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Abstract— This research presents the possibility of using sunflower seed husk as an adsorbent for the removal of
Cu™? and Ni*? ions from simulated aqueous solution. A series of experiments were carried out in a batch reactor to
obtain equilibrium data for adsorption of single and binary metal solutions. Experiments parameters such as pH,
sorbent dosage, contact time, agitation speed and initial metal ions concentration were studied to optimize the best
conditions. The results showed that the best parameters were evaluated to be 5, 7g/1, 120 min, 175rpm and 10mg/1 for
both ions, respectively. At these parameters, the monolayer adsorption capacity calculated from Langmuir model was
obtained 23.4940, 11.3051 mg/g for Cu' and Ni'? ions, respectively in single component system and it decreased to
18.6962, 9.2366 mg/g for binary component system, respectively and the sequence for metal ions removal in single
and binary systems was Cu(Il) > Ni(Il) with 92.5% and 84.8% maximum removal efficiencies. Kinetic studies
showed that a pseudo second order model was more suitable than the pseudo first order model.

Keywords— Heavy metals, Batch sorption, Sunflower seed husk, Isotherm and kinetic models.

1. Introduction ions, due to its high efficiency, easy handling,

accessibility of different adsorbents and cost

Water pollution by heavy metals is a purpose of major
concern, because of their high toxicity (carcinogenic
properties) and non-biodegradability, which leads to
their bio- accumulation, causing not only health
troubles in both humans and animals, but also
environmental problems [5, 9]. Copper metal ions have
become an eco-toxicological hazard of major interest
and increasing importance, because of their
accumulation in living organisms [7]. Cu'? is
considered as a common hazardous pollutant in
wastewater and is often released by metallurgical,
plating, electric circuits, fertilizer, excessive use of
refining industries, and Cu-based agrochemicals.
Extended oral administration of excess amount of Cu*?
may result in liver injury and acute poisoning to the
human body [19]. In addition of copper, nickel ion
(Ni*?) is a toxic metal ion that is commonly used in
silver refineries , electroplating, zinc base casting and
storage battery industries [6].The chronic toxicity of
nickel to humans and the environment has been well
texted. For example, high concentration of Ni*? causes
cancer of lungs, nose and bone. Among the different
water-treatment techniques available, adsorption is
generally preferred for the removal of heavy metal

effectiveness [20], low-cost adsorbents production
from agricultural and by-products which has two
advantages. First, these materials are changed into
useful value-added adsorbents, and second, these
adsorbents are wused for water and wastewater
purification [5]. In recent years, significant attention
has been focused on the removal of heavy metals in
single and multicomponent system using low-cost
adsorbents such as activated carbon from a new
precursor hazelnut husks[5] tea waste[1].The purpose
of this study is to investigate competitive sorption onto
sunflower seed husk (SSH) waste from aqueous
solution mixtures of Cu*? and Ni*?ions. The two metals
are found extensively in effluents from the
microelectronics and electroplating industries. Four
isotherm models were used to analyze the experimental
data. The kinetic experimental data were tested for two
kinetics equations, pseudo first-order and pseudo
second-order equations.
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2. Mathematical Modeling
2.1 Preparation of Sunflower Seed Husk (SSH)

The SSH waste was collected at local market and
extensively washed with tap water and distilled water
to remove surface impurities and dried at 105°C for 2
hours in the oven to remove the moisture content. The
dried materials were milled and sieved, the particles
sizes of 250pum were chosen for this study, as shown in
Figure (1). The samples were then stored in a
polyethylene bags for further use. No other chemical or
physical treatments were used prior to adsorption
experiments.

Figure 1: Sunflower wastes before and after grinding

2.1.2 Chemicals and Reagents

All chemicals and reagents used in the experiments
were analytical grade. Synthetic wastewater used in
this experiment containing the required concentration
of metal was prepared by dissolving the calculated
amount of CuSO4.5H,O and Ni(NOs), in distilled
water, the main properties of the metals salts were
listed in Table(1).The initial pH of the solutions was
adjusted by addition of 1 mol/l NaOH or HCI using a
pH meter (WTW, in Lab 720,Germany). All the
experiments were conducted at room temperature
(around 30). The mass of these metals required to
achieve the concentration was calculated according to

Eq. (1) assuming complete dissociation:
VXCo XMWt

w= At wt (1)
Where: W= weight of heavy metal salt (mg), V=
volume of solution (L);

C,= initial concentration of metal ion in solution
(mg/L),

M.wt=molecular weight of salt metal (g/mole); At.wt=
atomic weight of metal ion (g/mole).

2.2 ExperimentalWork
2.2.1 Adsorption Experiment

Batch experiments were carried out in 250 ml flasks
filled with 100 ml solution containing 30 mg/l of each
metal ion by using SSH waste dosages varied from 1 to
10g and for single and binary systems. Tests were
carried out at an initial pH range from 4 to 8. These
flasks were agitated using an orbital shaker
(model:LIS-3016A,NO.B110416002 , Korea), with
constant shaking at 175 rpm for 3hr at constant room

temperature (30°C). The samples were filtered by
(Whatman 70mm filter paper) and analyzed by flame
atomic absorption spectrophotometer (AAS) (model:
GBC 933 plus, Australia). The removal efficiencies (R)
of Cu'? and Ni*? was calculated by Eq. (2)

R =ex 100 ©)
Where: C, and C, are the initial and final metal
concentration respectively (mg/L).

Table 1: Properties of the metal salts as given by
manufactured company.

Metals Salts
Property Nickel Copper sulfate
nitrate pentahydrate
Emerald
Appearance areen Blue crystals
Chemical Ni(NOs): | CuSO45H,0
formula
Molecular
weight(g/mole) 182 249.96
Atomic
weight(e/mole) 58.81 63.546
Density
(g/em’) 2.05 2.286
Company AAG Espana | SIGMA USA

2.2.2  Kinetic Experiment and Models

Experiments of Kinetic adsorption were conducted in
250 ml volumetric flasks filled with 100 ml of 30 mg/L
initial concentration for each metal ions then, SSH
adsorbent dosage of 5 g/L was added to the flasks and
the pH of solution was adjusted to the best value based
on the pH study. The mixture was shaken at a constant
speed of 175 rpm for 3 hours until equilibrium was
achieved. During the adsorption, a sample was
withdrawn at the preferred time intervals (10, 15, 30,
60, 90, 120, 150 and180 minute) filtered and analyzed.
The biosorption capacity (q: mg/g) for each time
interval was calculated using Eq. (3)

— V(Co—Ce) (3)

m

q:

Where q= the experimental equilibrium bio sorption
capacity (mg/g); C, and C.= the initial and equilibrium
adsorbate concentrations in water (mg/l), respectively;
V= the volume of used solution (1); and mi= the mass of
used adsorbent (g).

In this work, the sorption kinetics was modeled using
the pseudo-first-order and pseudo-second-order kinetic
models. The equations of the kinetic models are
presented in Table (2).

The parameters for each kinetic model were
determined by fitting the equations with the
experimental data by using Microsoft Excel.
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Table 2: Kinetic Model.

Model Linear expression Ref.
Pseudo- ln(qeq - qt) =Ing, — kit
First (eq 1 the amount of metal sorbed at (8]
Order equilibrium, (mg/g); ki is the
Kinetic equilibrium rate constant, (1/min).
t 1 t
Pseudo —= ( —+ )
Second qt kzqeq qeq
Order | Yeq is the amount of metal ion sorbed (4]
Kinetic | atequilibrium, (mg/g); k» is the rate
constant of sorption, (g/mg min).
2.2.3  Isotherm Experiment and Models

The adorption isotherm of Cu*? and Ni*? ions onto SSH
was investigated in single and binary systems. The
experiments were conducted in conical flasks of 250 ml
containing 100 ml of metal solution at initial
concentration of 30 mg/l for each metal was used in
conjunction with sorbent dosage (1-10g/1) at a constant
speed 175 rpm for 2h. The final concentration of the
metal ion solution (Ce) at equilibrium was measured to
calculate the adsorbed amount of metal ions at final
equilibrium (ge) using Eq. (3). The experimental

isotherm data were fitted with the two familiar sorption
isotherm models, namely, Langmuir and Freundlich
models. These two models are represented in Table (3).
The similar method of single system experimentation
was followed in binary system.

3. Results and Discussion
3.1 Fourier-Transform Infrared (FTIR) Analysis

FTIR spectral analysis is important to identify the
characteristic functional groups on the surface of the
adsorbent, which are responsible for adsorption of
metal ions. The FTIR spectra of the sunflower seed
husks before and after sorption ofiCu™ and Ni*? form
aqueous solution was examined using (SHIMADZU
FTIR, 8000 series spectrophotometer) at Chemical
Dept./Collage of Science/Al-Nahrain  University,
Normally, the spectra are measured within the range of
400-4000 cm™! as shown in Figure 2. The results of the
FTIR spectrum showed that different functional groups
were detected on the surface of the SSH. The broad
peak detected in the spectra at 3347.35 cm™! could be
assigned to the hydroxyl and amides groups (—OH and
—NH) which shows presence of phenols and alcohols.
The functional groups were identified in Table (4).

Table 3: Isotherms models

Single system Isotherm Models
Model Nonlinear form Linear form Plot Ref
qmbCe 1 1 1 1 1 1
q e — _——=— k — —VS—
: ©  (1+bCe) Qe dm bam Ce 9Qe  Ce
Langmuir - : : : [15]
gm is the maximum sorption capacity for monolayer coverage, (mg/g);
b is the constant related to the affinity of the binding site, (L/mg).
1
(e = KCel/n lnqe = InK + HlnCe Ln Je VS In Ce
Freundlich - — - - - [16]
K is constant indicative of the relative adsorption capacity of the adsorbent,
(mg/g)(L/mg)'"™; 1/n constant indicative of the intensity of the adsorption.
Binary system Isotherm Models
Models Non Linear Form Plots Ref.
Qi = biqm,iCe; 1 1
AT e LY —VS—
Extended ! (1+ Zjnzlbjce,j) qde Ce [18]
Langmuir ) ) )
gm,i and b; are the single component Langmuir parameters for component i.
Kice ini+nl
qc,i = Ny
n n LnqgevsInC.
Extended C"+ Z:,chcﬂj ’ [14]
Freundlich — ——— —
Kjand are derived from the corresponding individual Freundlich isotherm
equation for the component i.
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Table 4: Summary of functional groups before and after sunflower seed husk biomass loaded with Cu*?, and
Ni*? ions in single system

Wave number (cm!)
Assignment Functional Groups After After
Before . .
adsorption adsorption adsorption
of Cu?cm™? | of Ni*? cm'!
Hydroxyl group (-OH), amides (N-H stretch) 3347.35 3332.87 3325.92
Carboxyl (C-H aldehyde stretch) 2920.68 2897.39 2917.08
Amides (C=0 aldehyde stretch) 1730.82 1730.27 1731.29
Nitro aliphatic group (-NO2) 1368.96 1369.22 1369.78
Carboxyl (C-C ketone stretch), alcohol(C-O stretch),
Phosphine oxide P=0, Alkyl halides (C-F stretch ) 1155.54 1153.48 1153.48
Alkyl halides (C-F stretch), Alcohol (C-O stretch) 1030.67 1030.80 1029.36
Aromatic (C-H bend), sulfonate (S-O stretch),
Phosphines (P-H bend) 898.15 898.33 898.42
alkyl halides [(C-C]) stretch and (C-I) stretch] 555.95 558.38 562.21
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Figure 2: FTIR before and after biosorption of Cu*?and
Ni"2onto SSH

3.2 Effect of pH

The pH is an important parameter that affects the sorption
on the removal of Cu*? and Ni*? by SSH. 100 ml of 30
mg/l metal solutions were carried out in the pH ranges
from 4 to 8 and agitated for 3h at 175 rpm speed for
single system; the results are plotted in Figure (3). The
results indicated that the percentage sorption of Cu'? and
Ni2 ions increased with increasing of pH to attain a
maximum at 5 and thereafter it decreases with further
increase in pH. The minimum sorption was observed at
lower pH values which may be due to the solubility of
main constituent of SSH sorbent (i.e., CaCO3) which
thereby lead to hindering the sorption metal species. The

decrease in the removal efficiency at high pH value may
be credited to the fact that the negative species of metals,
M(OH);" and M(OH)42,are not capable of a combination
with the negative surface of sorbents [2].The same
behavior was noticed by[12].In binary system, pH of 5
for Cu™ and Ni*? in single component was selected to
achieved the high removal efficiency without metal
hydroxide precipitation.

100 -
g
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Figure 3: Effect of pH on the Cu™? and Ni*? uptake using
sunflower wastes

3.3 Effect of Agitation Speed

The effect of the agitation speed on the removal
efficiency of metal ions in single system was investigated
at three different agitation speed 125, 175 and 250 rpm by
using 5 g/l SSH, 30 mg/l initial metal concentration, pH 5
and contact time 180 min. Figure (4) below, shows that
the removal efficiency of metal ions increased with
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increasing agitation speed from 125 to 175 rpm and
further increases has no considerable effect (i.e., above
175 rpm). The increase in efficiency is due to the increase
in turbulence and as a consequence, decreases the film
resistance to mass transfer surrounding the adsorbent
particles [11], in addition, these results indicate that
agitation speed of 175 rpm is sufficient to obtain
maximum removal by reducing the boundary layer
thickness to a minimum value.

100 -
X
590 = o
880 - _
£70 = e
S
260 - —=—Ni
5
z50 T T T 1
50 100 150 200 250
Agitation speed (rpm)

Figure 4: Effect of agitation speed on removal of Cu*?,
and Ni*?by SSH for single system

3.4 Effect of Contact Time

The removal of Cu' and Ni'? from aqueous solution was
studied as a function of contact time in the time interval
0-180 minute at 30 mg/1 initial metal concentrations, pH
5, 5g/1 SSH dosage and 175 rpm agitation speed for
single system. Figure (5) shows that the percentage of
metals ion sorbed increased with increasing time and it
reached equilibrium at about 120 min. Further increases
in contact time had no significant effect on metal removal
and the sorption rate become practically very slow. It can
be concluded that 120min. contact time is sufficient to
reach equilibrium conditions for both metals.
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Figure 5: Effect of contact time on the removal of Cu*?
and Ni*?by using SSH in single system

3.5 Effect of Sunflower Seed Husk Dosage

The effect of SSH dosage on the removal efficiency of
metal ions was studied using 1-10 g/l SSH dosage by
shakingm175rpm with 30 mg/l of Cu'? and Ni*
concentrations for 2 h, at pH 5 for single and binary
systems. The results are plotted in Figure (6). For single

system, the results showed that the retention of metals
increased with increasing amount of sorbent up to 7 g/l. A
further increase in sorbent dosage has a small or limited
increase in the removal efficiency. The increased in the
sorption with sorbent dose may be attributed to increased
sorbent surface area and hence the number of binding
sites available to the metal ions [17]. Figure (6) shows
that the removal efficiency of Cu' and Ni*?by 7g/l SSH
dosage were about 92.5% and 84.8% for single system
and decreases to 86.5%and75.6 % for binary system.
These results indicated that the metal removal efficiency
was greater in the single systems as comprised with the
multi component one; this may be due to the absence of
competitive processes between metals and sorbent mass
in single component system [10]. The removal efficiency
of Cu™was higher than that of Ni*2. This may be due to
the physical and chemical properties of Cu™? to be more
favorable to be adsorbed than Ni'2. This might be
explained on the basis of the hydrated ionic radius. Ionic
radii of Cu' and Ni*? are 255.6 and 249.2 respectively.
Cu'? having higher ionic radii, therefore, it will be
removed more efficient [3].
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Figure 6: Effect of sorbent dose on the removal of Cu*?
and Ni*? by SSH for (a) single system; (b) binary system.

3.6 Effect of Initial Metal Concentration

Different concentrations (10, 30, 60, 120 and 180 mg/l)
for Cu'? and Ni*? ions were selected to study the variation
of removal efficiency at the best previous conditions for
single and binary systems as shown in Figure (7), the
results for single system indicated that the percentage
removal of metals was slightly decreased with an increase
in the initial metals concentration from 10 to 30 mg/l
whereas a rapid decrease in the removal percentage was
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observed at the initial concentration between 30 and 180
mg/l. This behavior can be attributed to the decrease in
the available sorption sites on the surface area of the
sorbent at a metal ion concentration from 60 to 120 mg/1.
At higher metal ions concentration, the ratio of initial
number of moles in metal ions to the sorption sites
available was high resulted a lower sorption percentage

[2, 13].
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Figure 7: Effect of metal ions concentration on the
removal of Cu*? and Ni*? by SSH for (a) single system;
(b) binary system.

3.7 Kinetic Study

The kinetics of copper and nickel ions sorption onto SSH
for single system were examined by using pseudo-first-
order and pseudo-second-order as shown in Table (5) and
Figures 8 and 9. It is clear that the values of correlation
coefficient (R?) indicate a better fit of pseudo- second-
order model with the experimental data compared to first-
order model. The values of q. calculated from the second
order kinetic model accepted very well with the
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experimental value, and the regression coefficients are
over 0.99. Thus, the second-order model can be applied
for Cu*? and Ni*? sorption process.

3 3 y =-0.0301x + 2.0579 cu
2 4 R?2=0.9319
! Ni
1
200 Linear
(Cu)
Linear
4 - y =-0.0325x + 2.0248 (Ni)
R?=0.9684

Figure 8: Pseudo- first- order kinetic model for sorption
of Cu™?, and Ni*? on SSH in single system

20
¢ Cu
15 -
R?=0.9987 )
Ni
™
glO B
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57 (Cu)
0 ‘v,' T T T 1 Lln.ear
(Ni)
0 50 100 150 200
t

Figure 9: Pseudo- second- order kinetic model for
sorption of Cu*? and Ni*? on SSH in single system

3.8 Sorption Isotherms

The sorption data parameters for Cu*? and Ni'? ions onto
SSH for each model in single and binary systems were
obtained by fitting the equations to the experimental data
using Microsoft Excel as shown in Figures 10 and 11 for
Langmuir and Freundlich models respectively. Tables 6
and 7 represent all parameters with correlation
coefficient. From these tables the Langmuir model
described the sorption data slightly better than the other
model depending on the value of coefficient of
determination (R?).

Table 5: Comparison of sorption rate constants, experimental and calculated q. values for the pseudo first and second
order reaction kinetics

q 1 Pseudo-first-order Pseudo-second-order
e experimental
Metal mg/g ki 1/min (e calculated R2 ng/mg (e calculated R?
mg/g min mg/g
Cu 14.025 0.0325 7.574 0.968 0.0107 14.554 0.999
Ni 11.8005 0.0300 7.829 0.931 0.0082 12.411 0.998
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Figure 10: Sorption isotherm for Langmuir model for
Cu'? and Ni*? on SSH in single and binary system.
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Figure 11: Sorption isotherm for Freundlich model for
Cu™? and Ni™? on SSH in single and binary system

Table 6: Parameters of single solute isotherm for Cu*? and Ni* ions onto SSH wastes.

angmuir Model Freundlich Model

Parameters | Cu Ni Parameters Cu Ni

b (Umg) 0.1006 | 0.0882 | Kp(mg/g)(L/mg)'™ | 2.1546 | 1.4481
qm (mg/g) 23.4941 | 11.3051 | n 1.220 | 1.867
R? 0.975 0.951 R? 0.966 | 0.945

Table 7: Parameters of binary solute isotherm for Cu*2, and Ni*? ions onto SSH wastes.

Models Parameter Cu+Ni § ste.:m
Cu Ni
b (I/mg) 0.0625 | 0.0615
Eﬁ;enlﬂfl‘ilr 9 (mg/g) 18.696 | 9.2366
g R 0903 | 0.831
1/n
Extonded | Keme/g)Umg)™ | 1.0928 [ 70.9758
Frommalion [0 1.1537 | 1.8276
R? 0864 | 0.812

4. Conclusions

The present study evaluated the feasibility of sunflower
seed husk (SSH) waste as a low economic value
adsorbent for the competitive removal for Cu™? and Ni'*?
ions from aqueous
environmental

systems at best condition for
cleaning purposes. Langmuir and
Freundlich, isotherms were utilized to represent the
experimental data. Both Langmuir and Freundlich results
fitted to the experimental data for the two metals. The

modeling of kinetics data showed the sorption Cu*? and
Ni*? ions on sunflower wastes followed Pseudo-second
order kinetics with regression coefficients more than
0.99.The monolayer adsorption capacity of Cu*? and Ni™
ions calculated from Langmuir model in single system
was found 23.4941, 11.3051 mg/g respectively, while it
was 18.696, 9.2366 mg/g for binary system. The
sequence for metal ions removal in single and binary
system was Cu'> Ni*? as compared with the metals
removal rate in single component system, the removal
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efficiencies of both metals decreased in the binary

system.

Nomenclature

AAS Flame Atomic Absorption spectrophotometer.
SSH Sunflower seed husk

FTIR Fourier-Transform Infrared Analysis

R? correlation coefficient

Pm Picometre (unit of length in the metric system)
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