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ABSTRACT

In this study, an activated carbon (AC) was prepared from Populus nigra sawdust and was used
to remove Cd(II), Cr(VI) and Pb(Il) ions from aqueous media. Instrumental techniques such as
Fourier transform infrared spectroscopy, scanning electron microscopy, thermal gravimetric anal-
ysis, X-ray diffraction, energy dispersive X-ray and surface area analysis were used to characterize
the prepared adsorbent. Batch adsorption experiments were conducted to enumerate the adsorption
parameters and get optimum conditions for the effective adsorption of the selected heavy metals.
The equilibrium data were evaluated through Freundlich, Langmuir, Temkin, Jovanovic and Harkins—
Jura isotherm models. The Langmuir model best fitted the equilibrium data with high values of R
Pseudo-first order, pseudo-second order, power function, intraparticle diffusion, and Natarajan—
Khalaf models were used to evaluate the experimental kinetics data. Pseudo-second order model
amongst them was found to be the best to fit the data well with high regression constant values of
0.9923, 0.9932 and 0.99112, respectively for Cr(VI), Cd(II) and Pb(II) sorption on AC. The thermody-
namic parameters such as AH®, AS° and AG® were estimated for the sorption of selected heavy metals
on AC, using Van't Hoff equation. From the estimated values of the mentioned parameters, it was
inferred that the sorption of these metals on AC is favourable, spontaneous and exothermic in nature.
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1. Introduction

The heavy metal pollution is a major concern to the
common and scientific communities around the world as
they are deadly toxic and can accumulate in tissues and
organs of both animals and plants. As human is on the

* Corresponding author.

top of food chain thus their ultimate sink is human [1].
Wastewaters coming out from industries containing heavy
metals adversely affect the environment and human health
[1,2]. Due to their non-biodegradable nature these met-
als exist for long time in aqueous environment and in soil.
Therefore, different approaches have been used to remove
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them from industrial effluents before reaching into water
reservoirs [3]. Heavy metals such as Cd(Il), Cr(VI) and
Pb(II) are considered as the most toxic pollutants. Cadmium
is released to aqueous media from many industries such as
metal plating, smelting, pigments, mining, coating and the
burning of fossil fuel and is responsible for itai-itai disease
in humans, characterized by severe bone pain [4,5]. Cr(VI)
is a powerful oxidant and its compounds are used in pho-
tography, as pigment in plastics, inks, paints and other dyes
synthesis. Cr(VI) is used in steel production, tanning leather,
preservation of wood, textile dyes and coating of corrosive
materials. Cr(III) is less toxic and immobile while Cr(VI) is
more toxic that can easily be absorbed by the skin due to its
strong oxidizing ability and moves through soils to aquatic
environment [6,7]. The main sources of lead pollution are
mining, paints, pigment, electroplating, batteries manufac-
turing, and coal burning. It may cause anaemia, malaise,
brain damage, loss of appetite, anorexia, kidney and liver
diseases [6,7].

Many techniques such as ion exchange, electrolysis, floc-
culation, photo catalytic degradation, advanced oxidation,
and membrane technologies are in use to remove heavy
metals from aqueous media [8-16]. All of them have some
drawbacks such as partial metal removal, high reagent cost
and energy requirements, generation of large quantities of
sludge and aggregation of metal precipitates while fouling
in case of membranes. Phytoremediation is another tech-
nique that utilizes living plants for heavy metals removal
from soil but it also has some disadvantages such as accu-
mulation of pollutants in edible parts of the plant and are
very slow, thus not practical [17]. Although some of these
modern techniques are quite effective in removal of heavy
metals from water, due to their expensive nature they are
not used practically in every part of the world. Therefore,
the most valid and practical approach that is used for metal
ions removal from water is adsorption. Practically adsorp-
tion technique is used everywhere in reclamation of the
aquatic environment due to its low cost, environmental
friendly nature and utilization of naturally and abundantly
available biomass in preparation of the adsorbents [17,18].
Regeneration of such biomass-based adsorbents is easy that
is one of the essential aspects that controls the economy of
water treatment processes [19]. Adsorbents prepared from
biomass can be effectively regenerated by acids (such as
HC], H,50,, HNO,, HCOOH and CH,COOH), alkalis (such
as NaOH, NaHCO,, Na,CO,, KOH and K,CO,), salts (such
as NaCl, KCl, (NH,),SO,, CaCl,-2H,0, NH NO,, KNO, and
CHNa,O,2H,O), deionized water, chelating agents, and
buffer solutions (such as bicarbonate and phosphate) [20].
All these are common laboratory reagents. Several studies
have shown that HCI is more effective in the regeneration
of loaded adsorbents when compared with other stripping
agents such as HNO,, H,SO, and NaOH [21].

The current research study was conducted to remove
toxic heavy metals such as Cd(Il), Cr(VI) and Pb(Il) from
water through an activated carbon prepared from Populus
nigra sawdust. The adsorbent was characterized by different
instrumental techniques such as Fourier transform infrared
(FTIR), scanning electron microscopy (SEM), energy disper-
sive X-ray (EDX), X-ray diffraction (XRD), and surface area
analysis. To determine the optimal conditions for the selected

metals adsorption, the effect of initial metal concentration,
contact time, pH, temperature and adsorbent dosage was
investigated using batch experiments. Stability of a given
adsorbent is an important parameter especially in situations
where the same adsorbent is re-used in multiple adsorp-
tions cycles. Therefore, the reusability of adsorbent was also
evaluated.

2. Materials and methods

All reagents HCI (AR 37%), NaOH (97%), CdCl, (99%),
Pb(NO,), (99.99%) and K,Cr,O, (99.99%), were purchased
from BDH (Germany), Fisher (UK) and Merck (Pakistan).

2.1. Preparation of activated carbon

Activated carbon (AC) was prepared from sawdust
of locally available Populus nigra plant, collected from
District Malakand, KPK, Pakistan. About 100 g of sawdust
was charred in an electric furnace containing an inlet for
N, and outlet for various gases. The furnace temperature
was initially raised to 400°C with a rate of 10°C/min and
allowed to carbonize the material for about 1 h under an
inert atmosphere of nitrogen. The temperature was further
increased to the desired level of activation temperature,
that is, 800°C at which the steam was introduced along
with N, using a syringe pump. After keeping the process
isothermal for 1 h, the furnace was switched off. When the
room temperature was reached, the sample was taken out.
In order to remove any ash present in the resultant mass, it
was washed with 0.05 M HCI and then with distilled water.
After washing, the residual mass was dried in an oven
at 105°C for 6 h.

2.2. Preparation of heavy metal solutions

Stock solutions (1,000 ppm) of Cd(II), Cr(VI) and Pb(II)
were prepared by dissolving 2.031 g of CdCL-H,O, 2.837 g
of K,.Cr,O, and 1.599 g of Pb(NQ,), in double distilled water.
Working solutions of different concentration (20-200 ppm)
were prepared using dilution formula.

2.3. Characterization of prepared adsorbent

The FTIR spectrophotometer (PerkinElmer, Merlin model
2000) was used to determine the functionalities in AC.
Pellets were prepared by adding 0.3 g of KBr and 0.003 g
of AC and pressed by applying 3-7 bar pressure. The sur-
face morphology was visualized by scanning electron micro-
scope (JEOL Japan-JSM 5910) at a voltage of 10 kV. The ther-
mo-gravimetric analysis (TGA) was performed with diamond
series (PerkinElmer, United States) analyser using alumina
as a standard. To identify the nature of AC, the XRD (JDX-
3532 JEOL, Japan) analysis was performed. Monochromatic
radiation of nickel filter CuKa with wavelength 1.5418 was
used at room temperature. Energy dispersive X-ray anal-
ysis (INCA200/Oxford Instruments, UK) was also carried
out to determine elemental composition of the prepared
adsorbent. Surface area of the adsorbent along with pore
volume and diameter was determined using Quantachrome
surface area analyser (NOVA, 2200e, United States).
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2.4. Batch adsorption experiments

About 40 mL heavy metal solutions (20-200 mg L) were
contacted with 0.07 g of AC while the shaking speed was
160 rpm. The solution was filtered after shaking and in fil-
trates the remaining metal concentrations were determined
by atomic absorption spectrophotometer (PerkinElmer
USA-700 AAS). The amount of Cd(II), Cr(VI) and Pb(II)
adsorbed, g, (mg g') and percentage removal (%R) were
calculated using the following equations [22,23].

v

7.=(C.=C/)x— )

%R:@xwo @)
C

i

where C, and C, are the initial and final equilibrium met-
als concentration of Cd(II), Cr(VI) and Pb(Il), V volume of
solution (L) and m is the mass of AC.

Freundlich, Langmuir, Temkin, Jovanovic and Harkins-
Jura models were utilized to analyse the adsorption
equilibrium data.

2.5. Adsorption kinetic studies

To determine the kinetic parameters of metal ions
adsorption on AC, 0.07 g of adsorbent was mixed with
40 mL of Cd(II), Cr(VI) and Pb(II) (100, 80 and 120 mg L™,
respectively) metal solutions and shaken on a shaker at a
speed of 160 rpm for 180 min. Pseudo-first and second order,
power function, intraparticle diffusion and Natarajan—
Khalaf models were applied to analyse the kinetic data.

2.6. Effect of solution pH and adsorbent dosage

To adjust pH of solution, NaOH solution (0.1 M) was
prepared by dissolving 2 g NaOH in 500 mL distilled
water while HCI solution (0.1 M) was prepared by adding

4.144 mL HCI (37%) into 500 mL of distilled water. Different
pH solutions containing 100, 80 and 120 mg L of Cd(I),
Cr(VI) and Pb(Il), respectively were contacted with 0.07 g
of AC and shaken for 180 min at 160 rpm. The remaining
Cd(I), Cr(VI) and Pb(Il) concentration after adsorption
was determined through atomic absorption spectropho-
tometer. The effect of adsorbent dosage on Cd(II), Cr(VI)
and Pb(Il) adsorption was studied in range 0.01-0.1 g
while other parameters were same as mentioned above.

2.7. Thermodynamic studies

The effect of temperature on Cd(II), Cr(VI) and Pb(II)
adsorption on AC was studied at 25°C, 35°C, 45°C and 55°C
keeping other parameters constant. Van't Hoff equation
was applied to determine the values of thermodynamics
parameters such as AH®, AS® and AG°.

3. Results and discussion
3.1. Characterization of AC

The FTIR spectrum of unloaded and loaded AC is shown
in Figs. 2a—d. The peak at 3,450 to 3,280 cm™ indicates O-H
group [24]. The peak between 1,500 and 1,600 cm™ indicates
C=C stretching [25]. Peak at 2,926-2,854 cm™ shows C-H
stretching [26]. Similarly, the peak at 1,212.53 cm™ shows
the C-O group [27]. Peak at 755.10 presents the =C-H bend-
ing. The slight shifting of the peaks in loaded adsorbent
confirms the adsorption of Cd(II), Cr(VI) and Pb(II) on pre-
pared AC.

The SEM images are shown in Fig. 2e. The SEM image
shows the morphology of adsorbent having irregular par-
ticle shape with shattered edges and crooks suggesting
that the adsorbent has a suitable surface for heavy metals
adsorption.

The TGA of AC is shown in Fig. 2f. The mass of sorbent
analysed was 5.663 g. From 0°C to 60°C, the observed mass
loss was 3%, which was due to water evaporation. The sec-
ond mass loss was observed up to 380°C, which was due to

Fig. 1. (a) Sawdust of Populus nigra stem and (b) activated carbon prepared from sawdust.
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Fig. 2. Instrumental characterization of prepared AC. FTIR spectra of (a) AC, (b) Cd(II)-loaded AC, (c) Cr(VI)-loaded AC, (d) Pb(II)-
loaded AC; SEM images of (e) AC, (f) TGA plot, (g) XRD plot, (h) EDX plot, (i) BET surface area, and (j) BJH pore distribution plot.

thermal degradation of cellulose material. The third mass
loss was observed above 380°C, which was attributed to the
formation of carbonaceous residues.

To identify the amorphous or crystalline nature of AC,
XRD analysis was performed as shown in Fig. 2g. The pattern
shown in the figure suggests the amorphous nature of the
prepared adsorbent.

The elemental analysis (EDX) results have been pre-
sented in Fig. 2h. The carbon and oxygen are more prominent
as compared with other small peaks of calcium, potassium,
magnesium and sulphur that were present as impurities.

The BET surface area micrograph and BJH pore dis-
tribution plot are given in Figs. 2i and j. The BET, surface
area, BJH pore volume, pore radius values were found
to be 37.445 m? g, 31.548 m?> g, 0.003 ccg™ and 3.443 A,
respectively.

3.2. Adsorption kinetics

The kinetics of Cd(II), Cr(VI) and Pb(Il) adsorption
on AC was investigated for fixed concentration solutions
contacted with fixed amount of AC. The amount of metal
adsorbed was plotted vs. time as shown in Fig. 3a. Initially,

the adsorption was fast as more adsorption sites were
available; therefore, maximum adsorption took place in
this step. Gradually the process slows down till the attain-
ment of equilibrium as the active sites of AC were already
occupied by metal ions.

The adsorption kinetics data were then fed into pseudo-
first order, pseudo-second order, power function, Natarajan—
Khalaf and intraparticle diffusion models to enumerate the
adsorption kinetic parameters. The mathematical forms of
these models are given as follows:

Pseudo-first order kinetic equation [28]:

In(q, -q,)=Ing, - Kt ®)

Pseudo-second order kinetic equation [29]:
e @
9. Kaq. 4.

Power function kinetic model [30]:

logg, =loga+blogt (5)
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Fig. 3. Adsorption kinetics plots: (a) effect of contact time, (b) pseudo-first order kinetics model, (c) pseudo-second order kinetics
model, (d) Power function kinetics model, (e) Natarajan and Khalaf kinetics model and (f) intraparticle diffusion model.
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Natarajan and Khalaf kinetic equation [31]:

G ) K
log| =2 |= ¢ 6
Og[ch 2.303 ©

Intraparticle diffusion equation [32,33]:

g, =K, 1" +C @)

diff

In Eq. (3), 9, (mg g) is the amount of metal adsorbed
at equilibrium while g, at any time ¢, and K, (min™) is rate
constant of first order equation. The value of K, and g,
was calculated from the slope and intercept of In (g, - g,)
vs. t plot as shown in Fig. 3b and are given in Table 1.

In Eq. (4), K, is pseudo-second order rate constant
(g mg™ min), g, (mg g)is the amount of metal adsorbed
at equilibrium while g, at any time t. The g, and K, val-
ues were determined from intercept and slope of t/g, vs. t
plot as shown in Fig. 3c and are given in Table 1.

In Eq. (5), the constant a represents the initial rate of
adsorption while constant b represents the reaction rate.
Both these constants can be estimated from the intercept
and slope of the logg, vs. logt plot as shown in Fig. 3d.
Their values are given in Table 1.

In Eq. (6), C, and C, are concentrations at zero time and
at time f, respectively. K is rate constant (min™), which can
be calculated from slope of log(C,/C,) vs. t plot as shown in
Fig. 3e and is given in Table 1.

In Eq. (7), g, is the amount of metal adsorbed per unit
mass of AC at any time ¢, K, (mg g* min'?) is the rate
constant of intraparticle diffusion model and C (mg g™) is
a constant whose value can be estimated from the inter-
cept of g, vs. t*2 plot (Fig. 3f) and related to the boundary
layer thickness (Table 1). The intraparticle diffusion plot is
obtained by plotting as shown in Fig. 3f. The linear portions
of all the curves in Fig. 3f do not pass through the origin of

Table 1
Kinetic parameters of Cd(II), Cr(VI) and Pb(II) adsorption on AC
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the graph that clearly shows that the intraparticle diffusion is
not the only rate-controlling step in the adsorption process.

Based on R? value, it was concluded that adsorption
of Cd(I), Cr(VI) and Pb(II) by AC follow well the pseudo-
second order kinetic model.

3.3. Isotherm studies

A series of standard solutions of Cd(II), Cr(VI) and
Pb(II) with concentrations of 20-200 mg L' were treated
with AC and analysed after filtration using atomic absorp-
tion spectrophotometer. The effect of initial metal ions
concentration is evident from Fig. 4a showing that the
adsorption capability has been enhanced due to increase
in concentration gradient, which may be due to opening
of internal pores. With increase in heavy metal ion con-
centrations the transfer of mass between solution and AC
has increased therefore, high adsorption was observed at
high concentrations. Isothermal studies are significantly
important while determining the adsorption capacities of
adsorbent and give an idea about adsorbate and adsor-
bent interactions. Various isothermal models such as
Freundlich, Langmuir, Temkin, Jovanovic and Harkins—
Jura were applied to find out the isothermal parameters
and explained the observed adsorption behaviour.

3.3.1. Freundlich adsorption isotherm

This model is used to explain the adsorption in mono-
layer with active sites having different energies [34].
The linear form of this model can be given as follows:

lnqt, =log K.+ llnC‘, 8)
n

where g, is the adsorbate amount adsorbed per unit mass
of AC (mg/g), C, is adsorbate concentration in the solution

Kinetics model Parameters Metal ion
Cd(II) Cr(VI) Pb(II)

Pseudo-first order K, (1/min) 40x10* 1.1x10° 4.0x10*

q, (mg/g) 3.083 41.60 54.29

R? 0.816 0.8476 0.9733
Pseudo-second order K, (1/min) 2.58 x 1072 5.9 x107° 9.4 x107°

q. (mg/g) 57.80 44.84 69.44

R? 0.9998 0.9997 0.9999
Power function kinetics o 56.42 31.04 62.14

b 0.0023 0.0692 0.0191

R? 0.8388 0.9202 0.8909
Natarajan and Khalaf K, (1/min) 1.05 x 1072 1.1x1072 1.49 x 102

R? 0.903 0.8676 0.9064
Intraparticle diffusion K (mg/g min'?) 0.0206 0.593 0.306

C 56.83 36.61 64.71

R? 0.8528 0.8458 0.935
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Fig. 4. Isotherm studies: (a) effect of initial metal ion concentration, (b) Freundlich plot, () Langmuir isotherm plot,
(d) Temkin isotherm plot, (e) Jovanovic isotherm plot and (f) Harkins—Jura isotherm plot.
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at equilibrium (mg L™), K, is Freundlich constant and n is
adsorption coefficient. K, and n can be determined from
slope and intercept of Ing, vs. C, plot as shown in Fig. 4b
while their values are given in Table 2.

3.3.2. Langmuir adsorption isotherm

Linear form of this model can be given as follows [35]:

L& ©)

9. Ka, q,

where g, is quantity of adsorbate adsorbed per unit mass
of adsorbent at equilibrium, g__ is maximum adsorption
capability, C, is adsorbate concentration in solution at equi-
librium and K, is Langmuir constant (L mg™). From plot of
C/q,vs. C, as shown in Fig. 4c, the values of g _and K, were
obtained and are given in Table 2.

3.3.3. Temkin adsorption isotherm

The Temkin adsorption isotherm correlates the heat
of adsorption with the surface coverage. The Temkin iso-
therm is valid only for an intermediate range of adsorbate
concentrations [36,37]. The linear form of this isotherm is
given as follows:
g, =BIna+BInC, (10)
where 3 = RT/b, R is a general gas constant and its value is
8.314 J/mol K, T is absolute temperature (K), B is a constant
and related to the heat of adsorption. Plotting g, against

InC, a curve as shown in Fig. 4d was obtained and the
estimated values of constant are given in Table 2.

Table 2

3.3.4. Jovanovic adsorption isotherm

This model of adsorption was introduced by Jovanovic.
The Jovanovic isotherm is nearly similar to Langmuir iso-
therm. However, it also considers the possibility of some
mechanical interactions between adsorbate and adsorbent.
The linear form of Jovanovic isotherm is given as follows [38]:
Ing, =Ing_. -K.C, (11)
where g, represents the amount of adsorbate adsorbed per
unit mass of adsorbent (mg g7), g, is maximum adsorp-
tion capacity of adsorbent that can be obtained from the
intercept of the graph, while C, is equilibrium concen-
tration (mg L™). The values of K, and q,___were calculated

from the slope and intercept of Ing, vs. C, plot as shown in
Fig. 4e and their values are given in Table 2.

3.3.5. Harkins-Jura isotherm

Harkins-Jura isotherm considers multilayer adsorption
possibility on the adsorbent surface having heterogeneous
pore distribution [39]. The linear form of the Harkins-Jura
isotherms can be given as follows:

LB L, (12)
0. Ay Ay
where B and A are Harkins-Jura constants (Table 2),
which can be obtained from 1/4> vs. logC, plot as shown in
Fig. 4f.

Based on R? value, it was concluded that Langmuir model
can effectively accommodate the experimental data with
high regression constant values.

Isothermal parameters for adsorption of Cd(II), Cr(VI) and Pb(II) on AC

Isotherm models Parameters Metal ion
Cd(II) Cr(VI) Pb(II)
Freundlich K, (mg g7 5.806 23.63 14.17
n 1.852 2.237 2.515
R? 0.9914 0.9927 0.9901
Langmuir 9. (Mg g™ 81.71 107.5 64.10
K, (Lmg™) 0.0269 0.352 0.438
R? 0.9923 0.9932 0.9911
Temkin B 14.48 24.96 16.72
o 1.977 1.639 1.035
b 156.69 90.92 135.70
R? 0.9479 0.9563 0.9632
Jovanovic K/ Lgh 0.0137 0.054 0.0128
q...(mgg?) 21.42 29.89 34.87
R? 0.8897 0.8631 0.8493
Harkins—Jura A, (gL 25.90 53.19 42.55
B, (mg?L™) 2.215 1.808 2.229
R? 0.9726 0.98 0.8923
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3.4. Effect of solution pH

The effect of solution pH on adsorption of Cd(II), Cr(VI)
and Pb(II) is shown in Fig. 5. Initially the adsorption rate
increases with increasing pH. Maximum adsorption of
Cd(I) on AC occurred at pH 6 while for Cr(VI) and Pb(II)
adsorption maxima was observed at pH 5 and 7, respec-
tively. At low pH more H,O* ions were there to compete
with Cd(II), Cr(VI) and Pb(II) ions in getting adsorbed on
to adsorbent surface [40]. Therefore, adsorption rate was
low at acidic pH and that’s why maximum adsorption has
been recorded near neutral pH. Further increasing the pH
resulted in no significant increase in the adsorption rate,
which is due to ions saturation at the surface of AC, and
remained constant in case of Cr while for Pb and Cd, a
decline was observed at high pH.

3.5. Effect of adsorbent dosage

The effect of adsorbent dosage on Cd(Il), Cr(VI) and
Pb(Il) adsorption was studied in the range of 0.01-0.1 g as
shown in Fig. 6. It is clear from the graph that adsorption
of Cd(I), Cr(VI) and Pb(Il) increases with increase in the
amount of AC. Significantly high adsorption was observed
at 0.07 g dosage. Therefore 0.07 g of AC was taken as
optimum dosage in all subsequent batch experiments.

3.6. Thermodynamic parameters

To determine the thermodynamic parameters, adsorp-
tion experiments were carried out at 298, 308, 318 and 328 K.
From Van't Hoff plot, values of the parameters such as stan-
dard enthalpy change (AH°) and standard entropy change
(AS°) were estimated [41]. The given plot is based on the
following equation:

_AS° AH®
R RT

InK

(13)

where K = gq/C, and represents adsorption capacity,
g, (mg/g) is the adsorbate amount adsorbed at equilibrium,
C,is the concentration of adsorbate at equilibrium, R is the

120
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% removal

40
——Cd Cr Pb

20

pH

Fig. 5. Solution pH effect on adsorption.

universal gas constant, and T is temperature in Kelvin.
AH° and AS° for Cd(II), Cr(VI) and Pb(II) were calculated
from InK against 1/T plot as shown in Fig. 7 and their val-
ues are given in Table 3. The negative values of AH® and
positive values of AS° indicate exothermic and spontaneous
nature of the process.

The Gibbs energy change (AG°) was calculated using
the following equation [42].
AG®=AH°-T(AS°) (14)

The negative values of AG® correspond to the favourable
and spontaneous nature of the process.

3.7. Reusability of adsorbent

The reusability of the prepared sorbent was checked
for five cycles. The percentage of adsorption decreased
slightly from cycle to cycle as given in Fig. 8. This decrease
is due to the destructive effect of the stripping agent and
mass loss of the adsorbent during desorption treatment.

3.8. Comparison with other adsorbents

The Populas nigra sawdust-based activated carbon used
in this study was compared with the reported activated car-
bons prepared from other biomass sources. Table 4 shows
that the monolayer adsorption capacity of the prepared
adsorbent is comparable with that of the other activated car-
bons reported in literature and thus could be used as an effi-
cient adsorbent for the removal of heavy metals from water.

4. Conclusion

Adsorption is the most efficient environmental rec-
lamation technique, which can remove minute amount
of contaminant even at ppb level from aqueous solutions
efficiently. In the present research work, an activated car-
bon was prepared from sawdust of Populus nigra. The syn-
thesized AC was characterized by FTIR, SEM, TGA, EDX,
XRD and surface area analysis. The prepared adsorbent
quite efficiently removed Cd(II), Cr(VI) and Pb(II) from test

120
100
- B
—

- ~— o i - 7]
g 30 ) P
5
2 60

40 —t—Cd —8—=Cr Pb

20

0 0.02 0.04 0.06 0.08 0.1

Adsorbent dosage (g/L)

Fig. 6. Effect of adsorbent dosage.
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Table 3

Thermodynamic parameters of Cd(II), Cr(VI) and Pb(II) adsorption on AC

Metal ion AH°(kJ/mol) AS° (k]/mol) AG° (kJ/mol)
298 K 308 K 318K 328 K
Cd(II) —46.64 164.06 —-48.93 -50.74 -52.21 -53.85
Cr(VI) —4.32 28.87 -8.60 -8.89 -9.18 -9.43
Pb(II) —46.14 187.27 -55.85 -57.91 -59.59 -61.47
Table 4
Comparison with other activated carbon
Adsorbents F e (ME/8) References
Cdrn) Cr(VI) Pb(II)
Water hyacinth (Eichhornia crassipes) plant activated carbon 37.78 [42]
Marine green algae activated carbon 22.93 [43]
Cicer arietinum activated carbon 20.69 [44]
Eichhomia crassipes activated carbon 16.61 [45]
This study 81.71
Leucaena leucocephala activated carbon 70.42 [46]
Mauritia flexuosa activated carbon 26.33 [47]
Cicer arietinum activated carbon 17.77 [44]
Olive stone activated carbon 11.72 [48]
This study 107.5
Rubber wood sawdust activated carbon 44.05 [49]
Pinus roxburghii activated carbon 29.58 [50]
Almond shell activated carbon 19.98 [51]
Coconut shell activated carbon 10.88 [52]
This study 64.10
7 Cd=-5.61x+19.734 100 +
R?=0.9078
6 - Cr=-0.52x+3.473
R?=0.8837
5 4 A Pb=-5.55x+22525
4 4 Cd mCr AP ~=09177 g
- 5
? =
2
*
1
0 : : ‘ : : : : :
2.95 3 305 31 345 32 325 33 335 1 2 3 4 5
Temperature (1/kX 10 No of cycle

Fig. 7. Van't Hoff plot for Cd(II), Cr(VI) and Pb(II) adsorption
on AC.

solutions. At the maximum adsorption, the optimum pH
occurred was 6, 5 and 7, respectively, for Cd(II), Cr(VI) and
Pb(Il). The Langmuir isotherm and pseudo-second order
kinetic model well fitted the equilibrium and kinetics data
with high R? values. From the calculated thermodynamic

Fig. 8. Reusability of the prepared activated carbon.

parameters such as AH°, AS° and AG°, it was inferred
that the adsorption of Cd(II), Cr(VI) and Pb(II) by AC
was favourable, spontaneous and exothermic in nature.
From the results, it was concluded that the prepared AC
could be used as low-cost adsorbent for the removal of
Cd(II), Cr(VI) and Pb(II) ions from aqueous media.
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