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Abstract

Polycyclic aromatic hydrocarbons are primary organic components of crude oil, coal
and other related substances. When disposed to the environment as waste by-products of
refineries and coal plants, they contaminate the soil and water, causing harm to human,
plants and other organisms. A simple but cost-effective technique of removing PAH at
source points is how a major challenge to environmentalists. In the present study, the
validity of removing selected PAH compounds - Benzo(k) fluoranthene, Acenaphthene,
Fluoranthene, and Pyrene in a dynamic adsorption (flow through packed column) method
was studied between 1000 to 1200mins using activated cassava and plantain peels(ACP
and APP) as adsorbents. Results show high steep slope curves indicating delayed
breakthrough and high adsorption of PAH. Whereas the flat breakthrough curves and
high adsorption of PAH compounds were observed at low inflow rate of PAH solutions
into the column, high inflow rates produced high steep breakthrough curves and low
adsorption of the compounds due to inadequate contact with the adsorbents. The
adsorption process was found conforming with the kinetic models of Yoon-Nelson, Adam-
Bohart and Thomas. It was established, from these results that the activated biosorbents
(ACP and APP) used as adsorbents reasonably reduced the PAH compounds, with
activated cassava peel (ACP) proving more efficient than that of plantain peel (APP).

Keywords: Adsorption, Kinetic models, PAH, Plantain, Cassava, and Column
experiment

1. Introduction

Anthropogenic sources of Polycyclic Aromatic Hydrocarbon compounds (PAHS)
originate mainly from petroleum refineries, fossil fuel, power plants (coal, oil), paper
mills, wood products and other related manufacturing Industries [1, 2, 3]. Other pathways
include; oil spillage, aerial fallout, and through storm water runoff of PAH polluted areas.
Wastes from these sources are discharged into land or water bodies, destabilizing the
natural ecosystem. Record has it that United State Environmental Protection Agencies
(USEPA) made a list of 16 PAHs on a priority pollutant list tagged EPS 16 PAHSs [4, 5].
Due to recalcitrant tendencies of these PAH compounds, they bio-accumulate in the soils
and plant tissues leading to plant contamination and consequently transfer to humans and
animals through food chain. In aquatic environment, majority of PAH compounds result
to liver neoplasia in fishes [6]. In human, the adverse health effects caused by these
compounds range from minor eye irritation to major health complications such as cancer
[7, 8]. Previous studies revealed that most PAH compounds are resistant to biological
degradation as a result of their high molecular weights and also not efficiently removed
by conventional physicochemical methods such as coagulation, flocculation,
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sedimentation, or ozonation process [7]. With these potential hazards associated with
PAH compounds and the seeming inability of the above mentioned methods to provide
enduring treatment system, it is expedient to proffer cost effective and rapid treatment
mechanisms capable of reducing the compounds to the barest minimum. Although,
conventional treatment systems such as membrane process, reverse osmosis, ultrafiltration
and sorption filtration processes using silica gel, zeolites, and alumina materials were
implemented in the past with reasonable level of successes in addressing issues of
pollution of PAHs and other related compounds but had major drawback of high cost of
material and operation [9]. Most recently, focus has been on adsorption process with the
use of activated carbon to remove persistent organic carbon polluted wastewater. Soluble
organic substances in water, which cannot be removed during conventional biological
treatments or be precipitated during chemical coagulation/flocculation process, can be
removed by adsorption on activated carbon. Adsorption on activated carbon has been
found to give 60% removal of organic substances like 2-Methyl-isobormeal and many
micro pollutants like chlorinated pesticides, phenols, etc., [10] but high cost and difficulty
in regeneration of the activated carbon material after adsorption process remain a major
drawback [11]. Recently, low-cost agricultural by-products have been proven as
alternative adsorbents. They are ubiquitous, they have high sorption affinity, ease of being
modified as adsorbent material of high efficiency, etc. [12]. A number of agricultural
waste products have been developed as adsorbents to remove types of organic and
inorganic pollutants of varying concentrations from wastewater [13, 14, 15, 16, 17, 18].
Of interest are the activated cassava and plantain peels (ACP and APP). These two
adsorbents have also been applied in the removal of organic and inorganic pollutants.
APP has been used to remove Cu(ll), Pb(Il), Cd(Il), Zn(Il) from wastewater [19, 20, 21,
22]. Also in the past, [23] (Olayiwola, et al., 2013) used ACP in treating wastewater
effluents, [24] Kigho, et al., 2016 compared the adsorptive capacities of fermented and
unfermented activated cassava peels in the treatment of refinery wastewater effluents.
Parvath, et al., 2011 [25] studied the removals of Malachite Green using activated cassava
peel. Although these applications yielded significant wastewater treatment results, but
little attention has been given to the validity of applying APP and ACP adsorbents to
remove PAHs compounds from polluted water. In the present study therefore, activations
of cassava and plantain peels and investigations on their efficacies in treating PAH
polluted water were carried out.

A prominent bitumen refinery situated at Oyigbo South-South Nigeria channels its
effluent into a nearby wetland. The waste has devastated the entire wetland and the nearby
creeks, with visible traces of bitumen on the surface of the water bodies. Bitumen is
composed mainly of highly condensed Polycyclic Aromatic Hydrocarbons (PAHS).
Studies have shown that PAHs have been documented to cause several health problems
[18]. It is important to safe guard the wetland from the pollution-induced destruction by
the refinery effluent through the provision of low cost and effective treatment system.
This study therefore, aims to assess the validity of applying APP and ACP adsorbents to
remove some selected PAH compounds from the bitumen refinery effluent.

2. Materials and Methods.

2.1. Effluent Water Sample Collection and Analysis

Water effluent samples from the bitumen refinery were collected in three replicates for
analysis. The samples were analyzed for the sixteen PAHs on a priority list of pollutants
usually referred to as EPA 16 PAH [5]. The analysis was carried out using Gas
Chromatography (GC) method equipped with a Flame lonization Detector (FID).The
average values of various PAH in the respective samples were used as the initial
concentrations used in the dynamic adsorption simulation.
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2.2. Adsorbent Preparation and Activation

Plantain and cassava peels were collected from the market in Aba Abia state. The peels
were washed, sun dried for 72 hours, further dried at 110°C for 24 hours with SANFA
DHQ-9101-1 SA. The dried peels were ground separately and sieved to a size of 425um.
Thereafter, 200 g of each dried, ground and sieved peel was put in separate flask
containing 550 ml of HCI and stirred until a paste is formed. The paste was oven dried at
110°C for 48 hours when complete dryness was achieved. After cooling, the adsorbents
were washed with distilled water to achieve P" neutrality of 7 before drying, final
grinding and sieving took place.

2.3. Characterization of the Adsorbents

Bulk density, porosity, ash content, surface area, particle size, cellulose and PH were
determined using standard methods, the functional groups and pore sizes of the adsorbents
were determined before and after the simulation using Fourier transform infrared (FTIR)
spectroscopy and Scanning electron microscopy (SEM) respectively.

2.4. Experimental Procedure

A scinter glass filter of stainless steel was placed at the bottom of the glass column
4.5cm diameter and 25cm height used for this experiment. Also, a glass wool was placed
above the glass filter to forestall the loss of the adsorbent. Subsequently, 20g of ACP was
introduced into the set-up and compressed to 12cm before the 100ml wastewater effluent
of pre-determined initial concentration from the bitumen refinery was poured to the brim
of the cylinder clamped with a retort stand. With the help of the prestaltic pressure pump,
the wastewater passed through the column and exited as effluent at 10ml/min into the
beaker.

Wastewater reservoir

Clam =
P Glass = {
Adsorption Columg E |5
=
= Peristaltic
Glass wool — Pressure pum
Scinte ; N
glass Filter . S . 8,
Qi Stopper | = -
Retort Cork |
Stand Beakers £ J -
[ 1 / K2 — /E

Figure 1. Set-up for the Column Experiment

The effluent was collected at different time intervals for analysis until at breakthrough
concentration. The set-up is show on Figure 1. The experiment was repeated at varying
bed heights of 9 and 6¢cm and at the flow rates of 5 and 3ml/min. The same experimental
procedure was carried out using ACP as adsorbent
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2.5. The Kinetic Analysis of the Data

The dynamics of flow and adsorption of PAH compounds on the two adsorbents (ACP
and APP) under study were investigated based on the data obtained. Use was made of the
Yoon-Nelson, Thomas and Adam-Bohart models for the analysis. The data obtained from
the column experiment were analyzed by the models based on the concentration ratio

(Ct/co) of the adsorbing compounds and time of adsorption.

2.5.1 Yoon-Nelson
The linearized form of this model is stated as follows,

C
In (Co_:ct) = KYNt - TKYN ......................................... (1)

The data obtained from column experiment were put into this model to study the
breakthrough behavior of PAH compound through ACP and APP adsorbent materials.
The model parameters which are defined as ; kYN (min—tt), the rate constant and z, the
time required for 50% adsorbate breakthrough were determined in relation to PAH
adsorptions on the adsorbents by plotting In (C/Co-C:) versus time..

2.5.2. Thomas Model

The Model was used in a linearized form to assess its suitability to the obtained data.
The linearlized form of the equation is expressed as follows;

Co Kthdo
(22— )=%—chot ............................................... @)

t
Where K, q, C,, Ci, t and m represent the Thomas rate constant, maximum uptake

capacity of the PAH per g of the adsorbents, inflow and outflow concentration of the
PAH, time of adsorption and mass of the adsorbents respectively. K, and q, Model
parameters were determined through the slope and gradient of the curve obtained by

plotting CC—" Vs t . The parameter values were obtained at various inflow rates and PAH
t
components,

2.5.3. Adams Bohart

Adams Bohart model was also used to describe the breakthrough curve of the sorption

process. The model is expressed as follows;

Co Z
ln (C_ - ) = KABNO ; - KABCOt ........................................... (3)

t
Where the following; K45, N, C,, Ct, t, Z and F represent Adam-Bohart rate constant,

maximum concentration, initial concentration, concentration at time, t, bed height and

inflow rate respectively. Plots of In (% — 1) Vs t at varying flow rates and constant bed
t

height produced slopes and gradients in which the model parameters(, N,, and K, )
describing the performance of the sorption column were determined.

3. Results

3.1. PhysicalCharacteristic

Table 1 shows the physicochemical properties of ACP and APP. There were glaring
variations in the values of the physicochemical parameters of the two adsorbents. APP
seems to have higher bulk density and ash content than ACP whereas ACP has higher
porosity, surface area, cellulose values than APP
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Table 1. Physical Characteristics of Adsorbents (ACP and APP)

ACTIVATED ACTIVATED
S/N PARAMETERS CASSAVA PEELS PLANTAIN PEELS
1 Bulk Density, g/cm?® 0.596 0.666
2 Porosity 0.46 0.43
3 Particle Size, um 425 425
4 Surface Area, cm?/g 236.87 211.98
5 Ash Content, % 2.46 4.47
6 Cellulose,g/g 0.39 0.28
7 pH 6.3 5.9

Results of the surface chemistry of the two adsorbents involving pore sizes and the
functional groups before and after column adsorption simulations were shown Figures 2a-
b and 3a-b respectively. Looking at the figures, fibrous materials have rough edges and
irregular surfaces in both adsorbents. However, larger pore space distributions were
observed on SEM microgram of ACP than on that of APP. It has been observed that
numerous pore space distributions suggests high adsorption capacity [22]. On further
magnification of SEM microgram of both adsorbents after simulation, the pore spaces
disappeared, revealing ridges.

(b)

Figures 2. a and b SEM Micrographs of ACP before Adsorption and after
Adsorption
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Figures 3a-b. (3a) SEM Micrographs of APP before Adsorption and (3b) after
Adsorption

The absence of pore spaces indicated coverage of the pores by PAH molecules. In
ACP, the pore spaces were virtually absent because of total coverage of PAH molecules
whereas partial coverage was observed on PAH molecular cloud.

Adsorption capacity of the adsorbents;

Studies on adsorption capacity of ACP and APP to determine the amount of
pronounced PAH compounds (Benzo(k) fluoranthene, Acenaphthene, Fluoranthene, and
Pyrene) adsorbed on the two adsorbents were carried out and the trends of adsorption
were shown on Figures 4a-d. Generally, adsorption capacity of the adsorbents decreased
with time until at saturation point when adsorption attained equilibrium. However, there
were glaring variations in abilities of the adsorbents to uptake PAH compounds. In the
figures, PAH adsorption curves for ACP is less steep than that of APP, suggesting that
PAH compounds had longer contact time with ACP adsorbent with consequent high PAH
uptake. Adsorption affinity for various PAH compounds to the adsorbing materials (ACP
and APP) is represented on Figure 5a-b. The result shows that the adsorption affinity of
PAH compounds are at variance with one another. Acenaphthene has the highest affinity
with Fluoranthene having the least affinity to both ACP and APP.
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The order of adsorption affinity of the PAH compounds is represented as;
Acenaphthene>Benzo(k)fluoranthene>Pyrene, >Fluoranthene.

3.2. Chemical Characteristic

The FTIR spectra of ACP and APP adsorbents before and after adsorption are shown
on Figures 6a-b and 7a-b respectively. Several Adsorption bands were observed in FTIR
spectra of the two adsorbents. In ACP spectrum, distinct adsorption bands between 553.59
cm? and 659.68 cm?, 1026.16 cm® and 1243.16 cm’,1545.03cm™ and 1640.51cm™,
3216.41 cm™ and 3378.43 cmcorrespond to C-Br stretch vibrations, C=0 stretch, N-H
deformation and O-H stretch respectively were prominent.

These functional groups are ready binding and oxidative sites for hydrocarbon [4, 15,
16, 7]. After adsorption of PAHSs, glaring changes were observed on the ACP spectrum.
New peaks were observed, some peaks were shifted while some completely disappeared.
These changes signify interaction with the adsorbate (PAHSs). Alkyl halides, alkenes,
alkynes, amino and nitro compounds were observed after adsorption as against the
presence of carboxyl, hydroxyl and carbonyl groups (adsorptive sites) observed before the
sorption process. It was obvious that chemical reactions of oxidation and reduction with
PAH compound and displacement of certain substances took place in the course of
adsorption [22]. Also, peaks at 1026.16 cm™and 3216.41 cmrepresenting C=0 and O-H
were completely absent after adsorption.
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(a) (b)
Figure 6a-b. FTIR Spectra of ACP before (6a) and after (6b) Adsorption
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Figure 7a-b. FTIR Spectra of APP before (7a) and after (7b) Adsorption

3.2. Breakthrough Curves of Various Adsorbents

Unlike the batch process, adsorption equilibrium in column or fixed bed is continuous
because not every section of the bed gets saturated at the same time. If a solution is
introduced in the fixed bed or column, it creates a wave front as it moves down the
column. Overtime, saturation and mass transfer zones are formed in the column as the
solution moves through the column. The section of the column which has been
completely covered by the wave front that is, behind the wave front is referred to as the
saturated zone. Sections of the fixed bed partially covered by the wave front are termed
the Mass transfer zone. Unlike in the saturated zone, adsorption process is usually in
progress at this zone until it is completely saturated. As the mass transfer zone moves
forward towards the out let of the column, it leaves behind zones of saturation until at a
point the entire column is fully saturated. At this point equilibrium of the fixed bed is said
to have been attained, hence the breakthrough point. The pattern of movement of mass
transfer zone through the fixed bed is represented as the breakthrough curve. In this study,
breakthrough curves were studied by loading of PAH compound in various ACP and APP
packed beds at varying bed heights and flow rates

3.2.1. Influence of Bed Height

The PAH compound polluted wastewater was loaded into the adsorption column at
varying bed heights of 6cm,9cm and 12cm to study the breakthrough curves at various
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bed heights. Figures 8a-b show variations in the shape of the breakthrough curves for
ACP and APP adsorbents. For brevity, the figures only show that of Acenaphen. The
steepness of the breakthrough curves seem to vary inversely with bed heights. From the
figures, Curve steepness is high at bed height of 6cm and decreased through 9cm to the
lowest at bed height 12cm.

1.2 12
@
8 ®6cm g ©6cm
’ ©9cm ©9cm
12cm 12cm
0 1000 2000 3000 time(mins) 0 1000 2000  time(mins)
Figure 8a. Effects of Varying Bed Figure 8b. Effects of Bed Hieghts
Hieghts on Acenaphen on the Breakthrough Curves of
Adsorption onto ACP Adsorption of Acenaphen onto

APP

3.2.2. Effects of Flow Rate

Breakthrough curves obtained by varying the inlet flow rate of the PAH polluted
wastewater into and through the packed column ACP and APP adsorbents are show on
Figures 9a-b. Again, for brevity, only breakthrough curves for Acenaphen are shown. The
inlet flow rates varied at 3, 5 and 10ml/min produced different shapes of breakthrough
curves.

9 .
§ ©3ml/min ©3ml/m|n
©®5ml/min ©5ml/min
1omi/min 10ml/min
0 500 1000 TIME(MINS) 1000 2000
TIME (MINS)

Figure 9a; Effects of Flow Rate on
Breakthrough Curves for
Acenaphene APP

Figure 9b; Effects of Flow Rate on
Breakthrough Curves for
Acenaphene ACP
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The highest flow rate of 10 ml/min resulted to quick breakthrough of the wastewater
hence high steep breakthrough curve. At lower inlet flow rates of 6ml/min and 3ml/min
PAH compounds experienced slow breakthrough with low breakthrough curve steepness.
The packed bed column experienced the slowest breakthrough hence lowest breakthrough
curve steepness at inlet flow rate of 3ml/min

3.2.3. Kinetic Study

The results of the kinetic study showing the values of model parameters determined at
various inlet flow rates and bed heights are presented on tables 2-4. The values for Yoon-
Nelson model parameters varied significantly among various adsorbents, PAH
compounds and input variables. For example, time required for 50% breakthrough,
increased with decrease in the flow rate values at constant bed height. The rate constant,
Kyn seems to decrease with decrease in flow rate. Also, higher Kyn values were observed
during sorption process of the investigated PAH with ACP than APP adsorbent.
Correlation coefficient values were equally high in all the sorption runs with the
adsorbents (PAHS).

Table 2. Yoon - Nelson Model Parameters
Benzo(k)fluoranthene

Flow T (Min) Flow Kvn 1 (min) | R?
Rate Kyn R? Rate
(ml/min) (ml/min
ACP APP
10 10 0.025 122 0.935
0.040 130 0.971
5 5 0.030 145 0.949
0.034 169 0.983
3 3 0.029 160 0.972
0.034 178 0.976
Acenaphthene
ACP APP
Flow Kyn T R2 Flow Kyn T R2
rate(ml/min) (min) rate(ml/min) (min)
10 0.036 | 136 0.992 10 0.035 125 0.991
5 0.034 | 183 0.978 5 0.030 151 0.977
3 0.034 | 196 0.994 3 0.033 164 0.981
Fluoranthene
ACP APP
Flow Kyn t(min) R? Flow Kyn t(min) R?
rate(ml/min) rate(ml/min)
10 0.037 | 159 0.990 10 0.033 133 0.955
5 0.038 | 179 0.983 5 0.035 157 0.966
3 0.031 | 201 0.992 3 0.034 193 0.964
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. Pyrene
ACP APP
Flow Kyn T R2 Flow Kyn T Rz
rate(ml/min) (min) rate(ml/min (min)
10 0.045 | 148 0.982 10 0.033 131 0.978
5 0.036 | 193 0.993 5 0.034 155 0.987
3 0.034 | 193 0.980 3 0.033 188 0.976

Thomas model parameters shows that the Values of maximum uptake capacity (q,)
and rate constants(K;,) of various PAH compounds are higher in ACP than APP. The
values of (q,) increased with decrease in the in-flow rate of PAH solution but rate
constants(K;,) values inversely related with inflow rates. In addition, reasonable model
fitness to the data was also observed with high values of correlation coefficient. Among
the adsorbates, that is the PAHs understudy, variations in (q,) and (K;,) were also
observed. Although with slight difference, the maximum uptake capacity of the PAHs
among each adsorbent (ACP and APP) was observed but the uptake capacity values were
quite phenomenal when juxtapose with the two adsorbents.

Table 3. Thomas Model Parameters

Benzo (K) fluoranthene

ACP APP
Flow rate | Ke(ml/ | qo R? Flow Kr(ml/ | qo R?
Q(m/min) | min/m | (mg/g rate min/m | (mg/qg)
9) ) Q(m/mi | g
n)
10 0.097 | "19.13 | 0.971 10 0.034 15.56 0.822
5 0.082 | 29.05 [ 0982 |5 0.058 15.07 0.907
3 0.082 | 39.99 | 0976 |3 0.058 52.37 0.942
Acenaphthene
ACP APP
Flow K+(ml/ | qo R? Flow Kr(ml/m | go (mg/g) | R?
rate min/m | (mg/g) rate in/mg
Q(m/min | g) Q(m/min
) )
10 0.098 19.04 |0.971 |10 0.034 13.56 0.992
5 0.092 20.87 0982 |5 0.058 20.07 0.978
3 0.092 29.06 [0.976 |3 0.058 22.37 0.994
Fluoranthene
ACP APP
Flow rate | Kr(ml | qo R? Flow rate Kr(ml | qo R?
Q(m/min) | /min/ | (mg/g) Q(m/min) | /min/ | (mg/g)
mg) mg
10 0.11 "13.9 0.990 | 10 0.067 12.84 0.970
5 0.11 1956 | 0983 |5 0.087 16.83 0.985
3 1.80 31.98 | 0.992 |3 1.093 19.26 0.971

Copyright © 2018 SERSC Australia

139



International Journal of Advanced Science and Technology

Vol.111 (2018)
Pyrene
ACP APP
Flow rate | Ke(ml/ | qo R? Flow rate | Ky(ml | go R?
Q(m/min) | min/m | (mg/g) Q(m/min) | /min/ | (mg/g)
g) mg
10 0.10 18.79 | 0.982 | 10 0.070 19.11 0.911
5 0.11 16.57 | 0993 |5 0.087 12.36 0.975
3 0.14 50.18 | 0.980 |3 0.11 20.09 0.982

Adams Bohart model analysis of the data shows that the maximum concentration of
sorbed PAH compound onto various adsorption materials relates inversely to the inflow
rate of the solution. The maximum concentration(N,) of PAHs sorbed onto ACP was
higher than that of APP. There were also variations of Adams Bohart constant(K,z) with
the adsorbents and adsorbates. (K z)Value increased with decrease in the flow rate but
increased with the value of maximum concentration. The values of the correlation
coefficient indicate a good fitness of the experimental data with the model.

Table 4. Adams—Bohart Parameters

Benzo(k)fluoranthene
Flow Up | K 48| Np Co R? Flow Up | K 48| No Co R?
Rate Rate
(ml/min) (ml/min
APP
ACP
10 2.15 77 | 0.41419 | 0.954 | 10 2.15| 0.034 | 69 | 0.41419 | 0.822
0.046
5 1.71 78 | 0.41419 | 0934 | 5 1.71 | 0.058 | 72 | 0.41419 | 0.907
0.056
3 1.44 | 0.062 | 80 | 0.41419 | 0.938 | 3 1.44 | 0.058 | 77 0.942
Acenaphthene
ACP APP
Flow K 4 NJ Cop R? Flo | Uy No| Co R?
rate(ml/ | Uy w K 45
min) rate(
ml/
min)
10 2151 005 | 6| 0368 | 0941 | 10 | 2.1 | 0.05 | 62 | 0.991 | 0.975
2 7 24 5 4
5 171 | 006 | 7 | 0.368 | 0940 | 5 1.7 | 0.07 | 66 | 0.977 | 0.962
5 3 24 1 1
3 144 | 0.07 | 7 | 0.368 | 0.967 | 3 14 | 0.07 | 69 | 0.981 | 0.975
1 4 24 4 9
Fluoranthene
APP | ACP
Flow | Uy | K 4 No| Cop R?2 | Flow | Uy | K 44 No Co R?
rate rate
(ml/mi (ml/
n) min)
10 215]0.06 | 59 ] 0.3451 | 092 | 10 | 66 | 0.06 | 159 | 0.3451 | 0.97
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7 9 5 1 9 0
5 1.71 1 0.08 | 62 | 0.3451 | 0.96 5 66 | 0.08 | 179 | 0.3451 | 0.98
7 9 1 1 9 5
3 1.4410.07 | 73 | 0.3451 | 0.98 3 72 | 0.07 | 201 | 0.3451 | 0.97
8 9 8 1 9 1
Pyrene
ACP APP
Flow | Uy | K 4{ No| Co R? |Flow | Uy | K 45 No| Co R?
rate rate
(ml/ (ml/
min) min
10 |21 |0.08 |57 |0.3248 | 0.88 | 10 | 2.1 |0.071 | 5 | 0.03248 | 0.91
5 0 9 9 3 9 1
5 1.7 | 0.08 | 64 | 0.3248 | 0.94 5 1.7 1 0.083 | 5 | 0.03123 | 0.97
1 0 9 0 1 8 2489 5
3 14 | 0.09 | 68 | 0.3248 | 0.97 3 14 10.011 | 6 | 0.03248 | 0.98
4 2 9 5 4 6 9 2
4. Discussion

4.1. Physical Characteristics

The difference in the property values of these adsorbents could be attributed to
different physical and chemical constitution of the two adsorbents. When compared with
the values of ACP and APP properties found in the literature [25] [22][18] [13][21] ,
variations were also observed due to carbonation effects , activation level and difference
in the species of the cassava and plantain. It has been reported that the properties of
adsorbents and the adsorbing material have overriding influences on the adsorption
capacities of the adsorbents [22]. Previous studies attributed the seeming uptake
difference to variations in physical and chemical constitutions of the adsorbents. In this
study, ACP has more cellulose, porosity and surface area than APP as presented on table
1.

4.2. Adsorbent Physical Characteristics and Adsorption Capacity

These properties contributed to the apparent high adsorption capacity observed in ACP
adsorbent because the cellulose provides high binding ability due to its rough nature [5].
Also, large hydraulic pore sizes observed in ACP adsorbent encouraged easy diffusion of
the adsorbate [17] and its large surface area increased the possibility of surface
heterogeneity which consequently provided greater potential for effective adsorption.
Similar observations were abound in the study of [21]Olayiwola (2013).The glaring
difference in pore space sizes and distributions observed in the results of the study surface
chemistry of the adsorbents could be attributed to the natural effect of different adsorbent
species. Previous studies affirmed that the capacity to adsorb any substance is essentially
a function of the pore space distribution of the adsorbent, indicating that large pore size
distribution encourages high adsorption capacity because the pore spaces create
adsorption sites [22][17]. Similar observations were made in the study of Uzoije et al
2015b[20], Annadurai et al 2012 [12], and Oyekunle et al 2013[18].This buttressed the
high adsorption capacity of ACP observed in the present study as against the APP which
has lower pore space distribution. The reduction of the pore spaces after adsorption
simulation indicates pore space coverage of various adsorbents by PAH molecules. The
apparent disappearance of the pore spaces observed in the SME microgram of ACP
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further attests to the fact that more of the PAH molecules adsorbed onto the adsorbent. On
the other hand, the partial PAH molecular cloud coverage on the pore spaces observed on
the APP SEM microgram is an indicative of weak adsorption ability. The downward trend
of adsorption affinity of the PAH molecules (Benzo(k)fluoranthene, Acenaphthene,
Fluoranthene, and Pyrene) to ACP and APP with time, boarders on the saturation of the
pore spaces or adsorption sites. As adsorption of PAH molecules on ACP and APP
adsorbents retrogresses with time at a point, the entire adsorption sites become saturated
and unable to uptake further molecules. ACP has more adsorption sites thus providing
more platforms for strong affinity of the molecules than APP adsorbent. Previous studies
[23][11] alluded to the availability of large pore size distribution and adsorption sites
shown on ACP SEM microgram to the prevailing condition. On the other hand,
adsorption curve for APP is steeper than ACP adsorption curve, implying that PAH
compounds made less contact with ACP adsorbent. This might be attributed to limited
active adsorption sites occasioned by low pore size distribution observed during APP
surface study. The present scenario proofed less APP affinity for PAH molecular cloud
and less adsorption capacity of APP adsorbent for PAHs. This explains different surface
saturation periods of the adsorbents evident on adsorption capacity curves shown on
Figures 5. Also, Properties of the PAH molecules play pivotal role on the amount of
molecules adsorbed by the adsorbents. This assertion is buttressed in this study where
various PAH compounds adsorbed at varying rate and quantity in both adsorbents as
shown on Figure 6a-b. The figures, revealed that Acenaphthene showed more affinity for
adsorption than the other PAHs compounds and by implication has higher adsorption
amount.  Acenaphthene>Benzo(k)fluoranthene>Pyrene, >Fluoranthene. The perceived
trend of adsorption affinity is in consonant with solubility of the PAH compounds. Due to
low solubility, Acenaphthene and Benzo(K)fluoranthene precipitated thereby making
their particles available to adsorption. On the other hand, Fluoranthene and Pyrene are
highly soluble therefore remain more in solution. Under this condition there were fewer
amounts of Pyrene and Fluoranthene available for adsorption. However, Fluoranthene is
more soluble than Pyrene by virtue of structural arrangement. Fluoranthene has non-
alternate arrangement hence more soluble and less susceptible to adsorption as indicated
on Figures 6a and 6b. In contrast, Pyrene has alternate structural arrangement therefore
less soluble than Fluoranthene [16] and by implication more susceptible to adsorption
onto solid phase [17]

4.3. Adsorbent Chemical Characteristic and Adsorption

On the FTIR spectra of ACP and APP, the changes in the adsorption bands, shifting
and erection of new peaks and complete disappearance of peaks indicated possible
involvements of functional groups in the sorption process of PAHs. The main adsorption
bands found in the FTIR spectrum of APP were within the peak ranges of 598.92 cm
1029.06 cm™* 1435.09 cm™* 1634.73 cmt 3254.02 — 3451.73cm*representing C=0 stretch,
C-C (alkane ring), N-H group, C-H stretch and O-H stretching vibration of hydroxylic
functional groups with hydrogen bonding respectively[15]. The functional groups have
strong affinity for hydrocarbons [14] and are likely to adsorb and react with PAHs. To
affirm the possible interaction of PAH compounds with the adsorption sites of APP
adsorbent, some peaks shifted, some were completely absent while new ones were
observed after adsorption. These changes are captured in Figure4b.The presence of new
adsorption bands representing , alkyl halides, alkenes, alkynes, amino and nitro
compounds was attributed to chemical reactions of adsorbing material and the adsorbent
[24]. Due to displacement of the carboxyl and hydroxyl groups, band at 1154.61cm1 and
722.04cm* depicting CH2-1 group and C-ClI stretch respectively [5] were also observed.
The peaks at 1026.16 cm™ and 3216.41 cm™ representing CO and OH lost their intensity
perhaps, due to their participations in the adsorption process [24].
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4.4. Kinetics of PAH Adsorption and Breakthrough Curves

Breakthrough patterns of PAH substances through various packed columns of ACP and
APP observed with respect to changes in bed heights and flow rates were represented in
the breakthrough curves. The apparent curve steepness variations observed among
different bed heights are attributable to differences in breakthrough times of wastewater
through various bed height columns or exhaustion times of bed materials because it took
longer time for the PAH polluted wastewater to breakthrough the high bed height column
due to long contacts with bed materials. Also, in high bed height, large surface area of the
adsorbent material is usually provided which makes binding sites available for adsorption
[20]. This implies that there was fast wave front movement of the PAH polluted
wastewater through the mass transfer zone towards the column outlet of the 6cm bed
height but wave front movement progressively declined with increasing bed height from 9
to 12cm. In other words, increase in column bed height increased the mass transfer zone
that is, creating a longer distance for the mass transfer zone to reach the exit. The
prolonged area of coverage by the mass transfer zone created more interaction of PAH
compounds with the bed materials. Hence the coverage and interaction with ACP and
APP adsorbents subsequently resulted to more PAH compounds being adsorbed on the
high bed material heights of 9 and 12 cm as depicted by the steepness of the breakthrough
curves shown on Figures 7a-b. The reduction in the steepness of the breakthrough curves
from that of 6 cm to 12 cm through 9cm bed heights showed that PAH adsorption on the
respective adsorbents increased at 9 cm to the highest at 12 cm bed height. On varying the
in-flow rate, different breakthrough curve steepness was also observed. The apparent
variations in the trend of breakthrough and breakthrough curve steepness are predicated
on the amount of contact time the adsorbing material made with the adsorbents with
consequent amount of material adsorbed. At high flow rate, PAH compound had limited
time of contact with the ACP and APP adsorbents thereby resulting to low PAH
adsorption on the adsorbents. On the other hand, the adsorbing materials made sufficient
contacts with the adsorbent at low inlet flow rate by so doing engendering large PAH
adsorption onto the adsorbents. Fitness of the breakthrough data was tested with Yoon-
Nelson, Adams Borhat and Thomas models. There were varying model parameters values
for bed heights and in-flow rates. The seeming variations observed confirm different
physico-chemical properties of the adsorbents and adsorbates and effects of various inputs
on adsorption. The inverse relationships of the time required for 50% breakthrough with
in-flow rates at constant bed heights further lend credence to low adsorption of PAH
compounds at high flow rate. However, the high correlation ((R?)values showed good
agreement of the breakthrough data with the Yoon-Nelson model. The difference in the
model parameters for Thomas model(maximum uptake capacity (q,) and rate
constants(K;;) ) and that of Adams Bohart model((K4z, N,) is attributed to variations in
the physical properties of the adsorbents. The direct and inverse relationships of (q,) and
K, and (Kyg, N,)with in-flow rates of PAH solutions respectively is similar to what
obtained in the previous studies[21], [18]. Adams Bohart, Yoon-Nelson and Thomas
model parameter Values are higher in the study of Asiagwu,(2012) [13],
Olayiwola,(2013) [21] and Parvathi et al ( 2011) [23] than the present study. This can be
attributed to different adsorbate properties. High values of Coefficient of correlation
indicate the suitability of the model to the breakthrough data. The good correlation also
implies negligible axial dispersion of the PAH compounds under study on ACP and APP
adsorbents and indicates that mass transfer at the surface, controlled the sorption process
[20]

5. Conclusion

The study explored the viability of activated plantain and cassava peels to reduce the
PAH compounds in a polluted wastewater. There were glaring differences in the physical
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and chemical characteristics of the adsorbents especially in their functional groups and
number and sizes of the pores which determines the adsorption sites. The activated
adsorbents reasonably reduced the concentrations of the PAH compounds in the
wastewater. Comparing the two adsorbents, activated cassava peel (ACP) proved more
efficient than the activated plantain peel(APP). The seeming variations in the removal
efficiency of the two adsorbents were largely attributed to differences in their properties.
Certain input variables (bed heights and flow rates) were adopted to study the adsorption
of various PAH compounds (adsorbing materials) through breakthrough curves. Whereas
the high flow rates produced high steeped curves, high bed heights of the adsorbents, on
the other, created low steeped curves due to long migration distance.Variations in bed
height of various adsorbents affected the sorption of the adsorbing materials directly. But,
inverse relationship was observed with inflow rate of PAH solutions with adsorption.
Yoon-Nelson, Adam-Bohart and Thomas models were used to describe the level of
correlation of the data with the models. The models showed reasonable agreement with
the data.
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