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wastewater and their effluents containing toxic mate-
Abstract

. .. . .. . rials into rivers without adequate treatment. Envi-
The increase in industrial activity during re-

cent years is greatly contributing to the increase of
heavy metals in the environment, mainly in the

ronmental pollution, particularly from heavy metals

aquatic systems. Water pollution due to heavy metals and minerals in the wastewater water is the most se-
is an issue of great environmental concern. Heavy
metal ions like chromium (VI) are detected in the rious problem in India [1,2]. Mobilization of heavy

waste streams from mining operations, tanneries, . . . . L.
. . . . metals in the environment due to industrial activities
electronics, electroplating, batteries and petrochemi-

cal industries as well as textile mill products. Major is of serious concern as these metals are toxic to all
chromium (VI) pollution is through automobiles and

battery manufacturers. Activated carbon is used for forms of life, including humans. Chromium compounds
adsorption of organic substances. Adsorption is
commonly used in the treatment of industrial

wastewaters containing organic compounds not easi-

are widely used in various industries [3]. To avoid

i : ; i health hazards, it is essential to remove these toxic
ly biodegraded during secondary (biological) treat-

ment or toxic. heavy metals from wastewater before its disposal.

Keywords: Pigeon pea stem (PPS), Activated carbon,
Most of the heavy metals discharged into the

Adsorption, chromium (VI), waste waters treatment.
wastewater are found to be toxic and carcinogenic and
1. Introduction cause a serious threat to the human health. Chromium

The quality of our environment is deteriorating day by occurs in natural water is in two main oxidation states,

day, with the largest cities reaching saturation points
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and farm wastes are the major pollutants contaminat-

ing the environment. Most of the industries discharge

www.shcpub.edu.in



Original Research Article

J. Funct. Mater. Biomol. 9 (2) (2025) pp 1030-1037

N. Rajesh Kumar et.al.

Chromium (III) and Chromium (VI) [4]. Although
Chromium (III) is an essential nutrient in mammalian
metabolism, Chromium (VI) is highly toxic and muta-
genic [5-7].

Activated carbon is a black solid substance resembling
granular or powder charcoal and are carbonaceous
material that has highly developed porosity, internal
surface area and relatively high mechanical strength
[8-9]. Most of the heavy metals are dangerous to
health or to the environment. Heavy metals in
industrial wastewater include lead, chromium,
mercury, uranium, selenium, zinc, arsenic, cadmium,
silver, gold, and nickel. The main threats to human
health from heavy metals are associated with
exposure to lead, cadmium, chromium, mercury and
arsenic [10]. The adsorption of toxic waste from
industrial wastewater using agricultural waste and
industrial  by-products has been  massively
investigated [11-15]. The number of efficient methods
has been reviewed for the removal of heavy metals,
such as chemical precipitation, ion exchange, reverse
osmosis, electro dialysis, ultrafiltration, coagulation,
flocculation, floatation, etc. [16-17]. With the ever-
accelerating use of heavy metals by hospitals,
universities, research laboratories, nuclear weapons
and others, coupled with the “Atom for Peace”
programme, there is an equally increasing problem of
preventing the heavy metal wastes from polluting

public air and water supplies. The most toxic metals

are nickel, chromium and cadmium. The method used

to remove the toxic heavy metals involves the usage of
activated charcoal. Activated charcoal is usually good
agent for removing heavy metals of colour, tastes and
odours from air and water for the prevention of
environmental pollution [18].
Heavy metals are metallic elements that are present in
both natural and contaminated. In natural
environments, they occur at low concentrations.
However, at high concentrations, as is the case in
contaminated environments, they result in public health
impacts. The elements that are of concern include lead,
mercury, cadmium, arsenic, chromium, zinc, nickel and
copper. Heavy metals may be released into the
environment from metal smelting and refining
industries, scrap metal, plastic and rubber industries
[19], various consumer products and from burning of
waste containing these elements on release to the air,
the elements are transported for large distances and are
deposited onto the soil, vegetation and water,
depending on their density. Adsorption is the method
for separation of mixtures on a laboratory and industrial
scale, where it is a surface phenomenon that can be
defined as the increase in concentration of a particular
component at the interface between two phases.
Adsorption is a very important process due to its
technological, environmental and biological importance
[20]. It is a type of adsorption in which the adsorbate
adheres to the surface only through van der Waals

(Weak intermolecular) interactions. The molecules

adhere to a surface through the formation of a chemical
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bond, as opposed to the van der Waals forces, which
cause physisorption. Chemisorption is thus highly
selective since only certain types of molecules will be
adsorbed by a particular solid. This depends on the
chemical properties of the gas and the adsorbent [21].

2. Experimental

2.1 PREPARATION OF ACTIVATED CHARCOAL
Pigeon pea stems are collected from agricultural fields.
The pigeon pea stems are cut into small pieces and dried
at room temperature. The activated carbon is prepared
from the above material impregnated with conc. HCl
and carbonized at 450 ° C. For impregnator ratio of acid
volume to weight of plant material of 1:1 (w/v) was
employed. Before utilization, the carbon was washed
with distilled water and dried in a hot air oven.

2.2 PREPARATION OF Cr (VI) SOLUTION

Potassium dichromate is used to prepare the stock solu-
tion (1000 ppm). The stock solution is diluted with an
appropriate quantity of distilled water to obtain a
standard solution of Chromium (VI). The pH of the solu-
tion was adjusted using 0.1 N HCl and 0.1 N NaOH solu-
tions. Hexavalent chromium Chromium (VI) is quanti-
fied using 1,5-diphenylcarbazide, which forms a red-
violet complex, and the intensity of this complex was
read at 540 nm using a colourimeter [24].

2.3 BATCH EXPERIMENTS

Batch studies were conducted with Chromium (VI) solu-
tions prepared in the laboratory. The studies were con-
ducted at a constant temperature of 30° C-35° C in a 250

ml conical flask. Each conical flask contains 50 ml of

Chromium (VI) solution to which the adsorbent was
added. The initial pH of Chromium (VI) solution was
measured to be 2 [25]. The flasks were agitated in a me-
chanical shaker. The liquid samples were withdrawn
from the flask at regular intervals of time and centri-
fuged to separate the solid particles. Initially, a standard
calibration curve between the percentage of removal
and the concentration of Chromium (VI) solution was
prepared using Chromium (VI) solution of known con-
centrations. The effect of the following parameters on
the adsorption potential of pigeon pea stem charcoal. In-
itial concentration of Cr (VI) solution (10-50 mg/L),
time (up to 60min) [26].

3. Results and Discussion

3.1 EFFECTS OF AGITATION TIME, TEMPERATURE,
PH, DOSAGE AND INITIAL CONCENTRATION OF Cr
(v

Adsorption isotherms are usually determined under
equilibrium conditions. A series of contact time experi-
ments for Chromium (VI) have been carried out at dif-
ferent initial concentrations (10-50 mg/L) and at a tem-
perature of 35 °C, pH, and dosage. Fig. 3.3 shows the
contact time of 60 minutes. However, for Chromium (VI)
with higher initial concentrations (10-50mg/L) longer
equilibrium time of 60 min. is needed [27].

As can be seen from Fig. 1.3, the amount of Chromium
(VI) adsorbed into activated carbon increases with time
and, at some point in time, reaches a constant value be-
yond which no more is removed from solution. At all

these points, the amount of Chromium (VI) is being ad-
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sorbed onto the activated carbon. The time required to
attain this state of equilibrium is termed the equilibrium
time, and the amount of Chromium (VI) adsorbed at the
equilibrium time reflects the maximum adsorption un-
der those operating conditions. The adsorption capacity
at equilibrium increases with an increase in the initial
Chromium (VI) concentration from 10 to 50 mg/L. It
may be noted that at a particular Chromium (VI) con-
centration, adsorption by different adsorbents was de-
pendent on the type of Chromium (VI) solution [28]. Pi-
geon pea stem charcoal activated carbons as an adsor-
bent. It was also observed that, in general, for all Chro-
mium solutions at lower concentration adsorption pro-
It was observed at 10-60

cess was not so effective.

mg/L of Chromium (VI).
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Fig. 1.1 FTIR spectra of After (A) Adsorption and be-
fore (B) Adsorption of PPS FTIR Analysis (PPS)
The FTIR spectra of raw adsorbent and chromium-
loaded pigeon pea stem Activated Carbon powder are
presented in Fig 1.1 before and after, respectively. The

peak at 2800 cm-! indicates the presence of the N-H

Stretching group, and the peak at 2924 cm! indicates
the presence of alkanes C-H stretching group. The peak
at 1550 cm! indicates N-H bend 1 amines [29]. In addi-
tion, the peaks at aromatics 1427 cm C-C stretching
and 1096 cm! indicate the presence of aliphatic amines
C-N stretching group. The peak at 872 cm! C-Cl stretch-

ing for alkyl halides, and 674 cm1.
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Fig. 1.2 (i) Effect of contact time (min) on chromium
removal by PPS [Cr (VI) Concentration 10, 20, 30,
40, and 50 mg/L, stirring speed 400 rpm, adsorbent
dosage 500 mg and pH=2]

The effect of initial concentration of Chromium (VI) and
removal percentage is shown in Fig. 1.2 - 1.4 (i) varia-
tion in specific Chromium (VI) solution and % removal
of Chromium (VI) (10-50 mg/L) using con.HCl-modified
carbon from Pigeon pea stems as an adsorbent for dif-
ferent initial concentrations at volume (50 ml), time (60

min), and weight of adsorbent (500 mg) [30-33].
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Fig. 1.3 (ii) Effect of contact time (min) on chromi-

um removal by PPS [Cr (VI), Concentration
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10,20,30,40 and 50 mg/L, stirring speed=400 rpm,

adsorbent dosage=500 mg and pH=2]. Fig. 1.5 Removal of Cr (VI) using different initial
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Fig. 1.6 Removal of Cr (VI) using different initial

concentrations in PPS
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4. Conclusions

The study indicated that activated carbon prepared
from pigeon pea stem could be used as effective adsor-
bent materials for treatment of Chromium (VI) bearing
aqueous waste waters. The adsorption of Chromium
(VD) onto activated carbon is found to be different time,
concentration, and constant dosage, pH. The adsorbent
selected form pigeon pea stem in the present study
proved to be good adsorbent which was evident with
the adsorption data. The use of pigeon pea charcoals as
an adsorbent seems to be an economical and promising
an alternative over conventional methods. Percentage
Chromium (VI) removal at equilibrium increased with
increasing adsorbent with initial concentration with dif-
ferent time whereas the adsorption decreased with in-
crease of initial metal ion concentrations in PPS.
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