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ABSTRACT

In this study, multilayer perceptrons (MLPs) and conventional isotherm equations were
used to model bisorption of nickel using terrestrial moss. Characterization of the biosorbent
was examined by scanning electron microscopy and Fourier transform infrared spectros-
copy analyses. Batch biosorption tests were performed to examine the impacts of different
experimental conditions. Thermodynamic calculations were made to evaluate the feasibility
of the biosorption. All of the experimental data (total 86 data-sets) were used for MLP mod-
eling purposes whereas equilibrium data were used in Langmuir, Freundlich, and Temkin
models. Adsorption kinetic data were tested using pseudo-first-order and second-order
kinetic models. Performances of the models were evaluated considering calculated R2 and
mean standard error (MSE) values. Related isotherm and kinetic parameters were also cal-
culated for conventional biosorption equations. In multilayer perceptron (MLP) modeling
studies, network architecture with three hidden layers provided highest prediction effi-
ciency. Although both MLPs and conventional models are regarded to be useful, perceptron
models are thought to provide more representative information as all factors are evaluated
simultaneously.

Keywords: Biosorption; Multilayer perceptrons; Conventional biosorption equations;
Modeling performance; Terrestrial moss

1. Introduction

Biosorption is a well-known equilibrium separation
process and effectively used in removal of numerous
pollutant species from wastewaters [1]. This treatment
technique may also be regarded as economical and
environmentally friendly if low-cost biosorbents are
used in the process. Among the various low-cost
adsorbent types, biosorbents have gained increasing
attention in recent years due to their advantages such
as high-treatment efficiency, lower operational costs,
and reduced sludge volumes to be disposed [2].
Beside these, biosorbents are attractive since they are

abundant and locally available biomasses [3]. There
are numerous species of biosorbents occur in the nat-
ure ubiquitously [4].

In literature, various biosorbent types such as prop-
agated biomass of bacteria, yeast, fungi, and leaf-based
biomasses were found to be useful for removal of dif-
ferent pollutants [5]. Chitosan-immobilized brown alga
Laminaria japonica was used to adsorb nickel ions from
aqueous medium [6]. Jatropha curcas deoiled cake also
provided sufficient biosorption efficiencies for removal
of toxic metals [7]. In another study, baker’s yeast
provided uptake capacity of 52.6 and 25.0mg/g for
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methylene blue and rhodamine B, respectively [8].
Methylene blue removal has also been performed
using jackfruit leaf powder [9], pineapple leaf
powder [10], and phoenix tree leaf powder [11]. Leaf
powder obtained from different plants was also
used to uptake metal ions such as copper [12] and lead
[13].

Similar to other wastewater treatment methods,
efficiency of biosorption processes is highly affected
by various factors such as pH of the solution, agita-
tion period, concentration of the pollutant, as well
as the type and the dosage of the used biosorbent.
Because of numerous involving factors, biosorption
becomes a complex physico-chemical process.
Numerous time-consuming experimental tests are
demanded for determination of optimum conditions.
Furthermore, theoretical and empirical models are
also required for better understanding and accurate
predictions. At the beginning, various isotherm
models were developed in order to examine the
experimental data of equilibrium conditions in par-
ticular. Langmuir, Freundlich, Brunauer Emmett
Teller, Dubinin–Radushkevich, Thomas, and Temkin
are some of the well-known conventional isotherm
models commonly used in biosorption studies for
analysis of equilibrium sorption data. Each of these
models has been based on different hypotheses
about the sorption mechanism occurring at the spe-
cific biosorption surfaces. Additionally, various
kinetic models have been used to evaluate the
adsorption kinetic data.

In recent years, multivariate statistical models have
been preferred to model biosorption data. Multilayer
perceptron (MLP) models, exhibiting the superiority
of modeling complex and non-linear problems, can be
successfully used in adsorption modeling purposes
[14]. MLPs provide sufficient modeling efficiencies
considering all experimental data as a whole. By this
way, impacts of all involved factors (pH, biosorbent
dosage, temperature, etc.) can be evaluated together.
MLP models can produce more accurate and represen-
tative predictions [15].

In this study, it was aimed to model biosorption
behaviors of nickel, a recalcitrant heavy metal, using
terrestrial moss. With this aim MLP models, conven-
tional isotherm equations (Langmuir, Freundlich,
Temkin), and kinetic models (pseudo-first-order and
second-order kinetic models) were applied to experi-
mental data. Efficiency of the models was evaluated
considering calculated R2 values and standard errors.
Moreover, advantages and deficiencies of the used
models were discussed in detail.

2. Materials and methods

2.1. Experimental studies

2.1.1. Collection and preparation of terrestrial moss

Sphagnum is classified in the division Bryophyta,
class Musci. There are four major Musci kinds seen in
Turkey: Polytrichum, Hydnum, Mnium, and Sphagnum.
Sphagnum sp. can be distinguished from others consid-
ering the following properties [16]:

(1) Sphagnum sp. has ramified stem.
(2) There are several sporangiums (enclosures in

which spores are formed) on the tip branches.
(3) Lateral branches are renewed annually and

old ones produce peat as a result of decaying
process.

(4) Finally, Sphagnum sp. prefers more humid
conditions to inhabit.

In the study, Sphagnum sp. has been identified con-
sidering the mentioned distinguishing characteristics.

Biomass of terrestrial moss Spaghnum sp. was
collected from terrestrial area in northern region of
Kocaeli, Turkey. After collection, it was washed with
tap water in order to remove unwanted materials such
as silt, sand, etc. After this, the moss was also washed
with deionized water three times to clean the remain-
ing impurities. The cleaned biomass was inactivated
by heating in the oven at 70˚C for 48 h. The dried
moss was ground and sieved through 1mm pore
sieve. The prepared biosorbent was stored in the des-
iccators.

2.1.2. Characterization of the biosorbent

The morphological properties of the biosorbent
were analyzed using scanning electron microscopy
(SEM, JEOL, JSM 6060). Elemental analysis of the bio-
sorbent was carried out using Thermo Finnigan 1112
Series Flash EA device. Furthermore, functional
groups present in the biomass were specified using
Perkin-Elmer Spectrum One FTIR spectrometer.

2.1.3. Batch biosorption tests

Batch biosorption method was performed using
NUVE ST 30 model shaking water bath. 1,000mg/L
nickel stock solution was prepared by dissolving
required amount of Ni(NO3)2·6H2O in 1L distilled
water. Standard nickel solutions ranging between 20
and 180mg/L were prepared by dilutions from the
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stock solution. pH adjustments were made using 0.1 N
HCl and 0.1 N NaOH, and pH of the samples was
measured using Thermo Scientific Orion 3-Star Plus
pH meter. All used chemicals were of analytical grade
and purchased from Merck. Predetermined biomass
amounts (0.02–1 g) were added into samples of 100mL
volume and batch biosorption tests were performed.
Samples were taken from the shaker at the end of agi-
tation periods and filtered in order to separate the bio-
mass. Finally, remaining metal concentration was
analyzed by Hach Lange DR 5000 UV spectrophotom-
eter with cuvette tests of LCK 337 for Ni(II). Dim-
ethylglyoxime method was used during the analyses.
According to this method, in presence of an oxidizing
agent, nickel ions react with dimethylglyoxime in an
alkaline solution. During reactions, an orange–brown-
colored complex has been formed. Results were mea-
sured at 466 nm.

Impacts of pH, biosorbent dosage, metal concentra-
tion, agitation time, agitation speed, and temperature
have been determined by batch biosorption tests. The
biosorbed heavy metal amount (qe) per unit moss was
calculated using equation given below:

qe ¼ ðC0 � CeÞ=V
m

(1)

where qe (mg/g) represents the equilibrium biosorp-
tion capacity, and Ce (mg/L) are the initial and equilib-
rium nickel concentrations, respectively, V (L) is the
volume, and m (g) is moss dosage.

2.1.4. Desorption and regeneration studies

Biosorption studies can be complemented with
desorption tests as desorption data provide valuable
information about the recovery of the biosorbed metal
and reuse of the biosorbent in subsequent loading and
unloading cycles [17]. With this aim, batch desorption
experiments were performed in the study after bio-
sorption tests.

In desorption tests, the metal-loaded biomass was
contacted with 20ml of the elutants (deionized water
and 0.05 N HNO3) on the shaker at 200 rpm. Samples
were taken from the shaker at the end of predeter-
mined periods and biosorbent was separated by filtra-
tion. Similar to the biosorption experiments, released
nickel concentrations were analyzed by the spectro-
photometer.

Regeneration and reuse of the biosorbent were
also investigated in the study. With this aim, the
biomass was washed with deionized water until the
pH of the washed water reached neutral levels.
Regenerated biomass was dried and reused. The

biosorption–elution–regeneration cycle was repeated
three times in the study.

2.2. MLP models

MLP, also known as multilayer feed-forward net-
works, are among the most widely used neural net-
work types. Due to superiority of modeling complex
non-linear relations, they are commonly preferred in
numerous fields with different purposes [15].

Briefly, MLP consists of multiple layers of intercon-
nected neurons producing adequate and rapid
responses (outputs) to new in formations (inputs).
There are three basic layer groups within this system:
input layer, hidden layers, and output layer (Fig. 1).
MLPs run due to black-box method with the interac-
tion of neurons, which are connected by weights. In
the system, each neuron is connected to all other neu-
rons present in the next and previous layer [18]. Neu-
rons in the hidden layer receive the weighted input
signals and transform them into outputs which are a
function of the sum of the inputs.

Various transfer functions are used in order to
determine the input–output behaviors. MLPs generally
use log-sigmoid (Logsig) transfer function that pro-
duces outputs between 0 and 1, as the net input of the
neuron goes from negative to positive infinity. Mathe-
matical expression for this non-linear function is given
below:

fðxÞ ¼ 1

1þ e�x
(2)

All data were normalized in the range 0–1 considering
the general procedure of MLP. After then, data were
divided into two subsets at ratio of approximately 2:1
for training and model testing purposes, respectively.

In this work, the Neural Network Toolbox of Mat-
lab was used for all MLP simulation purposes.

2.3. The used isotherm models

In the study, Langmuir, Freundlich, and Temkin
isotherms were applied to equilibrium data as they
are among the most widely used conventional iso-
therm models.

2.3.1. Langmuir isotherm equation

The Langmuir isotherm is commonly used to
model biosorption equilibrium and it assumes that
maximum biosorption occurs at specific homogeneous
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sites [19,20]. The model can be expressed by the fol-
lowing linear equation:

Ce

qq
¼ 1

kVm
þ Ce

Vm
(3)

In the above equation, qe (mg/g) denotes the equilib-
rium biosorption capacity, Ce represents the equilib-
rium concentration of the solution (mg/L), k and Vm

are the equilibrium constant and monolayer capacity,
respectively.

2.3.2. Freundlich isotherm equation

Freundlich model is another common empirical
equation that assumes metal uptake occurs on hetero-
geneous surfaces by multilayer biosorption [21].
According to this model, it is supposed that adsorbed
amount of the biosorbent increases with the increase
in the concentration [22]. It is mathematically charac-
terized by the heterogeneity factor of “1/n” and
expressed as:

log qe ¼ logKf þ 1=n logCe (4)

where Kf and n denote biosorption capacity and inten-
sity, respectively [23]. Favorability of the biosorption
can be determined considering the magnitude of 1/n
values. 1/n values in the range 0–1 show favorable
characteristic of the biosorption process.

2.3.3. Temkin isotherm equation

Temkin isotherm model considers the impacts of
indirect adsorbate/adsorbate interactions [24]. The
heat of biosorption decreases linearly in a layer as a
result of these interactions and the biosorption is char-
acterized by uniform distribution of bonding energies
[25].

Linear form of Temkin isotherm can be expressed
as:

qe ¼ B lnAþ B lnCe (5)

In Eq. (5), A is the Temkin constant explaining
adsorbate–adsorbate interactions and B is another
constant used to explain biosorption heat.

2.4. The used kinetic models

Kinetics of heavy metal biosorption can be mod-
eled by applying pseudo-first- and pseudo-second-
order reaction kinetics [26].

2.4.1. Pseudo-first-order model

The following linear equation can be used to
develop pseudo-first-order kinetic model:

ln ðqe � qtÞ ¼ ln qe � k1t (6)

In the equation, k1 denotes the rate constant of the
first-order reaction kinetic whereas qe and qt represent

pH

moss dosage

metal 
concentration

agitation 
period

agitation 
speed

temperature

qe

input layer hidden layers output layer 

Fig. 1. Scheme of the used MLP model with three hidden layers.
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the amount of biosorbed metal at time t and saturation
(mg/g), respectively [19].

2.4.2. Pseudo-second-order model

The pseudo-second-order kinetic can be expressed
by the following equation:

t

qt
¼ 1

k2q2e
þ t

qe
(7)

where k2 denotes the rate constant of the second-order
reaction kinetic.

2.5. Thermodynamic studies

Thermodynamic calculations can be performed in
order to examine the feasibility of the biosorption pro-
cesses. With this aim, firstly, equilibrium constant (Kc)
is calculated using the following expression [15]:

Kc ¼ Cbios

Ce
(8)

where Cbios is the amount of biosorbed metal at equi-
librium (mg/g) and Ce is the equilibrium metal con-
centration (mg/L).

Free energy change (ΔG) can be calculated using ln
Kc values as:

DG ¼ �RT ln Kc (9)

ΔG can also be expressed as:

DG ¼ DH � TDS (10)

where ΔS and ΔH denote the entropy change and isos-
teric enthalpy change, respectively [25]. And finally,
ln Kc can be expressed as:

lnKc ¼ DS
R

� DH
RT

(11)

2.6. Performance indices

Performances of the used models were evaluated
using mean standard error value (MSE) and Pearson’s
determination coefficient (R2) calculated according to
Eqs. (12) and (13), respectively:

MSE ¼ 1

N

Xn

i¼1

ðqe;predict � qe;expÞ2 (12)

R2 ¼
Pn

i¼1 ðqe;predict � �qe;predictÞðqe;exp � �qe;expÞ
� �2

Pn
i¼1 ðqe;predict � �qe;predictÞ2

Pn
i¼1 ðqe;exp � �qe;expÞ2

(13)

In the equations, qe,predict and qe,exp are the predicted
and experimental qe values, respectively, and �qe shows
the average value of relevant qe. i : 1 ! n, n is the total
number of observations [15].

3. Results and discussion

3.1. Results of the characterization studies

SEM analyses were performed in order to investi-
gate the surface area and structure morphologies of
the used biosorbent. SEM images, which were taken
before and after nickel biosorption have been pre-
sented in Fig. 2 (a) and (b), respectively.

Pores present on the surface of the native moss
(Fig. 2 (a)) have been filled with nickel ions after bio-
sorption process (Fig. 2 (b)).

The C, H, and N elemental analysis of the used
biosorbent was found as 34.50, 4.67, and 1.22%,
respectively.

The possible functional groups on moss surface
were also investigated by FTIR analyses. Obtained
results were given in Table 1.

As seen from Table 1, the peaks at 3429.6 and
3427.6 cm−1 may attribute to N–H and O–H stretching
and show the presence of amines and hydroxyl
groups. The peaks at 2920.5 and 2919.4 cm−1 are the
indicators of alkyl chains–CH stretching vibration [27].
Functional groups with double bonds such as C=C,
C=O, and C=N may be presented by the peaks at
1633.4 and 1631.6 cm−1. Bandwidths of 1,350–1,480
cm−1 could be assigned to saturated alkanes and alkyl
groups (R–C–H).

3.2. Experimental results

Impacts of experimental conditions were investi-
gated by the performed batch biosorption tests. Opti-
mum conditions were examined for pH, mass dosage,
metal concentration, agitation period, agitation speed,
and temperature. Obtained results have been given in
terms of qe and calculated qe values were used for
modeling purposes.
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3.2.1. Effect of pH

In the experimental studies, firstly, impacts of pH
were examined as pH of the solution generally plays
major role in biosorption process. In order to deter-
mine the optimum pH, 100mL of nickel solution with
100mg/L concentration was agitated for 90min at
200 rpm. Biosorbent dosage was kept constant as 0.4 g.
Obtained results were presented in Fig. 3.

Neutral pH levels were found to be ideal for bio-
sorption of nickel ions by terrestrial moss, so pH 7
was determined to be optimum. At higher pH values,
metal hydroxyl species may participate in the solution
[28] and biosorption efficiency cannot be determined
accurately due to precipitation of nickel hydroxyl ions.

3.2.2. Effect of moss dosage

Biosorbent dosage also affects the obtained
biosorption efficiencies. Generally, higher biosorbent

dosages provide higher removal efficiency as increase
in biosorbent amount yields more biosorption surface
and more binding sites [29]. On the other hand,
excessive biosorbent dosage may cause unsaturation

Fig. 2. SEM images of the biosorbent (a) before and (b) after nickel biosorption.

Table 1
Functional groups in native and metal loaded biosorbent

Frequency (cm−1)
Functional group

Native biosorbent Loaded biosorbent

3429.6 3427.6 N–H, O–H
2920.5 2919.4 C–H
1633.4 1631.6 C=C, C=O, C=N, R–N–H
1426.7 1426.9 R–C–H
1373.6 1373.7 R–C–H, C–O, C–N
1248.2 1250.6 C–O, C–N
1032.7 1033.9 C–O, C–N
1000–680 1000–680 R–C–H

0

2

4

6

8

10

12

0 2 4 6 8 10 12 14

pH

qe
 (

m
g/

g)

Fig. 3. Effect of pH on the biosorption of nickel by terres-
trial moss. (Moss dosage 0.4 g/100mL, nickel concentra-
tion 100mg/L, agitation speed 200 rpm, agitation period
90min and temperature 23˚C)
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of biosorption sites. In addition, used biosorbents may
aggregate in the solution. Therefore, determination of
optimum biosorbent dosage is obligatory in biosorp-
tion studies.

In this study, impact of biosorbent dosage was
investigated using various moss amounts in the range
0.02–1 g and optimum value was determined to be
0.6 g (Fig. 4).

3.2.3. Effect of metal concentration

Impacts of initial metal concentration were also
investigated in the study. Obtained qe values for dif-
ferent metal concentrations between 20 and 180mg/L
were presented in Fig. 5.

Increasing metal concentrations caused remarkable
decrease in biosorption efficiency. This can be
explained by the saturation of active biosorption sites
by increasing concentrations. Optimum nickel concen-
tration was determined to be 40mg/L in this study.

3.2.4. Effect of agitation period

Batch biosorption tests were performed under pre-
determined optimum conditions in order to examine
the optimum agitation period. In general, biosorption
efficiencies tend to increase by the progress of time
while the adsorbed solute tends to desorb into the
solution. Finally, the system reaches equilibrium and
biosorption process becomes stable [30].

In the study, impacts of agitation time were investi-
gated for three different metal concentrations (20, 40,
and 60mg/L) and ideal agitation period was found to
be 60min for optimum nickel concentration of 40mg/L
(Fig. 6).

3.2.5. Effect of agitation speed

Agitation speed is also worth to study in biosorp-
tion process, as it has a remarkable influence on distri-
bution of adsorbate in the solution. Impacts of various
agitation speeds were presented in Fig. 7.

As seen from Fig. 7, agitation speed of 200 rpm
was determined to be optimum.

3.2.6. Effect of temperature

Finally, impacts of temperature were studied by
adjusting the shaking water bath to different tempera-
ture values ranging between 20 and 60˚C. Increase in
temperature values caused decrease in biosorption
efficiency demonstrating exothermic nature of this bio-
sorption process (Fig. 8). 20˚C was found to be opti-
mum for the study.
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moss dosage (g)

qe
 (

m
g/

g)

Fig. 4. Effect of moss dosage on the biosorption of nickel
by terrestrial moss. (pH 7, nickel concentration 100mg/L,
agitation speed 200 rpm, agitation period 90min and tem-
perature 23˚C)
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Fig. 5. Effect of metal concentration on the biosorption of
nickel by terrestrial moss. (pH 7, moss dosage 0.6 g/100
mg/L, agitation speed 200 rpm, agitation period 90min
and temperature 23˚C)
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Fig. 6. Effect of agitation period on the biosorption of
nickel by terrestrial moss. (pH 7, moss dosage 0.6 g/100
mg/L, nickel concentration 40mg/L, agitation speed 200
rpm and temperature 23˚C)
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3.3. Results of thermodynamic analyses

In thermodynamic analyses, entropy change and
isosteric enthalpy change were determined from the
slope and intercept of Van’t Hoff plot between lnKc

vs. 1/T, respectively (Fig. 9).

Determined ΔG, ΔH, and ΔS values were given in
Table 2. Negative ΔG and ΔH values indicated the
spontaneous and exothermic characteristics of the bio-
sorption process, respectively. The magnitude of ΔH
provides information on the type of biosorption. ΔH
values in the range 2.1–20.9 kJ/mol correspond physi-
cal biosorption whereas the values in the range 20.9–
418.4 kJ/mol signify chemical biosorption [1]. In the
study, ΔH value was determined as −7.72 kJ/mol and
this value showed the physical nature of the biosorp-
tion process. Furthermore, negative ΔS value demon-
strated the regularity of solute molecules in the
biosorption [25].

3.4. Results of desorption and regeneration studies

Deionized water and nitric acid were used desorb
nickel ions loaded on the used biosorbent. Desorption
tests were performed in different time intervals in
order to determine impact of agitation period. The
percentage of ion desorbed from biomass to that bio-
sorbed on biomass was used to evaluate the effective-
ness of the elutants. Obtained results were presented
in Fig. 10.

As seen from Fig. 10, HNO3 was an effective elu-
tant for desorption of nickel ions from the biosorbent
whereas deionized water was not found to be effec-
tive. Results of the performed desorption experiments
also showed that a significant desorption ratio was
obtained within the first 60min agitation period and
then desorption process reached equilibrium (Fig. 10).

Regeneration process has only been performed by
the biomass from which metal ions were eluated by
HNO3 as deionized water has not provided sufficient
elution efficiency.

As mentioned before, three biosorption–elution–
regeneration cycles were carried out in order to evalu-
ate the reusability of the biosorbent. Nickel biosorption
efficiencies were determined as 75, 60, and 40%,
respectively, for the consecutive cycles whereas the
raw biomass provided 87% biosorption efficiency in
the first usage.

3.5. Results of the MLP models

All of the experimental data (total 86 data sets) were
used in MLP modeling studies. Fifty-eight data were
used for training purposes while remaining 28 data
were used for testing. In training process, all of the
studied factors (pH, moss dosage, metal concentration,
agitation period, agitation speed, and temperature)
were decided to be input parameters whereas obtained
qe values were attained as output (target) parameter. In
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Fig. 7. Effect of agitation speed on the biosorption of nickel
by terrestrial moss. (pH 7, moss dosage 0.6 g/100mg/L,
nickel concentration 40mg/L, agitation period 60min and
temperature 23˚C)
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Fig. 8. Effect of temperature on the biosorption of nickel
by terrestrial moss. (pH 7, moss dosage 0.6 g/100mg/L,
nickel concentration 40mg/L, agitation period 60min and
agitation speed 200 rpm)
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Fig. 9. Van’t Hoff plot for biosorption of nickel by terres-
trial moss. (pH 7, moss dosage 0.6 g/100mg/L, nickel con-
centration 40mg/L, agitation period 60min and agitation
speed 200 rpm)
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developed models, it was aimed to obtain highest pre-
diction efficiency by testing different training, adapta-
tion, and learning functions. Number of hidden layers
and epochs were also changed in order to achieve high-
est R2 and lowest MSE values. Numerous models were
developed considering these goals.

In Table 3, properties and efficiencies of some
selected models were summarized. As seen from the
table, architectures of the models have great impacts
on the obtained prediction efficiencies. Calculated R2

and MSE values significantly change with the chang-
ing functions.

Comparing the results of Models VII, IX, X, and
XI, it is clearly seen that number of hidden layers also
affect the modeling performance. Determination of
ideal hidden layer number, which is also the sign of
the complexity of the problem, is obligatory in MLP
model studies. In general, more hidden layers are
required for expression of more complex problems.

Determination of appropriate iteration number is
also demanded in MLP modeling studies for achieving
sufficient learning performance. The network cannot
learn efficiently if epoch number is inadequate, on the

other hand, the model memorizes the results in case
of excessive epochs. This fact explains the results of
Models V, VI, VII, and VIII.

In the study, highest modeling efficiency was
obtained with Model X, which uses TRAINR learning
function, Learngdm adaptation function, and Logsig
transfer function. In the developed model, three hid-
den layers and 4,000 epochs were used. Obtained pre-
diction performance was explained with R2 value of
0.90 and MSE value of 0.006 (Table 3). Experimental
and predicted qe values are shown in the graph for
Model X (Fig. 11).

3.6. Results of the isotherm models

In the study, Langmuir, Freundlich, and Temkin
conventional isotherm models were used to analyze
equilibrium data. In Fig. 12, plots of Ce/qe vs. Ce, log qe
vs. logCe, and qe vs. lnCe were presented, respectively,
for Langmuir, Freundlich, and Temkin models.

As seen from the graphs presented in Fig. 12, all
plots yield straight lines with adequate R2 values. Iso-
therm model parameters were also calculated slopes
and intercepts of these plots (Table 4).

As seen from Table 4, calculated isotherm parame-
ters indicated the appropriateness of the applied mod-
els. Although both Langmuir and Freundlich models
were found to be appropriate, the biosorption process
was better represented by Freundlich equation consid-
ering higher R2 values. This suggests heterogeneity in
the surface or pores of the used biosorbent.

MSE values were also determined for all of the
models. Comparatively, higher error value (1.343) was
found for Temkin isotherm.

3.7. Results of the kinetic models

Pseudo-first- and pseudo-second-order reaction
kinetics were used in order to explain the mechanism

Table 2
Thermodynamic parameters for nickel biosorption by using terrestrial moss

Temperature (K) ΔG (kJ/mol) ΔH (kJ/mol)a ΔS (J/molK)a

293 −4.36 −7.72 −11.70
298 −4.35
303 −4.11
308 −3.98
313 −4.00
318 −3.97
323 −4.00

aMeasured between 293 and 333 K.
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Fig. 10. The nickel desorption efficiency of the used elu-
ants. (pH 7, moss dosage 0.6 g/100mg/L, nickel concentra-
tion 40mg/L, agitation speed 200 rpm and temperature
23˚C)
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and characteristics of the biosorption process [17].
Plots of lnðqe � qtÞ against time and t/qt against time
were presented, respectively, for pseudo-first- and
pseudo-second-order kinetic models in Fig. 13.

As seen from Fig. 13 (a) and (b), curves in plots
are linear. Rate constants (k1 and k2) and qe,calculated val-
ues were determined from the slopes and intersection
points of these curves for all the tested metal concen-
trations.

All calculated kinetic parameters for pseudo-first-
and pseudo-second-order reaction kinetics were pre-
sented in Table 5. As seen from Table 5, qe,calculated and
qe,experimental values were remarkably closer in pseudo-
second-order reaction kinetics. Furthermore, deter-
mined correlation coefficients were higher for second-
order reaction kinetics.

If efficiencies of MLP models, isotherm, and kinetic
models are evaluated together, it is clearly seen that
all models provide remarkable modeling performances

Table 3
Properties and efficiencies of the selected MLP models for prediction biosorption of nickel by using terrestrial moss.

Model
no.

Training
function

Adaptation
function

Transfer
function

Number of
hidden layers

Number of
epochs R2 MSE

I Traingdm Learngdm Logsig 3 3,000 0.28 0.043
II Traingd Learngd Logsig 4 3,000 0.52 0.036
III Trainlm Learngdm Logsig 3 3,000 0.26 0.091
IV Trainlm Learngd Tansig 3 4,000 0.50 0.093
V Trainr Learngdm Logsig 4 2,000 0.69 0.019
VI Trainr Learngdm Logsig 4 3,000 0.78 0.019
VII Trainr Learngdm Logsig 4 4,000 0.86 0.009
VIII Trainr Learngdm Logsig 4 5,000 0.59 0.059
IX Trainr Learngdm Logsig 5 4,000 0.68 0.034
X Trainr Learngdm Logsig 3 4,000 0.90 0.006
XI Trainr Learngdm Logsig 2 4,000 0.84 0.016
XII Trainr Learngdm Tansig 3 4,000 0.74 0.043

R2 = 0.90
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Fig. 11. Experimental and predicted qe values obtained
with MLP model.
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Fig. 12. Langmuir (a), Freundlich (b) and Temkin (c) iso-
therm models for the biosorption of nickel by using terres-
trial moss.
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to explain the biosorption of nickel ions using terres-
trial moss. Most important superiority of the MLP
models is to yield predictions considering all effective
factors (pH, moss dosage, initial metal concentration,
agitation period, agitation speed, and temperature)
together at the same time. This provides more realistic
and accurate information about the biosorption

processes which are affected by numerous factors
simultaneously. On the other hand, conventional iso-
therm and kinetic models explain biosorption phe-
nomenon considering the equilibrium and kinetic
data, respectively. So, results obtained from these con-
ventional models explain more specific conditions.

Conclusions

The aim of this work was to investigate efficiencies
of MLP models and conventional isotherm equations
for modeling biosorption behaviors of nickel using ter-
restrial moss. With this aim, batch biosorption tests
were performed under different experimental condi-
tions. Obtained experimental data were used to run
the models. Performed thermodynamic studies
showed that the biosorption process exhibits spontane-
ous and exothermic characteristics.

In the study, performance of the MLP models was
evaluated using calculated R2 and MSE values. Iso-
therm parameters, R2, and MSE values were deter-
mined to examine the appropriateness of the isotherm
models whereas kinetic parameters, R2, and MSE val-
ues were used to evaluate the appropriateness of
kinetic models.

In MLP modeling studies, obtained results showed
that architecture of the developed model was very
effective on the prediction performances. Selection of
appropriate functions, number of hidden layers, and
epochs is obligatory to obtain sufficient modeling effi-
ciency. Among the numerous developed models, high-
est prediction efficiency was obtained by a
backpropagation feedforward network type with three
hidden layers (Model X). TRAINR learning function,

Table 4
Calculated isotherm parameters for biosorption of nickel by using terrestrial moss

Langmuir Freundlich Temkin

Vm k R2 MSE Kf 1/n R2 MSE A B R2 MSE

31.25 0.03 0.88 0.034 4.44 0.64 0.94 0.003 0.324 6.57 0.95 1.343

R2 = 0.88

R2 = 0.94

R2 = 0.86
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Fig. 13. Pseudo-first- (a) and pseudo-second-order (b) reac-
tion kinetics for the biosorption of nickel by using terres-
trial moss.

Table 5
Calculated kinetic parameters for biosorption of nickel by using terrestrial moss

Initial metal
concentration (mg/L)

qe,experimental

(mg/g)

Pseudo-first-order Pseudo-second-order

k1
(1/min)

qe,calculated
(mg/g) R2 MSE

k2
(g/mgmin)

qe,calculated
(mg/g) R2 MSE

20 2.94 1.05 × 10 −2 0.19 0.94 0.15 12.80 × 10−1 2.92 0.99 0.34
40 5.70 2.60 × 10−3 0.02 0.86 0.03 11.00 × 10−2 5.79 0.99 0.01
60 7.86 8.15 × 10−2 4.90 0.88 1.26 7.90 × 10−2 7.93 0.99 0.04
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Learngdm adaptation function, and Logsig transfer
function were used in this ideal model. Four thousand
epochs were found to be appropriate in learning pro-
cess. R2 and MSE values of the model were deter-
mined as 0.90 and 0.006, respectively.

Langmuir, Freundlich, and Temkin isotherm mod-
els were applied to equilibrium data. Obtained iso-
therm parameters indicate the appropriateness of
these conventional models. Calculated R2 values were
found as 0.88, 0.94, and 0.95, respectively, for Lang-
muir, Freundlich, and Temkin isotherm models. In the
study, heterogeneous biosorption model was found to
be better for isotherm simulation considering the
higher R2 value obtained in Freundlich model. Calcu-
lated 1/n value (0.64) also indicated favorable charac-
teristic of the biosorption process.

It can be concluded that the biosorption mecha-
nism has followed pseudo-second-order kinetics con-
sidering higher R2 values. Furthermore qe,calculated and
qe,experimental values were found to be closer in second-
order kinetic model.

Although all of the applied models were seemed
to be efficient, MLP models are thought to be more
useful as they make predictions using data that are
more comprehensive. All effective factors (pH, biosor-
bent dosage, metal concentration, agitation time, etc.)
were evaluated together in MLP models whereas more
specific information can be obtained by conventional
isotherm models. So, MLP models are thought to be
representative and realistic for explaining complex
biosorption process. The sole disadvantage of the
models is the demand for numerous time-consuming
tests performed to determine the ideal network
architecture.
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