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The aim of this study was to evaluate the removal of Pb (II) and Ni (II) from untreated waste water using
sugarcane bagasse and possible desorption of the metal ions from the adsorbent for effective re-use. The
effects of pH (4-6), temperature (30—70 °C), contact time (30—150 min) and adsorbent dosage (0.3-0.7 g)
were examined. Optimum conditions for the removal efficiencies of Pb (89.31 %) and Ni (96.33 %) were
pH, 6.0; temperature, 30 °C; contact time, 90 min. and adsorbent dosage, 0.5 g. The maximum monolayer

Keywords: adsorption capacities of Pb (II) and Ni (II) were 1.61 mg/g and 123.46 mg/g respectively, by fitting the
g:fg‘c’:rrcizznbagasse equilibrium data to the Langmuir isotherm model. Freundlich isotherm and pseudo second order kinetic
Lead ions models were best fitted for Pb (II) and Ni (II) uptake. Desorption of the metal ions from the metal-loaded
Nickel ions bagasse was best performed by HNO5 with removal efficiency of 85.2 %. Therefore, sugarcane bagasse has

a high potential for removal of heavy metals from waste water and can be re-used at any time after

desorption without losing its efficiency.

© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Isotherm and kinetic models

1. Introduction Disposal of wastewater containing heavy metals (lead, nickel,

cadmium, chromium, arsenic, etc.) into terrestrial and aquatic

Environmental pollution through industrialization and the
excessive use of chemicals all over the world has led to the release
of toxic pollutants including heavy metals. The presence of heavy
metals in the environment is a serious problem to be addressed in
the world today due to their high toxicity, mobility in the
environment and non-biodegradability [1,2]. Heavy metals which
originates from the mining, electroplating, refinery and other
industrial wastewater can cause potential damage to the ecosys-
tem, human and animal health even at low concentration [3-5].
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environment, can cause deterioration in water quality and toxicity
to human health. At high concentrations, most heavy metal ions
can damage cell membrane, alter enzyme activities, disrupt
cellular function, and have been linked to birth defects, cancer,
skin lesions, growth retardation leading to disabilities, kidney and
liver damage and other health problems [6,7].

Globally, lead consumption has been on the on the increase
due to the increase demand for cars and power assisted
machines. Lead which exist in several oxidation states (0, +1,
+2 and +4), is known for its toxicity and environmental impact. It
can be accumulated and adsorbed by the body through
inhalation, ingestion, skin contact and transfer through the
placenta [1,3]. Long-term exposure of lead to children, not only
impacts their biological systems, but also has long-term effects,
such as damage to central nervous system and chronic
respiratory diseases [8-10].
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Nickel is a lustrous, silvery, non-biodegradable toxic metal with
atomic number of 28. Uptake of high doses of nickel can cause
adverse health effects such as birth defect, cancer, respiratory
failure, hepatitis, skin rashes, kidney impairment, and diarrhea
[11,12].

Efforts have been made by industries (refinery, mining, tannery,
electroplating, fertilizers, textiles, dyes, etc.) for the removal of
heavy metals from wastewater through conventional methods
(membrane filtration; solvent extraction, ion exchange, reverse
osmosis, oxidation, chemical precipitation, etc.). However, these
methods have many shortcomings of generation of toxic chemical
sludge, incomplete metal removal, low efficiency, requirement of
high energy and high reagent [13-15]. Hence, new cost effective,
safe and economic tools are recommended to reduce the
limitations of the conventional methods.

Biosorption is an alternative, favourable and effective tool
highly recommended for the removal of heavy metal ions from
waste water because of its many advantages of low operation
cost, eco-friendly, minimal or no toxic sludge generation, short
operating time, easy to prepare, no supplementary nutrient
required, possibility of metal recovery and availability [13,14].
Numerous biomass-based adsorbents from biological (fungi,
algae, yeast and bacteria) and agricultural origin (rice husk, saw
dust, banana peels, corn cob, orange peel, sawdust, sugarcane
bagasse, etc.), have been used as adsorbent for heavy metal
removal from aqueous solutions with promising results
[5,16,17].

Sugarcane (Saccharum officinarum) is a widely cultivated
tropical plant species in some part of the world (Brazil, India,
China, Mexico, South Africa, etc.) which makes up a large
proportion of the sugar industries in the world [61]. The
composition of sugarcane bagasse is found to consist of about
42 % cellulose, 25 % hemicellulose, and 20 % lignin [10].

It is considered one of the underutilized agricultural wastes
compared to other numerous biomass-based adsorbent which
have received much attention. In northern part of Nigeria, West
Africa, many farmers cultivate sugarcanes as means of
livelihood. These sugarcanes are sold to sugar refinery or
individuals in communities, markets, villages and to other
parts of the country. The bagasse from these canes after
chewed or refined are usually thrown away as waste, littering
the environment. Through this study, this “waste” was
channeled into the useful purpose of biosorption due to its
availability and low cost.

The aim of this study was to assess the efficiency of sugarcane
bagasse (SCB) for the removal of Pb (II) and Ni (II) from untreated
refinery waste water. Therefore, the experiment was performed in
batch system and the effect of biosorption factors, equilibrium
isotherms, adsorption kinetics and desorption of metal-loaded SCB
were investigated.

2. Materials and methods
2.1. Materials and chemicals

All materials and reagents used were of commercial grade. The
chemicals used in this study which include nitric acid (HNOs),
sodium hydroxide (NaOH), and hydrochloric acid (HCl) were
analytical grade chemicals purchased from Aladdin (Shanghai,
China). Milli Q water was used for standardization and preparation
of all samples to avoid any interference of other ions.

2.2. Collection of untreated waste water

Samples of untreated effluent were collected from untreated
waste water channel of Kaduna Refinery and Petrochemical
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Company (KRPC), Kaduna State Nigeria. The samples were
collected in ten-litre plastic bottles and transported to the
laboratory for heavy metal analysis and biosorption studies. The
pH and temperature of the effluent were determined at the point of
collection.

2.3. Physicochemical and heavy metal analysis

The physicochemical properties of the effluent which include
pH, temperature, turbidity, dissolved oxygen, Biological Oxygen
Demand, Chemical Oxygen Demand, electrical conductivity, oil
and grease, sulphate and phosphate were determined. The
concentrations of heavy metals (lead and nickel) in the samples
were analyzed using atomic absorption spectrophotometer
(AAS).

2.4. Preparation of adsorbent

Sugar cane bagasse (SCB) was collected from several sugarcane
vendors in Samaru village, Zaria, Kaduna State, Nigeria. The
bagasse was soaked and washed with distilled water, oven dried at
40 °C for 24 h and crushed to a particle size of 0.1 to 0.2 mm [18].
The crushed SCB was transferred into polythene bags, sealed and
stored for later use.

2.5. Adsorption studies

2.5.1. Effects of optimization conditions for adsorption

The effects of experimental parameters such as pH, tempera-
ture, contact time and adsorbent dosage on adsorption of heavy
metals by SCB were investigated. The effect of pH was conducted at
pH 4, 5, 6, 7 and 8 by adjusting the untreated effluent using 0.1 N
HCl and 0.1 N NaOH solutions. The effect of temperature was
conduct at 30, 40, 40, 60 and 70 °C using water bath shaker. The
effect of contact time was performed at 30, 60, 90,120 and 150 min,
while the effect of adsorbent dosage was carried out using 0.3, 0.4,
0.5, 0.6 and 0.7 g of adsorbent.

2.5.2. Adsorption experiment

The adsorption experiments were conducted by shaking 0.5 g of
SCB with 50 ml of untreated effluent contained in 250 ml conical
flasks at 150 rpm. After attaining equilibrium, the samples were
separated using filter paper. The concentration of heavy metals in
the filtrate was measured using Atomic Absorption Spectrometer
(AAS). All experiments were carried out in triplicates. The removal
efficiency and quantity of metals adsorbed were calculated using
Eqgs. (1) and (2) respectively [19].

G —C
Metal removal efficiency (%) = '?f x 100 (1)
i
. . C—-C
Quantity of metalion adsorbed (mg/g) = ( ) x V (2)

m

Ci and Cf are the initial and final concentrations of metal ions
(mg/L), M is the mass of adsorbent (g) and V is the volume of metal
ion solution (L).

2.6. Characterization of adsorbent (FTIR and SEM)

The major functional groups on the surface of the SCB before
and after metal uptake were identified using Fourier Transform
Infrared (FTIR) Spectrophotometer (8400 CE, Shimadzu, Japan).
The surface morphology of the SCB before and after uptake were
studied using Scanning Electron Microscopy (Thermo Scientific
Quanta 650).
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Table 1
Physicochemical properties of untreated refinery wastewater.
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Parameter Value (Mean =+ SD) Recommended limit (FMENV)
pH 8.2 +£0.32 6.0-9.0
Temperature (°C) 263 + 231 40
Turbidity (NTU) 433 + 1.98 5.0
Dissolved oxygen (mg/L) 2.18 + 0.05 10
Biological Oxygen Demand (mg/L) 145.3 + 0.11 10
Chemical Oxygen Demand (mg/L) 166.7 + 20.82 10
Electrical Conductivity (ps/cm) 895.3 £ 2.52 400
Sulphate (mg/L) 72.40 £+ 0.57 50
Phosphate (mg/L) 63.20 + 0.57 5

Oil and Grease (mg/L) 1025 + 5.00 10
Nitrate (mg/L) 92.5 + 0.71 10
Lead (mg/L) 0.80 + 4.05 0.005
Nickel (mg/L) 39.4 + 1.44 0.07

Keys: *All the values are expressed as Mean =+ SD, °C = degree centigrade; NTU = Nephleometric Turbidity Units; mg/L = milligram per litre; ps/cm = micro siemens per
centimeter; SD = Standard deviation; FMENV = Federal Ministry of environment Nigeria.

2.7. Equilibrium adsorption isotherm models

Langmuir, Freundlich and Temkin isotherm models were used
for fitting the experimental data obtained.

2.7.1. Langmuir isotherm model

Langmuir isotherm is based on the assumptions that adsorption
occurs on a homogeneous surface and each adsorption site can
hold one metal ion at a time [20,21]. The linearized form of
Langmuir isotherm is given in Eq. (3):
C 1 N Ce

qe - Klqrnax Amax

Where C. (mg/L) is equilibrium concentration of the metal ion, q, is
the mass of metal ions adsorbed per mass of adsorbent (mg/g), G
is the maximum monolayer capacity of adsorption (mg/g) and K| is
Langmuir constant. The experimental data were fitted into the
above equation by plotting E—Z against C.. The values of q,,,4, and K;

were determined from the slope and intercept respectively.

To determine the viability of the sorption process, a separation
factor, Ry (Eq. 4) was used as an indicator of the nature of the
sorption process [21].

_ 1
1+ K.CG

3)

R (4)
Where C; is the initial metal concentration (mg/L); K; is the
Langmuir constant. The favourability of the Langmuir model is
such that where R; <1, Langmuir model is unfavourable; if R, = 1,
Langmuir model is linear; if R, <1 Langmuir model is favourable.

2.7.2. Freundlich isotherm model

Freundlich isotherm is based on the assumption that adsorption
occurs on a heterogeneous surface with various adsorption sites
which can hold more than one metal ion at a time. [21,22].The
linearized Freundlich isotherm is illustrated in Eq. (5):

1
logq, = logKF + ElogCe (5)

Where g, (mg/g) is the amount of metal ions adsorbed onto the
adsorbent at equilibrium, C, (mg/L) is the heavy metal ions
concentration in the solution at equilibrium, Kr and n are
Freundlich constants determined from the slope and intercept
respectively. The favourability of Freundlich model was
determined by n. values of n in the range of 1-10 represent
favourable adsorption, while n <1 represent unfavourable
adsorption [23].

2.7.3. Temkin isotherm model

The Temkin isotherm model assumes an equal distribution
of binding energies over a number of adsorption sites
[21,24,25]. The linear form of Temkin isotherm is represented
by the Eq. (6):

q. = BLnA + BLnC, (6)

Where B=§T with R, the universal gas constant (8.314 kg mol ' K™ )
and T as the absolute temperature in Kelvin. g, (mg/g) is the
amount of metal ions adsorbed onto the adsorbent at equilibrium
The Temkin parameter A and B are the equilibrium binding energy
and heat of sorption respectively.
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Fig. 1. Effect of pH and Temperature on adsorption of lead and nickel.
(a): Effect of contact time on heavy metal removal by SCB.
(b): Effect of adsorbent dosage on heavy metal removal by SCB.
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2.8. Adsorption kinetic models

In order to investigate the rate and mechanism of the metal
uptake, Pseudo-first order, pseudo-second order and Elovich
kinetic models were used to fit the data [26,27].

2.8.1. Pseudo-first order kinetic model

This kinetic model assumes that metal ion binds only to one
sorption site on the sorbent surface [23,27]. The pseudo-first order
rate equation is expressed in Eq. (7).

K
log(q — q,) = 10gde— 5553t (7)

Where q,andq, =Amounts of metal ions (mg/g) adsorbed at
equilibrium and at time t respectively, and K = the first-order rate
constant (min-1). The value of K; was calculated from the slope of
the plot of log (g, — q;) versus t.

2.8.2. Pseudo-second order kinetic model

The pseudo second order model is based on the assumption that
chemical reactions occur between the metal ions and the
adsorbent which result in the formation of strong covalent bond
[28]. Pseudo-second-order kinetic model is represented by Eq. (8):

t_ 1 1
g Kaqzq, gyt

Where g, is the maximum adsorption capacity (mg g~') for the
pseudo-second order adsorption and K, is the equilibrium rate

(8)
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Fig. 2. Effect of contact time and adsorbent dosage on adsorption of lead and nickel.
(a): Removal efficiency metal ions adsorbed by SCB.
(b): Quantity of metal ions adsorbed by SCB.
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constant for the pseudo-second order adsorption (g mg~! min~').
The values of K, and g, was calculated from the plot of t/q, versus t.

2.8.3. Elovich kinetic model

Elovich kinetic model assumes that the active sites present on the
adsorbent surface are heterogeneous in nature with different activation
energy. [24,29]. Elovich kinetic model is expressed in Eq. (9):

q. = ENTITYNOTDEFINED!!! + BLnt 9)

Where ENTITY NOT DEFINED !!! and B are are Elovic constants
obtained from slope and intercept of g, versus Lnt.

2.9. Goodness of fit model

This model was used to quantitatively compare the applicability
of isotherm and kinetic equations [7,30]. The best of fit model was
calculated by correlation coefficient (R?) and Chi-square (X?)
analysis [7,31,32]. The correlation factor was determined from the
graphical plots of isotherm and kinetic models while the Chi square
test (X?) was calculated using Eq. (10):

2 = 2(Qexp - Qcal)2

Qcal (10)

Where Q. is the experimental amount of metal concentration at
equilibrium and Q4 is calculated amount of metal concentration at
equilibrium. The interpretation of the best fit is thus; the higher the
correlation coefficient, the better the fit of model while the lower
the chi squared value, the better the fit.

Heavy Metal Removal Efficiency (%)

Lead Nickel
Heavy Metal

(a): Removal efficiency metal ions adsorbed by SCB

4.5 1

3.8

39 q

23 q

13 q

0.5 1

Quantity of metal ions adsorbed (mg/g)

0.07

Lead Heaaneral Nickel

(b): Quantity of metal ions adsorbed by SCB

Fig. 3. Removal efficiency and quantity of metal ions adsorbed by Sugarcane
bagasse.
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2.10. Desorption of heavy metal ions from metal loaded adsorbents

Reusability of the adsorbent was tested following reported
procedures, with the aim of desorbing the metals and restore the
adsorbent for effective re-use [33-354]. Desorption experiments
were performed by mixing one gram (1 g) of the metal-loaded
adsorbent with 100 mL of desorbing agents (0.1 N HNOs, HCI and
NaOH) for 1 h in a rotatory shaker (150 rpm). The amount of metal
ions after filtration was determined by atomic absorption
spectrophotometer. The percentage desorption efficiency was
calculated using Eq. (11):

_ Amount of metalion desorbed
~ Amount of metal ions adsorbed

9

Desorption Efficiency (%) x100

(11)

3. Results and discussions
3.1. Physicochemical properties of the untreated waste water

The physicochemical characteristics of the untreated refinery
wastewater are presented in Table 1. The wastewater at the time of
collection had an average pH of 8.2 and temperature of 26.3 °C
which were within the limits set by the Federal Ministry of
Environment, Nigeria (FMENV). Temperature and pH are vital
factors in determining wastewater quality. Temperature controls
the solubility of salts and gases while changes in pH control the
biological activities and chemical reactions in aquatic environment
[23]. Values recorded for other physicochemical parameters such
as turbidity (433 mg/L), dissolved oxygen (2.18 mg/L), chemical
oxygen demand (166.67 mg/L), biological oxygen demand (145.3
mg/L), nitrate (92.50 mg/L), sulphate (72.40 mg/L) and phosphate
(63.20 mg/L), electrical conductivity (895.33 mg/L), oil and grease
(1025 mg/L), were higher than values stipulated by FMENV
(Table 1). This observation could be due to the presence of
suspended or decaying organic and inorganic compounds which
indicates harmful effect to the environment and aquatic life
[23,36]. The COD value was found to be larger than the BOD values
implying that the organic compounds in wastewater are slowly
biodegradable [17].

Heavy metal (lead and nickel) contents of the untreated
effluent were many times higher than the recommended limits
of FMENV (Table 1). For instance the mean concentrations of
lead (0.80 mg/L) and nickel (39.41 mg/L) were found to be 16 and
563 times higher than the recommended limit. Metals are
distinctive among pollutants which cause adverse health effect
to humans and animals. Irrespective of how metals are used in
industrial processes, agriculture or consumer products, some
level of human life exposure is unavoidable [15]. The high
amounts of heavy metals observed in this study are capable of
causing high corresponding increase in the receiving water-
bodies thereby affecting human and aquatic life that directly
depends on it [37].

3.2. Optimization studies

Experimental parameters are considered important in bio-
sorption of heavy metals. They strongly influence carbon
availability, metal solubility, enhance adsorbent performance
[15].

3.2.1. Effect of pH and temperature

Heavy metal removal efficiencies against pH and temperature
are shown in Fig. 1a and b. The pH of an aqueous solution is a vital
factor in the biosorption of metal ions. It determines the surface
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properties of the adsorbent in terms of surface charges, ionization
of the functional groups and degree of dissociation of functional
groups present on active sites of adsorbents [38].

The maximum adsorption of Pb (91.3 %) and Ni (88.1 %) occurred
at optimum pH of 6 (Fig. 1a). As the pH of the waste water was
increased from 4 to 6, the adsorption of lead and nickel increases.
This may be due to decrease in competition between metal ions
and hydroxonium ions (H30) in the waste water [39] and formation
of oxides of lead and nickel [40]. These results also agree with
many adsorption studies which report pH range of 4-6 as the
optimum pH for most metal adsorption by several adsorbents
[38,39,62]. This may be due to the excess amounts of OH™ ions
present within the solution [4].

The biosorption efficiency of SCB decreased with increase in
temperature from 30 °C to 70 °C (Fig. 1b). Maximum removal of Pb
and Ni were found to be 89.3 % and 86 % respectively at a
temperature of 30 °C. Temperature is an important factor in the
biosorption process. The results obtained indicate that tempera-
ture of 30 °C was sufficient for complete removal of Pb (II) and Ni
(II). The decrease in the adsorption may be due to weak
electrostatic interactions between the metal ions and adsorbent
at increased temperature [2,4,63]. In addition, the adsorption
process of metal ions from aqueous solution can be affected by
solution temperature in two ways depending on heat emitted or
absorbed. The increasing temperature causes the increase of the
adsorption rate for endothermic adsorption while causing the
decrease of the adsorption rate for exothermic adsorption [2].

3.2.2. Effect of contact time and adsorbent dosage

Metal removal efficiencies against contact time and adsorbent
dosage are shown in Fig. 2a and Fig. 2b. The effect of contact time
was determined by monitoring the uptake of the Pb (II) and Ni (II)
ions over a period of 150 min at room temperature. For both
metals, percentage metal removal reached a maximum within 90
min, after which there was no considerable change (Fig. 2a). The
rapid removal efficiency during the first 90 min could be attributed
to availability of free active sites at the adsorbent surfaces
gradually occupied with time by metal ions [2]. As the binding
sites became exhausted, the uptake rate slowed down due to
competition for decreasing availability of actives sites by metal
ions [35,39,41]. In addition, Kumar et al. [26] also reported that
increase in removal efficiency at increased contact time was as a
result of reduced boundary layer resistance to mass transfer
surrounding the sorbent particles.

The biosorption efficiency of SCB (Fig. 2b) increased with
increase in adsorbent dosage from 0.3 to 0.5 g. This could be due to
an increase in the number of active sites available for metal
adsorption [42,43]. Further increase in adsorbent dosage had no
significant increase in metal removal efficiency. This is ascribed to
the fact that higher adsorbent dosage provides more active sites
which may remain unused during the sequestration reaction
[37,41]. It may also be due to overlapping of adsorption sites as a
result of overloading of the adsorption site [39,42].

3.3. Heavy metal removal studies

Heavy metal removal efficiency of SCB (Fig. 3a) revealed that
89.31 % and 96.33 % of lead and nickel were removed from the
untreated wastewater respectively while the quantities of metal
adsorbed by SCB per unit gram were 0.07 and 3.8 mg/g for Pb (II)
and Ni (II) respectively (Fig. 3b). The removal efficiency of Ni (II)
was greater than Pb (II) because the nickel ions had higher affinity
towards the adsorbent [44]. This may be due to differences in
molecular mass, ion charges, ionic radius, hydration energy, and
electrostatic forces of the metal ions [8,64].
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Table 2
Comparison of maximum sorption capacity (mg/g) of test metals onto different adsorbents.
Adsorbents pH Maximum adsorption capacity(mg/g) References
Pb(II) Ni (1)
Sugarcane bagasse 6.0 1.61 123.46 This work
Sugarcane bagasse biochar 5.0 12.74 - [38]
sugarcane bagasse- derived ZnCl,-activated carbon 6.0 193 2.99 [10]
Digested sugarcane bagasse biochar 5.0 135.40 - [69]
Raw sugarcane bagasse biochar 5.0 81.90 - [69]
Sugarcane bagasse 6.0 - 20 [68]
Acrylic-modified Sugarcane Bagasse 6.0 700 - [45]
Bamboo stem 5.0 27.95 - [46]
Magnetite dowex resin nanocomposite 55 380 384.0 [16]
Activated carbon from wine making waste 4 38 - [47]
Lignocellulose/Montmorillonite nanocomposite 6.8 - 94.86 [7]
Date seed biochar 6.0 74.60 - [35]
Brewed tea waste 1197 1163 [48]
Olive stone waste 6.5 - 54.24 [49]
Table 3
FTIR Characteristics of sugarcane bagasse before and metal uptake.
Wavelength range (cm™!) Before uptake After uptake Differences in shifts Assignment
3500-3000 3339.70 3324.80 —14.90 —OH hydroxyl group
2900-2800 2888.70 2899.90 +11.20 —C—H stretching
1740-1680 1729.50 1733.20 +3.70 —CO= carbonyl group
1670-1640 1602.80 1636.30 +33.50 —COO0C—arboxylic groups
1280-1240 1241.20 1237.70 -3.50 ——CO stretching bond
1150-1020 1036.40 1032.50 -39 ———COC stretching bond
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Fig. 4. FTIR characteristics of SCB before and after metal uptake.
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Fig. 5. Scanning electron images of SCB before and after metal uptake.

Although the ionic radius of Pb (II) and Ni (II) are 133 pm and 83
pm respectively, the lower removal efficiency of Pb (II) may be due
to generation of repulsive forces between the metal ions and
surface of the sorbent; competition between the metal ions and
other ions present in the untreated effluent [8]. Previous works of
various researchers on metal removal by other cost effective
adsorbents are presented in Table 2.

3.4. Characterization of the adsorbent before and after metal uptake

3.4.1. FTIR

The FTIR spectra of SCB before and after metal sorption were
studied to determine the functional groups of the adsorbent (Fig. 5
and Table 3). The infrared (IR) spectrum obtained from FTIR of the
SCB (Fig. 4a and b) displayed a number of different absorption
peaks (Table 3). The adsorption peaks around 3339.7 and 3324.8
cm!indicates the existence of —OH hydroxyl groups [50,51]. The
peaks at 2888.7 and 2899.9 cm™! are as a result of stretching
vibration of C—H which indicate the presence of alkane functional
group [65]. The peaks at 1729.5 and 1733.2 cm™! correspond to -C =
O stretching carbonyl groups which may be attributed to the
hemicelluloses and lignin aromatic group [52]. Bands around
1602.8 and 1636.3 cm™' correspond to -COO-carboxylic acid
groups [52]. The bands observed at 1241.2 and 1237 cm™! were
assigned to CO—— stretching groups ([50,66]. Bands at
1036.4—1032.5 cm™~' were assigned COC——— stretching groups
[51,52]. Hence, the major functional groups that took part in
adsorption of Pb (II) and Ni (II) were —OH, CH, CO, COC, COOH and
o0o—————— . These functional groups originated from
compounds such as phenols, aldehydes, ether, lignin aromatic

compounds, and ketones (derived from cellulose, hemicellulose
and lignin) [53,54]. The shift in the IR spectra may be due to the
binding interaction between the metal ion and carbon atom
resulting in the formation of metal complex [38,54,43]. Further-
more [45], also revealed that complexation interactions, between
metal ions and functional groups on adsorbent surface are the
main driving force for adsorption mechanisms.

3.4.2. Scanning electron microscopy

Scanning electron microscopy was conducted for SCB before
and after metal uptake to examine the surface morphology for any
changes that could occur due to metal uptake (Fig. 5a-b). The
surface morphology revealed that SCB before metal uptake had
larger pore sizes (Fig. 5a) than the sugarcane bagasse after metal
uptake with few pores (Fig. 5b). This might be because the pores
were occupied by the metals and other generated small complex
compounds [55,45].

3.5. Adsorption isotherms and kinetics

The experimental data were fitted into the selected isotherms
and kinetics models used in this study. In each case, the best model
considered was one with the highest correlation coefficient (R?)
and lowest chi square (x?) values. The closer the R? values are to
unity (1), the better the goodness of fit and the lower the x? values,
the better the fit [30].

3.5.1. Adsorption isotherms
The determined isotherm parameters, correlation coefficients
(R?) and chi square (x?) values for adsorption isotherms (Table 4)
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Table 4
Adsorption isotherms and kinetic parameters for Pb and Ni uptake by SCB.

Linear Regression of Adsorption Models Parameters Pb Ni

1. Adsorption Isotherm models

a. Langmuir Qmax (Mg/g) 1.61 12.35
K (L/mg) —2.34 x 1072 —-8.0 x 107
Ry 1.032 1.033
R? 0.9819 0.9650
x° 26.79 284.6

b Freundlich n 2.3050 5.8928
K; (mg g ') (Lmg™") 1.3766 224.49
R? 0.9401 0.8591
“ 16.88 27.2

c. Temkin Br (kJmol ™) —2101.4 —86.86
Kr (Lmg~") 0.420 —-5.0 x 107
R? 0.9680 0.9133
x° 70.36 148.6

2. Adsorption kinetic models

a. Pseudo first order qe (Mg/g) 217 12.94
K; (min~') —-0.3363 —0.0440
R? 0.5947 0.8255
x 8.05 1.51

b. Pseudo second order e (Mg/g) 0.51 2.6
K, (min~1) 1.95 x 1072 113 x 1072
R? 0.9814 0.9830
x 0.024 0.50

c. Elovich o (mg g ! min') 0.723 68.25
p(gmg™1) 909.10 24.75
R? 0.8563 0.8968
x° 79.54 2315

Keys: qmax=Maximum monolayer adsorption capacity; K;=Langmuir constant; K;= Pseudo first order constant; K,= Pseudo second order constant; R;=Separation factor;
R?=Correlation coefficient; y2 =Chi square; n = Adsorption intensity K¢ - Freundlich constant; Kr - Binding energy; B - Heat of adsorption; L = litre; mg/g = Milligram per gram;

kJmol~! =Kilo joule per mole.

showed that Freundlich isotherm had high and low R? and »*
compared to Langmuir, and Temkin. Hence, the order of isotherm
best fit for removal of lead and nickel by SCB was Freundlich <
Temkin < Langmuir.

Freundlich isotherm model provided a better fit for the
adsorption of metals by test sorbents than Langmuir and
Temkin isotherms. This indicates that the adsorption of Pb (II)
and Ni (II) on experimental sorbents followed the heteroge-
neous and multilayer adsorption on the surface of the
adsorbent.

Previous reports have also shown best fit of Freundlich isotherm
model in describing experimental data. Examples include:

120 1
100
80
60
40

20

Desorption Efficiency (%)

HNO3

Adsorption of Pb (II), Ni (I), and Zn (II) by granular resin and
fibrous adsorbent [56], Ni (II), Cd (II), Cu (II), Zn(II) by biochar
amended soil [57], Pb (II) by activated carbon [29], As (IIl) by
magnesite-bentonite clay [58].

The negative values of the Langmuir constants and high chi-
square (x2) values of Temkin constants reveal the inadequacy of the
Langmuir and Temkin isotherm to fit the experimental data. This
could be due to increase in ionic radius of the metals, decrease in
charge densities and adsorption capacity [24,59].

In addition, the negative values obtained for Temkin constant,
Bt (heat energy) suggest that metal uptake by sorbent materials
could be an exothermic reaction [38,59].

HPb
®Ni

HCl NaOH

Desorbing agent

Fig. 6. Metal desorption from metal-loaded sugarcane bagasse.
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3.5.2. Adsorption kinetics

The calculated kinetics parameters, correlation coefficients (R?)
and chi square (3?) values for pseudo first order, pseudo second
order and Elovich models (Table 4) revealed that the data obtained
for each of the kinetic models showed a good compliance with the
pseudo second-order kinetic model where the correlation coeffi-
cient was higher with low chi square value. The order of kinetic
model best fit for removal by Pb (II) and Ni (II) was pseudo second
order < Elovich < pseudo first order.

The pseudo second order model is based on the assumption that
the adsorption of Pb (II) and Ni (II) is govern by chemisorption
which also suggests that chemical reactions occurred between the
metal ion and the adsorbent, resulting in the formation of strong
covalent bonds [28].

The results obtained in this study were in agreement with
previous studies, which also reported that the adsorption process
followed the pseudo-second-order kinetics [38,60,67]. Adsorption
kinetics is an important factor in describing rate of reaction and
principal mechanisms involved in adsorption [28].

3.6. Desorption studies

Desorption efficiency for metal elution from SCB by using 0.1 M
HNOs, HCl and NaOH is shown in Fig. 6. The most effective metal
stripping agent was HNOs; which had the highest desorption
efficiencies of 89.9 % and 96.11 % for Pb (II) and Ni (II) respectively.
This was followed by HCI while the least metal stripping agent was
NaOH. Desorption of heavy metals, under acidic conditions causes
protonation of the sorbent surface which allows desorption of
positively charged metal ions from adsorbent [18]. Some studies in
the past have shown high performance of 0.1 M HNOs as desorbing
agent [26,34,38]. In addition, an effective potential adsorbent for
the removal of metal ions must not only have a good adsorption
capacity but also a good recovery capacity of metal ions and
reusability [33].

4. Conclusion

In the present work, the efficiency of sugarcane bagasse to
remove heavy metal ions from untreated refinery effluent was
successfully achieved. The optimum conditions for the removal
efficiency of Pb (II) and Ni (II) occurred at pH, 6.0; temperature, 30
°C; contact time, 90 min. and adsorbent dosage, 0.5 g. The removal
efficiencies of the bagasse were 89.31 % and 96.33 % for Pb (II) and
Ni (II) ions respectively. The equilibrium data from the adsorption
isotherms were best described by Freundlich isotherm while the
adsorption kinetics were best represented by the pseudo-second-
order model. The maximum monolayer adsorption capacity of (Pb
(II) and Ni (IT) were 1.61 mg/g and 123.46 mg/g respectively.
Treatment of the metal-loaded sorbents with 0.1 M nitric acid (85.2
%) resulted in higher rate of metal recovery compared to 0.1 M HCl
(73.8 %) and NaOH (55.4 %). Therefore, sugarcane bagasse was
confirmed to be an effective adsorbent for heavy metal ions with
efficient recovery and regeneration performance.
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