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3.1 Identification of Adsorbent Materials

On the basis of thorough investigation of the literature studies, two potential
materials, their origin being agricultural and marine based viz., Pistachio vera shells and
Bivalve shells have been identified for their employability in the chelation of selected
toxic metal ions and anions. These eco-safe green materials are biocompatible,
biodegradable, nontoxic, economically viable, abundant, indigenous, safe to handle with

appreciable regeneration capacity.
3.2 Pistachio vera Shell

Pistachio vera (Pistacica vera L), being the only edible crop of 11 species in the
genus Pistachia is one of the popular nuts. Pistachio is a desert plant, highly tolerant
of saline soil. It grows uptol0 m (33 ft) tall. Pistachio vera Shell (PVS) is the main
by-product of commercial pistachio processing, constituting approximately 37% of the dried
pistachio drupe!. The hard, cream-colored exterior shells considered as litter without any

commercial value were collected from various localities in Coimbatore, Tamil Nadu, India.
3.3 Bivalve Shell

Pear-shaped, bivalves belong to the marine family Mytilidae, most of which live
on exposed shores in the intertidal zone, attached by means of their strong abyssal threads
to a firm substrate. These molluscs are from brackish/ freshwater habitats. The middle
prismatic layer of the shell is composed of crystalline calcium carbonate and the
innermost nacreous layer consists of thin layers of calcium carbonate?. These Bivalve
shells (BVS) were collected from sea shores in and around Kerala. The composition of

the selected materials are listed in Table 3.1

Table 3.1 Pistachio vera and Bivalve Shells Composition

Pistachio vera Shell Bivalve Shell
Component | Composition (%) | Component | Composition (%)
Protein 19.3 Protein 9.99
Mineral 2.9 Mineral 51.62
Lipids 53.7 Chitin 23.25
Carbohydrate | 19 Chitosan 15.14
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3.4 Assortment of Chosen Materials

The collected materials were cleaned carefully and dried under the sunlight for a
period of ten days. The dried materials were then pulverized using electrical mixer and
categorized into various mesh sizes viz., 85 BSS, 72 BSS, 52 BSS, 36 BSS and 22 BSS
with scientific test molecular sieves. The pictorial representations of collected materials
(PVS, BVS) and their sieved powders (PVSP, BVSP) are shown in the figure 3.1

PVS PVSP

BVS

Figure 3.1 Pistachio vera shell / Bivalve shell images
3.5 Choice of Metal ions/ Anion

The sorbate species probed for the present study include: Lead [Pb(Il)] / Nickel
[Ni(1)] and Phosphate [PO4>] ions, based on indepth survey carried out in and around
Coimbatore, where industries, notoriously discharging these species as effluents were
identified. The ubiquitous solid wastes/ metals and anions are being dumped to large
extent either intentionally or accidently to nearby places of electroplating / paint and
laundry units at Coimbatore, Tamil Nadu. Thence, the problem conquers alarming

proportions in industries percolating Pb(I1), Ni(Il) and Phosphates ions into the field.
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3.6 Categorized Materials - Modification

Chemical treatment/ modification of the materials had been carried out to enhance
the porosity /surface area.® Precisely, chemically treated sorbents exposed better sorption
capacity than untreated. The common agents employed for modification/treatment of
sorbents are hydrochloric acid, sulphuric acid, phosphoric acid, sodium hydroxide and
zinc chloride. Also, it is obvious from literature studies®, that sorbents treated with
hydrochloric acid® and sodium hydroxide exhibited better surface area due to the
conversion of macropores into micropores resulting in better adsorption. In the present
work, the categorized materials were treated with hydrochloric acid and sodium

hydroxide to enhance maximum sorptive efficiency.

The identified sorbent species were thoroughly washed with doubly distilled
water and dried in air. The dried shells were then powdered and sieved to various sizes
viz., 85 BSS, 72 BSS, 52 BSS, 36 BSS and 22 BSS. Sieved species were immersed in
0.1 N HCI and boiled for three hours. After decanting the solution, the residues were
boiled with 0.1 N NaOH as done before. The treated materials of varying sieve sizes were
washed several times well with double distilled water. Later, they were soaked to ensure
swelling, as it would make more sorption sites available and finally the sorbent materials
were dried in sunlight. The chemically treated Pistachio vera shell powder and Bivalve
shell powder are denoted as TPVSP and TBVSP in the forthcoming discussions.

3.7 Proximate Analysis: Physico-chemical Characterization Studies
Studies were performed employing modified adsorbents for 0.18 mm particle size.
3.7.1 pH and Conductivity®

One gram each of TPVSP and TBVSP were transferred to 250 mL beakers
containing 300 mL of previously boiled/ cooled, doubly distilled water. The contents
were filtered after 10 minutes, discarding, 15 mL of it in the beginning. The remaining
filtrate were subjected to pH and conductivity studies measuring using ELICO (L1-120)
pH meter and ELICO (CM 180) digital conductivity meter respectively, after cooling to

room temperature.
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3.7.2 Moisture Test : Bidwell- Sterling Method®

Moisture contents were determined by Xylene-extraction test method
(ASTM D 2867-95) and the experimental setup is depicted in figure 3.2

Figure 3.2 Moisture Determination Apparatus

Approximately 0.25g of two adsorbents were taken in two 250 mL Round Bottom
flask and 75 mL of Xylene was added, to the set up, followed by injecting Xylene
through condensation tube, and filling the water receiving tube. The set up was subjected
to heating in such a manner to collect two drops of the distillate per second until all water
had apparently been distilled. Moisture content of the samples was calculated as per the

equation (1).
X =V/m *100 1)
where,

X - Moisture content of the sample [mL/100 g] (Mass calculation as per the water density
of 0.998 at 20°C; 20 g/mL).

V - Water volume (Receiving tube) [mL]
m - Sample mass (g).
3.7.3 Bulk Density’

Specific gravity bottles of 10 mL capacity were packed with the treated plant and
animal shells by thorough tapping with a rubber stopper. The shells' mass were weighed,

which divided by volume evinced bulk density (g/mL) values.
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3.7.4 Specific Gravity’

Porcelain dishes with 5g of sorbents and 50 mL of doubly distilled water as
contents were boiled gently for 3 min to expel the air. The suspensions were poured into
100 mL pycnometers and weighed (Wc). The same pycnometers were filled with doubly

distilled water after Wc measurements and weighed (Wh)

Weight of adsorbent (W,)

Specific Gravity = )
Volume of displaced water (V)

V= Wa+Wp+ W

Density of water
where,
Wa = Weight of adsorbent,
Wy = Weight of pycnometer with water,
W. = Weight of pycnometer with adsorbent residue
3.7.5 Porosity®

The difference between the calculated specific gravity (S) and bulk density (D) values

of the samples divided by hundred times the results in porosity value of the samples.
Porosity =S-D / S *100 3)
3.7.6 Ash Content®
Porcelain crucibles with 1 gm of TPVSP and TBVSP were placed in an electric
oven maintained at 3835 K for about 5 h. Later, the contents were ignited in an electric
muffle furnace (800 K) for a period of 2 h. The crucibles were cooled in desiccators and
then weighed. Heating, cooling and weighing were repeated for every 30 minutes, till the

difference between any two consecutive weighing’s recorded less than 5 mg. The ash

content was calculated as percentage by weight.
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3.7.7 Water Soluble Matter®

0.5 grams of treated shells along with 60 mL distilled water were boiled with
continuous stirring. Later, were allowed to settle and the supernatants were filtered
through gooch crucibles, fitted with asbestos mats. The procedure was repeated thrice and
the combined filtrates were concentrated to approximately 100 mL, cooled and made up
exactly to 100 mL. 50 mL of the concentrates were transferred to china dishes and
pre-dried by evaporation on heating in a water bath ensuring, non-spilling of the contents,
finally dried in an electric oven (373t5 K), cooled in desiccators and weighed.
The procedure of drying and weighing was repeated for every 30 minutes, till the

difference between any two consecutive weighing’s exhibited less than 5 mg.
Water Soluble Matter = 2000 * W1 / W2 (100-X) 4)
where,
W1 = Weight of the residue (g)
W2 = Weight of the carbon (g)
X = Percentage of moisture in the carbon
3.7.8 Acid Soluble Matter®

The treated shells (0.5g) were boiled and stirred with 60 mL of 0.25 N HCI.
The same procedure adopted for water soluble matter determination was experimented

and the acid soluble matter was calculated as per equation 5.

20000 x A

Acid Soluble Matter = WA X (5)

where,
A = Weight of the dried residue (g)
W = Weight of the carbon (g)

X = Percentage of moisture in the carbon
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3.7.9 lon Exchange Capacity®

0.2 grams of TPVSP and TBVSP were taken in 500 mL beakers and sufficient
amount of double distilled water was added for soaking. The slurries were carefully
transferred to burettes. The columns were never allowed to drain completely and the
levels of the liquids were maintained at a height of about 1 cm above the material bed.
250 mL of the solutions of 0.25 M sodium sulphate was added in drops into the columns
at the rate of 2 mL per minute and the samples were collected at the same rate.
After column running, the collected samples were titrated against 0.1 N standard NaOH
solution using phenolphthalein indicator. The ion exchange capacity of the bed calculated
using NV/W, where N is the normality of sodium hydroxide solution; V is its volume and

W represents the weight of the treated materials.
3.7.10 Zero point charge (pHzrc)®

Zero point charges were determined by the solid addition method, wherein 45 mL
KNOs solution of 0.1 and 0.01 M concentrations were transferred to 100 mL conical
flasks and the pH was adjusted to acidic and basic for 0.1 M to 0.01 M solutions
respectively. Later, the total volumes were adjusted to 50 mL by addition of respective
solutions. 1 g of TPVSP and TBVSP were added to all flasks, after recording the initial
pH of the 50 mL solutions. The suspensions were kept undisturbed for 2 days after
vigorous shaking for 5 minutes. The final pH values (pHr) were recorded. The difference
between the two pH recordings (ApH = pHi — pH ) were plotted against initial pHi,

The zero point charges were arrived from the intersection point of the interpreted plot.
3.7.11 Elemental Analysis

The elementary composition of the chosen materials were determined using
CHNS analyser (Elementary Vario EL I11-Germany ) and the values were expressed in

terms of percentage by weight of elemental carbon, hydrogen, nitrogen and sulphur.
3.7.12 Characterization of Surface Functional Groups

Experimental techniques viz., Boehm Method, BET, BJH, FTIR, SEM and EDAX

have been employed to reveal the nature of bare, treated and loaded samples along with

42



Chapter 111

the change in their morphologies and concentrations of surface functional groups which
could have occurred due to suitable modifications.

3.7.13 Active Sites’ Determination

The amounts of oxygenated acid surface groups were determined using Boehm
titration method®®. One gram each of the samples were placed in Erlenmeyer flasks, to
which 50 mL each of 0.05 N basic solutions (NaOH, Na2CO3 and NaHCO3) were added,
shaken for 24 h and the contents were filtered. To 10 mL each of the filtrates 15 mL of
0.05 N HCI was added and the excess HCI was titrated against 0.05 N NaOH using
phenolphthalein indicator, followed by Blank experiments. The amounts of acidic sites of
various types were calculated on the basis of alkali neutralization of carboxylic, phenolic

and lactonic groups which may be present.
3.7.14 Bruner-Emmett-Teller / Barrett-Joyner-Halenda/ FTIR Analyses

Surface area and pore characteristics were determined using Brunauer- Emmet-
Teller (BET) and Barrett-Joyner- Halenda (BJH) methods employ nitrogen adsorption on
an Accelerated Surface Area and Porosimetry System, (Micromeritics, BEL, Japan,Inc),
with Belsorp Adsorption/ Desorption analysis software. The procedure included

degassing of the samples for 5 hours (120°C) before analysis was followed.

FT-IR analysis were carried out as a pilot and qualitative analysis to determine the
main functional groups present in the sorbent that might have involved in the metal
uptake. The spectra of the adsorbents before and after metal ion sorption process were

recorded using in the range 400 — 4000cm™.
3.7.15 SEM and EDAX Analyses

Scanning Electron Microscopy (SEM) has been a primary tool for characterizing
the surface morphology and the fundamental physical properties of the material surface.
It is useful for determining the particle shape, porosity, and appropriate particle size
distribution™. The chemical examination of the treated /loaded samples was carried out
using an Energy Dispersive X-ray spectrometer (ZEISS) attached to a Scanning Electron
Microscope (20 kV) under vacuum of 1.33 x 10° m Bar. A thin layer of platinum

(20 nm) using a sputter coater was used to cover the materials and later subjected to scan.
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3.7.16 Microscopic Analysis

The particle sizes of the chosen materials with different mesh sizes were
measured using Nikon Diaphot light Microscope. In order to determine the particle sizes
of the adsorbent, the ocular micrometer (10 X dimension) was attached to the microscope
was employed. Each division in the scale of the ocular micrometre is 0.01mm. The length
and breadth of each granular particle was measured using the ocular micrometre scale.
Twelve different particles of each mesh were taken for the average measurement of
lengths and breadths, as no two single particles are alike. The sizes were calculated by
applying multiplication factors. The particle sizes determined for both the sorbents were
against 85 BSS,72 BSS, 52 BSS, 36 BSS and 22 BSS mesh sizes (0.18 mm,0.24 mm,
0.30 mm,0.42 mm & 0.71 mm) respectively

3.8 Preparation of Adsorbate Solutions

Chemicals pertaining to the experimental studies viz., lead nitrate, nickel nitrate,
potassium dihydrogen phosphate, ammonium molybdate, sulphuric acid, hydrochloric
acid, sodium hydroxide, sodium nitrate, potassium chloride, magnesium sulphate,
potassium dichromate, zinc sulphate, buffers pH-4 and pH-9 and were purchased from
sigma Aldrich company (Anala R grade) had been employed without any further

purifying procedures.

Stock solutions of 1000 mg/L each was prepared by dissolving 1.5985 g of lead
nitrate, 4.9546 g of nickel nitrate and 1.4329 g of potassium dihydrogen phosphate using
1000 mL of doubly distilled water (Distillon 4DQ). Aliquots of the sorbate solutions of
varying concentrations viz., 10 mg/L — 1000mg/L were progressively diluted from the
stock solution. pH environments of both the stock and standard aliquots were determined
using ELICO(L1-120) pH meter after precise standardization with buffers pH 4 and

9.2 respectively.
3.9 Experimental Design
3.9.1 Batch Adsorption Studies

Adsorption experiments were carried out following batch method at ambient

temperature, in order to investigate the nature of metal- adsorbent interaction. Influence
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of variable operating factors viz., particle sizes (0.18 mm, 0.21 mm, 0.30 mm, 0.42 mm
and 0.71 mm), contact time (0, 5, 10, 15, 20, 25, 30 minutes) initial concentrations
(10, 25, 50, 75, 100, mg/L) dosages (25, 50, 75 & 100 mg), pH of the medium(3,5,7,9
&11), influence of cation, anion, co-ions (Na*,K*,Mg?*,NOs",CI", F',5S04%,Cr®*,Zn?* Pb?*
and Cu?") and temperature (293-323 K) were verified under optimized pH to study the
sorption characteristics of the employed materials. The determined parameters were

considered as the variable, while others were kept constant.
3.10 Analysis of the Samples

A Amax OF the initial and residual concentrations of Pb(ll) and Ni(ll) ions were
measured at 324.8nm and 357.9nm, using Atomic Absorption Spectrophotometer:
Shimadzu AA 6200 (Figure 3.3) with high quality acetylene gas were (99.9%) which
procured from Covai Air Products, Coimbatore, India. (Duplicate experiments conducted
supported the reproducibility of expected values within 2 %) phosphate ion concentrations in
the collected samples were analysed at 800nm (Amaxy using UV-Visible Spectrophotometer:
Lab India (Figure 3.4) by Molybdenum blue method, employing Ammonium Molybdate

and Stannous Chloride as complexity agents in acidic medium.

Figure 3.3 Atomic Absorption Spectrophotometer (Shimadzu AA 6200)
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Figure 3.4 UV- Visible Spectrophotometer (Lab India)
3.11 Data Analysis!?

The percentage of adsorption of metal ions from aqueous solutions were

calculated as
% Adsorption = Cj- Ce/ Ci * 100 (6)

The amount of metal ions sorbed (q) in the sorption systems were calculated according to

mass balance equation

ge=V (Ci-Ce) /W @)
where,
V is the volume of the solution (L),
W is the mass of the adsorbent (g),
Ci and Ce are the initial and equilibrium metal concentrations (mg/L) respectively.
3.12 Column Studies

The results of the Batch equilibration method insisted the feasibility and
compatibility of the chosen systems based on which the column operations were carried

out to quantify the sorbents’ efficiencies in a continuous process®.

Column experiments were performed using sorbent materials with the fixed
particle size (0.18 mm) for the metal ions (initial concentrations: 50-1000 mg/L).

Fixed—bed columns, made of cylindrical glass tube (2.5 cm inner diameter and 30 cm
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height) were packed with the adsorbent materials between two supporting layers of glass
wool, spreaded with the glass beads at the bottom layer of glass wool. The sorbents were

loaded from the top of the column and allowed to settle by gravity force.

Metal ions of varying initial concentrations were poured from the top of the
column and the flow rate being adjusted by collecting varying volumes of the residual
concentrations (metal ion solutions) at pre-set time intervals which depends on the
systems’ frame work. After performing a series of column studies, based on trial and
error method, adsorbent materials suitable for the chosen metal ions exhibiting maximum
percentage removal under optimized conditions were fixed on the basis of short term/

long term analyses.
3.13 Desorption

Recycling and recovery of the adsorbents and the metal resource becomes
possible by the exploring desorption studies. Sorption of a solute on any adsorbent can
either through physical bonding or ion exchange or combination of both. If the adsorption
is by physical bonding, then the loosely bound solute can be easily desorbed with
distilled water in most cases. Nevertheless, if the mode of adsorption is by ion exchange
mechanism, then desorption can be achieved by stronger desorbing agents like acid or

alkali solutions.

2 grams of the loaded samples with 100 mg/L metal ion concentrations were
taken in 50 mL Erlenmeyer flasks and shaken continuously for 30 minutes, followed by
filtration. Later, solid sorbents were gently washed with doubly distilled water.
The above procedures were repeated by replacing 50 mL of various strengths of 0.1N
HCI and the agitation was continued for 30 minutes before analysis.

The desorption efficiencies!* were calculated as :

Desorption Efficiency = Amount Desorbed / Amount Adsorbed * 100
(@)
3.14 Regeneration

Adsorption process is made more economical through necessitating the

regeneration of the used-up adsorbents. 100 mg of metal laden sorbents were shaken
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continuously with 50 mL HCI as desorbing agent. The desorbed sorbents were washed
several times with doubly distilled water until pH of the solution was maintained neutral.
aforesaid materials, were dried in an Air oven (3785 K) followed by sorption
experiments. Sorption and desorption cycles were repeated at pre-determined time frames

and a change in regeneration was observed through consecutive cycles for three times.
3.15 Collection of Effluent Samples

Effluent samples containing Pb(Il) and Ni(ll) were collected in pre cleaned PET
bottles from electroplating industries at Lakshmi Electroplating Finishers and SIDCO
industrial estate (Lead Acid Battery) Coimbatore, India respectively. The initial metal ion
concentrations, conductivity and pH of the samples were analyzed using AAS after a

series of dilutions.

Effluent samples with 100 mg/L of Pb(ll) and 100 mg/L of Ni(ll) were subjected
to column analysis and the residual concentrations of the eluted samples at a fixed flow

rate were analysed.
3.16 Adsorption Isotherm

Adsorption is a solute-solution interface resulting in the migration of particles
from the solution to the solute surface, until a dynamic equilibrium is reached amidst the
concentrations of the adsorbate in both media. Attainment period of adsorption
equilibrium and the specific adsorbate concentration®® are referred to as equilibrium time

and equilibrium concentration, respectively.

The distribution of sorbate species in the liquid phase and its accumulation onto
the sorbent is an indicative measure of equilibrium position in the adsorption process
thereby, its distribution ratio can be represented by an isotherm. These isotherms describe
the interaction pattern of sorbate with sorbents. Quantification of adsorption capacities
for chelating Pb(11) and Ni(ll) ions using TPVSP and TBVSP were studied employing
Langmuir Freundlich and DKR adsorption isotherms.
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3.16.1 Langmuir Model

Langmuir isotherm suffices monolayer adsorption onto sorbents’ surface with
finite number of sorption sites of uniform energy with no transmigration and adsorbate in

the surface phase. The Langmuir linear equation®® is as follows:
Ce/Qe=1/Qb+Ce/Q )

wherein, adsorption capacity and energy of sorption for the systems are
represented as Q and b (Langmuir sorption constant), the equilibrium concentration of
adsorbate (mg/L™?) and the amount of metal sorbed per gram of the sorbent at equilibrium

(mg/g) are implied as Ceand q e.
> Equilibrium Factor?’

The essential characteristics of Langmuir equation are expressed as dimensionless
separation parameter ‘R.’ equated to 1/1 +bCo, ‘b’ being Langmuir constant and ‘Co’,

the initial concentration.
3.16.2 Freundlich Model

Freundlich equation is applicable to heterogeneous surface conditions®,
emphasizing its utility in environmental engineering practice to model the adsorption of

pollutants. The linear equation is given as
log ge = log k + 1/n log Ce (10)

where, quantity of sorbate ions per unit mass of the sorbent (mg/g) and equilibrium

sorbate concentration (mg/L) are represented as ge and Ce correspondingly.
3.16.4 Dubinin—Kaganer—Radushkevich (DKR) Model
The DKR equation?® is as follows:
In Cadgs= In Xim- Be? (11)

Where, Cads is the number of metal ions adsorbed per unit weight of adsorbent (mol/g),
Xm (mol/g) is the maximum sorption capacity, p (mol? /J? ) is the activity coefficient

related to mean sorption energy, and ¢ is the Polanyi potential.

49



Chapter 111

3.17 Activation Factors

Thermodynamic equilibrium constants, Ko for the sorption reaction were
determined using Khan and Singh method?°. From the plot of Ko against the temperature

inverse, the thermodynamic variables, can be calculated as per the equations 12 and 13.
AG’ = -RT In Ko (12)

In Ko = AS/R - AH/RT (13)
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