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Abstract—Water pollution associated with discharge of dye effluents
into the natural water resources is a major issue because of the adverse
effects on human health and the ecosystem. During the past decade,
the use of agricultural by-products as potential adsorbents in
environmental remediation has received much attention due to their
availability and exceptional properties. In this study, the ability of
polyaniline (PANI) coated pine cone as a low-cost adsorbent on the
removal of direct orange 26 (DO 26) dye from wastewater was
investigated. The physicochemical properties of the adsorbent were
studied using various characterization techniques such as Fourier
transform infrared (FTIR), Scanning electron microscopy (SEM), Xray diffraction (XRD) and Brunauer Emmett teller (BET). Batch
equilibrium and kinetics adsorption experiments were performed to
determine the efficiency of the adsorbents on dye removal and to
establish the effect of various operational parameters on the adsorption
process. Results showed that the removal of DO 26 dye occurs through
the surface of the adsorbent this was confirmed by characterization. It
was observed that percentage dye removal decrease with increasing
solution pH. The results also indicate that adsorption efficiency
increased with increase in temperature which predicts that the
adsorption process is endothermic. Maximum percentage dye removal
was found to be 99.98% at pH 4.17, adsorbent dosage 0.1g and initial
dye concentration 50 mg/L. Kinetic studies revealed that equilibrium
was reached within 90, 180 and 240 min of interaction for initial dye
concentrations of 50 mg/L, 100 mg/L and 150 mg/L respectively. It
can be concluded that PANI coated on pine cones can be used as an
effective adsorbent for removal of dye from aqueous solutions.

Moreover, the released of dye-bearing effluents into natural
water resources is doing unimaginable harm to the The presence
In particular, there has been a growing interest from
environmentalists on the presence of dyes in the
water/wastewaters originating from industries such as textile,
paper, plastic, tannery and paints [6]. environment, threatening
the health of people and also increasing the cost of treatment
[29]. This is because dyes are of synthetic origin and possess
complex aromatic molecular structure, thus which making them
more stable and difficult to biodegrade [25].
Dyes are soluble, coloured organic compounds with structures
containing aryl ring which have delocalized electron systems
[12]. Moreover, dyes have functional groups that are capable of
forming covalent bonds between carbon atoms of improves
wash- fastness, hence making them very difficult to biodegrade.
As a result, they pass through the purification plant without
further degradation and are released into the environment [33].
However, wastewater generated from those mentioned
industries which contains dyes is being discharged into
municipal streamlines and river constitutes the major sources of
water pollution [1]. Consequently, the presence of color in
water beyond the maximum limits recommended by regulatory
bodies greatly affects the water quality [41], inhibits sunlight
penetration into the stream and also reduces photosynthetic
action [34]. In order to comply with environmental protection
laws as well as minimize the aforementioned challenges, there
is an urgent need to reduce dyes or completely remove them
from wastewater using appropriate and efficient technology in
an economical manner [10].
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Equilibrium

I. INTRODUCTION

D

ue to rapidly increasing population growth, climate
change, industrial activities and agricultural use the
availability of fresh water has deteriorated drastically in the
whole worldwide. Industrial waste discharges into natural water
resources have been identified as a major source of water
pollution. of toxic substances in water significantly affects the
quality of water and highly contaminates underground water
[40].

Furthermore, several treatment methods for dyes removal from
wastewater
have
been
developed
such
as
coagulation/flocculation [23], reverse osmosis [18], membrane
filtration , electrolysis, advanced oxidation, photocatalysis, ion
exchange and adsorption [1, 2, 9, 27, 30]. However, some of
these processes have been found to have many disadvantages
such as high energy demand [11], formation of flocs together
with dye stuff, large amount of sludge produced, and
uneconomical. In fact, some are not effective at all for dye
removal and they also have short half-life [33]. Among these
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methods, adsorption process has been identified as the most
economical feasible and effective method for removal of dyes
due to its wide range of applications, simplicity and low cost of
operation [21]. In addition to the mentioned advantages,
adsorption is also able to recover adsorbent for reuse and to
prevent creation of secondary problems with dye-bearing
sludge which is very difficult to dispose [14].

II. MATERIALS AND METHODS
A. Materials
Raw pine cones were obtained from South Africa-Pretoria.
Aniline monomer (C6H5NH2), ammonium
persulfate
[(NH4)2S2O8] for use as an oxidant for initiation of
polymerization reaction, hydrochloric acid 32% (HCl) were
purchased from Sigma-Aldrich, Germany. Direct orange 26
(DO 26) dye (chemical formula C33H22N6Na2O9S2, double azo
class and molecular weight 756.67g/mol) was supplied by
Merck chemicals (Pty) Ltd, South Africa and was used as
received. All other reagents of analytical reagent (AR) grade
used in this work were obtained from Sigma-Aldrich, Germany
and were used without any further purification.

Since the performance of any adsorption process depends on
the chemistry of the adsorbent and adsorbate, a variety of
adsorption media have been developed and tested in the
removal of dyes from aqueous solutions. These include
commercially activated carbon (CAC), activated alumina,
silica, clays and zeolites [16], to mention a few. However, most
of these adsorbents have been linked with many limitations
such as low capacity for dyes, slow reaction kinetics, high costs
and difficulties in separation from wastewater [17, 18, 36].
Because cost is a very crucial pre-requisite of any adsorption
media, lately many researchers have directed their interest in
the usage of agricultural wastes such as almond husk, wheat
bran, rice husk, pine cone wood and many more as the low cost
adsorbents for dye pollutants removal from wastewater [16, 33,
36, 40]. As opposed to the high cost of activated carbon and
other adsorbents, agricultural wastes are preferred for the
adsorption applications because they are abundant in nature,
readily available and environmentally friendly.

B. Preparation of synthetic dye wastewater
The dye stock solution was prepared by dissolving 1000 mg of
DO 26 dye powder in 1000 mL of deionized water which makes
up to a concentration of 1000 mg/L. All the experimental dye
solutions were obtained by diluting the stock solution in
accurate proportions as required.
C. Preparation of polyaniline coated pine cone
The synthesis of polyaniline (PANI) coated pine cones used in
this work was performed via in-situ chemical oxidative
polymerization technique [28]. 10 ml of concentrated
hydrochloric acid 32% was added into a 250 ml glass beaker
with 80 ml of deionized (DI) water and then it was stirred for
10 minutes using magnetic stirrer at 300 rpm. 2 ml of aniline
monomer was injected into the mixture and also allowed to stir
for 5 minutes in order to obtain a homogeneous mixture. The
collected pine cones were washed, dried and milled using ball
mill then 10g of pine cone powder was dispersed into a mixture
under continuous stirring. Thereafter, ammonium persulfate
(APS) solution was prepared by dissolving 3.064 g of APS into
a 10 ml of deionized water then it was added drop wise to the
above suspension to properly initiate the polymerization. The
whole reaction mixture was further stirred in a magnetic stirrer
for a period of 24 hrs to allow polymerization to take place
completely. Finally, the suspension was filtered and washed
well with acetone to remove the unreacted chemicals. The
washed powder was dried in the oven at 60OC overnight and
sieved to achieve a specific particle size. The obtained final
product was labeled as PANI-PC.

Up to date very little information exists in literature on the
application of pine cone as a low cost adsorbent for direct
orange 26 dye removal. Pine cones are agricultural by-product
found in many parts of the world including South Africa. The
scales of the mature cone are composed of epidermal and
sclerenchyma cells which contain cellulose, hemicelluloses,
lignin, rosin and tannins in their cell walls [37]. However, for
better utilization of this inexpensive material, chemical
modification using conducting polymer has been practiced by
many researchers [3]. When chemically modified, the surface
properties may be improved due to the anchoring of different
functional groups hence improving their adsorption
performances [46]. Recently, the use of conducting polymers
as modifying agents have been a center of attention to many
researchers due to their attractive properties that plays a key
role in adsorption of a targeted pollutants [12]. Among the
conducting polymers, polyaniline (PANI) has received a great
deal of attention in recent years, due to its ease of synthesis, low
cost, excellent environmental stability, unique physicochemical
behavior towards the targeted contaminants [19].

D. Characterization of PANI-PC
The physico-chemical properties of the modified pine cone
adsorbent were studied by conducting the characterization
analysis on PANI-PC before and after adsorption process. The
evaluation of morphology of the adsorbent was tested using
Scanning electron microscopy (SEM) instrument. Meanwhile
Fourier transform infared (FTIR) and Brunauer Emmett teller
(BET) instruments were used to study the functional groups and
surface properties respectively.

Therefore, this work aimed at studying the adsorption behavior
of modified pine cones for the removal of direct orange 26 (DO
26) dye from aqueous solution. The influence of process
variables such as adsorbent dosage, initial pH solution,
temperature and initial dye concentration will be explore under
batch mode to understand adsorption mechanism modified pine
cone in removal of dye pollutants. Kinetic studies were
performed to understand adsorption rate and mechanism of the
process.
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E. Adsorption studies
Batch equilibrium experiment was carried out to study the
effectiveness of polyaniline modified pine cone (PANI-PC)
adsorbent on the removal of DO 26 dye and also to investigate
the variation of process parameters such as adsorbent mass,
initial pH solution, initial dye concentration and temperature
towards the adsorption process. A fixed known amount of the
adsorbent was placed in contact with dye solution samples of
initial DO-26 concentration ranging between (50-400 mg/L),
solution pH (3-10) and temperature (25 - 450C) in a 100 mL
plastic bottle. The prepared samples were placed in a
thermostatic water bath shaker operated at 160 rpm for 24 hrs.
Afterwards, the samples were filtered through a 0.45µm syringe
filter in order to analyse dye residual concentration in the
filtrate. The amount of dye remaining was analysed using UVspectrophotometer (Shimadzu UV-1800) at a wavelength of
494 nm. The equilibrium adsorption capacity and efficiency
were calculated using equation 1 and 2 respectively:

qe 

co  ce
v
m

%removal 

III. RESULTS AND DISCUSSION
A. Characterization of PANI-PC adsorbent

Fig 1: SEM images of PANI-PC (a) before adsorption and (b)
after adsorption of DO 26 dye from synthetic water.
Scanning Electron Micrograph (SEM) is the mainly used
method to analyze the surface morphology and physical
properties of the adsorbent. Fig. 1a) and b) show SEM images
of PANI modified pine cone before and after adsorption,
respectively. It can be seen in image a) that the availability of
pores and internal surface is more clearer than image b) which
can be an evidence that adsorption did occur on the surface of
adsorbent that is why in the image after adsorption there is a
noticeable coverage of pores by the adsorbed DO 26 dye. In
addition, EDS analysis (not presented) indicated adsorption of
dye by showing high amount of sodium (Na) which is the main
constituent of DO 26 DYE.

(1)

co  ce
x100
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a)

(2)

where, qe is the adsorption capacity (mg/g), Co and Ce are the
initial and equilibrium concentration (mg/L) of dye,
respectively. V is the volume (L) of solution and M is the weight
(g) of adsorbent.

%Transimance

Kinetic adsorption study was conducted in a 2L plastic beaker
containing 1000 mL of dye solution with 2.0g of PANI-PC
adsorbent. The solution with different initial dye concentration
(50 mg/L, 100 mg/L and 150 mg/l) was agitated using overhead
stirrer at constant speed of 160 rpm under room temperature of
25±10C. At predetermined time intervals, 5 mL sample was
withdrawn from a solution using a syringe, it was filtered and
analyzed for remaining dye concentration. The amount of DO
26 dye adsorbed onto modified pine cones at time (t) was
evaluated using below equation:
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where qt (mg/g) is the time-dependent amount of dye adsorbed
per unit mass of adsorbent at time t, Ct is the final concentration
of dye at any time t (mg/L).
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Fig 2: FTIR spectra of PANI-PC (a) before adsorption and (b)
after adsorption.
The dye uptake depends upon porosity as well as chemical
reactivity of functional groups that are present in the adsorbent.
Therefore, a better understanding of functional groups which
are involved in the adsorbent and also in dye molecule is
necessary. Fig. 2 represents the FTIR spectra of PANI-PC
before and after adsorption. The main peaks are observed at
2154 cm-1, 1588cm-1, 1493 cm-1, 1317cm-1, 1149 cm-1, 1071 cm1
and 823 cm-1. These peaks are characteristics peak of both
lignocellulose (raw pine cones) and PANI that was coated on
the surface of pine cone. The bands at 1588 cm-1 and 1493 cm-1
representing carbonyl group stretching (amide) and N-H
25
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bonding accordingly. While the bands at 1317 cm-1 and 1149
cm-1 reflect the C-H bends and C-O stretching, respectively.
The peaks between 1071 cm-1 and 823cm-1 may be a
confirmation of –C-C and C-N stretching respectively [23]. It
can be seen from spectra of PANI-PC loaded with dye molecule
that there is no much change in the peaks except the bands at
1151 cm-1 and 1550 cm-1 which show high intensity than the
peaks before adsorption; this might be due to the dye uptake
that occurs on the surface of the adsorbent.

pine cone. (Initial conc. 50 mg/L, Temp. 298K, adsorbent dose
0.1 g)
The adsorption of dye is highly dependent on the pH of solution
as it determines whether dissociation and ionization of the dye
molecule will take place through the surface of the adsorbent.
Fig 4 displays the effect of pH on the removal of DO 26 onto
PANI-PC adsorbent that was varied from pH 3- 10. The results
reveal that dye percentage removal gradually decreases with
increasing solution pH, this could be attributed by the fact that
at lower pH the adsorbent surface is highly positively charged
due to the protonated amino groups of PANI which allows
electrostatic attraction to develop between positively charged
adsorbent and negatively charged sulfonate groups of anionic
dye DO 26 [3,9].The results also indicate that more than 97%
dye removal was attained at pH = 3.83, therefore the optimal
pH for this study was recorded as pH = 3.38.

1200
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Fig 4: X-ray diffraction (XRD) analysis of PANI-PC before and
after DO 26 adsorption.
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In order to examine the crystalline structure of PANI-PC before
and after adsorption of DO 26 dye, the X-ray diffraction was
performed on the samples. The XRD plot is depicted in Fig. 4.
It can be observed that diffraction peaks appearing at 2Ө values
at 16.9ᴼ and 21.29ᴼ are attributed to the lignocellulosic structure
of pine cones [9]. On the other hand, diffraction peak that
normally appear at 25.20° which is the characteristic peak of
amorphous PANI is absent, the reason for its disappearance is
unknown. In addition, after adsorption there is only a slight
change in the peak at 21.29ᴼ, which might be a confirmation of
dye adsorption on the surface of adsorbent.
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Fig 5: Effect of adsorbent dosage on the removal of DO 26 dye
onto PANI-PC adsorbent. (Initial conc. 50 mg/L, Temp. 298K,
pH = 3.83)
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The influence of adsorbent mass on the remediation efficiency
of the direct dye in aqueous solution was investigated under
batch mode at 298 K, with sorbent dose between 0.1 - 0.4 g and
an initial pH 3.83 as shown in Fig. 5. It is evident that an
increase in the sorbent mass from 0.1g to 0.4 g resulted to a
decrease in dye uptake from 22.9 mg/g to 6.21 mg/g. However,
a reverse trend was observed in the removal efficiency which
increases from 91% to 99%. This is due to the fact with large
amount of adsorbent dosage there is high number of unsaturated
adsorption sites left unoccupied with dye molecule during the
adsorption process which causes adsorption capacity to
decrease with increasing the dose of the adsorbent [31].
Meanwhile, at high sorbent dosage the number of available
sorption site at the adsorbent surface will increase by increasing
the adsorbent mass resulting in the increase in dye percentage
removal from solution [33]. Similar behavior regarding
adsorption of direct orange 26 on rice husk was observed by
Safa and Bhatti, (2011b).
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B. Equilibrium Studies
1) Effect of solution pH
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Fig 4: Effect of initial pH on DO 26 adsorption onto polyaniline
26
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3) Effect of temperature

Fig 7: Effects of contact time and initial dye concentration on
DO26 adsorption onto PANI-PC (dosage = 2.0g/L, agitation
speed = 160 rpm, temp = 298 k and pH = 3.83)

120

qe (mg/g)

100

The effect of contact time on the adsorption of DO 26 dye was
explored under different initial DO 26 concentrations (50 to 150
mg/L) and results are presented in Fig 7. It was found that the
amount of dye adsorbed increased with increasing initial
concentration. Further, it was also revealed that equilibrium
was attained within 90 min, 120 min and 180 min when
concentration was from 50 mg/L, 100 mg/L and 150 mg/L,
respectively. This can be explained by the fact that initial
concentration provides the driving force to overcome the
resistance to the mass transfer [35].
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Fig. 6: Effect of temperature on DO26 removal onto PANI-PC
adsorbent with solution volume = 50ml, adsorbent mass = 0.1g
and initial pH solution = 3.83.

IV.

The work revealed that utilization of polyaniline coated pine
cones as adsorbent for remediation of anionic DO 26 dye from
aqueous solution is viable. Results also revealed that the
magnitude of adsorption was primarily dependent on the
solution initial pH and the sorbent dosage. In particular,
adsorption performance was favored at pH 3.83. This was
justified by the fact that at low pH solution the positive charge
at the solution-interface will increase allowing the surface of
adsorbent to be positively charged which results in an increase
in anionic DO 26 dye adsorption. Meanwhile, the maximum
adsorption capacity was found to be 22.9 mg/g with 0.1 g, 50
mg/L at 250C. Based on the findings reported in this study, it
can be concluded that PANI modified pine cone can be
considered as a low-cost adsorbent which is environmentally
benign for the effective removal of dyes from wastewater.
Although in this work, PANI modified pine cone was tested for
removal of dye using only synthetic dye solution. According to
the study conducted by other researchers it is proven that
modified pine cones can be used as an adsorbent for removal of
contaminants from industrial effluents. Therefore, it is assumed
that this bio-sorbent can potentially be used for real wastewater
containing dyes pollutants. In order to confirm such
assumption, similar study on removal of dye contaminants
using a real wastewater shall be investigated.

Temperature is an important parameter for any adsorption
process as it indicates the nature of the adsorption whether it is
an endothermic or exothermic process. The effect of
temperature was carried out at different temperature (25, 35 and
450C) as it is illustrated in Fig 6. The results showed that the
adsorption capacity of DO 26 dye increase with increasing with
system temperature suggesting that the process was
endothermic in nature. This increase in dye removal may be
attributed to increase in rate of diffusion of the dye molecules
across the external boundary layer and into the internal pores of
the adsorbent particles [9]. Similar results were reported for
various dye adsorptions by other biosorbents [18, 25, 29, 38,
and 40].

C. Adsorption Kinetic Studies

Qt (mg/g)

1. Effect of contact time
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