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Abstract

Adsorption process has been accomplished as one of the most efficient, inexpensive and best
water treatment technologies. Various lignocellulosic materials i.e. agricultural wastes, find their
references as activated carbon resources. The process being eco-friendly in nature draws the
attention of environmentalist all across the scientific world. The present study highlights the use
of Poplar tree wood activated carbon in combating the issue of water pollution caused due to
presence of hazardous pollutant like Phenol. The geographical conditions promote cultivation
of Poplar trees in the northern states of India. Activated carbon prepared from the poplar tree
act as potential low cost adsorbent for the removal of Phenol from water. Promising results have
been obtained in adsorptive removal of phenol using poplar tree wood activated carbon. The
equilibrium time was found to be 60 to 80 min for 500 ppm, 1000 ppm and 3000 ppm phenol
solution. Among the kinetic models applied, pseudo-second order model fitted well. The optimum
pH is found to be 5 whereas the optimum temperature for adsorption is 250°C. Adsorption seems
to have direct relation to the adsorbent dose. The experimental data best fits in Langmuir and
Freundlich’s isotherms equations. The adsorption capacity of the Phosphoric acid activated

poplar carbon is 662 mg/g.
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Introduction

Water pollution has become one of the major problems on
the planet earth. The problem is not curtailed to a single
country, but has now gained global concern. Intentionally
or even unintentionally, various chemical pollutants are
getting discharged in drinking water streams and sources.
Phenol and its derivatives have gained considerable attention
from environmentalists due to their increasing adverse and
undesirable environmental effects. These hazardous and toxic
substances drain into various water bodies due to inadequate
and poor disposal methods followed by the industries. But,
due to increase in literacy with passage of time, awareness
among masses has amplified. This has paved way to escalating
concern about safe, pure and healthy drinking water. Efforts are
underway for solving these environment related problem and
to bring the contaminants concentrations to minimum limits or
even alleviate them completely.

Poplars are trees which belong to the genus Populus which are
deciduous flowering plants in the family Salicaceae. Apart from
its use (especially the wood) as building material for houses,
furniture etc., the wood is also used for the manufacture of
activated carbon [1].

In India, Poplar cultivation is commonly done as an intercrop
with a variety of complimentary crops and with other trees like
teak and mango etc. The six innate species of poplar in India
are Populus laurifolia, Populus alba, Populus ciliata, Populus
euphratica, Populus glauca and Populus gamblei [2]. All are
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located in the northern part of the country. Poplar agroforestry
is practiced in many states in India i.e. Punjab, Haryana, Uttar
Pradesh, Jammu and Kashmir in North and Arunachal Pradesh
in North East [3].

Water contamination occurs due to presence of various organic
and inorganic pollutants in traces or even beyond acceptable
limits. Phenols are also one such hazardous pollutants. These
have been ranked as 11th of the 126 chemicals that have been
labelled as pre-eminence pollutants by USEPA [4]. At the same
time, its wide application in various processes in industries, it’s
difficult to contain the use of Phenol [5]. The literature studies
indicate that concentration of phenols in industrial wastewater
is a direct function of the plant characteristics [6]. For example,
distillation units have been reported to have phenol in their
effluent in a concentration less than 50 mg/L. The concentration
ranges to 50 mg/L-500mg/L in catalytic cracking units and
more than 500 mg/L in the spent caustic solutions. Technology
is underway for the production of synthetic fuel from coal.
Waste solution generated from such coal conversion processes
contains phenol in the range of 200mg/L-600mg/L. This effluent
is also leading to contamination as it is also being discharged
into natural water streams [7]. Taking a tough stance on Phenol,
World Health Organization has prescribed a stringent limit of
Img/L as the maximum permissible concentration in drinking
water [8].

Due to rapid Industrial growth, water pollution has paved its
way into in this hill state of Himachal Pradesh. Out of a total
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of 39512 Industries, 39018 are Small Scale and 494 Medium
and Large Scale industrial units. Due to such a large number
of Industries, a huge amount of chemicals are discharge as part
of the effluents. This leads to contamination of groundwater as
well as other natural water sources. In the groundwater quality
survey undertaken by the Central Pollution Control Board
in1995, 20 locations were identified in various states of India
as critical sites of ground water pollution. Phenolic compound
exceeded the toxic limit in the industrial area of Kala Amb,
Himachal Pradesh. Presence of Phenolic compounds beyond
the toxic limit points towards an alarming situation and invites
immediate attention for its control using suitable methodology.

It is the need of the hour is to control this menace of water
contamination using the available scientific techniques. One
of the economic technologies available is the adsorption
technology. It is currently being used extensively for the removal
of various organic and inorganic contaminants from the aqueous
phase. Adsorption using activated carbon is developing g as one
of the most economic and viable tool in water & waste water
purification [9]. Activated Carbons (ACs) with high surface area
and porosity have been widely used as an adsorbent in water
purification, air and gas purification [10-12].

ACs can be prepared from different sources i.e. many organic
materials having a high content of carbon like Palm Kernel
[13], Corn stalk [14], Shaddock Peel [15], Coconut Shell [16],
Orange Peel [17], Walnut Shells [18], Wood [19], Areca Nut
Waste [20], Mango Nuts [21], Almond Shells [22], Date Stones
[23], Sugarcane baggase [24], Eucalyptus wood [25] and Cotton
Stalk [26] have been used as sources for ACs production.

The use of poplar carbon for adsorption and removal of various
contaminants do find its mention. But, there is not much reference
for the removal of phenol and its derivatives on activated carbon
from poplar tree. The use of poplar tree for phytoremediation is
quite common across the globe [27].

Keeping in view the emerging water contamination situation
in the industrial area of Himachal Pradesh, the current
study ventures to come up with an economically viable and
inexpensive method of remediation. As poplar cultivation is
extensively carried out in this region of India, its utilization as a
source of activated carbon as well as an adsorbent for removal of
contaminants from water and waste water is the main objective
of the present study.

Experimental Procedures
Adsorbent

Poplar wood activated carbon used in this study was procured
from local supplier i.e. Anand Carbons, Jalandhar. This carbon
was dried in oven at 110°C for 3 hours.The carbon was then
activated using various chemicals activation agents and dried
at 110°C. The different chemical activating agents used were
sulphuric acid, phosphoric acid, zinc Chloride, acetic acid,
nitric acid, hydrochloric acid and sodium Hydroxide. Different
chemical agents have different effect on the physiochemical
properties of the activated carbon. Phosphoric acid acts as
a catalyst and assists in the cleavage of bonds, hydrolysis,
dehydration and condensation. Further, the volume occupied by
Phosphoric acid is contemporaneous with the micropore volume
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[28]. Zinc Chloride is one of the widely applied activating
agents which not only helps in degradation of the material but
also brings about dehydration which supports the process of
charring which is subsequently followed by aromatization of
carcass of the carbon. The cumulative effect eventually forms
the pore structure in the activated carbon [29]. Acids used in
activation, result in oxidation and hence effect the structure of
the activated carbon by not only enhancing the acidic properties,
but also by removing the mineral elements as well as unwanted
impurities present in the carbon. Furthermore, it also adds to
the surface properties by making it more hydrophilic [30]. All
the above activated carbons (both raw and chemically activated
carbons) were used as adsorbent for the adsorption of phenol.

Adsorbate

Stock aqueous solution of 3000 mg/L was prepared by dissolving
phenol in distilled water. The stock solution was further diluted
with distilled water to obtain desired concentrations ranging
from 500 mg/L to 3000 mg/L. All the chemicals used were of
analytical reagent grade and obtained from Merck, India.

Batch mode adsorption studies

Stock solution of the adsorbate was diluted as required to obtain
standard solutions containing 3000 ppm of phenol. A 500 mg
of adsorbent was added to 25 ml of phenol solution of a desired
concentration in 100 ml stoppered conical flask. The flasks
were manually agitated at specified frequency after every 10
minutes at room temperature (25 + 2°C). At the end of agitation,
suspensions were separated by filtration and analyzed for their
phenol content.

From phenol concentration measured before and after
adsorption (C, and C_ respectively), dry weight of the adsorbent
(W) and the volume of aqueous solution (V in litre), the amount
of equilibrium adsorption of phenol (q ) was calculated using
the Equation (1):

q, (mg/g)=(C-C) viw (D

C, is the initial concentration and C, is the equilibrium
concentration. The removal percentage (R %) is defined as the
ratio of difference in adsorbate concentration before and after
adsorption (C~C) to the initial concentration of phenol in the
aqueous solution (C)) was calculated using the Equation (2).

R(%) = (C-C)*100/C, )
Kinetics and equilibrium experiments

Kinetics and equilibrium experiments were carried out using
the batch mode technique. Adsorption experiments were
carried out by shaking occasionally 0.5gm of H,PO, activated
carbon with 25 ml of phenol solution at 30°C. Ultra Violet
Spectrophotometer (Chemmito 2500) was used to determine the
residual concentration of phenol at 270 nm. Replicate samples
were analysed along with blank samples.

Effect of temperature, pH and adsorbent dose

Effect of temperature was studied using 0.5 g of adsorbent at
15, 25 and 35°C.The samples were shaken occasionally and
the residual phenol concentration was monitored regularly till
equilibrium was attained.



All the carbons i.e. (Chemically activated carbons along with
their untreated precursors) were taken in an amount of 0.5 gm.
25 ml of the phenol solution (1000 mg/L" was added to it.
The residual phenol concentration was monitored on regular
intervals till it reached equilibrium.

Effect of pH was also studied using Phenol solution at different
pH. Different pH were maintained using dilute HCI and NaOH
by means of a pH meter (Microprocessor) of Linco Scientific
Instruments and Chemicals Pvt. Ltd., Ambala cantt. Effect of
adsorbent dose was also studied by agitating 50 ml of 1000
mg/L of phenol solution with 0.5 gm dose of activated carbon.

Desorption studies

The adsorbent (0.5 gm/25 ml) that was used for the adsorption of
1000 mg/L of phenol solution at normal pH was gently washed
with distilled water to remove any unadsorbed phenol. Many
such samples were prepared. Then the spent adsorbent was
mixed with 25 ml of distilled water at pH values varying from
pH 3 to 13. The pH was adjusted using HCI and NaOH solutions
and agitated at time intervals even beyond the equilibrium time.
Then the desorbed phenol was estimated as before.

Results and Discussion
Effect of activating agent

The preliminary studies were done to see the effect of activating
agent. The adsorption of phenol by all the activated carbons
activated by different chemical agents was analysed and the
carbon showing maximum adsorption was chosen for further
studies.

Among all the carbons, phosphoric acid treated carbon showed
the highest adsorption and was chosen for further studies.
Though, the surface area of PAAPWC is lesser as compared to
HCAAPWC, NAAPWC and ZCAPWC, yet it shows maximum
adsorption. Zinc chloride produces activated carbon with higher
specific area than that produced by using phosphoric acid [31].
However, phosphoric acid activation is widely preferred over
zinc chloride because ZnCl, has bad environmental impact and
the activated carbon produced when using it cannot be used in
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the food and pharmaceutical industries [32].
Effect of contact time on adsorption

The Figure 1 shows the effect of contact time on the removal
of phenol by all the Phosphoric acid activated carbon as well as
their precursors. It is clear from the figure that the rate of phenol
adsorption on the activated carbon surface is higher in the initial
stages and then it gradually reduces and becomes constant after
80 min. This may be due to availability of higher number of
vacant sites at the initial stage. This further implies that for
complete removal of phenol a very short residence time is
required which is far better than many carbons. This equilibrium
time i.e. 80 min is significantly lesser as compared to 160 min
that has been reported by Suneel Kumar and co-workers for
activated carbon from Tamarindus indica wood [33].

Following concentrations were used for studying the process
of adsorption while changing the concentration of phenol.
The Concentration of phenol is varied from 1000 mg/1 to 2000
mg/l. The carbon dose is maintained at 0.5 gm/25 ml of phenol
solution.

Effect of pH on adsorption

The effect of pH on the removal of phenol is shown in the
following Figure 2. The percent removal slightly decreased with
increase in pH [34].

Although, maximum removal/adsorption efficiency is observed
at pH 5, there is observed almost same adsorption percentage
in the pH range of 5 to 7. It can be inferred that acidic pH is
favourable for adsorption. Similar results for optimum pH of
adsorption were also obtained by Vinod V.P. and Anirudhan T.S.
[35,36].

Phenol shows significant solubility in acidic water and it
exists in molecular state in acidic or neutral medium. In such
medium, the activated carbon surface has higher affinity for
adsorption. While in alkaline medium, Phenol exists in ionic
state and such medium is not conducive and has low affinity to
adsorption. Moreover, in alkaline medium the presence of OH
ions on the adsorbent prevents the uptake of phenolate ions. At
higher pH, the carbon surface acquires negative charge due to

—0— 1000ppm
—0— 1200ppm
2000ppm

50 60 70 80

Time (minutes)

Effect of contact time on adsorption at different Phenol concentration
using 0.5 gm/25ml solution

Figure 1. Adsorption as a function of contact time.
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the adsorption of OH ions and also due to dissociation of polar
acidic functional groups on the carbon surface [37].

Effect of temperature on phenol adsorption

Temperature plays significant role in the process of adsorption.
Influence of temperatures on the removal efficiency of phenol
at three different temperatures was studied. Three different
temperatures i.e. 15°C, 25°C and 35°C were maintained to
study the adsorption of phenol. There is an increase from 15°C
to 25°C. When the temperature was further raised to 35°C,
there is observed decrease in Phenol adsorption. The optimum
temperature for maximum adsorption is found to be 25°C. At
lower and higher temperatures, there is low adsorption.

The removal efficiency decreases from 95.54% at 25°C to
82.19% at 35°C. These results as shown in Figure 3 have been
found similar to the one obtained by Dorra Tabassi and co-
workers where the removal efficiency decreased from 80.19%
at 25°C to 72.98% at 40°C [38].

Effect of adsorbent dose

The following Figure 4 shows the removal of phenol as a
function of carbon dosage at the solution of pH of 5. Carbon
dosage was varied from 0.25 g to 1 g. It is evident that for the
quantitative removal of 1000 mg/L"! of phenol in 25 ml that the

With increase in adsorbent concentration, the removal efficiency
of phenol also increases [39].

Adsorption isotherm

Langmuir model: Langmuir models were applied for adsorption
equilibrium as shown in Figure 5. Langmuir isotherm has been
widely applied and this model suggests a monolayer adsorption
with no lateral interaction between the sorbed molecules [40].

Langmuir equation is expressed
C/q,=1/Q,b+C/Q, (1

Where g, is the solid-phase adsorbate at equilibrium (mg/g). C, is
the concentration of phenol solution (mg/L) at equilibrium The
constant Q gives the theoretical monolayer adsorption capacity
(mg/g) and b is related to the energy of adsorption (mg/L). Plot
of C /q, and C, gives a straight line with slope 1/Q, and intercept
1/Q,b. The essential characteristics of the Langmuir isotherms
can be expressed by a dimensionless constant called equilibrium
parameter R, [41].

R =1/(1+bC,) ©)

Where b is the Langmuir constant and C, is the initial
concentration (mg/g), R, values indicate the type of isotherm.
Favorable adsorption is indicated by R, values between 0 and 1.

renpval efficiency increases up to the .optlmum dosage beyond Freundlich’s model:  Freundlich’s model  assumes
which the removal efficiency is negligible.
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Figure 2. Adsorption as a function of pH.
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Figure 3. Adsorption as a function of Temperature.
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Figure 5. Langmuir adsorption isotherm for Phosphoric acid activated poplar carbon.
Table 1. Langmuir and Freundlich Constants for the adsorption of Phenol on activated carbon.
Freundlich Isotherm model Langmuir Isotherm model
Type of carbon with Conc. of Phenol (mg/L) R? K, (mg/g)(l/mg)"™ 1/n Q, (mg/g) b (L/mg) R?
SAAW-300C 100ppm 0.9155 22.53 0.4182 113.6 15.9 0.9884
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y =0.0088x + 0.063
0.400 - R?=10.9884
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C

e
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Figure 6. Freundlich adsorption isotherm for Phosphoric acid activated poplar carbon.

heterogeneous adsorption due to the diversity of sorption sites
or the diverse nature of the adsorbed, free or hydrolyzed species
[42]. The following Figure 6 shows Freundlich isotherm.

The Freundlich’s isotherm model is expressed as
(€))

Where k and 1/n are the constants that can be related to
adsorption capacity and the intensity of adsorption. The values
of n lies between 1 and 10 indicating favourable adsorption
[43]. The calculated value of n for the adsorption of Phenol is
2.4 which shows good efficiency for phenol adsorption by this

Logq,=logk,+ 1/nlog C,

10

acid activated poplar wood carbon (Table 1).

Adsorption kinetics: The kinetics of phenol adsorption on all
the three types of Carbons follows the first order rate expression.

log (q,-q) =log q_ — k,/2.003

Where q, and q are the amounts of phenol adsorbed (mg/g) at
equilibrium and at time t respectively. The straight line plot of
log (q,-q) versus t indicates the adsorption process follows first
order kinetics. Values of q_ and k at different concentrations
were calculated from the slope and intercept of the plots of log
(g,-q) versus t.
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Figure 7. First order kinetics for phenol adsorption.
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Figure 8. Second order kinetics for phenol adsorption.

The kinetic data obtained from the batch studies were analyzed
by using pseudo-first-order and pseudo-second-order kinetic
models. Adsorption data as shown in Figures 7 and 8 for first
and second order kinetics respectively fitted the pseudo-second-
order model better with correlation coefficients (R?) greater than
for the first order kinetics.

Conclusion

The adsorption of phenol from aqueous solution by activated
carbon produced from poplar tree wood was investigated using
batch mode studies. The Process parameters i.e. pH, adsorbent
dose, initial concentration and temperature were optimized. It
was seen that the sorption maximum was obtained at pH 5.The
optimum temperature for efficient and maximum removal of
Phenol was found to be 25°C. Though adsorption efficiency
increased from lower temperature to higher temperature i.e. up
to 25°C, there was observed decrease in adsorption efficiency
with further increase in the temperature. The Equilibrium data
fitted well in both Langmuir and Freundlich’s Models. The
adsorption capacity of phenol uptake was found to increase with
increase in solution concentration and contact time. The equilibrium
time was found to be 60 min to 80 min for 500 ppm, 1000 ppm
and 3000 ppm phenol solution. Among the kinetic models applied,
pseudo-second order model fitted well. The activated carbon shows
quite high adsorption capacity of 662 mg/gm.

Considering the results, it can be said that adsorption of
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phenol from wastewater using activated carbon generated from
poplar tree wood is technologically viable, cost effective and
environmentally compatible as well as environment friendly
process.

Moreover, the raw material i.e. poplar tree wood is abundantly
available in northern India due to its large cultivation. As a
result of its wide use in the timber industry, lot of scrap waste
is also generated which is easily available too. Therefore, the
preparation of activated carbon from poplar tree wood followed
by its subsequent activation using chemical method seems to be
very economical. The low-cost nature of poplar wood carbon
braced with above encouraging results, acclaims poplar tree
wood as an effective and efficient adsorbent for removal of
phenol from water and wastewater.
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