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Abstract

The biomass of terrestrial-plant materials has high removal capacities for a number of heavy metal ions. The Ni(II) biosorption capacity of
the cone biomass of Thuja orientalis was studied in the batch mode. The biosorption equilibrium level was determined as a function of contact
time, pH, temperature, agitation speed at several initial metal ion and adsorbent concentrations. The removal of Ni(I) from aqueous solutions
increased with adsorbent concentration, temperature and agitation speed of the solution were increased. The biosorption process was very fast;
90% of biosorption occurred within 3 min and equilibrium was reached at around 7 min. It is found that the biosorption of Ni(Il) on the cone
biomass was correlated well (R?>0.99) with the Langmuir equation as compared to Freundlich, BET Temkin and D-R isotherm equation under
the concentration range studied. According to Langmuir isoterm, the monolayer saturation capacity (Q,) is 12.42mg g~!. The pseudo-first-order,
pseudo-second-order and intraparticle diffusion kinetic models were applied to test the experimental data for initial Ni(Il) and cone biomass
concentrations. The pseudo-second-order kinetic model provided the best correlation of the used experimental data compared to the pseudo-first-
order and intraparticle diffusion kinetic models. The activation energy of biosorption (E,) was determined as 36.85 kJ mol~! using the Arrhenius
equation. This study indicated that the cone biomass of 7. orientalis can be used as an effective and environmentally friendly adsorbent for the

treatment of Ni(Il) containing aqueous solutions.
© 2006 Elsevier B.V. All rights reserved.

Keywords: Nickel; Biosorption; Cone biomass of Thuja orientalis; Kinetics; Isotherm; Activation energy

1. Introduction

Metals are among the main environmental concerns because
of their unique characteristics: unlike organic pollutants, they are
non-biodegradable and hence are accumulated by living organ-
isms. Heavy metal ions such as Cu®*, Zn>*, Mn**, Fe?*, Ni**
and Co®* are essential for plant and animals but when present
in excess, these, and non-essential metals such as Cd?*, Hg2+,
Ag?* and Pb>*, can become extremely toxic [1]. The heavy and
toxic metal contaminants in aqueous waste streams can cause
serious water pollution problems being faced the world over.
Nickel is one of the toxic heavy metals which are common pol-
lutants of the environment. In humans, nickel can cause serious
problems, such as dermatitis, allergic sensitization, lung and
nervous system damages. It is also a known carcinogen [1]. The
maximum permissible concentration of nickel in effluents in the
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U.S. for plants discharging 38,000 L or more per calendar day of
electroplating process wastewater the following limitations shall
apply: maximum for any 1 day is 4.1 mgL~! and average of
daily values for 4 consecutive monitoring days shall not exceed
2.6 mg L~! [2]. In drinking water, nickel may cause health prob-
lems if found in amounts greater than the health standard set
(MCLG: 0.1 mgL~!) by the United States Environmental Pro-
tection Agency (EPA). The MCLG for nickel has been set at
0.1 parts per million (ppm) because EPA believes this level of
protection would not cause any of the potential health problems
[3]. According to World Health Organization (WHO) guide-
lines for drinking water, the permissible level Ni** is 5 ppm.
Therefore, it is necessary to decrease the concentration of heavy
metals to their permissible limits before their discharge to the
environment [4].

Nickel is one of the heavy metals present in raw wastewa-
ter streams from industries such as electroplating, nonferrous
metals mineral processing, dye industries, porcelain enameling,
and steam-electric power plants [5]. A number of technologies
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have been used to remove Ni(II) from wastewater streams, such
as adsorption onto activated carbon [6-8], filtration of precip-
itate [9] and by crystallization in the form of nickel carbonate
[10]. However, these technologies are most suitable in situations
where the concentrations of the heavy metal ions are high. They
are either ineffective or expensive when heavy metals are present
in the wastewater at low concentrations or when very low con-
centrations of heavy metals in treated water are required [5].
Alternative technologies of treating diluted wastewater streams
have been studied in recent years [9—11]. Biosorption of heavy
metals is an effective separation process for the removal and
recovery of heavy metal ions from aqueous solutions. It utilizes
the ability of biological materials to accumulate heavy metals
from waste streams by either metabolically mediated or purely
physicochemical pathways of uptake [5,12,13]. Biosorption of
metals by biomass has been much explored in recent years. This
novel approach is competitive, effective and cheap [14,15]. The
biomass of terrestrial-plant materials has been reported to have
high removal capacities for a number of heavy metal ions. Dif-
ferent form of inexpensive, non-living plant material such as peat
and pith [15], plant wood, root, leaves and bark [16—18], saw-
dust [18], papaya wood [19], Capsicum annuum seeds [20], cork
biomass [21], dehydrated wheat bran [22], tea-industry waste
[23,24], grape stalks waste [25] have been widely used and the
cone biomass newly investigated [14], as potential adsorbents
for heavy metals.

Thuja orientalis is an exotic tree planted in Turkey. It is grown
in the garden and parks for esthetical (landscape) purposes. The
cones of T. orientalis caused a visual and litter pollutant impact
after patching off on the ground [26]. For this reason, as a novel
approach, the Ni(II) biosorption from aqueous solutions through
cone biomass of 7. orientalis was evaluated as environmen-
tally friendly treatment for the biosorption of Ni(I) ions from
wastewaters.

Cones of other conifers such as the cone biomass of 7. ori-
entalis are readily available adsorbents in nature. Each cone is
composed of an axis upon which are borne, in a spiral fashion,
a large number of woody scales. Two megasporangia, in ovules,
develop on the upper surface of each scale. Upon maturity they
become seeds; the ovulate cone is, therefore, a seed-bearing
cone. The scales of the mature cone are composed of epidermal
and sclerenchyma cells which contain cellulose, hemicellulose,
lignin, resin and tannins in their cell walls [26,27].

In this study, the cone biomass of T. orientalis as an adsor-
bent for Ni(II) was used to determine biosorption efficiency as
a function of pH, temperature, agitation speed, contact time,
adsorbent and adsorbate concentrations. The pseudo-first-order,
pseudo-second-order and intraparticle diffusion kinetic models
were applied to data as well as the Langmuir, Freundlich, BET,
Temkin and D-R isotherm models.

2. Material and methods
2.1. Adsorbent preparation

In this study, T. orientalis L. (Chinese arbor vitae) cones, a
low-cost adsorbent, were used for its biosorption capacity for

removal of Ni(Il) from aqueous solutions. Cones were collected
in June of 2002 on the garden of Engineering Faculty at Atatiirk
University. Fresh cones of T. orientalis were dried at 90 °C for
48 h and cut into small pieces, ground in a warring blender to
powder and sieved to constant size (between 35-60 meshes or
250-500 wm). Certain size and portions of the samples were
taken for biosorption. Adsorption experiments were carried out
250-500 wm at adsorbent particle size.

2.2. Batch biosorption studies

Metal ion solutions were prepared by dissolving of
NiCl,-6H,0 analytical grade in deionized water. The pH of
the solution was adjusted with diluted sulfuric acid and diluted
ammonia solutions. Experiments were conducted in 250 mL
Erlenmeyer flasks containing known Ni(II) synthetic solutions.
Flasks were agitated on a shaker at 300 rpm constant shaking
rate for 30 min to ensure equilibrium was reached and filtered
through (Schleicher & Schiill589). Samples (5 mL) were taken
after mixing the adsorbent and Ni(II) solution bearing solu-
tion and at pre-determined time intervals (1-30 min) for the
determination of residual Ni(II) concentration. The initial pH
adjustments were carried out either by sulfuric acid and sodium
hydroxide. The amount of filtrate Ni(II) concentrations was ana-
lyzed complexometrically [28].

The amount of metal adsorbed was calculated using the Eq.
(1):

_(Co— CoV
B M

where Cy and C, are the initial and equilibrium concentrations
of Ni(Il) (mg L~1), M the mass of cone biomass (g) and Vs the
volume of solution (L).

The zeta potential of cone particles in deionized water and
nickel solutions were measured with a Zeta-Meter (ZETAME-
TER 3:0/542, USA).

ey

€

3. Results and discussion

3.1. Fourier transform infrared spectroscopy (FTIR)
analysis

The infrared spectra of the adsorbent sample was measured
as potassium bromide pellets using a Perkin-Elmer 1600 series
FTIR spectrometer. The FTIR spectra before and after adsorp-
tion of the cone biomass of T. orientalis are shown in Fig. la
and b, and the FTIR spectroscopic characteristics are shown in
Table 1.

As shown in the figure, the spectra display a number of
absorption peaks, indicating the nature of the cone biomass of
T. orientalis. The bands observed at 3441 and 2925 cm™" repre-
senting bonded —OH group and aliphatic C—H group. The peak
around 1627 cm™! correspond to the C=0 stretch. Symmetric
bending of CHj is observed to 1451 cm™!. The peaks observed
at 1054 and 551 cm™! could be assigned to —C—C— group and
—CN stretching, respectively. There were clear band shifts and
intensity decrease of the band at 3441 and 1627 cm™".
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Table 1
The FTIR spectral characteristics of cone biomass of Thuja orientalis before and after adsorption
IR peak Frequency (cm™) Assignment
Before adsorption After adsorption Differences
1 3441 3418 —23 Bonded —OH groups
2 2925 2925 0 Aliphatic C—H group
3 1627 1618 -9 C=O0 stretching
4 1452 1457 +6 Symmetric bending of CH3
5 1054 1057 +3 —C—C— group
6 551 596 +45 —CN stretching

The hydroxyl groups of the cone biomass of T. orientalis
(Fig. 1a and b) are effective binding sites for metal ions, form-
ing stable complexes by coordination. As seen in Table 2, the
spectral analysis before and after metal adsorption indicated that
especially the bonded —OH groups and C—O stretching were
especially involved in Ni(II) biosorption [24]. The interaction
between the functional groups in the cone biomass and Ni(II)
ions may be responsible for pH increase in the initial stages and
as the saturation of the bed proceeds, the pH decreased. Decrease
in biosorption at higher pH is due to the formation of soluble
hydroxyl complexes.

It has been well documented that several biomolecules, pro-
teins, polysaccharides and extracellular polymers contain dif-
ferent surface functional groups, such as carboxyl, carbonyl,
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Fig. 1. (a) The FTIR spectra of cone biomass before adsorption. (b) The FTIR
spectra of cone biomass after Ni(II) adsorption.

hydroxyl, amino, phosphoryl and sulfide groups. The different
functional groups have a high affinity towards heavy metals so
that they can complex the metal ions [29].

Because of the complexity of most cell walls, several differ-
ent mechanisms have been proposed to explain the uptake of
metals by non-living biomass, including microprecipitation, ion
exchange and complexation. Untreated biomass generally con-
tains light metal ions such as K*, Na*, Ca?* and Mg?* [24,34].
The biosorption process of nickel, copper and cadmium can be
mainly accounted for by ion exchange with calcium [29]. There
was a significant release of Ca’*, Mg?*, K* and H* from the
biosorbent due to the uptake of Cu(II) and Ni(II). This might
indicate the displacement of these cations by the metals [25].

3.2. Effect of adsorbent dose on biosorption

The effects of cone dosage on the removal of Ni(Il) from
aqueous solutions were investigated using five different adsor-
bent concentrations since biosorption is highly dependent on
the initial adsorbent concentration. The extent of biosorption

Table 2
Isotherm constants for Ni(IT) sorption on cone biomass of Thuja orientalis
Type Ni(II)
Langmuir isotherm
Qo (mgg™h) 12.42
b(Lg™") 3.06
R? 0.9915
Freundlich isotherm
K(@Lg™h 29.48
n 4.76
R? 0.9344
BET isotherm
Q(mgg™") 0.0027
B 10.71
R? 0.6491
Temkin isotherm
ALg™h 1936
B 342
R? 0.9553
D-R isotherm
K (mol?/kJ?) 0.0031
gm (mg g_') 14.58
E (KJmol™1) 12.70
R? 0.6962
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Fig. 2. Effect of adsorbent concentration on Ni(II) removal (Cp: 100 mg L,
pH 4.0, agitation speed: 300 rpm, temperature: 25 °C).

is proportional of specific area. Specific area can be defined
as that portion of the total area that is available for biosorp-
tion. Cone dosage was varied from 1 to 5gL~!. The effect of
cone biomass on the sorption kinetics of Ni(Il) ion was studied
at pH of 4.0 and 100mg L~ initial Ni(I) concentration. The
results are presented in Fig. 2 which indicated that the equi-
librium concentration of Ni(II) decreases with increasing cone
doses for a given initial Ni(IT) concentration. This result was
anticipated because increasing adsorbent doses provides greater
surface area. When the adsorbent concentration was increased
from 1 to 5gL~!, the removal increased from 57.2 to 84.5%.
This may be due to the fact that the higher doses of the adsorbent,
the more sorbent surface and pore volume will be available for
the biosorption [14-18,30].

3.3. Effect of metal ion concentration on biosorption

The initial metal ion concentration provides an important
driving force to overcome all mass transfer resistances of Ni(Il)
between the aqueous and solid phases. The initial metal ion
concentration was varied from 50 to 400 mg L™!. The results are
presented in Fig. 3, which shows that the equilibrium concentra-
tion of Ni(Il) increased with increasing adsorbate concentration.

The higher the initial metal ion concentration, the larger the
metal ion sorbed per unit weight of adsorbent at equilibrium.
It showed a decrease in percent removal efficiency at increas-
ing concentration. When the initial Ni(II) concentration was
increased from 50 to 400 mg L1, the removal decreased from
93.25 to 68%. This was due to the saturation of the sorption
sites on the adsorbent as the concentration of the metal increased.
However, higher biosorption yields were observed at lower metal
concentration [31].

3.4. Biosorption time

The effect of the contact time on biosorption of Ni(II) on
the cone biomass was studied and the results are presented in
Figs. 3, 6 and 7, where the biosorption occurred in two steps;
an initial very fast step, maximum biosorption was occurred,
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Fig. 3. Effect of adsorbate concentration on Ni(II) biosorption efficiency (pH 4,
agitation speed: 300 rpm, temperature: 25 °C, adsorbent concentration: 5 g L~).

which lasted for 3 min, the slow second phase which continued
until 20 min. The equilibrium was reached within 7 min. Further
increase in contact time did not show an increasing in biosorp-
tion. Thus, 7 min shaking time was considered to be the optimum
contact time for biosorption of Ni(II) on the cone biomass.

3.5. Effect of pH on biosorption

It is well known that the pH of the aqueous solution is
an important controlling parameter in the adsorption process
[6,8,32—34]. In order to establish the effect of pH on the biosorp-
tion of Ni(I) on the cone biomass, batch equilibrium experi-
ments were carried out 100 mg L™! initial Ni(II) concentration
and 5 gL~ adsorbent at various pH values. The pH of the sam-
ples was kept constant by addition of 0.2N sulfuric acid or 0.2N
NaOH as needed and the studies were carried out at pH 2—6. The
results are presented in Fig. 4 and show the greatest increase in
the biosorption yield. The maximum biosorption capacity of T.
orientalis was determined as 16.95mgg~" at pH 4. Thus, all
the biosorption experiments were conducted at this optimum
pH value.
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Fig. 4. Efffect of pH on Ni(II) biosorption efficiency (Co: 100 mg L=, adsorbent
concentration: 5 g L™, agitation speed: 300 rpm, temperature: 25 °C).
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Fig. 5. The zeta potential of cone particles of Thuja orientalis in deionized
water and nickel solutions (Cp: 100 mg L~!, adsorbent concentration: 5 gL’l )
agitating rate: 300 rpm, agitating time: 30 min).

Solution pH influences both metal binding sites on the biosor-
bent surface and metal chemistry in aqueous solutions. At low
pH values, adsorbent surfaces were closely associated with the
hydronium ions (H3O%) and restricted the approach of metal
cations as aresult of repulsive force. In contrast, when the pH val-
ues increased, adsorbent surfaces were more negatively charged
with subsequent attraction of metallic ions with positive charge
and the biosoption process was favored [13,14] until a maximum
was reached around pH 4. Decrease in biosorption at higher pH is
due to the formation of soluble hydroxyl complexes. The heavy
metal cations are completely released under circumstances of
extreme acidic conditions.

In order to assure the optimal performance of the biomass,
ionic form should be used for removing heavy metals, and
what chemicals should be selected for desorbing the metals
[35].

For values of pH higher than the optimum, the forma-
tion of hydroxilated complexes of the metal would also com-
pete with the active sites, and as a consequence, the retention
would decrease again. The percent removal of Ni(II) onto cone
biomass of 7. orientalis was found to be 67.72, 70.10, 84.74,
73.01 and 73.6% for solution of pH 2, 3, 4, 5 and 6, respec-
tively.

The zeta potential of cone particles in deionized water and
nickel solutions are presented in Fig. 5. Fig. 5 shows that
the pH decreased, the surface of cone biomass exhibits an
increasing positive charge. H* ions present at a higher concen-
tration in the reaction mixture and compete with Ni(I) ions
for the biosorption sites resulting in the reduced removal of
Ni(Il) ions. In contrast, the pH increased, the adsorbent surface
became more negatively charged and therefore the biosorp-
tion of positively charged Ni(II) particles were more favorable.
Zeta potential values of the cone particles at pH (2-6 and
especially 4) in the deionized water were bigger than Ni(Il)
solution concentration. The zeta potential of the cone parti-
cles were decreased while Ni(II) were adsorbing by the cone
particles. The decrease in the zeta potential values of cone par-
ticles was an indicator of biosorption of Ni(II) from aqueous
solutions.
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Fig. 6. Effect of agitating speed on Ni(Il) biosorption efficiency (Cop:
100 mg L~!, adsorbent concentration: 5 g L.~!, temperature: 25 °C, pH 4).

3.6. Effect of agitating speed on biosorption

Biosorption studies were carried out with a magnetic shaker
at pH 4. In order to determination of the optimal agitating speed,
the experiments were studied at 180, 300 and 420 rpm. Accord-
ing to Fig. 6, as agitating rate on adsorption increased from 180
to 420 rpm, Ni(I) adsorption of cone biomass increased from
81 to 86.5%. This suggests that the diffusion of nickel ions from
the solution to the surface of adsorbent and into the pores has
increased with the increase of agitation rate. At time of 30 min,
the efficiency of phosphate removal at 300 rpm was approxi-
mately 84.5%.

3.7. Effect of temperature on biosorption

The effect of temperature on the removal of Ni(II) was inves-
tigated as a function of contact time. The results are shown in
Fig. 7. From this figure, it has been determined that the con-
tact time 7 min is sufficient to remove a considerable amount
of Ni(Il) at 25, 45 and 60 °C temperatures from aqueous solu-
tions, respectively. The biosorption of metal ions has been found
to increase with an increase in temperature from 25 to 60 °C.
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Fig. 7. Effect of temperature on Ni(Il) biosorption efficiency and biosorp-
tion uptake (Co: 100 mg L~!, adsorbent concentration: 5 g L.~!, agitation speed:
300 rpm, pH 4).
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Fig. 6, also shows that the removal of Ni(II) depends on temper-
ature. The increase in biosorption capacity of cone biomass with
temperature indicates an endothermic process. The increase in
biosorption with temperature may be attributed to either increase
in the number of active surface sites available for biosorption on
the adsorbent or the desolvation of the adsorbing species and the
decrease in the thickness of the boundary layer surrounding the
adsorbent with temperature, so that the mass transfer resistance
of adsorbate in the boundary layer decreases. Since diffusion is
an endothermic process, greater biosorption will be observed at
higher temperature. Thus, the diffusion rate of ions in the exter-
nal mass transport process increases with temperatures [36].

As seen in Fig. 7, the biosorption of Ni(Il) on cone biomass
increased from 16.9mgg~! (84.5% removal) to 18.24 mg g~!
(91.2% removal) when temperature was increased from 25 to
60°C at an initial concentration of 100mgL~".

3.8. Isotherm data analysis

The two most widely accepted surface adsorption models
for single-solute systems used in the literature are the Lang-
muir and Freundlich models [14,32,37,38]. The correlation with
the amount of adsorption and the liquid-phase concentration
was tested with the Langmuir, Freundlich, BET, Temkin and
Dubinin—Radushkevich (D-R) isotherm equations.

3.8.1. Langmuir isotherm

The most widely used isotherm equation for modeling the
equilibrium is the Langmuir equation [38], which is, valid for
monolayer sorption on to a surface a finite number of identical
sites and is given by Eq. (2):

QobCe
= 2
%= 15 bC, @
Eq. (2) is usually linearized to obtain the following form:
C C 1
~& _ =° 3)

= +
qde 0o bQ,

where C, is the equilibrium concentration (mg L), g, the max-
imum amount of the nickel per unit weight of the cone biomass
to form a complete monolayer on the surface bound at high C,
and b is a constant related to the affinity of the binding sites.
Q, represents a practical limiting biosorption capacity when the
surface is fully covered with nickel and assists in the compari-
son of biosorption performance, particularly in cases where the
sorbent did not reach its full saturation in experiments. Q, and b
can be determined from the linear plot of C¢/ge versus Ce [38].
The values of Q, and b constants and the correlation coefficient
for the Langmuir isotherm are presented in Table 2.

3.8.2. Freundlich isotherm

The Freundlich model has been widely adopted to character-
ize the adsorption experiments [6,30,32,37,38]. The Freundlich
isotherm is also more widely used adsorption experiments but
provides no information on the monolayer adsorption capacity,
in contrast to the Langmuir model [38]. This model assumed

that the uptake of metal ions occur on a heterogeneous adsor-

bent surface [6]. The Freundlich equation is given by (Eq. (4))
X

ge = = KpC;" @)
m

where the parameters Kr and n can be obtained using the linear

form of Eq. (4);

X 1
log — = log K + — log Ce Q)
m n

where in our specific case, X is amount of metal ion adsorbed, m
the weight of biomass used, Kr and n the Freundlich constants
characteristic on the system and C, is the amount of the resid-
ual Ni(II) concentration in the solution. The values of Kg and
n constants, and the correlation coefficient for the Freundlich
isotherm are presented in Table 2.

3.8.3. BET isotherm
The linearized BET isotherm is shown in Eq. (6) [14]:

Ce _ 1 B—1 Ce 6
(s~ Cox/M) (BQ) * ( B0 > <c) ©

where C; is the concentration of solute remaining in solution at
equilibrium (mg L™!), Cs the saturation concentration of solute
(mgL~"), X/M the amount of solute adsorbed per unit weight
of adsorbent (mgg~!), O the amount of solute adsorbed per
unit weight of adsorbent in forming a compete monolayer on
the surface (mg L™!) and B is the constant expressive of energy
of interaction with the surface. The B and Q values, and the
correlation coefficient for the BET isotherm are presented in
Table 2.

3.8.4. Temkin isotherm

The derivation of the Temkin isotherm assumes that the fall in
the heat of sorption is linear rather than logarithmic, as implied
in the Freundlich equation. The Temkin isotherm has generally
been applied in the following form [39].

Temkin isotherm model is shown in Eq. (7):

RT
e = —~ In(ACe) (7)

ge=BInA+BInCe ®)

where B = (RT)/b, g. (mg g~ ') and C (mg L") are the amounts
of adsorbed Ni(II) per unit weight of adsorbent and unadsorbed
Ni(I) concentration in solution at equilibrium, respectively.
Also, T the absolute temperature in K and R is the universal
gas constant, 8.314J mol~! K~!. The constant & is related to the
heat of biosorption [40,41].

3.8.5. Dubinin and Radushkevich isotherm

The D-R isotherm is more general than the Langmuir
isotherm, because it does not assume a homogeneous surface
or constant sorption potential [42]. The D-R Eq. (9) is:

de = qm exp(—Ke?) )
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The linear form is shown in Eq. (10);
Inge =Ingm — Ké? (10)

where ¢, is the amount of the metal ion adsorbed at the equi-
librium, K a constant related to the adsorption energy, gn, the
theoretical saturation capacity, ¢ is the Polanyi potential, equal
to RT1In(1 + 1/C.). The slope of the plot of In g, versus &2 gives
K (mol? (kJ*)~!) and the intercept yields the sorption capacity,
gm (mol g~1). The mean free energy of adsorption (E), defined as
the free energy change when one mole of ion is transferred from
infinity in solution to the surface of the solid, was calculated
from the K value using the following relation [43]:

E=QK)™% (1D

The calculated value of E is given in Table 2.

The calculated results of the Langmuir, Freundlich, BET,
Temkin and Dubinin—Radushkevich (D-R) isotherm constants
are given in Table 2. It is found that the biosorption of Ni(II)
on the cone biomass were correlated well (R>0.99) with the
Langmuir equation as compared to Freundlich, BET, Temkin,
and Dubinin and Radushkevich (D-R) equation under the con-
centration range studied. According to Langmuir isoterm, the
monolayer saturation capacity is 12.42mgg~".

The essential features of a Langmuir isotherm can be
expressedin terms of a dimensionless constant separation fac-
tor or equilibrium parameter, Ry, that is used to predict if an
adsorption system is “favorable” or “unfavorable”. The separa-
tion factor, Ry, is defined by Eq. (12):

1
o 14+ bCy

Ry (12)

where Cy is the initial Ni(I) concentration (mgL~!) and b is
the Langmuir adsorption equilibrium constant (L g~!). R val-
ues are 0.0065, 0.0032, 0.0016 and 0.00082 while initial Ni(II)
concentrations are 50, 100, 200 and 400 mg L ™!, respectively.
All Ry, values obtained using Eq. (12) for Ni(II) biosorption are
greater than zero and less than unity showing favorable biosorp-
tion of Ni(II) onto cone biomass.

Also, from Table 2, the magnitude of K showed a high Ni(II)
adsorptive capacitiy of cone biomass from aqueous solution at
25°C. Table 2 also indicated that n is greater than 1.0, indi-
cating that Ni(Il) is favorably adsorbed by cone biomass at
25°C. The magnitude of E is useful for estimating the type
of sorption reaction. The E values obtained are 12.70kJ mol~!,
which are in the energy range of an ion-exchange reaction, i.e.,
8-16kJ mol 1.

Table 3 shows a comparison between the results of this work
and others found in the literature. The values of Ni(Il) specific
uptake found in this work were significantly higher, with two
exception [34,44], than reported elsewhere. The comparison of
sorption capacities of cone biomass used in this study with those
obtained in the literature shows that the cone biomass is the most
effective for the removal of Ni(Il) from aqueous solution.

Table 3
Maximum capacity, Q, (mg g~ ") for biosorption of Ni(IT) by various adsorbents
Qo (mgg™h) Adsorbent Reference
18.42 Waste of tea factory [34]
31.08 PAC [44]
0.03 Fly ash [44]
0.001 Bagasse [44]
11.40 Baker’s yeast [45]
7.20 Sheep manure waste [46]
9.18 Sphagnum moss peat [47]
8.5 Succinated alfalfa biomass [48]
10.5 Calcium-alginate [49]
12.42 Cone biomass of Thuja orientalis This study

3.9. Kinetic studies

There have been several reports [15,45,50,51] on the use of
different kinetic models to describe the experimental data of
heavy metals adsorption on biomass.

The pseudo-first-order rate Lagergren model is:

9 kige —an (13)
ar 19e — 4Gt

where ¢; (mgg~!) is the amount of adsorbed uranium on the
adsorbent at time 7 and k; (min—!) is the rate constant of first-
order adsorption. The integrated form of Eq. (13) is

ki
2.303 ! (14)
A straight line of log(ge — g¢) versus ¢ suggests the applicability
of this kinetic model. g and k; can be determined from the
intercept and slope of the plot, respectively [45].
The pseudo-second-order kinetic model (Ho equation) is
expressed as:

log(ge — q1) = logqe —

d
1~ ka(ge — qn) (15)
dr

where k> (gmg ™! min~!) is the rate constant of second-order

adsorption. Eq. (15) can be rearranged and linearized to obtain:
t 1 1

—=—5+—t (16)
@ kaq; e

The plot #/g, versus ¢ should give a straight line if second-order

kinetics are applicable and g, and k; can be determined from the

slope and intercept of the plot, respectively.

h = kagq? (17

where / is the initial sorption rate (mg g~! min~!) [51].
External mass transfer resistance cannot be neglected even
for a high agitation speed, but in a well-agitated batch system,
the boundary layer surrounding the particle is much reduced,
or the stirring rate is uneffective on the equilibrium as present
adsorption system, reducing the external mass transfer. The
intraparticle diffusion equation [41] can be written as follows:

g =kyt'? 4+ C (18)
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Table 4
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Parameters for the effects of cone doses, initial Ni(II) concentrations and pH on sorption of Ni(II) onto cone biomass of Thuja orientalis

Parameters g exp (Mg g_l) Second-order kinetic model

First-order kinetic model

Intraparticle diffusion

1

1

R? ge2 cal ky (mgg™ h(mgg™ R? gel cal ki R? kp C
(mgg™)  min™")  min~") (mgg™) (Lmin~") (mg(gmin'?)~")  (mg(gmin'?)~")

Initial Ni(II) concentartion (mgL~")

50 18.36 0.999 18.48 0.194 66.22 0.952  15.00 0.132 0945  0.377 16.46

100 16.90 1.000 16.92 0.230 65.84 0.937 10.23 0.428 0.501 0.349 16.27

200 15.72 0.999 15.84 0.251 62.97 0.926 8.47 0.178 0.856  0.309 14.25

400 13.60 0.999 13.73 0.312 58.9 0.965 4.24 0.445 0.625 0471 11.55
Cone dose (g Lh

1.0 57.20 1.000 57.47 0.116 383.12 0.931 39.52 0.366 0.683 1.151 52.11

2.0 31.20 1.000 31.44 0.122 120.69 0978 15.13 0.212 0.825 0.811 27.43

3.0 21.67 0.999 21.88 0.177 84.73 0.945  10.65 0.208 0.850  0.497 19.31

4.0 17.75 0.999 17.95 0.125 40.27 0.956 5.02 0.122 0.950  0.567 14.89

5.0 16.90 1.000 16.92 0.139 39.79 0.937 4.21 0.084 0.501  0.149 14.27

where C is the intercept and k;, is the intraparticle diffusion rate
constant (mg (g min'2)~1). Consistent with Eq. (18), the values
of g; correlated linearly with values of #'/? and the rate constant
kp directly evaluated from the slope of the regression line.

For evaluating the biosorption kinetics of Ni(Il) ions, the
pseudo-first-order and pseudo-second-order kinetic and intra-
particle diffusion models were used to fit the experimental data.
Using Eq. (14), a log(ge — gq:) versus ¢t was plotted at differ-
ent Ni(Il) concentrations and cone dose. The first-order model
data do not fall on straight lines indicating that this model is
less appropriate. The Lagergren first-order rate constant (k1) and
{e.cal determined from the model are presented in Table 4 along
with the corresponding correlation coefficients. It is important
to note that for a pseudo-first-order model, the correlation coef-
ficient is always less than 0.978 at different initial Ni(I[) and
adsorbent concentrations, which is indicative of a bad correla-
tion. Moreover, from Table 4, it can be seen that the experimental
values of geexp are not in good agreement with the theoretical
values calculated (ge ca1) from Eq. (14). Therefore, the pseudo-
first-order model is not suitable for modeling the biosorption of
Ni(II) onto cone biomass of T. orientalis at different initial Ni(II)
and adsorbent concentrations.

By plotting #/q; against ¢ for the studied different initial Ni(II)
concentration and cone dose, a straight line is obtained in all
cases and using Eq. (16) the second-order rate constant (k) and
ge values were determined from the plots. The values of correla-
tion coefficient were very high (R* >0.999) and the theoretical
e cal values were closer to the experimental ge exp values at dif-
ferent initial Ni(IT) and adsorbent concentrations (Table 4). In the
view of these results, it can be said that the pseudo-second-order
kinetic model provided a good correlation for the biosorption of
Ni(II) onto cone biomass at different initial Ni(II) and adsorbent
concentrations in contrast to the pseudo-first-order model and
intraparticle diffusion model.

Moreover, values for the product A (initial sorption rate) that
represents the rate of initial sorption, is practically decreased
from 66.22 to 58.9mg g~ ! min~! with the increase in initial
Ni(II) concentrations from 50 to 400 mg L~!. Also, initial sorp-
tion rate decresed from 383.12 to 39.79 mg g~ ! min~! with the
increase in cone dose concentrations from 1 to 5gL~!.

The values of intercept C in Table 4 provide an information
about the thickness of the boundary layer, i.e. the resistance to
the external mass transfer. The larger the intercept is the higher
the external resistance [52]. Table 4 shows that the C values or the
boundary layer decreased with the increased initial Ni(II) con-
centration and adsorbent concentrations. Intra particle diffusion
model equation was applied to the experimental data for differ-
ent initial Ni(IT) concentrations, different cone biomass doses.
The rate constant values for intraparticle diffusion were obtained
from the slopes of the linear portions of the plots of g; versus
#/2 for different initial Ni(II) and cone biomass concentrations
and results were presented in Table 4. k;, values decreased with
increased adsorbent concentrations and increased with increased
initial Ni(IT) concentrations.

3.10. Activation energy of Ni(Il) uptake on cone biomass

The activation energy E, was determined using the Arrhenius
equation [53]:
Inkj =InA — E

RT
where ki is the rate constant value for the metal adsorption, E,
the activation energy in kI mol~!, T the temperature in Kelvin
and R is the gas constant (=8.314kJmol~! K=1). As seen in
Fig. 8, a plot of In ky versus 1/T was found to be linear.

The rate constants k; values determined from Fig. 8 and Eq.
(14) at 25, 45 and 60 °C. The correlation coefficients obtained
are than greater 0.986 for 100mgL~" Ni(II) at all tempera-
tures studied. Fig. 9 shows the corresponding linear plot of
Ink; against 1/T with a high correlation coefficient of 0.989.
The activation energy for the biosorption system of Ni(II) onto
cone biomass of T. orientalis was 36.85kJ mol~! derived from
the slope of this plot. This value is of the same magnitude as
the activation energy of activated chemisorption. These find-
ings showed that Ni(II) biosorption process by cone biomass
of T. orientalis is endothermic and involves chemical sorption
[53]. As is known, chemical adsorption is a type of adsorp-
tion occurring with a single layer. Some authors have reported
similar results, for instance Aksu [53], who when studying
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Fig. 8. Linearized pseudo-first-order kinetic model Ni(II) uptake by cone
biomass of Thuja orientalis at different temperatures.
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Fig. 9. Ink; vs. 1/T plot.

Ni(IT) sorption on Chlorella vulgaris, reported a value for E, of
25.92kImol~!.

4. Conclusion

The present investigation aimed the heavy metal biosorption
from synthetic wastewaters with another pollutant matter. The
cones of T orientalis have been caused visual and litter pollution
impact on the parks and gardens after patching off cones. For this
reason, the Ni(II) removal from aqueous solutions through cone
biomass of T. orientalis may be evaluated as an environmentally
friendly and extra economic treatment.

The present investigation shows that the cone biomass of
T. orientalis is an effective and inexpensive adsorbent for the
removal of Ni(II) ions from aqueous solutions. The cone biomass
of T. orientalis exhibited high biosorption capacity. The biosorp-
tion process is a function of the adsorbent concentration, adsor-
bate concentration, pH, agitation rate and temperature of solu-
tion. The highest Ni(I) biosorption onto cone biomass was
obtained at pH 4.0. In the result of this work, Ni(II) biosorp-
tion in excess of 91.8% was obtained for 50 mg L~! Ni(II) and
it was found that the cone biomass of T. orientalis is a favor-
able adsorbent for removal of Ni(Il) from aqueous solutions.
While sorption of Ni(II) onto the cone biomass of T. orientalis
was best fitting to Langmuir isotherm compose to Freundlich,

BET, Temkin, and Dubinin and Radushkevich (D-R) biosorp-
tion isotherm models was best fit. Using the first-order kinetic
constant, the activation energy of biosorption was determined as
36.85 kJ mol ! showing that the biosorption process is endother-
mic. The pseudo-first-order, pseudo-second-order kinetic and
intraparticle diffusion kinetic models were used to describe the
kinetic data for initial Ni(II) and adsorbent concentrations and
the rate constants were evaluated. The used experimental data
were fitted by the second-order kinetic model, which indicates
that chemicalsorption is the rate limiting step, inside of mass
transfer.

Acknowledgement

This research was supported by the Research Project Unit at
the Atatlirk University under the project no. 2002/147.

References

[1] N.R. Axtell, S.PK. Sternberg, Claussen K. Lead and nickel removal using
Microspora and Lemna minor, Bioresour. Technol. 89 (2003) 41-48.

[2] US EPA, Guidance Manual for Electroplating and Metal Finish-
ing Pretreatment Standards, Available: http://yosemite.epa.gov/water/
owrccatalog.nsf/0/b972a030fef65a5f85256b0600723b4e?OpenDocument,
1984.

[3] US EPA, National Primary Drinking Water Regulations, Ground Water
& Drinking Water > Consumer Factsheet on: NICKEL, Available:
www.epa.gov/ogwdw/dwh/t-ioc/nickel.html, 1995.

[4] S. Al-Asheh, B. Fawzi, F. Mohai, Sorption of copper and nickel by spent
animal bones, Chemosphere 39 (12) (1999) 2087-2096.

[5] Q. Yu, P. Kaewsarn, Adsorption of Ni%* from aqueous solutions by pre-
treated biomass of marine macroalga Durvillaea potatorum, Sep. Sci.
Technol. 35 (5) (2000) 689-701.

[6] H. Hasar, Adsorption of nickel(II) from aqueous solution onto activated
carbon prepared from almond husk, J. Hazard. Mater. 97 (1-3) (2003)
49-57.

[7] E. Demirbas, M. Kobya, S. Oncel, S. Sencan, Removal of N i(I) from aque-
ous solution by adsorption onto hazelnut shell activated carbon: equilibrium
studies, Bioresour. Technol. 84 (3) (2002) 291-293.

[8] A.Seco, P. Marzal, C. Gabaldon, Adsorption of heavy metals from aqueous
solutions onto activated carbon in single Cu and Ni systems and in binary
Cu-Ni, Cu—Cd and Cu—Zn systems., J. Chem. Tech. Biotechnol. 68 (1997)
23-30.

[9] T.E. Higgins, V.E. Sater, Combined removal of chromium, cadmium and
nickel from wastes, Eng. Prog. 3 (1984) 12-15.

[10] D. Wilms, A. Vanhaute, J. Vandijk, M. Scholler, Recovery of nickel by
crystallization of nickel carbonate in fluidized-bed reactor, in: Proceedings
of the Second IAWPRC Asian Conference on Water Pollution Control,
Pergamon Press, Oxford, 1988, pp. 449-456.

[11] W.M. Antunes, A.S. Luna, C.A. Henriques, A.C.A. da Costa, An evaluation
of copper adsorption by a brown seaweed under optimized conditions,
Electron. J. Biotechnol. 6 (2003) 174-184.

[12] Y. Sag, T. Kutsal, Determination of the adsorption heats of heavy metal ions
on Zoogloea ramigera and Rhizopus arrhizus, Biochem. Eng. J. 6 (2000)
145-151.

[13] G. Cetinkaya-Donmez, Z. Aksu, A. Ozturk, T. Kutsal, A comparative study
on heavy metal adsorption characteristics of some algae, Process Biochem.
34 (1999) 885-892.

[14] Y. Nuhoglu, E. Oguz, Removal of copper(Il) from aqueous solutions by
adsorption on the cone biomass of Thuja orientalis, Process Biochem. 38
(2003) 1627-1631.

[15] Y.S. Ho, G. McKay, Sorption of dyes and copper ions onto adsorbents,
Process Biochem. 38 (2003) 1047-1061.


http://yosemite.epa.gov/water/owrccatalog.nsf/0/b972a030fef65a5f85256b0600723b4e?opendocument
http://www.epa.gov/ogwdw/dwh/t-ioc/nickel.html

908 E. Malkoc / Journal of Hazardous Materials B137 (2006) 899-908

[16] M.N.V. Prasad, H. Freitas, Removal of toxic metals from solution by leaf,
stem and root phytomass of Quercus ilex L. (holly oak), Environ. Pollut.
110 (2) (2000) 277-283.

[17] E Martin-Dupont, V. Gloaguen, R. Granet, M. Guilloton, H. Morvan, P.
Krauszi, Heavy metal adsorption by crude coniferous barks: a modelling
study, J. Environ. Sci. Health A37 (6) (2002) 1063-1073.

[18] Z.R. Holan, B. Volesky, Accumulation of cadmium, lead and nickel by fun-
gal and wood adsorbents, Appl. Biochem. Biotechnol. 53 (1995) 133-146.

[19] A. Saeed, M.W. Akther, M. Igbal, Removal and recovery of heavy metals
from aqueous solution using papaya wood as a new biosorbent, Sep. Purif.
Technol. 45 (2005) 25-31.

[20] A. Ozcan, A. Safa Ozcan, S. Tunali, T. Akar, I. Kiran, Determination of
the equilibrium, kinetic and thermodynamic parameters of adsorption of
copper(Il) ions onto seeds of Capsicum annuum, J. Hazard. Mater. 124
(2005) 200-208.

[21] N. Chubar, J.R. Carvalho, M.J.N. Correia, Cork biomass as a biosorbent
for Cu(Il), Zn(II) and Ni(IT), Colloids Surf. A: Physicochem. Eng. Aspects
230 (2004) 57-65.

[22] A. Ozer, D. Ozer, A. Ozer, The adsorption of copper(II) ions on to dehy-
drated wheat bran (DWB): determination of the equilibrium and thermo-
dynamic parameters, Process Biochem. 39 (2004) 2183-2191.

[23] S. Cay, A. Uyanik, A. Ozisik, Single and binary component adsorption
of copper(Il) and cadmium(II) from aqueous solutions using tea-industry
waste, Sep. Purif. Technol. 38 (2004) 273-280.

[24] E. Malkoc, Y. Nuhoglu, Removal of Ni(II) ions from aqueous solutions
using waste of tea factory: adsorption on a fixed-bed column, J. Hazard.
Mater. 135 (2006) 328-336.

[25] 1. Villaescusa, N. Fiol, M. Martinez, N. Miralles, J. Poch, J. Serarols,
Removal of copper and nickel ions from aqueous solutions by grape stalks
wastes, Water Res. 38 (2004) 992—-1002.

[26] E. Yaltyryk, Dendroloji (Gymnospermae) I.U. Orman Fakultesi Yayyn no.:
386, Istanbul, 1998, pp. 59-67.

[27] W.W. Robbins, T.E. Weier, in: CR Stocking (Ed.), Botany an Introduction
to Plant Science, second ed., Wiley, New York, 1957, pp. 495-496.

[28] H. Gulensoy, Komplexometrinin esaslar1 ve komplexsometrik titrasyonlar,
Istanbul, Fatih Yayinevi (1984) 94-99.

[29] A.H. Hawari, C.N. Mulligan, Heavy metals uptake mechanisms in a fixed-
bed column by calcium-treated anaerobic biomass, Process Biochem. 41
(2006) 187-198.

[30] E. Malkoc, Y. Nuhoglu, The removal of chromium(VI) from synthetic
wastewater by Ulothrix zonata, Fresenius Environ. Bull. 12 (4) (2003)
376-381.

[31] Z. Aksu, G. Donmez, A comparative study on the adsorption characteristics
of some yeasts for remazol blue reactive dye, Chemosphere 50 (8) (2003)
1075-1083.

[32] R. Pardo, M. Herguedas, E. Barrado, Adsorption of cadmium, copper, lead
and zinc by inactive biomass of Pseudomonas putida, Anal. Bioanal. Chem.
376 (2003) 26-32.

[33] Y. Sag, T. Kutsal, Application of adsorption isotherms to chromium adsorp-
tion on Z. Ramigera, Biotechnol. Lett. 11 (1989) 141-144.

[34] EP. Padilha, F. Pessoa de Franga, A.C. Augusto da Costa, The use of waste
biomass of Sargassum sp. for the adsorption of copper from simulated
semiconductor effluents, Bioresour. Technol. 96 (13) (2005) 1511-1517.

[35] E. Malkoc, Y. Nuhoglu, Investigations of nickel(II) removal from aque-
ous solutions using tea factory waste, J. Hazard. Mater. 127 (1-3) (2005)
120-128.

[36] A.K. Meena, G.K. Mishra, P.K. Rai, C. Rajagopal, P.N. Nagar, Removal
of heavy metal ions from aqueous solutions using carbon aerogel as an
adsorbent, J. Hazard. Mater. 122 (1-2) (2005) 161-170.

[37] Z. Aksu, D. Akpinar, Modelling of simultaneous adsorption of phenol and
nickel(II) onto dried aerobic activated sludge., Sep. Purif. Technol. 21 (1-2)
(2000) 87-99.

[38] Z. Aksu, F. Gonen, Adsorption of phenol by immobilized activated sludge
in a continuous packed bed: prediction of breakthrough curves, Process
Biochem. 39 (2004) 599-613.

[39] X.S. Wang, Y. Qin, Equilibrium sorption isotherms for of Cu?* on rice
bran, Process Biochem. 40 (2005) 677-680.

[40] C.I. Pearce, J.R. Lloyd, J.T. Guthrie, The removal of colour from textile
wastewater using whole bacterial cells: a review, Dyes Pigments 58 (2003)
179-196.

[41] G. Akkaya, A. Ozer, Adsorption of acid red 274 (AR 274) on Dicranella
varia: determination of equilibrium and kinetic model parameters, Process
Biochem. 40 (11) (2005) 3559-3568.

[42] M. Akgay, Characterization and adsorption properties of tetrabutylammo-
nium montmorillonite (TBAM) clay: thermodynamic and kinetic calcula-
tions. J. Colloid Interface Sci. 29 (2006) 16-21.

[43] S. Kundu, A K. Gupta, Investigations on the adsorption efficiency of iron
oxide coated cement (IOCC) towards As(V)—Kkinetics, equilibrium and
thermodynamic studies. Colloids Surf. A: Physicochem. Eng. Aspects 273
(2006) 121-128.

[44] M.Rao, A.V. Parwate, A.G. Bhole, Removal of Cr®* and Ni?* from aqueous
solution using bagasse and fly ash, Waste Manage. 22 (2002) 821-830.

[45] V. Patmavathy, P. Vasudevan, S.C. Dhingra, Adsorption of nickel(II) ions
on Baker’s yeast, Process Biochem. 38 (10) (2003) 1389-1395.

[46] F. Abu Al-Rub, M. Kandah, N. Aldabaibeh, Nickel removal from aqueous
solutions using sheep manure wastes, Eng. Life Sci. 2 (4) (2002) 111-
116.

[47] Y.S. Ho, D.A. John Wase, C.F. Forster, Batch nickel removal from aqueous
solution by Sphagnum moss peat, Water Res. 29 (5) (1995) 1327-1332.

[48] J.L. Gardea-Torresdey, K.J. Tiemann, K.I. Dokken, G. Gamez, Investiga-
tion of metal binding in alfalfa biomassthrough chemical modification of
amino and sulthydrylligands, in: Proceedings of the 1998 Conference on
Hazardous Waste Research, 1998, pp. 111-121.

[49] C. Huang, C. Ying-Chien, L. Ming-Ren, Adsorption of Cu(II) and Ni(II)
by palletized biopolymer, J. Hazard. Mater. 45 (1996) 265-267.

[50] H. Parab, S. Joshi, N. Shenoy, R. Verma, A. Lali, M. Sudersanan, Uranium
removal from aqueous solution by coir pith: equilibrium and kinetic studies,
Bioresour. Technol. 96 (2005) 1241-1248.

[51] Y.S. Ho, G. McKay, Pseudo second order model for sorption processes,
Process Biochem. 34 (1999) 451-465.

[52] L. Khezami, R. Capart, Removal of chromium(VI) from aqueous solution
by activated carbons: kinetic and equilibrium studies, J. Hazard. Mater.
B123 (2005) 223-231.

[53] Z. Aksu, Determination of the equilibrium, kinetic and thermodynamic
parameters of the batch adsorption of nickel(Il) ions onto Chlorella vul-
garis, Process Biochem. 38 (2002) 89-99.



	Ni(II) removal from aqueous solutions using cone biomass of Thuja orientalis
	Introduction
	Material and methods
	Adsorbent preparation
	Batch biosorption studies

	Results and discussion
	Fourier transform infrared spectroscopy (FTIR) analysis
	Effect of adsorbent dose on biosorption
	Effect of metal ion concentration on biosorption
	Biosorption time
	Effect of pH on biosorption
	Effect of agitating speed on biosorption
	Effect of temperature on biosorption
	Isotherm data analysis
	Langmuir isotherm
	Freundlich isotherm
	BET isotherm
	Temkin isotherm
	Dubinin and Radushkevich isotherm

	Kinetic studies
	Activation energy of Ni(II) uptake on cone biomass

	Conclusion
	Acknowledgement
	References


