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ABSTRACT

This study was focused on lichen biomass Diploicia canescens as an alternative biosorbent for
the removal of nickel from aqueous solution. Experiments are carried out as a function of
solution pH, biosorbent dosage, contact time, and temperature. The equilibrium data were
applied to the Langmuir, Freundlich, and Dubinin-Radushkevich (D-R) isotherm models.
The maximum Ni(II) sorption capacity of D. canescens was found to be 66.7 mg/g at pH 5,
biomass concentration 4 g/L, contact time 60 min, and temperature 20°C. From the D-R
isotherm model, the mean free energy was calculated as 11.2 kJ/mol, indicating that the
biosorption of Ni(Il) ions was taken place by chemical ion exchange. The biosorption
kinetics were best described by the pseudo-second-order model. The thermodynamic
parameters showed that the biosorption process was feasible, spontaneous, and exothermic.
FTIR and EDAX analysis revealed that the whole biosorption process is mainly dominated
by ion exchange mechanism, accompanied by a certain amount of surface complexation.

Keywords: Diploicia canescens; Biosorption; Kinetic; Isotherm; FTIR and EDAX analysis;
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1. Introduction

Rapid industrialization has accentuated environ-
mental pollution problems causing the deterioration of
several ecosystems with the accumulation of many
pollutants, such as toxic metals. Heavy metal pollution
represents an important problem due to its toxic effect
and accumulation throughout the food chain leading
to serious ecological and health problems.

Nickel receives wide attention by environmental-
ists as one of the most toxic heavy metals.

*Corresponding author.

The main anthropogenic pathway through which
Ni(Il) enters the water bodies is via wastes from
industrial processes such as electroplating, plastics
manufacturing, metal finishing, nickel-cadmium bat-
teries, fertilizers, pigments, mining, and metallurgical
operations [1]. Nickel toxicity may be observed by a
variety of syndromes and effects including renal dys-
function, gastrointestinal distress, e.g., nausea, vomit-
ing, diarrhea, pulmonary fibrosis, and skin dermatitis
[2-4]. Because of the toxicity and bioaccumulation,
Ni(I) is considered as a priority pollutant by the US
Environmental Protection Agency. The maximum per-
missible concentration of nickel in drinking water is
0.02 mg/L according to a US-EPA report [5].
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In view of the toxicity and to meet regulatory safe
discharge standards, it is essential to remove nickel
from wastewaters/effluents before it is released into
the environment.

Conventional wastewater treatments such as
chemical precipitation, ion exchange, reverse osmosis,
coagulation—precipitation, electrochemical operation,
and filtration have several disadvantages including
high-energy requirements, incomplete metal removal,
and high capital investment and running costs [6,7].
Hence, there is a crucial need for the development of
a method that is not only cost-effective, but can also
be easily implemented.

In this endeavor, biosorption has emerged as an
alternative and sustainable strategy for cleaning up
water. Biosorption can be defined as a property of cer-
tain types of inactive, dead microbial biomass to bind
and concentrate heavy metals from even very dilute
aqueous solutions. It can be considered a collective
term for a number of passive, metabolism indepen-
dent, accumulation processes and may include physi-
cal and/or chemical adsorption, ion exchange,
coordination, complexation, chelation, and micropre-
cipitation [8,9]. The main advantages of this technique
are the reusability of biomaterial, low operating cost,
high adsorption capacity, short operation time, and no
production of secondary compounds which might be
toxic [10].

Various types of biomass have been used as the
biosorbent for the removal of toxic metals. Among
these, lichens are chosen in this study because of their
abundant availability, low cost, and high metal uptake
capacity. Lichens are symbiotic organisms built from
fungi and a photosynthetic partner, which is either
alga or Cyanobacterium [11,12]. They usually grow on
rocks, non-fertile ground, and as epiphytes on trees
and leaves [13]. Lichens are considered as indicator of
environmental quality due to their ability to accumu-
late and retain a variety of contaminants, particularly
heavy metals. Besides, many kinds are used for
human nutrition, animal nutrition, the production of
colors, perfumes, alcohols, and in the medical industry
[14]. Diploicia canescens is crustaceous lichen usually
found in sheltered locations, but exposed to sunlight,
such as under the overhang of a cliff. It grows on trees
and stone, being found more frequently on trees. It
was common on Elm trees and may become common
again when these trees reestablish themselves [14].
There is currently no research regarding the biosorp-
tion potential of this biomass.

The goal of our study was to assess the nickel(I)
biosorption potential of D. canescens biomass. For this
purpose, biosorption process was characterized under
different operating conditions such as initial pH,
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sorbent dosage, contact time, and temperature.
Experimental data as functions of temperature and
time were evaluated with the pseudo-first-order and
the pseudo-second-order kinetic models. The Lang-
muir, Freundlich, and Dubinin—-Radushkevich (D-R)
isotherm models were applied to the equilibrium data.
The desorption performance and regeneration ability
of the biosorbent were studied. IR spectral analysis
and energy dispersive spectroscopy (EDS) were also
employed to understand the mode of metal-biomass
interaction.

2. Materials and methods
2.1. Materials

The lichen biomass of D. canescens was harvested
from Elm trees grown in the forest of Belgorod (south-
west of Moscow) in June-July of 2013. The samples
were washed with deionized water and dried for 48 h
in an oven at 70°C. The inactivated dried lichen bio-
mass was chopped, sieved, and the particles with an
average size of 0.6 mm were used for biosorption
experiments.

2.2. Reagents and equipment

Stock metal solution at various concentrations was
prepared by dissolving nickel nitrate (analytical reagent
grade, Sigma-Aldrich (Ireland)). The pH of the solution
was monitored in a 5500 EUTECH pH Meter using FET
solid electrode calibrated with standard buffer solutions
by addition of 0.1 mol/L HNOj; and 0.1 mol/L NaOH
solutions as per the required pH value. The metal con-
centration was measured using an atomic absorption
spectrophotometer (SHIMADZU AA-680, Japan). FTIR
spectroscopy was used to detect vibration frequency
changes in the algal sorbent. The spectra were collected
by an FTS-135 (Bio-Rad, Belgium) spectrometer within
the range 400-4,000 cm™' using a KBr window. The
background obtained from the scan of pure KBr was
automatically subtracted from the sample). Energy dis-
persive spectroscopy (EDS, OXFORD Inca 350, UK) was
used to analyze the variation in chemical elemental
composition of D. canescens surface before and after lead
biosorption.

2.3. Batch biosorption experiments

The biosorption equilibrium experiments of Ni(II)
were performed using a batch process to determine
the amount of metal ion adsorbed by biomass samples
under the effect of contact time, biosorbent dosage, pH,
and temperature of adsorption medium. Necessary
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amount of the dried biomass was equilibrated in a
series of aqueous solutions (25 ml) placed in conical
flasks containing different amounts of metal at a con-
stant pH, which was adjusted with 0.1 M HNO; or
0.1 M NaOH solution at the beginning of each experi-
ment. The flasks were shaken for the desired contact
time in an electrically thermostatic reciprocating sha-
ker (Selecta multimatic-55, Spain) at 100 rpm. The
experiments were repeated at 293, 303, 313, and 323 K.
The time required for reaching the equilibrium condi-
tion estimated by drawing samples at regular intervals
of time till equilibrium was reached. The contents of
the flask were centrifuged and the centrifugate was
analyzed for metal concentration using flame AAS.
The percent biosorption of metal ion was calculated as
follows (Eq. (1)):

Biosorption (%) = (C'gicf) x 100 ¢))

where C; and C¢ are the initial and final (or equilib-
rium) metal concentrations, respectively.

To ensure the accuracy, reliability, and reproducibil-
ity of the collected data, the measurements were carried
out in duplicated and the average values are presented.
Biosorption experiments for the effect of pH were
conducted using a solution having 10 mg/L of Ni(II)
concentration with a biomass dosage of 4 g/L.
Throughout the study, the contact time was varied from
5 to 90 min, the pH from 2 to 8, the initial metal concen-
tration from 10 to 400 mg/L, and the biosorbent dosage
from 0.1 to 20 g/L.

2.4. Desorption procedure

The desorption studies of Ni(Il) from the lichen
biomass of D. canescens were carried out using 0.5M
HNO; (1I0mL) and 0.5M HCl (10 mL). After the
determination of metal content of the final solutions,
the biomass was washed with excess of the acid solu-
tion and deionized water in order to reuse for next
experiment. Consecutive sorption—desorption cycles
were repeated ten times to establish the reusability
of the biosorbent for Ni(Il) removal from aqueous
solution.

3. Results and discussion
3.1. Effect of pH solution

The pH of the adsorbate solutions is an important
parameter governing adsorption on different adsor-
bents [15]. In principle, the dependence of metal
uptake on pH can be associated with both the surface
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functional groups on the adsorbent as well as the
metal chemistry of the solution. The effect of pH on
the biosorption of Ni(Il) by D. canescens biomass is
presented in Fig. 1.

It is obvious from the figure that the biosorption
yield of Ni(Il) increased from 25 to 83% when the pH
was raised from 2 to 4. The maximum biosorption
was found to be 98% for Ni(Il) ions at pH 5. At lower
pH values (pH <2), nickel removal was inhibited,
possibly as a result of the competition between hydro-
gen and nickel ions on the sorption sites, with an
apparent preponderance of hydrogen ions, which
restricts the approach of metal cations as in conse-
quence of the repulsive force. As the pH increased,
the ligands such as carboxylate groups in G. verrucosa
alga would be deprotonated, increasing the negative
charge density on the biomass surface, raising the
attraction of metallic ions with positive charge and
allowing the sorption onto the cell surface [16,17].
Decrease in biosorption at higher pH (pH > 5) is not
only related to the formation of soluble hydroxylated
complexes of the metal ions, but also to the ionized
nature of the cell wall surface of the biomass under
the studied pH [18]. According to the results of this
initial experiment, further biosorption investigations
were performed at pH value of 5 as an optimal value.

3.2. Effect of biomass dosage

The biomass dosage is an important parameter
because this factor determines the biosorption capacity
of a biosorbent for a given initial concentration of the
adsorbate. The effect of biomass dosage on the
biosorption of Ni(ll) ions was studied using different
biomass dosage in the range 0.1-20 g/L (Fig. 2).
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Fig. 1. Effect of pH on biosorption of Ni(II) onto D. canescens
biomass (metal concentration: 10 mg/L, temperature:
20°0).
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It is clear from the figure that the percentage of
Ni** biosorption raises with increase in biomass
dosage from 0.1 to 4 g/L. There is no significant
increase in removal of Ni(Il) when biosorbent dosage
increases beyond 4 g/L. This suggests that after a cer-
tain biosorbent dosage, the maximum biosorption is
attained and hence the amount of ions remains con-
stant even with further increase in the surface area of
the biosorbent, which in turn increases the number of
binding sites. However, at high sorbent dosages, the
available metal ions are insufficient to cover all the
exchangeable sites on the biosorbent, resulting in low
metal uptake [19,20]. Therefore, the optimal bio-
mass dosage was selected as 4 g/L for the further
experiments.

3.3. Effects of contact time and temperature

Equilibrium time is another important parameter
to heavy metals wastewater treatment process. The
effect of contact time on the biosorption of Ni(Il) from
aqueous solution is shown in Fig. 3.

The result shows that the biosorption was rapid in
the initial stages of the process and increased with an
increase in contact time up to 60 min. After this per-
iod, the biosorption capacity of biomass did not sig-
nificantly change up to 80 min. This is obvious from
the fact that a large number of surface sites are avail-
able for biosorption at the initial stages and after a
lapse of time, the remaining surface sites are difficult
to be occupied because of repulsion between the
solute molecules of the solid and bulk phases [21,22].
Therefore, the optimum contact time was selected as
60 min for further experiments.

Fig. 3 also shows the effect of the temperature on
the biosorption of Ni(Il) by D. canescens. The biosorp-
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Fig. 2. Effect of biomass dosage on biosorption of Ni(Il) by
D. canescens biomass (metal concentration: 10 mg/L, pH 5,
temperature: 20°C).
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Fig. 3. Effect of contact time and temperature on
biosorption of Ni(Il) by D. canescens biomass (metal
concentration: 10 mg/L, biomass dosage: 4 g/L, pH 5).

tion yield decreased from 97 to 80% as temperature
was raised from 20 to 50°C. Therefore, the Ni**
biosorption occurred exothermically. The decreasing
in biosorption efficiency may be attributed to either
the damage of active binding sites in the adsorbent or
increasing tendency to desorb metal ions from the
interface to the solution [23]. The optimum solution
temperature was selected as 20°C for further
biosorption experiments.

3.4. Biosorption isotherms

Analysis of equilibrium data is important for
developing an equation that can be used to compare
different biosorbents under different operational
conditions and to design and optimize an operating
procedure. To examine the relationship between sorp-
tion and aqueous concentration at equilibrium, various
sorption isotherm models are widely employed for fit-
ting the data. In this study, the equilibrium data were
evaluated by three isotherms models, namely the
Langmuir, Freundlich, and D-R isotherm models.

The Langmuir model is based on the assumption
that the maximum sorption occurs when a saturated
monolayer of solute molecules is present on the sorp-
tion surface, and the energy of sorption is constant,
with no migration of sorbate molecule in the surface
plane. The model can take the following linear form
[24]:

Ce 1 Ce

e B qmaxKL + Jmax (2)

where g, is the equilibrium metal ion concentration on
the biosorbent (mg/g), C. is the equilibrium metal ion
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concentration in the solution (mg/L), Gmax is the
monolayer biosorption capacity of the biosorbent
(mg/g), and K, is the Langmuir biosorption constant
(L/mg) relating the free energy of adsorption. The val-
ues of gmax and Langmuir constant K were calculated
from the slope and intercept of the linear plot of Ce/ge
vs. C, (Fig. 4).

According to this figure, the value of correlation
coefficient (R* =0.999) shows that the biosorption of
nickel ions onto D. canescens biomass fitted well the
Langmuir model indicates the formation of monolayer
coverage of heavy metal ions on the outer surface of
biosorbent. The maximum biosorption capacity ()
and Langmuir constant (K;) were found to be
66.7 mg/g and 2.57 x 1072, respectively. A comparison
of the sorptive capacity, gmax, of D. canescens biomass
with other biosorbents reported in the literature is
given in Table 1. The biosorption capacity of D. canes-
cens biomass obtained for nickel(Il) ions in this study
was found to be comparable and moderately higher
than that of the majority of other biosorbents men-
tioned [3,25-28]. Differences of metal uptake are due
to the properties of each adsorbent such as structure,
functional groups, and surface area. However, it can
be noteworthy that the D. canescens biomass has
important potential for the removal of Ni(Il) ions from
aqueous solution.

The Freundlich isotherm model assumes that the
removal of metal ions occurs on a heterogeneous
adsorbent surface, and the model can be applied for
multilayer sorptions. This model can be written in lin-
ear form [29]:

1
log g. = log k¢ + Elog Ce 3

CJq,

0 1 1 1 1 1 1 ]
0 50 100 150 200 250 300 350

C. (mglL)

Fig. 4. Langmuir isotherm plots for biosorption of Ni(Il)
onto D. canescens biomass (biomass dosage: 4 g/L, contact
time: 60 min, pH 5, temperature: 20°C).

Y. Hannachi and T. Boubaker | Desalination and Water Treatment 57 (2016) 18490-18499

where k¢s a constant related to the biosorption capac-
ity and 1/n is an empirical parameter related to the
biosorption intensity of the adsorbent. The Freundlich
isotherm constants ks and 1/n were calculated from
the slopes and intercepts of the linear plot of log g. vs.
log C. (Fig. 5).

From the plot, the values of k; and 1/n were found
to be 5 and 0.46, respectively. The 1/n values were
between 0 and 1, indicating that the biosorption of Ni
(I) onto D. canescens biomass was favorable at studied
conditions. However, compared to the R* values, 0.96
with that obtained from the Langmuir model, it can
be remarkably noted that the Langmuir isotherm
model is better fitted the equilibrium data.

The empirical equation proposed by Dubinin and
Radushkevich was widely used to describe the
adsorption of gases and vapors on microporous solids
[30]. In the case of liquid phase adsorption, several
studies have shown that the adsorption energy could
be estimated according to the D-R equation. This the-
ory assumes that there is a variable adsorption poten-
tial where the free energy of adsorption is related to
the degree of pore filling. The D-R isotherm equation
[31] can be expressed linearly as:

In ge = In g — B @)

where g, is the amount of metal ions adsorbed on per
unit weight of adsorbent (mol/L), gy, is the maximum
adsorption capacity (mol/g), f is the activity coeffi-
cient related to adsorption mean free energy (mol®/J%),
and is the Polanyi potential [¢ = RT In (1 + 1/Ce)I.

The equilibrium data, according to the R? value of
0.996, fitted well to the D-R isotherm model (Fig. 6).
From the intercept of the plots, the g, value was
found to be 4.25 x 107> mol/g. The adsorption mean
free energy (E, kJ/mol) is as follows:

E=—= ®)

The E (kJ/mol) value gives information about
adsorption mechanism, physical, or chemical. If it lies
between 8 and 16 kJ/mol, the adsorption process
takes place chemically and while E <8 kJ/mol, the
adsorption process proceeds physically [32]. The
mean adsorption energy was calculated as
11.2 kJ/mol for the biosorption of Ni(Il)) ions. These
results indicated that the biosorption processes of
Ni(II) onto D. canescens biomass may be carried out
via chemisorption involving valence forces through
sharing or exchange of electrons between sorbent and
sorbate [33].
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Table 1
Comparison of biosorption capacity of D. canescens biomass for Ni(Il) with that of other adsorbent
Adsorbent pH Temperature (°C) dm (mg/g) Refs.
Nettle ash 6 25 192.3 [25]
Spirulina platensis 5 20 69.04 [26]
Baker’s yeast 6.75 27 8.2 [27]
Cassava peel 4.5 30 57 [28]
Clinoptilolite 5 20 39.7 [3]
Diploicia canescens 5 20 66.7 Present study
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Fig. 5. Freundlich isotherm plots for biosorption of Ni(II)
onto D. canescens biomass (biomass dosage: 4 g/L, contact
time: 60 min, pH 5; temperature: 20°C).
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Fig. 6. D-R isotherm plots for adsorption of Ni(Il) onto D.
canescens biomass (biomass dosage 10 g/L, contact time:
60 min; pH 5; temperature: 20°C).

3.5. Biosorption kinetics study

Adsorption kinetics shows the dependence on the
physical and/or chemical characteristics of the adsor-
bent material which also influence the adsorption

mechanism. In order to investigate the mechanism of
adsorption, several different models have been used at
different experimental conditions for adsorption pro-
cesses. In this study, the biosorption equilibrium data
were analyzed using two simplest kinetic models,
pseudo-first-order and pseudo-second-order model.

The pseudo-first-order kinetic model assumes that
the uptake rate of heavy metal with time is directly
proportional to the amount of available active site on
the adsorbent surface. The linearized form of the
pseudo-first-order rate equation by Lagergren [34] is
given as:

In(ge — qt) = In g — kst 6)

where g; and g. (mg/g) are the amounts of the metal
ions biosorbed at equilibrium (mg/g) and t (min),
respectively, and k; is the rate constant of the equation
(minY). The values of the rate constant, k;, equilib-
rium biosorption capacity, g., and the correlation
coefficient, RZ, were calculated from the plots of log
(ge — q» vs. t (figure is not shown) (Table 2).

A pseudo-second-order equation based on adsorp-
tion equilibrium capacity assumes that the rate of
occupation of adsorption sites is proportional to the
square of the number of unoccupied sites. Pseudo-sec-
ond-order kinetics equation as expressed by Ho and
Mc Kay can be written as:

LA S @)
9 keqy g2
where k; (g/mg/min) is the rate constant of biosorp-
tion, g, is maximum biosorption capacity (mg/g) [35].
The values of g, and k; can be experimentally derived
from the slope and the intercept of the plot t/g;
against ¢ at different temperatures. The linear plots of
t/g; vs. t for the pseudo-second-order model for the
biosorption of Ni(ll) onto D. canescens biomass at
20-50°C were shown in Fig. 7.

The comparison of experimental biosorption
capacities and the theoretical values estimated from
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Table 2
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Pseudo-first-order and pseudo-second-order parameters for the biosorption of Ni(Il) onto D. canescens biomass at different

temperatures

Pseudo-first-order kinetic

Temperature (°C) Jeexp (MG/ )

Pseudo-second-order kinetic

ky (min™") Ge,cal (Mg/g) R? ko (g/mg/min) e,cal (Mg/g) R?
20 2.45 471072 1.05 0.96 0.22 2.5 0.999
30 2.36 4.3.1072 0.95 0.97 0.18 243 0.998
40 2.22 41107 0.93 0.96 0.15 2.32 0.997
50 2.06 3.9.1072 0.92 0.97 0.13 2.13 0.998

the pseudo-first and second-order rate equations are
presented in Table 2. The theoretical g. values esti-
mated from the pseudo-first-order kinetic model gave
significantly different values than that of the experi-
mental values, and the correlation coefficients were
also found to be lower. These results indicate that the
pseudo-first-order kinetics model does not describe
biosorption of Ni(Il) onto D. canescens biomass. The
correlation coefficients for the linear plots of t/q
against t for the second-order equation are close to 1
or equal to 1. The theoretical g, values were very close
to the experimental g. values in the case of second-
order kinetic model, and the maximum deviation was
0.16% at different temperatures. In the view of these
results, it can be concluded that the biosorption of Ni
(I onto D. canescens biomass is better described by
the second-order equation suggesting that chemisorp-
tion was the rate determining step.

3.6. Thermodynamic parameters

The variation in the extent of biosorption with
respect to temperature has been explained on the basis

30
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Fig. 7. Pseudo-second-order kinetic plots at different
temperatures (pH 5, biosorbent dosage: 4 g/L, contact
time: 60 min).

of thermodynamic parameters, viz. changes in Gibbs
free energy (AG"), enthalpy (AH®), and entropy (AS").
These parameters were calculated by the following
equations:

AS AH
In KL = j

R RT (Van't Hoff equation) 8)

AG®° = —RTIn Ky )

where Kp is the Langmuir constant (L/mol), T is
absolute temperature (K), R is gas constant. When
In Ky, vs. 1/T is plotted (Fig. 8), AH® and AS° values
can be computed from slope and intercept of the Van't
Hoff equation. The calculated parameters were given
in Table 3.

The negative AG® values indicated thermodynami-
cally feasible and spontaneous nature of the biosorp-
tion. It was also noted that the change of free energy
decreases with increase of temperature. This could be
possible because fewer active sites are available on the
surface of adsorbents or because the mobility of
metal ions in the solution increases with increase in
temperature.

The negative value of AH® is indicator of
exothermic nature of the biosorption and also its
magnitude gives information on the type of biosorp-
tion, which can be either physical or chemical.
Therefore, the AH® values showed that the biosorption
process of Ni(Il) onto D. canescens biomass was
taken place via chemisorption [36]. The negative AS°
value (—45.16 ]/mol K) suggests a decrease in the
randomness at the solid/solution interface during the
biosorption process [37].

3.7. FTIR analysis

The FTIR spectrum is carried out as a qualitative
analysis to determine the main functional groups that
are involved in the biosorption process. The FTIR
spectrum pattern of D. canescens biomass before and
after biosorption process is shown in Fig. 9.
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Fig. 8. Determination of thermodynamic parameters for
biosorption of Ni(Il) onto D. canescens biomass.

Table 3
Thermodynamic parameters for Ni(Il) biosorption onto D.
canescens biomass

T (K) AG® (kJ/mol) AH® (kJ/mol) AS® (J/mol)
293 -17.85 -31.14 —45.16

303 —17.45

313 -17.12

323 -16.54

The broad and strong band at 3,310 cm™ ! was due
to bounded hydroxyl (-.CHOH) or amine (-NHj)
groups. The peak at 1,635cm ' was attributed to
stretching vibration of carboxyl group (-CO). The
band observed at 1,037 cm™! was assigned to C-O
stretching of alcohols and carboxylic acids. The peak
observed at 2,890 cm ™! may be attributed to the -CH
group. After Ni(l) biosorption, the asymmetrical
stretching vibration at 3,310 was shifted to 3,344 cm L
The carboxyl (C=0) peak was observed at 1,646 cm™"
for Ni(Il)-loaded biomass samples. In addition, after
loading metal ion, the peak of C-O groups shifted to
1,049 cm™. No obvious shift of -CH group after
biosorption of metal ions was observed. These results
indicated that carboxyl (-COOH), hydroxyl (-CHOH),
and amine (-NH,) groups were mainly involved in
the biosorption of Ni(l) onto D. canescens biomass
(Fig. 9).

3.8. EDAX analysis of biosorbent

EDAX analysis provides elemental information
through analysis of X-ray emissions caused by a
high-energy electron beam. EDAX technique can ben-
eficially be employed to understand the elemental
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Fig. 9. IR spectra of the pristine (a) and Ni(I) loaded D.
canescens biomass (b).

composition of the biosorbent. In this study, X-ray dis-
persion analysis of the pristine as well as nickel
loaded D. canescens biomass was conducted (Fig. 10).
The EDAX spectrum of raw biomass indicated the
presence of Na, K, Ca, Mg, Mn, Cl, and S as natural
species on the biosorbent. Whereas, after Ni(Il)
biosorption, elements such as calcium and magnesium
signals almost undetected and nickel signals are now
distinctive. This indicates the possibility of nickel
replacing calcium and magnesium from the cellular
material. Thus, the present results could be indicative
of the presence of ion exchange mechanism between
these elements and Ni(Il) on the surface of the
biomass.

3.9. Desorption efficiency

The regeneration of the biosorbent is one of the
key factors in assessing their potential for commercial
application. Desorption of Ni(Il) from the D. canescens
biomass was also studied wusing 0.5 MHCI and
0.5 MHNO;. For the desorption studies, 10 mL of each
eluent was used. The highest recovery was found to
be 95 and 83% using HCI and HNO;, respectively.

In addition, as it can be seen from Fig. 11, the high
stability of D. canescens biomass permitted ten times of
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Fig. 10. EDAX spectra of D. canescens biomass before (a)
and after (b) nickel biosorption.
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Fig. 11. Biosorption—-desorption efficiency with cycle
number (biomass concentration: 4 g/L, contact time:
60 min, temperature: 20°C).
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biosorption—desorption process along the studies with
a decrease about 20% in recovery of Ni(Il). These
results indicated that the heat inactivated D. canescens
biomass offers potential to be used repeatedly in Ni(I)
biosorption studies without any detectable loss in the
total biosorption capacity.

4. Conclusion

This study was carried out to evaluate the poten-
tial use of the lichen biomass (D. canescens) to remove
nickel(Il) ions from aqueous solution. In batch mode
studies, the biosorption was dependent on solution
pH, biosorbent dose, contact time, and temperature.
The Langmuir isotherm models defined the equilib-
rium data precisely compared to Freundlich model
and the maximum biosorption capacity obtained was
66.7 mg/g. The calculated mean free energy
(11.2 kJ/mol) from the D-R model indicated that the
biosorption of Ni(Il) using D. canescens took place by
chemical ion exchange. The kinetic results revealed
that the pseudo-second-order model was the best
kinetic model for the description of the biosorption
mechanism. The data obtained from thermodynamic
studies indicated the feasibility, exothermic, and
spontaneous nature of the biosorption process at
20-50°C. According to variations in EDAX and FTIR
spectra before and after biosorption, it is considered
that ion exchange was the major removal mechanism
and a certain amount of surface complexation mecha-
nism coexisted. The overall results indicated that the
lichen biomass D. canescens can be used as promising
biosorbent for the treatment of wastewaters containing
heavy metal because of advantages of being natural,
low-cost biomass, high uptake capacity, renewable,
and rapid biosorption rate.
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