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ABSTRACT

The ability of pine cone (PC) for dye removal from aqueous media was studied and Lanasol
Yellow 2R (LY2R) was used as a model metal-containing dye. The effects of various parame-
ters like pH, adsorbent dosage and size, dye concentration, temperature, contact time and
ionic strength on the dye adsorption were investigated. The equilibrium data were well rep-
resented by the Langmuir isotherm model. The maximum adsorption capacity of the PC for
LY2R was found as 41.15mgg '. The adsorption kinetics followed the pseudo-second-order
model. The thermodynamic tests revealed that the adsorption was spontaneous and
endothermic process. Accordingly, the PC could be employed as a promising alternative
adsorbent for eliminating the dye from aqueous solutions.
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1. Introduction

Metal-containing dyes are widely used in the textile
and leather tanning industries for dyeing protein and
polyamide fibers due to their excellent light fastness
[1]. Generally, these dyes are chromium, cobalt and
copper complexes. They are resistant to biological
activity, light and other environmental conditions
because of their complex aromatic structures. The
metal-containing dyes are toxic and potentially carcino-
genic, and have caused serious environmental pollu-
tions [2]. Therefore, an economical and eco-friendly
method is needed for the treatment of such dyes.
Among the various methods for the dye removal,
adsorption process is one of the most efficient tech-
niques due to its simplicity of design, ease of operation
and insensitivity to toxic substances [3]. Although com-
mercial activated carbon is a preferred adsorbent due

to large surface area, micro-porous structure and high
adsorption capacity, its widespread use is limited
because of high capital and regeneration cost [4]. Thus,
there is a growing interest in finding alternative low-
cost adsorbents for the dye removal. Though many
studies have been made in this aim, the reports on the
adsorption of metal-containing dyes are very limited.
In recent years, it has been shown that agro-forest
lingo-cellulosic residues have good adsorption capaci-
ties for some dyes and metals [4]. Female cones from
conifer trees, which are abundant in the wood pro-
cessing fields and may constitute another promising
lingo-cellulosic adsorbent, have been applied more
recently for adsorption of various metals and dyes
[5,6]. However, their potentialities for the metal-con-
taining dyes have been almost unexplored. The uti-
lizes of conifer cones have been limited to domestic
fuel in some rural areas, extraction of essential oils for
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therapeutic purposes when they are still unripe, and
on seasonal decoration [5]. Thus, such new uses of the
conifer cones can provide additional income for the
forest landowners.

The aim of present work was to examine the feasi-
bility of natural pine cone (PC) as an adsorbent due to
its low-cost, high efficiency and ready availability for
the removal of Lanasol Yellow 2R (LY2R) as a model
metal-containing dye from aqueous solutions in batch
mode. The effects of various operational parameters
on the dye removal were examined. The equilibrium,
kinetic and thermodynamic parameters were obtained
from the applications of various mathematical models.

2. Materials and methods
2.1. Preparation of PC adsorbent and LY2R solution

The PC used in this study was collected from the
forest of Burc, Gaziantep and Turkey. It was firstly
washed with distilled water, dried at 70°C for 24h,
crushed in a domestic grinder and sieved to obtain
particle size in the range of 63-500 pm. The powdered
adsorbent was stored in an airtight container until
use. No other chemical or physical treatment was
used prior to adsorption experiments.

LY2R dye was supplied by a local textile factory
and used without further purification. The dye was of
commercial purity. The chemical structure and some
properties of LY2R are given in Fig. 1 and Table 1,
respectively. A stock solution of 500mgL~" was pre-
pared by dissolving accurate quantity of the dye in
distilled water. The test solutions were prepared by
diluting the stock solution to the required concentra-
tions. Fresh dilutions were used for each experiment.
0.1M NaOH and 0.1M HCI solutions were used for
initial pH adjustment.

2.2. Batch adsorption studies

The experiments were carried out with the PC in
100mL conical flasks containing 50mL LY2R solu-
tions in a water bath to evaluate the experimental
parameters such as pH (pH, 2-10), adsorbent dosage

0 H

Fig. 1. Molecular structure of LY2R dye.
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Table 1
Some properties of LY2R dye

Acid Yellow 220

Irgasperse Yellow 2R, Ostalan
Yellow S-G
C46H3C1oCoNgNayO145,
1206.72 g mol

CI name
Synonyms

Molecular formula
Molar mass

CI number 11714

CAS number 70851-34-2

Type Anionic

Maximum 420 nm
absorbance

(m, 1—6gL*1), adsorbent size (d,, 63-500 um), dye
concentration (C,, 20-100mg L™), temperature (T,
25-45°C), contact time (t, 0-120min) and ionic
strength (I, 0.1-0.5molL™"). After each adsorption
run, the samples were centrifuged (5,000 rpm, 10 min)
for solid-liquid separation and the residual dye con-
centration in the solutions was analysed by a UV-vis
spectrophotometer at 420 nm. The equilibrium, kinetic
and thermodynamic studies were performed at the
same adsorption conditions.

The amount of dye adsorbed onto adsorbent (g,
mgg ') and the percentage of dye removal efficiency
(R,%) were calculated by Egs. (1) and (2), respectively.

(G —C)V
M M
R(%) = Co G100 (2)

o

where C, is the initial dye concentration (mgL™"), C,
is the residual dye concentration at any time (mgL ™),
V is the volume of solution (L) and M is the mass of
adsorbent (g). g and C, are equal to g. and C. at equi-
librium, respectively.

2.3. Characterization of PC

To obtain a qualitative and preliminary analysis of
the main functional groups that might be involved in
the dye uptake, the Fourier transform infrared (FTIR)
analysis of PC was performed using a FTIR spectrom-
eter (PerkinElmer, Spectrum 100) in the range of 650—
4000cm™'. A scanning electron microscope (SEM)
(JEOL, JSM-6390LV) was used to obtain information
about the surface morphological structure of PC.

2.4. Statistical tests

The adsorption studies were performed in dupli-
cates for ensuring the reliability and reproducibility of



F. Deniz | Desalination and Water Treatment 51 (2013) 4573-4581

the results obtained and only the mean values were
reported. All the model parameters were determined
by linear regression, using the Excel 2010 program
(Microsoft Co., USA). In addition to the coefficient of
determination (R?), the Chi-square (x?) statistical test
method was also used to evaluate the best-fit of the
model to the experimental data using Eq. (3).

2 - (qE,eXp - qe‘cal)2
£=) 3)
i=1

qe,cal

where n is the number of data points, Jeexp 1S the
observation from the experiment and g . is the calcu-
lation from the models. The smaller y* value denotes
the best curve fitting.

3. Results and discussion
3.1. Properties of PC

PC is composed of epidermal and sclerenchyma
cells which contain cellulose, hemicelluloses, lignin,
rosin and tannins in their cell walls which contain
polar functional groups such as alcohols, aldehydes,
ketones, carboxylic, phenolic and other groups. These
groups will form active sites for adsorption on the
material surface [7]. The FTIR spectrum of PC is
shown in Fig. 2. The pick positions defined for PC
and other characteristics of PC [7,8] are presented in
Table 2. These picks indicated that PC is composed of
various functional groups which are responsible for
the binding of LY2R dye.

The surface morphology of PC obtained by the
SEM is given in Fig. 3. The PC is made up of a rough
multilayer surface. This surface can be seen to contain
small pores indicating that this material presents good
characteristics to be employed as a natural adsorbent
for the dye uptake. It is believed that these pores pro-

Transmittance (%)
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Fig. 2. FTIR spectrum of PC.
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Table 2
General characteristics of PC
Hemicellulose 46.5%
Cellulose 18.8%
Lignin 37.4%
Extractive 15.4%
BET surface area 44m?g!
Todine number 15.5mg gf1
Total basicity 4.3 mmol g’1
Point zero charge 75
Functional groups
O-H 3336.3cm ™"
C-H 2908.7 cm ™!
C=0 1604.8 cm ™
C-N 1245.1cm ™!
-C-C- 1025.2cm ™!
-CN 770.5cm ™!

vide ready access and large surface area for the
adsorption of dye on the binding sites [9].

3.2. Effects of process parameters on adsorption

The solution pH affects not only the surface charge
of adsorbent molecule, the degree of ionization of the
materials and the dissociation of functional groups on
the active sites of the adsorbent, but also the structure
of the dye molecule. The results of pH studies are
shown in Fig. 4 (m: 1gL™', dy 63-125um, C
40mgL~", T: 25°C and + 75min). It is evident that the
LY2R adsorption is higher at lower pH and as the pH
of solution increases, it decreases sharply. The lower
adsorption at alkaline pH could be attributed to the
abundance of hydroxyl ions which will compete with
the dye anions for the same adsorption sites [10].

The adsorbent dose is an important parameter in
the adsorption studies because it gives an idea of the
adsorbent efficiency. It was observed that percentage
of dye removal increased with increase of adsorbent
dosage (Fig. 5) (pH: 4, dp: 63-125um, Co: 40mgL ™",
T: 25°C and t: 75min). Such a trend is mostly attrib-
uted to an increase in the adsorptive surface area and
the availability of more active adsorption sites [11].
The adsorbent particle size is another significant factor
on the adsorption process. For this work, the results
let to the conclusion that the dye adsorption increased
with decreasing particle size (Fig. 6) (pH: 4, m: 1gL™",
Co: 40mg L™, T: 25°C and # 75min). This may be due
to the fact that the smaller adsorbent particles have
shortened diffusion paths, such that the ability of dye
to penetrate all internal pores of the adsorbent is
higher [11].
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Fig. 3. SEM image of PC (3.0kV, X430).
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Fig. 5. Effect of adsorbent dose.

The dye concentration has an apparent influence on
its removal from aqueous phase. The effect of LY2R
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Fig. 6. Effect of particle size.

concentration on the efficiency of adsorption was
investigated in the initial concentration range of 20—
100mgL ™" (Fig. 7) (pH: 4, m: 1gL™", dy: 63-125um, T:
25°C, t: 75min). The adsorption capacity of PC
increased from 6.24 to 23.53 mgg ' with increase in the
initial dye concentration from 20 to 100mg L~'. This
trend may be due to the high driving force for mass
transfer at a high initial dye concentration. In addition,
if the dye concentration in solution is higher, the active
sites of adsorbent are surrounded by much more dye
molecules, and the adsorption phenomenon occurs
more efficiently. Thus, adsorption amount increases
with the increase of initial dye concentration [12].

The temperature is a significant controlling factor
in the real applications of adsorbent for the dye
removal process. The effect of temperature on the
adsorption of LY2R by the adsorbent was studied in
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Fig. 7. Effect of dye concentration.

the range of 25-45°C and the results are presented in
Fig. 8 as a function of contact time (pH: 4, m: 1gL™",
dy: 63-125um, C,: 100mgL™"). The dye removal
increased from 23.16 to 34.89mgg ' with the rise in
temperature from 25 to 45°C, suggesting that the pro-
cess was endothermic in nature. The better adsorption
at higher temperature may be due to enhanced mobil-
ity of the dye molecules from the solution to the
adsorbent surface [13]. Besides, the dye adsorption
was rapid in the initial stages of removal process and
increased with an increase in contact time up to
120 min. After this period, the adsorption amount did
not significantly change. The fast initial adsorption
rate may be attributed to a large number of the vacant
dye-binding sites being available for adsorption dur-
ing the initial stage. At higher contact time, the rate of
adsorption inclined to slow down, gradually leading
to equilibrium. This trend could be referred to the
decrease in the number of vacant sites being available
for further dye removal [12]. The short equilibrium
time points out the efficiency and applicability of
adsorbent for real wastewater treatment process.

The occurrence of various types of salts is rather
common in colored effluents. The salts could change
the ionic nature, hydrophobicity, size and solubility of
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Fig. 8. Effect of contact time and temperature.
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Fig. 9. Effect of ionic strength.

the dye, and their presence leads to high ionic
strength, which may significantly affect the perfor-
mance of dye adsorption process [14]. In this study,
sodium chloride (0.1-0.5molL"") was used to simu-
late the ionic strength of salt in colored wastewaters.
The increased ionic strength led to a decrease in the
dye adsorption potential of adsorbent (Fig. 9) (pH: 4,
m: 1gL™", dp: 63-125pum, Co: 100mgL~", T: 25°C and
t: 60min). This phenomenon may be explained by the
possibility of ion exchange mechanism or the competi-
tion between chloride anions and negatively charged
dye molecules for the same binding sites.

3.3. Equilibrium researches

The isotherm studies are very important for the
optimization of adsorption process. In this research,
the equilibrium data were analysed by the most com-
monly used isotherm models; Langmuir, Freundlich,
Dubinin-Radushkevich (D-R) and Temkin.

The linear form of theLangmuir equation can be
given as [15]:

C 1 C
=gt (4)
Je  Vgm  Gm

where g, is the amount of dye adsorbed onto adsor-
bent at equilibrium, b is the Langmuir constant and
gm is the monolayer adsorption capacity. The values
of b and g, can be calculated from the slope and
intercept of the plots between C./g. and C., respec-
tively (Fig. 10(A)).

The essential feature of the Langmuir isotherm can
be expressed in terms of the dimensionless separation
parameter, R;, defined as [16]:

1

=1, ®
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Fig. 10. Plots for (A) Langmuir, (B) Freundlich, (C) D-R and (D) Temkin equilibrium models.

The value of Ry indicates the type of isotherm to
be irreversible (R; =0), favorable (0<R;<1), linear
(R, =1) or unfavorable (R} >1) [3]. The Ry value in
this study was found as 0.11 indicating that the
adsorption process was favourable.

The Freundlich model can be represented as [17]:

1
Ing. = InK; + P InC, (6)
£

where K is the relative adsorption capacity of adsor-
bent and #¢ is a constant related to adsorption intensity.
K¢ and n¢ values can be determined from the slope and
intercept of the plots between In g, and In C,, respec-
tively (Fig. 10(B)). The n¢ value was found as 7.19 in the
present case. The adsorption process is suitable when
the value of n; is greater than unity [11].
The D-R model can be expressed as [18]:

Ing. = Ing,, — B&?

1
£ RTIn(l +Ce>

where B is a constant related to the adsorption energy,
¢ is the Polanyi potential, R is the universal gas
constant (8.314Jmol 'K™!) and T is the absolute

(7)

(8)

temperature. The values of g, and B are obtained by
plotting In g. vs. & (Fig. 10(C)).
The Temkin model can be shown as [19]:

Je = ElnAT + ﬂlnCe
br br

©)
where At and by are the Temkin constants. These con-
stants are determined from the slope and intercept of
the plot obtained by plotting g. vs. In C,, respectively
(Fig. 10(D)). All the calculated parameters of these iso-
therm models are given in Table 3 (pH: 4, m: 1gL ',
dp: 63-125um, C,: 100mg LY, T: 45°C and # 120 min).

Table 3
Equilibrium parameters for LY2R adsorption
Langmuir
b (L mg™") gm (mgg™) R 7
0.08 41.15 0.9963 048
Freundlich
Ki(mgg Nmg L )""  ng R? 7
19.48 7.19 0.8401 2.06
D-R
B (mol*kJ %) Im (mgg™H R® P
0.00005 37.96 0.8254 2.63
Temkin
Ar Lmg ™) br mol™) R? 272
18.42 538.01 0.8471 1.96
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According to the statistical analyses, the adsorption
equilibrium data could be well interpreted by the
Langmuir isotherm model. This result shows that the
LY2R adsorption took place at specific homogeneous
sites and a one-layer adsorption onto the PC [20].

3.4. Kinetic studies

The kinetic data provide important information for
designing and modelling the adsorption process. Sev-
eral kinetic models are available to describe the
adsorption kinetics. The pseudo-first-order, pseudo-
second-order, Elovich and intra-particle diffusion
models were applied to the experimental data to eval-
uate the kinetics of LY2R adsorption by the PC.

The pseudo-first-order kinetic model can be
defined as [21]:
1k 1 w0
q  qet  qe
where k; is the pseudo-first-order rate constant. The
values of g, and k; can be determined from the slope
and intercept of the plot obtained by plotting 1/g vs.
1/t, respectively (Fig. 11(A)).

The pseudo-second-order kinetic model can be
represented as [22]:

A 004
0.03
= W A A —A
) —k—
E
=
T 002
0.01 x .
0.01 0.02 0.03 0.04
1it(min-1)

C 50

40 A

re & -k x

= 30
o
£
- 20 A

10 4

0 . T T T

33 36 39 42 45 48
Int
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t 1 t
7 ki a. -

where k, is the pseudo-second-order rate constant.
The k, and g. are determined from the slope and
intercept of the plot of /g vs. t (Fig. 11(B)).

The Elovich model can be expressed as [23]:

q= %ln(ocﬁ) + %lnt (12)

where o is the initial adsorption rate and f is the
desorption constant. A plot of g vs. Int should yield a
linear relationship with a slope of (1/f) and an inter-
cept of 1/ In(af) (Fig. 11(C)). The parameters obtained
for all the kinetic models are presented in Table 4 (pH:
4,m:1gL™", dp: 63-125pm, C,: 100mgL~", T: 45°C and
t: 120 min). As seen from the table, due to the relatively
high R? as well as small 1 2 values, the pseudo-second-
order could be predominant kinetic model for the
LY2R adsorption by the PC.

In order to identify the diffusion mechanism, the
intra-particle diffusion model can be represented as
[24]:

t'q (min g mg-1)

20 36 52 68 84 100
timin)

50

40

30 A

20 A

¢ (mg g-1)

10 4

5 6 7 8 9 10

2 (min?)

Fig. 11. Plots for (A) pseudo-first-order, (B) pseudo-second-order, (C) Elovich, and (D) intra-particle diffusion kinetic

models.
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Table 4
Kinetic parameters for LY2R adsorption

Pseudo-first-order

ki (min~") ge (mgg™) R? 7>

2.62 36.63 0.7247 4.32
Pseudo-second-order

k(g rng’1 min~!) ge (Mg g’l) R? 7

0.00744 37.31 0.9977 0.53
Elovich

% (mgg 'min ") B (gmg™h) R? 2

3.93 0.53 0.7774 3.44
Intra-particle diffusion

kp (mgg ™! min~'/?) C (mgg " rR? 7

0.52 30.91 0.8086 2.29
qg= kpt0‘5 +C (13)

where k, is the intra-particle diffusion rate constant
and C is a constant which gives information about the
thickness of boundary layer. According to this model,
the plot of g vs. t*° yields a straight line passing
through the origin if the adsorption process obeys the
sole intra-particle diffusion model (Fig. 11(D)). How-
ever, it is not the case in the present study. The result
showed that this process is complex and may involve
more than one mechanism [11,12].

3.5. Thermodynamic analyses

The thermodynamic parameters including the stan-
dard Gibbs free energy change (AG®), standard
enthalpy change (AH®) and standard entropy change
(AS”) for this system can be estimated by the follow-
ing equations [20]:

AG® = —RTInK. (14)
AH° AS°

where K. is the distribution coefficient (C,/C,). By plot-
ting In K. vs. 1/T, the values of AH® and AS° can be
determined from the slope and intercept. For current
study, the negative AG° (—3.30kJ mol ') suggests that
the adsorption of LY2R onto the PC was feasible and
spontaneous, thermodynamically. The positive AH®
(59.06 K mol ') proposes that this process is endother-
mic in nature while the positive AS® (0.26 kJ mol 'K ")
indicates the increased randomness at the solid /liquid
interface during the adsorption process [25,26].
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4. Conclusions

This study investigated the LY2R removal by the
PC from aqueous solutions. The equilibrium data fit-
ted well with the Langmuir isotherm model. The
monolayer adsorption capacity of PC was found as
41.15mgg ', The kinetic data were best described by
the pseudo-second-order model. Thermodynamic
parameters indicated that this adsorption system was
spontaneous and endothermic. The results showed
that the PC as an eco-friendly and cheap adsorbent
could be a suitable alternative for LY2R removal from
aqueous media.
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