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RESUMO GERAL

A crescente poluicdo das aguas de superficie, fez com que as aguas subterraneas fossem
mais exploradas se tornando uma nova fonte de abastecimento em todo o mundo. O
manganés estd naturalmente presente em &guas subterrdneas e mesmo em baixas
concentracdes pode ocasionar uma série de problemas na qualidade da agua, tornando sua
remocdo essencial. A presenca de manganés na agua € uma preocupagdo tanto para a
populacdo como para a indastria, agua de qualidade é um pre-requisito de grande
importancia para a producdo de qualquer género alimenticio seguro. A incidéncia de
manganés na agua esta diretamente ligada a oxidacéo e corrosdo de tubulagdes, além de
ser a principal responsavel por conferir, odor, sabor metalico e coloragéo enegrecida para
agua em sistemas de distribuicdo e abastecimento. O manganés (Mn) é um importante
microelemento essencial, esta envolvido na mineralizacdo dos 0ssos e cartilagens,
especialmente nas criancas em fase de crescimento. Contudo, altas concentracfes séo
toxicas para os seres humanos e animais, podendo causar efeitos neurotoxicos, sendo
assim, essencial sua remocao antes do consumo. Neste contexto, o objetivo deste trabalho
foi encontrar métodos alternativos para a remoc¢do de manganés de &gua destinada ao
consumo e producdo de alimentos. Inicialmente, as vagens de moringa foram coletadas
na cidade de Aracaju- SE . Em seguida, foram lavadas para remocéo de sujidades e secas
em estuda a 60°C por 24 horas. Apos a secagem, o material foi submetido a padronizagéo
granulométrica de 0,32 mm e este material entdo recebeu o nome de vagens sem
tratamento (VAI). Foram avaliados os agentes de tratamentos NaOH 0,1mmol (Synth,
97% de pureza) como agente basico e HCI 0,1 mmol L (Nuclear 36,5% de pureza) como
agente acido, por sua capacidade em melhorar a sorcdo de Mn pela biomassa. O pré-
tratamento foi realizado seguindo a metodologia descrita por Kumar e Gaur (2011), onde
50 mg do biossorvente sem tratamento foi adicionado em 50 mL de agente de tratamento
e agitado a 80 rpm durante 30 min a 25 °C. Posteriormente a biomassa foi centrifugada
(300 rpm, 15 min), o sobrenadante descartado e o pellet lavado com agua Milli-Q até a
neutralizacdo do pH, em seguida, a biomassa tratada foi seca em estufa a 60 °C até peso
constante. Apds a secagem o material foi submetido ao processo de padronizagdo
granulométrica, a fim de se obter particulas com um tamanho de 0,32 mm. A vagem pré-
tratada &cida recebeu o nome de vagem de VTA, a vagem pré-tratada basica recebeu o
nome de VTB, onde todos foram avaliados quanto a sua capacidade para remocéo de
manganés da agua testada. Os biossorventes foram caracterizados por EDS, MEV e FTIR.
Os dados experimentais foram analisados cineticamente e descobriu-se que a biossor¢édo
pelos nove diferentes adsorventes seguiu a cinética de pseudo-segunda ordem, com tempo
de contato de 30 min para todas as vagens. Os dados de equilibrio foram analisados
usando os modelos isotérmicos de Langmuir e Freundlich, onde o modelo foi mais
adequado para todos os adsorventes foi o de Freundlich, confirmando a natureza
heterogénea dos biossorventes. As propriedades termodinadmicas também foram avaliadas
e confirmaram a natureza espontanea da reagao assim como a viabilidade do processo de
biossorcdo a partir das vagens. O presente estudo relevou que o tratamento basico
promoveu uma melhora na capacidade de remocao de Mn (1) para todos os adsorventes.
As melhores remocdes foram obtidas utilizando-se pH 6,0, 0,50 g de adsorvente e em
tempo de contato de 60 minutos. O biossorvente mais eficiente para a remocgédo de
manganés foi a vagem tratada basica com 94% de remocdo, seguida da vagem integral
(VAI) com 82% e por fim da vagem &cida (VTA) com remocéo de 61%. A utilizacdo da
Moringa oleifera como adsorvente € uma opc¢do atraente para o tratamento de aguas
contaminadas com Mn, ja que alem de ser um produto natural de facil obtencéo ela é um
material renovavel e biodegradavel. A biossorcdo pode ser ser adotada como um pré-
tratamento das guas subterraneas destinadas a industria, colaborando néo apenas com a



manutencdo da salde dos consumidores, mas também com o aumento da vida util dos
equipamentos.

Palavras-chave: Biossor¢do, Manganés, Moringa oleifera, pré-tratamento.



GENERAL ABSTRACT

The increasing pollution of surface waters, caused groundwater to be further explored
becoming a new source of supply worldwide. Manganese is naturally present in
groundwater and even at low concentrations can cause a number of problems in water
quality, making its removal essential. The presence of manganese in water is a concern
for both population and industry, quality water is a prerequisite of great importance for
any safe food production. The incidence of manganese in water is directly linked to
oxidation and corrosion of pipes, as well as being primarily responsible for adding odor,
metallic taste and blackened coloring to water in distribution and supply systems.
Manganese (Mn) is an essential microelement, involved in bones and cartilage
mineralization, particularly in children in the growth phase. However, high
concentrations are toxic to humans and animals, may cause neurotoxic effects, thus, its
removal before consumption is essential. In this context, this work objective was to find
alternative methods for removing manganese of consumption and food production water.
Initially, the moringa pods were collected in the city of Aracaju- SE. They were then
washed for removing dirt, and dried in an oven at 60°C for 24 hours. After drying, the
material was subjected to particle size patterning of 0,32 mm and this material then
received the name of non-treated pods (VAI). The agent treatment NaOH 0,1mmol
(Synth, 97% purity) was evaluated as a basic agent and HCI 0,1 mmol L-1 (Nuclear 36,5%
purity) as an acid agent for its ability to improve the Mn sorption by biomass. The
pretreatment was carried out following the methodology described by Kumar and Gaur
(2011), where 50 mg of untreated biosorbent was added to 50 mL of treating agent and
stirred at 80 rpm for 30 min at 25°C. Subsequently the biomass was centrifuged (300 rpm,
15 min), the supernatant discarded and the pellet washed with Milli-Q water until neutral
pH, then treated biomass was dried in an oven at 60 °C to constant weight. After drying
the material was subjected to particle size standardization process, to obtain particles with
a size of 0,32 mm. The pretreated acid pod was named VTA pod, the basic pre-treated
pod was named VTB, all were evaluated for their manganese removal ability from tested
water. The biosorbents were characterized by EDS, SEM and FTIR. The experimental
data was kinetically analyzed and it was found that the biosorption by nine different
adsorbents followed pseudo-second order Kinetics, with a residence time of 30 min for all
the pods. The equilibrium data was analyzed using the Langmuir and Freundlich isotherm
model, and the more appropriate model for all adsorbents was Freundlich, confirming the
heterogeneous nature of the biosorbents. The thermodynamic properties were also
evaluated and confirmed the spontaneous nature of reaction, as the biosorption process
by pods viability. This study revealed that the basic treatment promoted an improvement
in Mn (11) removal capacity for all the adsorbents. The best removal results were obtained
using a pH 6,0, 0,50 g of adsorbent in a contact time of 60 minutes. The most efficient
biosorbent for the manganese removal was the basic treated pod, obtaining 94% removal,
followed by the integral pod (VAI) with 82% and last, the acid pod (VTA) with 61% of
removal. The usage of Moringa oleifera as adsorbent is an attractive option for the
treatment of Mn polluted water, since beyond being a natural product of easy obtainment
it is a renewable and biodegradable material. The biosorption can be adopted as a pre-
treatment for groundwater with industrial purpose, helping not only with health
maintenance but also with the improvement of equipment lifespan.

Keywords: Biosorption, Manganease, Moringa oleifera; pretreatment



ARTICLE
Mn (I1) biosorption from contaminated water using Moringa oleifera pods

Laura Adriane de Moraes Pinto?, Fernanda de Oliveira Tavares?, Marcelo Fernandes Vieira®,
Rosangela Bergamasco®, Angélica Marquetotti Salcedo Vieira®™

2 Postgraduate Program in Food Science, Universidade Estadual de Maringa, Maringa, PR,
Brazil.

b Postgraduate Program in Chemical Engineering, Universidade Estadual de Maringa,
Maringa, PR, Brazil.

*Corresponding author: Angélica Marquetotti Salcedo Vieira (E-mail address:
angelicamsalcedo@hotmail.com; Tel: +55-44-3011-5093)

Abstract

This research aims the removal of manganese from water with excess of this ion, were used
as biosorbent the pods of Moringa oleifera. The biosorbents were prepared from Moringa
oleifera raw pods and chemically modified by NaOH e HCI, showing capacity to remove
Mn (1) from the tested water. The biosorbents were chacacterized by EDS, SEM and FTIR.
The experimental data was kinetically analyzed and it was found that the biosorption of three
different adsorbents followed pseudo-second order kinetics and equilibrium time of 30 min.
The equilibrium data was analyzed using the Langmuir and Freundlich isotherm models,
being Freundlich the most appropriate model. The thermodynamic properties were also
evaluated and confirmed the spontaneous nature of the reaction and the feasibility of
bioremediation process from the pods. The most efficient biosorbent for the manganese
removal was the basic treated pod with 94% of removal.

Keywords: Biosorption; Manganese; Chemical modification; Moringa oleifera Lam.

1. Introduction

The increasing pollution of surface waters, caused groundwater to be further explored
becoming an important source of supply worldwide (Moyosore and Coker, 2014).
Manganese is naturally present in groundwater and even at low concentrations can cause
several problems in water quality, making its removal essential (Taffarel and Rubio, 2010).
Consumption of food and water contaminated by havy metals is a main reason of human
contamination by metals, accounting for 90% of cases. In this regard, the risks associated
with metal contamination in foodstuffs has aroused great concern worldwide (Islam et al.,
2015; Khan et al., 2013). Although the Mn, as well as certain micronutrients are essential
for plants growth and / or human nutrition, in high concentrations they become toxic to the
body, since they are not biodegradable and can cause serious adverse effects on human health
(Rahman et al., 2012).

Manganese (Mn (I1)) is responsible for a number of diseases such as Parkinson's
disease, and also cause damage to the brain, liver, kidneys and nervous system; in pregnant
women affect fetal development and induces abortion, as well as being neurotoxic for
children (Rahman et al., 2015; Usepa, 2004).

Presence of manganese in water is a concern for both the population and the industry
(Longe and Balogun, 2010). Quality water is a prerequisite of great importance for the
production of any safe foodstuff (Lu et al., 2015). In food industry water is used in all



operations, since direct incorporation into product as an ingredient or a vehicle for
incorporation of ingredients for formulations and also indirectly in processes such as fluid
for heat transfer, cleaning and sanitizing equipment and process areas (Kasaai, 2014). The
incidence of manganese in water is directly linked to oxidation and corrosion of pipes, as
well as being primarily responsible for conferring odor, metallic taste and blackened coloring
to water distribution and supply systems (Peng et al., 2010). The fouling and corrosion in
pipes, equipment and cooling systems increases maintenance costs, reduces operational
efficiency and is a major source of contamination by manganese (Alvarez-Bastida et al.,
2013; Hoyland et al., 2014).

The US Environmental Protection Agency sets a maximum level of manganese in
drinking water of 0.05 mg.L*. Similarly the World Health Organization has established a
0.1 mg. L, as well as the WHO, in Brazil, according to the law CONAMA2914/2011, the
allowed level is 0.1mg.L™ in water consumption.

Many physicochemical methods are available for the removal of heavy metals from
aqueous solution. Among the various water treatment techniques exist adsorption,
coagulation, advanced oxidation, membrane separation, chemical precipitation, solvent
extraction, reverse osmosis, filtration and electrochemical treatment. Adsorption is preferred
for removing heavy metal ions due to minimizing the use of chemicals, easy handling,
variety and availability of different types of adsorbents, being a technique considered
"ecofriendly” (Anastopoulos and Kyzas, 2015; Tounsadi et al., 2015a).

Currently, several alternative processes have been studied in order to find economic
techniques and low-cost biomaterials for removing heavy metals from water. The
biosorption process has some advantages over conventional processes of water purification,
such as the replacement of synthetic compounds for natural compounds in the water
treatment, low cost, low sludge production, good biodegradability and is not aggressive to
the environment, since most materials used are organic residues (Abdeen et al., 2015; Alfarra
et al., 2014; Reddy et al., 2012). The Moringa oleifera Lam has emerged as an important
natural coagulant and presents interesting features for its use as a promising biosorbent, since
it has the ability to anchor metals, renewability and low cost, making its use attractive in
biosorption processes (Meneghel et al., 2013). Along the natural biosorbents, the biomass
chemical modification has shown an alternative currently studied for improvement in the
efficiency of metals biosorption (Varga et al., 2013).

Thus, the present study aimed the evaluation of Moringa oleifera Lam. pods
(Moringa) modified by chemical treatments in Mn (Il) biosorption and its removal from
aqueous solutions. We studied the influence of parameters such as pH, the adsorbent dose
and the adsorption contact time. Kinetic and equilibrium data and thermodynamic
parameters were obtained.

2. Materials and methods

All chemical products / reagents used in this study were of analytical grade. A Mn
(11) solution (1000 mg. L) was prepared and all other solutions were prepared by diluting
this stock solution. A pH meter (ThermoScientific® Orion Versa Star Model) was used to
measure pH. The pH was calibrated with standard buffer solutions of pH 4.0, 7.0 and 9.2.
The concentration of Mn (11) metal in the samples was determined after filtering in cellulosic
membrane of 0.45 mm and quantified in an atomic absorption spectrophotometer (AAS,
Varian® AA spectra, 55Australia). The absorbance was measured at a wavelength of 279.5
nm and a spectral bandwidth of 0.2 nm.



2.1 Biosorbents characterization

The in-natura pod (VAI) and the pretreated pods (VTA and VVTB) were characterized
before and after the biosorption process by infrared spectroscopy (FTIR) and scanning
electron (SEM). The Scanning electron microscopy with EDS microprobe (SS 550
Superscan Model, Shimadzu®) was used to study the surface morphology of biosorbents
and its composition. The FTIR spectrometry analyzes were performed using KBr pellets,
prepared in a ratio of /100 m / m.

The zero charge point (ZCP) was determined for all biosorbents in order to check
from which pH the adsorbent surface changes. The methodology used for the determination
was proposed by (Wang et al., 2008), where 0.1 g of adsorbent was added to 50 ml of distilled
water at different initial pH conditions, ranging from 1-12. The flasks were shaken for 24
hours at 25°C and a rotation of 200 rpm. After this period, the samples had their final pH
measured and graphically confronted with the initial pH values. The acid solutions were
adjusted from 0.1 mol.L* of HCI and the basics with 0.1 mol.L? of NaOH.

2.2 Biomass modification

Initially the pods were separated from the moringa seeds, crushed, washed with
distilled water and dried in a circulating oven at 60°C until a constant weight, being called
in-natura pods (VAI)

The pods modification was performed following the methodology described by
(Kumar and Gaur, 2011), where the evaluated treatment agents were: NaOH 0.1 mmol.L*
(Synth®, 97% purity) and HCI 0.1 mmol.L? (Synth®, 36,5% purity). These agents were
chosen due to its known adsorption improvement capacity (Zafar et al., 2015).

For the basic treatment VAI was added to the NaOH 0.1 mmol.L? solution treatment
in a 3:1 proportion (NaOH volume/ moringa mass) agitated at 80 rpm during 30 minutes at
25 °C. Next the biomass was centrifuged (300 rpm, 15 min), the supernatant discarded and
the pellet formed was washed with Milli-Q water to ensure removal of excess base. The
treated pod was dried in an oven at 60 °C to constant weight. After drying, the material was
subjected to particle size patterning of 0.1-0.32 mm and its manganese removal ability by
adsorption evaluated. This material received the name of basic treated pod (VTB). The same
procedure was repeated for the treatment agent HCI 0.1 mmol.L, giving origin to the
material named acid treated pod (VTA)

2.3 Biosorption experiments

The biosorption experiments were developed in batch using sealed plastic flask
containing 50 mL of manganese ion solution at a 4 mg.L™* concentration using stirring speed
of 200 rpm in thermostatic bath. The parameters evaluated during adsorption tests were:
contact time, pH, temperature, and adsorbent mass, where each parameter was varied one at
a time.

The effect of the contact time was evaluated by varying the time from 2 to 150 min.
Flask containing Mn (11) ions solution (4 mg. L™*) and 0.5 g of biosorbent were stirred at 200
rpm in a thermostated bath at 25 ° C for different periods of time at a starting pH of 6
(solution natural pH). Finally the material was filtered through 0.45um cellulose membrane



and aliquots were collected for metal concentration quantification, a time of 60 min was
established as the optimum time for use in subsequent experiments.

The influence of pH was studied by balancing the initial solution (Mn (1), 4 mg.L™?)
with NaOH (0.1 mmol. L) and HCI solution (0.1 mol.L) for different pH (1.0, 3.0, 5.0,
6.0, 7.0 and 8.0), setting a fixed agitation speed of 200 rpm, adsorbent mass of 0.5 g, a
temperature of 25 ° C and 60 min.

The effect of adsorbent mass was investigated by varying the mass in 0.5, 0.7, 1.0
and 1.3 grams. The experiment was conducted setting the Mn (11) concentration in 4 mg.L"
1 stirrer speed of 200 rpm, 60 min contact time, temperature of 25 ° C and optimum pH
found.

To evaluate the temperature effect, the parameters, metal concentration and rotation
were maintained,for the mass was used 0.5g of adsorbent, optimal pH found and varied
temperature in 15, 25, 35 and 45 °C with contact time of 60 min.

After stablishing contact time, metal concentration was measured using AAS. The
percentage removal of metal ions was calculated using Eg. (1):

Removal % = ((Co — Cf) /Co).100 Q)
The quantity of metal adsorbed by biomass in equilibrium was calculated using Eqg.

().

q = (Co — Ce).V/m 2

Where Co is the solute concentration in the initial solution (mg.L™); Cf is the final
residual metal concentration after the absorption period in mg/L; Ce is the final solute
concentration in equilibrium (mg.L™); V is the solution volume (L) and m is the adsorbent
mass (g).

For the study of Mn (1) adsorption isotherms by biosorbents the optimal conditions
were applied to each of the adsorbents, ensuring balance of the system. The concentration of
manganese ions was varied from 5-50 mg.L?; the solutions after adsorption were then
filtered through a cellulose membrane of 0,45um and metal ions quantified using an atomic
absorption spectrophotometer. In this study, we applied two widely used isotherms,
Langmuir and Freundlich; Egs. (3) and (4) indicate these models respectively.

The Langmuir model (Langmuir, 1916) used to evaluate the adsorption nature is
expressed as:

_ qmax.KL.Ce
€ = " xice (3)
Where Eq.(3) Ce (mg.L™) refers to the equilibrium metal concentration, ge (mg.g?)
is the quantity of metallic ions adsorbed by mass unit of adsorbent in equilibrium state, gmax
(mg.g™) is the maximum capacity of adsorption and KL (L.mg™) the Langmuir constant.
The Freundlich equation can be described as:

ge = Kf.Cel/” (4)

Where Ky and n are Freundlich constants related to the adsorption capacity by several
layers and adsorption intensity. If the n values were hold within 1-10, indicate that the



biosorption process is favourable, for n values lower than 1, the adsorption is unfavorable,
the n values same as 1, indicate that the adsorption was linear. However, values lower than
n indicate that the adsorption was favorable by chemical interactions; values greater than n
characterize the favor of adsorption via physical processes (Lalhruaitluanga et al., 2010).

To evaluate the kinetic of Mn (1) ions removal, pseudo-first and pseudo-second order
kinetic models were used with the purpose of understand the biosorption dynamics of
adsorbents VAI, VTA and VTB.

The pseudo-first order kinetic model (Lagergren, 1898) is shown below (EQ.5).

Qr = Qe(1—etaf) (®)

Where, Qt (mg.g?) is the quantity of metallic ions adsorbed in moment t and Ky (min-
1y is constant in the adsorption process of pseudo-first order.

The pseudo-second order kinetic equation (Blanchard et al., 1984) is expressed in
Eq.6.

0 = 72t ©)

T 1+kaQe t

Where, Qe represents the equilibrium adsorption capacity (mg.g™) and Kz (g.mg"
1 min™) is the pseudo-second order adsorption velocity constant.

3. Results discussion
3.1. Biosorbents characterization

The biosorbent surface and structure characterization are important for understanding
the mechanism of interaction between the biomass and the metal (Araujo et al., 2013). For
characterization and composition of surfaces were used the techniques of scanning electron
microscopy (SEM) with microprobe EDS (Energy Dispersive Spectroscopy) and FTIR
analysis.

EDS (Table 1) analysis of the adsorbents (VAI VTA and VTB) after Mn (II)
adsorption shows the manganese incorporation of the samples, as initially none of the
adsorbents had Mn (1) in their composition. The presence of Mn (1) in the samples after
the adsorption process confirms the pods capacity to adsorb metals. Reddy et al (2011)
working with moringa shells, report that compounds present in moringa, such as cellulosic
structures and proteins favor the bonding with metals, once the metal ion is associated with
functional groups on the biosorbents surface, favoring the biosorption process present in
moringa.

Fig.1 shows the images obtained by SEM of the superficial morphology of adsorbents
VAI, VTA e VTB.

By analyzing Fig. 1 can be seen that the adsorbents have surface with fibrous and
heterogeneous aspect, irregular pores of varied dimensions, relatively open and
asymmetrical. Such features can benefit e the process of metals biosorption (Meneghel et
al., 2013).

FTIR analysis is an effective way to obtain information about the functional groups
present on the materials surface. Fig. 2 shows the FTIR spectra of VAI, VTA and VTB pods.



Using FTIR technique, the main functional groups present in the samples were identified.
Fig. 2 shows a broadband of 3360 cm™ assigned to O-H stretching. The peak present at 2923
cm? is attributed to the symmetric and asymmetric stretch of CHp, this functional group is
present in fatty acids, proteins, cellulose, hemicellulose and lignin (Marques et al., 2012).
The peaks in the region of 1740 to 1630 cm™, show a change in the intensities of these peaks
indicating potential changes occurring in the C=0O bonds during the proposed treatments.
Possibly the basic and acid treatments can cause hydrolysis reactions resulting in new
carboxylic groups (-COQ) and hydroxyls (-OH) in the biomass, that can favor the metals
biosorption (Lalhruaitluanga et al., 2010; Zafar et al., 2015). The spectral region of 1224 to
1248 cm confirms the presence of carboxylic acids and is associated with the C-O bond
stretching with phenols (Meneghel et al., 2013). The peak present at 1054 cm is attributed
to connections C-O type, confirming the presence of lignin structure, which has functional
groups such as hydroxyl and carbonyl with capacity to form interactions with metals and
remove them. The peak at 893 cm™ is attributed to C-O bonds, characteristic of cellulosic
structures presence such as hemicellulose and cellulose (Alves and Coelho, 2013; Esfandiar
et al., 2014; Reddy et al., 2012, 2011)

The pretreatment favor the presence of active functional groups such as hydroxyl (-
OH) groups and carboxylic groups (-COOH) which are known to favor metals adsorption
(Reddy et al., 2010a).

Fig.3 shows the spectra of FTIR in the biomass in-natura, before and after Mn (11)
biosorption. The spectra show an intense band at 3360 cm™ indicating the presence of
hydroxyl groups. The presence of peak at 2917cm™ can be attributed to symmetric and
asymmetric stretching of C-H bond. The alteration of the wavenumber of the carbonyl band
from 1743 cm™ to 1734 cm™ after the adsorption process, indicates the possible connection
of metal groups to carboxylic groups. Reddy et al. (2012) working with biomass of Moringa
oleifera modified leaves as adsorbents for Cd(11), Ni(Il) e Cu(ll) removal, reported a similar
behavior for their adsorbent, where they claim that such modification is related to the
interactions occurred between the carboxylic and hydroxyl groups and the metals in solution.
From these results, it is assumed that the Mn (1l) is preferably adsorbed by hydroxyl groups
(OH) and carboxyl groups (COOH). The subtle shift in the spectra before and after the
adsorption process can be associated with the fact that the metal ions concentration is
relatively low compared to adsorbent mass in the adsorption process, which ultimately
appropriates the non-appearance of new peaks and spectrum distortion, characterizing a mild
physical adsorption process (Reddy et al., 2010a; Zafar et al., 2015). The pre-treated
adsorbents (VTA and VTB) had a similar behavior to the in-natura pod after adsorption in
their FTIR spectra, showing alteration in the carbonyl band of 1743cm™ that possibly
indicates the connection of metal groups.

3.1.1 Point of zero charge

The determination of the biosorbent point of zero charge (PCZ) is important to
elucidate the biosorption mechanism. Fig.4 shows the PCZ analysis of the studied
biosorbents.

In figure 4, it is possible to elucidate the effect of pH on Mn (1) adsorption for studied
adsorbents. The PCZ values were in the range of 6.2-7.2 for VAI, de 3.9- 4.2 for VTA and
6.3-8.7, for VTB, this indicates that the biosorbents acquire positive charge below the ZCP
range and above this value, they acquire negative charge. On zero charge point the
electrostatic forces between the dissolved Mn (I1) ions and the surfaces of the adsorbent are



balanced, so that their charges are canceled. As pH < PCZ, the biosorbent assumes positive
surface charge, resulting in an electrostatic repulsion of Mn (1), reducing the adsorption
capacity. When pH > PCZ, the superficial changes of the biosorbent became negative, thus
attracting Mn (1) ions in solution to the surface, favoring adsorption. Reddy et al., (2012)
reported that the metal adsorption is related to both the pH and the nature of the biosorbent,
since each biomass has its own optimum pH for the adsorption of metal ions. Thus, different
behaviors provide a preliminary indication of the adsorbent behavior related to different pH.

3.2 Contact time effect

The effect of contact time in removal capacity of Mn (Il) ions by VAT, VTA and
VTB was investigated and is shown in Fig. 5.

Analyzing Fig. 5, it can be noticed that the adsorption percentage increases with
contact time until equilibrium is reached. The contact time study for the three adsorbents
(VAI VTA and VTB) for the Mn (1) ions in solution removal process revealed that they
tend to have similar adsorptive behavior, most of the metal ions were removed within the
range of 2-30min. As observed, the removal percentage increases considerably in the initial
phase (0-20 minutes) reaching equilibrium in about 30 min. The equilibrium state between
the solution and the adsorbent was reached at 30 min for three adsorbents studied. However,
a longer time was chosen to obtain the adsorption isotherm (60 min), ensuring the system
equilibrium. The maximum biosorption was 81% for VAI, 60% for VTA and 93% for VTB,
showing residual manganese in solution of 0.73 mg.L™ for the in-natura pod, 1.56 mg.L™* for
the acid treated pod and 0.25 mg.L™ for the basic pod. After the treatment, the biomass goes
through a series of changes such as surface impurities removal, membrane rupture and new
functional groups exposure, such as hydroxyls and carboxylic groups, which may favor or
not the biosorption process (Zafar et al., 2015).

3.3 pH influence in adsorption process

The pH effect on the manganese adsorption by the adsorbents VAI, VTA and VTB
varying the pHin 1, 3,5, 6, 7 and 8 is shown in table 2.

In the adsorption process the pH of the solution is an important variable, since they
directly affect the metals adsorption due to protonation / deprotonation of functional groups
of the adsorbent (Anastopoulos and Kyzas, 2015).

It may be noted that removal capacity for acid treated pods (VTA), in-natura pods
(VAI) and basic treated pod (VTB) initially increased with the increase of pH, and then from
pH 6 remained practiacally unchanged. The maximum removal was observed in the pH 6-8
range for the three adsorbents studied, thus the pH chosen for further studies was 6 once this
value showed good removal for all adsorbents and is the natural pH of the solution. At pH
above 8.0 Mn (Il) precipitates in the form of Mn(OH),, becaming it unavailable for
adsorption, in addition metal precipitation causes turbidity (Meneghel et al., 2013). The VTA
adsorbent performance in the removal of Mn (11) ions in solution confirms the data obtained
in CZP analysis, where the manganese adsorption is favored at higher pH values. As for VAI
and VTB removal was favored in the zero load range. Variations on metals sorption at
different pH can be related to the ionic strength (Kumar and Gaur, 2011). Furthermore, the
alkaline treatment can contribute to the exposure of certain chemical groups, reinforcing the
connection between the cation and the metal adsorbent (Zafar et al., 2015). Another factor
to correlate is that on the CZP the adsorbents superficial charge tend to be neutral and



electrostatic forces between metal ions and the adsorbent surface equilibrated, even in
equilibrium certain carboxylic, and hydroxyl groups present in the sorbent molecule further
are available for connecting with metals (Helen Kalavathy and Miranda, 2010).

3.4 Biosorbent dose effect

The Mn (11) biosorption by studied adsorbents (VAI, VTA e VTB) was evaluated
varying the adsorbent amount from 0.5 to 1.5 g in solution, with initial concentration of 4
mg.L™, pH 6 and contact time of 60 min. The removal percentage varied from 66% to 83%
with the in-natura pod, from 47% to 65% with the treated pod by acid, and from 87% to 95%
with a treated pod by basic. Obtaining residual manganese in solution of 0.68 mg.L*?, 1.4
mg.L? e 0.2 mg.L, respectively for the VTI, VTA and VTB pods. As the adsorbent dose
was raised, the adsorbents efficiency also raised, however, remained constant starting from
the 0.5 g dose, which justified the use of 0.5g biosorbent mass for further studies. This result
can be explained by the fact that increasing the amount of biomass, the surface area and
number of active sites available for new connections increase, improving the bioremediation
capacity (Abdeen et al., 2015). Furthermore, Lalhruaitluanga et al., (2010) reported that the
alkali biomass pretreatments improve the capacity related of adsorption to the biomass
without treatment, once it may contribute to the availability of certain functional groups
present responsible for anchoring metals, improving the biomass adsorption capacity.

3.5 Temperature effect in biosorption

With a contact time of 60 min, pH 6 and fixed adsorbent dose of 0.5g, the effect of
temperature on the Mn ions adsorption per VAI, VTA and VTB was studied at temperatures
ranging from 15-45 ° C. The removal ranged from 79% to 85% for VAI, 61% to 62% for
VTA and 92% to 94% for VTB; resulting in a residual manganese solution of 0.6 mg.L™ for
the in-natura pods, 1.52 mg.L™? for the pod treated by acid and 0.24 mg.L? for the basic
treated pod by basic.

The obtained results show the biosorption of the three adsorbents that is enhanced
with increasing temperature. This fact is accordance with the endothermic nature of
adsorption process, whereas the temperature rises adsorption tends to increase (Khobragade
and Pal, 2014). However, the variation in temperature showed no significant difference in
manganese biosorption capacity from 25°C, being this (25 °C) the temperature chosen for
further studies. Tounsadi et al., (2015) when working with Diplotaxisharra and
Glebioniscoronaria L. biomass for Cd (Il) and Co (Il) adsorption observed that the
temperature did not influence on their adsorptive process, this fact would be associated with
morphological nature of the biosorbent, which had no defined pores that don’t the favor
adsorption process.

3.6 Kinetic study

The kinetic parameters of the studied adsorbents are showed in Table 3.

As can be seen in Table 3, both models fit the kinetic data. However, the pseudo-
second-order model is which best describes the biosorption of Mn (I1) by moringa pods,
presenting the biggest R? coefficient values (0.9960-0.9990) and the values closer to Qeexp
and Qca, reinforcing the applicability of this model. The second order kinetic model
indicates that the limitative rate stage was the adsorption, indicating that the adsorption



process is dependent of the amount of adsorbed metal on the surface of the adsorbent and
the amount of adsorbed at equilibrium (Helen Kalavathy and Miranda, 2010).

3.7 Equilibrium isotherms

The experimental data was fitted to the Langmuir and Freundlich experimental
models and are shown in Fig 6.

The adsorption isotherm expresses the relation between the biosorbent amount per
gram of adsorbed metal ions, in addition to providing information about the adsorption
behavior (Abdeen et al., 2015). Several isothermal models have been widely used to
determine a model for the equilibrium of a system adsorption. The most widely used models
are the Langmuir and Freundlich where the Langmuir adsorption model assumes that it
occurs over a homogeneous monolayer surface without any interaction between the adsorbed
ions.

On the other hand, the Freundlich equation is an empirical model based on adsorption
onto a heterogeneous surface, which implies that the adsorption occurs multilayer, which
suggests that the energy diminishes exponentially with the surface covering (Reddy et al.,
2010b). The parameters obtained for each model are given in Table 4.

It can be seen in Table 4, the experimental data of VAI, VTA and VTB biosorbents
were well-fitted by Langmuir and Freundlich. However, the Freundlich model was the one
that best described the experimental data, with higher values of R?, which that the calculated
biosorption capacity used in the model is close to experimental values obtained. The
Freundlich isotherm confirms the heterogeneity sites on the adsorbent surface, once the
values of n are between 1 and 10, indicating that the Mn (11) ions biosorption foe the studied
adsorbents was favorable. It was also observed that the maximum adsorption capacity (Qmax)
was 7.64 mg.g for VTB, 6.00 mg.g™* for VAI and 3.60 mg.g*for VTA.

The biosorption capacities of various biosorbents on manganese removal reported in
the literature are shown in Table 5. Comparing the qmax values experimentally obtained to
the other adsorbents reported in the literature it can be observed that the adsorbents studied
VAI, VTA and VTB have Mn (Il) removal capabilities close to those found in previous
studies. The results of this study showed that treated moringa pods demonstrate good
removal proprieties of Mn (Il). Furthermore, pods offer a series of advantages in their use,
such as low cost because it is a byproduct, renewability and biodegradability, simplicity in
the treatment for obtaining the biosorbent

The basic treatment was the most efficient for the manganese removal, resulting with
a residual value of 0.32 to 0.24 mg/L. These values are still above the admitted by the
Brazilian legislation for drinking water. However, the high capacity of manganese removal
indicates that moringa pod witch basic treatment is promising biosorbent for metal removal.

3.8 Biosorption thermodynamic

The temperature effect on the Mn (11) ions adsorption by the adsorbent was studied
at 15, 25, 35 and 45°C in a constant concentration of 4 mg. L%, pH 6 and contact time of 60
min. The dependence of the equilibrium constant (Kc) for the Mn (1) ions adsorption was
calculated for all temperatures using Eq. (7):

Fe
1-Fe

Kc =

(")



Where, Fe is the percentage sorption fraction in equilibrium. The thermodynamic
parameters, Gibbs free energy (AG°®), enthalpy variation (AH®) and entropy variation (AS°®)
(Akhtar et al., 2007) were calculated using equations (8) and (9):

InKc= —22 4% (8)
RT ' R
AG° = —R.T.InKc 9)

Where, R is the universal gas constant (8.314 J.(mol K)?) and T the absolute
temperature (K). The values of AH® and AS° can be calculated from the intersection of In Kc
vs 1 / T rect. The thermodynamic parameters for the adsorption process of the different
biosorbents are shown in Table 6.

The negative values found for AG ° in the different temperatures for all adsorbents
confirm the spontaneous nature of the reaction as well as the viability of the biosorption
process. For AH® values found for all samples were positive, wich confirms the endothermic
nature of the process. The positive entropy value shows the favoring system randomness
system during the adsorption process (Abdeen et al., 2015).

4. Conclusion

This study revealed that the basic treatment showed maximum biosorption capacity
of 6.0 mg.g*. In the best adsorption condition was reached a residual manganese content of
0.24 mg.L? in the treated water. Furthermore, the kinect datas were better described by the
pseudo-second order model. The isotherm modeling indicated that the Mn (Il) biosorption
can occur in multilayer and the process in controlled by physisorption. These data
demonstrate that the pods are an attractive option for the treatment of contaminated water
with Mn (I1); additionally these biosorbents are renewable and biodegradable.

5. Acknowledgements

Authors would like to thank the government agencies National Council for Scientific and
Technological Development (CNPq), Higher Education Personnel Improvement
Coordination (CAPES) the financial support for the research.

6. References

Abdeen, Z., Mohammad, S.G., Mahmoud, M.S.; 2015. Environmental Nanotechnology , Monitoring &
Management Adsorption of Mn ( 1l ) ion on polyvinyl alcohol / chitosan dry blending from aqueous
solution 3, 1-9.

Abideen Idowu Adeogun, Andrew E. Ofudje, Mopelola Idowu, and S.0.K., 2011. Equilibrium, kinetic, and
Thermodynamics Studies of The Biosorption of Mn (1) lons from Aqueous solution By Raw and Acid-
Treated Corncob biomass. J. Bioresour. 6, 4117-4134.

Akhtar, M., Moosa Hasany, S., Bhanger, M.1., Igbal, S., 2007. Sorption potential of Moringa oleifera pods for
the removal of organic pollutants from aqueous solutions. J. Hazard. Mater. 141, 546-556.
doi:10.1016/j.jhazmat.2006.07.016

Alfarra, R.S., Ali, N.E., Yusoff, M.M., Razak, L.T., 2014. Removal of heavy metals by natural adsorbent :
review Faculty of Chemical and Natural Resources Engineering , University Malaysia Pahang , Malaysia
6655, 130-139.



Alvarez-Bastida, C., Martinez-Miranda, V., Vazquez-Mejia, G., Solache-Rios, M., Fonseca-Montes de Oca,
G., Trujillo-Flores, E., 2013. The corrosive nature of manganese in drinking water. Sci. Total Environ.
447, 10-16. doi:10.1016/j.scitotenv.2013.01.005

Alves, V.N., Coelho, N.M.M., 2013. Selective extraction and preconcentration of chromium using Moringa
oleifera husks as biosorbent and flame atomic absorption spectrometry. Microchem. J. 109, 16-22.
doi:10.1016/j.microc.2012.05.030

Anastopoulos, I., Kyzas, G.Z., 2015. Progress in batch biosorption of heavy metals onto algae. J. Mol. Lig.
209, 77-86. doi:10.1016/j.molliq.2015.05.023

Araljo, C.S.T., Carvalho, D.C., Rezende, H.C., Almeida, I.L.S., Coelho, L.M., Coelho, N.M.M., Marques,
T.L., Alves, V.N., 2013. Bioremediation of Waters Contaminated with Heavy Metals Using Moringa
oleifera Seeds as Biosorbent. Appl. Bioremediation- Act. Passiv. Approaches. doi:DOI: 10.5772/56157

Blanchard, G., Maunaye, M., Martin, G., 1984. Removal of heavy metals from waters by means of natural
zeolites. Water Res. 18, 1501-1507. doi:10.1016/0043-1354(84)90124-6

Doula, M.K., 2006. Removal of Mn2+ ions from drinking water by using Clinoptilolite and a Clinoptilolite—
Fe oxide system. Water Res. 40, 3167-3176. doi:10.1016/j.watres.2006.07.013

Esfandiar, N., Nasernejad, B., Ebadi, T., 2014. Removal of Mn(ll) from groundwater by sugarcane bagasse
and activated carbon (a comparative study): Application of response surface methodology (RSM). J. Ind.
Eng. Chem. 20, 3726-3736. d0i:10.1016/j.jiec.2013.12.072

Helen Kalavathy, M., Miranda, L.R., 2010. Moringa oleifera-A solid phase extractant for the removal of
copper, nickel and zinc from aqueous solutions. Chem. Eng. J. 158, 188-199.
doi:10.1016/j.cej.2009.12.039

Hoyland, V.W., Knocke, W.R., Falkinham, J.O., Pruden, A., Singh, G., 2014. Effect of drinking water
treatment process parameters on biological removal of manganese from surface water. Water Res. 66,
31-39. doi:10.1016/j.watres.2014.08.006

Islam, M.S., Ahmed, M.K., Habibullah-Al-Mamun, M., Masunaga, S., 2015. Assessment of trace metals in
foodstuffs grown around the vicinity of industries in Bangladesh. J. Food Compos. Anal. 42, 8-15.
d0i:10.1016/j.jfca.2014.12.031

Kasaai, M.R., 2014. Use of Water Properties in Food Technology: A Global View. Int. J. Food Prop. 17, 1034—
1054. d0i:10.1080/10942912.2011.650339

Khan, K., Lu, Y., Khan, H., Ishtiag, M., Khan, S., Waqgas, M., Wei, L., Wang, T., 2013. Heavy metals in
agricultural soils and crops and their health risks in Swat District, northern Pakistan. Food Chem.
Toxicol. 58, 449-458. doi:10.1016/j.fct.2013.05.014

Khobragade, M.U., Pal, A., 2014. Investigation on the adsorption of Mn(I1) on surfactant-modified alumina:
Batch and column studies. J. Environ. Chem. Eng. 2, 2295-2305. doi:10.1016/j.jece.2014.10.008

Kumar, D., Gaur, J.P., 2011. Metal biosorption by two cyanobacterial mats in relation to pH, biomass
concentration, pretreatment  and reuse. Bioresour. Technol. 102, 2529-2535.
doi:10.1016/j.biortech.2010.11.061

Lalhruaitluanga, H., Jayaram, K., Prasad, M.N. V, Kumar, K.K., 2010. Lead(Il) adsorption from aqueous
solutions by raw and activated charcoals of Melocanna baccifera Roxburgh (bamboo)-A comparative
study. J. Hazard. Mater. 175, 311-318. doi:10.1016/j.jhazmat.2009.10.005

Longe, E., Balogun, M., 2010. Groundwater quality assessment near a municipal landfill, Lagos, Nigeria. Res.
J. Appl. Sci. ... 2,39-44.

Lu, Y., Song, S., Wang, R., Liu, Z., Meng, J., Sweetman, A.J., Jenkins, A., Ferrier, R.C., Li, H., Luo, W.,
Wang, T., 2015. Impacts of soil and water pollution on food safety and health risks in China. Environ.
Int. 77, 5-15. doi:10.1016/j.envint.2014.12.010

Marques, T.L., Alves, V.N., Coelho, L.M., Coelho, N.M.M., 2012. Removal of Ni(ll) from aqueous solution
using Moringa oleifera seeds as a bioadsorbent. Water Sci. Technol. 65, 1435-1440.
doi:10.2166/wst.2012.026



Meneghel, A.P., Gongalves, A.C., Rubio, F., Dragunski, D.C., Lindino, C.A., Strey, L., 2013. Biosorption of
cadmium from water using moringa (Moringa oleifera Lam.) Seeds. Water. Air. Soil Pollut. 224, 1-13.
doi:10.1007/s11270-012-1383-2

Moyosore, J.O., Coker, a O., 2014. Iron and Manganese Levels of Groundwater in Selected Areas in Ibadan
and Feasible Engineering Solutions 10, 137-153.

Peng, C.-Y., Korshin, G. V., Valentine, R.L., Hill, A.S., Friedman, M.J., Reiber, S.H., 2010. Characterization
of elemental and structural composition of corrosion scales and deposits formed in drinking water
distribution systems. Water Res. 44, 4570-4580. doi:10.1016/j.watres.2010.05.043

Rahman, M.M., Dong, Z., Naidu, R., 2015. Concentrations of arsenic and other elements in groundwater of
Bangladesh and West Bengal, India: Potential cancer risk. Chemosphere 139, 54-64.
doi:10.1016/j.chemosphere.2015.05.051

Rahman, M.S., Molla, a. H., Saha, N., Rahman, A., 2012. Study on heavy metals levels and its risk assessment
in some edible fishes from Bangshi River, Savar, Dhaka, Bangladesh. Food Chem. 134, 1847-1854.
doi:10.1016/j.foodchem.2012.03.099

Reddy, D.H.K., Harinath, Y., Seshaiah, K., Reddy, a. V.R., 2010a. Biosorption of Pb(Il) from aqueous
solutions using chemically modified Moringa oleifera tree leaves. Chem. Eng. J. 162, 626—634.
doi:10.1016/j.cej.2010.06.010

Reddy, D.H.K., Ramana, D.K. V, Seshaiah, K., Reddy, a. V.R., 2011. Biosorption of Ni(ll) from aqueous
phase by Moringa oleifera bark, a low cost biosorbent. Desalination 268, 150-157.
d0i:10.1016/j.desal.2010.10.011

Reddy, D.H.K., Seshaiah, K., Reddy, a. V.R., Lee, S.M., 2012. Optimization of Cd(Il), Cu(ll) and Ni(ll)
biosorption by chemically modified Moringa oleifera leaves powder. Carbohydr. Polym. 88, 1077-1086.
doi:10.1016/j.carbpol.2012.01.073

Reddy, D.H.K., Seshaiah, K., Reddy, a. V.R., Rao, M.M., Wang, M.C., 2010b. Biosorption of Pb2+ from
aqueous solutions by Moringa oleifera bark: Equilibrium and kinetic studies. J. Hazard. Mater. 174, 831—
838. d0i:10.1016/j.jhazmat.2009.09.128

Taffarel, S.R., Rubio, J., 2010. Removal of Mn2+ from aqueous solution by manganese oxide coated zeolite.
Miner. Eng. 23, 1131-1138. doi:10.1016/j.mineng.2010.07.007

Tounsadi, H., Khalidi, A., Abdennouri, M., Barka, N., 2015a. Biosorption potential of Diplotaxis harra and
Glebionis coronaria L. biomasses for the removal of Cd(ll) and Co(ll) from aqueous solutions. J.
Environ. Chem. Eng. doi:10.1016/j.jece.2015.03.022

Tounsadi, H., Khalidi, A., Abdennouri, M., Barka, N., 2015b. Biosorption potential of Diplotaxis harra and
Glebionis coronaria L. biomasses for the removal of Cd(ll) and Co(ll) from aqueous solutions. J.
Environ. Chem. Eng. 3, 822-830. doi:10.1016/j.jece.2015.03.022

Usepa, 2004. Drinking Water Health Advisory for Manganese, in: U.S. Environmental Protection Agency
Office of WaterWashington, DC EPA-822-R-04-003. pp. 1-49. doi:EPA-822-R-04-003

Varga, M., Takécs, M., Zaray, G., Varga, |., 2013. Comparative study of sorption kinetics and equilibrium of
chromium (V1) on charcoals prepared from different low-cost materials. Microchem. J. 107, 25-30.
doi:10.1016/j.microc.2012.08.009

Zafar, M.N., Aslam, I., Nadeem, R., Munir, S., Rana, U.A., Khan, S.U.-D., 2015. Characterization of
chemically modified biosorbents from rice bran for biosorption of Ni(ll). J. Taiwan Inst. Chem. Eng. 46,
82-88. do0i:10.1016/j.jtice.2014.08.034



Figure Captions

Figure 1: SEM micrographs of adsorbents (A) In-natura pod (VAI), (B) Acid treated pod
(VTA) and (C) Basic treated pod (VTB).

Figure 2: FTIR spectrum of (a) In-natura pod and (b) FTIR spectrum of in-natura pod after
manganese adsorption.

Figure 3: FTIR pods spectrum (A) VTB; (B) VAl and (C) VTA.
Figure 4: PCZ analysis for the VAI, VTA and VTB biosorbents.

Figure 5: Contact time effect on manganese biosorption of VAI, VTA and VTB (biosorbent
dose: 0.50 g, pH: 6).

Figure 6: Langmuir and Freundlich isotherms adjust of manganese adsorption experimental
data at 10 to 50 mg.L?, 50 mL volume, 0.5 g of adsorbent at 25°C, pH 6 and time of 60min
for VAI (a), VTA (b) e VTB (c) adsorbents.
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Tables

Table 1. Chemical composition of biosorbents obtained for EDS after adsoption

Element (%)

Biosorbents C @) Mg Al Ca Mn
VAI 53.79 4551 0.14 0.11 0.26 0.19
VTA 53.93 45.11 - 012 029 055

VTB 5200 4739 0.13 0.12 0.18 0.18




Table 2. Removal capacity of Mn (1) ions by VAT, VTA and VTB by the adsorbents VAlI,
VTA and VTB varying the pH.

% of removal
Biosorbent pH 1 3 5 6 7 8
VAI 13.90 22.85 76.07 81.87 81.73 80.30
VTA 21.78 28.94 43.78 61.13 61.07 57.44
VTB 22.49 38.33 93.06 94.01 94.11 94.98




Table 3. Kinetic parameters of biosorbents VAI, VTA e VTB onto Mn (1) adsorption process
Pseudo- second order

Experimental Pseudo-first order

Biosorbents ] . : 1 -
Qee)_ql) Qt cal (mg. g 1) K1 (min 1) R2 Qt cal (mg. g 1) K2 (9.mg 1min 1) R2

Comgl™ Teo

(mg.g ")
VAI 4 25 0.327 0.319+0,0012 1.403+0,0932 0.998 0.323+0,0004 19.561+1,0971 0.999
VTA 4 25 0.243 0.237+0,0048 0.366+0,0422 0.979 0.253+0,0029 2.329+0,1968 0.996
0.371+0,0005 1.753+0,0762 0.999 0.373+0,0001 36.449+1,2500 0.999

VTB 4 25 0.374




Table 4. I1sotherm parameters for Mn (1)

_ Langmuir Freundlich

BIOSOTbeNts 4 (mg.g®)  KL(Lmg?) RE  Kf(mgg) n@.L) R
VAI 6.001+0.248 0.143+0.012 0.996 0.950+0.023 1.741+0.036 0.998
VTA 3.601+0.422 0.071+£0.017 0.971 0.429+0.321 1.877+0.941 0.993

VTB 7.644+0.503 0.570+0.071 0.993 1.684+0.035 2.671+0.023 0.998




Table 5. Adsorbents used for the manganese removal

Mn removal capacity

Adsorbents 1 References
(mg.g7)
Moringa pod in natura .
(VAI) 6.001 This work
Acid treated moringa pod .
(VTA) 3.601 This work
Basic treated moringa pod .
(VTB) 7.644 This work
_Manganese 1.123 (Taffarel and Rubio, 2010)
oxide coated zeolite
Polyvinyl alcohol/chitosan
(PVAICS) binary dry 10.51 (Abdeen et al., 2015)
blend
Cllnoptolllt_e (natural 769 (Doula, 2006)
zedtila)
(Abideen Idowu Adeogun,
Acid treated corncob 6.54 Andrew E. Ofudje,

Mopelola Idowu, 2011)




Table 6. Thermodynamic parameters used in Mn (Il) adsorption for the different
adsorbents used

R? AH° AS°
—AG°(KJ. mol™) (KJ.mol) (3. mol LKD)
Biosorbent 288K 298K 308K 318K
VAI 9.34 12.18 14.85 15.71 0.902 11.88 52.10
VTA 1.08 1.18 1.25 1.30 0.907 1.08 7.49
VTB 6.12 6.64 6.95 7.67 0.936 8.937 5161




Highlights

«  The biosorbents were prepared from Moringa oleifera pods
*  Pretreatments were used to enhance biosorbents

»  The biosorbtion process was evaluated

«  Application of low-cost biosorbents was evaluated to removel Mn (11).
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