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Abstract
Several industries such as crude oil refineries, petrochemical plants, processing of olive oil, pesticide
manufacturing, and oil and sewage activities produce significant amounts of phenol and its derivatives
that are among the most important toxic compounds present in industrial wastewater. The present study
was conducted to evaluate the absorption potential of phenol from aqueous solutions using the banana
leaf ash (BLA). In this basic-applied research, the banana leaf ash (0.1- 1 g) was used as an absorbent
according to the purposes intended in laboratory scale and in batch system, and then changes of phenol
concentration effect, pH, contact time and Freundlich and Langmuir adsorption equations were
investigated. The removal efficiency was 88.93% at pH of four, initial concentration of 10 mg/L and the
contact time of 75 minutes. The Langmuir and Freundlich adsorption isotherms were studied to assess
the adsorption equilibrium reactions, which the results demonstrated better compliance of adsorption
equilibrium reactions with the Freundlich adsorption isotherm (R 2 0.900) compared to the Langmuir
adsorption isotherm (R2 0.758). Based on the findings of the present study, the banana leaf ash is an
inexpensive absorbent with high absorption potential and appropriate ability to the removal of phenol
from water and wastewater samples.
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Introduction
Phenol, C6H6O, with a molecular weight of
94.11 g/mol is an aromatic hydrocarbon and
© 2009-2017, JGPT. All Rights Reserved.

from benzene derivatives, which is colorless
or white solid in its pure form (1, 2),
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hygroscopic and crystalline. It has a very
high solubility in water and after dissolving
in water makes it very little acidic (2).
Phenol is widely used in industrial processes
including petrochemical and chemical
industries, such as the manufacture of
plastics, explosives, production of insulation,
industrial adhesives, perfumes, soaps,
paints, detergents and disinfectants, wood
protection
agents,
preservatives
and
pharmaceutical production (3, 6, 8).
Phenol and its derivatives are widespread
among the compounds that are imported
into water resources naturally in addition to
artificial routes (5). This substance is
produced naturally in some foods, in human
and animal wastes, and in decomposition of
organic matter, algae and plants (4, 10). It is
widely regarded as environmental pollutant,
which exists in different concentrations in
wastewater disposal of many industrial
processes including coking, synthetic rubber,
plastics, paper, oil refineries, petrochemical
plants, ceramics, steel, phenolic and
industrial resins conversion processes (13,
14).
According to phenol features such as
solubility in water and stability in the
environment, this combination remains for a
long time in the environment and is able to
transfer to long distances through water
resources (1). Researchers have shown the
presence of organic compounds like phenols
in groundwater (2, 15). Phenol and its
derivatives appear to be major organic
pollutants in the world in current century
(24). Epidemiological data have been limited
on phenol (13).
Phenol is among resistant and toxic
compounds in the environment, which
causes health and environmental problems
frequently (4, 10, 13). Phenolic compounds
due to special features such as toxicity,
effects on the taste and smell of water, and
adverse effect on human health and living
organisms are classified as priority
pollutants
by
the
United
States
Environmental Protection Agency (EPA or
sometimes USEPA) (16, 9). The priority
pollutants are organic or inorganic
compounds with known or suspected roles in
© 2009-2017, JGPT. All Rights Reserved.

carcinogenic and mutagenic effects, or
detoxified and severe damage to the fetus (1,
4, 20). Phenols are considered as priority
pollutants due to the characteristics of
toxicity and carcinogenicity, which are
harmful to living organisms even at low
concentrations (12, 19, 22).
There are reports on phenol and its
derivatives related to severe acute and
chronic toxic effects on human health,
including a wide range of symptoms:
headache, vomiting, liver and kidney
damages, seizures, convulsions, cyanosis,
eye irritation, damage to skin and other
psychiatric disorders (7, 21, 25). Ministry of
Environment and Forests (MOEF) of India
and the USEPA have placed phenol on the
list of pollutants (2, 7).
The MOEF has considered the maximum
concentration of 1mg/l phenol for industrial
output to surface waters (2, 23). The
standard of Environmental Protection
Agency of Iran for discharging the phenol is
as follows: the maximum allowable
concentration of phenol discharge to surface
water, agricultural and irrigation use is
1mg/l and to absorbent wells is trace (2). The
EPA is demanding the reduction of phenol
content in wastewater to less than 1mg/L
(16).
According to the World Health Organization
(WHO),
the
acceptable
allowable
concentration of phenolic compounds in
drinking water is estimated at 0.0011 mg/L
(23, 25). Since phenol is on the list of priority
pollutants with the concentration of <0.5
µg/L in drinking water according to USEPA
(17), so the Institute of Standards and
Industrial Research of Iran has specified
phenol concentration of 0.5µg/L in drinking
water (16).
Three various physical, chemical and
biological techniques can be used for the
removal of phenol (26), such as adsorption
(27), wet peroxide oxidation (28), wet air
oxidation (29), ozonation (30), aerobic and
anaerobic biological reduction, ion exchange
in
resins,
reverse
osmosis,
solvent
extraction, steam distillation and irradiation
(26, 31). This pollutant is a toxic substance,
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and can be difficulty reduced and eliminated
via biological methods because it is often a
deterrent for biological treatment (6).
Reverse osmosis process that requires the
use of membranes has the high cost of
maintenance and replacement. Adsorption is
one of the important processes in this area.
Adsorption is the easiest and quickest
process with no sludge as well as efficient
alternative and most cost-effective for the
removal of phenol (26, 32-34). To date,
different materials such as activated carbon,
silica and activated alumina (35), as
absorbent have been used in the absorption
process.
However, various problems including high
cost, activation, and restoration of absorbent
that are significant in economic terms (36),
have prompted researchers to use the novel
absorbents in view of the low cost and
availability
of
materials,
such
as
agricultural residues that are used widely as
an absorbent for the removal of phenol (26).
Due to the high level of lands under
cultivation (4,956 hectares) and crop
production (145,539 tons) and production of
leaf wastes (427,534 tons) in Sistan and
Baluchistan province, Iran, in this study we
examined the efficacy of banana leaf ash in
phenol removal from aqueous solution.

Materials and Methods
Banana tree leaves used in the experiments,
which are known as agricultural wastes,
were prepared from processing stage and
after washing with distilled water were
dried at 100°C for two hours to remove
impurities such as sand, gravel, other leaves
and color substances and solutions. Dried
materials were burned at 700°C for two
hours, and then were crushed in a porcelain
mortar and sorted by sieves (60- 200 mesh).
The resulting absorbent powder was stored
in sealed container until use (37). No
chemical composition was added and no
physical treatment was carried out on
absorbent before the absorption process.
2-1- Preparation of Phenol Solution
Solid phenol (Merck, Germany) with a purity
of 99.9% and the molecular mass of 94.11
© 2009-2017, JGPT. All Rights Reserved.

was applied for the preparation of stock
contaminated with phenol (4); 1000mg of
this phenol was weighed and moved into the
volumetric flask (1000ml), and brought to
volume with distilled water while mixing.
Next, 2ml of 1N sulfuric acid was mixed; the
solution remains stable for 28 days at
refrigerator temperature (4°C or lower) (38).
All tests were assessed using distilled water
mixed by a certain concentration of phenol
at laboratory temperature. The variables
were the concentration of phenol (1, 5, 10,
15, 20 and 50 mg/l), pH (3, 5, 7, 9, 11 and
13), absorbent content (0.1, 0.2, 0.3, 0.4 and
0.5 mg/l), equilibrium adsorption time (15,
30, 45, 60, 75 and 90 minutes). In the first
phase, optimal pH was determined by
constant values of adsorption time, phenol
concentration and absorbent content.
Secondly, by having optimal pH, constant
concentration of phenol, constant value of
absorbent and optimal absorption time were
determined. In the next steps, likewise
having the optimal pH and optimal
absorption time, the amount of absorbent
and ultimately the optimal concentration of
phenol were determined.
All experiments were carried out using 250ml Erlenmeyer flasks on a shaker at 120
rpm; 100 ml of sample with a certain
concentration of phenol was poured into
each Erlenmeyer flask, and the pH was
adjusted using HCL or NaOH 1%. After the
end of the contact time, the samples were
filtered by Whatman filter, and kept in the
refrigerator in 100-ml plastic containers.
Phenol was titrated using the reagents of 4aminoantipyrine, mono- and di-potassium
hydrogen
phosphate
buffer,
ferric
thiocyanate and ammonium hydroxide
solution accordance with the procedures
outlined in Section D5530, Chapter 5-47 of
standard method book.
Finally, the absorption rate was read by a
spectrophotometer at a wavelength of
500nm, and then remaining concentration of
phenol was determined via absorption
calibration curve plotted for phenol in
laboratory of the device (38). The amount of
22
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adsorbed phenol, qe (mg/g), was determined
using the following equation (1):

qe 

(C 0  C e )V
M

Where, Ce and Co are initial and phenol
equilibrium concentrations, respectively, in
the liquid phase (mg/L); V is the volume of
solution (L), and M is the used absorbent
amount (g).
Phenol removal rate was calculated using
the following equation (2):

%

(C0  C f )
C0

.100

Where, CO and CF are, respectively, the
initial and final concentrations of phenol
after absorption (39). Adsorption isotherms
show the distribution of molecules adsorbed
in the liquid and solid phases when
achieving balance.
The most common adsorption isotherm
equations include Lungmuir, Freundlich and
BET models. Compliance of each model with
the curve associated with each balance and
the correlation coefficient (R2) were
determined based on the experimental
results.
Langmuir isotherm model is based on
scientific assumptions. Foremost among
these assumptions is that adsorbate (atoms,
molecules or ions) are attached to the same
certain sites on the surface of absorbent to
establish monolayer adsorption process,
presented by the following equation (3) (40,
41):

Where, qe is the amount of phenol adsorbed
per given amount of used absorbent of Ce
(mg/g),
Ce
is
solution
equilibrium
concentration (mg/L), and qm is maximum
amount of phenol required for the formation
of two layers (mg/g). At the same time,
Langmuir equation can be plotted linearly,
and Langmuir adsorption constants (KL) and
© 2009-2017, JGPT. All Rights Reserved.

maximum absorption capacity from the
absorbent (qm) can become linear as below.
The values of qm and KL can be achieved
with charting 1/q vs. 1/Ce.
Equation (4):

1
1
1 1


qe q m q m K l Ce
Desirability of absorption process in the
Langmuir isotherm can be determined using
the values of the factor without RL
dimension, so that RL >1: undesirable
absorption, RL 1: linear absorption, RL=0:
irreversible absorption, and 1 < RL > 0:
optimal absorption (42).
Equation (5):
R L = 1/(1 + K L C0 )
Freundlich isotherm is a merely empirical
model, which is described on the basis of
adsorption on the surface of absorbent in the
heterogeneous form by the following
equation (6):
1

qe  K f Ce n
Where, kf and 1/n are Freundlich adsorption
constants related to capacity and intensity of
absorption.
Freundlich
equilibrium
constants are obtained by charting the log qe
vs. Log Ce based on empirical data of yintercept of resulting curve as Kf as and the
slope of the line as 1/n. At the same time,
Freundlich equation can be in the form of
log-linear
to
determine
Freundlich
adsorption constants as following (40, 41):
Equation (7):

1
log qe  log K f  log Ce
n

At the end, the results of the absorption
tests were presented in the form of graphs
with the help of Excel software. According to
two repetitions of all the tests, the values
were reported as mean. In addition, linear
regression statistical test was used to
determine
the
adsorption
isotherm
equations.
Results and Discussion
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3-1- The
Removal

Effect

of

pH

on

Phenol

3-2- The effect of Absorbent Amount on
Phenol Removal

The adsorption of phenol from aqueous
solution completely depends on the pH of the
solution, because the pH affects the
electrical charge on the surface of the
absorbent and changes the degree of phenol
ionization. The effect of pH on the
adsorption process is shown in Figure 1,
which the amount of phenol absorbed
decreases by increasing pH. The optimal pH
was four for maximum removal (89.59%).

The amount of absorbent (0.1-1g/l) for
absorption testing at a constant pH of 4,
initial phenol concentration of 50mg/l and
laboratory temperature of 23±23°C for 60
minutes were used to determine the effect of
absorbent dosage on the adsorption process
(see Figure 2).

The change in the pH affects the adsorption
process during the disintegration and
fragmentation of related groups in the active
surfaces of absorbent. As a result, this leads
to a change in the absorption reaction
kinetics and equilibrium properties between
the absorbent and adsorbates, as well as
phenol adsorption process decreases with
increasing initial pH. Phenol is a weak acid,
which the amount of its absorption at high
pH is a loser in competition with acidic
medium OH- and so decreases, because
positive surfaces of absorbent will not be
willing to absorb of these phenolic ions due
to electrostatic disposal.
This happens probably due to increased
adsorption of C6H5O- to positively charged
surface of absorbent; since, when the
absorption rate is increased, phenol will be
winner in competition with OH- from water
to neutralize the weak H+ resulting from
phenol for absorbing into absorbent, and OHincreases in pH solution (43, 44). Srivastava
et al. in 2006 evaluated the removal of
phenol by bagasse ash and activated carbon,
which the optimal conditions for the removal
of phenol were pH about five, absorbent dose
of 10 g/l, equilibrium time approximately
five hours and the reaction of phenol
removal of second grade (45).

Phenol removal efficiency elevated with
increasing initial amount of absorbent. The
highest removal efficiency for the banana
leaf ash at an absorbent dose of 0.2 g/l ash
was obtained 88.98 percent. This result can
be interpreted based on the fact that the
remaining absorption sites were as
unsaturation status during the absorption
process.
However, the number of sites available for
adsorption rises with increasing doses of
absorbent. The maximum absorption was
achieved by adding a certain dose of
absorbent; thus, the amount of pollutants
remained stable in the solution (46).
In a study, almond and walnut shell carbon
and activated carbon were used in
adsorption of phenol from contaminated
water. By increasing the amount of
absorbent from 0.25 to 1 g per 50 ml of
activated carbon with the maximum
absorption efficiency equal to 99.87% had
the highest phenol removal, the almond and
walnut shell carbon showed absorption
efficiency
of
91.36%
and
87.17%,
respectively.
The results of this study similar to the
present
experiment,
phenol
removal
efficiency with initial concentration of
50mg/l increased from 98.91% to 98.99% by
increasing the amount of absorbent from 2
grams to 11 grams per liter (44).

Removal ,(%)

89.7
89.6

initial pH

89.5
89.4
89.3
0

2

4

6

8 10 12 14

Liana Alvares Rodrigues et al. in 2011
conducted an in vitro study to remove phenol
from aqueous solution by activated carbon
produced from avocado seeds. They showed
that the optimum doses of absorbent to
absorb phenol was 0.1g (47).

Fig 1:The effect of pH on phenol removal by the
banana leaf ash (phenol concentration: 50 mg/l; ash
content: 0.5 g/l; contact time: 60 minutes)
© 2009-2017, JGPT. All Rights Reserved.
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3-3- The Effect of Contact Time on
Phenol Removal
The amount of absorbent (0.2g/l) for
absorption testing at an optimal pH of 4,
initial phenol concentration of 50mg/l and
laboratory temperature of 23 ± 23°C for
contact time (5- 240 min) were used to
determine the effect of contact time on the
adsorption process. Based on the results
presented in Figure 3, phenol removal
efficiency enhanced with increasing the
contact time. The removal efficiency was
maximum (88.93%) at the beginning of the
process of removing up to 75 minutes, and
then had a decreasing trend (from 75 to 120
minutes, and from 120 minutes to 240
minutes).
This phenomenon is due to the fact that at
the beginning and the early stages of
absorption, a large number of surface sites
are empty for absorption; but over time, the
superficial sites remained empty for the
absorption of pollutants encountered a
problem. That it would be due to deterrent
forces among adsorbate molecules on the
surface of a solid absorbent and liquid mass
(48).
The results of a similar study entitled
adsorption of phenol from wastewater with
fibers of cylindrical sponge loofa conducted
by Cherifi in 2009 showed that phenol
removal was a endothermic process and
phenol adsorption reached to balance after
50
minutes.
The
initial
phenol
concentration, temperature, whiteness and
granularity of plants significantly influenced
the absorption capacity (49).
© 2009-2017, JGPT. All Rights Reserved.

30 60 90 120 150 180 210 240
contact time(min)

Fig 3: The effect of contact time for the removal of
phenol by the banana leaf ash (phenol concentration:
50 mg/l; ash content: 0.2 g/l; pH: 5)

3-4- The Effect of Initial Phenol
Concentration on Removal Efficiency
According to the results related to the effect
of initial phenol concentrations (Figure 4), it
was observed that the absorption efficiency
decreases with increasing concentrations of
phenol. It seems that the absorption capacity
of
absorbent
rises
with
increasing
concentrations of phenol. This may be a
result of increasing the force of mass
transfer, and thus improving the absorption
capacity.
Thus, the flow rate of phenol molecules rises
from the solution toward fluid layer
surrounding absorbent and ultimately
toward the surface of absorbent particles
(50, 51). It seems that the removal rate
decreases with increasing concentrations of
phenol.
89.2
Removal ,(%)

Fig 2: The effect of absorbent level for the removal of
phenol by the banana leaf ash (phenol concentration:
50 mg/l; contact time: 60 minutes; pH: 4)

0

89
88.8
88.6
88.4
88.2
88
87.8
87.6
0
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40 60 80 100 120 140 160
initial concentration(mg/L)

Fig 4: The effect of initial phenol concentration for the
removal of phenol by the banana leaf ash (contact
time: 60 minutes; ash content: 0.2 g/l; pH: 4)
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3-5- Adsorption Isotherms

Conclusion

Figures 5 and 6 show the equilibrium
isotherms for the phenol adsorption on the
banana leaf ash and the equilibrium
adsorption data analysis using Langmuir
and Freundlich adsorption isotherms. Given
the amount of regression (R2) for each
isotherm, Freundlich model had the highest
value and was the best model in the phenol
adsorption by the study absorbent.

Maximum efficiency for the adsorption of
phenol from contaminated water for
absorbent achieved from banana leaf ash
according to the results of the present study
was found at the absorbent concentration of
0.2 g/l, relatively modest initial pH and 4 in
the optimal condition and contact time of 75
minutes for mixing samples and a
concentration of 10 mg/l. The Freundlich
isotherm model had the highest rate, so was
considered as the best model in the phenol
adsorption by study absorbent (R2 0.900).

Daraee, Manshoori and Yazdanbakhsh
(2010) conducted a research regarding the
phenol removal using ostrich feathers ash
and determined that removal efficiency
decreases with increasing pH, and the
highest removal was found about 65% at
pH=3, and the absorbent content of 2g/l, the
contact time of 8 hours and the phenol
concentration of 15mg/l. Also, the maximum
adsorption rate was obtained at 30°C and
the absorbent concentration of 0.7g/l as well
as the correlation coefficients in the
Langmuir and Freundlich isotherms were
0.956 and 0.989, respectively (11). coefficients
in the Langmuir and Freundlich isotherms were
0.956 and 0.989, respectively (11).
3
2.5
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