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Abstract
The aim of the present study was to investigate the potential of increasing the

adsorption efficiency for phenol adsorption onto activated carbon fixed bed with more
economical and increasing the operating time using continuous system by adding local
Iraqi porcellanite rocks as a weight ratio to the activated carbon bed . Two types of
experiments were carried out, batch and continuous flow (column system)
experiments. Batch study showed that equilibrium isotherms for the adsorbent used in
this study is favorable type .After using SPSS (V.15) program for the statistical
analysis of the experimental results, the equilibrium data of the phenol adsorption by
using activated carbon in aqueous solutions was well represented by the Langmuir
(R2=0.9775) and Freundlich (R2=0.9879) isotherm models. By the value of R2, it can
be seen that the Frendlich model is the best to fit the data.

Column experiments carried out with using of natural porcellanite as different
weight ratios to the activated carbon ( 0%, 5% ,10% and 15%) at similar operation
conditions. It was found that adding 5% porcellanite weight ratio to the activated
carbon bed increases the operating time of activated carbon – column by 24%, while
adding 10% and 15% porcellanite weight ratio causes the operating time to decrease
by ( 19% and 52% ) respectively and therefore makes the adsorption process not
efficient compared with pure ( 0% ratio ) activated carbon bed.

The model provided a very high degree of correlation of experimental adsorption
rate data suggesting that this model could be used in design applications.

1



مجلة كلیة التربیة /بابل

Introduction:
Many industrial wastes contain organics which are difficult, or impossible, to

remove by conventional biological treatment processes (Rengaraj et al.,2002).
Phenols as a class of organics are similar in structure to the more common

compounds in that they are resistant to biodegradation, and it is extensively studied
adsorbate for the adsorption of aqueous solutions on carbon , for practical( in
wastewater treatment) as well as scientific reasons. It is a good model compound for
organic pollutants in wastewater ( Yang ,2003).

Phenols are widely used for the commercial production of a wide variety of
resins including phenolic resins, epoxy resins, and polyamide for various applications
( Banat et al., 2000 ).

Many wastewaters contain significant levels of organic pollutants of aquatic
ecosystems such as phenols, especially the chlorinated once, are considered as priority
pollutants since they are harmful to plants, animals and human, even at low
concentrations (Theopharis et al.,1998). Because of extensive use of these compounds,
they are readily enter ecosystems by industrial and municipal wastewater, by
leachates emerging from waste deposits, by agricultural runoff of pesticides, etc..
(Yapar et al.,2004). Phenolics constitute the 11 th of the 126 chemicals which have
been designated as priority pollutants by the United States Environmental Protection
Agency (Rengaraj et al.,2002).

So that , the (EPA) regulations call for lowering content in the wastewater to less
than 1 mg / l (Eahart et al. ,1977) and the (WHO) prescribed a concentration in
drinking water (WHO, 1984).
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Many water treatment technologies are available to remove phenol from
receiving water bodies, the most important removal technology is adsorption ( Laszlo
et al.,2003 ; Tebbut ,1998).

Activated carbons are widely used as an a dsorbent for the removal of a wide
range of pollutants ( Jankowska et al .,1991 and Ania et al .,2002).

Literatures on the adsorption study of organics contaminants onto activated
carbon are abundant (Costa et al.,1988; Yang et al.,1994; Tseng et al.,2003; Dabrowski
et al .,2004).

The main objective of this study is to prove that the flow system can made more
efficient and/ or economical by increasing the adsorption efficiency of the adsorbent
through the reduction of dead zones between the activated carbon particles in a fixed
bed system by adding filler material like natural porcellanite, and reduction the losses
of adsorption process through the micro pores of activated carbon particles .
The experiments carried out batch's and fixed bed column. Laboratory batch studies
were conducted to estimate the adsorption capacity of the adsorbent .

In this work, the Langmuir and Freundlich isotherm models were used to describe
the relationship between the amount of phenol adsorbed and its equilibrium
concentration in solutions. Four experiments in a fixed–bed column system with
different weight ratios of natural porcellanite–activated carbon were done to
investigate the main objective of this work.

The model can predict any data which is hard or cannot be known from the
laboratory work and help engineers or column designers for better and economic
design.

Materials and methods
Adsorbent : The commercial activated carbon with characteristics listed in Table (1)
was supplied by ( Unicarbo, Italian ,Lmt .Co.) to Iraqi local markets was used in this
study .

The mesh size of activated carbon was (0.5*10-3m) and obtained by sieving
analysis using the American Sieve Standards in the building materials Laboratory at
the University of Babylon.

Iraqi natural porcellanite rocks kindly supplied by the General Establishment for
Geological Survey and Mineralogy – Ministry of Industry and Minerals, from the
Akashat site in the western region of Iraq. The characteristics of porcellanite are listed
in Table (2) .

The porcellanite rocks were crushed and sieved to get granular porcellanite with
particle size of ( 0.1*10-3m) to be used in present study .

For pre–treatment , these materials were firstly washed with distilled water and
then dried in an electric oven at 120 C◦ over night ( Yamin et al.,2007).

This time was usually enough to remove any undesired moisture within the
particles .It was then placed in desiccators for cooling .
Adsorbate : The phenol solution was prepared with concentration of 0.2 kg/m3 .

The pH solution was adjusted with (0.1 M HCL ) using pH meter to its effective
adsorption pH value ( pH = 5) in this study .
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Analytical technique : The phenol concentrations were measured using UV- 1650 PC
SHIMATZU) with wavelength (500 nm ) according to Wilfred,1959.

Linear calibration curve was used in the determination of equilibrium phenol .
The curve was based on standards in the concentration range ( 0.01 – 0.1 kg/m3).
For the concentration above (0.1 kg/m3), process of dilution was used in order to

analysis the samples .
Triplicate samples were run and the results averaged .

Table (1) : Characteristics of the Activated carbon

Base Coconut shell
Bulk density 0.3 * 103 Kg /m3

Particle density 1.5 * 103 Kg /m3

BET surface area 650 * 103 Kg /m3

Particle porosity 0.4
Bed porosity 0.2

Ash content (%) 5 ( max)
Iodine No. (mg /g) 1100 - 1130

pH 10.2 -10.6
Moisture content

(%) 5

Table (2) : Characteristics of the Iraqi natural Porcellanite rocks.

Kg /m3Density ( gm / m3 ) 1.323
Specific gravity 1.301

Surface area BET ( m2 / g) 39.688
SiO2 (%) 62.02
MgO (%) 7.2
Fe2O3 (%) 0.87
Al2 O3 (%) 2.71
CaO (%) 11.55

Experimental
The adsorption of phenol onto activated carbon was studied using two types of

experiments , batch and column experiments.
Batch experiments : Bach experiments were carried out to study the adsorption
isotherms of phenol at 30 ± 1 Co .

The experiments were adjusted at the initial pH of 5 for phenol ( Banat et
al.,2000 ;Mahvi et al.,2004). 100 ml of portions phenol solution of a 0.2 kg/m3

concentration were placed in 7 conical flasks 250 ml in volume, containing different
accurately weighed masses of commercial activated carbon ( 0.1 , 0.2 , 0.3, 0.4 ,0.8 ,1
,and 1.5 gm ) .
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The whole set was then placed on shaker for 30 hours . At the end of the
equilibrium time the flasks were taken off the shaker and the samples were filtered
using filter paper .Then , phenol equilibrium concentration was measured according to
Wilfred,1959.

The amount of phenol adsorbed at equilibrium is calculated based on the
following equation (Ho et al.,1996 ).

………………… (1)
where:
qe (mg/g) : is the amount of phenol  adsorbed in adsorbent at equilibrium.
Co and Ce (mg/l) : are the initial and equilibrium concentration of phenol solutions
respectively.
m  (g) : is the amount of adsorbent .
V (l) : is the volume of phenol solution .
Fixed bed column experiments :
Experimental arrangements

The schematic representation of experimental equipments is shown in Figure (1).
Adsorption column

Continuous flow adsorption studies were conducted in a vertical glass column
made of Pyrex glass tube ( 0.8 m) height , and ( 0.05 m) internal diameter .

The activated carbon bed was confined in the column by the means of the glass
spheres placed on the top and bottom of bed to ensure a uniform distribution of
influent phenol solution through the carbon bed .

Two cylindrical tanks were used as container, the first one as a storage tank (100*
10-3m3 ); the second one as a feed tank (50*10-3 m3); each tank was fitted with gate
valves.

The bed column was (L=0.05 m) height of  activated carbon with flow rate

( =1.78 *10-6 m3/sec), phenol concentration(Co=0.2kg/m3), and pH=5 for all
experiments.
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Fig. (1): A schematic representation of experimental equipment.

Preparation of samples with different porcellanite–activated carbon ratios.
Different porcellanite–commercial activated carbon weight ratios were used

starting from 0%, 5% ,10% ,and 15% of natural porcellanite. The added porcellanite
was with a size of (0.1*10-3m) mixed with activated carbon particles with size of
0.5*10-3m .

Each sample was mixed by a shaker for 1 hour .
Experimental procedure

After preparing the phenol solution with desired concentration in the storage tank.
The solution was pumped by means of centrifugal pump (KF-2, SAER, ITALA)

with capacity (0.05 m3/hr) from the storage tank to the feed tank and then to the top of
the column by gravity flow .

The volumetric method was used to adjust the flow rate to the desired value.
At first, every (10) minutes sample was taken from the outlet of the column and

after phenol appeared in the sample the time interval of sampling became
(20 minutes) until equilibrium state was reached .
To achieve the measurement of the breakthrough curve for phenol, four experiments
were done, once with pure activated carbon, and other three experiments with
different porcellanite–activated carbon weight ratio (5%, 10%, and 15%) . All
experimental conditions are summarized in Table (3) .

able (3) Column system-data
Experimental data

T
Data of
results

Experimental
No.

Adsorben
t

Adsorbat
e

Adsorbate
concentrati

on     (
kg/m3)

Bed
depth
(m)

Flow
rate

( )
(m3/sec)

Particle
Size of

Activated
carbon

(m)

Particle
Size of

Porcellani
te

(m)

Porcel
lanite

–
activat

ed
carbo

n
ratio
(%)

Saturatio
n time
(min.)

1 Activated
carbon phenol 0.2 0.05 1.78*10-6 0.5*10-3 0.1*10-3 0 640

2 = = = = = = = 5 840
3 = = = = = = = 10 540
4 = = = = = = = 15 420
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Results and discussion :
Batch experiments

This experiments were done to estimate the adsorption isotherm constants for
commercial activated carbon. The Langmuir and the Freundlich equations were used
to study data concerning the dependence of the adsorption on the phenol
concentration, so that, the equilibrium data were fitted to these models to describe
experimental data.

Analysis of the isotherm data is important in order to develop an model that
represents the results and could be then used for design purposes .

The Langmuir isotherm defined by following equation (Langmuir ,1916):

…………………… (2)
or its linear form :

…………………….. (3)
The linear form is made to yield Langmuir constants (Q ,b) by regression line .

Where qe (mg/g) is the amount of phenol adsorbed at equilibrium, Ce (mg/l) is the
equilibrium concentration of adsorbate in solution, Q (mg/g) and b ( L/mg) are the
Langmuir constants related to the maximum adsorption capacity corresponding to
complete monolayer coverage on the surface and to energy adsorption(affinity
constant or heat of adsorption) (Weber,1972 ; Badmus et al ., 2007).

These constants are obtained from the slope and the intercept of the linear plot of
experimental data of versus Ce as shown in Figure (2).

Fig.(2): linearized form of Langmuir adsorption isotherm of phenol onto
commercial activated carbon at 30 ± 1 Co, Co = 0.2 kg/m3,  pH = 5 .

Further, a dimensionless quantity r, defined as (Weber and Chakravorti , 1974):

7



مجلة كلیة التربیة /بابل

………………………………. (4)
is developed taking the Langmuir constant b (L/mg) and the adsorbate concentration
Co (mg /L).

The parameter indicates the shape of isotherm accordingly (Weber ,1972).
r value type of isotherm
r> 1                                   unfavorable
r = 1                                  linear
0 < r < 1                            favorable
r = 0                                 irreversible

Freundlich isotherm defined by the following equation : (Freundlich , 1906).

………………………… (5)
or its linear form

………………..(6)

Where K and are Freundlich constants related to maximum adsorption capacity or
adsorption distribution and adsorption intensity, respectively of the sorbent (Chandra
et al ., 2006  ).

The values of K and can be obtain from the intercept and slope, respectively,
of the linear plot of experimental data of versus log Ce as shown in Figure (3).

Fig.(3): linearized form of Freundlich adsorption isotherm of phenol onto
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commercial activated carbon at 30 ± 1 Co ,Co = 0.2 kg/m3, pH = 5.

The results are tabulated in Table(4). The values of correlation coefficient (R),
determination coefficient (R2), and the standard error of the estimate (S.E.) were
obtained by linear regression using the least squares method. These estimated models
parameters are measure of goodness of fit, show that both the Langmuir and
Freundlich isotherm models can sufficiently, describes the adsorption data well for
phenol compound study, but the value of R2 was slightly higher for Freundlich than
Langmuir .

This indicates that the Freundlich isotherm is clearly the better fitting isotherm
to the experimental data. Similar results were observed by Faust and Aly, 1987 for
organic compounds such as phenolic compounds ( Koh and Dixon ,2001).

The value of separation factor (r) for activated carbon with phenol concentration
of 200 mg /l indicates that the adsorption process is favorable. Similar results were
observed by (Weber and Chakravorti ,1974 ; Han et al ., 2005).

Table (4) : Langmuir and Freundlich parameters of isotherm for activated carbon used
in this study.

Adsorbe
nt

Langmuir isotherm
( 95 % confidence level )

Freundlich isotherm
(95 % confidence level )

Granula
r

activate
d

carbon

Q
(
m
g
/
g
)

b
(
L
/

m
g)

C
or
re
la
ti
o
n
co
ef
fi
ci
e
nt
(
R
)

D
et
er
m
in
at
io
n
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ef
fi
ci
e
nt
(
R
2)

St
an
da
rd
er
ro
r
of
th
e

est
im
at
e
(S
E)

R
L

Inte
rcep

t
(K)

(
mg/g
)(L/
mg)1/

n

S
l
o
p
e
(
1
/
n
)

C
or
re
la
ti
o
n
co
ef
fi
ci
e
nt
(
R
)

D
et
er
m
in
at
io
n
co
ef
fi
ci
e
nt
(
R
2 )

Sta
nd
ard
err
or
of
the
esti
ma
te

(SE
)

7
1
.
4
2
8
5

0.
0
3
2
4

0.
9
8
8
7

0.
9
7
7
5

0.
10
1

0
.
1
3
3
6

6.48
6

0
.
4
6
5

0.
9
9
3
9

0.
9
8
7
9

0.0
31
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Figure(4) explains the experimental and theoretical results by using Langmuir
and the Freundlich adsorption isotherm equations and showed favorable type of
adsorption for experimental results .

Column experiments
The results of phenol adsorption onto commercial activated carbon fixed bed

using continuous system (continuous flow) were presented in the form of
breakthrough curves which showed the loading behaviors of phenol to be adsorbed
from the solution expressed in terms of relative concentration defined as the ratio of
the outlet phenol concentration to the inlet phenol concentration as a function of time
(C / Co vs . time).

To study the effect of different natural porcellanite–commercial activated carbon
weight ratios were investigated for phenol adsorption onto commercial activated
carbon by adding different weight ratios of (0.1*10-3m particle size) natural
porcellanite to the activated carbon bed (0.5*10-3m particle size). Four experiments
were conducted using different weight ratios of (0%, 5%, 10%, and 15%). The
experimental breakthrough curves are presented in Figure(5) and the data of results
tabulated in Table (5).

All experiments were conducted at constant conditions, bed depth (0.05m) , initial
phenol concentration (0.2kg/m3), flow rate (1.78*10-6 m3/sec), particle size of granular
activated carbon (0.5*10-3m), particle size of natural porcellanite (0.1*10-3m) and
solution pH of 5 .

Figure(5) shows that a significant increase in the operating time by (24%) is
achieved by adding (5%) porcellanite weight ratio to the activated carbon bed .

Increasing the natural porcellanite ratio to (10%, 15%) caused the operating time
to decrease by 19% and 52% respectively and these additions were achieving lower
operating time and removal efficiency than pure (0% ratio) activated carbon bed .

Therefore, it is very important to find the optimum weight ratio of natural
porcellanite to activated carbon particles (5%).
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Knowing that the matching between the two mechanisms; static hold–up and
operating hold–up will save weight of activated carbon and minimize the losses in
surface area for adsorption. Then, 5% ratio increases the adsorption efficiency of the
activated carbon through the reduction of dead zones between particles in fixed bed,
and reduction the losses of adsorption- process through the micro pores.

Table (4) : The experimental breakthrough data for adsorption of phenol onto
commercial activated carbon at different natural porcellanite/commercial

activated carbon, Co=0.2kg/m3, =1.78*10-6 m3/sec, bed depth=0.05m,
PH=5.

Tim
e

(mi
n)

0%
Porcella

nite
Tim

e
(mi
n)

5%
Porcella

nite
Tim

e
(mi
n)

10%
Porcella

nite
Tim

e
(mi
n)

15%
Porcella

nite
C /Co C /Co C /Co C /Co

2

4

1
12
14
1

0
0
0
0
0

0.007
7

0.009
8

0.010
5

0.011
5

2
3
4
5
6
7
8
9

10
12
14
16

0
0
0
0
0
0
0
0
0

0.005
5

0.017
5

2
3
4
5
6
7
8
9

10
12
14
16

0
0
0
0

0.02
0.023

75
0.027

5
0.05

0.057
5

0.065
0.151

2
3
4
5
6
7
8
9

10
12
14
16

0
0
0

0.01
0.035
0.045
0.055
0.075
0.08

0.187
5

0.265
0.3

0.402
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1
2
22
24
2
2
3
32
34
3
3
4
42
44
4
4
5
52
54
5
5
6
62
64

0.014
75

0.017
4

0.047
8

0.055
0.11
0.15

0.175
0.225
0.279
0.339

55
0.379
0.451

8
0.553

35
0.578
0.590

5
0.626

5
0.655
0.676
0.707

25
0.79
0.84

0.901
5

0.952
5

0.979
0.993

85
0.999

9
0.999

9
0.999

9
1

18
20
22
24
26
28
30
32
34
36
38
40
42
44
46
48
50
52
54
56
58
60
62
64
66
68
70
72
74
76
78
80
82
84

0.042
5

0.05
0.127

5
0.2

0.225
0.265

5
0.326

5
0.357

25
0.422

5
0.451

5
0.502

25
0.528
0.557
0.578

5
0.593
0.604
0.617
0.643
0.652

5
0.675

6
0.702
0.718
0.754
0.809

5
0.839
0.869

2
0.903

5
0.936

5
0.962

5
0.978

18
20
22
24
26
28
30
32
34
36
38
40
42
44
46
48
50
52
54

0.3
0.378
0.417
0.447

5
0.478

5
0.501
0.526

5
0.544
0.557

5
0.572
0.591
0.628
0.678

5
0.702

5
0.778

5
0.85

0.903
35

0.954
0.978
0.999

9
0.999

9
1

18
20
22
24
26
28
30
32
34
36
38
40
42

0.476
0.526

5
0.578
0.603

35
0.679
0.726
0.804
0.854

5
0.927
0.950

5
0.976
0.999

9
0.999

9
1
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0.981
5

0.985
0.991
0.995
0.999

9
0.999

9
1

Conclusions
Wastewater containing phenolic compounds present a serious problem. Phenol

containing wastewater may not conducted into open water without treatment because
of toxicity of phenol. From the present study, the following conclusions based on the
results are drawn :

1- The ability of commercial granular activated carbon to adsorb phenol from
aqueous solution was investigated by batch and column systems. This study
shows the potentialities of activated carbon in wastewater treatment and the
adsorption process can be an alternative treatment method for this pollutant
resistant to conventional methods. Therefore, it can be used for complete
decomposition of phenol .

2- In batch experiments, the equilibrium isotherms for phenol adsorption onto the
activated carbon used in this work are of favorable type. The data of phenol
adsorption are correlated with Langmuir and Freundlich models and it is found
that Freundlich model gives the best fit for the experimental data with higher
correlation coefficient .

3- In continuous flow experiments, adding 5% (0.1*10-3m particle size) of natural
porcellanite as a weight ratio to the activated carbon bed(0.5*10-3m particle
size ) increases the operating time by 24% compared to 0% ratio (activated
carbon only).Increasing the porcellanite ratio to 10% and 15% decrease the
operating time by 19% and 52% respectively, and therefore make the
adsorption process not efficient compared with pure carbon bed  (0% ratio ).

4- The model parameters would be useful for fabrication and designing of waste
-water treatment plants.

Recommendations:
Based on the results achieved in this work, the following recommendations can

be forwarded :
1- It is recommended to conduct further works with study the effect of using

different natural porcellanite granular activated carbon ratios in continuous
system to remove other pollutants such as pesticides and heavy metals
from either domestic or industrial wastewater .

2- It is recommended using biological treatment before porcellanite–
activated carbon columns for removing organic matter.
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3- This study may be extended for using another type of adsorbent than
activated carbon or activated carbon with another filler material.
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