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Abstract

Heavy metals have become a significant source of water contamination due to their
poisonous nature and difficulties in biodegrading. Banana peel was employed as a
bioadsorbent in this study to remove heavy metals from contaminated water. The
fundamental issue with banana peel bioadsorbent is that biomass-derived activated carbon
has a far lower adsorption capacity than commercial activated carbon. Furthermore, a large
amount of wasted banana peels complicates disposal. Thus, it is anticipated that the current
effort will address banana peel disposal issues by converting banana peels into bioadsorbent.
The goals of this project are to create a bioadsorbent from banana peels and test its efficacy in
adsorbing heavy metals. Furthermore, we optimised the pH, solution temperature, adsorbent
dose, contact time, and solid-liquid ratio to assess the bio-capacity adsorbent's to remove Ni.
Due to their ease of processing, wide availability, and environmental friendliness, it is
strongly suggested that affordable raw materials be used extensively as bioadsorbent in
wastewater operations.
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1.  Introduction:

Large amounts of heavy metals are
created during industrial processes, which
damage the environment. Metal ions are
not biodegradable, and many of them are
readily available to living things because
they are soluble in aqueous fluids. Heavy
metals are responsible for a variety of
diseases in plants and animals, making
their removal from aqueous media both
crucial and difficult [1,2]. Hexavalent
Cr(VI) and trivalent Cr(lll) are the two
oxidation states of chromium that exist in
aqueous media, and the toxicity of
chromium is dependent on the oxidation
state. Depending on the pH of a solution,
Cr(VI) can exist in chromate (Cr204 2),
hydrochromate (HCrO4), or dichromate
(Cr207 2), among other forms [3].
Chromium exclusively occurs in Cr(l1l) in
human blood, where it is necessary for the
upkeep of blood metabolism. For humans,
a daily dietary intake (DDI) of 50-200 Ig
of chromium is advised [4]. Chromium is
used in many different production
processes and sectors, including tanneries,
paint and pigment factories, electroplating,
metal processing, wood preservatives,
textile and dye factories, steel fabrication,
and canning, and it is released in enormous
quantities into the environment [5-7].
Through breathing, eating, drinking, or
skin contact with chromium and its
components, chromium enters the body.
Skin rashes, nasal bleeding, respiratory
tract  infections, immune  system
suppression, liver disorders, and lung
cancer are just a few of Cr(VI)'s harmful
side effects [8,9].

Heavy metals can be removed from
aqueous solutions using a variety of
techniques, such as chemical precipitation,
ion exchange, ultra-filtration, reverse
osmosis, and adsorption. Due to the
creation of secondary wastes, significant
slug formation, and high operational
expenses, these technologies do have
several  drawbacks [10-13]. When
employed as heavy metal adsorbents,
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agricultural wastes like fruit peels, rice
husk, sawdust, baggas, sugar beetroot
pulp, soy bean hulls, clay and related
minerals have produced better results than
other physical and chemical methods [16—
19]. Several researches employ cellulosic
and lingo-cellulosic materials as effective
adsorbents because of their greater
capacity for adsorbing metal ions [20,21].
Cellulose, lignin, pectin, and other
substances with possible functional groups
including hydroxyl, carbonyl, amino,
carboxylic, and alkoxy are found in
agricultural goods and by-products and
have a high affinity for metal ions [22].
For instance, the largest amount of leftover
kinnow peels from the fruit processing
business contributes to economic and
environmental problems solution due to
underuse. This biomass is typically thrown
away as garbage. Kinnow is frequently
eaten as fresh fruit or preserved in juices,
jams, and frozen pulp. One of the biggest
producers of kinnow is Peru, and the major
byproduct, kinnow peel, contains 12-15%
pectin on a dry basis. Pectin's ability to fix
metal ions via the chemical adsorption
process is a result of the pectin's hydroxyl
(OH), carbonyl (CO), and carboxyl
(COOH) content. This cognition takes into
account the accessibility and affordability
of this food waste. The purpose of the
study was to evaluate whether kinnow peel
could be used as an adsorbent material to
remove Cr(VI) from polluted aqueous
mediums.

2. Materials and Methods:

The substance utilised as an adsorbent for
the elimination of chromium (VI) is
kinnow peel. A desirable and affordable
method for removing metal ions from
waste water is kinnow peel. The primary
substances in  kinnow peel include
cellulose, pectin, hemicelluloses, and
lignin, all of which have functional groups
that could serve as metal-binding sites.
The nearby market is where the natural
adsorbent is purchased. They were then
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dried for 24 hours at 70 °C before being
washed in alcohol to remove polymer that
was not water soluble. The dry samples
were ground and sieved through 0.355 mm
mesh screens. Sigma-Aldrich was used to
provide potassium dichromate,
acrylonitrile, ferric sulphate, K>Cr.Oy7,
sodium hydroxide, sulfuric acid (0.2 N),
phosphoric acid (85% by weight),
diphenylcarbazide, and chitosan (85%
analytical grade).

Chromium analysis:  The  various
chromium species present in water were
quantified using a colorimetric technique
[23]. At 540 nm (UV-2450; Shimadzu,
Japan), the pink-colored complex formed
by 1,5-diphenyl carbazide and
chromium(VI) in acidic solutions was
spectrophotometrically examined. Cr(I1I)
was converted to Cr(VI) at high
temperatures (130-140 C) prior to the 1,5-
diphenyl carbazide reaction in order to
quantify the total chromium concentration.
Acid hydrolysis of Kinnow peel: Raw
kinnow peels (100 g) were placed in a 250
mL flask with 100 mL of 10% HCI
solution, and the mixture was heated at
reflux for 5 hours. With distilled water, the
contents were rinsed until they were
neutralised. The glycoside bond in
hemicelluloses and lignin depolymerizes
during acid hydrolysis by o and B-aryl
ether cleavage to produce soluble
molecules.

Alkaline hydrolysis of Kinnow peel:
Kinnow peels (100 g) were treated with
100 mL of a 10% NaOH solution in a
refluxing environment for 5 hours, and
then rinsed with distilled water until
neutral. Long cellulose chains are broken
down into smaller monomers during
alkaline hydrolysis.

Batch experiments for Cr(VI) removal:
Adsorption progress was monitored using
a batch technique. To ascertain the impact
of various pH, contact time, temperature,
and sorbate content, batch sorption
investigations were carried out. We
employed various concentrations of
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biosorbent in a 250 mL stoppered conical
flask along with 50 mL of test fluid. By
adding HCI and NaOH solution as needed,
the pH of the solution was changed. At
125 rpm, the flask's contents were shaken.
Following that, the biosorbent was
separated from the remaining components
of the flask using centrifugation at 15,000
rpm. The amount of residual chromium in
the solution was examined.

The remaining chromium concentration in
the solution was examined. According to
its capability, biosorbent first converts
hexavalent ~ chromium to trivalent
chromium, which it then adsorbs [24]. The
solution should contain trivalent and
hexavalent chromium once the biosorbent
has been removed. Chromium adsorbed by
biosorbent (mg/g) equals the sum of the
amount of chromium in the solution prior
to adsorption (mg) and the amount of
chromium in the solution following
adsorption (mg).

Determination of Metals
Capacity and % Removal
Chromium ion uptake was calculated using
the concentration difference method. The
adsorption capacity "q" is the amount of
metal ion (mg) adsorbed per gramme of
KP (dry weight). Ci (mg/L) represents the
initial concentration of metal ions in
solution, Ce represents the equilibrium
concentration of metal ions in solution,
V(L) represents the volume of the used
metal ions solution, and W(g) represents
the weight of the adsorbent. The %metal
absorption by the sorbent and adsorbent
capacity at equilibrium ge (mg = g) were
calculated using the formulae below.

Uptake

3. Results And Discussion:

Effect of Biosorbent Particle Size: The
particle sizes of the bio-sorbent had a
significant impact on the sorption capacity
due to changes in the total surface area
available for metal ion sorption. The effect
on the sorption capacity, g, of changing the
sorbent particle size revealed that smaller

5148



Removal of Chromium lon By Chemical Modified

Kinnow Peel and iz’s Isotherm Study

particles removed more Cr ions. The sieve
analyzer produced different sizes of bio-
adsorbent. Finer bio-adsorbent particles
reached equilibrium sooner than bigger
ones. This was most likely owing to an
increase in total surface area, which
supplied more metal ion sorption sites.
Figure 1: Effect of size of adsrobent on
removal of Cr ion from aqueous solution.
Effect of pH: The pH of the solution
influences ion  adsorption  through
influencing the ion speciation and surface
charge characteristics of the adsorbents.
The maximum removal yield was obtained
at acidic pH (pH=4), with values of 64, 82,
and 93%. At low solution pH, the high
quantity of H+ and HzO+ protonated from
the hydroxyl and carbonyl could
outcompete aqueous heavymetal ions for
accessible  biosorbent  binding  sites,
resulting in little or no adsorption. Higher
pH causes deprotonation of functional
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groups that serve as binding sites, resulting
in improved sorption.

The maximum Cr (VI) removal at 3.4 was
most likely due to electrostatic attraction
of sorbent surface and hydrogen chromate
ions, and that the pH value of The pH of
the solution influences ion adsorption
through influencing the ion speciation and
surface charge characteristics of the
adsorbents. The maximum removal yield
was obtained at acidic pH (pH=3), with
values of 66.81, 83.05, and 61.24%. At
low solution pH, the high quantity of H+
and H 30+ protonated from the hydroxyl
and carbonyl could outcompete aqueous
heavymetal ions for accessible biosorbent
binding sites, resulting in little or no
adsorption. Higher pH causes
deprotonation of functional groups that
serve as binding sites, resulting in
improved sorption.
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Figure 2: Effect of pH on removal of Cr ion from agqueous solution.

Effect of agitation speed: Figure 3

depicts the effect of agitation speed on Cr

ion elimination. The agitation speed was
kept constant between 50 and 200 rpm.
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Other factors such as pH (pH 4), contact
length (20 minutes), and temperature (25
degrees Celsius) were remained constant
for KP, AKP, and BKP. More Cr ions
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were adsorbed (mg/g) as the agitation

speed increased. The best results for the
removal of Cr ions were discovered with
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an agitation speed of 200 rpm. For the
remaining experiments, the agitation speed

was set at 200 rpm.
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Figure 3: Effect of agitation speed on removal of Cr ion from aqueous solution.

Effect of adsorbent dose: Figure 4
depicts the mass of modified and
unmodified BP and its effect on the
ejection of Cr ion from aqueous solution.
Adsorbent dosages for 100 mL of Cr ion
solution ranged from 0.1 to 1 g.
Temperature (25 degrees Celsius), contact
length (20 minutes), and pH (pH 4) were
all remained constant. The results show
that when adsorbent mass increases, so
does Cr ion removal %, while adsorption
capacity decreases (Fig. 4). This is because
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raising the dosage of modified and
unmodified KP makes more active sites
available for interaction with metal ions.
As a result, the proportion of metal ions
eliminated from the aqueous solution
increases. On the other hand, aggregation
of modified and unmodified KP inside
greater doses of adsorbent can lead to
unsaturation of active sites, which can lead
to a reduction in adsorption capacity. This
aggregation reduces the adsorbent's overall
surface area.
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Figure 4: Effect of adsorbent dose on removal of Cr ion from aqueous solution.

Adsorption Isotherms: The experimental
equilibrium data were modeled using
Freundlich model. Freundlich's model
depicts the adsorption process on a
heterogeneous surface or a surface with
several sites and is thus not limited to the
creation of a monolayer. This model's
mathematical statement is more easily
expressed in linear form as:

As illustrated in Fig. 5, linear plots were
created by graphing Ing vs InCe with slope
1/n. Fig. 5 was used to calculate the n and
K (L mgl) (adsorption capacity). The "n"
values indicate that the adsorbent is
efficient; the surface is heterogeneous and
has a high affinity for metal ions.

Figure 5: Freundlich's model for removal
of Cr ion from aqueous solution.

4. Conclusion:

We created a bio-adsorbent based on
recyclable kinnow peel waste to remove
chromium ion from aqueous solution. We
have a variety of reaction parameters such
as pH optimisation, adsorbent dosage,
agitation speed, and particle size. Kinnow
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peel has been discovered to be a high-
capacity, commercially viable, and low-
cost cadmium adsorbent.
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