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A Comparison Of Raw And Treated Plant Debris In The Chelation Of
Anion From Aqueous Media

K. Vivithabharathi and N. Muthulakshmi Andal*

PSGR Krishnammal College for Women, Department of Chemistry, Peelamedu, Coimbatore - 641 004

*Corresponding author, Email : muthulakshmiandal@psgrkcw.ac.in

Utilization of tea plant stems, Camellia sinensis (CSS), discarded as litter, collected from Ooty was employed for
phosphate removal. The material was broken into small pieces, washed, dried, pulverized into different mesh sizes
using scientific test molecular sieves, labelled as raw Camellia sinensis dust (RCSSD). Sorption efficiency of the
categorized sizes was tested by applying the batch verification technique, where 85 BSS exhibits better sorptive
nature. The particle size of 85 BSS was determined (0.18 mm) using binocular microscope (Optika make), treated
with 0.1 N H,SO_, washed, dried, named as treated Camellia sinensis dust (TCSSD). Characterization studies are
supported by FTIR, SEM and EDAX methods. Sorption efficiency of TCSSD was experimentally verified
under varying adsorption parameters. Absorbance values were recorded using UV/VIS spectrophotometer
(LABINDIA®-UV3000+) by molybdenum blue complexation method for phosphate ions. Maximum removal was
registered as 48.3% and 99.7% for RCSSD and TCSSD, respectively under optimized conditions of 0.18 mm
particle size, 10 mg/L initial concentration, 9 min agitation time interval, 0.25 g dose, pH 5 at room temperature.
Experimental data were validated using Langmuir and Freundlich isotherms wherein Freundlich plots recorded a
better linear fit. Results imply that the selected material possesses excellent anion removal capability from aque-

ous media.

KEYWORDS

Adsorption, Phosphate, Plant waste, Batch process,
Aqueous media, Isotherms

1. INTRODUCTION

Phosphate is an essential nutrient for the growth of
microorganisms in most ecosystems but in excess
plays a key role in causing eutrophication [1]. Eutrophi-
cation is the rapid growth of algae due to excess nutri-
ents in the water, which covers the top of the water
and prevents the availability of sunlight to reach aquatic
plants. This leads to their death and results in a de-
cline of dissolved oxygen levels. The source of excess
phosphate leaching by the discharge of nutrient rich
wastewater into the natural reservoirs. The point
sources from which phosphate ion accumulate include
natural sources (for example precipitation, dry fall,
decomposition of organic materials, soil erosion) and
artificial sources (for example use of fertilizers, deter-
gents, human and animal wastes). Employment of
biowaste materials to treat contamination with suit-
able modifications exhibit excellent adsorption capa-
bility than conventional treatment methods. The main
objective of this work focusses on the assessment of
phosphate removal from aqueous solutions using raw
and treated tea plant stem.

2. MATERIAL AND METHOD
2.1 Collection of material

Tea plant stem of Camellia sinensis (CSS) discarded as
litter during the winter season are collected from Ooty,
were washed with distilled water in order to remove
the impurities and sun dried for a period of nearly ten
days. The dried material was then pulverized using an
electrical mixer (RCSSD) and sieved to various mesh
sizes, namely 85 BSS, 72 BSS, 52 BSS, 36 BSS and 22
BSS using scientific test molecular sieves. The sieved
material was treated with 0.1 N H,SO, for 3 hr, washed
and dried (TCSSD). Figure 1 represents the cleaned tree
stem, raw sieved material and its treated counterpart
of 85 BSS mesh size.

2.2 Microscopic analysis

Particle size determination was carried out using a bin-
ocular microscope (Optika make) for the respective
sieved mesh sizes and are shown in figure 2 for 0.18
mm particle size. Pore size diameter of TCSSD was
observed to be mesoporous (13 nm) ensures better
chelating property.

2.3 Preparation of sorbate

A stock solution of 1000 mg/L of phosphate ions was
prepared by dissolving 1.4329 g of potassium
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(a) CSS (b) RCSSD (c) TCSSD
Figure 1. Clean tree stem, raw sieved material and its treated

counterpart

(a) RCSSD

(b) TCSSD

Figure 2. Sieved mesh sizes of RCSSD and TCSSD

dihydrogen phosphate. A standard of 100 mg/L was
prepared from the stock solution and further dilutions
were made as working aliquots as per the experimen-
tal requirements.

2.4 Batch experimental studies

Adsorption experiments were carried out varying the
particle size (0.18, 0.21, 0.30, 0.42 and 0.71 mm),
agitation time intervals (3-30 min), initial phosphate
concentration (2, 4, 6, 8,10, 12 and 14 mg/L), dosage
(100, 150, 200, 250 and 300 mg), pH of the medium
and co-ions (10 mg/L for NO,, SO,>, F and CI) to
optimize the best suitable condition for maximum re-
moval by RCSSD and TCSSD. 50 mL of phosphate
samples were added into the 250 mL Erlenmeyer flasks,
with respective doses and particle size of raw and
treated sample. The contents of the flasks were agi-
tated in a mechanical shaker at a speed of 140 rpm.
Absorbance values of initial and final readings were
analyzed using UV/VIS spectrophotometer by molyb-
denum blue complexation method [2].

3. RESULT AND DISCUSSION
3.1 FTIR spectral studies
FTIR spectra corresponding to TCSSD and its loaded
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Figure 3. FT/R images of unloaded and loaded TCSSD

sample recorded a shift in wave number of prominent
peaks. These significant shifts in the wavelength may
attribute to the phosphate binding action occurring on
the material surface, 1648/cm and 3372.66/cm corre-
sponds to carboxyl and carbonyl group (Figure 3) [3].

3.2 SEM / EDAX analysis

Porous nature exhibited by TCSSD is supported by the
surface morphological changes as depicted in the SEM
images being confirmed by the EDAX spectral peak at
1.73 keV (Figures 4 and 5).

3.3 Effect of particle size

The sorption capacity of any sorbent material is sug-
gested as a function of particle size, probably indicat-
ing a better surface sorption phenomenon. The bar chart
is indicative of almost 100% phosphate removal by
TCSSD against RCSSD for 0.18 mm particle size, be-
ing the most significant, is fixed for the forthcoming
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