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REMOVAL OF COPPER (II) FROM AQUEOUS SOLUTION BY
BIOSORPTION ONTO POWDER OF JERUSALEM ARTICHOKE

Tsvetko Prokopov

Abstract. Stalks’ powder of Jerusalem artichoke (Helianthus tuberosus L.) was tested as an agricultural waste product
for the removal of Cu (II) ions from aqueous solution. Batch experiments were carried out to evaluate the effects of pH,
biosorbent dosage, initial metal concentration and contact time. The maximum removal efficiency of about 71 % was
reached at pH 4.0 by using of 5 g/dm’ biosorbent for 120, 90 and 60 min contact time, at 10, 50 and 100 mg/dm’ initial
Cu (II) concentration, respectively. Pseudo-first-order, pseudo-second-order, Elovich’s equation and intraparticle
diffusion models were applied to describe the obtained kinetic data. The pseudo-second-order model provided the best
fit for experimental data with coefficient of determination grater than 0.99. Freundlich and Langmuir isotherm models
were used to describe metal adsorption. Equilibrium data agreed well with Freundlich isotherm with R* = 0.968.
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INTRODUCTION

Solid wastes generated due to agricultural by-
products are high volume and creating essential
disposal problem. So, it will be a significant
contribution in the field of environmental
protection if suitable methods are not developed for
utilization of agricultural by-products there by
minimizing the disposal problem [18]. On the other
hand, in recent years increasing concern about the
effect of toxic metals in the environment has
resulted in more stringent environmental
regulations for industrial operations that discharged
metal-bearing effluents. It is well proved that
copper is essential for good health, but it is also
potentially toxic for humans when taken in
excessive amounts [1]. Copper may be found as a
contaminant of food, water and drinks since it is a
widely used material. There are many actual and
potential sources of copper pollution [2].

Nowadays, the removal of heavy metal ions
from aqueous solutions based on the
biotechnological approaches is consistent to green
chemistry, simple and comparatively inexpensive.
By-products or waste biomaterials are low cost and
highly abundant materials which can be used as
efficient biosprbents [6]. Biosorbents derived from
plants constitute a wide range of materials that
include visible parts of plants (shoots, bark, fruit,
seed, stones, cones, hulls, husks, stalks, etc.). These
materials are composed of biopolymers mainly
various forms of lignocellulose and tannins that
enable binding chemical compounds due to the
presence in their structure of specific function
groups [Witek-Krowiak, 2012]. Different types of
biomass have been investigated for biosorption of
heavy metals [21]. Biosorption of Cu (II) have been
described in a wide range of biomass, like
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microorganisms [19, 20], agricultural wastes and
by-products [3, 4, 5, 10, 11, 12, 14, 15, 22].

It is observed that the heavy metal biosorption
capacities depends on the type of biomass and is
related to the metal ion chemical speciation in
solution [13]. The existing knowledge on various
aspects of the fundamentals and applications of
biosorption and critically reviews the obstacles to
commercial success and future perspectives have
been made recently [8]. The biosorption mechanism
may be complex and each material has its
peculiarities like chemical structure and porosity,
which preconditions its sorption capacity of the
sequestered compounds. The effectiveness of
biosorption depends also on the physical and
chemical parameters, such as pH, temperature, etc.
Each biosorbent reacts in its own way under given
conditions.

The interest to the Jerusalem artichoke
(Hellianthus tuberoses L.) as an agricultural product
has become considerable recently. Unfortunately,
there are not observed many investigations
concerning biosorption properties of the Jerusalem
artichoke by-products upon heavy metal ions
removal from aqueous solution [5, 16].

This paper puts forward the use of Jerusalem
artichoke stalks, as an agricultural waste material,
for biosorption of Cu (II) ions from aqueous
solution. Research was made into the impact of
different process conditions (pH, adsorbent dosage,
initial metal concentration and reaction time) on the
biosorption. The biosorption kinetics was
mathematically described by means of models of
the order of reaction and intraparticle diffusion.
Two of the most popular models (Langmuir and
Freundlich isotherm) were applied for describing
the equilibrium.
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MATERIALS AND METHODS

Biosorbent preparation

In the present study the powder obtained from
stalks of Jerusalem artichoke by cutting, drying
(40°C), milling and sieving (laboratory sieve 0.80
mm) was used. For the removal of certain interfering
components (pigments, etc.) the plant material was
extracted twice with distillated water (1:7) for 45
min at 25°C under continuously stirring. After that
the material was dried at 40°C.

Preparation of copper solution

Stock solution (1000 mg/dm’) of Cu (II) was
prepared by dissolving of required quantity of
CuS0,.5H,0 in distilled water. It was further diluted
to obtain desired concentrations of working
solutions for the batch experiments study.

Biosorption batch experiments

The pH value of the samples was adjusted by
adding 0.1 M NaOH or HCI solutions. All chemical
reagents used in the experiments were of analytical
grade. Biosorption experiments were carried out in
250 cm’ Erlenmeyer glass flasks with 100 cm’
volume of copper solution. Batch experiments were
conducted by varying the pH value (2, 3, 4, 5, 6, 7,
8, 9), initial copper (II) concentration (10, 50 and
100 mg/dm’) and amount of biosorbent (from 1.0 to
40.0 g/dm’). Experiments were carried out at contact
time of 24 h in order to reach equilibrium, agitation
speed 100 rpm and ambient temperature 20.0+0.5°C.
All experiments were performed in triplicate. The
data were analyzed and presented as mean values.

Analytical methods

For determination of Cu (II) concentration in the
solutions before and after biosorption, samples were
withdrawn, filtered and filtrate was analyzed. Metal
concentration ~was  determined  spectrophoto-
metrically at 605 nm wavelength.

The metal uptake g (mg/g) was determined by
employing the mass balance. If Cy and C, are the
initial and final metal concentration (mg/dm?),
respectively; ¥ (dm’) is the initial volume of copper
solution and m (g) is the mass of biosorbent
material, the equilibrium metal uptake g. (mg/g) can
be calculated as:

m

The performance of biosorption was evaluated in
terms of its removal efficiency as RE (%), estimated
by the following equation:

e
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where C; is the copper (II) concentration at time ¢.

Kinetic experiments

Batch kinetic experiments were carried out at pH
4.0 and 20.0+0.5°C. For this purpose, 0.5 g of
biosorbent were contacted with 100 cm’ of copper
(IT) aqueous solution with initial metal concentration
10, 50 and 100 mg/dm’ in 250 cm’ Erlenmeyer glass
flasks on a magnetic stirrer at 100 rpm. At different
time intervals ranging from 10 to 150 min the
concentrations of copper (II) in the treated solutions
were determined as described in analytical methods.

Isotherm experiments

Equilibrium  sorption  experiments  were
performed as follow. Biosorbent (0.5 g) were
exposed to 100 cm’® copper (II) solution with an
initial concentrations from 5.0 to 100.0 mg/dm’ at
constant pH 4.0, agitation time 100 rpm and ambient
temperature 20.0+0.5°C for 24 h in order to rich
equilibrium. Sorption isotherm is plotted of the
sorbate uptake (g.) versus the equilibrium
concentration of the residual sorbate remaining in
the solution (C,).

RESULTS AND DISCUSSION

The influences of batch study parameters, such as
pH of solution, biosorbent dosage, contact time and
initial copper concentration on the biosorption
process were investigated.

The effect of pH in the solution on the Cu (II)
removal efficiency was studied at different pH ranging
from 2.0 to 9.0 and results are illustrated in Fig. 1.
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Fig. 1. Effect of pH on the removal of Cu (II)
from aqueous solution by powder of Jerusalem
artichoke stalks (initial copper concentration
10 mg/dm’, 20°C, biosorbent dosage 2 g/dm’)
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Hydrogen ion concentration (pH) of the aqueous
solutions affects the surface charge of sorbent and
the degree of speciation and ionization of sorbent
during adsorption. The maximum removal efficiency
(70.2 %) was reached at pH 4.0 (Fig. 1). Similar
result was obtained by other research for biosorption
of copper onto treated rubber leaves [14].

Another important parameter is biosorbent
dosage. To investigate the effect of biosorbent
dosage on Dbiosorption, the experiments were
conducted with constant copper concentration (10
and 100 mg/dm’), and samples with different
biosorbent dosage ranging from 1 to 40 g/dm’
(solid/liquid) were wused wunder the constant
temperature 20°C and pH 4.0. Data are given in
Figure 2. The obtained results show that removal
efficiency of Cu (II) ions increased as the biosorbent
amount increases and then decreases and finally
becomes constant. The maximum removal efficiency
of 70.6 % and 71 % was obtained by using of 5
g/dm’ biosorbent dose at 10 mg/dm’ and 100
mg/dm’ initial metal concentration, respectively.

These results are in good accordance to those
obtained by another research, who studied the
copper biosorption on chemically modified orange
peels [12].

Concerning the effects of initial copper
concentration and contact time, the plots (Fig. 3)
showed that the biosorption of copper can be divided
into two main stages. The initial rapid stage where
biosorption was fast and second slow stage which
refers to gradual biosorption before copper uptake
reached equilibrium. A similar phenomenon was
observed by others also [4, 14, 20].

As shown in Figure 3, the biosorption
capacities of Jerusalem artichoke stalks powder at
equilibrium increased from 1.412 to 14.180 mg/g
as the copper concentrations increased from 10 to
100 mg/dm’. The times taken to reach equilibrium
for copper concentrations of 10, 50 and 100
mg/dm’ were 120, 90 and 60 min and the
maximum removal efficiencies were 70.6, 70.6
and 70.9 %, respectively.
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Fig. 2. Effect of biosorbent dose on the Cu (II) removal from aqueous solution
by powder of Jerusalem artichoke stalks (20°C, pH 4.0)

The following kinetic models were used to model
experimental data:

The pseudo-first-order model is expressed as:

dq

E = Kl,ads (qe - q) (3)
where ¢, (mg/g) and ¢ are amounts of adsorbed
metal ions on the biosorbent at the equilibrium and
any time ¢, respectively; and K; .4 is the Lagergren
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rate constant of the first-order biosorption (min™).
The model is based on the assumption that the rate is
proportional to the number of free site [7].
Integrating Eq. (3) between the limits, /=0 to =t and
q=0 to g=q yields the linearized version of this
model:

I<l,ads‘t

2.303

log(q, -q) = logq, - “4)



Ecological Engineering and Environment Protection, No 1, 2015, p. 24-32

- _ —o— Co = 10 mg/dm3

14 —— Co = 50 mg/dm3
2 —=— Co = 100 mgdm3
10

L0

£ 8-

& — & & & A
6 u
4 4
2 l o Py
0 T T T T T T T T T T T T T T T

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
Time, min

Fig. 3. Effects of initial metal concentration and contact time on the Cu (II) biosorption

by powder of Jerusalem artichoke stalks

Linear plots of log(q.-q) versus ¢t were plotted to
evaluate this kinetic model and to determine rate
constant and ¢, from the slope and intercept,
respectively.

The pseudo-second-order model is based on the
assumption that biosorption follows a second-order
mechanism, whereby the rate of sorption is
proportional to the squire of the number of
unoccupied sites [7]:

dq _
G (5)

where K. is the rate constant of second-order
biosorption (g/mg.min). Integrating Eq. (5) from =0
to t=t and g=0to g=¢ and linearization yields:

t__ 1t ©)
q Kpud: q

The parameters g, and K, .4 are calculated from
the slope and the intercept of the plot #/g versus ¢. It
is not necessary to independently determine ¢, to
apply this model.

A linearized plots for the pseudo first-order
Lagergren and pseudo second-order models are
shown in Fig. 4 and 5.

The Elovich’s equation is of general application
to chemisorption kinetics. This equation is often
valid for systems in which the adsorbing surface is
heterogeneous, and is formulated as:

K2,ads (qe - q)2

1 1
q = BLn(a.b) + ELnt @)

where a (mg/g/min) is the initial adsorption rate and
b is related to the extent of surface coverage and the
activation energy involved in chemisorption (g/mg).
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Fig. 4. Linearized pseudo first-order model for
the biosorption of Cu (II) ions onto powder of
Jerusalem artichoke stalks (Co = 10 mg/dm’)
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Fig. 5. Linearized pseudo second-order model
for the biosorption of Cu (II) ions onto powder
of Jerusalem artichoke stalks (Co = 10 mg/dm’)

The intraparticle diffusion equation is given as:
Q=K t+C  (®)

where Ky (mg/g/min™) is the intraparticle diffusion
rate constant and C (mg/g) is a constant that gives
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idea about the thickness of the boundary layer.
The Elovich’s model plot is presented in Figure 008k + 0898
6, while Figure 7 represents the plot of intraparticle R @ :;991’4

diffusion model.
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0.9 Fig. 7. Plot of the intraparticle diffusion model
0,8 ; ; ; : for the biosorption of Cu (II) ions onto powder of
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Fig. 6. Elovich’s model plot for the biosorption Figure 8 plots metal uptake rate versus time.
of Cu (II) ions onto powder of Jerusalem artichoke ~ Kinetic data was fitted onto four kinetic models with
acquired parameters listed in Table 1.

stalks (Cy = 10 mg/dm’)
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Fig. 8. Biosorption kinetics of Cu (II) ions on powder of Jerusalem artichoke stalks
(biosorbent dosage 5 g/dm’, 20°C, pH 4.0) and model fitted using pseudo second-order model

seems to give better representation. Moreover,
calculated ¢, values from pseudo second-order model

By comparing the fitting results by pseudo first-
agree quite well with experimental data (Table 1).

order, second-order, Elovich’s and intraparticle
diffusion kinetic models, pseudo second-order model

28



Ecological Engineering and Environment Protection, No 1, 2015, p. 24-32

Table 1. Kinetic parameters for the biosorption of Cu (II) ions onto powder of Jerusalem artichoke stalks

Pseudo first-order Pseudo second-order Elovich’s Intraparticle
g o0 model model model diffusion
= & model
% | E - -
Sle | 2| £ o | 3F =l . i
o £ cn 2] .- «
< 2 « DY T = « . = = « s E «
ST S| | GE|gE| R e RE | % |¥n| ®
= - ~ oh =T
o o0 g
10 | 1.41 | 0.56 | 0.027 | 0.930 | 1.47 | 0.100 | 0.997 | 0.02 | 0.149 | 0.968 | 0.048 | 0.991
50 | 7.06 | 1.02 | 0.045 | 0919 | 7.17 | 0.098 | 1.000 | 875 | 0.372 | 0916 | 0.123 | 0.817
100 | 142 | 2.03 | 0.082 | 0.905 | 14.47 | 0.062 | 0.999 | 548 | 0.821 | 0.879 | 0.306 | 0.787
Equilibrium adsorption isotherms are of multilayer adsorption with interaction between

fundamental importance in the design of adsorption
systems since they indicate how metal ions are
distributed between the adsorbent and liquid phases
at equilibrium as a function of metal
concentration.There are many equations for
analyzing experimental adsorption equilibrium data.
The equation parameters and the underlying
thermodynamic assumption of these equilibrium
models often provide some insight into both the
adsorption mechanism and the surface properties
and affinity of the sorbent. In this work, the
following two of the most frequently used models
were tested [7,17].

The Langmuir isotherm model describes
quantitatively about the formation of a monolayer
adsorbate on the outer surface of the adsorbent and
after that no further adsorption takes place. The
Langmuir represents the equilibrium distribution of
adsorbate between the solid and liquid phases.

The Langmuir equation is formulated as:

3 K, .C, 9
e T A 1K, C, ©)

where C, (mg/dm’) and g¢. (mg/g) are the
equilibrium concentrations in the liquid and solid
phase, respectively, ¢, is a Langmuir constant that
express the maximum metal uptake (mg/g) and K
(dm’/mg) is also a Langmuir constant related to the
energy of adsorption and affinity of the sorbent.

The following linearized form of Langmuir
equation was applied in this study:

1 ( 1 ) 1 N 1 (10)

9@ Kidno G o

The plot of 1/g, versus 1/C, has a slope with the
value of 1/(K;qn.) and an intercept magnitude of
1/q -

The Freundlich equilibrium isotherm equation is
an empirical equation used for the description of

q
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adsorbed molecules. This equation is widely applied
in heterogeneous systems:

q. =K,.C" (11)

where Kr (mg/g) and n are Freundlich constants
indicating the adsorption capacity and adsorption
intensity, respectively.

Linearized form of Freundlich equation was
applied to the biosorption equilibrium data:

1
logq, =logK, +HlogCe (12)

The plot of logq. versus logC, has a slope with
the value of //n and an intercept magnitude of
logKF.

Experimental adsorption equilibrium data of
copper biosorption onto powder of Jerusalem
artichoke stalks is depicted in Figure 9. The obtained
data were applied to the Langmuir and Freundlich
isotherms using linear expression of these models
(Figs. 10 and 11).
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Fig. 9. Biosorption isotherms of Cu (II) ions onto
powder of Jerusalem artichoke stalks (biosorbent
dosage 5 g/dm’, 20°C, pH 4.0 and 100 rpm) and
fitted Freundlich model
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y=3,63x-0,1169
R? = 0,884
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Fig. 10. Linearized Langmuir isotherm for
biosorption of Cu (II) ions onto powder of
Jerusalem artichoke stalks

Model parameters were determined using linear
regression toolbox in Microsoft Excel software.
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Fig. 11. Linearized Freundlich isotherm for
biosorption of Cu (II) ions onto powder of
Jerusalem artichoke stalks

Table 2 summarized the results.

Table 2. Isotherm constants of Langmuir and Freundlich model for biosorption of Cu (II) ions
onto powder of Jerusalem artichoke stalks

Langmuir isotherm

Freundlich isotherm

Qmaxs KLa R2 1/n KF, R2
mg/g L/mg mg/g
8.55 0.032 0.884 1.17 0.279 0.968

The regression parameters and coefficients of
determination (R?) presented in Table 2, Figures 10
and 11, indicate that the adsorption data best fitted
the Freundlich adsorption isotherm. At present,
Freundlich isotherm is widely applied in
heterogeneous systems. The slope ranges between 0
and 1 is a measure of adsorption intensity or surface
heterogeneity, becoming more heterogeneous as its
value gets closer to zero. Whereas, a value below
unity implies chemisorptions process where 1/n
above one is an indicative of cooperative adsorption
[9]. The obtained value of //n was 1.17 (Table 2)
which indicates that biosorption of Cu (II) ions onto
powder of Jerusalem artichoke stalks is cooperative.

CONCLUSION

This research showed that powder of Jerusalem
artichoke (Heliantus tuberosus L.) stalks is a
potential biosorbent for removal of Cu (II) from
aqueous solution. The batch study parameters,
such as pH of solution, biosorbent dosage, contact
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time and initial copper concentration were found
to be important parameters on the biosorption
process. Finally, the experimental results of
present study indicated maximum removal
efficiency of copper (II) ions was 71 % at pH 4.0,
biosorbent dosage 5 g/dm’, temperature 20°C and
agitation speed 100 rpm. The kinetic study
indicated that the biosorption data fit well to the
pseudo second-order kinetic model (R* > 0.99).
The adsorption isotherm followed Freundlich
model (R’ 0.968). However, more detailed
studies are needed to clarify the Cu (II)
biosorption mechanism by powder of Jerusalem
artichoke.
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OTCTPAHSIBAHE HA Cu(Il) HOHA OT BOJJHU PA3TBOPH YPE3
BHMOCOPHIIUA BbPXY BPAIIIHO OT TOIIMHAMBYP

[IBetko Bemnues [Ipoxonos

Pe3tome. bpamno ot crebia Ha TomuHaMOyp (Helianthus tuberosus L.) e TecTBaHo 3a oTcTpansaBane Ha Cu (II) fionu ot
BOJHHM pa3TBOPH, B KAa4yeCTBOTO CH Ha OTmaabueH OuocopOeHT. [IpoBeneHM ca eKCIIEpUMEHTH 3a YCTAHOBSIBAHE
BiIMsHHETO Ha pH, KommuecTBOTO OGHOCOpPOEHT, HavyalHaTa KOHIIGHTpAIMs Ha MeTalla U BPEMETO 3a KOHTAKT BBPXY
npoueca Ha Onocop6uns. MakcumainHa eekTuBHOCT Ha otcTpanssane Ha Cu (II) ot okono 71 % e mocrurnara npu pH
4,0, 5 g/dm’® 6uocopbent n Bpeme 3a konTakt 120, 90 M 60 min, ceorBerHo mpu 10, 50 u 100 mg/dm’ Havyanua
KOHLICHTpAlMsi Ha MEIHHTE HOHM B Pa3TBOpA. 3a ONMCaHWE KHWHETHKaTa Ha OMOCOpOIMs ca NPWIOKEHHW YeTHPU
KHHETUYHN Mojeia. Y CTaHOBEHO €, Y€ MOJETBT OT IICEBJO-BTOPH pell Hail-moOpe OmMHCBa IOJIYYEHUTE KHHETHYHU
JaHHH, ¢ Koe(UIMEeHT Ha AeTepMuHamms R® > 0,99. TTonyueHaTa paBHOBECHA aICOPOLHOHHA H30TEPMa Ce OIICBA T10-
106pe ¢ Mozaena va Opoitummx (R? = 0,968), B cpaBHeHHe ¢ T031 Ha JIAHTMIOHD.

KirouoBu 1ymu: 6M0copOCHT, TEXKKH METalll, MEIJHU HOHHU, KHHETHKA, H30TEPMH.
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