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Abstract

In this research, the adsorption of substituted phenols on anewly
synthesized a activated carbons has been investigated. The activated
carbon is prepared from spent petroleum materials (Asphalt) and
chemically activated by employing NaOH.

The work included studying the factors affecting the adsorption
process such as initial concentration, pH and temperature. The results
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indicated that, the increase of initial concentration increases the efficiency
of adsorbed phenols. The highest adsorption efficiency is observed in the
neutral medium of the studied compound. Increasing the temperature
decreases the amount of adsorbed phenols suggesting the physical nature
of adsorption system under consideration.

Depending on the effect of temperature, the thermodynamic
functions of adsorption were estimated. The obtained values showed that,
the adsorption process is spontaneous, exothermic and controlled by
entropy effect.

The application of Freundlich isotherm is good Fitted the
experimental data of the adsorption system.

The overall results showed that, the adsorption of the investigated
compounds are affected by the resonance and inductive effect of the
concerned subsistent.

Introduction

Adsorption is the retention of molecules onto the surface of an active
solid due to certain physical and chemical attractive forces. The aim of
using activated solid (such as activated carbon) is to ?roduce a material of
high surface area per unit volume with high porosity”.

The study of adsorption is important for various physico—chemical
processes and for understanding phenomena such as clarification and
depolution of industrial liquid effluents ¢,

Adsorption applications have expanded rapidly because of the sharp
rising of environmental and quality requirement. The development of
adsorbent technology have made it possible to meet many of those
demands®.

Adsorptions is often used as a method for treating aqueous solution to
remove dissolved contaminating organic compounds.

Organic are of a great concern is water treatment since most of them are
often carcinogenic, highly toxic and undesirable ©

The most conventional adsorption system being activated carbon.
Adsorption by activated carbon is proved to be a desirable technology to
remove dissolved organics from wastewater flows that contains a
significant quantities of industrial waste®.

The reason for the use of activated carbon in the removal of
dissolved substances from water by adsorption process adsorbent due to
its large number of pores which provide a large surface area compared to
the size of the actual carbon particle and its visible exterior surface .

Adsorption is affected by temperature and concentration. The
variation of the extent of adsorption with concentration is given by
empirical isotherms, which are used to predict the amount of adsorbed
material at definite temperature. Freundlich and Langmuir are two of the
most known isotherms among many other reported in the literature®®.

o



Safwan A. Al-Dbone

Nouri et.al®, studied the adsorption of three types of aromatic
hydrocarbons having different functional groups onto untreated carbon.
The study involved effect of pH and concentration on the nature of
adsorption. It showed that, the maximum adsorption is varied according
to the size and nature of functional group, on the other hand, the
adsorption on such carbon was found to be heterogeneous to a certain
extent.

Fariba®® studied the adsorption of phenols on certain type of a sandy
material. The main tasks were to establish quantitative relationships
describing the overall sorption of various substituted phenols at different
pH, and to estimate the adsorption coefficient of neutral and ionic forms
on adsorbent used.

Interest in the environmental behavior of dyes is prompted primarily
by concern over their possible toxicity and carcinogenicity heightened by
the fact that many of the dyes are synthezied from strating materials
which their and toxicity and long term effects on animal and human
health are well known. A great efforts have been concentrated on the
treatment of such material, in the industrial wastewater'?.

Albanis et al., studied the removal of five commercial dyes from
aqueous suspensions on a sandy clay soil of low organic materials
content. The experiments were carried out at equilibrium conditions in a
concentration range of 5- 60 mg I"". The fitting of the experimental data
of the adsorption to Freundlich isotherm gave linear relation. The
removal of these dyes from solution were highly dependent on
concentration.

In an other study*?, the decolorization of prepared aqueous solutions
of three reactive azo dyes used in textile processing by adsorption on
different types of powdered activated carbon were investigated, and the
coulour removal efficiency and equilibrium adsorption isotherms for
these dyes were estimated using five commercial powdered activated
carbon.

Favere et al.,™® studied the adsorption of some anionic dyes on a
certain type of polymer, employing the Langmuir isotherm. The results
showed that the adsorption capacity is dependent of pH. The adsorption
was dominated by Van der Walls forces and hydrogen bonding. The
study showed that the temperature increase reduces the adsorption
capacity and the value (< 40 KJ. mole™) proved the physical nature of the
adsorption by these dyes.

In a recently published paper™, the authors investigated the
adsorption of aromatic carboxyl acids carrying various substituents such
as OH, NH2, and SH. The effect of concentration, temperature and pH
were studied and the thermodynamic function (AG°, AS°, AH) of the

adsorption at equilibrium were calculated. The results revealed that the
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hydrogen bond present in the systems in addition to other attraction
forces have great effect on the adsorption.

The aim of this work is to study the removal of phenol and some of
its substituted phenol from their aqueous solution, by using a new type of
substituted activated carbon.

Experimental

The adsorption prosses of considered compounds from their agueous
solutions were achieved as batch method, and by employing single
component solution of the phenolic compounds of interest. A range of
concentrations of each studied compounds were used for achieving this
investigation.

The amount of the remained compounds in the solution (free
phenols) were determined by the titration with a standarized NaOH
solution. The amount of adsorbed phenols were estimated by difference.
Various effects were studied as parameters affecting the adsorption
process.

1. Instruments

Programable water bath and shecker type (Julabo/Sw23/Germany)
and pH meter type (2100/Oakon/Germany) are used for achieving two
study.

2. Preparation of stock solution for phenol and substituted phenols

Exact weight of prepurified phenol was dissolved in water using 100
ml volumetric Flask. Few drops of ethanol was added to the solution for
ensuring complete solubility. The prepared sample was kept in a reagent
botle for Further study.

3. Adsorption of phenols from the aqueous medi:

Exact weight of activated carbon (0.01 gm) was transferred to a
conical flask containing previously 5 ml and 10, 15, 20 and 25 ml of the
stock solution were added to the same amount of activated carbon. The
series under study was shacked at constant temperature for 1hr. After the
time past the samples were filtered and used for the determination of the
residual phenols.The adsorption of the same phenol was carried out at
various temperaturs, different pH and different concentrations.

4. Determination of the remained unadsorbed phenols:

First; the concentrations of all the stock solution were determined
by titration with standardized sodium hydroxide solution (0.1 M)using
ph.ph as indicater The fillerate from step 2 was used for the determination
of remaining phenol.
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5. Determination of optimal conditions:

The determination each parameter such as concentration,
temperature constant and different pH and different functional group type
and position were investigated.

6. Adsorbent

Adsorbent selected for this study is an activated carbon, synthesized
in our laboralony. From a spent petrotium material by employing
condensed oxidation method. The carbon was chemically activated using
Na OH.

The resulted carbon is characterized by its density (0.31g.cm™), ash
content ratio (1.321%) humidity content ratio (1.521%) and adsorption
capacity of iodine (950mg.g’) and the methylene blue dye
(149mg.g™H).44

Result and discussion
Effect of initial concentration
The effect of initial concentration is conducted at equilibrium

conditions within the range of (2.5x107 — 1.25x10™ mol/L) while keeping

all the other parameters constant. The results obtained are listed in Table
(1). The adsorption efficiencies are calculated in terms of the percentage

of the adsorbed phenol (eq..1) and the equilibrium constant (eq...2)

% adsorption = Ci-Ce

K= —— e, 2
ad Ce ( )

Where Ci and Ce are the initial and remained concentrations of the
tested compound respectively, (Ci-Ce) is the amount of adsorbed phenol.

Table (1): The effect of concentration on adsorption of studied compounds at
15C°
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Conc.
(mol/l)

K.

Y. ox) b
ox )"
\/'D><\~'Y
Yx)oo
Y Yox).

13.7
18.0
19.5
20.5
23.5

Y. ox) o
ox )"
\f">><\~'Y
Y )oo
Y Yox).

22.0

33.0

54.0

83.1
210.3

\"DXM'Y
ox )"
\/'°><\~'V
Yy
Y Yox )™

24.0
33.0
37.6
40.8
42.8

Y ox).
ox )"
\/'°><\~'V
Yx Yoo
Y. Yoxy.

23.2
28.0
54.0
78.5
108.0

\"OXM'V
ox )"
Yox)
Yx Yoo

Y Yoxy.

53.5
144.5
322.0
837.4

1599.0

Y oox)a"
ox )"
Yox)
Y Yoo

Y. Yoxy.

23.5
54.0
325.0
822.0
15811.7

0-CO2H —Ph

Y oox\a"
ox )"

V.ox) _
Yx)oo

Y Yo xVao

22.0
34.5
38.0
79.0
228.0

The results of Table (1) shows that the increase of initial
concentration increases the ratio of adsorbed phenols. Comparison
between the adsorption efficiencies of the o, m, and p-phenol compounds
shows that, the adsorption efficiency is clearly affected by steric and
inductive effects:
0-CHg3-ph <m — CHj; ph < p-CH3 -ph
0 —NH,-Ph — m-NH,-ph < p-NH,-ph
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The effect of hydrogen bonding (inter and intra) is clearly observed in the
overall results.

Effect of Temperature o _ _
The adsorption efficiency is estimated at various temperatures in the

range of (15-40) »C. The experiments were performed while keeping all
other parameters constant. The initial concentration was (1.25x10™) and

pH medium of the phenolic solution was the natural pH of each of them
The results obtained are shown in Table (2).

Table(2): Effect of Temperature on the adsorption efficiency of phenols

The results of Table (2) indicated that the amount of adsorbed
phenolic compounds decreased with increasing temperature. A similar
patren was noticed for all of them.

This observation suggests that, the adsorption process of the studied
systems are exothermic and physical in nature. The increase of
temperature increased the desorption process.

Effect of pH

The effect of varying pH of phenolic compounds solution prior to
adsorption while maintaining all other factors constants is investigated at
three different pH media, acidic (pH=4) neutral pH=7, and basic pH= 9,
in addition to the natural pH. solution of the selected compounds for this
study.

Table (3): Effect of varying pH on the adsorption efficiency of phenols

Compd. N%_I—Jal

Ph 52.3(6.8)
0-CH3-Ph | 48.1(6.1)
m-CH3-Ph | 50.1(6.2)
p-CH3-Ph | 57.3(6.8)
0-NH2 —Ph | 56.4(7.3)

m-NH2 -Ph | 58.3(7.2)
p-NH2 —Ph | 56.8(7.1)
0-NO2-Ph | 59.4(7.0)
0-CO2H -Ph | 63.4(7.5)
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The results of Table (3), in dicated that, the amount of adsorbed
phenols is higher at the neutral medium (close to the natural pH of the
studied compounds) and decrease at the acidic and basic medium this
result leads to that, the phenolic compounds is attached to the activated
carbon under consideration in their — neutral forms through hydrogen-
bonding or similar forces. The phenolic compounds may be ionized in the
agueous solution as in the equation in the acidic medium
ph—oH — pho™ +H"

Where as they present as a salt (sodium pheoxide) in the basic medium.
In both of these media the adsorption process is deactivated.

Thermodynamic Calculations

The calculation of thermodynamic parameters of adsorption
represent a good measure for the direction of the process, the nature of
the forces control it and order of the adsorption system, which occurs as a
result of various intermolecular forces between the adsorbate and
adsorbent surface.

The estimation of heat of adsorption is conducted depending on the
adsorption isotherm knowledge at various temperatures.
The value of adsorption equilibrium constant (Kd) are determined at
different temperatures from the ratio between the adsorbed and free
phenols concentration at equilibrium,using the following equation.
Kd = £29%

Ce

Where Cads and Ce are the concentrations of the adsorbed and remained
phenols at equilibrium respectively.

The value of AH is estimated from the application of vant Hoff's
equation.

/nk = AH +cons tant
RT

The value of AG and AS’ as calculated from the equation
resepectively.

AG=-RT Ink

AG=AH-TAS
Where R is the gas constant (8.314 J.mol *.K™) and T is the absolute
temperature. The thermodynamic parameters listed in table (4)
Straight lines are obtained from plotting In K versus 1/T (shown in
Figures 1-4).
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Fig 1: Relation between In k and 1/T for phenol.
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Fig 2: Relation between In k and 1/T for ortho,meta and Para methyl phenol.
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Fig 3: Relation between In k and 1/T for ortho,meta and Para amino phenol.

g@:



Study of the parameter affecting the adsorption of substiuted phenols by ...

8

75 c;—NOZ—Ph
R?>=0.9791
7 1 /
6.5
v
IS
6 -
0-CO2-Ph
55 4 R? =0.9759
5 -
4.5

0.00315 0.0032 0.00325 0.0033 0.00335 0.0034 0.00345 0.0035
T

Fig 4: Relation between In k and 1/T for ortho nitro phenol and ortho carboxyl
phenol

The values of K and other thermodynamic parameters are listed in Table(4).

Table(4): the values of the equilibrium constant and the thermodynamic
parameters of the adsorption of phenols

m-CH3-Ph

0-NH2 —Ph
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0-NO2 —Ph

0-CO2H -Ph

The results in Table (4) shows that, the adsorption processes of the
studied system are exothermic (negative values of AH) and the forces
responsible for the attachment of adsorbate with the carbon surface are
weak and physical in nature.

The positive values of AS™ explained the decrease in order in the
adsorption system which may be resulted from the increase of hydrogen
ijons in the solution due to the ionization process of the phenolic
compounds as week acids. The adsorption process of the studied systems
are clearly controlled by entropy effect. The negative values of AG’
indicate to the sponteniety of the process.

Application of Freundlich isotherm

The Freundlich isotherm is an empirical equation assuming that, the
adsorption process takes place on heterogeneous surfaces and adsorption
capacity is related to the concentration of phenolic compounds at
equilibrium. The Freundlich isotherm can be expressed as follow:
In ge=In KF+1/n InCe

Where gefis the adsorption capacity at equilibrium (mg.g™). Kf and n
are Freundlich parameters related to the adsorption capacity and
adsorption intensity respectively. The value of n is an indication of
favorability of adsorption, value of n > 1 represent favorable adsorption
condition.

The values of K¢ n and the linear regression correlation coefficient
obtained from the application of Freundlich model on the experimental
adsorption data of phenols onto activated carbon are given in Table (5).
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Table (5): Results of the application of Freundlich isotherm on the adsorption
data of phenols on carbon

compd

Ph
0-CH3-Ph
m-CH3-Ph
p-CH3-Ph

0-NH2 -Ph

m-NH2 -Ph

p-NH2 -Ph

0-NO2 -Ph
0-CO2H —Ph

The plot of In ge versus In Ce should give a straight line with correlation
coefficient (R?) close to unity if this isotherm to be applicable.

The result, of Table (5) indicate that, the Freundlich isotherm is good fit
will the experimental data of adsorption of the considered system.

0.6

0.5
ph
0.4

Inge
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w
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