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Chapter-I

INTRODUCTION

ADSORPTION

Adsorption is a process in which solids come into contact with liquids or gases, and the mass
transfer occurs from liquids to solids. Desorption is the reversal of this action. Adsorption operations take
advantage of a solid’s capacity to concentrate certain chemicals from a fluid on to its surface. Adsorbate
refers to the adsorbed substance, while adsorbent refers to the solid substance. The following are some

examples of solid-liquid and solid-gas applications:

e Removing dissolved moisture from gasoline.

e Decolorization of sugar solutions and petroleum products.

e Removing noxious odors and tastes from water. Dehumidification of air and gases is one of the
solid-gas activities.

e To fractionate mixtures of hydrocarbon gases such as methane, ethane, and propane.

e To remove undesirable odors and contaminants from gases.

e To recover valuable solvent vapors from dilute gas mixtures.

NATURE OF ADSORBENTS

Adsorbents are typically granular in nature, ranging in size from 0.5 mm to 12 mm. They can’t
have a lot of pressure decrease or get swept away by a fast-moving stream. During handling, they must

maintain their shape and size. They’ll need a lot of pores and a lot of surface area per unit mass.
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Some of the commonly used adsorbents, their sources and applications are given below:

S. No. Adsorbent Source Application
Naturally occurring clay is De-colorizing, drying of
1. Fuller’s earth heated and dried to get a lubricating oils, kerosene and
porous structure. engine oils.

Bentonite or other activated
clay which are activated by

treatment with sulfuric acid

2. Activated and further washing, drying Used for de-colorizing petroleum
charcoal and crushing. products.
A naturally occurring Used for de-colorizing petroleum
3. Bauxite hydrated alumina, activated by products and for drying gases.

heating at 230-815
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Alumina

A hard hydrated
aluminium oxide, which
is activated by heating to
drive off the moisture
and then crushed to

desired size.

Used as desiccant.

Bone-char

Obtained by destructive
distillation of crushed

bones at 600-900

Used for refining sugar and can be

reused after washing and burning.

Silica gel

A hard granular and
porous product obtained
from sodium silicate
solution after treatment
with acid. Normally has
4 to 7% water in the

product.

Dehydration of gases and liquids, and
separation of gas-liquid hydrocarbon

mixture.
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7. Activated carbon

(1) Vegetable matter is mixed with
calcium chloride, carbonized and
finally the inorganic compounds are

leached away.

(2) Organic matter is mixed with
porous pumice stones and then
heated and carbonized to deposit the
carbonaceous matter throughout the

porous particle.

(3) Carbonizing substances like
wood, sawdust, coconut shells, fruit
pits, coal, lignite and subsequent
activation with hot air steam. It is
available in granular or pellated

form.

De-colorizing of sugar solutions,
chemicals, drugs, water
purification, refining of

vegetable and animal oils,
recovery of gold and silver from
cyanide ore-leach solution,
recovery of solvent vapour from
gas-mixtures, collection of
gasoline hydro-carbons from
natural gas, fractionation of

hydrocarbon gases.

8. Molecular sieves

These are porous synthetic zeolite

crystals, metal alumino-silicates.

Dehydration of gases and
liquids, and separation of gas-

liquid hydrocarbon mixture.
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SIGNIFICANCE OF RESEARCH PROBLEM

Cellulose can be used for adsorption of heavy metals owing to its polyhydric functional groups
which will be a fetching tool to develop eco-friendly remediation strategy. Mean while, there is a need to
improve the adsorption efficacy of cellulose by the incorporation of facilitating agents to design and
develop standardized heavy metal remediation technology. For this purpose organic ligands will be useful
to bring the metal-adsorbent linkages by stabilizing the metal complexes which will bind to the adsorbent

more covalently.

OBJECTIVE OF THE PROJECT

To evaluate the impact of D-Valine as facilitating agent in the adsorption of Fe (I11) from aqueous
solution by Cellulose as an adsorbent to develop efficient remediation technology using concept of

Coordination chemistry.
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Chapter-I1

ADSORPTION OF HEAVY METALS FROM DILUTE SOLUTIONS

The phrase "heavy metals" refers to a collection of metals and metalloids that have an atomic
density more than 6 g cm—3. Although it is a broad phrase, it is typically used to refer to elements like Cd
(cadmium), Cr (chromium), Cu (copper), Hg (mercury), Ni (nickel), Pb (lead), and Zn (zinc) that are
commonly related with pollution and toxicity problems. Heavy metals, unlike most organic contaminants,

occur naturally.

Each of these elements has a range of normal background concentrations in soils, sediments,
waterways, and living creatures because they occur naturally in rock-forming and ore minerals. Significant
amounts of various heavy metals are produced each year from the mining of their respective ores.
Approximately 14,500 103 tonnes of copper were produced in 2004. (US Geological Survey, 2004). Soils,
sediments, waterways, and live species all play a role in the environment. Significant amounts of various

heavy metals are produced each year from the mining of their respective ores.

Metals used in industry and other domestic processes (e.g., burning fossil fuels, incineration of
wastes, automobile exhausts, smelting processes, and the use of sewage sludge as a landfill material and
fertiliser) have released large amounts of potentially toxic heavy metals into the atmosphere, as well as
into aquatic and terrestrial environments. Cd, Pb, and Zn are common hazardous metals released into the
environment.Cu, Ni, Cr, Co, Zn, and Pb are some of the most common metals (Babich et al., 1985). Table

1 shows the industrial sources of a variety of metals emitted, as well as the potential for contamination.
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While many heavy metals are required by plants as micronutrients, larger quantities have been
linked to a variety of harmful effects. Lead causes encephalopathy, cognitive impairment, behavioural
problems, renal damage, anaemia, and reproductive system toxicity at high exposure levels (Pagliuca and
Mufti, 1990). In its hexavalent state, chromium is well acknowledged to be hazardous (Rowbotham et al.,
2000). Exposure to Cr (VI) compounds has been linked to a greater incidence of respiratory malignancies
in humans (IARC, 1990). Cadmium has been linked to nephrotoxic effects, especially at high levels of
exposure; long-term exposure may also induce bone dam- age (Friberg, 1985). Neurobehavioural
problems and developmental abnormalities, such as dyslexia, attention deficit hyperactivity disorder, and
intellectual retardation, can be caused by high mercury levels (Weiss and Landrigan, 2000). Copper
poisoning can cause weakness, tiredness, and anorexia, as well as damage to the stomach and intestines
(Theophanides and Anastassopoulou, 2002). Nordberg et al. go into great length about the toxicity of

nickel and other heavy metals (2007)

Table : Significant anthropogenic sources of metals in the environment.

Industry

Metals

Pollution Arising

Reference

Metalliferous mining

Cd,Cu,Ni,Cr,Co,Zn

Acid mine  drainage,

tailings, slag heaps

Babich et al.(1985)

Aswathanarayana(2003)

Agriculture materials

Cd,Cr,Mo,Pb,U,V,Zn

Run-off, surface and

Nicholson et al.(2003)

Fertilisers groundwater Otero et al.(2005)
contamination, plant
bioaccumulation
Manures sewage | Zn,Cu,Ni,Pb,Cd,Cr,As,Hg | Landspreading threatto | Nicholson et al.(2003)
sludge ground and surface water | Cheung and  Wong
(1983)

Walter et al.(2006)
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Metallurgical
industries Specialist

alloys and steels

Pb,Mo,Ni.Cu,Cd,As,Te,U,

Zn

Manufacture, disposaland
recycling of metals,

Tailings and slag heaps

Alloway and  Ayres
(1993)
Rule et al (2006)

Cheng (2003)

Waste disposal

Landfill leachate

Zn,Cu,Cd,Pb,Ni,Cr,Hg

Landfill leachate,
contamination of ground

and surface

Kjeldson et al.(2002)

Fernandez et al.(2005)

Electronics Pb,Cd,Hg,Pt,Au,Cr,As,Ni, Aqueous and solid Veglio et al. (2003)
Mn metallic waste food
manufacturing and
recycling process
Metal finishing | Cr,Ni,Zn,Cu Liquid effluents from Castelblanque and
industry plating processes salimbeni(2004)
Electroplating Zhao et al.(1999)
Alvarez-Ayuso et

al.(2003)

Miscellaneous

sources Batteries

Pb,Sh,Zn,Cd,Ni,Hg

Waste battery fluid,
contamination of soil and

groundwater

EU Directorate general
of the Environment

(2004)

Paints and pigments

Pb,Cr,As, Ti,Ba,Zn

Aqueous waste from
manufacture, old paint
deterioration and soil

pollution

Davis and Burns (1999)
Barnes and Davis (1996)

Monken(2000)
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Both the solvent and the solute are adsorbed whenever a mixture of solute and solvent is adsorbed
using an adsorbent. As a result, only relative or apparent solute adsorption can be determined. As a result,
treating a known volume of solution of original concentration C with a known weight of adsorbent is
standard procedure. Let C* be the solution’s final equilibrium solute concentration. If v is the volume of
solution per unit mass of adsorbent (cc/g), and C and C* are the starting and equilibrium concentrations
(g/cc) of the solute, then the apparent adsorption of the solute per unit mass of adsorbent is v(C -C*), (g/9),
neglecting any volume change. This statement is most useful in the case of dilute solutions. The C* value
is determined by the temperature, nature, and properties of the adsorbent when the proportion of the
original solvent that can be adsorbed is tiny. The Freundlich adsorption isotherm, C*=K[v(C —C*)]n,
represents the adsorption phenomena in dilute fluids across a small concentration range. The Freundlich
adsorption equation is especially useful in situations where the identification of the solute is unknown,
such as the removal of colouring substances from sugar solutions, oils, and other liquids. A
spectrophotometer or colorimeter can quickly determine the colour composition of the solute. In worked
example 2, the interpretation of this data is demonstrated. Adsorption is good if the value of n is high, say
2 to 10. If it’s between 1 and 2, it’s relatively challenging, and if it’s less than 1, it’s easy and it indicates
poor adsorption characteristics. Freundlich adsorption equation is also useful in such a case where the
actual identification of solute is not known, e.g. removal of colouring substance from sugar solutions, oils
etc. A typical adsorption isothermal for the adsorption of various adsorbents A, B and C in dilute solution

at the same temperature for the same adsorbent is represented in a graph.
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t (©) (B) (A)
(A)

Equilibrium solute concentration
in liquid

Kg solute apparently adsorbed / kg adsorbent

METAL COMPLEXES OF AMINO ACIDS

Transition metal amino acid complexes are a large family of coordination complexes containing
the conjugate bases of the amino acids, the 2-aminocarboxylates. Amino acids are prevalent in nature, and
all of them function as ligands toward the transition metals. Not included in this article are complexes of
the amides (including peptide) and ester derivatives of amino acids. Also excluded are the polyamino acids

including the chelating agents EDTA and NTA.

Most commonly, amino acids coordinate to metal ions as N,O bidentate ligands, utilizing the
amino group and the carboxylate. They are "L-X" ligands. A five-membered chelate ring is formed. The
chelate ring is only slightly ruffled at the sp3-hybridized carbon and nitrogen centers. For those amino
acids containing coordinating substituents, the resulting complexes are more structurally diverse since

these substituents can coordinate. Histidine, aspartic acid, methionine, and cysteine sometimes form
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tridentate N,N,O, N,0,0, S,N,O, and S,N,O complexes, respectively. Using kinetically inert metal ions,
complexes containing monodentate amino acids have been characterized. These complexes exist in either
the N or the O linkage isomers. It can be assumed that such monodentate complexes exist transiently for
many kinetically labile metal ions (e.g. Zn?*). Mixing simple metal salts with solutions of amino acids near
neutral or elevated pH often affords bis- or tris complexes. For metal ions that prefer octahedral
coordination, these complexes often adopt the stoichiometry M(aa)s (aa = amino carboxylate, such as
glycinate, HoNCH2CO_"). Complexes of the 3:1 stoichiometry have the formula is [M(O.CC(R)HNH2)3]*.
Such complexes adopt octahedral coordination geometry. These complexes can exist in facial and
meridional isomers, both of which are chiral. The stereochemical possibilities increase when the amino
acid ligands are not homochiral. Complexes with the 2:1 stoichiometry are illustrated by copper(ll)
glycinate [Cu(O2CC(R)HNH>).], which exists both in anhydrous and pentacoordinate geometries. When
the metal is square planar, these complexes can exist as cis and trans isomers. The stereochemical
possibilities increase when the amino acid ligands are not homochiral. Homoleptic complexes are also

known where the amino carboxylate is tridentate amino acids. One such complex is Ni(k3-histidinate)s.

D-Valine can easily involved in M-L complex formation due to its functional flexibility. Moreover its

water solubility encourages the metal-ligand complex formation under aqueous conditions.
NH>

H3C 0

CH;  OH

D-Valine

11| Page



https://en.wikipedia.org/wiki/Octahedral_coordination_geometry
https://en.wikipedia.org/wiki/Homochiral
https://en.wikipedia.org/wiki/Copper(II)_glycinate
https://en.wikipedia.org/wiki/Copper(II)_glycinate
https://en.wikipedia.org/wiki/Homochiral

CELLULOSE AS ADSORBENT

Cellulose is the most plentiful and renewable polymer material available on the planet. According
to estimates,deterioration and soil pollution Photosynthesis produces 101-10'? tonnes of cellulose every
year in a relatively pure form, such as in the seed hairs of cotton plants, but it is more commonly mixed
with lignin and other polysaccharides (so-called hemicelluloses) in the cell walls of woody plants (Klemm
et al., 2002). For thousands of years, cellulose has been utilised as an energy source, a building material,
and a clothing material in the form of wood and cotton.

As a carbohydrate polymer, cellulose has a molecular structure that is made up of repeating b-D-
glucopyranose units that are covalently linked by acetal functionalities between the OH groups of the C4
and C1 carbon atoms (b-1,4-glucan). Cellulose is a long, linear-chain polymer with a lot of hydroxyl
groups (three per anhydroglucose (AGU) unit) and the 4C1 conformation. Every second AGU unit is
rotated 180 degrees in the plane to accommodate the preferred bond angles. The number of constituent
AGU units (degree of polymerization, DP) determines the length of the polymeric cellulose chain, which

varies depending on the origin and treatment of the cellulose raw material (Klemm et al., 2002).

Cellulose has a ribbon form that allows it to twist and bend in directions other than the plane,
making it a fairly flexible molecule. Due to the presence of hydroxyl (—-OH) groups that protrude from the
chain and create intermolecular hydrogen bonds, there is a relatively strong interaction between
neighbouring cellulose molecules in dry fibres. Each chain of cellulose regenerated fibres contains 250—
500 repeating units (Klemm et al., 2002). The hydrophilicity, chirality, and degradability features of
cellulose are due to this molecular structure. Chemical reactivity is mostly determined by the OH groups'

high donor reactivity.
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Chapter-I11

ATOMIC ABSORPTION SPECTROMETRY

Atomic absorption spectrometry (AAS) is an analytical technique that measures the concentrations
of elements. Atomic absorption is so sensitive that it can measure down parts per billion of a gram (pg
dm=3) in a sample. The technique makes use of the wavelengths of light specifically absorbed by an
element. They correspond to the energies needed to promote electrons from one energy level to another,

higher, energy level.

Atomic absorption spectrometry has many uses in different areas of chemistry.

Clinical analysis: Analysing metals in biological fluids such as blood and urine.

Environmental analysis: Monitoring our environment- eg finding out the levels of various elements in

rivers, seawater, drinking water, air, petrol and drinks such as wine, beer and fruit drinks.

Pharmaceuticals: In some pharmaceutical manufacturing processes, minute quantities of a catalyst used
in the process (usually a metal) are sometimes present in the final product. By using AAS the amount of

catalyst present can be determined.

Industry: Many raw materials are examined and AAS is widely used to check that the major elements are
present and that toxic impurities are lower than specified- eg in concrete, where calcium is a major

constituent, the lead level should be low because it is toxic.

Mining: By using AAS the amount of metals such as gold in rocks can be determined to see whether it is

worth mining the rocks to extract the gold.
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HOW IT WORKS

Atoms of different elements absorb characteristic wavelengths of light. Analysing a sample to see
if it contains a particular element means using light from that element. For example with lead, a lamp
containing lead emits light from excited lead atoms that produce the right mix of wavelengths to be
absorbed by any lead atoms from the sample. In AAS, the sample is atomized- i.e. converted into ground
state free atoms in the vapour state- and a beam of electromagnetic radiation emitted from excited lead
atoms is passed through the vaporized sample. Some of the radiation is absorbed by the lead atoms in the
sample. The greater the number of atoms there is in the vapour, the more radiation is absorbed. The
amount of light absorbed is proportional to the number of lead atoms. A calibration curve is constructed by
running several samples of known lead concentration under the same conditions as the unknown. The
amount the standard absorbs is compared with the calibration curve and this enables the calculation of the
lead concentration in the unknown sample. Consequently an atomic absorption spectrometer needs the
following three components: a light source; a sample cell to produce gaseous atoms; and a means of

measuring the specific light absorbed.

THE LIGHT SOURCE

The common source of light is a ‘hollow cathode lamp’. This contains a tungsten anode and a
cylindrical hollow cathode made of the element to be determined. These are sealed in a glass tube filled

with an inert gas- e.g neon or argon- at a pressure of between 1 Nm-2and 5 Nm-2,
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The ionization of some gas atoms occurs by applying a potential difference of about 300-400V
between the anode and the cathode. These gaseous ions bombard the cathode and eject metal atoms from
the cathode in a process called sputtering. Some sputtered atoms are in excited states and emit radiation
characteristic of the metal as they fall back to the ground state — egPb* —Pb + h v. The shape of the
cathode concentrates the radiation into a beam which passes through a quartz window, and the shape of the
lamp is such that most of the sputtered atoms are redeposited on the cathode. A typical atomic absorption
instrument holds several lamps each for a different element. The lamps are housed in a rotating turret so

that the correct lamp can be quickly selected.

1.lonisation 2 .Sputtering 3.Excitation 4 Emission

———[ Ne® _pNe'|- +— M }Light

THE OPTICAL SYSTEM AND DETECTOR

A monochromator is used to select the specific wavelength of light —ie spectral line — which is
absorbed by the sample, and to exclude other wavelengths. The selection of the specific light allows the
determination of the selected element in the presence of others. The light selected by the monochromator
is directed onto a detector that is typically a photomultiplier tube. This produces an electrical signal

proportional to the light intensity
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SampleCell

|:| 0oon

Source Monochromator Detector Meter
Chopper

Flame

(orfurnace )

DOUBLE BEAM SPECTROMETERS

Modern spectrometers incorporate a beam splitter so that one part of the beam passes through the
sample cell and the other is the reference . The intensity of the light source may not stay constant during
an analysis. If only a single beam is used to pass through the atom cell, a blank reading containing no
analyte (substance to be analysed) would have to be taken first, setting the absorbance at zero. If the
intensity of the source changes by the time the sample is put in place, the measurement will be inaccurate.
In the double beam instrument there is a constant monitoring between the reference beam and the light
source. To ensure that the spectrum does not suffer from loss of sensitivity, the beam splitter is designed

so that as high a proportion as possible of the energy of the lamp beam passes through the sample.

f Referencebeam

Samplebeam

== | Co)—{>—on0n

Source Beamsplitter Monochromator Detector Readout

Electronics

Samplecell

Beamrecombiner
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ATOMISATION OF THE SAMPLE
Two systems are commonly used to produce atoms from the sample. Aspiration involves sucking
asolution of the sample into a flame; and electrothermal atomisation is where a drop of sample is placed
into a graphite tube that is then heated electrically.
Some instruments have both atomisation systems but share one set of lamps. Once the appropriate lamp

has been selected, it is pointed towards one or other atomisation system.

FLAME ASPIRATION

Samplehole

ER
HEAL

Figure 1 Figure 2
Ethyne/air (giving a flame with a temperature of 2200-2400°C) or ethyne/dinitrogen oxide (2600

2800°C) are often used. A flexible capillary tube connects the solution to the nebuliser. At the tip of the
capillary, the solution is ‘nebulised’ —ie broken into small drops. The larger drops fall out and drain off

while smaller ones vaporise in the flame. Only ca 1% of the sample is nebulised.
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ELECTROTHERMAL ATOMIZATION

25 pl of sample (ca 1/100th of a raindrop) is placed through the sample hole and onto the platform
from an automated micropipette and sample changer. The tube is heated electrically by passing a current
through it in a pre-programmed series of steps. The details will vary with the sample but typically they
might be 30—40 seconds at 150°C to evaporate the solvent, 30 seconds at 600°C to drive off any volatile
organic material and char the sample to ash, and with a very fast heating rate (ca 1500 °C s™) to 2000-
2500°C for 5-10 seconds to vaporise and atomise elements (including the element being analysed). Finally
heating the tube to a still higher temperature —ca 2700°C — cleans it ready for the next sample. During this
heating cycle the graphite tube is flushed with argon gas to prevent the tube burning away. In
electrothermal atomisation almost 100% of the sample is atomised. This makes the technique much more

sensitive than flame AAS.

SAMPLE PREPARATION
Sample preparation is often simple, and the chemical form of the element is usually unimportant.
This is because atomisation converts the sample into free atoms irrespective of its initial state. The sample

is weighed and made into a solution by suitable dilution. Elements in biological fluids such as urine and

blood are often measured simply after a dilution of the original sample.
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When making reference solutions of the element under analysis, for calibration, the chemical environment
of the sample should be matched as closely as possible —i.e. the analyte should be in the same compound
and the same solvent. Teflon containers may be used when analyzing very dilute aolutions because

elements such as lead are sometimes leached out of glass vessels and can affect the results

BACKGROUND ABSORPTION

It is possible that other atoms or molecules apart from those of the element being determined will
absorb or scatter some radiation from the light source. These species could include unvaporisedsolvent
droplets, or compounds of the matrix (chemical species, such as anions, that tend to accompany the metals
being analysed) that are not removed completely. This means that there is a background absorption as well

as that of the sample.

One way of measuring and correcting this background absorption is to use two light sources, one of
which is the hollow cathode lamp appropriate to the element being measured. The second light source is a

deuterium lamp.

The deuterium lamp produces broad band radiation, not specific spectral lines as with a hollow cathode
lamp. By alternating the measurements of the two light sources — generally at 50 —100 Hz — the total
absorption (absorption due to analyte atoms plus background) is measured with the specific light from the
hollow cathode lamp and the background absorption is measured with the light from the deuterium lamp.

Subtracting the background from the total absorption gives the absorption arising from only analyte atoms.

CALIBRATION

A calibration curve is used to determine the unknown concentration of an element —eg lead — in a
solution.The instrument is calibrated using several solutions of known concentrations.A calibration curve
is produced which is continually rescaled as more concentrated solutions are used — the more concentrated

solutions absorb more radiation up to a certain absorbance. The calibration curve shows the concentration
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against the amount of radiation absorbed in the given figure.(a) The sample solution is fed into the

instrument and the unknown concentration of the element-e.g. lead- is then displayed on the calibration

curve given in the below figure.(b)

Absorbance

Concentration

Figure (a)

Absorbance

Concentration

Figure (b)
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Chapter-1V

METHODOLOGY

MATERIALS REQUIRED

e Ferric chloride pure Hexahydrate
e D-Valine

e Cellulose

e Volumetric flask

e Digital Weighing Machine

e Watch glasses

e Hot air oven

e Ultra pure water (Demineralized)

e 2% of Nitric acid
PROCEDURE

1. Using a 250ml Volumetric flask prepare a metal ligand solution by adding 100ppm of Ferric
chloride Hexahydrate (MOLYCHEM MCR-11580) and 200ppm of D-Valine (Avra N2200133).
Prepare 250ml solution by adding Ultra pure water and then keep this system aside for a few hours.

2. Weigh 5 grams of Cellulose (Avra N2001901) using a Digital weighing machine (Citizen Scales(l)
PVT LTD CTG302-300) and take this into a beaker.

3. Now add 100ml of the above prepared metal ligand solution into the beaker and stir the mixture

well for 10 minutes using a glass rod.
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4. Keep this mixture aside for 48 hours without disturbing it as at this step Ferric is going to be
adsorbed on Cellulose in the presence of D-Valine which acts as a chelating agent.

5. After completion of 48 hours take the mixture and filter it off using Whatman Grade 1 filter paper
and a funnel.

6. After filtration of the mixture again add Ultra pure water for 3 times and then filtrate it to obtain
pure concentration of Ferric which is get adsorbed on Cellulose.

7. Collect the filtered Cellulose powder and place it on a watch glass and keep this in a Hot air owen
at 60 °C for 10 hours to get rid off moisture present in it.

8. Now weigh each 1 gm of Cellulose in glass vials.

9. Now take a beaker and rinse it with ultra pure water then followed by Nitric acid.

10. Take 0.5 grams of Cellulose sample in the beaker and add 2% of Nitric acid and stir the mixture
well for 10-15 minutes.

11. Filter the mixture using Whatman Grade 1 filter paper and again 3 times by using Ultra pure water
to obtain pure concentration of Ferric present in the mixture prepared using the sample.

12. Take this collected sample solution and keep this system under AAS (Thermo Scientific ICE
3300)

13. Calculate the concentration of Ferric adsorbed on Cellulose at different ppm levels. Observe the
graph obtained and note down the readings of the result we obtained.

14. Same Experiment carried out without the interference/addition of Ligand i.e. D-Valine for Control

Experiment.
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Fe standards with test sample
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Sample is Taking in to the Machine \




Burning of test sample in AASpectometer

Values after intake of test samples
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Results obtained on the monitor under AAS Method
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Chapter-V

RESULTS AND DISCUSSIONS

From an aqueous solution of the metal ligand solution Fe(lll)-D-Valine, Cellulose absorbed
756.5ppm of iron. When D-Valine is absent, Cellulose only absorbed 715.0ppm. The AAS data clearly
show that the addition of ligands improved the metal adsorption by triggering possible chemical
interactions between the adsorbent and adsorbate. Strong coordination bonds between D-Valine and
Fe(I11) result in the formation of a soluble complex in aqueous solution. By creating chemical bonds, the
ligand-capped Fe(111) complex firmly adhered to Cellulose. The AAS data clearly show that 5.804% more

adsorption occurred when D-Valine was included as a chelating agent.

Iron Adsorption by Cellulose

Adsorption of Iron in ppm

Fe(111)-With D-Valine Fe(111)-Without ligand

Impact of D-Valine on Adsorption of Fe (lll) ions from aqueous solution by Cellulose.
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Spectrometer Parameters - Fe:

Element : Fe

Measurement mode : Absorbance

Wavelength : 248.3nm

Band pass : 0.2nm

Lamp current: 75%

Background correction : D2

High Resolution : Off

Optimise Spectrometer Parameters :
No

Signal type : continuous

Resamples : Fast

Number of resamples : 3

Measurement time : 4.0secs

Flier mode : No

Use RSD Test : No

Flame Parameters — Fe:

Flame type : Air — C2H2

Fuel Flow : 0.9L/min

Auxiliary Oxidant : Off

Nebuliser Uptake : 4secs

Bunsen Stabilisation : Omins

Optimise Fuel Flow : No

Burner Height :7.0mm

Optimise Burner fuel : No

Calibration Parameters—Fe:

Calibration mode : Normal

Line fit : Linear

Use stored calibration : No

Concentration units : mg/L

Scales units : mg/L

Scaling factor : 1.0000

Acceptable fit : 0.990

Rescale Limits : 10.0%

Failure Action : Flag and Continue

Standard1 - 2.0000 Standard4 -  8.0000
Standard2 - 4.0000 Standard5 - 10.0000
Standard3 - 6.0000
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Solutions Results—Fe:

Normal:LinearFit

1
A
0 T T T T T T
1 2 3 4 5 6 7 8 10
Y = 0.04924x + 0.0141
Fit: 0.9965
Characteristic Conc.: 0.0894
Sample ID Signal RSD Conc.
Abs % Mg/L
Fe Blank 0.001 35.6 0.0000
1 0.001 Background: -0.003
2 0.001 Background: -0.003
3 0.000 Background: -0.003
Fe Standard 1 0.120 0.3 2.0000
1 0.120 Background: 0.003
2 0.119 Background: 0.003
3 0.120 Background: 0.003
Fe Standard 2 0.215 0.3 4.0000
1 0.215 Background: 0.004
2 0.215 Background:0.004
3 0.216 Background:0.004
Fe Standard 3 0.322 0.2 6.0000
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1 0.323 Background: 0.005

2 0.322 Background: 0.005

3 0.322 Background: 0.005
Fe Standard 4 0.411 0.3 8.0000

1 0.410 Background: 0.005

2 0.412 Background: 0.005

3 0.412 Background: 0.005
Fe Standard 5 0.493 0.1 10.0000

1 0.494 Background: 0.005

2 0.494 Background: 0.005

3 0.494 Background: 0.006
Fe(lll)-D-Valine-Cellulose | 0.759 0.1 15.1286

1 0.758 Background: 0.003

2 0.760 Background: 0.003

3 0.758 Background: 0.004
Fe(lll)-Cellulose 0.717 0.1 14.2986 C
(Without Ligand)

1 0.719 Background: 0.004

2 0.716 Background: 0.003

3 0.716 Background: 0.004
Test Results:
S.no Test Parameters Sample Results
01. Iron by AAS Analysis: | Fe(lll)-D-Valine — 756.5ppm

(ppm) Cellulose Sample
02. Iron by AAS Analysis: | Fe(lll)- Cellulose 715.0 PPM
(ppm) (control)
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CONCLUSION

According to the results of the current experiment, D-Valine, which acts as a chelating agent, is
crucial to the adsorption of Fe (I11) ions from aqueous solution by Cellulose and enhances adsorption by
up to 5.804%. Designing the latest heavy metal remediation systems that employ natural chelating ligands

as facilitation agents in metal adsorption processes would benefit from this feature.
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MART SPECIALITIES LAB LLP.

Operator Name: Jyothi Report Date: 11-06-2022 17:40:20
Results File: E:\AAS System Data\2022\JUNE\11 06 2022\TARA 0064 2-6\Iron (Fe)1.SLR

General Parameters

Method : Iron (Fe) Operator : Jyothi Instrument Mode: Flame
Autosampler : None Dilution: None
Use SFI: No

Valid Method Signatures

11-06-2022 17:22:33 jyothi(M. Jyothi):DESKTOP-39TDEGC
Signed with Reason : Analysed by:

11-06-2022 17:23:24 parjanya(Parjanya):DESKTOP-39TDEGC
Signed with Reason : Approved by:

Method Audit Trail

11-06-2022 17:22:18 Jyothi(M. Jyothi):DESKTOP-39TDEGC
Record created

11-06-2022 17:22:33 jyothi(M. Jyothi):DESKTOP-39TDEGC
Signed with Reason : Analysed by:

11-06-2022 17:23:24 parjanya(Parjanya):DESKTOP-39TDEGC
Signed with Reason : Approved by:

Analysis Details

Analysis Name: Iron (Fe) 11-06-2022 Spectrometer: iCE 3000 AA01204906 v1.30
Operator Name: Jyothi

Lamp Information
Element(s) Serial Number mA Hours
Fe n/a n/a

Deuterium Lamp Hours: 68.34

Sequence Table
Shared Standards: Yes

Action Fe

Calibration v

B.No.Group-II v

B.No.Group-IlI v

B.No.Group-IV v

B.No.Group-V v

B.No.Group-VI v

Sample Details
Nominal Mass: 1.0000

No. Sample Id Sample Mass Dilution Ratio
1 B.No.Group-lI 1.0000 1.0000
2 B.No.Group-llI 1.0000 1.0000
3 B.No.Group-IV 1.0000 1.0000
4 B.No.Group-V 1.0000 1.0000
5 B.No.Group-VI 1.0000 1.0000

Valid Analysis Signatures
11-06-2022 17:38:41 jyothi(M. Jyothi):DESKTOP-39TDEGC
Signed with Reason : Analysed by:
11-06-2022 17:39:33 parjanya(Parjanya):DESKTOP-39TDEGC
Signed with Reason : Approved by:

Analysis Audit Trail

11-06-2022 17:30:16 Jyothi(M. Jyothi):DESKTOP-39TDEGC

Record created
11-06-2022 17:38:27 Jyothi(M. Jyothi):DESKTOP-39TDEGC

Error MD147 - Activity manually aborted by user.
11-06-2022 17:38:41 jyothi(M. Jyothi):DESKTOP-39TDEGC

Signed with Reason : Analysed by:
11-06-2022 17:39:33 parjanya(Parjanya):DESKTOP-39TDEGC

Signed with Reason : Approved by:

SOLAAR Data Station V11.11 Page 1 - Results



MART SPECIALITIES LAB LLP.

Operator Name: Jyothi Report Date: 11-06-2022 17:40:20

Results File: E:\AAS System Data\2022\JUNE\11 06 2022\TARA 0064 2-6\Iron (Fe)1.SLR
Spectrometer Parameters - Fe
Element: Fe Measurement Mode: Absorbance

Wavelength: 248.3nm
Background Correction: D2
Signal Type: Continuous
Measurement Time: 4.0secs
Use RSD Test: No

Bandpass: 0.2nm
High Resolution: Off
Resamples: Fast
Flier Mode: No

Lamp Current: 75%
Optimise Spectrometer Parameters: No
Number Of Resamples: 3

Flame Parameters - Fe

Fuel Flow: 0.9L/min
Burner Stabilisation: Omins
Optimise Burner Height: No

Flame Type: Air-C2H2
Nebuliser Uptake: 4secs
Burner Height: 7.0mm

Auxilary Oxidant: Off
Optimise Fuel Flow: No

Sampling Parameters - Fe
Sampling: None
Calibration Parameters - Fe

Line Fit: Linear
Scaled Units: mg/L
Rescale Limit: 10.0%

Use Stored Calibration: No
Scaling Factor: 1.0000
Failure Action: Flag and Continue

Calibration Mode: Normal
Concentration Units: mg/L
Acceptable Fit: 0.990

Standard 1 2.0000 Standard 4 8.0000
Standard 2 4.0000 Standard 5 10.0000
Standard 3 6.0000

Element Audit Trail - Fe

No changes are recorded for this element
Solution Results - Fe

Y =0.04924x + 0.0141 Normal: Linear Fit

Fit: 0.9965
Characteristic Conc: 0.0894

>
o
(7]
O T T T T T T T T T
-0-0 1 2 3 4 5 6 7 8 9 10
Conc:mg/L
Sample ID Signal Rsd Conc Corrected Conc
Abs % mg/L mg/L
Fe Blank 0.001 35.6 0.0000
1 0.001 Background: -0.003 11-06-2022 17:31:26
2 0.001 Background: -0.003 11-06-2022 17:31:30
3 0.000 Background: -0.003 11-06-2022 17:31:35
Fe Standard 1 0.120 0.3 2.0000
1 0.120 Background: 0.003 11-06-2022 17:32:05
2 0.119 Background: 0.003 11-06-2022 17:32:09
3 0.120 Background: 0.003 11-06-2022 17:32:13
Fe Standard 2 0.215 0.3 4.0000
1 0.215 Background: 0.004 11-06-2022 17:32:40
2 0.215 Background: 0.004 11-06-2022 17:32:45
3 0.216 Background: 0.004 11-06-2022 17:32:49
Fe Standard 3 0.322 0.2 6.0000
1 0.323 Background: 0.005 11-06-2022 17:33:19
2 0.322 Background: 0.005 11-06-2022 17:33:23
3 0.322 Background: 0.005 11-06-2022 17:33:27
Fe Standard 4 0.411 0.3 8.0000
1 0.410 Background: 0.005 11-06-2022 17:33:59
2 0.412 Background: 0.005 11-06-2022 17:34:03
3 0.412 Background: 0.005 11-06-2022 17:34:07

SOLAAR Data Station V11.11
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MART SPECIALITIES LAB LLP.

Operator Name: Jyothi

Report Date: 11-06-2022 17:40:20

Results File:  E:\AAS System Data\2022\JUNE\11 06 2022\TARA 0064 2-6\Iron (Fe)1.SLR

Sample ID

Fe Standard 5
1
2
3

Fe B.No.Group-ll
1

2
3

Fe B.No.Group-lli
1
2
3

Fe B.No.Group-IV
1
2
3

Fe B.No.Group-V
1
2
3

Fe B.No.Group-VI
1
2
3

Signal
Abs
0.493
0.494
0.494
0.493

0.834
0.834
0.833
0.834

0.759
0.758
0.760
0.758

0.645
0.647
0.644
0.645

0.809
0.808
0.809
0.811

0.711
0.709
0.713
0.712

Solution Results - Fe

Rsd Conc
% mg/L
0.1 10.0000

Background: 0.005
Background: 0.005
Background: 0.006

0.1 16.6490 C
Background: 0.005
Background: 0.005
Background: 0.005

0.1 15.1286 C
Background: 0.003
Background: 0.003
Background: 0.004

0.3 12.8189 C
Background: 0.003
Background: 0.003
Background: 0.003

0.2 16.1488 C
Background: 0.005
Background: 0.005
Background: 0.005

0.3 14.1597 C
Background: 0.005
Background: 0.005
Background: 0.004

Corrected Conc
mg/L

11-06-2022 17:34:38
11-06-2022 17:34:42
11-06-2022 17:34:46

16.6490 C
11-06-2022 17:35:14
11-06-2022 17:35:19
11-06-2022 17:35:23

15.1286 C
11-06-2022 17:35:52
11-06-2022 17:35:56
11-06-2022 17:36:00

12.8189C
11-06-2022 17:36:31
11-06-2022 17:36:35
11-06-2022 17:36:40

16.1488 C
11-06-2022 17:37:11
11-06-2022 17:37:15
11-06-2022 17:37:20

14.1597 C
11-06-2022 17:37:55
11-06-2022 17:37:59
11-06-2022 17:38:03

SOLAAR Data Station V11.11
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MART Specialities Lab. LLP

Work : Road No. : 03, Plot No.: 31, Ground Floor & 1* Floor, Gajularamaram, ALEAP Industrial Area,
‘Pragathi Nagar, Medhcal, Medchal-Malkajgiri - 500 055, Telangana, India,
Tel. : 85007 98350, 81423 98350 & 98481 98350 Mail:martspecialities@gmail.com

DCA Approval No: 05/ML/TS/2020/G

[ CERTIFICATE OF ANALYSIS ]
MSL/QA/017-03/F07-00

Name & Address of the Customer:
o Reference / Report No. : MSL/2022/JUNE/TARA/0064-1
Tara Government College
g Sample Received Date  : 11/06/2022
Prashanth Nagar Colony, Balajinagar PR SRR
1 022
Sangareddy Telangana. 502000 Rapos D SO
Contact Person: Dr. Abhijeet
Contact Number :9502344392
| DETAILS OF THE SAMPLE
: Sample Name : NA
| Name of the Manufacturer : NA
Batch no :  Group-I Mfg. : NA Exp. : NA
Storage condition ¢ To be stored at room date date
Temperature Batch : NA
Room Temperature AR e size
Quantity Received : 4gm
Tests Required : Iron by AAS Analysis.
Method : NA
Analysis Starting Date 1 11/06/2022
Analysis Completion Date :  11/06/2022
Mfg. License No. :  Not provided
A.R.NO : NA
Remark ¢ Sample analyzed as received
Test Results
e, Test Parameter Result
01. Iron by AAS Analysis: (ppm) 620ppm
Authorized Signatory
(Dr.R.Marayya)

Offit_:e : 13-6-438/A/83, Sri Satyanarayana Nagar, Mehdipatnam, Hyderabad - 500 028, Telangana State, India
Mobile : 98481 98350, 98481 25019 Mail : rmarayya@yahoo.com



MART Specialities Lab. LLP

Work : Road No. : 03, Plot No.: 31, Ground Floor & 1% Floor, Gajularamaram, ALEAP Industrial Area,
Pragathi Nagar, Medhcal, Medchal-Malkajgiri - 500 055, Telangana, India,
Tel. : 85007 98350, 81423 98350 & 98481 98350 Mail:martspecialities@gmail.com

DCA Approval No: 05/ML/TS/2020/G

[ CERTIFICATE OF ANALYSIS J
MSL/QA/017-03/F07-00

Name & Address of the Customer:
Reference / Report No. MSL/2022/JUNE/TARA/0064-2
Tara Government College
= ived Dat 11/06/2022
Prashanth Nagar Colony, Balajinagar Sinipla Roreived Dt
1
Sangareddy Telangana. 502000 eport Date Al
Contact Person: Dr. Abhijeet
Contact Number :9502344392
DETAILS OF THE SAMPLE
Sample Name NA
Name of the Manufacturer NA
Batch no Group-II Mfg. : NA Exp. : NA
Storage condition To be stored at room date date
Temperature Batch : NA
Room Temperature Lo B L size
Quantity Received 4gm
Tests Required Iron by AAS Analysis.
| Method NA
| Analysis Starting Date 11/06/2022
t Analysis Completion Date 11/06/2022
i Mfg. License No. Not provided
A.RNO NA
Remark Sample analyzed as received
Test Results
ANo. Test Parameter Result
01. Iron by AAS Analysis: (ppm) 832.5ppm
Authorized Signatory
X (Dr.R.Marayya)
Ofﬁge + 13-6-438/A/83, Sri Satyanarayana Nagar, Mehdipatnam, Hyderabad - 500 028, Telangana State, India
Mobile : 98481 98350, 98481 25019 Mail : rmarayya@yahoo.com




MART Specialities Lab. LLP
Work : Road No. : 03, Plot No.: 31, Ground Floor & 1" Floor, Gajularamaram, ALEAP Industrial Area,

Pragathi Nagar, Medhcal, Medchal-Malkajgiri - 500 055, Telangana, India,
Tel. : 85007 98350, 81423 98350 & 98481 98350 Mail:martspecialities@gmail.com

DCA Approval No: 05/ML/TS/2020/G

[ CERTIFICATE OF ANALYSIS J

MSL/QA/017-03/F07-00

N & Address of the Customer:
ame Reference / Report No. : MSL/2022/JUNE/TARA/0064-3
Tara Government College
= Received 11/06/2022
Prashanth Nagar Colony, Balajinagar Saitiple Received 1 ate
13/0
Sangareddy Telangana. 502000 Report Dats S/
Contact Person: Dr. Abhijeet
Contact Number :9502344392
DETAILS OF THE SAMPLE
Sample Name NA
Name of the Manufacturer NA
Batch no Group-III Mfg. NA Exp. : NA
Storage condition To be stored at room date date
Temperature Batch : NA
Room Temperature 25°C43°C size
Quantity Received 4gm
Tests Required Iron by AAS Analysis.
Method NA
Analysis Starting Date 11/06/2022
Analysis Completion Date 11/06/2022
Mfg. License No. Not provided
A.RNO NA
Remark Sample analyzed as received
Test Results
i Test Parameter Result
01. Iron by AAS Analysis: (ppm) 756.5ppm

Authorized Signatory

(Dr.R.Marayya)

Office : 13-6-438/A/83, Sri Satyanarayana Nagar, Mehdipatnam, Hyderabad - 500 028, Telangana State, India

Mobile : 98481 98350, 98481 25019 Mail : rmarayya@yahoo.com




MART Specialities Lab. LLP

Work : Road No. : 03, Plot No.: 31, Ground Floor & 1* Floor, Gajularamaram, ALEAP Industrial Area,
Pragathi Nagar, Medhcal, Medchal-Malkajgiri - 500 055, Telangana, India,
Tel. : 85007 98350, 81423 98350 & 98481 98350 Mail:martspecialities@gmail.com

DCA Approval No: 05/ML/TS/2020/G

[ CERTIFICATE OF ANALYSIS ]

MSL/QA/017-03/F07-00

Name & Address of the Customer:
Reference / Report No. MSL/2022/JUNE/TARA/0064-4
Tara Government College
; le Received Dat 11/06/2022
Prashanth Nagar Colony, Balajinagar sappleticceivgsiDate 4
Sangareddy Telangana. 502000 ot Uikt 13/06/2022
Contact Person: Dr. Abhijeet
Contact Number :9502344392
DETAILS OF THE SAMPLE
Sample Name NA
Name of the Manufacturer NA
Batch no Group-1V Mfg. NA Exp. : NA
Storage condition To be stored at room date date
Temperature Batch : NA
Room Temperature 23°CE3°C size
Quantity Received 4gm
Tests Required Iron by AAS Analysis.
Method NA
Analysis Starting Date 11/06/2022
Analysis Completion Date 11/06/2022
Mfg. License No. Not provided
A.RNO NA
Remark Sample analyzed as received
Test Results
RO Test Parameter Result
01. Iron by AAS Analysis: (ppm) 641ppm
Authorized Signatory
(Dr.R.Marayya)

Mobile : 98481 98350, 98481 25019 Mail - rmarayya@yahoo.com

Office : 13-6-438/A/83, Sri Satyanarayana Nagar, Mehdipatnam, Hyderabad - 500 028, Telangana State, India




MART Specialities Lab. LLP

Work : Road No. : 03, Plot No.: 31, Ground Floor & 1 Floor, Gajularamaram, ALEAP Industrial Area,
Pragathi Nagar, Medhcal, Medchal-Malkajgiri - 500 055, Telangana, India,

Tel. : 85007 98350, 81423 98350 & 98481 98350 Mail:martspecialities@gmail.com

DCA Approval No: 05/ML/TS/2020/G

[ CERTIFICATE OF ANALYSISJ
MSL/QA/017-03/F07-00

Name & Address of the Customer:
Reference / Report No. : MSL/2022/JUNE/TARA/0064-5
Tara Government College
- ived : 11/06/2
Prashanth Nagar Colony, Balajinagar SHpiE Bescives stz PN
Sangareddy Telangana. 502000 g Liake + 13/06/2022
Contact Person: Dr. Abhijeet
Contact Number :9502344392
DETAILS OF THE SAMPLE
Sample Name : NA
Name of the Manufacturer : NA
Batch no :  Group-V Mfg. : NA Exp. : NA
Storage condition :  To be stored at room date date
Temperature Batch : NA
Room Temperature R o e size
Quantity Received : 4gm
Tests Required :  Iron by AAS Analysis.
Method 1 NA
Analysis Starting Date : 11/06/2022
Analysis Completion Date :  11/06/2022
Mfg. License No. :  Not provided
A.RNO :  NA
Remark . Sample analyzed as received
Test Results
S.No. Test Parameter Result
01. Iron by AAS Analysis: (ppm) 807.5ppm
Authorized Signatory
(Dr.R.Marayya)

Oﬂige : 13-6-438/A/83, Sri Satyanarayana Nagar, Mehdipatnam, Hyderabad - 500 028, Telangana State, India
Mobile : 98481 98350, 98481 25019 Mail : rmarayya@yahoo.com



MART Specialities Lab. LLP
Work : Road No. : 03, Plot No.: 31, Ground Floor & 1% Floor, Gajularamaram, ALEAP Industrial Area,
Pragathi Nagar, Medhcal, Medchal-Malkajgiri - 500 055, Telangana, India,

Tel. : 85007 98350, 81423 98350 & 98481 98350 Mail:martspecialities@gmail.com

DCA Approval No: 05/ML/TS/2020/G [

CERTIFICATE OF ANALYSIS

] MSL/QA/017-03/F07-00

Name & Address of the Customer:
Reference / Report No. MSL/2022/JUNE/TARA/0064-6
Tara Government College
3 le Received Dat 11/06/2022
Prashanth Nagar Colony, Balajinagar Satapl Rectived Date el
Sangareddy Telangana. 502000 Baport Dt Aolabas
Contact Person: Dr. Abhijeet
Contact Number :9502344392
DETAILS OF THE SAMPLE
Sample Name NA
Name of the Manufacturer NA
Batch no Group-V1 Mfg. : NA Exp. : NA
Storage condition To be stored at room date date
Temperature Batch : NA
Room Temperature 25080 size
Quantity Received 4gm
Tests Required Iron by AAS Analysis.
Method NA
Analysis Starting Date 11/06/2022
Analysis Completion Date 11/06/2022
Mfg. License No. Not provided
A.RNO NA
Remark Sample analyzed as received
Test Results
g Test Parameter Result
01. Iron by AAS Analysis: (ppm) 708ppm
Authorized Signatory
(Dr.R.Marayya)

Offige : 13-6-438/A/83, Sri Satyanarayana Nagar, Mehdipatnam, Hyderabad - 500 028, Telangana State, India
Mobile : 98481 98350, 98481 25019 Mail : rmarayya@yahoo.com
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