is 0.0023, i. e. the adsorbate/adsorbent affinity is low. In the
Freundlich model, the favorability of adsorption is measured with parameter n, it is said that adsorption is
favorable if and only if n is smaller than the unit. Table 4 shows that the parameter has a value lower than the
unit, which indicates that adsorption is favorable, according to this model. The K¢ values are directly related to
the adsorption capacity of the material used, i. e. it indicates that the adsorbent has a high adsorption capacity
[16].

The dispersion of the data in Figure 7b, showed an adjustment of 0.9865, reaffirming the class L of the
isotherm and with the values obtained from n and Ky, the favorability in the adsorption process and the high
adsorption of the material used was demonstrated. Analyzing the regression coefficients, it is observed that the
curves have a good fit in both models; however, considering the predominant form of the obtained isotherms, i.
e. multi-layer filling and the greater adjustment coefficient, it can be affirmed that the oil adsorption in
emulsified waters with African palm residual fibre, is subject to the Freundlich model.

Conclusions

When the physical and chemical characterization of the material was carried out by FTIR, it was
observed that it has a hydrophobic chemical composition, reflected in the intensities and proximity to the bands.
The two methods applied to calculate the response variable make clear the non-applicability of the turbidity
reading method, since it prevents data analysis when agitation is applied. It was determined that the residual
fibre used can adsorb up to 85% of the emulsified oil in wastewater, using a particle size of 2mm, shaking at 80
rpm and adding a high amount of material. Bearing in mind the adsorption isotherms, it can be said that the
process is carried out by multi-layer filling, because the adsorption process became constant after 15 min, then
from 2 h started adsorbing again until at 6 h again presented a constant behavior, according to this the adsorbent
material is porous, porous meso-type. The best fitting model was found to be the Freundlich (multi-layer)
model, with which it was found that the highest oil retention capacity in the material was 112 mg g™.
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