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Abstract

The excessive release of lead from lead acid batteries, smelting plant into the environment is a major concern worldwide. Adsorption process is
among the most effective techniques for lead removal from wastewater and activated carbon has been widely used as an adsorbent. In this paper
an attempt has been made to investigate the adsorption behaviour of Pb(Il) from aqueous systems onto granular activated carbon using the batch
mode and continuous mode in a packed bed column with more successive service and regeneration. The experiments were performed at constant
temperature and dimensions of column and packed bed of granular activated carbon with variation of flows through the bed and concentrations of
lead solutions. Breakthrough points were found out for the adsorption of lead on the adsorbent using continuous-flow column operation by varying
different operating parameters like hydraulic loading rate from 4 to 16 m3/h m? and feed concentrates from 20 to 60 mg/I. Granular activated carbon
column regeneration using 0.5 M concentration of HNO; has been investigated. Results indicate encouraging performance towards removal of

Pb(I).
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Lead is one of the potentially toxic heavy metals when
adsorbed into the body [1]. The pollution of water resources
due to indiscriminate disposal of lead metals has been causing
worldwide concern for the last few decades. The presence of lead
in drinking water even at low concentration may cause diseases
such as anemia, encephalopathy, hepatitis and nephritic syn-
drome [2]. Lead is non-biodegradability and can accumulate in
living tissues, thus becoming concentrated throughout the food
chain and can be readily absorbed into the human body [3]. Even
a very small amount can cause severe physiological or neuro-
logical damage to the human body. It is in general metabolic
poison and enzyme inhibitor, also cause mental retardation and
semipermanent brain damage in young children.
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Lead, an element which has been used by man for years,
can be regarded as a longstanding environmental contaminant.
It released into the environment in a number of ways, like
as process industries engaged in lead acid batteries, pulp and
paper, petrochemicals, refineries, printing, pigments, photo-
graphic materials and explosive manufacturing, ceramic, glass,
paint, oil, metal, phosphate fertilizer, electronic, wood produc-
tion and also combustion of fossil fuel, forest fires, mining
activity, automobile emissions, sewage wastewater, sea spray
are just few examples [4-6]. The industrial wastewaters are
considered to be the main source of lead impurities.

The presence of high levels of lead in the environment
may cause long-term health risks to humans and ecosystems.
It is therefore mandatory that their levels in drinking water,
waste water and water used for agricultural and recreational
purposes must be reduced to within the maximum allowable con-
centrations recommended by national and international health
authorities such as world health organisation. Its removal from
wastewater prior to discharge into environment is, therefore,
necessary. Current EPA drinking water standard for lead are
0.05 mg/1, but alevel of 0.02 mg/1 has been proposed and is under
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Nomenclature

Ag original adsorptive capacity of the virgin adsor-
bent (mg/g)

Ar adsorptive capacity of the regenerated column
(mg/g)

b Langmuir constant (1/g)

Ce equilibrium lead concentration (mg/1)

Ci initial lead concentration (mg/1)

k measure of adsorbent capacity (1/g)

KL Langmuir constant (mg/g)

M metal adsorbed on adsorbent bed (mg)

m mass of adsorbent in column (g)

1/n sorption intensity, dimensionless

(0] flow rate of the influent ((m3/(h m?))

Qo5 adsorption column capacity (mg/g)

ge amount of lead adsorbed at equilibrium (mg/g)

T temperature (°C)

t time (h)

ty breakthrough time (h)

|4 volume of the solution (1)

W weight of adsorbent (g)

review [7]. According to Indian Standard Institution, the toler-
ance limit for discharge of lead into drinking water is 0.05 mg/1
and in land surface waters is 0.1 mg/l [8]. Increasingly strin-
gent legislation on the purity of drinking water has created a
growing interest in the development of conventional treatment
processes. Various chemical and physico-chemical methods for
the treatment of wastewaters containing lead wastes are known,
such as chemical precipitation, electrochemical reduction, ion
exchange, biosorption and adsorption [9—13]. The choice of
treatment depends on effluent characteristics such as concentra-
tion of lead, pH, temperature, flow volume, biological oxygen
demand, the economics involved and the social factor like stan-
dard set by government agencies. Various methods of wastewater
treatment were examined and adsorption emerged as one of the
most promising technique [14] as it is generally preferred for
the removal of lead due to its high efficiency, easy handling,
availability of different adsorbents and cost effectiveness.

The use of activated carbon (AC) is still very popular and
different grades are available, but are quite expensive and the
regeneration of the carbon is not always possible. Activated
carbon has been chosen as an adsorptive media for removal
of lead, by many researchers [15-18]. Activated carbon is a
black solid substance resembling granular or powder charcoal
and are carbonaceous material that have highly developed poros-
ity, internal surface area of more than 400 m?/g and relatively
high mechanical strength. They are widely used as adsorbents
in wastewater and gas treatments as well as in catalysis. The
increasing usage and competitiveness of activated carbon prices,
has prompted, a considerable research work has been done in
the search of inexpensive adsorbents especially developed from
various agricultural waste materials, i.e. the usage of agricul-
tural by-products such as fruit stones [19], coconut shell [20,21],

bagasse [22,23], nutshells [24,25] as raw materials to prepare
AC. These solid wastes are not only cheap and easily avail-
able but are considered as wastes that contribute to disposal
problems. In this study coconut shell has been chosen as an
adsorptive media. As it is suitable for preparing microporous
activated carbon due to its excellent natural structure and low
ash content.

In practice, activated carbon is found in two general forms:
granular activated carbon (GAC) and powdered activated car-
bon (PAC). GAC is composed of particles with sizes greater
than 0.1 mm, about the size of coarse sand [26]. PAC, of course,
is composed of particles smaller than that value. Exact specifi-
cations vary, but GAC is generally said to have a larger internal
surface area and smaller internal pores, while PAC is thought to
have larger pores and a smaller internal surface area. Because
PAC has a faster adsorption rate, it was often used in the past,
but disposal and handling concerns have made granular activated
carbon (GAC) a more popular alternative for most applications.
GAC is used in the filtration process in water treatment, and then
regenerated when it becomes less effective due to saturation with
chemicals. GAC is also usually much easier to handle and trans-
port than PAC. The special advantages of packed bed are that it
has high residence time to and excellent heat and mass transfer
characteristics. GAC is bigger is size and it has no elutriation
from the bed and loss is minimum than PAC.

In the present batch mode and fixed-bed column adsorp-
tion study, GAC coconut shell origin is chosen as an adsorptive
media to understand the adsorption behaviour of lead ions from
aqueous systems of synthetic waste water of lead contaminated
water. Although batch laboratory adsorption studies provide use-
ful information on the application of adsorption to the removal of
specific waste constituents, continuous column studies provide
the most practical application of this process in wastewater treat-
ment. Batch reactors were easy to use in the laboratory study,
butless convenient for industrial applications. On the other hand,
fixed-bed columns were widely used in various chemical indus-
tries because of their simple operation. Fixed-bed adsorption has
been applied to remove organic contaminants for many years
with encouraging results. The reason for this is that the high
adsorption capacities in equilibrium with the influent concen-
tration rather than the effluent concentration can be achieved.
In static mode adsorption studies, the same solution remains
in contact with a given quantity of the adsorbent. The adsorp-
tion process continues, however, till equilibrium between the
solute concentration in solution, and the solute adsorbed per unit
weight of the adsorbent is reached. This equilibrium established
is static in nature, as it does not change further with time. In
dynamic column adsorption, solution continuously enters and
leaves the column, so that the complete equilibrium is never
established at any stage between the solute in solution and the
amount adsorbed. Equilibrium has to be continuously estab-
lished, as each time, it meets the fresh concentrations, and hence,
equilibrium in column mode is termed as dynamic equilibrium.
Additional information on the efficiency of the treated adsor-
bent in the column mode has been gathered in order to ascertain
the practical applicability of the adsorbent for real industrial
wastewaters.



598 C.P. Dwivedi et al. / Journal of Hazardous Materials 156 (2008) 596603

2. Experimental technique
2.1. Adsorbate

A stock solution of Pb(Il) was prepared (1000 mg/1) by dis-
solving required amount of, Pb(NO3); in tap water. The stock
solution was diluted with tap water to obtain desired concentra-
tion ranging from 20 to 60 mg/1.

2.2. Adsorbent

The commercial grade coconut shell origin granulated acti-
vated carbon was used as precursor carbon in this study. The
carbon was washed with tap water to remove fines and impuri-
ties, oven dried at 110 °C for 6 h and stored in plastic containers
for further use. The proximate analysis was carried out using
the standard procedure. The BET surface areas of the coconut
shell activated carbon were measured in BET-Flowsorb-2300
analyzer on the basic principle of monolayer adsorption. Nitro-
gen and helium mixture nearly 30-35% was used to form the
monolayer. In this method first sample quantity is optimized after
several trial runs so that surface area falls with in 0.5-2.5 m?. The
sample is dried in an air oven at 105 °C and free from any gases
or vapors for which 200-250 °C for 15 min is adequate. Surface
area in Flowsorb-2300 is displayed in terms of quantity of sam-
ple contained in sample tube holder and the displayed number
is converted to specific surface area by dividing the weight of
the sample.

To identify the functional group responsible for the adsorp-
tion in the GAC of coconut shell origin, Fourier transform
infrared spectroscopy (FTIR) analysis was carried out. The
ratio between the sample and potassium bromide (KBr) was
at about 1:100 prior to compacting into thin pellet using an
8 tons force hydraulic press for S min. Infrared spectrum was
obtained in transmission and was set to operate in the range of
400-4000cm™".

2.3. Reagents

All the chemicals used in the study were from Merck
(India) Ltd. and Qualigens Glaxo (India) Ltd. analytical
grade.

2.4. Analytical method

Atomic-absorption spectrophotometry utilizes the phe-
nomenon that atoms absorb radiation of particular wavelength.
By atomic-absorption spectrophotometer, the metals in water
sample can be analyzed. It consists of four basic structural
elements; a light source (hollow cathode lamp), an atomizer
section for atomizing the sample (burner for flame, graphite
furnace for electrothermal atomization), a monochrometer for
selecting the analysis wavelength of the target element, and
a detector for converting the light into an electrical signal.
It detect concentration of Pb(II) in ppm level in the solu-
tion and volume of sample required is only Iml for one
analysis.

2.5. Method of experiment

2.5.1. Batch mode adsorption studies

Batch adsorption experiments were performed by contacting
0.1 g of the selected GAC samples with 200 ml of the aqueous
solution of different initial concentration (20, 30, 40, 60 mg/1) at
natural solution pH. The experiments were performed in a ther-
mal shaker at controlled temperature (30 £ 2 °C) for a period
of 24h at 120 rpm using 250 ml Erlenmeyer flasks containing
200 ml of different lead concentrations at room temperature.
Continuous mixing was provided during the experimental period
with a constant agitation speed of 120rpm for better mass
transfer with high interfacial area of contact. The remaining
concentration of Pb(Il) in each sample after adsorption at dif-
ferent time intervals, was determined by atomic-absorption
spectroscopy after filtering the adsorbent with Whatmen filter
paper to make it carbon free. The batch process was used so that
there is no need for volume correction. The lead concentration
retained in the adsorbent phase was calculated according to

(G = C)V
B W

where C; and C. are the initial and equilibrium concentrations
(mg/1) of lead solution respectively; V'is the volume (1); and Wis
the weight (g) of the adsorbent. Two replicates per sample were
done and the average results are presented.

ey

qe

2.5.2. Column adsorption studies

The experimental arrangement for lead removal is shown in
Fig. 1. The effective column of borosilicate glass height, internal
diameter, area, volume of the column and weight of adsorbent
taken are listed in Table 1. The column was packed with adsor-
bent between two supporting layers of sand. The adsorbent was
added from the top of the column and allowed to settle by gravity
force. Granular activated carbon is packed up to desire bed height
in water filled column of and was kept submerged throughout the
runs to avoid air entrapment in the bed. Columns are mounted
vertically and the GAC bed is supported on perforated plate. The
upper portion of the adsorbent was covered with sand beads of
5 cm height.

Effluent after passing through the columns was discharged
into a sump below the column. The operation is in down flow
plug mode. Two control valves to regulate the flow and a
rotameter of range 0-50 lit/min to monitor hydraulic loading
rate is incorporated in the feed line of the column. The syn-
thetic wastewater was pumped by a centrifugal pump from the
storage tank of lead contaminated water. All the sorption experi-

Table 1

Specification of packed bed column

Parameters Values
Column bed height (cm) 60
Internal diameter of the column (cm) 4.0
Volume of the column (cm?) 1004.8
Bulk density (g/ml) 0.512
Weight of the adsorbent taken (g) 385.84
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Fig. 1. Schematic diagram of experimental setup for column studies.

ments were carried out at the room temperature of 30 =2 °C. The
samples were collected in regular time intervals and stored for
analysis. The residual concentration of lead in aqueous sample
was determined using atomic adsorption spectrophotometer.

2.5.3. Regeneration

Regeneration of the adsorbent material is of crucial impor-
tance in the economic development. The aim is to remove the
loaded metal from the column in the smallest possible vol-
ume of an eluting solution. Regeneration must produce small
volume of metal concentrates suitable for metal-recovery pro-
cess, without damaging the capacity of the adsorbent, making it
reusable in several adsorptions and desorption cycles. Regener-
ation should also ensure that eluted solution is not posing any
disposal problem waste in terms of high acidity.

3. Result and discussion

3.1. Physical and chemical characterization of the
adsorbent

3.1.1. Fourier transform infrared spectroscopy (FTIR)
analysis

The spectra of carbons were measured by an FTIR spectrom-
eter within the range of 400-4000 cm™! wave number. Spectra
were plotted for the adsorbent GAC coconut shell origin was
shown in Fig. 2. The broad band at 750cm™! that represents
bounded O-H groups. On the other hand, =C-H stretch could

0.07
0.06 -
1 | f
0.05 ‘n} ,L\
% Ry
g 004 ' l
g ‘%F A
@ 003 W vl
< f ‘. |
. " \
0.02 ¢ b L j""lv’ll\// L
0.01 N
000 e | T T T ¥y r T L T L T
0 500 1000 1500 2000 2500 3000 3500 4000

Wave Number (cm™)

Fig. 2. FTIR analysis of GAC of coconut shell origin.

be ascribed to the band that appeared at 1085 cm™!. The C=0
stretch could be ascribed to the bend that appeared at 2830 cm ™.

3.1.2. Chemical properties

Granular activated carbon pH may influence the removal effi-
ciency. Distinctly acidic activated carbon may react with the
material to be removed and may hamper the surface properties
of the activated carbon. For our experiment the pH of carbon was
6.5. Ash content of the carbon is the residue that remains when
the carbonaceous portion is burned off. The ash consists mainly
of minerals such as silica, aluminum, iron, magnesium and cal-
cium. Ash in activated carbon is not required and considered to
be an impurity. Table 2 shows the proximity analysis of GAC
coconut shell origin. As the ash content is 4.3% it resembles
good adsorbent.

3.1.3. Physical properties

Particle size distribution analysis was done manually. Initial
sample of weight 400 gm was taken for analysis. This sample
was passed through different sieves and amount of fine and
coarse were measured the mesh size 8-20. The nominal particle
size was found 0. 11 mm. Density is particularly important in
removal. If two carbons differing in bulk density are used at the
same weight per liter, the carbon having higher bulk density will
be able to remove more efficiently. Average bulk density can be
calculated by water displacement method. In this method, vol-
ume of water displaced is observed by a particular amount of
carbon. The average bulk density was found 0.5125 g/ml. The
BET surface area of granular activated carbon of coconut shell

Table 2

Proximate analysis of GAC of coconut shell origin

Parameters Values
Moisture (%) 4.8
Ash (%) 43
Volatile matter (%) 18.2
Fixed carbon (%) 72.7




600 C.P. Dwivedi et al. / Journal of Hazardous Materials 156 (2008) 596603

3.2 -

3.1 =

3.0 =

29 o

In q,

2.8 o

— 7T 77— T 7
2.0 25 3.0 ab 4.0 4.5 5.0
In Ce

Fig. 3. Freundlich adsorption isotherm for lead at 0.1 g/200 ml of adsorbent
concentration.

origin was measured and it was found 1015m?/g. The aver-
age pore diameter was found 26.14 A. This shows that GAC is
reasonably good for adsorption.

3.2. Pb(Il) equilibrium adsorption isotherms

Several models have been used in the literature to describe
the experimental data of adsorption isotherms. The Freundlich
and Langmuir models are the most frequently employed models.
In the present work both models were used.

The Freundlich equation is purely empirical based on sorp-
tion on heterogeneous surface, which is commonly presented
as:

ge = KCU/" 2

The lead sorption isotherm followed the linearized Fre-
undlich model as shown in Fig. 3. The relation between the
metal uptake capacity ‘g.’ (mg/g) of adsorbent and the residual
metal ion concentration ‘Ce’ (mg/l) at equilibrium is given by

1
Inge =In k+ —In Ce. 3)
n

where the intercept Ink is a measure of adsorbent capacity,
and the slope 1/n is the sorption intensity. The isotherm data
fit the Freundlich model well (RZ=0.89). The values of the
constants k and 1/n were calculated to be 6.699 and 0.2824.

Since the value of 1/n is less than 1, it indicates a favourable
adsorption.

The Langmuir isotherms model is valid for monolayer
adsorption on to surface containing finite number of identical
sorption sites which is described by the following equation:

KibC.
- . 4
% (1 n bCe> “)

The Langmuir equation relates solid phase adsorbate concen-
tration (ge), the uptake, to the equilibrium liquid concentration
(Ce). The Langmuir equation can be rearranged to linear form
for the convenience of plotting and determining the Langmuir
constants as below:

Ce 1 Ce

= — 5
qe bKL+KL ©)

where K1, and b are the Langmuir constants, representing the
maximum adsorption capacity for the solid phase loading and
the energy constant related to the heat of adsorption respectively.
It can be seen from Fig. 4 that the isotherm data fits the Lang-
muir equation well (R2=0.99). The values of Ky and b were
determined from the figure and were found to be 26.546 mg/g
and 1.7138 1/mg, respectively. The outcome values of parame-
ters k, n, K1, b, R? for all the experiments with pH of solution at
natural for maximum removal of Pb(Il) are presented in Table 3.
Maximum adsorption capacity was found to be 26.546 mg of
Pb(II) per g of GAC as adsorbent.
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Fig. 4. Langmuir adsorption isotherm for lead at 0.1 g/200ml of adsorbent
concentration.
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Table 3

Adsorption isotherms parameter for lead(IT) removal

Parameters Kr(mg/g) b(I/mg) R? k(1/g) 1/n
Values 26.546 1.713 0.990 Langumir 6.699 0.282

0.890 Freundlich

3.3. Adsorption dynamic column studies

3.3.1. Column adsorption capacity

As the adsorbate solution passes through column, the adsorp-
tion zone (where the bulk of adsorption takes place) starts
moving out of the column and the effluent concentration start
rising with time. This is termed as break point. The time taken for
the effluent concentration to reach a specific breakthrough con-
centration of interest is called the break though time. The results
of examinations in the column are represented by breakthrough
curves. The breakthrough is the point on the S-shaped curve at
which the solute concentration reaches its maximum allowed
value (usually 5% of its influent value), and the point of the
column exhaustion is the point where the effluent concentration
reaches 95% of its influent value [27] The breakthrough time (1)
for each of the columns operation was defined as the time when
the effluent concentration (C.) of Pb(II) reached 50% of the ini-
tial concentration (C;). Breakthrough curve were plotted-giving
ratio of effluent and feed (influent) concentrations (C./C;) and
time (h) for varying operating conditions.

The approach of Treybal [28] has been adopted for calculating
the column capacity for the removal of Pb(Il). Breakthrough
capacity Qo s (at 50% or C./C;=0.5) expressed in mg of Pb(Il)
adsorbed per gram of adsorbent was calculated using Eq. (6):

M  t,QC;
Qos=—= '

n n

Q)

where M is the metal adsorbed on adsorbent bed (mg), m
is mass of adsorbent in bed (g) and Q is flow rate of the
influent((m3/(h m?)).

Table 4 presents the column adsorption capacity for lead
onto the adsorbent for varying operating variables that is flow
rate and feed concentration. The column capacity for Pb(II)
adsorption for the bed height of 0.6 m, hydraulic loading rate
of 12m3/(h m?) and the feed concentration of 30 mg/1 for 50%
breakthrough concentration were found to be 2.0132 mg/g. From
comparison of adsorption capacity from Langmuir isotherm
and column experiments, we can see that the less-stirred prop-

Table 4
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Fig.5. Break through curve for different feed concentration at constant hydraulic
loading rate of 12 m3/h/m?.

erty in column mode reduced the lead(Il) adsorption capacity
on GAC.

3.3.2. The effect of initial concentration

The effect of the initial lead concentration on the break-
through curve shape has been examined on the GAC with
flow rate 12 m®/(hm?) and changing initial concentration from
20-60 mg/1. The change in the initial metal ion concentration has
a significant effect on breakthrough curve as illustrated in Fig. 5.
The larger the initial feed concentration, the steeper is the slope
of break through curve and smaller is the breakthrough time.
These results demonstrate that the change of concentration gra-

Column adsorption capacity, Q5 at various operating conditions at 50% break through concentrations

Initial concentration (mg/1) Breakthrough time, 50% (h)

Hydraulic loading rate (m3/(h m2))

Adsorption column capacity, Qo5 (mg/g)

20 5 12
30 4.4 12
40 4.5 12
60 3.25 12
60 54 4
60 4.95 8
60 4.45 12

60 3.10 16

0.7540
0.9953
1.3572
1.4703
0.8144
1.4930
2.0132
1.8352
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Fig. 6. Break through curve for different hydraulic loading rate at constant feed
concentration of 60 mg/l.

dient affects the saturation rate and breakthrough time, or in other
words, the diffusion process is concentration dependent. As the
feed concentration increases, metal loading rate increases, but
so does the driving force for mass transfer, which in a decrease
in the adsorption zone length.

3.3.3. The effect of flow rate

The experiments were conducted at bed height of 0.6 m, at
constant feed concentration of 30 mg/l, with hydraulic loading
rate ranging from 4.0 to 16.0m3/(h m?). Results of the exper-
iments on effect of hydraulic loading rate (HLR) are plotted
in Fig. 6, which shows that breakthrough time decreases from
5.4 to 3.1h, as HLR increases from 4.0 to 16.0m3/(h m?). The
adsorption capacity, calculated using Eq. (6), accordingly shows
a maximum for 12 m3/(hm?). The variation in the slope of the
breakthrough curve and adsorption capacity may be explained on
the basis of mass transfer fundamentals. Increase in the hydraulic
loading rate causes increase in zone speed, resulting in decrease
in the time required to achieve breakthrough.

3.4. Column regeneration studies

In the present study, elution of the lead (adsorbate) from
aqueous solution was done using 0.5M HNOj3, under identical

25

20 =

-
o
1

Pb (ll) desorbed (mg/g)
S
1 N

L ' L] " v ' L ' L l Ll " L
750 1500 2250 3000 3750 4500
Volume of elutant (ml)

Fig. 7. Regeneration of GAC packed bed with 0.5 M HNOj3 for desorbing lead
D).

conditions of hydraulic loading rate of 4.0 m3/(h m?), adsorbent
bed height of 0.6 m as used for preloading of adsorbent with
60 mg/l of lead(Il) as feed concentration. The result obtained
is shown in Fig. 7. It can be inferred from Fig. 7 that the total
eluant volume amounted to be 2975 ml for 0.5M HNOj3. This is
due to the fact that after reaching an optimum value with dilu-
ents flow rate the concentration decreases, as a result the rate
decreases. Although it is better to use higher concentration of
HNO:s3, because high conc. of HNOj3 provides more exchange-
able H* ions with metal ions. However, in terms of the quantity
of eluant used, in the actual elution process as well as seri-
ous problems caused by disposal of waste with a higher acid
content, it could be that 0.5M HNO3; may be more suitable as
eluant. After the metal ion was recovered, column regenerated
with 0.5M HNO3, was washed with tap water and again loaded
with lead(Il) concentration of 60 mg/l under the identical con-
ditions as used for regeneration. After regeneration the HNOj3
is discharged subjected to neutralization with treatment of lime.
Regeneration efficiency can be calculated using Eq. (7):

After regeneration the HNO3 is discharged after neutraliza-
tion with treatment of lime.

A;
RE% = X x 100 7)
Ag
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In the above equation, A, is the adsorptive capacity of the
regenerated column (mg/g) and Ay is the original capacity of the
virgin adsorbent (mg/g).

4. Conclusions

The column performance characteristics have been inves-
tigated for GAC packed bed to remove lead(ll) from the
wastewater. Adsorption of Pb(II) on GAC followed both Lang-
muir and Freundlich adsorption isotherm models. Adsorption
capacity for 60 mg/l feed concentration of Pb(Il) at hydraulic
loading rate of 12 m?3/(hm?) and 0.6 m bed height is found to be
2.0132 mg/g, which indicates that practically adsorption capac-
ity of GAC is far less than batch mode results. This may be due to
the potential irreversibility of the sorption process and the differ-
ent approaches to adsorption equilibrium in different systems,
i.e. the solution-phase concentration is continuously decreasing
in the adsorption isotherm and in the batch systems while that
concentration is continuously increasing in the column system.
Removal of Pb(II) onto adsorbent depends on adsorbent con-
centration, and hydraulic loading rate and feed concentration.
The adsorbed lead(II) ion can be effectively eluted with the use
of mineral acid such as HNOj3 of 0.5 M concentrations.

References

[1] L. Friberg, G.F. Nordberg, B. Vouk (Eds.), Handbook on the Toxicol-
ogy of Metals, Elsevier, North-Holland, Biomedical press, Amsterdam,
1979.

[2] W. Lo, H. Chua, K.H. Lam, S.H. Bi, A comparative investigation on the
biosorption of lead by filamentous fungal biomass, Chemosphere 39 (1999)
2723-2736.

[3] K.K. Wong, C.K. Lee, K.S. Low, M.J. Haron, Removal of Cu(II) and Pb(II)
by tartaric acid modified rice husk from aqueous solutions, Chemosphere
50 (2003) 23-28.

[4] R. Jalali, H. Ghafourian, Y. Asef, S.J. Davarpanah, S. Sepehr, Removal
and recovery of lead using nonliving biomass of marine algae, J. Hazard.
Mater. B92 (2002) 253-262.

[5] V.K. Gupta, M. Gupta, S. Sharma, Process development for the removal of
lead and chromium from aqueous solutions using red mud—an aluminium
industry waste, Water Res. 35 (5) (2001) 1125-1134.

[6] K. Conrad, H.C.B. Hansen, Sorption of zinc and lead on coir, Bioresour.
Technol. 98 (1) (2007) 89-97.

[7] A. Groffman, S. Peterson, D. Brookins, Removing lead from wastewater
using zeolites, Water Environ. Technol. 5 (1992) 54-59.

[8] I.S.I., Tolerance limits for industrial effluents prescribed by Indian Stan-
dards Institution, IS: 2490 (Part II), New Delhi, India, 1982.

[91 M.M. Husein, J.H. Vera, M.E. Weber, Removal of lead from aque-
ous solutions with sodium caprate, Sep. Sci. Technol. 33 (12) (1998)
1889-1904.

[10] S.W. Lin, R.M.F. Navarro, An innovative method for removing Hg2+ and
Pb%* in ppm concentrations from aqueous media, Chemosphere 39 (11)
(1999) 1809-1817.

[11] D. Petruzzelli, M. Pagano, G. Tiravanti, R. Passino, Lead removal and
recovery from battery wastewaters by natural zeolite clinoptilolite, Solvent
Extr. Ion Exch. 17 (3) (1999) 677-694.

[12] A. Saeed, M. Igbal, M.W. Akhtar, Removal and recovery of lead(Il) from
single and multimetal (Cd, Cu, Ni, Zn) solutions by crop milling waste
(black gram husk), J. Hazard. Mater. 117 (1) (2005) 65-73.

[13] S. Doyurum, A. Celik, Pb(II) and Cd(II) removal from aqueous solutions
by olive cake, J. Hazard. Mater. 138 (1) (2006) 22-28.

[14] T.J.S. Pollard, D.G. Fowler, J.C. Sollars, R. Perry, Low-cost adsorbents for
waste and wastewater treatment: a review, Sci. Total Environ. 116 (1992)
31-52.

[15] J. Goel, K. Kadirvelu, C. Rajagopal, V.K. Garg, Removal of lead(Il) by
adsorption using treated granular activated carbon: batch and column stud-
ies, J. Hazard. Mater. 125 (2005) 211-220.

[16] G.Issabayeva, K.M. Aroua, N.M.N. Sulaiman, Removal of lead from aque-
ous solutions on palm shell activated carbon, Bioresour. Technol. 97 (18)
(2006) 2350-2355.

[17] C.K. Singh, J.N. Sahu, K.K. Mahalik, C.R. Mohanty, B. Raj Mohan, B.C.
Meikap, Studies on the removal of Pb (II) from wastewater by activated
carbon developed from Tamarind wood activated with sulphuric acid, J.
Hazard. Mater. 153 (2008) 221-228.

[18] K. Mohanty, M. Jha, B.C. Meikap, M.N. Biswas, Preparation, Character-
ization of activated carbons from terminalia arjuna nut with zinc chloride
activation for the removal of phenol from waste water, Ind. Eng. Chem.
Res. 44 (2005) 4128-4138.

[19] M.G. Lussier, J.C. Shull, D.J. Miller, Activated carbons from cherry stones,
Carbon 32 (8) (1994) 1493-1498.

[20] W. Su, L. Zhou, Y. Zhou, Preparation of microporous activated carbon from
coconut shells without activating agents, Carbon 41 (4) (2003) 861-863.

[21] C.J. Kirubakaran, K. Krishnaiah, S.K. Seshadri, Experimental study of
the production of activated carbon from coconut shells in a fluidized bed
reactor, Ind. Eng. Chem. Res. 30 (11) (1991) 2411-2416.

[22] D. Mohan, K.P. Singh, Single- and multi-component adsorption of
cadmium and zinc using activated carbon derived from bagasse—an agri-
cultural waste, Water Res. 36 (9) (2002) 2304-2318.

[23] K.A. Krishnan, T.S. Anirudhan, A preliminary examination of the adsorp-
tion characteristics of Pb(II) ions using sulfurized activated carbon prepared
from bagasse pitch, Indian J. Chem. Technol. 9 (1) (2002) 32—40.

[24] J.-W. Kim, M.-H. Sohn, D.-S. Kim, S.-M. Sohn, Y.-S. Kwon, Production
of granular activated carbon from waste walnut shell and its adsorption
characteristics for CU*2 ion, J. Hazard. Mater. 85 (2001) 301-315.

[25] S. Ricordel, S. Taha, I. Cisse, G. Dorange, Heavy metals removal by
adsorption onto peanut husks carbon: characterization, kinetic study and
modeling, Sep. Purif. Technol. 24 (3) (2001) 389-401.

[26] G. Tchobanolous, FL. Burton, H.D. Stensel, Wastewater Engineering
Treatment and Reuse, Tata McGraw-Hill publishing company limited, New
Delhi, 2003.

[27] V.J. Inglezakis, H.P. Grigoropoulou, Modeling of ion exchange of Pb2 +in
fixed beds of clinoptilolite, Micropor. Mesopor. Mater. 61 (2003) 273-282.

[28] R.E. Treybal, Mass Transfer Operations, 3rd ed., McGraw Hill, New York,
USA, 1980, 447-522.



	Column performance of granular activated carbon packed bed for Pb(II) removal
	Introduction
	Experimental technique
	Adsorbate
	Adsorbent
	Reagents
	Analytical method
	Method of experiment
	Batch mode adsorption studies
	Column adsorption studies
	Regeneration


	Result and discussion
	Physical and chemical characterization of the adsorbent
	Fourier transform infrared spectroscopy (FTIR) analysis
	Chemical properties
	Physical properties

	Pb(II) equilibrium adsorption isotherms
	Adsorption dynamic column studies
	Column adsorption capacity
	The effect of initial concentration
	The effect of flow rate

	Column regeneration studies

	Conclusions
	References


