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ABSTRACT

The present work emphasizes the efficiency of acid treated
Terminaliacatappa seed shell (TTCSS), an agricultural waste for the adsorption
of Cu (Il) from aqueous solutions. TTCSS is characterized by Fourier Transform
Infrared (FTIR), Scanning Electron Microscopy (SEM), Energy Dispersive X-ray
Analysis (EDAX) analyses. The presence of carboxylic, amino, phenolic and
hydroxyl groups, the surface morphology and elements present in the adsorbent
material are evident from the corresponding analysis. Batch equilibration
method experiments pertaining to the influence of operating factors viz.,
particle sizes and doses of the adsorbent material, agitation time between
the sorbent and the sorbate species, temperature and pH of the medium for
Cu(ll)- TTCSS system have been carried out. Conditions have been optimized
for the maximum removal of Cu?* ions (92%) from8 mg/L initial concentration
as: 0.18mm particle size, 50 mg adsorbent dose, 60 min contact time and
pH 7. The maximum adsorption capacity (C,) of Cu(ll) (7.122 mg/g) is found
to be greater than the range between 2.1 - 5.2 mg/g as reported by other
researchers for varied sorbent materials. This confirms the enhanced sorption

efficiency of Terminaliacatappain preference to various studied materials.

INTRODUCTION

Heavy metals, such as Cu, Zn, Pb and Cd, are prior toxic pollutants leached out by industrial waste waters ! released from
diverse industries such as metal plating, mining, painting, wire drawing, batteries and printed circuit board manufacturing, as well
as agricultural sources. The long-term action of heavy metals may cause the development of cancer, allergy, dystrophy, physical,
neurological degenerative processes, Alzheimer's and Parkinson's diseases 2.

The Cu (ll) effluent from industries spreads into the environment through soil and water streams and accumulates along the food
chain, resulting in a high risk to human health. High concentration of Cu (1) intake causes stomach upset and ulcer, mental retardation,
liver and brain damage . The permissible limits recommended by WHO for Copper discharge in wastewater and drinking water are 0.05
and0.005 mg/L, respectively (WHO). Various methods have been used for the removal of metal pollutants from liquid wastes, including
filtration, chemical precipitation, coagulation, solvent extraction, electrolysis, ion exchange, membrane process and adsorption. lon
exchange and adsorption are the most common and effective processes for the removal of heavy metal ions . Adsorption is one of
the easiest, safest and most cost-effective methods for the removal of these metals from industrial effluent and aqueous solution. It is
suitable even when the metal ions are present in concentration as low as 1 mg/L B,

Ligno cellulosic waste materials are suitable bio sorbents for the removal of heavy metal ions as they are cheap and
also further treatments are simple and economic. Most of these materials contain functional groups associated with proteins,
polysaccharides, lignin and cellulose as major constituents. The binding mechanisms of heavy metals by biosorption could be
explained by the physical and chemical interactions between cell functional groups and adsorbates by ion exchange, complexation
and micro precipitation [,

Terminaliacatappa, a lignocellulosic waste material being cheap, widely available and abundant one is utilized for trapping
Cu (Il) ions. A systematic study was carried out to assess the potential use of treated T catappa seed shell powder for remediation
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of Cu (Il) from aqueous solutions. Hence, the present study aims at the exploitation and utilization of Terminaliacatappa seed shell
Powder (TCSS) for the sorption of Cu (ll) ions.

EXPERIMENTAL METHODS

Materials

Seed shells of Terminaliacatappa were collected from various localities in Coimbatore, Tamilnadu, India. All the chemicals
used were of analytical reagent grade. Doubly Distilled (DD) water was used to carry out the experimental studies. Stock solution
of 1000ppm copper solutions were prepared by dissolving 2.6826g of CuCl;2H,0 in 1000 ml water. Aliquots of the adsorbate
solutions of varying Cu (Il) ion concentrations (2-12 ppm: 2ppm interval) were prepared by progressive dilutions of stock copper
solution. 0.1 N HCI and NaOH solutions were employed to adjust the pH of the aliquots.

Procedure of adsorbent preparation and Modification

Terminaliacatappa seed shells were collected and washed well with distilled water and sun dried. Then the material was
pulverized using electrical mixer. The pulverized material was later sieved into different mesh sizes using scientific test molecular
sieves. The categorized material (Terminaliacatappa Shell - TCS) was treated with 0.1 N HCI to modify the nature of the sorbent
materials, thereafter called as Treated Terminaliacatappa Seed Shell (TTCSS).

Characterization of TTCSS

Physico- chemical characteristics were estimated by determining the moisture content, bulk density, specific gravity, porosity,
ash content and pH and the results are summarized in Table 1. The surface characteristics of treated adsorbent before and after
metal sorption were studied using SEM and EDAX. FT-IR analysis as a preliminary and qualitative analysis to determine the main
functional groups present in the sorbent that might be involved in metal uptake. Imaging microscope analysis was performed us-
ing Binocular Microscope (OLYMPUS make, Model- CX21l).

Table 1. Physicochemical analysis of TTCSS.

Parameters Value
Surface area (m?g) 33.47
Mean pore Diameter (nm) 59.1
Moisture (%) 8.51
Density(g cm=) 0.23
Specific Gravity 4.41
Porosity 94.95

Ash content(%) 9.09

pH 5.6

Surface areas and pore characteristics of the treated adsorbents were determined using the Brunauer-Emmet-Teller(BET)
and Barrett-Joyner-Halenda (BJH)plots respectively, which employs nitrogen adsorption on an Accelerated Surface Area and
Porosimetry System, (Micromeritics, BEL, Japan, Inc),sophisticated with Belsorp adsorption/desorption data analysis software.
Prior to analysis, portions of adsorbents were degassed for 5 hours at 120°C in N, environment using a Micro meritics degassing
system. The characteristics values, specific surface areas (Table 1) were determined via N, adsorption/desorption isotherms
obtained at 77 K. Analyses were repeated, at least twice, for both the adsorbents.

BATCH EXPERIMENTS

Experiments were conducted to estimate the influence of varied particle sizes and dosages of the TTCSS, prescribed agitation
time intervals between the sorbent- sorbate interface, solution pH in order to establish the optimum experimental conditions for
adsorption process. The agitated samples were filtered and the residual concentrations of the Cu (ll) ions were analyzed using AAS
(AA- 6200, Shimadzu make). The percentage removal

was calculated from the recorded values. The quantity of Cu (Il) ions adsorbed onto the adsorbent at the time of equilibrium
(q,) was calculated using the following expression:

q,=(C,-C)V/m (1)
where C_ and C_ are the initial and equilibrium concentrations (mg/L) of Cu(ll) ions in solution. V is volume (L) of solution and

m is weight of adsorbent (g) taken.

The percentage adsorption of metal from aqueous solutions was estimated using the following equation [\,

(Ci - Ce)

% adsorption = x100

i
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RESULTS AND DISCUSSION
Morphological studies of TTCS

Scanning Electron Microscopy was used for characterizing the surface morphology of the adsorbent material. SEM picture of

TTCSS is illustrated in Figure 1a and Cu (Il) loaded TTCSS is in Figure 1b. They have holes and cave type openings on the surface
of the adsorbent which could definitely increase the surface area available for adsorption.

20KV X2,000 | 10pm

Figure 1a. SEM image of unloaded TTCSS.

20KV X3,500 Spm 1128 SEI

Figure 1b: SEM image of loaded TTCSS.

The EDAX spectra were recorded to analyze the elemental constitution qualitatively for the modified adsorbent. The spectra
of TTCSS before and after adsorption are depicted in Figures 2a and 2b and it shows the presence of O, C, Ca and Cl in the ad-

sorbent. These have been known as the principle elements of the adsorbent. These are summarized in Table 2. The presence of
peak for Cu (Il) in Figure 2b shows the metal adsorption onto TTCSS.
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Figure 2a. EDAX results of unloaded TTCSS.
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Figure 2b. EDAX results of loaded TTCSS.
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Table 2. Data for the elements presented in TTCSS and TTCSS-Cu.
Al Intensi . Weight% Atomic%
Elpett CO::Z.. COrrnty prSette Siggma
TTCSS
CK 142.29 1.2819 57.28 1.06 64.13
OK 41.73 0.5052 42.63 1.06 35.83
CIK 0.14 0.8250 0.09 0.07 0.03
Totals 100
TTCSS-Cu
CK 55.41 1.1305 43.80 1.75 52.32
OK 32.67 0.5687 51.33 1.69 46.03
Ca K 4.62 0.9847 4.19 0.27 1.50
Cu K 0.57 0.7489 0.68 0.37 0.15
Totals 100

FTIR spectroscopy analysis

The FTIR spectra of unloaded/ loaded sorbent materials and functional groups/frequency ranges are shown in Figure 3 and
Table 3.
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Figure 3. FTIR Spectrum of unloaded and loaded TTCSS.

Table 3. IR frequencies and characteristics groups.

IR Peak Frequencies (cm?) Assignment
1 3600-3200 Bonded -OH groups
2 2919, 2852 Aliphatic C-H groups
3 1737 Vibrations of the C=C group
4 1154, 1105 Aliphatic ethers
5 1031 Aromatic ethers

In both the spectra, a wide band was observed between 3600cm* 3200 cm™ for the stretching of O-H groups present in the
structure of both cellulose and lignin. It was also observed that there were two peaks at 2919 cm*and 2852 cm related to the
C-H groups of the aliphatic chain. The region between 1800- 1200 cm?, refer to characteristic peaks of cellulose and lignin. The
peaks at 1737 cm™ are characteristics of C=0 of aldehyde present in the lign in . The region between 1300 and 700 cm™ showed
the characteristic peaks of aliphatic ethers at 1154 cm™and 1105 cm™ and aromatic ethers at 1031 cm™. A decline in the peak
intensity in the region of the characteristic groups was perceived as the difference between unloaded and loaded material. This
decrease may be due to the adsorption of copper ions.

Effect of particle sizes

Adsorbent particle size has a significant influence on the kinetics of sorption due to change in number of adsorption sites.
The sorption experiments of Cu (ll) carried out for three different particle sizes of MTHP viz., 0.18, 0.30, 0.42 mm are shown in
Figure 4. The steep rise in the curve indicate that the smaller 0.18 mm particle size of TTCSS exhibited maximum percentage
removal (92%) for Cu(ll) ions. The number of binding sites for adsorption increases with surface area. This is due to higher surface
area of unit weight for lesser particle size and thence greater percentage removal .. In view of these experimental results, it was
decided to limit the discussion of further experiments using 0.18mm particle size for Cu(ll)-TTCSS system. The TTCSS microscopic
structure of 0.18mm particle size is depicted in Figure 5.

Effect of agitation time

The amount of adsorption of Cu (Il) increased with the contact time. The gradation in the amount adsorbed is represented by
the continuous smooth rise in the curve (Figure 6) plotted against the preset time intervals (30-90 minutes:30 minutes interval).
From the figure it is obvious that the amount adsorbed (mg/g) was maximum at an agitation period of 60 minutes (7.221 mg/g). A
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linear decline in the curve after 60 minutes which is depicted by the semi parabolic nature of the curve indicates that the system
approaches towards desorption of the sorbed Cu (ll) ions. Therefore, it is concluded that 60 minutes is the optimum contact time
for the maximum removal of the metal ions under study wherein equilibrium has been attained. As the surface sorption sites
become exhausted, the rate of removal is controlled by the rate of transport from the exterior to the interior sites of adsorbent
particles which may be responsible for the slower stage 11°.

Effect or Plalrticle sizes
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Figure 4. Effect of Particle size in the removal of Cu(ll) ions.
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Figure 5. Microscopic Structures of TTCSS.
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Figure 6. Effect of Agitation time in the removal of Cu (ll) ions.
Effect of Dosage

Adsorbent dose seems to have a great influence on sorption process. Variations in dose of adsorbent ion determine the
number of binding sites available for adsorption. The adsorption density decreased from 7.122 to 6.54 mg/g for the removal of Cu
(I) ions when the adsorbent dose was increased from 50mg to 200mg at 50mg intervals as evident from Figure 7. It is obvious
from the figure that 50mg of TTCSS had maximum adsorption of Cu (ll), the corresponding curve being atop in the graph. The
decrease in adsorbent density is basically due to the adsorption sites remaining unsaturated during the adsorption process. This
may be due to the overlapping and aggregation of adsorption sites which occurs as a result of overcrowding of adsorbent particles
due to increase in the dose %,

Effect of Dosage
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Figure 7. Effect of Dosage in the removal of Cu(ll) ions.
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Effect of pH

The pH dependence for maximum removal of Cu (Il) ions onto TTCSS was studied at varying pH environments viz., 3-11. It
was observed that the ability of trapping Cu (Il) ions by TTCSS is pH dependent (Figure 8) wherein the maxima had occurred at
pH 7. Binding sites are generally protonated or positively charged (by the hydronium ions) at low pH values. This leads to repulsion
between the metal cation and the adsorbent at a higher pH value (beyond pH 7) 2. The precipitation of insoluble copper hydroxide
might have occurred at pH values greater than 7 which are represented by the inverted parabolic curve.

10 Effect of pH
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Figure 8. Effect of pH in the removal of Cu(ll) ions.
Effect of temperature

Temperature has an important effect on the process of adsorption. The percentage removal of Cu (Il) as a function of
temperature (293K to 333K) is presented in Figure 9. The smooth steep maximum increase in the curve at 303K and further
decrease at high temperatures suggests that maximum percentage removal (92%) had occurred at room temperature. Kinetic
energies of Cu (ll) ions were low at low temperature (20°C) which reflects in the percentage removal of Cu (ll). This may be due
to the difficulty in the process for ions to reach the active sites on the adsorbent. The decrease in percentage values with rise in
temperatures may be due to the desorption caused by an increase in the available thermal energy. Higher temperature induces
higher mobility of the adsorbate molecules causing desorption 3],

Effect of Temperature
110

90
70
50 - T T T T ]

290 300 310 320 330 340
Temperature in K

Percentage Removal

Figure 9. Effect of Dosage in the removal of Cu(ll) ions.

CONCLUSION

1. The changes in the FTIR spectra confirmed the complexation of Cu (Il) ions with the functional groups present in the
sorbent material. Also, the surface morphological change, elemental constitutions and surface area of TTCSS shown by SEM,
EDAX and BET respectively, emphasize the results obtained sorption capacity for material.

2. At neutral pH conditions and at room temperature the trapping of 8mg/L concentration of Cu(ll) ions by TTCSS registered
maximum at an optimal dosage of 50 mg, specific particle size of 0.18 mm, agitation time interval of 60 minutes.

3. In view of this enhanced adsorption capacity of TTCSS compared to many other low cost adsorbents reported in the
literature, Treated Terminaliacatappa is a promising adsorbent for the removal of heavy metal ions.
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