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ABSTRACT

In the present research work, Nannorrhops ritchiana (Mazri Palm) was used as an effective
biosorbent for removal of Cu2+ and Ni2+ ions from aqueous solution. Nannorrhops ritchiana
(Mazri Palm), a dead biomass powder, was used as a low-cost adsorbent without any chem-
ical treatment. In order to estimate the equilibrium parameters, the equilibrium adsorption
data were analyzed using Freundlich, Langmuir, and Temkin isotherms. Freundlich iso-
therms indicated that the sorption capacities on the biomass surfaces increased with increas-
ing initial concentrations of both metals. The adsorption isotherms were correlated with a
comparison of linear and non-linear regression analysis. The squares of the errors (SSE) and
chi-square test (χ2) along with the coefficient of determination (R2) were used to determine
the best fit isotherm. Langmuir type I was found the best fitting isotherm for adsorption of
both Cu2+ and Ni2+ ions as compared to the other three Langmuir linear isotherms on the
basis of the values for R2 and other error functions like SSE and χ2 obtained from Lang-
muir-type I linear equation. The present study revealed that Nannorrhops ritchiana proved to
be an effective, inexpensive, alternative, and environmentally friendly biosorbent for the
removal of Cu2+ and Ni2+ ions from aqueous solution.
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1. Introduction

Environmental pollution is a key challenging prob-
lem for the globe and it is increasing day by day due
to the fast growth in population, science, technology,
and industries [1,2]. It has been estimated that the sur-
face of earth consists of approximately 70% water.
That is the mainly precious source for life present on
earth globe. Devoid of this important resource, the
possibility of life on planet earth would not survive.
Even if this reality is generally accepted, however, the
origin of water from where contaminations occur is a
common problem which we are facing day today. The
effluents coming out from various industries contain-
ing both inorganic and organic toxic substances which
are being discharged into the surface water severely
affect biodiversity and aquatic life. Contamination of
drinking water occurs by direct or indirect method. In
direct method, sewage elution is from refineries, facto-
ries, and from devastatingly handling vegetation; and
in indirect method, the pollutants pierce the water
supply from two sources i.e. soil and ground water
systems and also from the environment through rain
[3,4]. Modern engineering and technology is also to a
huge extent accountable for contamination of our
clean environment [5]. Among these pollutants, metals
ions are considered to be the most common and toxic
water pollutants. Metals are released into the environ-
ment as a result of activities such as industrial, mining
pigment and paint industries, and agricultural activi-
ties [6,7]. The heavy metals such as lead, copper, cad-
mium, zinc, and nickel are among the most common
pollutants found in industrial effluents. Even at low
concentrations, these metals can be toxic to organisms,
including humans [8].

Among these metals, copper (Cu2+) and nickel
(Ni2+) ions are metals of major concern because of
their widespread uses in developing countries and
their toxic nature. Ni(II) concentrations varies from 0
to 40 and 0.25 to 67 with an average concentration of
∼22mg/L. The Ni(II) concentration of these levels are
seriously dangerous for human beings and other live-
stock due to the intrinsic carcinogenic nature. Cu(II),
in particular, are among the most widely used metal
ions in industries, they are highly toxic and can cause
a variety of negative effects on human health, for
example, neurotoxicity, jaundice, liver toxicity, ane-
mia, encephalopathy, hepatitis, and nephritic syn-
drome [9]. The permissible limit of copper in drinking
water as set by the World Health Organization is

10 μg L–1 is 1.5 mg L–1 [10]. The EPA requires lead,
copper, cadmium, zinc, and nickel in drinking water
not to exceed 0.015, 1.3, 0.005, 5, and 0.04mg L–1,
respectively [8]. Due to the aforementioned reasons, in
recent years, there is great interest generated for
removing these metal ions from aqueous solution due
to their supreme toxicity to human health and ecologi-
cal systems [4].

There are various methods used for removal of
metals ions from aqueous media such as chemical
redox reaction, chemical precipitation, evaporative
recovery, filtration, electrochemical treatment, reverse
osmosis (membrane technologies), solvent extraction,
and ion-exchange. However, most of these methods
have some major shortcoming, such as applicable
where the concentration of metals is relatively high,
costly, insufficient metals removal, production of toxic
slush, and high energy required. Presently, the sorp-
tion technique is proved to be quite simple, affective,
economic, attractive, and most easily available tech-
nique for the dyes removal from the metals-bearing
wastewater [11]. Thus, there is a great demand for
such type of adsorbents which are made from low cost
material, environmentally benign, and have great
potential for adsorption without any additional expen-
sive pretreatment [12,13]. Thus, there is a great
demand for such type of adsorbent which are cheaper
and still have high adsorption capability toward pollu-
tants and metals without any additional expensive
pretreatment. Presently, cellulose and lignocellulosic
biomass have got considerable attraction because of its
abundance in nature, effectiveness, low cost, and envi-
ronmentally friendly nature of biopolymers. Thus, bio-
sorption has been proved to be the most effective
technique for the removal of Cu and Ni from the
aqueous solution [4, 13–17].

Adsorption isotherm is very useful to describe the
adsorption phenomenon and mobility of adsorbate
from aqueous media to the solid phase adsorbent.
These equilibrium models are very important in terms
of describing the adsorption mechanism and also the
surface properties of adsorbent. Linear regression is an
important technique used for the determination of the
adsorption isotherm parameters. In this research work,
Nannorrhops ritchiana (Mazri Palm) was collected from
hilly areas of North Waziristan Agency, Khyber
Pakhtunkhawa, Pakistan, and used as an effective bio-
sorbent without any chemical treatment for removal of
Cu2+ and Ni2+ ions from aqueous solution. The
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utilization of this alternative, abundantly available and
environmentally benign biosorbent, will solve both
waste discarding problems as well as give access to an
inexpensive material for wastewater decontamination.
The main aim of this study to investigate the potential
of Nannorrhops ritchiana for Cu2+ and Ni2+ ions from
aqueous solution. Langmuir, Freundlich, and Temkin
isotherms models were used for adsorption of Cu2+

and Ni2+ ions from aqueous solution. In addition, lin-
ear and non-linear regression methods, in selecting the
optimum adsorption isotherm, were applied on the
experimental data.

2. Experimental

2.1. Collection of plant material (biosorbent)

The plant Nannorrhops ritchiana (Mazri Palm), used
as a biosorbent, was collected from the hilly areas of
North Waziristan Agency, KPK, Pakistan, in June
2012. The plant leaves were dried and grounded into
powder form with the help of electrical grinder. The
ground Nannorrhops ritchiana (Mazri Palm) leaves were
sieved to smaller particle size in order to get higher
surface area to permit the adsorbate to accumulate
deeply into the sewage in an elevated rate of adsorp-
tion. To avoid the color leaching effect, the grounded
powder was soaked in water for 72 h, followed by fil-
tration, and subsequent drying before subjecting to the
adsorption process.

2.2. Biosorption batch experiments

The 0.1-M solutions of copper (II) and nickel (II)
were prepared by dissolving 24.97-g of copper sulfate
(CuSO4 5H2O) and 23.77-g of nickel chloride (NiCl2
6H2O) in distilled water, respectively. The various
required concentration solutions were prepared from
the stock solutions using the dilution formula
C1V1=C2V2. In typical batch experiment, 100-mL
capacity flasks were filled with 30 mL of the varying
concentration of metal ions solutions and 20-mg Nan-
norrhops ritchiana (Mazri Palm) powder was added to
each flask containing metal ions solutions. The flasks
were potted to reduce evaporation and were shaken
in wise bath water bath shaker at 180 rpm. The experi-
ments were carried out at natural pH and at room
temperature. After specific interval of time, sample ali-
quots were withdrawn and filtered to separate the
metal-loaded biosorbent from metal ion-containing
solution. The remaining concentration of metal ions
was determined by Atomic Absorption Spectropho-
tometer.

Quantity of metal ions removed by the biomass of
Nannorrhops ritchiana powder was determined using
the Eq. (1)

Nf ¼ ðCi � CsÞV
m

(1)

where Nf is the conc. of metal ions adsorbed (mmol/g),
V is the volume of metal ions solutions (L), Ci is the ini-
tial conc. of metal ions (mmol/g), Cs is the final conc. of
metal ions in aqueous phase (mmol/g), and m is the
mass (g) of Nannorrhops ritchiana (Mazri Palm).

2.3. Analytical analysis of metal ions in solution

The concentration of each Cu(II) and Ni(II) in each
sample after adsorption were analyzed with AA-7000
atomic absorption spectrophotometer. Firstly, the
instrument was calibrated with standard solutions in
the range covering the expected concentrations in
diluted samples and then, the samples were analyzed
in triplicate.

2.4. Biomass characterization

The chemical structure and nature of functional
groups of biomass was studied using FTIR transmis-
sion spectra on a Perkin–Elmer Spectrum One. FTIR
spectrum was recorded in the wave number range
from 4,000 to 450 cm–1 with a resolution of 5 cm–1.

2.5. Methods

2.5.1. Adsorption isotherm

The equilibrium relationship among the adsorbent
and adsorbate is responsible for the studies of adsorp-
tions procedure. Such separation processes have a
thermodynamic background and easily find out the
amount of material, which is capable of being
adsorbed onto specific surfaces. To describe equilib-
rium relationships, two factor isotherms of Langmuir,
Freundlich, and Temkin have been developed. Never-
theless, no single model is generally valid, all having
some postulation that may or may not be applicable
in a meticulous case.

2.5.2. Error functions

In order to assess the fit of an isotherm to the equi-
librium data, an error function evaluation is necessary.
For this purpose, various error functions, such as
HYBRID, fractional error function, sum of absolute
error, sum of the square of errors, average relative
errors, chi-square test, and standard deviation of
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relative error have been adopted to conclude the
best-fitting isotherm, among which the coefficient of
determination (R2) is possibly the most commonly
applicable error function to forecast the optimum iso-
therm; and for the determination of the coefficient, the
isotherm having R2 value closest to unity is believed
to be the best-fit isotherm.The Origin 6.1 version of
software was used for the experimental data analysis.
The equations used for linear and non-linear fitting of
isotherm models has been given in Table 1.

3. Results and discussion

3.1. Characterization of adsorbent

The surface functional groups in biomass were
determined using FTIR spectroscopy. The FTIR spec-
trum in Fig. 1 shows the functional groups in biomass.
The peak at 3,443 cm–1 is assigned to the presence of –
OH stretching vibration. It represents the presence of
–0H group on the surface of biomass and chemisorbed
water. The peak at 2,910 cm–1 showed the symmetric
and unsymmetrical C–H stretching, due to the exis-
tence of –CH and C–H groups which are present in
cellulose and lignin. The peak appeared at 2,834
shows CH stretch. The presence of adsorption peaks
in region from 1,300 to 900 cm–1 represents the various
carbonyl components such as alcohols, esters, carbox-
ylic acid, or ethers. The peak at position 1,637 cm–1 is
assigned to C=C. Additional peak at 1,227 cm–1 shows
the C–O–C stretching. The peak associated at
1,016 cm–1 is assigned to C–N stretch. The absorption
peak at 874.69 cm–1 is a prominent peak for the β-glu-
cosidic linkage of cellulose in biosorbent [18]. The
presence of these various nucleophilic groups repre-
sents that the biosorbent have potential to adsorb the
metal ions effectively.

3.2. Linear method for adsorption isotherms

3.2.1. Langmuir linear adsorption isotherm

For the determination of isotherm parameters, the
linear forms of the adsorption isotherms having best

fit of an experimental data with various error func-
tions were generally used. While analyzing the experi-
mental data for the goodness of the Langmuir model,
the equilibrium data were evaluated using the four
linear forms of the Langmuir isotherm. To study the
experimental data, Langmuir type (I) isotherm is the
most commonly used linear expression and has been
used by numerous researchers [19–22]. For one to four
type linear form, Langmuir constants (sorption equi-
librium constant) b, and the saturated monolayer sorp-
tion capacity Ns, the sorption of Cu2+ and Ni2+ onto
Nannorrhops ritchiana (Mazri Palm) powder were
determined from the slope and intercept of the plot
between Cs and Cs/Nf, 1/Nf and 1/Cs, Nf and Nf/Cs,
and Nf/Cs and Nf, respectively as shown in Table 2. It
is confirmed from the Table 2 that the calculated val-
ues for the Langmuir parameters for each type of lin-
ear Langmuir equation are different along with the
different values for the co-efficient of determination
(R2) for each type of linear Langmuir equation. On the
basis of the values for (R2, Fig. 2(a) and (b)) and other
error functions like squares of the errors and

Table 1
Equations for linear and non-linear of Langmuir, Freundlich, and Temkin isotherms

Isotherms Linear form Non-linear Plot

Langmuir-1 ce
qe
¼ 1

bQe
þ Ce

Qo
qe ¼ QebCe

1þbCe

Ce

qe
vs:Ce

Langmuir-2 1
qe
¼ 1

Q0
þ 1

bCeQo

1
qe

vs: 1
Ce

Langmuir-3 qe ¼ Q� qe
bCe

qe vs:
qe
Ce

Langmuir-4 qe
ce
¼ bQ0 þ qbe

qe
ce

vs: qe

Freundlich log qe ¼ logKf þ 1
n logCe qe ¼ Kfq

1=n
e log qe vs: logCe

Temkin qe ¼ RT
bT
lnAT þ RT

bT
lnCeqe ¼ RT

bT
lnATCe qe vs: Ce
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Fig. 1. FTIR spectrum of Nannorrhops ritchiana (Mazri
Palm).
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chi-square test (χ2) obtained from Langmuir type I
linear equation, it is concluded that Langmuir type I is
the best fitting isotherm as compared to the other
three Langmuir linear isotherms as the adsorption is
monolayer and adsorption of each molecule on the
biosorbent surface has an equal amount of activation
energy as well negligible interaction among sorbate–
sorbate.

3.2.2. Freundlich linear adsorption isotherm

The linear form of Freundlich adsorption isotherm
was analyzed by plotting the graph between log Nf vs.
log Cs (Eq. (2), Table 1). The applicability of Freund-
lich linear adsorption isotherm was judged from the
coefficient of determination R2.

log Nf ¼ log Kf þ 1

n
log Cs (2)

The constants for Freundlich adsorption, Kf, and Fre-
undlich exponent, 1/n, were determined from the
intercept and slope of plot as shown in Table 3 and
Fig. 3(a) and (b). From Table 3, it was concluded that
the error functions have higher values for Freundlich
isotherm as compared to Langmuir type I isotherm,
however, have least error functions than the other
three types of linear Langmuir adsorption isotherms.
The linear form of Langmuir adsorption type I is
found to be more suitable for linking the experimental
data than linear form of Freundlich adsorption iso-
therm. Nevertheless, in contrast with the error func-
tion of Freundlich isotherm with the other three linear

Table 2
Calculated values for Langmuir adsorption isotherm

Isotherm

Cu(II)

Constant Type (1) Type (II) Type (III) Type (IV)

Langmuir Nf 1.1331 1.1331 1.1331 1.1331
Ns 1.398601 1.77305 1.446 1.531834
B 4.281437 2.611111 3.90625 3.424
R2 0.988 0.969 0.878 0.878
SSE 0.047386 0.110965 0.048471 0.058332
χ2 0.025187 0.079668 0.024102 0.029497

Ni(II)

Nf 0.6517 0.6517 0.6517 0.6517
B 4.767677 3.431325 4.219409 2.591
R2 0.942 0.921 0.615 0.615
SE 0.075925 0.076814 0.077017 0.082332
χ2 0.079345 0.080896 0.080348 0.092913
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Equation y = a +
Adj. R-Squ 0.9864

Value Standard E
B Intercep 0.167 0.01922
B Slope 0.715 0.02963

Equation y = a + b*
Adj. R-Squar 0.93369

Value Standard Err
B Intercept 0.0992 0.04846
B Slope 0.4728 0.04436

Fig. 2. (a) Langmuir linear Type I for Cu(II); (b) Langmuir
Type 1 for Ni(II).
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counterparts of Langmuir isotherm equation, the
linear Freundlich isotherm is more appropriate in
describing the biosorption process. Hence, in case of
Langmuir type (I), the Langmuir theoretical

postulation of monolayer coverage is valid for the
biosorption of Cu(II) and Ni(II) onto Nannorrhops
ritchiana, rather than the other three types of linear
Langmuir adsorption isotherm.

3.2.3. Temkin linear adsorption isotherm

The equilibrium data for the biosorption of Cu(II)
and Ni(II) onto Nannorrhops ritchiana was further ana-
lyzed using the linear form of Temkin adsorption iso-
therm. The mathematical form of Temkin linear
isotherm is as following:

qe ¼ RT

bT
ln AT þ RT

bT
lnCe (3)

The Temkin parameters were calculated from slope
and intercept of the graph plotted between Nf and ln
Cs as evident from the Table 3 and Fig. 4(a) and (b).
From the given Table 3 and Fig. 4(a) and (b), the val-
ues of various parameters and error functions
obtained using Temkin adsorption isotherm parame-
ters were found higher when compared to all other
linear equations adsorption isotherms, hence the
experimental data is not well represented by Temkin
adsorption isotherm. The values of the error function
in the current research data suggest that the Langmuir
type (I) is the best representative of the experimental
data for the biosorption of Cu(II) and Ni(II) onto Nan-
norrhops ritchiana, even though the Freundlich adsorp-
tion isotherm showed a good fitting to the
experimental data.

3.3. Non-linear method for adsorption isotherms

In additional to linear, the non-linear methods
were also applied for the experimental data. The lin-
ear method is used to evaluate the isotherm parame-
ters in the three adsorption isotherm models for
copper and nickel as shown in Table 4 and Fig. 5(a)
and (b). The non-linear isotherm parameters and the
error functions were determined through the origin
version (6.0) software showing that the non-linear
Langmuir isotherm parameters were quite close to the
results of best fit linear Langmuir isotherm type (I).

Conversely, when the assessments of the different
error functions regarding the non-linear Langmuir iso-
therm equation were evaluated (Table 4), it is
observed that the values of the error functions are
smaller in comparison to those of the four linearized
types. These findings recommend that when applying
the non-linear technique, there is no difficulty related
with converting the non-linear Langmuir adsorption

Table 3
Calculated values for Freundlich and Temkin adsorption
isotherms

Isotherm Constant Cu(II) Ni(II)

Freundlich Kf 1.104066 0.75654
N 2.004008 2.631579
R2 0.903 0.809
SE 0.164154 0.2608958
χ2 0.281038 0.626507

Temkin KT 97.54025 1987.661
B (Kjol/mol) 3.65 10.92
R2 0.973 0.782
SE 1.828989 1.314859
χ2 9.307584 7.379233
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Fig. 3. (a) Freundlich isotherm for Cu(II); (b) Freundlich
isotherm for Ni(II).
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equation to its four different linearized forms. Addi-
tionally, it is to be renowned that the transformation
of a non-linear isotherm equation to its linearized
form may alter its error allocation.

From Table 4, it is observed that there is a small
variation between the Freundlich adsorption isotherm
parameters calculated by non-linear and its linearized
type. However, the values of the error functions deter-
mined by the non-linear form are much lower than
the linear method. Additionally, the values of the
error functions (Table 4), including the R2 value, were
quite close to those of the non-linear Langmuir
adsorption isotherm suggesting that the Freundlich
adsorption isotherm illustrates a reasonably good fit
for relating the biosorption of Cu(II) and Ni(II) onto
Nannorrhops ritchiana.

In case of the Temkin adsorption isotherm, the vari-
ation among the adsorption isotherm parameters
acquired using the linearized and non-linearized forms
is very large. Additionally, when evaluated with the R2

value of the linear Temkin adsorption equation, the R2

value of the non-linear Temkin adsorption equation
was different. Furthermore, the values of the special
error functions are much lesser than their linearized
counterparts, suggesting that the experimental data-set
should be calculated by the non-linear technique to
improve the results. On the other hand, Temkin
adsorption isotherm model is correspond to the least
fit for experimental equilibrium data than the other
two types of adsorption isotherm equations.

3.4. Comparison of non-linear vs. linear adsorption
isotherms

In analyzing the experimental data for adsorption
of metal ions and dyes, the linear methods have been
generally used primarily due to its easiness and effec-
tiveness. On the basis of the error functions that yield
least error distribution among the experimental and
calculated isotherms, the most excellent fit isotherm is
favored. The optimum adsorption isotherm is usually
selected through the error functions. In the current
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B Intercept 1.7245 0.04331

B Slope 0.2273 0.04531

Fig. 4. (a) Temkin isotherm for Cu(II); (b) Temkin isotherm
for Ni(II).

Table 4
Calculated values for the three non-linear isotherms

Isotherm Parameter Cu(II) Ni(II)

Langmuir Ns 1.41162 ± 0.05468 0.69568 ± 0.07563
B 4.32576 ± 0.52958 3.73333 ± 1.61016
R2 0.98344 0.78465
χ2 0.00209 0.00584

Freundlich K 1.16879 ± 0.05519 0.52776 ± 0.02703
N 2.59634 ± 0.37217 2.99788 ± 0.72087
R2 0.91277 0.78077
χ2 0.01103 0.00594

Temkin K 38.97737 ± 6.71337 39.17337 ± 25.46372
N 3.15466 ± 0.19451 6.8035 ± 1.29696
R2 0.97433 0.79881
χ2 0.00325 0.00545
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exploration, it was experienced that the error functions
values for all the four types of Langmuir linear iso-
therm equations are different, while comparing the
error functions values for all the four linear forms of
Langmuir adsorption isotherm. These are due to the
variation in giving out of the error arrangement for
different linear equations. As a result, in a linear
investigation the calculations for the parameter are
significantly affected by different linear types of
the same isotherm model. Accordingly, by applying
the linearized process the different values reveal the
actual complication in approximating the isotherm
parameters. From these results, it is clear that error
allocation get distorted the better or worse during the
linearization of the equation. The experimental data

was best fitted to the Langmuir linear isotherm type
(I) in contrast to the other three counterparts of Lang-
muir isotherm. Due to the alteration in error distribu-
tion of different linear equations for Langmuir
isotherm, the other linear forms of Langmuir isotherm
equation have comparatively higher error functions
values [23,24]. The alteration in the allocation of errors
is dependent of different axial locations. The final
finding of parameters is considerably exaggerated by
the dependent variables which are distorted to differ-
ent axial locations. Different axial locations also
change the outcome of the regression; thus, manipu-
late the accurateness as well as stability which leads
to the breaking of such assumptions which are fol-
lowed by the isotherms [25]. Additionally, the linear-
ized method follow the postulation that, the dispersed
vertical positions nearby the line follows a Gaussian
distribution and at every point of the x-axis, the distri-
bution of the error functions is identical [23]. This
assumption is rarely true or practically impossible, as
most of the adsorption isotherms are non-linear due to
different mechanism. Accordingly, on changing a non-
linear isotherm equation to its linearized counterpart,
the error allocation gets distorted. Furthermore, the
equilibrium data is not assessed by the linear method,
as an alternative, it supposes that the known data-set
is linear and presents a straight line that forecasts the
righteousness of fit for the experimental data. The lin-
earized form only determines the intercept and slope
for a straight line, which only calculate the y-value for
a particular x. In linear method, the various results
because of linearized form obviously indicate that all
the ambiguity is in y-value, whereas x-value is known
accurately. So it confirms that, the normality assump-
tion behind the linear regression method is possibly
been disobeyed. Accordingly, different parameters are
obtained for the various forms of linear Langmuir
adsorption isotherm from the identical equilibrium
experimental data results. Besides, the linear methods
have higher values for the error functions than the
non-linear methods for all the three isotherms. There-
fore, it is unsuitable in forecasting the righteous fit for
a particular exits linearized form. In contrast, the
shortcomings of the linearized technique may be
evaded by taking the non-linear technique for analyz-
ing the experimental equilibrium data due to the rea-
son that in the non-linear method, the isotherms and
the experimental data are in fixed y- and x-axis, that is
the non-linear investigation is carried out on the iden-
tical ordinate and abscissa, consequential in the identi-
cal error allocation and arrangement [26]. Therefore, it
is logical for the use of non-linear method to represent
adsorption isotherm model capably and efficiently. As
a result, the use of non-linear method than the
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Fig. 5. (a) Comparison of the three non-linear isotherms
for Cu(II); (b) comparison of three non-linear isotherms for
Ni(II).
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linearized method is more appropriate to approximate
the parameters concerned with the adsorption iso-
therm model.

The current research corroborates the non-linear
method than the linear method as an appropriate
method to calculate the most complimentary adsorp-
tion isotherm. The present equilibrium data gives the
Langmuir isotherm model as the most excellent appro-
priate isotherm for both linear and non-linear analyses.
The values of the various error functions obtained from
linear and non-linear methods for the three isotherm
representation suggest the use of the non-linear method
for the determination of isotherm parameters. Ho [27]
match up to the linear technique and a non-linear tech-
nique of three familiar isotherms, including Langmuir
isotherm to the experimental adsorption data of Pb(II)
on to peat. The parameters calculated from the four
Langmuir linear equations using the linearized tech-
nique were differed from each other, while they were
matching when the non-linear technique was applied.
Therefore, it was declared that the non-linear technique
is an improved method to calculate the isotherm
parameters. Additionally, using the linearized tech-
nique the best fit isotherm is obtained, the Langmuir
type (I) equation, as it has the highest value for the co-
efficient of determination (R2). Several researchers
reported the same observation [23,25,28,29]. The
researchers recommended that the linear equations for
isotherms in fact cause actual tribulations and miscalcu-
lations occurring from the difficulties for simultaneous
conversion of data, directing to the contravention of
assumption followed by the isotherm model. In such
circumstances, it probably is more reasonable and

reliable to construe experimental equilibrium data
through processes of non-linear regression.

3.5. Mechanism of metal adsorption

To understand the mechanism of adsorption of
metal ions on the adsorbent is the main and important
task. To study and understand the mechanism of
adsorption, it is very necessary and important to know
structure and surface of adsorbent. FTIR result (Fig. 1)
shows that the biosorbent have –OH, COOH, and
ketonic groups, which are more exposed and have
strong chemical interaction between metal ions and
adsorbent and mechanical interaction because of easy
penetration of metal ions to microstructure of adsorbent.

The mechanism for adsorption of metal ions on
adsorbent involving the migration of dye molecules:
In this step, the passage of metal ions from bulk of the
solution occurred to the surface of the adsorbent. In
next step, diffusion of metal ions can take place
through the boundary layer to the surface of the
adsorbent. In third step, there is formation of surface
hydrogen bonding between the metal ions and hydro-
xyl group of biomass. The proposed possible mecha-
nism for adsorption of metal ions on the surface of
biomass is shown in (Fig. 6).

Biosorbent-OH-----------Biosorbent-O� þMþ

Biosorbent-O� þMþ-----------Biosorbent�O�Mþ

In this final step, the intraparticle diffusion of metal
ions occurs. Metal ions get approached inside the
pores of adsorbent.

Fig. 6. Adsorption mechanism of metal ions on Nannorrhops ritchiana.
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4. Conclusions

Observing all these features in sight, our recent
study indicated that Nannorrhops ritchiana is found to
be effective for the removal of Cu(II) and Ni(II) from
aqueous solutions. Freundlich isotherms indicated that
the sorption capacities on the biomass surfaces
increased with increasing initial concentrations of both
metals. The equilibrium adsorption data were ana-
lyzed using Freundlich, Langmuir, and Temkin. Lang-
muir type I was found as the best fitting isotherm for
adsorption of both Cu2+ and Ni2+ ions when com-
pared to the other three Langmuir linear isotherms.
Non-linear methods for the three isotherms suggested
that the use of the non-linear method is more effective
when compared to the linear methods, for the deter-
mination of isotherm parameters for adsorption of Cu
(II) and Ni(II) on Nannorrhops ritchiana.
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