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Abstract

Unactivated adsorbent was prepared from Moringa oleifera seed shells precursor, characterized and evaluated for
aqueous phase removal of phenol. The effects of operational parameters such as initial phenolic solution pH and
adsorbent dosage on equilibrium sorption were studied. Adsorption isotherms and kinetic experiments performed at
(25 °C) furnished some equilibrium and kinetic parameters, respectively. UAMSS shows favorable attributes on (pH,
bulk density, attrition, iodine number/surface area, surface charge/functional groups and Fourier transform infrared
FTIR). Phenol uptake decreases with increase in solution pH for the adsorbent. Maximum adsorption capacity Qmax
(mg/g) was (6.95). The optimal pH for phenol adsorption was attained at pH 3, adsorption kinetics obeyed closely
pseudo-second-order model. Adsorption of phenol was well described by Langmuir isotherm. The adsorbent shows a
promise of applicability in dephenolation of aqueous effluents/wastewater.
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1. Introduction

The increase in world population and intensification of industrial activities has made the field of environmental
pollution and other environmental problems key subjects of concern. There has been a huge increase in the manufacture
and use of synthetic chemicals since the beginning of the 20th century, which may lead to chemical contamination; these
include wastes from industrial chemicals production, metal plating operations, pesticide run off from agricultural lands,
and other industrial applications and productions [1]. All industries use specific chemicals or other raw materials to
produce their final products. Production usually involves many steps and processes, and each process is capable of
producing hazardous wastes. A waste is considered hazardous if it is reactive, ignitable, corrosive or toxic [2]. Phenolics
and other organic compounds in water are derived from the natural decomposition of plant and animal materials, from
industrial, urban, or agricultural pollutants and, from the reaction of halides (most often chlorine) with natural organics
during water treatment. Concentrations range from zero in protected ground waters to 10-30 mg/L in contaminated
surface water. Phenol, as an aromatic semi volatile hydrocarbon, is commonly present in waters, wastewaters of most
industries such as high temperature coal conversion, petroleum refining, resin and plastic, leather and textile
manufacturing [3]. Oil refineries, chemical plants, coke ovens, aircraft maintenance, laundry operations, paper-
processing plants, paint manufacturing, rubber reclamation plants, nitrogen works, and fiberglass manufacturing in
different ranges from 1 mg/L to 7000mg/L.
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Phenol constitutes 11th of the 126 chemicals which have been pointed as priority pollutants according to United States
Environmental Protection Agency [4]. In fact, the adverse effects of phenol have been observed on the central nervous
system, cardiovascular system as well as urino-genital systems of human being, often expressed by multiple symptoms:
convulsions, coma, cardiac disorders, respiratory failure and collapse [5]. The various methods for removal of phenol
from wastewater include steam stripping, solvent extraction, and oxidation, ion exchange, biodegradation and
adsorption methods [6]. Out of all these, adsorption methods are the most-widely used techniques and activated carbon
has been the predominant adsorbent all over the world [7].

However, due to its high cost and low regeneration capacity, since the last three decades, extensive research has been
directed towards investigating the adsorption characteristics and potentials of cheaper materials and solid wastes, such
as fly ash, maize cob, peat, soil, rice husk, sawdust, orange peel and so on [2, 8]. The specific objectives of this study
are to: (i) prepare and characterize physicochemical properties of adsorbents from locally sourced precursor - Moringa
oleifera seed shells (ii) assess the intensity of the adsorbent to remove phenol from aqueous phase under the effects of
different initial phenolic solution pH/concentration, adsorbent dose, contact time and temperature. (iii) Evaluate the
adsorption process in terms of isothermal variables, equilibrium and kinetics.

2. Adsorption experiment

2.1. Material and methods

Phenol (CsHsOH; MW = 94 g mol-!, PARK scientific Ltd UK; aqueous solubility = 8.2%; Amax = 270 ), sodium hydroxide
(NaOH), sodium carbonate (NazC0s3), sodium thiosulphate (Naz5203.5H20), potassium iodate (KIO3), iodine crystals (I)
Sulphuric acid (H2504), Hydrochloric acid (HCI) BDH chemicals limited England, sodium hydrogen carbonate (NaHCO3)
Griffin & George scientific wembly UK, potassium iodide (KI) Burgoyne and co India, Instrument include Fourier
Transform Infrared spectrophotometer (FTIR-8400S Shimadzu Japan), UV-visible spectrophotometer (Jenway-
6405UV, Japan), analytical weighing balance (Adam Equipment Co, Ltd US), muffle furnace (Carbolite, UK), mechanical
shaker (Heldolp Unimax 2010, Germany), thermostatic water bath (Clifton, UK).

2.2. Preparation and characterization of adsorbent

Moringa oleifera seeds were purchased from the Kaduna central Market, Kaduna state northwest Nigeria located on
Latitude 11210'N and longitude 72 38'E. The seeds were deshelled and the shells washed with tap water followed by
distilled water to remove dirt and air-dried. The adsorbent was further characterized physicochemically. Adsorbent pH
was determined by dispersing 1.0-g triplicate samples of the adsorbent for 4 hour and measuring the pH of the resulting
filtrate [9]. Bulk density was determined by the tamping procedure of [10]. Attrition was determined by a procedure
described by [10]. Adsorbent surface area was determined by the iodine adsorption number method during which, a
1.0-g portion of the adsorbent was slurried with an excess of standard iodine solution followed by back-titration of the
unreacted iodine with standard sodium thiosulphate solution [11]. A blank titration was also performed on an aliquot

of iodine solution not treated with the adsorbent. The iodine number, I’l,2 (i.e., amount in moles of iodine adsorbed per

g adsorbent) was calculated using equation 1; while the adsorbent surface area, A (m?g1) was calculated with the aid of
equation 2, a modified form of that of [11].

. Cszoaz' (Vb _Vs)

mJnnLgiy———Egﬁﬁﬁr—— (1)

C32032' (Vb _VS)

A(m?.g)=N
(M~ =N, 2x10°m,

o, (2)

where Cs 0.2 I8 the concentration of the thiosulphate (mol L-1); Vb and Vs are respectively, the titre values of the blank
23

and adsorbent-treated iodine solutions (L); ma is mass of the adsorbent used (1.0 g); No is the Avogadro’s number; and
0y, is the cross-sectional area of an iodine molecule (m2), given as 3.2 x 1019 m2. Titratable surface charge was

determined by the Boehm titrimetric method described by Van Winkle. Fourier transformed infrared (FTIR) analysis
was performed according to the manufacturer’s specifications.
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2.3. Formation of calibration curves

A 3 mL of the stock (1000 mg/L) phenolic solution was put in the cuvet and placed on the UV spectrophotometer. The
machine was scanned and the wavelength of maximum absorption (Amax = 270 nm) was noted. Next, working standard
phenolic solutions (20, 40, 60, 80 and 100 mg/L) were prepared by serial dilution of the stock (1000 mg/L). A plot of
absorbance versus concentration furnished the calibration curve (A = 0.013Ce; R2 = 0.999) from which the
concentration of phenol in real samples were calculate

1.6
1.4 A
1.2 A
1 4
0.8 -
0.6 | y=0.0139x
0.4 R? =0.9996
0.2
0 T T T T T 1
0 20 40 60 80 100 120
Phenol concentration mg/L

Absorbance

Figure 1 Calibration curve for UV-Visible Spectrophometric determination of phenol in aqueous solution (Amax = 270
nm)

2.4. Batch adsorption experiments

Standard phenolic solutions (0 - 100 mg/L) were prepared by serially diluting appropriate volumes of the stock (1000
mg/L) using distilled water. The effect of solution pH on phenol adsorption was studied by treatment of 50-mL aliquots
of phenolic solution adjusted to different pH (3, 5, 7, 9 and 11) with 0.5-g of the adsorbents for 4 hour at laboratory
temperature (25°C). The effect of adsorbent dosage was investigated by contacting different masses (0.5, 1.0, 1.5, 2.0
and 2.5-g) of the adsorbents with 50 mL of the phenolic solution at a given pH 6. Adsorption isotherms were developed
at temperatures (25°C) by dispersing separate 0.5-g portions of the adsorbents in 50-mL aliquots of each standard (0 -
100 mg/ L) phenolic solution with the aid of a mechanical shaker for 4 hour.

Adsorption kinetic experiments were performed by contacting 0.5-g portions of the adsorbents dispersed with 50-mL
aliquots of 100 mg/L phenolic solutions 10, 30, 60, 120, 180 and 240 min on a shaker at (25°C). Residual phenol
concentrations in the solutions before and after adsorption were measured using a UV spectrophotometer following the

manufacturer’s specification. In all cases, the amount of phenol adsorbed per gram of adsorbents, Qe (mg/g) and

removal efficiency, RE (%) were calculated using Equation (3) and (4), respectively.

C,-C )V
Qg = &=
2 (3)
RE(%):(COC_C]MOO 4)

where Co and C are the initial and residual phenol concentrations (mg/L), respectively, Vis the aliquot of phenol solution
used (L); and ma is the mass of adsorbent (g) used for a particular batch treatment.

3. Results and discussion

3.1. Physicochemical parameters of adsorbent

Some physicochemical characteristics of the experimental adsorbent is recorded in Table 1. And Figure 2 represent the
FTIR spectra of un-activated adsorbent. The UAMSS had pH of 4.6. This value is within the range recorded for activated
carbons from olive stones and walnut shells [22]. The bulk density (kg/m3) for UAMSS is 354.0+2.5; this value is higher
than the minimum requirement of (0.25g/mL) for application on the removal of pollutants from waste water [23].
Attrition Loss analysis provides us with valuable information on UAMSS for phenol removal. High attrition losses
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indicate that the adsorbents may be less effective and more expensive due to frequency of maintenance and purchase
of addition material. However, it is important to consider the coefficient of uniformity, which indicates the range of
particle sizes [24] the result shows that adsorbent UAMSS have acceptable attrition loss after preparation, hence are
good sources of materials for adsorbent preparation. The iodine number indicates the extent of microspores volume
distribution within the adsorbent matrices, hence the surface area. The iodine number (mol/g)/surface areas (m2/g)
7.1 x 10-4 + 0.0 and 159.9+3.5 for UAMSS, the surface charge are within the range (150 - 500m2/g) required for
wastewater treatment and removal of small molecules from aqueous solution [22].

Table 1 Selected Physicochemical Characteristics of un-activated Adsorbent from Moringa oleifera Seed Shells

Characteristic UAMSS

pH 4.6+0.0

Bulk density (kg.m) 354.0+2.5
Attrition (%) 29.0+3.0
Iodine number (mol.g1) 7.1x104%0.0
Surface area (m2.g1) 159.9+3.5
Surface charge (mmol H*eq.g'1)

NaOH 1.0+0.0
NaHCOs3 1.3+0.1
NazCOs3 1.5+0.0

TUAMSS = un-activated Moringa oleifera seed shells, mean standard deviation.

Titratable surface charge acidic groups (mmol H+ eq/g) were determined by the neutralizing with series of bases of
varying strength: NaOH, NaHCO3 and Na2CO3. The order of acidic groups on the surfaces of UAMSS was lactones,
carboxylic and phenolic other oxygen based acidic functional groups which may be found on the adsorbent surface
include carbonyls, anhydrides, ethers and hydroxyl [9, 23]
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Figure 2 Fourier Transform Infrared (FTIR) spectra of un-activated Moringa oleifera seed shells

FTIR analysis played important role in identify the characteristic functional groups on the adsorbent surface. The FTIR
spectra of the adsorbent Moringa oleifera as shown in Figure 2 .The FTIR analysis permitted spectrophotometric
observation of the UAMSS surfaces in the range of 4500 -500 cm™! and serve as a direct means for the identification of
the surface functional groups. The broad adsorption bands at 3391cm-! assigned to the -OH and -NH stretching
vibrations of hydroxyl groups and primary and secondary amides [12]. The band at 2928cm! is due to O-H hydrogen
bonded groups of the aromatic. C=C and C-H. Absorptions occur between 1437cm-! indicating the presence of Alkane,
alkenes [13]. The band 1257cm! is due to -NH primary and secondary amines and amides. The band at 1050cm-! is
due to C-0 vibration in C-OH. These changes observed in the spectrum indicated the possible involvement of these
functional groups on the surface of the adsorbent in sorption process.
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3.2. Effect Initial Solution pH on Phenol Removal

The adsorption capacity is influenced most by the pH of the solution. The pH of the solution primarily affected the
surface charge of the adsorbents UAMSS degree of ionisation and speciation of the phenol species in the study, which
may lead to change in kinetics and equilibrium characteristics phenol removal process [13]. The effect of initial solution
pH (Figure 4) was investigated over the pH ranges of 3 - 11 with the initial concentration of phenol fixed at 100mg/L.
The amount of phenol decreases with increasing pH for UAMSS. The highest phenol uptakes: UAMSS (8.3 mg/g) and
was recorded at pH 3; while the least UAMSS (1.81 mg/g) was achieved at pH 11.
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Figure 3 Effect initial solution pH on phenol adsorption onto un-activated adsorbent UAMSS

Phenol ionisation depends on the pH value and the ionic fraction of the phenolate ion (¢ionic). The phenolate ion can be

calculated using the following equation [14]. ¢i0n - 1+10 pKa-pH

(5)

As pH increases ¢ion increases and, therefore, the pH-dependent nature of phenol adsorption could be explained by the
fact that only the phenol molecules adsorb effectively onto surfaces of AMSS and CMSS through van der Waals
interaction whereas, the phenolate anions do not owing to their hydrophilic nature. The surface of UAMSS was
protonated at low pH values hence strong electrostatic forces of attraction with the negatively charged phenolate.
Phenol has pKa value of 10 at 25 °C, hence at high pH values it behaves as an anion. Adsorption at higher pH was less
due to repulsion [3]. Competition occurs between the OH- ions and the phenol molecules for sorption sites [15].

3.3. Effect of adsorbent dose on phenol Removal

This adsorbent dose determines the capacity of UAMSS for a given phenol concentration. This can furnish the phenol
adsorbate-adsorbent equilibrium systems. The phenol uptake per unit mass decreased with the increase in adsorbent
dose (Figure 4) ranging from 1.8 - 9.0 mg/g for UMASS. This trend may be explained based on mass balance relationship
in equation (3) [6]. At increasingly high sorbent dosages (0.5 - 2.5g), fixed initial concentration (100 mg/L) and fixed
aliquot volume (50 mL), the available phenol molecules are unable to cover all the exchangeable sites on the biosorbent,
resulting in low phenol uptake at high dosage [15, 3].

Finally, phenol removal efficiencies expressed as a function of only the initial and final concentration of phenol, on the
other hand, increase with increase with adsorbent dosage.
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Figure 4 Effect of adsorbent dose on phenol adsorption onto un-activated adsorbent UAMSS

3.4. Adsorption Kinetics

Contact time is an important parameter to determine the equilibrium time of adsorption process [17]. The
characteristics of Moringa oleifera seed shells and its available sites affected the time needed to reach equilibrium [24].
In this study, rate curve for aqueous phase removal of phenol on UAMSS is illustrated in Figure 5.

t/at

O P N W B U

0 100 200 300
time, t (s)

Figure 5 Rate curve of phenol adsorption onto un-activated adsorbent UAMSS

For adsorbent UAMSS, phenol uptake increased very rapidly within the first 50 min but slowed down beyond this point,
gradually phenol uptake was not increased significantly signifying that the process would not offer additional kinetic
advantage when contact times longer than 4hour were employed. The uptake of phenol diminished as equilibrium point
was attained.Experimental data for the aqueous phase removal of phenol on UAMSS as a function of contact time were
fitted into the Lagergren Pseudo-first- order and Blanchard pseudo-second-order kinetic models given by Equations (6)
and (7), respectively.

In( Qe - Qt) =In Qe - klt (6)

t 1 t

= 4
2
Qt kZQe QE (7)

Where Qe and Qt (mg/g), refers to the amounts of phenol adsorbed on the adsorbent un-activated carbon at equilibrium
and at a specified time, t (min). k1 (min-1) and k2 (g/mg.min) are the pseudo-first and pseudo-second-order kinetic are
the adsorption rate constant respectively. Figures 6 and 7 represent the plots derived by the corresponding models
while Table 2 records the kinetic parameters so generated.
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Figure 6 Pseudo-first-order kinetic for phenol adsorption onto un-activated adsorbent UAMSS
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Figure 7 Pseudo-second-order kinetic for phenol adsorption onto un-activated adsorbent UAMSS

Considering the phenol-UAMSS sorption system, based on the coefficient of determination, R? as seen from Table 2
therefore, the pseudo-second order model recorded the higher values (R? 0.997).relative to the pseudo-first-order
kinetic model.

Table 2 Kinetic parameters for phenol adsorption onto un-activated Moringa oleifera seed shells adsorbent @25°C

Adsorbent | Lagergren Parameters | Blanchard Parameters

UAMSS k1 (min-1) 0.019 K2 (g/mg.min) 4.37x10-3

R2 0.993 R2 0.997

3.5. Equilibrium adsorption capacities and isotherm profiles

Equilibrium data from adsorption experiments are usually presented in the form of an isotherm, which graphically
displays the ratio of sorbed to non-sorbed solute per unit mass of the adsorbent at constant temperature. Figure 8
display the isotherms for the aqueous phase adsorption of phenol on UAMSS adsorbent. At operating initial phenol
concentration (20 < Ce < 100 mg L-1) Removal efficiencies RE (%) UAMSS (50.29 < RE (%) < 78.15) were calculated
from the equilibrium adsorption data as the percent of phenol removed. Corresponding equilibrium adsorption
capacities, Qe (mg g-1) for UAMSS: 250C (2.10 < Qe < 6.98). The isotherm profiles are also noteworthy because they can
provide information regarding the nature and intensity of sorption for a particular adsorbate-adsorbent system.

The isotherms for UAMSS is somewhat L-shaped indicating that the intermolecular forces of phenol are comparatively

weaker than the sorptive forces, which implies that the activation energy of adsorption is independent of surface
coverage for optimum removal [21] .
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Figure 8 [sotherm profile for aqueous phase removal of phenol onto un-activated adsorbent UAMSS

Equilibrium data for the adsorption of phenol from aqueous phase on UAMSS were fitted into the linearized form of the
Langmuir and Freundlich isotherm models represented by

Equation (8) and (9), respectively.

c C 1
= +

Q Qu KQm ®

InQ, :iln C.+In K¢
b 9)

Were Q is the equilibrium amount of phenol adsorbed per unit mass of the adsorbent (mg/g), and C is the residual
concentration (mg/g). is the maximum amount of phenol adsorbed per unit mass of adsorbent (mg/g) corresponding
to complete coverage of adsorptive sites, KL(L/mg) is the Langmuir constant related to the energy of adsorption. KF is
Freundlich constant (mgl-1/nL1/n/g), related to the adsorption capacity and nF is a dimensionless empirical
parameter related to the adsorption intensity which varies with heterogeneity of the material [25]. A linear plot of C/Q
versus C gives the inverse of the slope as and KL is derived from the intercept; while a linear plot of 1nQ versus 1nC
gives the inverse of the slope as nF and intercept as KF. The Langmuir and Freundlich isotherm plots are presented in
Figure 9 and 10. The corresponding model parameters are recorded in Table 3.
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Figure 9 Linearized Langmuir isotherms for adsorption of phenol onto adsorbent UAMSS
Conformation of the experimental data into Langmuir isotherm model indicates the homogeneous nature of M. oleifera
adsorbents UAMSS surface, i.e. each phenol molecule /M. oleifera adsorbent adsorption has equal adsorption activation
energies [13]. The characteristic of the Langmuir isotherm are determined by the dimensionless constant called
separation factor, RL expressed as:

RL = 1/(1+KL.Co) (10)
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Were KL (L/mg) and Co (mg/L) retained their usual meaning as stated in equation (8). RL indicates the nature of the
adsorption process as follows: RL > 1, unfavorable, RL= 1, Linear, 0 < RL, Favorable, RL = 0, Irreversible. The RL value
recorded in the range of 0-1in this study is indicative of favorable adsorption for adsorbent UMASS. Similar observation
was reported by removal of phenol from aqueous solution by adsorption on yeast Saccharomyces cerevisiae [13], and
by the adsorption of phenol from aqueous media by an agro-waste Hemidesmus indicus based activated carbon [20]
and potential of tendu leaf for phenol removal in aqueous systems [12].
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Figure 10 Linearized Freundlich isotherms for adsorption of phenol onto adsorbent UAMSS

The Freundlich isotherm models propose that adsorbent surface is heterogeneous in nature, and that energies are
distributed at active sites on the adsorbent surface, this is accompanied by the interaction between adsorbed molecules.
From Table 3, the higher KF Freundlich constant value shows easy phenol uptake from the aqueous solution. Also the
higher value of nF reflects the intensity of adsorption hence signifies that the biosorbent surfaces is heterogeneous in
nature and high enough for effective separation [21].

Table 3 Isotherm parameters for phenol adsorption onto un-activated Moringa oleifera seed shells adsorbent @25°C

Adsorbent Langmuir Parameters Freundlich Parameters

UAMSS Qo (mg/g) 6.95 KF (mgl-1/nL1/ng-1) 1.295
KL (L.mg-1) 0.0584 nF 2.347
RL 0.2551 R2 0.919
R2 0.980

Table 4 Summary of Selected Studies on Phenol Adsorption by Adsorbents

Biosorbent Qo (mg/g) | Reference
Organobentonite 38 [20]
Dry sewage sludge 16 [18]
Tendu leaf 8 [12]
Saccharomyces cerevisiae 27 [13]

Ammonium chloride-Treated Moringa

oleifera seed shells 10 [10]
Carbonized Moringa oleifera Seed Shells 13 [10]
Un-activated Moringa oleifera seed shell 6.95 this study

88



GSC Biological and Pharmaceutical Sciences, 2020, 13(02), 080-090

4., Conclusion

Un-activated adsorbent prepared in this study showed good physicochemical attribute and adsorptive behavior
towards phenol removal. The equilibrium data fitted very well with Langmuir isotherm as per phenol uptake.
Adsorption kinetics obeyed the Blanchard pseudo-second-order kinetic model. From all indication, these adsorbent
when used in a large scale may find potential use in phenol removal from aqueous effluents and wastewater.
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