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ABSTRACT

Water contamination is a major concerned to the human health. Most of the ground water is polluted with heavy metals,
has become a serious problem today. Heavy metals are poisonous and non-biodegradable environmental pollutants that
seriously threaten human health. Particularly, Pb is highly toxic and directly associate with health risk such as damage to
kidney, liver and central nervous system. Thus there has been an honest deal of attention given to advance technologies
for junking of heavy metal ions from contaminated water. Adsorption is one in every of the effective methods for removal
of toxic heavy metal like Pb(ll). In this study, the removal of Pb(Il) from wastewater using chitosan based activated carbon
deduced from the bark of Ziziphus mauritiana was estimated . The prepared chitosan coated activated carbon were verified
by Fourier transform infrared (FTIR) spectroscopy, X-ray diffraction (XRD), thermogravimetric analysis (TGA) and
scanning electron microscopy (SEM). The concentration of Pb?* ions were measured by flame-atomic absorption
spectroscopy. Batch experiments were conducted to search out the influence of operating variables like pH effect, contact
time, adsorbent dosage and initial concentration. The amount of Pb(11) adsorbed was found to vary with pH of the solution
and maximum adsorption was found at a pH value of 5.5. The extent of Pb(Il) uptake (mg/g ) was found to increase with
increase in initial concentration and contact time. Equilibrium was reached at 130 min. The experimental adsorption data
were fitted to the Langmuir and Freundlich adsorption model and therefore the maximum adsorption capacity (qm) of
CCZMAC was found to be 13.346 mg/g. Thus this disquisition verifies that the new advanced chitosan coated activated
carbon prepared from the bark of Ziziphus mauritiana as valuable material used as cost effective and less energy intensive
adsorbent for the removal of Pb(I1) from aqueous solution and wastewater waste with none chemical treatment, creating
it user friendly bio-sorbent.
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1. Introduction

Water and land contamination by heavy metals discharged from industrial wastes has become a global problem during the
current years [1]. Water may be valuable human resource but not permanent. Now a days, the source of water for living
and natural waters in developing countries is now increasing polluted, especially heavy metals contamination.[2,3,4,5].
Toxic heavy metals are one amongst the most contaminant of water resources [6]. Among the metals that are commonly
released are copper, lead, zinc, silver, arsenic, antimony, iron selenium, chromium etc.[7]. Heavy metals and metalloids
affects the standard of surface water and ground water resources mainly because they are non-biodegradable, toxic at low
concentration and straightforward to accumulate within the tissue of assorted living organisms [8,9]. They will cause
serious harm to human health from cancer to nervous system problems [10,11,12]. Lead is one amongst the foremost
common and most toxic heavy metals found in industrial wastewater. Lead is a substantial heavy metal found in
wastewater from the paint industry which is toxic to life, even at low concentrations, and can affect the nervous and
reproductive system [13, 14]. It is released into the environment through mining, melting, galvanizing, and industrial
metallurgical processes and from batteries, paints, ceramics, munitions, lead piping, etc. [15,16]. This could have serious
effects on the human nervous, reproductive, and circulatory systems, kidneys, and liver, with children the foremost
vulnerable to intoxication [17,18]. The maximum contaminant level as per US Protection Agency (USEPA) is 0.006 mg/L,
which is far more near to mercury [19]. Thus it’s necessary to review and development of sustainable technology to get
rid of these pollutants have gained attention in recent years. Various technologies are employed to get rid of heavy metals
from contaminated water like chemical precipitation [20,21], ion exchange [22,23], adsorption [24,25], membrane
filtration [26-27], reverse osmosis [28-29], solvent extraction [30], electro dialysis and electrochemical treatment [31,32],
photo catalysis [33,34]. However these methods possess some drawback like inapplicability to large scale units together
with expensive energy and chemical intensiveness. The adsorption process has gained growing research interest due to its
easy operation and flexibility. Biosorption is an attractive method due to large availability, low cost, operation facility and
high heavy metal adsorption efficiency of the adsorbents. An outside number of researchers have tried to use conventional
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and non-conventional adsorbents like carbonized biomass, un-carbonized powder biomass and activated carbon for
removing lead from wastewater. Activated carbons prepared from agro-wastes are likely to possess properties cherish to
those of commercially available activated carbon. Actually, agro waste from crops and fruit production may be used as
best suited material for preparation of low cost activated carbon. Most researchers have tried adsorption from aqueous
solution utilizing different agricultural-based biosorbents, like tangerine peels [35], green marine macro algae, Caulerpa
scalpelliformis [36]; orange, pineapple and pomegranate peels[37]; sunflower, potato, canola and walnut shell
residues[38]; almond shell [39]; walnut shell [40]; potato peel, lemon peel, orange peel, watermelon peel, tomato peel,
coffee waste, apple peel, banana peel, decaf coffee waste, eggplant peel, carob peel and grape waste[41]; orange peel [42].
Activated carbons prepared from apricot stone, coconut shell, groundnut husk, pecan nut shell, Terminalia arjuna nuts,
etc. were successfully used for water and wastewater remediation by several researchers. The present work reports the
studies administered for the removal of lead from aqueous solution using activated carbon derived from bark of Ziziphus
mauritiana on which chitosan was coated. It’s one among the most important families of seed plant belong to Fabaceae
family and extensively employed in Ayurveda, Unani and Haemeopathic medicine and has becomes a cynosure of
contemporary medicine[43]. Chitosan, {2-acetamido-2-deoxy-p-D- glucose-(N acetylglucosamine)} a biopolymer, was
chosen because it’s excellent physicochemical properties. A polymeric sorbent like chitosan was used for water
decontamination because it is an eco-friendly biopolymer that has attractive properties like biodegradability,
biocompatibility, non-toxicity, is widely used and could be a low-cost adsorbent for metal-ion removal because of its high
ratio of hydroxyl to amine groups [44,45]. The composite sorbent was characterized by FTIR and Scanning Electron
Microscopy (SEM) studies. Batch isothermal equilibrium process was adopted at 308K to examine the efficiency of newly
synthesized bio-sorbent for elimination of Pb*2 from the aqueous solution. Experiments were allotted to check the effect
of pH, adsorbent dosage, contact time and initial Pb*? concentration. The newly synthesized composite are proved to be
excellent adsorbent which might be successfully used for removal of Pb*2 from aqueous solution.

2. Materials and Method

2.1 Chemicals

The chemicals used within the research had been of analytical grade. Chitosan, lead nitrate Pb(NO3), (95%), potassium
hydroxide pellets KOH (90%), and sodium hydroxide pellets NaOH (98%) were purchased from Merck (Mumbai, India).
Hydrochloric acid HCI (~36%) and methanol (99.5%) have been received from Global Marketing, Nagpur (India). All
reagents have been used as obtained with none in addition treatment. Deionized water become used at some stage in the
experimental process.

2.2 Preparation of Activated Carbon from the bark of Ziziphus mauritiana (ZMAC)

The bark of Ziziphus mauritiana (Fig.A) was gathered from the native place. The bark was cut into small portions and
washed with tap water to put off the sand debries after which dealt with formaldehyde to keep away from launch its
colouration into aqueous solution. Then, it was washed numerous instances with deionized water and solar dried for 5
days. After drying, the bark changed into subjected to pyrolysis technique for carbonization the usage of Muffle Furness
at 800-900°C for 7-8 hrs in order that volatile constituents had been eliminated and residue was transferred right into a
char. The char was then subjected to activation in microwave oven for 40 min. The ensuing activated carbon particles had
been ground and sieved in 120-200 um size. This activated carbon was then washed with double distilled water and dried
at 105°C for 24 hrs and kept in air tight bottle.

2.3 Preparation of Chitosan Gel
50 g of chitosan become delivered into 900 ml of 10% oxalic acid with regular stirring. The mixture become warmed at
45 — 55°C for homogenous mixing. The chitosan-oxalic acid mixture become formed as a whitish viscous gel.

2.4 Surface coating of ZMAC with Chitosan Gel

500 ml of Chitosan gel turned into double diluted with distilled water and warmed to 45 -50°C. 200 g of ZMAC turned
into slowly brought into diluted chitosan gel and shake using rotary shaker for 24 hr. The chitosan covered ZMAC
(CCZMAC) (Fig.B) was then washed with deionized water and dried. The method was repeated 3-4 times to form thick
coating of chitosan at the ZMAC surface. The coated chitosan turned into 30 to 35% by weight. Oxalic acid was
quantitatively neutralized through 0.5% sodium Hydroxide solution. The solid form of CCZMAC was filtered, washed
with deionized water, dried and kept in air tight container.

2.5 Characterization of CCZMAC

The structure of prepared composite became accomplished XRD. The morphology of the composite became tested with
the aid of using SEM. For functional groups assessment Fourier Transform infrared (FTIR). The TGA analyses had been
accomplished to screen the thermal stability of CCZMAC.

2.6 Batch Experiments of Pb(11) Adsorption onto CCZMAC
The batch experiments were performed using Flame Atomic Adsorption Spectrometry (AAS). Adsorption experiment was
carried out by mixing a definite amount CCZMAC with 25 mL of Pb(Il) solution in Erlenmeyer Flask. The pH of the
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mixture was adjusted to the respective value of using 0.1M HCL and O.1 M NaOH. The mixture was shaken at a definite
temperature in a fixed time. The adsorbent-solution was filtered by using Whatman No.1 filter paper and the metal
concentrations were analysed before and after adsorption using Atomic Absorption Spectrometer. The experiments were
conducted to investigate effect of various parameters on Pb(l1) adsorption onto CCZMAC namely, solution pH (2.0-9.0),
contact time (10-180 min), initial Pb(11) concentration (10-100 mg/L) and adsorbent dosage ( 1-10 gm).

2.7 Theoretical Calculations

500 ppm solution of Pb*? was prepared by dissolving the appropriate quantity of Pb(NO3), in deionized water. All

operating solutions of the preferred concentrations have been obtained by dilution with deionized water. A calibrating

curve was drawn using 5, 10, 15, 20, 25, 30, 35, 40,45 and 50 ppm solutions. Sample concentrations have been calculated

in keeping with the Beer—Lambert law with reference to the standard curve.

The equilibrium adsorption potential and the percentage elimination of Pb%* ions (Re%) have been calculated use of

Equations (1) and (2),

_ oV 1
w

Re = (=) x 100 2

t

where g: (mg/g) is the adsorption capacity of CCZMAC for Pb?* at time t (min) and Co and C. (mg/L) are the liquid phase
concentrations of Pb?* before and after adsorption, respectively. V (L) and W (g) are the volume of the adsorption solution
and the weight of the dry adsorbent used, respectively.

2.8 Adsorption isotherms

There are numerous adsorption isotherms to be had in literature, namely: Langmuir, Freundlich, BET, Temkin, Dubinin-
Radushkevitch, Hill, Redlich-Peterson and Sips [46]. But on this study, we hired handiest two, Langmuir (equation 3)
and Freundlich (equation 5) isotherms as they may be the maximum typically used theoretical adsorption isotherm models.
These isotherms display the impact of initial concentration of metal ions and temperature at the adsorption process. We
computed the adsorption capacities at equilibrium (ge) from Equation. (4) and (6) for Langmuir and Freundlich isotherms,
respectively. To acquire this, we used 100 mL beakers to prepare 50 mL volume of Pb?" ion solutions of changing
concentrations, as much as the maximum initial concentration of 200 mg/L. The pH of the solution was adjusted to the
maximum value of pH 6.0 with usage of 0.1 M nitric acid and sodium hydroxide solutions. We proceeded to add 10 gm
of the adsorbent and dispersed it with the aid of magnetic stirring at 600 rpm for a time of 4 h. After equilibrium changed
into attained, the samples had been then filtered to be able to separate the cake adsorbent from the filtrate. We went directly
to decide the residual Pb?* ion concentrations with the aid of using AAS in the filtrate. We then used the result generate
to best fit both models as given by Equation (4) & (6) in addition to the equilibrium relationship, Eq. (7) [47]

Langmuir Isotherm equations

_ AmbCe
qe = 3
1+bC,
C 1 C
L= _—_ 4 £ 4

i . de qmb qm
Freundlich Isotherm equations

1
qe =Kf Ce /n
Inq. =InK; +% Ce

Equilibrium relationship equation

_ (Go=Co)V 7

qe ==,

In the equations(7), ge represents the adsorbed metal ions per unit mass of adsorbent (mg/g); gm represents the maximum
adsorbed metal ions per unit mass of adsorbent (mg/g), and this is a characteristic Langmuir parameter; b represents the
Langmuir adsorption equilibrium constant and is sometimes known as K the equilibrium constant (L/mg); Kg represents
the adsorption capacity (L/mg); 1/n represents the adsorption intensity (g/L) which is the relative distribution of the energy
and the non-homogeneity of the adsorbate sites (n is adsorption energetics).
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Fig. B. Chitosan Coated Activated Carbon (CCZMAC)

3 Result and Discussion

3.1Characteristics of CCZMAC

3.1.1 The XRD Pattern of CCZMAC: Fig.1 suggest X-ray diffractographs of CCZMAC which has two diffraction peaks
at 11%and 24° which suggest the crystalline nature of the material. A peak at 20 =38° to 39° once more proves the crystalline
nature of the material. Pure chitosan additionally gives such function peak at 20 = 29° to 30° that determine the functional
properties and crystallinity of chitosan [46]. The peak area for the peak at 20=29° to 30° within each the diffractogram is
located to be very small.
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Fig. 1 X-Ray Diffraction Pattern of Chitosan Coated Ziziphus mauritianActivated Carbon (CCZMAC)
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3.1.2 FTIR Studies: Fig.2. FTIR spectrum of ZMAC is shown in Figl. A band at 3442.21cm is connected with —~OH
stretching band. The —OH groups are seem to be associated by means of hydrogen bonds, as the band for hydroxyl group
not involved in hydrogen bonding usually appears as a sharp band located above 3500cm. The band for —OH stretching
in the range below 3700cm* was assigned by Zawadzki. A band at 1633.75cm is indicative of C=0 stretching in aldehyde
or ketone (carbonyl group). The sufficiently lowering in the band position suggest that C=0 group may also involved
hydrogen bonding. It is because of the reason that the intra-molecular hydrogen bonded structure is stabilized by the
phenomenon of resonance. The peak at 1084.14cm is suggestive of ortho- substitution. Low band at 565.20 cm™ is
evidence of C-1 stretching vibration.

3.1.3 SEM images of CCZMAC is given in Fig.3. SEM image has been obtained using an accelerating voltage of 20kV
at X1500 magnification. High magnification SEM micrographs clearly reveal that the wide varieties of pores are present
on the surface of Chitosan coated Ziziphus mauritiana activated carbon (CCZMAC) accompanied with fibrous structure.
It can also be noticed that there are holes and cave type openings on the surface of the adsorbent, which would have
created more surface area available for adsorption. The size of holes and caves was found to be in the range 1- 10um.

328



Journal of Survey in Fisheries Sciences 10(3) 325-334 2023

o
o

YTransmittance

W
o

Y]
o

"
o

o

~10
4000 3500 2000 2500 2000 1500 1000 s00

Fig.2. FTIR Spectrum of Chitosan Coated Ziziphus Mauritian Activated Carbon (CCZMAC)
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Fig. 3 SEM image of Chitosan Coated Ziziphus Mauritian Activated Carbon (CCZMAC)

3.1.4 T.G curve of CCZMAC is represented in fig. 4. The first derivative peak is at very low temperature 62°C
corresponding to the weight loss 5.90% of the material. This is may be the loss of water molecules loosely bounded on
the surface of CCZMAC. The weight loss of 7.0% at 100°C represented the evaporation of moisture from the surface of
the adsorbent. There is no weight loss between the temperature range of 100°C to 650°C shows the adsorbing material is
thermally stable. But, at temperature 683.68°C, weight loss was found to be maximum i.e. 25% which is degradation of

chitosan composite and other organic molecules.
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Fig.4. TG Curve of Chitosan Coated Ziziphus Mauritian Activated Carbon (CCZMAC)
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3.2 Adsorbent Dosage: Figure 5 shows the impact of adsorbent dose on the surface assimilation of CCZMAC for Pb?*
elimination. The proportion removal efficaciousness of Pb(ll) by CCZMAC considerably will increases with the rise in
dose of CCZMAC over the vary 1-12 g/L and therefore the maximum removal efficiency of Pb(ll) ion i.e. 94.7% occurred
at the adsorbent dose of 10 g/L. It might be explained as increasing CCZMAC dose, the active sites offered for biosorption
of Pb(Il) increased and consequently most removal of Pb(ll) take place. An extra increase of dose over 10 g /L didn’t
result in associated degree considerable increase of removal efficiencies. This result might be explained that the
overlapping or aggregation of active sites at higher dose and decreasing in total sorbent surface area. Therefore, the
maximum CCZMAC dose was 10 g/L .

3.3 pH effect : The adsorption of any significant heavy metals is considerably plagued by the pH of the solution, since it
determines adsorbent properties like surface charge likewise because of the adsorbate evolution and degree of ionization
in aqueous solutions. The result of pH of the solution on the Pb(Il) removal was observed with pH varying from 1 to 10
and are represented in Figure 6. The Pb(ll) adsorption from aqueous solution could keen about the pH value. It’s
ascertained that a gradual rise in the percentage of removal potency came about with a rise in pH from 1.0 to 7.0 and
decreased slightly at the pH > 6.0 . The maximum percentage removal efficiencies of CCZMAC occurred at pH 5.5 and
reached 94.6 %. It was well known that at lower pH, concentration of H* in the solution is extremely high and therefore
the functional groups in adsorbent surface were protonated. Hence, Pb(ll) ion adsorption was hindered due to the
competition between H* and Pb?* for the adsorption sites on the surface of the adsorbent. At higher pH (> pH 6 ), the
concentration of H* in the solution low adsorption capability was decreased therefore the functional groups in adsorbent
surface were deprotonated. Thus, additional Pb(ll) ions were absorbable because of less competition between H* and
Pb?*.Thus adsorption capability was decreased. This is often principally because of the formation of hydroxyl radical
metal complexes when Pb(Il) began to precipitate.

3.4 Effect of contact time on Pb(ll) removal : The Result of contact time on Pb(ll) removal is alloted in fig.7 1t’s
indicated that, the Pb(l1) removal efficiencies of CCZMAC increased quickly with increasing the contact time and reached
the utmost and equilibrium set at 130 min. Initially biosorption of Pb(Il) by CCZMAC was very fast and 75% of Pb(ll)
ions were adsorbed within 80 min. The equilibrium sorption was established after 130 min where the Pb(ll) removal
efficiencies increased up to 94.60% for CCZMAC. It showed no vital sweetening of removal potency with increasing
contact time (>120 min). Initially speedy uptake of Pb(ll) ion due to the availability of unoccupied binding sites on the
surface of adsorbent to interact with Pb(Il)ion. As contact time extended, the sorption sites were majorly lined, decreasing
the chance of Pb(ll) ions to react with the functional groups on the adsorbent. Therefore equilibrium is reaching, the
saturated binding sites didn’t facilitate the Pb(Il) adsorption associate degree virtually constant adsorption capability.

3.5 Effect of initial concentration: The initial metal ions concentrations Pb(ll) in solution play a significant role as a
good driving force in conquest mass transfer resistance of metal ions between the solution and adsorbent . As illustrated
in Figure 8, that the percentage removal of Pb(Il) attenuated from 94.60 to 69.4 for CCZMAC because the Pb(ll) ion
concentrations were raise from 5to 275 mg/ L . At lower Pb(I1) concentration, most Pb(11) ions might bind on the adsorbent
surface as there’s an oversized magnitude relation of accessible surface assimilation site between Pb(Il) present in the
solution. As the initial Pb(ll) concentration increased, the magnitude relation of unoccupied binding site is obtaining
smaller whereas the lower removal of Pb(ll) at high concentration could also be due to the dearth of accessible active
sites on the surface of CCZMAC.
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Figure 5 Effect of Adsorbent Dosage Figure 6 pH effect on Pb(ll) adsorption
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3.6 Adsorption Isotherm: Langmuir and Freundlich isotherms are wont to explain the mechanism of adsorption and
therefor the relationship between the number of adsorbed metal ion and also the concentration of metal ion remained in
solution.

3.6.1 Freundlich Adsorption Isotherm: The Freundlich model proposes an adsorption process that happens in multiple
layers on a heterogeneous surface, and it also assumes that the adsorption capacity depends on the concentration of the
sorbate in solution. The sorption capacity increases because the concentration increases. In the present study, the
Freundlich equation is utilized for the adsorption of Pb(ll) on the adsorbents i.e. CCZMAC and equilibrium data were
well fitted in the linear plots of log Q, versus log C, as shown in Figure 9.The values of adsorption capacity ‘kp’ and
intensity of adsorption ‘n’ were evaluated at 30°C for CCZMAC . The value of ‘kg’for CCZMAC was found to be 3.110
mg/g. Quite higher values ‘kj’ suggestive of accumulation number of adsorbate molecules (liquid phase) found in larger
surface area of adsorbent (solid phase). The values of ‘n” which provides idea about intensity of adsorption were found to
be 2.15 for CCZMAC. The values of ‘n’ obtained are in good agreement of the adsorption favourable. The square of the
coefficient of correlation (R?) values were found to 0.986 which means the most effective fitting of Freundlich isotherm
for the adsorption system under investigation.

3.6.2 Langmuir Adsorption Isotherm:

Langmuir adsorption isotherm assumes that each one available adsorption active sites are similar, the adsorbable species
doesn’t interact, and a monolayer is created during adsorption. The linear style of the Langmuir isotherm was applied for
calculation of the corresponding parameters, given in Table 1.The linear plots of C,/Q, versus C, for the adsorbents
suggests the relevancy of the Langmuir isotherms represented diagrammatically in Figure 10. The values of ‘Q,,,” and
‘K. were determined from slope and also the intercept of the plots. The coefficient of correlation (R?) values were found
to be 0.991 which indicates the best fitting of Langmuir isotherm. The adsorption efficiency‘Q,,’value was found to be
13.346 mg/g for CCZMAC. The value of adsorption energy ‘K, > CCZMAC was found to be 0.5070. Hence, it are often
conclude that the most adsorption corresponds to a saturated monolayer of adsorbate molecules on the adsorbent surface.
The constant adsorption energy values suggest that there is no transmission of the adsorbate in the plane of absorbent
surface. The favourability of the adsorption process, the separation factor ‘R;’ values were calculated and was found in
between 0 to 1 which suggest confirmation regarding favourable adsorption process. It was concluded that the two models
were reasonably suitable for describing adsorption. However, the Freundlich equation provided an improved fit than the
Langmuir equation. The value of Kr indicated moderate affinity for Pb?*. Freundlich model is additionally characterized
by the heterogeneity factor 1/n i.e. 0.1 < 1/n < 1.0 indicates good adsorption of Pb(ll) ions onto CCZMAC . From the
isotherm data in Table 1, it is implies that the Freundlich model well fit the adsorption, suggesting a chemical adsorption
process, as indicated by the n value 2.15, the heterogeneity factor.

Table No.1 Langmuir and Freundlich isotherm parameters for Pb2+ adsorption on CCZMAC

Freundlich Langmuir
Adsorbent

n 1/n Ke(mg/g) | R? Om (mg/g) | KL R? RL
CCZMAC 2.15 0.465 3.110 0.986 | 13.346 0.5070 | 0.991 0.197
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Fig.10 Langmuir Isotherm for the adsorption of Pb(Il) on CCZMAC

Conclusion
The study indicate that the activated carbon successfully prepared from the bark of Ziziphus mauritiana.

>

>

>

The Surface coating of recently prepared activated carbon with Chitosan was successfully done and will act as an
effective and potentially low-cost adsorbent for lead removal from aqueous solution

The CCZMAC were with success characterized by X-ray diffraction, Fourier-transform infrared, scanning electron
microscopy and thermal analysis.

Batch studies were carried out under different conditions like dose of adsorbent, pH of solution, initial Pb(ll)
concentration and contact time to judge the adsorption potency of Pb(ll) ions on CCZMAC.

The adsorption of Pb(Il) on CCZMAC was found to be pH-dependent. The best removal potency 94.66% was obtained
at pH 5.5. The initial concentration of the Pb(ll) ion in solution was found to possess a pronounced result on the
adsorption method.

Kinetic experiments proved that the removal potency of Pb(11) ion from aqueous solutions was speedy and equilibrium
was achieved at intervals 130 min

The adsorption equilibrium of Pb2+ was satisfactorily described by both the Langmuir and Freundlich equations along
the studied concentration range, with better correlation to the Freundlich isotherm. The most adsorption (gm)
calculated from the Langmuir equation was 13.346 mg/g.
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