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Abstract

Adsorption studies for phenol removal from agueous solution onto commercial

Powdered Activated Carbon were carried out. Batch kinetics and isotherm studies
were carried out under varying conditions of contact time, initid phenol concentration,
adsorbent dose and pH. The adsorption of phenol increases with increasing initial
phenol concentration and decreases with increasing the solution pH value. The
equilibrium data in agueous solutions was well represented by theLangmuir and
Freundlich isotherm models. Kinetics of adsorption followed a first order rate
equation. The studies showed that the Commercial Powdered Activated Carbon
can be used as an efficient adsorbent material for the remova of phenolics from
water and industrid wastewater.
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system

OsUMY saua aladiuly Aeliall sbwall (e Jgindll i Fia) 3 jal Al o
Blal) cila a s gbuda DL ga Adand go (g ladl Jadiial)

) ) Ladal)
Lol e K 5 sae ddadd o Alall Julladll (e Joudl) 4D 3Y ) 6V bl s
(Batch kinetics) 4 ;ﬁIJAJ<X\ el J<);j\ el “\J; ‘L:.\\.\“ [KYY uﬁ L@j“\)g (,3 28 L..S,)léﬁ‘
Jai¥) () (e Adlide oyl cani b e 23 38 (iSOtherm) & ) jall cila jo (5 sludias
oY) 5 (adsorbent dose) & y—iad) ic a5 o Jsudll S 55 (contact time)
8Ly e iy (adl Jsuall 3€ 550k 5 ae oy Jsidl 3l 3l (PH valug) (s 52l
Ban )y ay Ll o3 38 Al Jdlaall o ) by L laall s s yuel) ) dad
Sy 5 g (Langmuir) ,—sSoU (isotherm) s sall cils ) 6 suiie ED se ddand 5
ol o g Al Al L ) A el e A Adles a5 @S s L(Freundlich)
el e Jsnall A JY Allad 5 iaa 5aleS adiin o) (S st el o g KN (3 saina

e liall ol
Nomenclature Symbols
Abbreviations b Langmuir constant (1/mg)
CPAC Commercial Powdered Ce Equilibrium concentration of
Activated Carbon the adsorbate (mg )
PAC Powdered Activated Carbon k Freundlich congtant (mg/g)
EPA  Environmenta Protection Ka lonic constant of the weak
Agency adid
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Un Freundlich congtant (I/mg)

Q Langmuir constant (mg/g)

Oe Amount adsorbed at
equilibrium (mg/g)

Greek Litters

jions lonic fraction of phenolate
ion

Subscript

e Equilibrium

Introduction

Many industriad wastes contain
organics which ae difficult, or
impossible, to remove by conventional
biological trestment processes [1].
Phenols as a class of organics are
smilar in dructure to the more
common herbicides and insecticides in
that they ae redgant to
biodegradation. Phenols are widdy
used for the commercia production of
a wide variety of resins including
phenolic resins, which are used as
construction materials for automobiles
and agppliances, epoxy resns and
adhesives, and polyamide for various
gpplications [2]. In the presence of
chlorine in drinking water, phends
form chlorophenol, which has a
medicind taste [3-6]. Phenalics
condtitute the 11th of the 126
chemicals which have been designated
as priority pollutants by the United

States  Environmental Protection
Agency [1. Stringent us
Environmental  Protection  Agency

(EPA) regulations call for lowering
phenol content in the wastewater to
less than 1 mg I [7]. Activated carbon
is an effective adsorbent primarily due
to its extensve porosity and very large
available surface area. There are many
methods such as oxidation,
precipitation, ion exchange and solvent
extraction to remove phendlic
materids from aqueous solution.
However, in water treatment the most
widely used method is adsorption onto
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the surface of activated carbon [8].
Activated carbons are widdy used as
an adsorbent for the remova of a wide
range of pollutants from various
hoging matrices and not those
incorporated in the crystd lattice
because of their high adsorption
cgpacity, fast adsorption kinetics and
eese of  regeneration.  Severd
rescarchers have been reported the
adsorption theory and applications of
the solid phase extraction to remove
phenol from wastewater. Activated
carbons ae complex and
heterogeneous materid made of wood,
coconut shells, cod, etc with unique
adsorptive  characteridics mainly
influenced by the porous structure,
surface area and chemica structure of
the surface [9, 10].

Powdered Activeted Carbon
(PAC) is one type of activated carbon
with effective diameter less than 50
mm. Its apparent dendity ranges from
0.36 to 0.74 g/cc, and is dependent on
the type of materids and the
manufacturing process. The primary
advantages of using PAC are the low
cgpital investment costs and the ability
to change the PAC dose as the water
quality changes. The ldter advantage is
especidly important for systems that
do not require an adsorbent for much
of the year [11].

The objective of the present
dudy is to describe the potentid of
Commercid  Powdered  Activated
Carbon (CPAC) to adsorb phenolic
pollutants using phenol as a modd
component.  Batch  kingtics and
isotherm studies were conducted to
evauate the adsorption capacity of
CPAC. The influences of various
factors, such as initid pH, and initia
pollutant  concentrations on  the
adsorption capacity were also sudied.
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Methods

Severd modds have been
published in the literature to describe
experimenta  data of adsorption
isotherms.  The  Langmuir  and
Freundlich isotherem models are the
most frequently employed models. In
this work, both models were used to
describe the relationship between the
amount of phenol adsorbed and its
equilibrium concentration in solutions
at different pH values [12].

In 1918 Langmuir used a
smple modd of the solid surface to
derive an equation for an isotherm. He
assumed that the solid has a uniform
surface, that adsorbed molecules don't
interact with one another, tha the
adsorbed molecules are locdlized a
specific dits, and that only a monolayer
can be adsorbed [10].

Langmuir assumed tha the
sufaces of most solids ae not
uniform, and the desorption rate
depends on the location of the
adsorbed molecule. The force between
adjacent adsorbed molecules is often
substantid.  There is much evidence
that adsorbed molecules can move
about on the surface. This mobility is
much greater for physicaly adsorbed
molecules than for chemisorbed once
and increases asT increases [10].

The linear form of the
Langmuir isotherm model can be
represented by the following relation
[2]:

11,1 1 (1)

d Q° bQ°Ce

Where . is the amount
adorbed a equilibrium (mg/g), Ce is
the equilibrium concentration of the
adsorbate (mg 1Y), and Q” (mg/g) and b
(I/mg) ae the Langmuir constants
related to the maximum adsorption
capacity and the energy of adsorption,
repectively. These congtants can be

evauated from the intercept and the
dope of the linear plot of experimental
data of 1/ geversus 1/ C[2].

The Freundlich isotherm can
be derived by modifying theLangmuir
assumption to alow for several kind of
adsorption sites on the solid, each kind
having a different heat of adsorption.
The Freundiich isotherm is often
gpplied to adsorption of solutes from
liquid solutions onto solids.

The linear form of the
Freundlich isotherm modd is given by
the following equation [2]:

Inge=Ink+IncC w(2)

Where k (mg/g) and 1/n (I/mg)
ae Freundlich congtants related to
adsorption capecity and adsorption
intensity,  respectively, of the
adsorbent. The values of k and 1/n can
be obtained from the intercept and
dope, respectively, of the linear plot of
experimenta data of Inge versus InC,
(2.

Experimental Work
Materials

The chemicds used as
supplied from locad makets. The
characterigtics of the activeted carbon
and phenal are presented in Table (1)
and (2) with their purities, physica
properties such as dendty were
measured experimentaly and
compared with values in the literature
[12).

Procedure

The CPAC usad in this study
was purchased from local market. The
CPAC was used in the baich
experiments. Prior to use, the carbons
were washed several times with
deionised water. Afterward they were
dried in an oven at 110 °C for 24 h and
stored in adesiccator until used.

Batch adsorption experiments
were carried out by dlowing an
accurately weighted amount of CPAC
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to reach equilibrium with phenadl
solutions of known concentrations
(based on earlier <udies and our
pretest results). Initial concentrations
of phenol were held between 100 and
500 mg I™. The pH was adjusted using
dilute HCI or NaOH solutions. Known
weights of CPAC (0.3 mg) were added
to glass backer bottles each containing
100 ml solution. The backers were
agitated on a shaker & an 80 rpm
congtant shaking rate a 25°C for 24 h
to ensure equilibrium was reached. At
the end of the equilibrium period the
contents of the backers were filtered,
centrifuged for 10 min a 5000 rpm
usng a 4124 Beddl centrifuge
(Haraeus-Christ, Germany) and the
supernatant was subsequently anadyzed
for residua concentration of phenal.
The concentration of phenol was
determined with photometric method
[12]. At the end, after the preparation
of samples according to the standard
methods, the  residud phenal
concentrations were measured using
spectrophotometer equipment
(spectrophotometer DR-2000, HACK).
The absorbance of the colored
complex of phenol with 4
aminoantipyrine was read a 500 nm
[12]. Findly the suitability of the
Freundlich and Langmuir adsorption
mode to equilibrium daa were
investigated for phenol - adsorbent
sydem in three different pH. All
experiments were run in duplicates to
ensure reproducibility.
Results and Discussion
Effect of pH

The adsorption of phenol by
CPAC was studied at various pH
values. Different initia
concentrations of  phenol  were
prepared based on the researches
concerning the phenol concentration
in industria effluents [13] in the
range of 100-500 mg I™* and adjusted
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to different pH values of 5, 7, and 11.
CPAC was added to make its
concentration 30 mg [ and
adsorption was carried out until
equilibrium.  The results are
displayed in fig.(1).

As was expected, the adsorbed
amount decreases with increasing the
pH vdue (Fig.(1)). This can be
atributed to the dependency of phenol
ionization on the pH value. The ionic
fraction of phenolate ion { ions) Can be
cdculated from [2]:

1 ()

g[+1o§pka- pH Q

Obvioudy, | ions iNcresses as
the pH vaue increased. Accordingly,
phenol, which is aweak acid pK,=10),
will be adsorbed to a lesser extent a
higher pH vaues due to the repulsive
forces prevailing at higher pH values.
Similar behavior has been reported by
Hahouli et d. [8] for the adsorption of
phenol by activated carbon [2]. In the
higher range phenol forms sdts which
readily ionize leading negative charge
on the phenolic group. At the same
time the presence of OH ions on the
adsorbent  prevents the upteke of
phenolate ions [1,3].
Effect of Initial Phenol Concentration

Fig.(2) shows the effect of

contact time on the remova of
phenol by CPAC. The results show
that the equilibrium time required for
the adsorption of phenol on CPAC is
6 h. It is aso seen that the remaining
concentration of phenol becomes
asymptotic to the time axis after 6 h
of shaking. However, for subsequent
experiments, the samples were left
for 24 h to ensure equilibrium. These
results aso indicate that the
adsorption process can be considered
very fast because of the largest
amount of phenol attached to the
adsorbent within the first 3 h of

J ™
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adsorption. The equilibrium time was
independent of initial concentration
of phenol. The phenol remova
versus time curves is single, smooth
and continuous leading to saturation,
suggesting the possible monolayer
coverage of phenol on the surface of
the adsorbents [2].

As has been shown previoudy
(fig.(2)) the adsorption of phenol onto
CPAC increases as the initial phenaol
concentration increased.  Adsorption
equilibrium was reached within 6 h
for phenolic concentrations 100-500
mg 1. This is dso inconsistent with

the results of fig.(3).
Increasing the initid  phenal
concentration would increase the

mass transfer driving force and
therefore the rate at which phenol
molecules pass from the bulk
solution to the particle surface.
Hence a higher initia concentration
of phenol enhances the adsorption
process. This would results in higher
adsorption [2]. On a relative basis,
however, the percentage adsorption
of phenol decreases (fig.(1)) as the
initia phenol concentration
increases. Similar results reported by
other researcher [2].
Effect of CPAC Dose

Fig.(4) shows the removal of
phenol as a function of carbon dosage
by CPAC a the solution pH of 7.
Carbon dosage was varied from 10 to
150 mg I It is evident that for the
quantitative remova of 400 mg I* of
phenol in 100 ml, a minimum carbon
dosage of 150 mg 1* CPAC is required
for 97% remova of phenol. The data
clearly shows that the CPAC s
effective for the removal of phenol.
The results dso clearly indicate that
the removal efficiency increases up to
the optimum dosage beyond which the
removd efficiency isnegligible [1].
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Adsorption I sotherms

The three equilibrium curves that
were obtained at the three pH valuesin
this study are well represented by the
Freundlich and Langmuir isotherm
modéels (fig.(5) and fig.(6)). When the
Langmuir and Freundlich isotherm
model were applied to these data, a
very good fit was obtained a al pH
vaues (fig.(6) and fig.(5)).
The Langmuir constants Q” and b and
Freundlich congtants k and 1/n at
various pH vaues are displayed in
Table (3). It is obvious that the
parametersQ’ (6.41 at pH of 5t0 4.7 a
pH of 11) and k (0.27 a pH of 5 to
0.135 at pH of 11), which are related to
the adsorption capacity, increase with a
decrease in the pH values [2-4]. Thisis
condstent with the experimenta
obsarvation. R? vaues, which are a
measure of goodness-of-fit (Table (3)),
show that both the Langmuir and
Freundlich isotheem models can
adequately describe the adsorption
data

Conclusions
In this study, the ahility of
commercial Powdered Activated

Carbon to adsorb phenol from agueous
solution was investigated as a function
of pH and initial phenol concentration.
CPAC adsorption capability was
srongly dependent on the pH of the
solution. The adsorption capacity was
increased with a decrease in the pH
and an increase in the initid phenol
concentration. The adsorption  of
phenol was increased with increasing
contact time and became admogt
condant after 6 h. The adsorption
phenomenon of phenol to CPAC was
expressed by the Langmuir and
Freundlich adsorption models.
Consequently, the experimental data
showed that both the Langmuir and
Freundlich isotheem models can
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adequately describe the adsorption
data.

It can be concluded tha
CPAC can be used for remova of
phenol and other harmful compounds
in effluents.
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Table (1) Properties of the Commercial Powdered Activated Carbon

Property unit value
Density g/cm’ 0.495
Ash wit% 4
Moisture wt% 2.8
Solubility in water wt% 0.37
Solubility in acid wt% 1.2
Solubility in methanal wt % 0.26
Volatile matter wt% 7.1
Surface area m/g 540
lodine number ma/g 500
Nominal size mm 38-75
pH - 8.1

Table(2) Physical properties of Phenol.

Density Refractiveindex | Boiling

. Purity
Component | M.wt. | =0 | Lit. | Exp. | Lit. poo'C”t %

Supplier

Phenol 94113 | 1.588 | 1.587 | 1.5423 | 1.5395 | 181.8 99.5 M er ck

Table(3) Parameters of Freundlich and Langmuir isotherm models

Freundlich constants 2 Langmuir constants 2
pH K n R o b R
5 0.27 0.51 0.998 6.41 0.009 0.993
7 0.21 0.53 0.993 6.39 0.007 0.997
11 0.14 0.54 0.989 4.7 0.006 0.992
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Figure (1) Reationship between initial phenol concentration
and its percent adsorption for variouspH values.
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Figure (2) Effect of contact timefor theremoval of phenal
by CPAC in various phenaol concentrations.
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Figure (3) Rdationship between equilibrium phenol concentration
and its adsor ption for variouspH values.

100

80 —

Phenol Adsorption Effeciency (%)
|

0 20 40 60 80 100 120 140 160
CPAC Dose(mg/1)

Figure (4) Effect of carbon dosage on theremoval of phenal
by CPAC.
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Figure (5) Freundlich adsorption isotherm for phenal with
CPAC at variouspH values.
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Figure (6) Langmuir adsor ption isotherm for phenol with

CPAC at variouspH values.
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