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ABSTRACT

Wastewater treatment and removal of dyes has always been considered as an important measure for
the control of pollution originated from industrial wastes especially that of textile and dying
industries. The objective of the present study was to evaluate the potential of ash prepared from
pine shell as a natural adsorbent to remove methylene blue dye from aqueous solutions in lab
conditions. The effect of variables such as pH (3-13), contact time (30-180), adsorbent dose (0.55 g/L)
and methylene blue initial concentration on the efficiency of removal of dye from a synthetic
wastewater was investigated. The greatest removal efficiency was 92.75% that was achieved at pH
of 9, 120 min contact time, adsorbent dose of 3 g/L and dye initial concentration of 100 mg/L.
Removal efficiency of over 90% indicates that pine shell ash can be considered as a natural,
effective and low-cost adsorbent for the removal of methylene blue dye and wastewater treatment.
Therefore, this technique is recommended to eliminate colored pollutants from aqueous
environments.
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INTRODUCTION

Textile is one of the largest water consuming and
water body polluter industries that produce colored
wastewater with different quantitative and
qualitative chemical properties containing
substantial amount of colored substances (Saeidi et

al., 2017; Biglari et al., 2016c). Textile dyes are the
largest class of artificial water soluble colors
possessing the biggest variation regarding color type
and structure. Increased global production and
application of colors has led to the production of
highly polluted wastewaters and increased
environmental concerns (Garg et al., 2003,
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Masombaigi et al., 2009; Biglari et al., 2016b, Biglari,
2016; Ahamadabadi et al., 2016). Most substances
present in wastewaters are toxic and have
carcinogenic property (Mirzabeygi et al., 2016; Liu et
al., 2010; Bazrafshan et al., 2012b; Bazrafshan et al.,
2012a; Mohammadi et al., 2015; Biglari et al., 2016a).
Various industries like textile, paper, color printing,
pharmacy, food, cosmetic, and electric industries use
these dyes (Song et al., 2011; Biglari et al., 2017). Some
wastewater treatment methods in these industries
include biologic treatment, coagulation, adsorption,
oxidation, and filtration (Liu et al., 2012; Ponnusami
et al., 2010; Samiey and Ashoori, 2012; Unuabonah et
al., 2009; Vargas et al., 2011; Alipour et al., 2014;
Sajjadi et al., 2016). Among these methods, the
adsorption appears to be the most effective one to
remove dyes from wastewater of these industries due
to its high potential in removal of dyes and organic
substances (Rafatullah et al., 2010; Weng et al., 2009;
Rahdar et al., 2016). Lower sensitivity to fluctuations
in wastewater flow, lack of influence of toxic
chemical substances on the process, high flexibility
in designation and implementation, and high
efficiency of organic material removal are some of the
advantages of adsorption method over other
common treatment processes (Djahed et al., 2016;
Khaksefidi et al., 2016). Several studies have been
carried out to develop effective and low-cost
adsorbents which have ended at the introduction of
materials like sugar cane waste, corn husk, rice bran,
banana waste, coconut shell, sewage sludge, and
carbon raw material like coal, petroleum coke etc.
(Abechi et al., 2011; Doðan et al., 2009; Han et al., 2011;
Kavitha and Namasivayam, 2007; Nasuha and
Hameed, 2011). In the present study we evaluated
pine shell ash as a natural low-cost adsorbent for the
removal of methylene blue dye from aqueous
environments.

MATERIALS AND METHODS

Methylene blue dye was used without purification
and after mixed with distilled water. Other chemicals
were purchased from the Merck (Germany).
Following extraction, Pine shell was dried, ground
and placed in oven at 600 oC for two hours to
produce ash (Khaksefidi et al., 2017). In order to
prepare dye stock solution, 1 g methylene blue was
dissolved in 1 L of distilled water and the solution
was stored at 4 oC until the start of the experiment.
All experiments were performed in 100 mL
Erlenmeyer flask shaker set at 150 rpm (Shams et al.,

2016). Samples taken for determination of final dye
concentration following each experiment were
filtered through 0.45µm pores and the absorption of
samples was read by spectrophotometer (UV/VIS
model) at 665 nm wavelength (Aksu et al., 2010).
Sodium hydroxide and sulfuric acid 1N were used
for the adjustment of pH throughout the experiment
(Sohrabi et al., 2016). Factors studied in the present
study included initial pH (3, 5, 9, 11 and 13),
adsorbent dose (0.5, 1, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5
and 5.0 gr/L), contact time (30, 60, 90, 120, 150 and
180) and dye initial concentration (25, 50, 75, 100,
125 and 150 mg/L). As the first step, pH was
changed in previously mentioned range to determine
the optimum pH by keeping other variables constant
(100 mg/L dye concentration, 1.5 g/L adsorbent
dose and 60 min contact time). Subsequently, the
experiment was repeated to determine the optimum
condition for each of other variables (dye initial
concentration, adsorbent dose or contact time) by
keeping 3 other factors constant in each step.

RESULTS AND DISCUSSION

Effects of pH

Results of optimum pH determination experiment are
presented in diagram 1. At constant 100 mg/L of dye
concentration and 1.5 g/L of adsorbent dose, the
efficiency of dye removal increased from 72.25 to
88.32% by changing pH from 3 to 13 with
insignificant difference between values obtained at
pH of 9 and 13 (86.22 and 88.32%, respectively).
Since adjusting pH at higher values (Abechi et al.,
2011), involves consumption of additional sodium
hydroxide and increased cost of the process, pH of 9
was considered as optimum and maintained at the
next experimental steps. Findings of the experiment
showed that the efficiency of removal increased with
increasing pH from 3 to 13 and the highest efficiency
(86.22%) was achieved at pH of 9. This can be
explained by the electrostatic force between negative
charges of adsorbent surface and methylene blue dye.
In other word, with increasing pH, the concentration
of H+ in the solution decreases and that of OH-

increases that result in elevated positive charged ions
on the adsorbent surface (Del Río et al., 2011,
Fanchiang and Tseng, 2009). Kushwaha et al (2011)
studied the effect of activated carbon obtained from
agricultural waste on the removal of two dyes
(methylene blue and green) from aqueous solutions
and reported that the efficiency of removal increases
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at higher pH values (Kushwaha et al., 2014).
The high efficiency of 96% with increasing pH up

to 12 has also been reported by Pava (2008) et al.
(Pavan et al., 2008).

This effect has also been reported by Gong et al.
(2005) who used peanut hull powder to remove
cationic dye form a synthetic wastewater (Gong et al.,
2005).

Effect of contact time

Results indicated that with the progress of contact
time the amount of dye remaining in the solution
decreased with the highest removal efficiency of
95.11% at 120 minutes above which the efficiency
remained constant. Contact time is an effective
parameter in assessing the efficiency of the process
and we observed that dye residual concentration in
solution decreases and the removal efficiency
increased with increased time of contact.

The amount of methylene blue removed from
aqueous solution was the highest at less than two
hours above which the efficiency of the process
remained relatively constant that may be indicative
of an equilibrium state due to the reduction in
adsorbent active sites over time. Generally, removal
efficiency increases during the time of contact and
reaches a steady state at specific time after which the
dye is not further removed from the solution. In this
state, the amounts of adsorbed and re-adsorbed dye
are in equilibrium. The finding of the current study
agrees with those of others (Ponnusami et al., 2007;
Sohrabnezhad and Pourahmad, 2010; Gök et al.,
2010).

Effect of dye concentration

The effect of Methylene blue initial concentration is
presented in diagram 4. It can be seen that with
increasing initial concentration at constant condition
of 3 g/L adsorbent dose, 120 min contact time, and

Fig. 1. The Effect of pH on the removal efficiency of MB
dye (Initial concentration dye 100 mg/L, contact
time 60 min, adsorbent dosage 1/5 g/L)

Effect of adsorbent dose

According to diagram 2, the efficiency of removal
rises from 48.52 to 91.42% with increasing adsorbent
dose from 0.5 to 5 g/L. Therefore, 3 g/L was taken as
the optimum adsorbent dose which corresponded to
89.63% removal efficiency.

With increasing adsorbent dose, the efficiency of
process considerably increased from 48 to 92%
during the time of reaction in this study. This might
be attributed to increased availability of active sites
on the adsorbent surface for the adsorbent-dye
interaction that leads to decreased adsorption
capacity of pine shell ash (Mahmoud et al., 2013).

Fig. 2. The Effect of Adsorbent dose (g/L) on the
removal efficiency of MB dye (Initial concentration
dye 100 mg/L, contact time 60 min, pH 9)

Fig 3. The Effect of contact Time (min (on the removal of
efficiency of MB dye(Initial concentration dye 100
mg/L, adsorbent dosage 3 g/L, pH 9)
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pH of 9, the efficiency of dye removal shows an
initial increase that decreases later on. It is also
observed that adsorption capacity increases with
increasing dye initial concentration. There was an
increasing trend in removal efficiency to 91.63% from
25 to 100 mg/L of initial concentration. However, the
efficiency declines to 83.74% with further increase in
initial concentration of dye in the solution. These
results indicate that the amount of dye removed from
the solution showed an initial increase and gradual
decline later with further increases in initial
concentration. At constant condition (regarding
adsorbent dose and contact time), with increasing
initial concentration from 25 to 100 mg/L, there is an
initial increase in removal rate while with further
increases in initial dye concentration, the efficiency
of process declines. This might be due to the fact that
at lower dye concentrations, dye molecules occupy
rapidly the adsorbent surface and, with increased
dye initial concentration, lead to early saturation of
adsorbent surface or to increased repulsion force
between dye molecules and thus decreased
adsorption rate (Kushwaha et al., 2014; Gulnaz et al.,
2011). In a study by Entezari et al (2008) on the rapid
and effective elimination of reactive black 5 by
combination of ultrasound and adsorption methods,
decreased efficiency of elimination with increased
dye concentration was attributed to the limited
adsorption sites on unit of adsorbent surface area
(Entezari et al., 2008). In another study, Khattri et al
(2009) showed that the adsorption efficiency of
malachite green onto sawdust decreases with
increasing dye concentration (Khattri and Singh,
2009).

CONCLUSION

The present study showed that ash prepared from
pine shell can be an effective adsorbent for the
removal of methylene blue dye from textile industry
wastewater. The optimum adsorbent dose of 3 g/L
ash was determined at pH of 9, 100 mg/L dye
concentration and 120 minutes of contact time that
yielded the removal efficiency of 93.25%. In this
study, the efficiency of removal was associated
positively with adsorbent dose, contact time and pH
and negatively with dye concentration. Overall, it
can be concluded that ash obtained from pine shell
can be used as natural low cost adsorbent for the
removal of methylene blue dye from textile industry
wastewater.
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