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Abstract

The water pollution is a big problems faced by the countries of
the world, without exception. One of the most important and toxic
heavy metals in wastewater is chromium. The major problem here is
to detect the concentration of hexavalent chromium and try to

remove it by adsorption.

The product 1-(Pyrrol-2-yl) imine modified silica was
successfully prepared by immobilizing 1H-pyrrole-2-carbaldhyde on
silica gel previously doped with 3-aminopropyltrimethoxysilane. The
modified surface shows good thermal stability determined by (TGA). The
FTIR and UV results confirmed that the pyrrole-2-carbaldhyde units
have been immobilized at the surface of the modified silica gel.
SEM images of the modified polysiloxane surface showed tough and
porous nature, indicating that the materials present good
characteristics to be used as an adsorbent. The synthesized SiNPr
was investigated as an adsorbent for removal of Cr (VI). The
adsorption experiments were conducted for a wide range of solution
pH, adsorbent dosage, temperature, initial concentration and contact

time. It was observed that the percentage removal of Cr(VI)
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increased with an increase of initial concentration until 20 mg/L,
while it decreased with increase in solution pH, contact time,
adsorbent dose and temperature. Over 86% removal efficiency of
Cr (VI) was achieved after 5 min, at solution pH around 4, 25°C
temperature, 0.01 g weight of dose and initial concentration of 20

mg/L Cr(VI) solution.

The adsorption of Cr (VI) on the (Si-NPr) was optimized
under acidic conditions and at room temperature. Cr (V1) adsorption
using (Si-NPr) can be described using pseudo second order and

Freundlich isotherm model.

The amount of Cr(VI) adsorbed per unit mass of (Si-NPr)
obtained by pseudo second order model, Q. calc (2.469) were in
consistent with the experimental value, Q. exp (2.782) indicate the
pseudo second order model better represented the adsorption

Kinetics.

The Langmuir maximum adsorption capacity Qm is 13.05
mg/qg, at 25°C, and pH 4 and 0.03 weight of adsorbent dose. The R
value (0.48) at 25 °C) indicates that the adsorption of Cr (\VI) on (Si-
NPr) is favorable. From Freundlich isotherm model parameters,
value of 1/n=0.9863 while n=1.0139 indicating that the adsorption
of Cr (V1) on (Si-NPr) is favorable. The adsorption data suited with
Langmuir and Freundlich, but Freundlich adsorption model was

found to have the highest regression value and the best suit. The fact



XVi

that the Freundlich model is a good fit to the experimental
adsorption data suggests physical adsorption as well as a

heterogeneous distribution of active sites on the adsorbent surface

The negative AG® values (-4.224 to -1.775 kJ/mol) indicate
that the adsorption is favorable and spontaneous at studied
temperatures. The negative value of AH® (-26.1 kJ/mol) reflects an
exothermic adsorption and indicates that the adsorption is favored at
low temperature. A negative value of AS (-0.075) suggests that the
adsorption process involves an associative mechanism. The
adsorption leads to order through the formation of an activated
complex between the adsorbate and adsorbent. Also a negative value
of AS reflects that no significant change occurs in the internal

structures of the adsorbent during the adsorption process.

The results of the present study exhibit that the prepared
compound has a negative biological activity against Staphylococcus

aurous, Pseudomonas aeruginosa, and Escherichia coli.

(Si-NPr) is a good effective adsorbent for the removal of Cr

(V1) from the wastewater and can be reused for many times.
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Chapter One

Introduction

1-1. Overview

The water pollution of the most intractable problems faced by
the countries of the world, without exception.The World Health
Organization (WHO) reported that a child dies every eight seconds
because of contaminated water, and dies about five million people

each year from water-related diseases.!

The industrial wastewater containing a range of waste and
industrial waste with different sources and heterogeneous nature,
some of which contain heavy metals and hazardous waste that can
accumulate in groundwater and show the results to humans, animals
and plants, others contain dyes and remnants of tanneries which
contain waste nitrates, lead, cadmium, chromium, organic solvents,
petroleum materials, phenolic pollutants and toxic effect of a

carcinogen if it exceeds the allowable concentration limits. 2

Heavy metals can be defined as metals or metalloids have
density more than 4 g/cm3, or 5 times or greater than water. Heavy
metals could enter the body system through food, air, water and bio-

accumulate over a period of time.
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They are introduced and spread into the environment through a

number of industrial processes.?

Some heavy metals cause toxicity even if the concentrations
are very low and this is the main reason behind the price in the
interest all over the world, whereas others are biologically essential
and become toxic at relatively high concentrations. They combine
with body's biomolecules, to form stable biotoxic compounds, thus
distortion their structures and hindering them from the bioreactions

of their functions.!

Heavy metals combine with proteins and form toxic

complexes and they can inactivate important enzyme systems.3

The term “heavy metal” is not altogether clearly defined, but
in the case of water pollution, these are metals such as arsenic,
cadmium, iron, cobalt, chromium, copper, manganese, mercury,
molybdenum, nickel, lead, selenium, vanadium and zinc. While
heavy metals do tend to have a high atomic mass, and so are heavy
In that sense, toxicity seems to be a further defining factor as to what

constitutes a heavy metal and what does not.*

The importance of minimizing heavy metal pollution for
industrial organizations extends beyond simple compliance. The
impacts of heavy metal pollution on living organisms are very
serious. Heavy metals are bio-accumulative, toxic at high

concentrations, have neurological impacts, and some are
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carcinogenic. They can also interfere with chemical processes by
poisoning chemical catalysts and can impact on biochemical
processes by interfering with enzyme action. There are hence serious
environmental, economic and social impacts associated with heavy

metal pollution.®

One of the most important and toxic heavy metals in
wastewater is chromium. Chromium (V1) is released from different
industrial operations, including metallurgy, leather tanning, paint,
textile industries, chemical manufacturing, pulp production, ore and
petroleum refining, metal corrosion, electroplating and the
manufacture of products for corrosion protection. Chromium (V1)
has been released to the environment via leakage, poor storage or
improper disposal practices .Over the decades, extensive use of
chromium in tanning industries have resulted in chromium
contaminated soil and ground water at production sites which pose a
serious threat to human health, fish and other aquatic biodiversity.
Cr(VI) causes skin, lung and throat cancers, infertility, increased
incidences of birth and developmental defects among children living
around tanneries, leather and chrome industries. According to the
World Health Organization (WHO) drinking water guidelines, the

maximum recommended limit for total chromium is 0.05 mg/L.°

The traditional separation and preconcentration methods for
metal 1ons are liquid-liquid extraction, coprecipitation, and ion

exchange. These methods often require large amount of high purity
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organic solvents, some of which are harmful to health and cause
environmental problems. These difficulties are overcome with Solid-
Phase Extraction (SPE). Indeed, SPE has several major advantages
such as: (i) higher enrichment factor, (ii) simple operation, (iii)
safety witch respect to hazardous samples, (iv) high selectivity, (v)
lower cost and less time, (vi) and the ability to combine with
different modern detection techniques. Chemically modified
Polysiloxane is one of the most successful adsorbents, because this
inorganic polymer support does not swell or shrink like the organic
polymeric resin. The modified Polysiloxane may be employed in
aqueous and organic solvents media; they present good thermal
stability and appropriate accessibility of ions to the adsorbent
groups, in addition the organofunctionalized Polysiloxane exhibits
higher sorption capacities than polymeric resins, because the number
of organic molecules immobilized on the support surface is large,
allowing thus more removal of ions from aqueous solution. These
systems can be operated indefinitely without loss of the expensive
organic molecules. Their potential applications are due essentially to
the nature of the grafted ligands. Silica gel compound 1-(pyrrol-2-yl)
Imine-Substituted Silica (SiNPr) will be synthesized and
characterized. This product exhibits good chemical and thermal

stability.’

The aim of this study is to remove Cr (V1) from wastewater,

using this prepared material as an adsorbent for the solid-phase



5

extraction. The adsorption behaviors of the adsorbent with Cr (V1)
will be studied. The effect of pH, temperature, and amount of
adsorbent, concentration and the contact time on the adsorption of
Cr (V1) will be studied. The adsorption capacity will be investigated
using Kinetics and pH effects. Equilibrium isotherm studies will be
done by varying the following three parameters: initial concentration
of Cr (VI) solution, volume of the Cr (VI) solution, and adsorbent

dose on the uptake of Cr (V1) from the solution.
1-2. Objectives of this work
1-2-1. General Objectives

1. To prepare a 1-(Pyrrol-2-yl) imine modified silica as sorbent

for Cr(\VI)
2. To characterize modified polysiloxane (Si-NPr)
3. To specify the optimal conditions for the adsorption.
4. To recover Cr (V1) and reuse the adsorbent.
5. To study the antimicrobial activity of Si-NPr.
1-2-2. Specific objectives

1. To determine if (SiNPr) can be used to clean up Cr (VI) polluted

wastewater.



6

2. To determine the extent that modified silica gel compound can

tolerate and adsorb Cr (V).

3. To study the effect of pH, temperature, amount of adsorbent,

concentration and contact time on the adsorption of Cr (VI).
1-2-3. Research question and identified problems

The main questions addressed in this thesis are:

1. Can (SiNPr) be used to clean up Cr (V1) polluted wastewater?
2. To which extent that (SiNPr) can tolerate and adsorb Cr (VI)?

3. What are the optimum condition of pH, temperature, amount of
adsorbent, concentration, and contact time for (SiNPr) to adsorb Cr

(V1) efficiently?

4. What is the adsorption behavior of the adsorbent with Cr (VI1)?
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Chapter Two

Background and Literature review

2-1. chromium
2-1-1. Properties of chromium

Chromium is an odorless, steel-gray, hard metal that is lustrous and
takes a high polish. It is extremely resistant to corrosive agents.
Chromium can exist in water in several different states but under
strongly oxidizing conditions, may be converted to the hexavalent
state and occurs as chromate anions. Chromium is soluble in dilute
hydrochloric acid and sulfuric acid but not nitric and strong alkalies

and alkali carbonates.®

Chromium is one of the most dangerous inorganic water
pollutants. It is constantly released into the aquatic environment by
natural processes (mainly by volcanic activity and weathering of
rocks) and by anthropic sources, which in the last twenty years have
become of leading importance in the worldwide emission balance of

these substances .

In aquatic systems, chromium exists primarily in either the

trivalent [Cr (111)] or hexavalent [Cr (V1)] states. ®



Chemical and Physical Properties of chromium is summarized in

Table 2-1:
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Table 2-1: Physical and chemical properties of Cr

Origin of the name The name is derived from the Greek
‘chroma’, meaning colour

Group 6

Period 4

Block D

Atomic number 24

State at 20°C Solid

Melting point 1907°C, 3465°F, 2180 K

Density (g cm—3) 7.15

Relative atomic mass | 51.99

Discovery date 1798

Discovered by Nicholas Louis Vauquelin

2-1-2. Hexavalent chromium

Hexavalent chromium, Cr (V1) refers to chemical compounds that
contain the element chromium in the +6 oxidation state. Virtually all
chromium ore is processed via hexavalent chromium, specifically
the salt sodium dichromate. Approximately 136,000 tonnes

(300,000,000 Ib) of hexavalent chromium were produced in 1985.1°

Cr (V1) can be absorbed by the lung and gastrointestinal tract,
and even to a certain extent by intact skin. If Cr (V1) is reduced to Cr
(111) extracellularly, the toxicity is not observed. Cr (VI) can be
reduced intracellularly by hydrogen peroxide, glutathione reductase
and ascorbic acid to produce reactive intermediates. Any of these
species could attack DNA, proteins and membrane lipids thereby

disrupting cellular integrity and functions. Exposure to chromium
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(V1) can cause respiratory, renal, hepatic, gastrointestinal,
cardiovascular and hematological problems. Also Cr (VI) is
considered to be carcinogenic.* Cr (V1) is introduced into natural
waters by a variety of industrial processes including textile, dyes and
pigment production, film and photography, galvanometry, leather

tanning, electroplating and metal finishing industries.*?

2-1-3. Differences between trivalent Chromuim and hexavalent

Chromuim

In aqueous solution it most commonly is formed as Cr (VI) or
Cr (II). These two oxidation states are drastically different in
charge, physicochemical properties as well as chemical and
biochemical reactivity. Cr (VI) is a highly toxic agent and
carcinogenic. Cr (V1) is also known to be carcinogenic and
mutagenic to living organisms. It can cause dermatitis, rhinitis, and
even lung cancer or naso pharynx cancer. Because of its significant
mobility in the subsurface environment, the potential risk of surface
water pollution is high. It should be removed from contaminated
waters. Cr (l11), on the other hand, is less toxic, immobile, and
readily precipitates as Cr (OH) 3. Cr (Ill) is also considered to be a
trace element essential for the proper functioning of living
organisms. Cr (I11) is considered as an essential element playing a

role in carbohydrate and lipid metabolism.®
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Water-insoluble Cr (111) compounds and chromium metal are
not considered a health hazard, while the toxicity and carcinogenic

properties of Cr (V1) have been known for a long time.

Cr (V1) is more important than the Cr (111) because higher
capacity for mobility and toxicity of chromium (VI), it attached
great importance in the fight against water pollution, WHO declared
in a summary guide for drinking water that the maximum
permissible limits for hexavalent chromium is (0.05 mg/L), so it is

necessary to remove Cr (V1) of sewage disposal.
2-1-4. Industrial uses of hexavalent chromium

Industrial uses of hexavalent chromium compounds include
chromate pigments in dyes, paints, inks, and plastics; chromates
added as anticorrosive agents to paints, primers, and other surface
coatings and chromic acid electroplated onto metal parts to provide a
decorative or protective coating. Hexavalent chromium can be
formed when performing "hot work™ such as welding on stainless
steel or melting chromium metal. In these situations, the chromium
Is not originally hexavalent, but the high temperatures involved in
the process result in oxidation that converts the chromium to a

hexavalent state.'*

Chromium is released into the environment from
electroplating, anodizing, chromating, metalfinishing, tannery, dying

and fertilizer industries. Waste streams from electroplating units
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may contain up to 2500 (mg/L) Cr(VI), which according to
environmental regulations worldwide must be controlled to an

acceptable level before being discharged to the environment.®
2-2. Toxicity of hexavalent chromium

Major factors governing the toxicity of chromium compounds
are oxidation state and solubility. Cr (VI) compounds, which are
powerful oxidizing agents and thus tend to be irritating and
corrosive, appear to be much more toxic systemically than Cr (I1)
compounds, given similar amounts and solubilities. Although
mechanisms of biological interaction are uncertain, this variation in
toxicity may be related to the ease with which Cr (VI) can pass
through cell membranes and its subsequent intracellular reduction to

reactive intermediates®®,
2-2-1. Mechanism of Chromium Toxicity

Since Cr (111) is poorly absorbed by any route, the toxicity of
chromium is mainly attributable to the Cr (VI) form. It can be
absorbed by the lung and gastrointestinal tract, and even to a certain

extent by intact skin.

The reduction of Cr (VI) is considered to serve as a
detoxification process when it occurs at a distance from the target
site for toxic or genotoxic effect while reduction of Cr (V1) may

serve to activate chromium toxicity if it takes place in or near the
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cell nucleus of target organs.!” If Cr (VI) is reduced to Cr (1)
extracellularly, this form of the metal is not readily transported into
cells and so toxicity is not observed. The balance that exists between
extracellular Cr (VI) and intracellular Cr (I1l1) is what ultimately
dictates the amounts and rates at which Cr (V1) can enter cells and

impart its toxic effects.!®

Cr (VI) enters many types of cells and under physiological
conditions can be reduced by hydrogen peroxide (H,0.,), glutathione
(GSH) reductase, ascorbic acid, and GSH to produce reactive
intermediates, including Cr (V), Cr (IV), thiylradicals, hydroxyl
radicals, and ultimately, Cr (111). Any of these species could attack
DNA, proteins, and membrane lipids, thereby disrupting cellular

integrity and functions.*®
2-2-2. Hexavalent chromium impact on the human body
2-2-2-1. Respiratory Effects

Human occupational experience clearly indicates that, when inhaled,
chromium compounds are respiratory tract irritants, resulting in
airway irritation, airway obstruction, and lung, nasal, or sinus

cancer.20

Pulmonary irritant effects following inhalation of chromium dust

can include

e asthma,
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 chronic bronchitis,
» chronic irritation,
» chronic pharynagitis,
 chronic rhinitis,
» congestion and hyperemia,
» polyps of the upper respiratory tract,
 tracheobronchitis,
ulceration of the nasal mucosa with possible septal

perforation.'®

Many cases of nasal mucosa injury (inflamed mucosa,
ulcerated septum, and perforated septum) have been reported in
workers exposed to Cr (V1) in chrome-plating plants and tanneries.?
In 1983 study of 43 chrome-plating plants in Sweden, where
workers were exposed almost exclusively to Cr (V1) acid, revealed
that all workers with nasal mucosa ulceration or perforation were
periodically exposed to at least 20 micrograms per cubic meter
(ug/m3) when working near the plating baths (The newest U.S.
permissible exposure level in the workplace for chromates and
chromic acid is 5 pg/ms3 as a ceiling). The period of exposure for
workers experiencing nasal mucosal ulceration varied from 5
months to 10 years. A recent epidemiological study of U.S. workers
found that the median time from date first employed to date of first

diagnosis of nasal ulceration was less than a month; the median
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Cr(VI1) concentration was similar to concentrations reported in the

Swedish study.??, 23

An extensive epidemiological survey was conducted of
housewives who lived in an area of Tokyo, Japan, in which
contamination from chromium slag at a construction site was
discovered in 1973. The exposed population reported a higher
incidence of subjective complaints of nasal irritation than the control
population in the early years of the study, buy in later years the

difference between the two groups became progressively less.1®
2-2-2-2. Skin Effects

Dermal exposure to chromium has been demonstrated to
produce irritant and allergic contact dermatitis.?* Primary irritant
dermatitis is related to the direct cytotoxic properties of chromium,
while allergic contact dermatitis is an inflammatory response
mediated by the immune system. Allergic contact dermatitis is a
cell- mediated immune response that occurs in a two-step process. In
the first step (induction), chromium is absorbed into the skin and
triggers the next step- an immune response (sensitization).
Sensitized individuals will exhibit an allergic dermatitis response

when exposed to chromium above a threshold level.*®

Localized erythematous or vesicular lesions at points of
contact or generalized eczematous dermatitis should suggest

sensitization.?®
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Chromium allergic dermatitis is characterized by symptoms of

e dryness,
e erythema,
e fissuring,
e papules,
e scaling,

e small vesicles and swelling.?®

In addition, occupational exposure Cr (VI) compounds has
been associated with effects on the skin, nasal septum, and

eardrum.?’

Chromium is one of the most common skin sensitizers and
often causes skin sensitizing effect in the general public. A possible
source of chromium exposure is waste dumps for chromate-

producing plants causing local air or water pollution.
2-2-2-3. Carcinogenic Effects

The mechanism of Cr (VI)-induced carcinogenicity is not
completely understood. The toxicity of chromium within the cell
may result from damage to cellular components during the
hexavalent to trivalent chromium reduction process, by generation
of free radicals; including DNA damage!®. Recent studies indicate a
biological relevance of non-oxidative mechanisms in Cr (VI)

carcinogenesis.?®



16

Studies of workers in the chromium pigment, chrome-plating,
and ferrochromium industries showed a statistically significant

association between worker exposure to Cr (V1) and lung cancer.?®

In addition to lung cancer, a number of epidemiological
studies of workers in chromate industries also showed significantly

increased risk for nasal and sinus cancers.1®
2-2-2-4. Hepatic Effects

Cr (VI) has been reported to cause severe liver effects in four
of five workers exposed to chromium trioxide in the chrome plating
industry. The reported liver effects include derangement of the liver
cells, necrosis, lymphocytic and histocytic infiltration, and increases

in Kupffer cells.®°

Cases of hepatic effects after oral exposure to Cr (VI)
compounds have also been reported. Elevated liver enzyme levels
were reported flowing ingestion of 150 mL solution containing

(22.5) g potassium dichrome.3!

Exposure to Cr (III) has not been found to cause any liver
effects in workers employed in two factories that produced Cr (I1I)

oxide or Cr (I11) sulfate.®
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2-2-2-5. Gastrointestinal Effects

In a study of 97 workers from a chrome plant exposed to a
mixture of insoluble chromites ore containing Cr (I11) and soluble Cr
(V1) as sodium chromate and dichromate, gastrointestinal
radiography revealed that 10 of the workers had ulcer formation, and
of these, six had hypertrophic gastritis. Nearly all of the workers
breathed through the mouth while at work and swallowed the
chromate dust, thereby directly exposing the gastrointestinal
mucosa.®® Most of the previous studies reporting gastrointestinal
effects, however, did not compare the workers with appropriate

controls.

Cases of gastrointestinal effects after oral exposure to Cr (V1)
compounds have also been reported. In one study, a 14-year-old boy
who died after ingesting 7.5 mg Cr (V1) /kg as potassium dichromate
experienced abdominal pain and vomiting before death. Autopsy
revealed gastrointestinal ulceration.3* In another study, a 44-year-old
man died of gastrointestinal hemorrhage after ingesting 4.1 mg Cr

(V1) /kg as chromic acid solution.®®
2-2-2-6. Cardiovascular Effects

Case reports of humans who died after ingesting Cr (VI)
compounds have described cardiovascular effects as part of the

sequelae leading to death.
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A 22-month-old boy who ingested an unknown amount of
sodium dichromate died of cardiopulmonary arrest. Autopsy
revealed early hypoxic changes in the myocardium.3® A 35-year-old
woman developed cardiovascular collapse and shock within a few
hours following ingestion of 50 mL chromic acid.?” A woman
ingested 400 mL of leather tanning solution containing 48 grams of

basic chromium sulphate ( Cr (OH)SQg).%8
2-2-2-7. Hematological Effects

Cases of hematological effects have been reported in humans
after the ingestion of lethal or sublethal doses of Cr (V) compounds.
In a case of an 18-year-old woman who ingested a few grams of
potassium dichromate, decreased hemoglobin content and
hematocrit, and increased total white blood cell counts, reticulocyte
counts, and plasma hemoglobin were found 4 days after ingestion.

These effects were indicative of intravascular hemolysis.®

Laboratory analysis of a 35-year-old woman, who died 12
hours after ingesting 50mL of pure chromic acid [25g Cr(VI)],
revealed anemia (hemoglobin 56 g/L, hematocrit 17 percent) and

thrombocytopenia.3?
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2-2-2-8. Genotoxic and Mutagenic Effects

The mechanism of chromium-induced genotoxicity is not fully

understood.

In one experiment, Cr (V1) plus glutathione induced DNA
damage in vitro, whereas Cr (l11) with or without glutathione did
not. Chromium seems to exert its genetic effects by binding directly
to DNA. It can produce stable DNA-chromium complexes, DNA
strand breaks, DNA-DNA cross links, and DNA-protein cross links.

The active species for DNA binding seems to be the trivalent form.4°

A recent clinical study reported strong DNA oxidative damage
from the urinary samples of the patient who ingested 2 to 3 grams of

potassium dichromate in a suicide attempt.33

Cr (VI) compounds are clearly mutagenic in the majority of
experimental situations.*! It has caused chromosome aberrations in
mammalian cells and has been associated with increased frequencies
of chromosome aberrations in lymphocytes from chromate
production workers. Increases in sister chromatid exchanges were
seen in lymphocytes from workers exposed to chromium, cobalt,

and nickel dusts.*?
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2-3. Tanneries in Hebron, spread disease and destroy the

environment silently

Leather tanning is one of the ancient craft which is famous for
the city of Hebron for hundreds of years, to form the only source to
provide raw materials to the Palestinian factories such as shoes,
garments, leather factories, characterized tanning in the past it was
dependent on natural materials friendly to the environment, such as
the use of salt and plant ten and pomegranate peel, sumac, but it has
become today a source of pollution of soil and the groundwater,
especially after the entry of chemicals in the craft, such as the use of
"Arsenic" and "Chrome" and "Mercury" and some acids that infect

human diseases and the destruction of the Palestinian environment.*3

There in the city of Hebron more than 12 tanneries use many
of the carcinogens arsenic and hexavalent chromium and other
chemicals in the processing and tanning. The danger in the presence of
tanneries is the production effluents containing toxic chromium hexagon,
which is estimated at 2000 m? in addition to solid waste, which is estimated
at more than three tons per day, which is no less dangerous than the
effluent because of the spread of odors updated environmental pollution.
Compounding dangerous is the use of contaminated water and toxic

substances in the irrigation of crops and thus transmitted to humans: 43

The chemicals used by tanneries easy to reach the man, whether

through food or water or air, causing many disease symptoms may lead to
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death in the case of high proportions of these elements in the body,
especially mercury, arsenic, chromium elements and these symptoms that
infect human as a result of poisoning with these materials: nervous system
disorders and atrophy of brain cells and thus imbalance in jobs, genetic and
chromosomal disorders, fatigue and headaches in addition to the weakness
of sperm production, abortion, fetal abnormalities, and also reduced body's
production of white blood cells, red and changes in the skin and the

incidence of certain cancers and the induction of lung.*

It is necessary to re- straighten put these tanneries by conducting
visits in assessing the extent of damage caused by the place , and make
recommendations to the competent authorities to look for alternative means
as soon as possible of the industry to become the secretariat of the workers

and the surroundings of the land and citizens.*®
2-4. Adsorption
2-4-1. definition of Adsorption

The phenomenon of attracting and retaining the molecules of a
substance on the surface of a liquid or a solid resulting into a higher
concentration of the molecules on the surface is called adsorption.
The substance thus adsorbed on the surface is called the adsorbate

and the substance on which it is absorbed is known as adsorbent.

Other definition of adsorption is a mass transfer process by

which a substance is transferred from the liquid phase to the surface
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of a solid, and becomes bound by physical and/or chemical
Iinteractions. Large surface area leads to high adsorption capacity

and surface reactivity.*

Adsorption is a consequence of surface energy. In a bulk
material, all the bonding requirements (be they ionic, covalent, or
metallic) of the constituent atoms of the material are filled by other
atoms in the material. However, atoms on the surface of the
adsorbent are not wholly surrounded by other adsorbent atoms and
therefore can attract adsorbate. The exact nature of the bonding
depends on the details of the species involved, but the adsorption
process is generally classified as physisorption (characteristic of
weak van der Waals forces) or chemisorption (characteristic of

covalent bonding). It may also occur due to electrostatic attraction.*®

However, it should be remarked that the distinction between
adsorption and absorption vanishes as we go from perfectly
crystalline macroscopic materials to porous/structured materials,
aggregates and composites made out of increasingly smaller grains,
viz., and micron-sized particles to nanoparticles, sub-nano particles
and finally molecules (or atoms). In such nano-composites, the
internal surface area of particulate matter is very large. Then the
adsorption on internal surfaces simply becomes absorption when
viewed from the bulk. Then the distinction between adsorption and
absorption vanishes. On the other hand, the distinction is clearest

between bulk solids without internal structure, but having only
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surfaces where only adsorption can occur on the outer surfaces and
nanocomposites or aggregates with internal structure where
absorption by the host material is simply adsorption on internal
surfaces of the host material. As an example, we may consider a
crystalline piece of silicon dioxide (quartz) which can absorb water
molecules on its surface. However, if the quartz is ground into very
fine sand, the pile of sand (an aggregate) has a very large internal
surface area. A very large amount of water can be adsorbed by the
"internal” surfaces of the grains in the pile of sand, and this
absorption is simply "internal adsorption.” If water is made to flow
through such a pile of sand, ions and toxins in the water may be
preferentially adsorbed by the surfaces of the grains of sand,

providing a simple, well-known water purification application.

The word "adsorption™ was coined in 1881 by German

physicist Heinrich Kayser (1853-1940).4¢
2-4-2. Types of Adsorption

Depending upon the nature of forces existing between
adsorbate molecules and adsorbent, the adsorption can be classified

into two types:

1. Physical adsorption (physisorption): If the force of attraction
existing between adsorbate and adsorbent are Vander Waal’s forces,
the adsorption is called physical adsorption. It is also known as

Vander Waal’s adsorption. In physical adsorption the force of
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attraction between the adsorbate and adsorbent are very weak,
therefore this type of adsorption can be easily reversed by heating or

by decreasing the pressure.*’

2. Chemical adsorption (chemisorption): If the force of attraction
existing between adsorbate and adsorbent are almost same strength
as chemical bonds, the adsorption is called chemical adsorption. It is
also known as Langmuir adsorption. In chemisorption the force of
attraction is very strong, therefore adsorption cannot be easily

reversed.4’

Comparison between Physisorption and Chemisorption is

summarized in Table 2-2

Table 2-2: Comparison between Physisorption and Chemisorption.#’

Physisorption Chemisorption
1. Low heat of adsorption | High heat of adsorption in the
usually in the range of 20- | range of 40-400 kJ mol!
40 kJ mol*!
2. Force of attraction are Forces of attraction are chemical
Van der Waal's forces bond forces
3. It usually takes place at | It takes place at high temperature
low temperature and
decreases with increasing
temperature
4. It is reversible It is irreversible
5. Itis related to the ease | The extent of adsorption is
of liquefaction of the gas | generally not related to liquefaction

of the gas
6. It is not very specific It is highly specific
7. It forms multi- It forms monomolecular layers

molecular layers
8. It does not require any | It requires activation energy
activation energy
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2-4-3. Application of adsorption

The phenomenon of adsorption finds extensive application in
field of Industry, laboratory and various other technical processes. A

few important applications of adsorption are as under:

1. Manufacture of Gas Masks: Activated charcoal used in gas
masks removes all undesirable toxic and poisonous gases

while purified air passes through its pores.

2. Removing of Colouring Matter from Sugar Juice & Vegetable
Oils: Activated animal charcoal is used as decolourizer in
removing colouring matter of sugar solution and other

vegetable materials.

3. Dehydration & Purification of Gases: Silica gel and Alumina
are used as good adsorbents for removing moisture and for

controlling humidities in rooms which store delicate articles.

4. Dyeing of Clothes: Modrants used in dyeing adsorb the

colouring matter which does not attach to fabric otherwise.

5. Heterogeneous Catalysis: The action of heterogeneous
catalysts like finely divided nickel, finely divided platinum,
finely divided iron in hydrogenation of oils, conversion of SO,
to SO3; and manufacture of ammonia respectively is based on

the phenomenon of adsorption.
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6. lon-Exchange Resins: The organic high polymers containing
groups such as —-COOH, —SO3H or —NH; possess the property
of selective adsorption of ions from solution. These resins are
largely used in Industrial softening of water and separation of

rare earths from their mixture.

7. Chromatography: There are a number of chromatographic
techniques like  adsorption  chromatography,  paper
chromatography and vapour phase chromatography which are
based on selective adsorption of different substances of the

adsorbent.

8. Drugs: Various drugs get adsorbed on the tissues which then
are heated. The germicidal action of medicines is also based

on the property of adsorption.*®

2-4-4. Adsorption as an effective method for removing

hexavalent chromium from wastewater

A number of treatment methods for the removal of metal ions
from aqueous solutions have been reported. These include reduction,
ion exchange, electrodialysis, electrochemical precipitation,
evaporation, solvent extraction, reverse osmosis, chemical
precipitation and adsorption. Most of these methods have a lot of

disadvantages including high operational cost.*°
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On the other hand, specific sorbents consisting of polymer
microspheres containing metal chelating ligands were employed for

heavy metal ion removal.*°

Traditionally, extraction is carried out liquid-liquid extraction,
co-precipitation, and ion exchange, these methods have non-
economic disadvantages. They often require large amount of high
purity organic solvents, some of which are themselves harmful to
health and cause environmental problems. Nowadays, several
methods are used for pretreatment of the samples. Solid Phase
Extraction (SPE) has commonly been used as a technique for pre-
concentration/separation of various inorganic and organic species.
SPE has several major advantages that include higher enrichment
factors, simple operation, safety with respect to hazardous samples,
high selectivity, lower cost and less time, the ability to combine it

with different modern detection techniques.

A variety of ligands or functional groups are immobilized onto
a solid support matrix as a solid phase extractant for the purpose of
extraction and enrichment of trace metal ions from environmental
samples. Silica gel is of great importance as a solid support because
it possesses some definite advantages. The silica support is chosen
for its high surface area, high mechanical and thermal stability. In
addition, it is easily modified, by reacting with organofuctionalized
silanes through its surface silanol groups. These covalently bonded

organic groups are highly stable and resistant to removal from the
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surface by organic solvents or water. To this end, a great number of
organic molecules were immobilized on silica gel surface, xylenol
orange,

4 acylpyrazolone,aminothioamidoanthraquinone,oximederivatives,r
esacetophenone, diphenyldiketonemonothiosemicarbazone. These
systems can be operated indefinitely without loss of the expensive
organic molecules. Their potential applications are attributable
essentially to the nature of the grafted ligands. Indeed, the most
commonly attached molecules have chelating ability due to their
donor atoms, such as oxygen, nitrogen and sulphur, which have a
large capability to form complexes with a series of metal ions,
leading in some cases, to distinguishable selective extraction

properties.>?
2-4-5. Types of adsorbents

Different types of adsorbents are classified into natural
adsorbents and synthetic adsorbents. Natural adsorbents include
charcoal, clays, clay minerals, zeolites, and ores. These natural
materials, in many instances are relatively cheap, abundant in supply
and have significant potential for modification and ultimately
enhancement of their adsorption capabilities. Synthetic adsorbents
are adsorbents prepared from agricultural products and wastes,
house hold wastes, Industrial wastes, sewage sludge and polymeric
adsorbents. Each adsorbent has its own characteristics such as

porosity, pore structure and nature of its adsorbing surfaces. Many
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waste materials used include fruit wastes, coconut shell, scrap tires,
bark and other tannin-rich materials, sawdust, rice husk, petroleum
wastes, fertilizer wastes, fly ash, sugar industry wastes blast furnace
slag, chitosan and seafood processing wastes, seaweed and algae,
peat moss, clays, red mud, zeolites, sediment and soil, ore minerals

etc.>
2-4-6. Adsorption isotherms models

An adsorption isotherm is the presentation of the amount of
solute adsorbed per unit weight of adsorbent as a function of the
equilibrium concentration in the bulk solution at constant
temperature. Langmuir and Freundlich adsorption isotherms are

commonly used for the description of adsorption data.>®

The Langmuir isotherm is based on the theoretical principle
that only a single adsorption layer exists on an adsorbent and it
represents the equilibrium distribution of metal ions between the
solid and liquid phases. The basic assumption of the Langmuir
adsorption process is the formation of a monolayer of adsorbate on
the outer surface of the adsorbent and after that no further adsorption
takes place. The Langmuir-type isotherm remains to be the most
widely used for practical application. The Langmuir isotherm for

pure component adsorption can be obtained from Equation (2-1):

C, 1 oo 1
qg Qm ¢ QmKL

(2-1)
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Where: C. is the equilibrium concentration of adsorbate
(mg/L), ge is the amount of Cr (VI) adsorbed per gram of the
adsorbent (mg/qg),

gm IS maximum monolayer coverage capacity (mg/g) ,K_.= Langmuir

iIsotherm constant (L/mg).

Therefore, a plot of C./qe versus C. gives a straight line of the slop

1/gm and intercepts 1/ (gqm K).>*

Langmuir isotherm can be characterized by a dimensionless constant
called separation factor (R.). As shown by the following equation
(2-2):

1
ACET AN 22

Where C, is the highest initial concentration of adsorbate

(mg/L), K. (L/mg) is Langmuir constant.

The value of R indicates the shape of the isotherm to be either
unfavorable (R. > 1), linear (R. = 1), favorable (0 < R_ < 1), or

irreversible (R = 0).2

The Freundlich adsorption isotherm is an indicator of the
extent of heterogeneity of the adsorbent surface.® The Freundlich
iIsotherm model is describing the adsorption of solutes from an
aqueous phase to a solid surface. The Freundlich isotherm assumes

several adsorption energies are involved in the adsorption process.
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Freundlich adsorption isotherm is the relationship between the
amounts adsorbed per unit mass of adsorbent, Q., and the
concentration of Cr (V1) at equilibrium, C.. The linear form of

logarithmic equation for Freundlich isotherm is written as (2-3):

1
1 =—InC,+InK -
nQe nn e n F (2 3)

Where, Kr and n are the Freundlich constants, Kg and n are the
indicators of the adsorption capacity and adsorption intensity
respectively. In this case, the plot of log (Ce¢) vs. log (Qe) was

employed to generate the intercept value of K and the slope of n.*°
2-4-7. Adsorption kinetics

The study of adsorption kinetics is significant as it provides
valuable insights into the pathways and the mechanism of the

process.

Several kinetics models are used to explain the mechanism of
the adsorption processes. A simple pseudo-first order equation is

given by Lagergren equation (2-4):

K
log(q. — q.) = logq, — (2_35 3)1‘ (2-4)

Where g. is the amount of solute adsorbed at equilibrium per

unit weight of adsorbent (mg/g), q: is the amount of solute adsorbed
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at any time per unit weight of adsorbent (mg/g) and Kj is first order

adsorption rate constant.>®

On the other hand, the pseudo-second order equation based on

equilibrium adsorption is expressed as equation (2-5):

t_ 1., 1
q: q. K.q? (2-5)

Where: K3 is the pseudo-second order rate constant (g/mg. min).

The linear regression correlation coefficient value shows that

which model can justify data.>!
2-4-8. Adsorption Thermodynamics

Thermodynamic considerations of an adsorption process are
necessary to conclude whether the process is spontaneous or not.
The Gibb’s free energy change, AG?, is an indication of spontaneity
of a chemical reaction and therefore is an important criterion for
spontaneity. Both enthalpy (AH®) and entropy (AS®) factors must be
considered in order to determine the Gibb’s free energy of the
process. Reactions occur spontaneously at a given temperature if
AGV is a negative quantity. The free energy of an adsorption process

is related to the equilibrium constant by the following equation

(2-6):

AG® =~ RT InKp (2-6)
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Where, AG? is the Gibb’s free energy change (kJ. mol?), R is
the ideal gas constant (8.314 J.moltK™?), and T is temperature (K°)

and Kp is the single point or linear sorption distribution coefficient

(L g-l).57

According to thermodynamics, the Gibbs free energy is the
difference between the adsorption enthalpy (AH®) and adsorption
entropy (AS°) multiplied by the temperature. In this manner, by
applying this concept to Equation (2-6), the thermochemical
parameters AH® and AS° can be determined using Van’t Hoff’s plot,
according to Equation (2-7):°2

InkK, = ﬂH—i—ﬂS
nKg = RT ' R (2-7)

2-5. Polysiloxane Immobilized Ligand Systems
2-5-1. Definition of Polysiloxanes

Polysiloxane-immobilized ligand systems, functionalized
poly-siloxane  sorbents, polyorganosiloxanes, or  simply
polysiloxanes are intermediates polymers between the pure

inorganic silica and organic polymers such as polystyrene.

They are inorganic supports of silica based matrix bearing
reactive organic sites which have been the subject of considerable

interest. These types are known as functionalized polysiloxanes
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which have been prepared either by the low temperature sol-gel

process or by modification of pre-prepared polysiloxane.

Flexibility of the siloxane backbone is the main reason of
increasing applications of polysiloxanes, this flexibility resulting
from the degree of Si—O-Si bond angle of 143° which is much more
open than the usual tetrahedral angle of 110°, and the Si—O bond is
significantly longer than the C—C bond.

Polysiloxane with chelating groups have a lot of important
applications, such as chromatography, extraction and uptake of
metal ions from aqueous solutions and encapsulation of organic

compounds.>®
2-5-2. Polysiloxanes Advantages
The advantages of polysiloxane-immobilized ligands are: ®®
1. Negligible swelling in different solutions.
2. Physical rigidity of their structures.
3. Nontoxic.
4. High biodegradation, photochemical and thermal stability.
5. High amount of functionalized groups.

6. Chemical inertness.
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7. Uniform distributions of ligand sites within the polymer

particles.
8. It can be modified easily by a variety of functional groups.
2-5-3. Preparation of Polysiloxane Immobilized Ligand System

There are two common methods used to prepare these

functionalize ligand systems.

1. The first method is the sol-gel process which involves
hydrolysis and condensation of Si(OEt)4 with the appropriate
silane coupling agent (RO)3SiX where X represents an

organofunctionalized ligand.

2. The second approach is the chemical modification of the pre-
prepared functionalized polysiloxane. The second method
appears as an interesting alternative mainly on account of
substitution of organofunctionalized groups when appropriate

chelating silane agents are difficult to prepare.!

2-6. Methodology of preparing Polysiloxane surface

modified with 1-(pyrrol-2-yl) imine
I. synthesis of 3-aminopropyilsilica (Si-NH2)

The first stage in the preparation was the reaction between the

silylating agent and silanol groups on the silica surface.
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1. Activated silica gel SiO; (25g) suspended in 150 mL of dried
toluene was refluxed and mechanically stirred under nitrogen

atmosphere for 2h.

2. To this suspension, 10 mL of aminopropyltrimethoxysilane
was added dropwise and the mixture was kept under reflux for

24h.,

3. The solid was filtered, washed with toluene and ethanol.

4. It was then Soxhlet extracted with a mixture of ethanol and
dichloromethane (1/1) for 12h, to remove the silylating reagent

residue.

The immobilized silica gel, named SiNH2, was dried in

vacuum at room temperature.

Synthesis of 1-(pyrrol-2-yl) imine-Substituted Silica
(SINPF) :

1. A mixture of 3-aminopropylsilica (SiNH2) (2.59) and pyrrol-2-
carbaldehyde (1.5 g) in 50 mL of dry diethyl ether was stirred
at room temperature for 24 h.

2. After being filtered, the solid product was Soxhlet extracted
with acetonitrile, methanol and dichloromethane for 12 h,
respectively.

3. The product was then dried over 24 h. (Figure 2-1)
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These NH2-groups onto the silica surface were then reacted

with  Pyrrol-2-carbaldehyde under gentle conditions (room
temperature, atmospheric pressure, 12 h), using anhydrous diethyl

ether as solvent to form this chelating sorbent SiNPr.

OH ome |
Dx' /\/\ — D;SiWN_
O—38i NH; Dry O

SiNH, ether SiNPr

HM

Figure 2-1: The synthesis route of modified polysiloxane.7

This work is focused on the synthesis, characterization and
applications of adsorbent 1-(pyrrol-2-yl) imine-Substituted Silica
(SINPr) by the chemical modification of the pre-prepared
functionalized silica gel for quantitative extraction and elimination

of hexavalent chromium from industrial wastewater.
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Chapter Three

Experimental Part

3-1. Chemicals and Materials

All solvents and other chemical used in experimental part don’t
need additional purification. Silica gel ( from Sigma-Aldrich, purity
more than 98.5%) with particle size in the range of 40-63 um. The
chelating agent SiNH2 (from Sigma-Aldrich, purity more than 99%)
was used without purification. The solvent used was Dry diethyl
ether. For reflux extraction acetonitrile, methanol and
dichloromethane were used. Hexavalent chromium (K2CrOg4) was
used as adsorbate. For pH adjustment nitric acid (0.1M) and

potassium hydroxide (0.1M) were used.

The instrument and material used are: glassware, FT-IR
Spectrometer (Nicolet iS5, iD3 ATR, Thermo Scientific), Atomic
absorption spectroscopy (iCE 3300, Thermo Scientific), pH meter
(model: 3510, JENWAY), UV-visible spectrophotometer (model: UV-
1601, SHIMADZU), shaking water bath (Daihan Labtech, 20 to 250 rpm

Digital Speed Control), desiccator.

3-2. Synthesis of 1-(pyrrol-2-yl) imine modified Silicon
surface (SIiNPr)

To prepare the (SiNPr), a mixture of pyrrol-2-carbaldehyde
(1.5 g) and 3-aminopropylsilica (SINH2) (2.5 g) in 50 mL of dry
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diethyl ether was mixed and stirred for 24 h. At room temperature,
the solid residue was filtered, acetonitrile, methanol and
dichloromethane was used in Soxhlet extraction of the product for
10 h. The desired solid product was dried completely over more 24

h. The synthesis step is shown in Figure 3-1:

OH  ome |
ol | N\ °=s N N=
SiNH, cther SiNPr

HM

Figure 3-1: The synthesis step of (Si-NPr).7
3-3. Characterization of (Si-NPr)

The desired matrix was examined by FT-IR spectroscopy
which confirmed that 1H-pyrrole-2-carbaldhyde have been linked
onto the surface of gel matrix. A SEM was study to supply
information about the morphology of modified polysiloxane surface.
UV-visible spectrophotometer was used to confirm that 1H-pyrrole-
2-carbaldhyde was effectively linked to the surface of silicon when it
was modified by 3-amino-pyltrimethoxysilane. TGA Analysis for
Thermal Stability and EDX test for elements present in modified

polysiloxane were studied.
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3-4. Preparation of Cr(V1) solutions

Exactly 1.868 g of KoCrO4 was taken in a 500 mL volumetric
flask and diluted up to the mark (we obtained 1000 mg/L Cr (VI)
solution). By dilution were prepared 5, 10, 15, 20, 25, 30 mg/L Cr

(V1) solutions.

3-5. Calibration Curve

The concentration of several Cr (VI) solutions was analyzed by

Atomic absorbtion spectroscopy.

Calibration curve between absorbance and concentration was

obtained in the range 5-30 mg/L Cr (V1) solution, as shown in

y = 0.0053x+ 0.0066

R?=0.9967

Figure 3-2:
0.18 . .
calibration curve
0.16
0.14
0.12
0.1
Absorbance
0.08 -
0.06 -
0.04 -
0.02
0 ; ;
0 10 20 30
concentration (mg/L)

1
40

Figure 3-2: calibration curve between absorbance vs. concentration for Cr (VI)

concentrations in the range 5-30 mg/L
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3-6. Adsorption Experiments

For pH adjustment, nitric acid (0.1M) and potassium
hydroxide (0.1M) were used. The efficiency of the absorbtion was
estimated by batch experimental studies. The adsorption behavior of
the surface with Cr (VI) solutions was studied. The effect of contact
time, temperature, pH, dose of adsorbent, and the concentration of
Cr (V1) solutions on the adsorption process was studied. Adsorbent
was removed by filtration. AAS was served to analyze the filtrate

residues of Cr (V1) solutions.

The Cr (VI) removal percentage (R) is calculated using the

following equation 3-1:

%Removal=C,— Ce X 100 % (3-1)

Co

Where, Co is the initial Cr (V1) concentration (mg/L) and Ce is

the final Cr (\VI) concentration in the sample solution after filtration.

The removal capacity (ge, mg/ g) is quantified by equation 3-2:

C,— C
qe = [% X v (3-2)

Where V (L) is the volume of Cr (VI) solution, m (mg) is the

mass of the used (SiNPr).2
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3-6-1. Experiment (1) - Optimization of contact time

A 50 mL of Cr (V1) solution (10 mg/L) was taken and put in
100 mL beaker with 0.1 g of adsorbent. At different time intervals,
part of the supernatant was taken using the pipette and residual

concentration of Cr (V1) was measured by AAS at normal pH.

For each experiment three samples were taken and the average was

reported.
3-6-2. Experiment (2) - Effect of pH value

The effect of pH on adsorption process was measured in range
2.5-10. The pH was adjusted using 0.1M KOH and 0.1M HNOs3. A
15 mL of (10 mg/L) Cr (VI) were added to 0.03 g adsorbent. The
sample then put in shaking water bath for 5 min at 25°C. At the end,
adsorbent was removed by filtration then filtrate was measured by

AAS for the residual concentration of Cr (VI).

3-6-3. Experiment (3) _ Effect of temperature on Cr(VI)

adsorption

The effect of temperature on adsorption process was studied in
the range 4-60°C. A 15 mL of (10 mg/L) Cr (V1) solutions was
added to 0.03 g adsorbent samples at pH 4. Each sample was put in
shaking water bath at required temperature for 5 min. Finally,
adsorbent was removed by filtration then filtrate was analyzed by

AAS.
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3-6-4. Experiment (4)- Effect of Cr (V1) initial concentration

The effect of initial concentration of Cr (VI) on adsorption
process was investigated. A 15 mL of several concentration of Cr
(V1) solution (5-30 mg/L) was added to 0.03 g of adsorbent, under
optimized temperature (25°C) and pH 4 for 5 min. The absorbance

of filtrate was measured by AAS.
3-6-5. Experiment (5) - Effect of Adsorbent dose

The effect of amount of adsorbent on the adsorption of Cr (VI)

was investigated.

In order to detect optimum dose. A 15 mL of 20 mg/L Cr (V1)
solutions were added to 100 mL beakers containing 0.01, 0.03, 0.07,
0.1 and 0.15 g of adsorbent at pH 4. The samples was put in shaking
water bath at 25°C for 5 min. Absorbance of the filtrate was

measured by AAS.
3-7. Kinetics and Thermodynamics of Adsorption

Pseudo-first order, pseudo-second order kinetic models were
investigated from studying contact time effect on Cr (V1) adsorption
at Si-NPr. Parameters for Pseudo-first order, pseudo-second order
kinetic model for adsorption of Cr(VI1) at Si-NPr were determined.

The value of both experimental and calculated ge was compared.
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The adsorption behavior of adsorbent with Cr (VI) was
studied. In This study we are trying to reach optimum adsorption
conditions by studying the effect of:- pH, contact time, adsorbent dose,
temperature and initial concentration of Cr (VI). Concentration of Cr
(V1) was measured before and after adsorption by using AAS.
Langmuir, Freundlich adsorption isotherm equations were studied.
The values of corresponding parameters were determined.
Thermodynamic parameter like (AS®), (AH®), and (AG®) were
evaluated employing Van’t Hoff’s equation. At different
temperatures ranging (4—60°C), the values of Kp and % removal for

Cr (V1) were calculated.
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Chapter Four

Results and Discussion

4-1. Characterization of Modified Polysiloxane (Si-NPr)
4-1-1. SEM of the Modified Polysiloxane (Si-NPr)

A SEM study was done to provide information about
morphology of surface modified with 1H-pyrrole-2-carbaldhyde.
SEM micrographs of modified Polysiloxane surface exhibit tough
and porous nature, denoting that prepared matrix has good features

to be used as an adsorbent. (Figure 4.1)

[ det [mode| 2/11/2016 | 100 pm
600x |500kV| 30 |[11.4mm|ETD SE 11:20:50 AM The University of Jordan

Figure 4-1: SEM of the modified Polysiloxane surface (SiNPr)

4-1-2. FT-IR Characterization

FT-IR spectra for SiNH2, SiNPr were carried out to prove the
presence of several functional groups in the prepared matrix. The
sharp feature around 1100 cm™? belonged to Si-O-Si stretch

vibration. The characterization features of SINPr compared with
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SiNH2 were the recording of new bonds around 1642cm™, 1425
cm™ due to C=N and C=C vibration formation, respectively, which
proves anchoring of 1H-pyrrole-2-carbaldhyde onto the

Polysiloxane surface. (Figure 4.2)
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Figure 4-2: FT-IR of (a) 3-aminopropyl functionalized silica gel (Si-NH2) (b) and the
modified Polysiloxane surface (Si-NPr)

4-1-3. UV-visible spectrophotometry

UV-visible spectrophotometer was used to confirm that 1H-
pyrrole-2-carbaldhyde successfully anchored to the surface of
silicon matrix during modification with 3-amino-pyl-trimethoxy-
silane.(Figure 4-3). 0.01 g of Si-NH2 and SiNPr was dissolved in 10
mL CH2Cl, and the absorbance was measured by making CH,ClI,

blank solution.

Si-NH2 absorbs UV light at 282 nm, while SiNPr adsorb UV
light at 291.5 nm. This difference confirms the supporting of the

organic compound onto the surface of silicon matrix.
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Figure 4-3: UV-visible spectra of (a) 3-aminopropyl-functionalized silica gel (Si-NH2)
(b) and the modified Polysiloxane surface (Si-NPr)

4-1-4. Thermal Stability of matrix (TGA)

Thermo stability of (SiNH2), (SiNPr) have been characterized

by TGA analysis.

Thermogravimetric curves for (SiNH2) and (SiNPr) indicate a
degradation action between 122 — 800 °C that proves expected high

thermal stability of Si- matrix.

Two major step of degradation were recorded for SiNH2. The
first one, from room temperature to 100°C a small mass loss of
1.56% which refer to the residual water dehydration. The second
step, between 208 - 800°C a clear increase of 9.77% in mass loss
was observed, which relates to the organic matter attached onto

surface through immobilization process.

The modified adsorbent SiNPr showed two obvious step of

mass loss. Step 1: From 25-105°C rang, the first mass loss 1.1%
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which assigned to adsorbed water. Step 2: between 276- 800°C other
mass loss of 14.13% due to the decomposition of pyrrole part
immobilized at the surface of silicon matrix. The clear enhance in
the mass loss reverberate the higher quantity of organic groups

anchored at surface.”’
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Figure 4-4: TGA curves of (a) 3-aminopropyl functionalized silica gel (Si-NH2)
(b) and the modified Polysiloxane surface (Si-NPr) ’

4-1-5. EDX Characterization

Energy-dispersive X-ray spectroscopy is an analytical technique used
for the elemental analysis or chemical characterization of a sample.
Examination proved the presence of oxygen, nitrogen, silicon and carbon
by percentage as shown in (Figure 4-5): 51.67% oxygen, 36.13% silicon,
4.41% nitrogen and 7.79% carbon. These results demonstrate purity of the

prepared matrix, where the percentage of purity reaches to 100%.


https://en.wikipedia.org/wiki/Elemental_analysis
https://en.wikipedia.org/wiki/Characterization_(materials_science)
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Figure 4-5: EDX of the modified Polysiloxane surface (SiNPr)

4-2. Investigation of adsorption parameters
4-2-1. Contact time effect on Cr (V1) adsorption

Adsorption of Cr (V1) on (Si-NPr) was calculated as a function
of contact time to determine the maximum time of adsorption, as

shown in Figure 4-6.

During the first 5 min, rapid adsorption of Cr (VI) was
detected, which resonated to N and NH donors in the matrix. Indeed,
the two donor atoms acting like chelating bidentate donor’. At the
beginning, all the reacting sites are vacant, for this, the rate of
adsorption capacity is high and the adsorbents (SiNPr) have
available high surface area for adsorption of Cr (\V1). 5 min later the
adsorption becomes constant due to consuming of active adsorbing

sites.>9
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Figure 4-6: Effect of contact ime on Cr (VI) adsorption. (dose= 0.1 g, Cr{VI) concentration =
10mg/L. temperature= 25°C, solution volume=50 mL.)

4-2-2. pH effect on Cr (V1) adsorption

pH is a critical factor that affects the rate of adsorption
process. Cr (111) and Cr (V1), is most oxidation state of Chromium
ions, the pH of solution play an important role in such ion form
stability. It was assumed at low pH, Cr (VI) reduced to Cr (1)
under acidic condition in presence of activated carbon. In H20
system, at low pH, hydrogen chromate (HCrO4) are the dominant
ions. In this study at low pH such as 2 to 4 there was increase of the
adsorption capacity for Cr (VI). When pH is further enhanced, a
sharp decrease in uptake capacity of adsorption was noticed. This is
because the sapping of electrostatic forces of attraction between
adsorbent and adsorbate. Fig. 4-7, shows that the optimum pH for Cr

(V1) adsorption onto SiNPr closes to 4.
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Figure 4-7: Effect of pH on Cr(VI) adsorption. (adsorbent dose= 0.03 g , concentration of Cr(VI}= 10
mg/L, tempreature=25°C, time= 5 min, solution volume= 15 mL).

4-2-3. Temperature effect on Cr (V1) adsorption

Temperature plays a critical role in any kind of adsorption
processes. (Si-NPr-Cr (V1)) interaction temp was illustrated in
Figure 4.8. This figure shows that increasing the temperature above
the room temperature (25°C) has effect on decreasing the adsorption
capacity of modified surface. The decrease in removal percentage
may because of reduction of the physical forces of attraction
between SiNPr and Cr (VI). Results reveled that the removal of
chromium is reduced with increase in temperature onto the
adsorbent SiINPr which is diffusion-controlled exothermic process
(Ea =28.477).>* Maximum adsorption achieved when room

temperature 25°C was applied.
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Figure 4-8: Effect of temperature on Cr(VI} adsorption. (concentration of Cr(VI= 10 mgL.
adsorbent dose= 0.03 g, pH=4, time= 5 min., . solution volume= 15 mL}

4-2-4. Cr (V1) concentrations effects

Effect of initial concentration of Cr (VI) on adsorption
processes was investigated with fixing previous conditions like
contact time, volume of solution, temperature and pH. The results
are shown in Figure 4-9 and in Figure 4-10. In Figure 4.9, the
percent removal of Cr (VI) increases with increasing initial
concentration of Cr (VI). Figure 4.10 shows that as the metal
concentration increases from 5 - 20 mg/L, the adsorption capacity is
increasing from 1.18 - 8.30 mg/g. This may be because of gradual
increase in the electrostatic attraction between the Cr (VI) and the
absorbent desired active sites. In addition, higher initial
concentration of Cr (VI) may enhance the affinity of Cr (VI) to the
active sites on the adsorbate. Furthermore, this could be interpreted by
the logic, more adsorption sites will be enveloped when more ions

concentration increase.®
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Above 20 mg/L initial concentration of Cr (VI1), the percentage
removal of Cr (VI) ion reduced. This may be because adsorbents

active sites become saturated.®!
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Figure 4-9: Effect of Cr (VI) initial concentration on adsorption. (Adsorbent dose=
0.03 g, time=5 min, pH= 4, Temperature= 25°C. solution volume= 15 mL)
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Figure 4-10: Effect of Cr (V1) initial concentration on adsorption capacity. (Adsorbent
dose= 0.03 g, time= 5 min, pH= 4, Temperature= 25°C, solution volume= 15 mL)

4-2-5. Adsorbent dose effect
Effect of adsorbents dose on adsorption processes was studied with

fixing all previous conditions like contact time (5min) , volume of

solution (15mL), temperature (25°C), pH (=4), initial concentration
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of Cr(VI) = (20mg/L). Results exhibited in Figure 4.11 shows that
removal efficiency was decreased with increasing adsorbent dose. It
shows that removal efficiency was 86% when the adsorbent dose
was 0.01 g. For 0.03 g, it was 69.80% and 48.90% for 0.07 g. Figure
4.12 shows that Cr (V1) adsorption capacity decreased progressively;
adsorption capacity was 25.80 mg/g for 0.01 g adsorbent dosage and
1.09 mg/g for 0.10 g adsorbent. These results may due to
overlapping of adsorption sites as a result of adsorbent particles
congestion. Furthermore, the high adsorbent dosage may oblige a
screening effect on the dense outer layers of the cell, there by

shielding the binding sites from metal ion.5?
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Figure 4-11: Effect of adsorbent dose on the removal of Cr(VI). (ime= 3 min., pH= 4, temperature=
25°C, concentration of Cr(VI) = 20 mg/L, solution volume= 15 mL)
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Figure 4-12: Effect of adsorbent dose on adsorption capacity. (ime= 5 min., pH= 4, temperature=
25°C, concentration of Cr(VI} = 20 mg/L. solution volume= 15 mL})

4-3. Adsorption isotherm of Cr(VI)

The most common available isotherm equations to evaluate
experimental sorption process parameters are the Langmuir or

Freundlich models.5!
4-3-1. Langmuir Adsorption Isotherm

Langmuir isotherm is based on Hypothesis presence of a limited
number of homogeneously distributed active sites above the surface
of the desired adsorbent. The active sites have similar affinity for
adsorption of a mono- layer molecular model. In Langmuir isotherm

model no interaction between the adsorbed molecule.*®

A Famous linear form of the Langmuir equation can be

expressed by the following equation:
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C, 1 oo 1
qg Qm ¢ QmKL

(4-1)

Where: ge is the amount of Cr (VI) adsorbed per gram of the
adsorbent (mg/g), gm is maximum monolayer covering capacity
(mg/g), Ce is the equilibrium concentration of adsorbate (mg/L),

K= Langmuir isotherm constant (L/mg).

A dimensionless constant separation factor R is the essential
characteristics of the Langmuir isotherm and can be expressed by

the following equation:

1
ACET AN @)

Where Co: the highest initial concentration of adsorbate

(mg/L).

The value of R donates the shape of the isotherm. If (R_ > 1)
the adsorption process is unfavorable, if (R. = 1) the adsorption
process is linear, if (0 < R_ < 1) the adsorption process is favorable,
and if (R_ = 0) the adsorption process is irreversible. The value of R
was found to be 0.48 at 25°C donating that the adsorption of Cr (V1)

on (Si-NPr) is favorable.? 4°

From Langmuir plot, the values of Qm, K, and R? were determined
as shown in Figure 4-13. The values of these parameters are shown

in Table 4-1.
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Figure 4-13: Langmuir plot for Cr (V1) adsorption on (Si-NPr). (contact time= 5min,
pH= 4,temperature= 25°C, adsorbent dose= 0.03 g, solution volume= 15 mL.)

Table 4-1: Langmuir isotherm parameters and correlation coefficient
for adsorption of Cr(VI) on (Si-NPr)

Langmuir Onm KL RL R?
isotherm | (mg/g) | (L/mgQ)

parameters | 13.05 0.03 0.48 0.77

4-3-2. Freundlich Adsorption Isotherm

The Freundlich isotherm is not limited to the formation of a
mono-layer as Langmuir isotherm. Freundlich model includes
interaction between the adsorbed molecules and applies to
adsorption of heterogeneous surface. Such model supposes when
adsorbate conc. increases, the conc. of the adsorbate at adsorbent
surface should also increases. On the other hand, the sorption energy
exponentially decays on completion of the sorption centers of
adsorbent. The famous expression for the Freundlich isotherm

model is given as in equation:
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1
1 =—InC,+InkK -
HQQ Tln -4 n F (43)

Where: Kg, n are Freundlich constants.

Kr is an indicator of adsorption capacity of the adsorbent and 1/n is
an indicator of favorability of the adsorption process. If value of (1/n
< 1) it donates a normal adsorption. If (10>n>1) this donates a
favorable adsorption process®®. Kr and n constants could be

determined from the linear equation of In (Q.) versus

In (Ce¢), as shown in Figure 4-14:

25 - y =0.9863x-0.3926
‘ R? =0.9059

In Qe

In Ce

Figure 4-14: Freundlich plot for Cr (V1) adsorption on (Si-NPr). (Contact time= 5 min,
pH= 4, temperature= 25°C, adsorbent dose= 0.03 g, solution volume= 15 mL)

Values of freundlich constants n, K and regression constant

(R?) are shown in Table 4-2:
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Table 4-2: Freundlich isotherm parameters and correlation
coefficient for adsorption of Cr(VI) on (Si-NPr)

Freundlich n 1/n Ke R?
isotherm 101 | 098 | 067 | 090
parameters

From the data in table 4-2, that value of 1/n= 0.9863 while
n=1.0139 denoting that adsorption of Cr (VI) on (Si-NPr) is
favorable with R%2= 0.90509.

Table 4-3: correlation coefficient and parameters of Langmuir,
Freundlich for adsorption of Cr(\V1) on (Si-NPr).

Langmuir | Qm (Mmg/g) | KL (L/mg) | R. R?

iIsotherm

parameters 13.05 0.03 0.48 | 0.77

Freundlich n 1/n Kk R?

isotherm

parameters 1.01 0.98 0.67 | 0.90
Freundlich and Langmuir adsorption isotherms were

calculated. Adsorption data suited with Langmuir and Freundlich.
The value of R From Langmuir isotherm data in Table 4-3 was
found to be 0.48 at 25 -C denoting that adsorption of Cr(VI) at (Si-
NPr) is preferred with R?=0.7758.

From Freundlich isotherm data in table 4-3, the value of
1/n=0.9863 denoting that adsorption of Cr (VI) at (Si-NPr) is
preferred with R?=0.9059. Minimal value of (1/n) denotes stronger
Iinteraction relation between the adsorbate and adsorbent. When 1/n

approaching to zero the surface heterogeneity becomes more®. The
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adsorption data suited with Langmuir and Freundlich, but
Freundlich adsorption model found to be with highest R? and from
here the best suit. The Freundlich model fit more with the
experimental data of adsorption indicates physical adsorption in
addition to heterogeneon mode distribution of adsorbate active sites

at the adsorbent surface.*®
4-4. Adsorption thermodynamics

Thermodynamic parameters using to study adsorption of

Cr(VI) by (Si-NPr) were calculated using equations:

Ko = Ge/Ce (4-4)
AG°=-RT InKp (4-5)
In Kp = (AS°/R) — (AH/RT) (4-6)

Where Kp: the distribution coefficient for the adsorption in g/L,
AG®: the Gibbs free energy in J/mol, AS°: the entropy change in
J/mol.K, R: the universal gas constant in J/mol.K, T: the absolute

temperature in K and AH?: the enthalpy change in kJ/mol.

From the intercept and slope of the plot of In Kp vs. 1/T, the values
belong to entropy change (AS°) and enthalpy change (AH°) was
calculated. The values of Gibbs free energy (AG®) were calculated

at different temperatures.®(Figure 4-15)
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Figure 4-15: Plot of InK.d versus 1/T for Cr(VI) adsorption on (Si-NPr).
{contact time = 3 min, pH =4, adsorbent dose =0.03 g , sol.volume= 15
mL)

The results exhibit that A S° was - .079 J/ mol K, AH® was —26.107 kJ
/mol. AGP at different temperatures were calculated from the following

equation:
AG® = AH® — TAS® (4-7)

The calculated thermodynamic parameters are shown in table 4-4:

Table 4-4: The values of calculated thermodynamic parameters on Cr
(V1) adsorption .

AS® AH° AG? (k3\mol)
(/mol.k) | (kIMOD) 1577 0 | 298k | 308k | 333K°
007 | -2610 | -422 | -256 | -L77 | 020

The negative AGP values denote that the adsorption process is

spontaneous. The negative value of AH® indicates to exothermic adsorption

and to preferable of the adsorption at low temperature. For physical
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adsorption, AH? is commonly smaller than that of chemical adsorption. In
general, AHC for physical adsorption ranges from 0-40 KJ/mol and for
chemical adsorption ranging from 40-800 KJ/mol. The low negative value
of AH® indicates that the adsorption processes of Cr (V1) ions by SiNPr is
physical in nature which involve forces of attraction between the
adsorbate-adsorbent molecules and adsorption processes was exothermic

reactions.®

The value and sign of AS° gives an indication if the adsorption
process is an associative or dissociative mechanism. A negative value of
AS® indicates that the adsorption process involves an associative
mechanism. The adsorption process involves the formation of an activated
complex between the adsorbent and adsorbate. Furthermore a negative

value of AS® denotes that no significant change appear in the internal

structure of the adsorbent during the adsorption process.®
4-5. Adsorption Kkinetics of Cr(VI1)

Various kinetic models are served to suggest the expected
mechanism of the adsorption processes. Lagergren’s first-order rate
equation represents the adsorption rate process based on the

adsorption capacity.

The lagergren equation represents the pseudo-first order: 495!

K
log(q. — q.) =logq, — (2_3{1] 3)1“ (4-8)
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Where ge: the amount of solute adsorbed at equilibrium per
unit weight of adsorbent (mg/g), q:: the amount of solute adsorbed at
any time per unit weight of adsorbent (mg/g) and kj: first order

adsorption rate constant (min™2).

ki, ge were calculated from the slope and intersept of linear plot
of log (ge— qt) Vs time (Figure 4.16). ki and qe values were
determined in Table 4-5. Pseudo first order model is suitable to Cr
(V1) adsorption on Si-NPr if plot was have good correlation
coefficient (correlation coefficient close to 1). The correlation
coefficient was calculated from plot in (Figure 4-16) Show that
R2=.0165 so the adsorption process is not pseudo first order process.
It was observed the pseudo first order model did not suit. Calculated
and experimental ge values were represented in (Table 4-5) shows
that the calculated ge values are not compatible with the experimental
ge Value. This indicates that the adsorption of Cr (\VI) does not obey

pseudo first-order kinetics.*®

0.34

L 2
0.32

y=-0.0001x+ 0.2722
03 | R?=0.0165
0.28 -
log {Ce_Ct) _——\———__\__——_\—0
0.26 - L J
L J
0.24
L

0.22
0.2 T T T T |

0] 20 40 60 80 100

time {min)

Figure 4-16: Pseudo first order kinetics of Cr (VI) on (Si-NPr). (pH= 4, adsorbent
dose= 0.03 g temperature= 25°C, solution volume= 15 mL,)
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On the other hand, the pseudo second-order known equation

related to equilibrium adsorption as in equation.*®: 5!

(4-9)

Where kj: the pseudo-second order rate constant (g/mg. min).
The results show that correlation coefficients are closer to unity (R2=.9999) so

the pseudo second order kinetic model suits completely (Figure 4-17)

120
y =405 x +.5504

2 _
100 4 R?=0.9999

t/qt 60 -

40

O 1 T T T T 1
0 20 40 60 80 100

time {min)

Figure 4-17: Pseudo second order kinetics of Cr (VI) on (Si-NPr). (pH=
4,temperature= 25°C, adsorbent dose= 0.03 g, solution volume= 15 mL).

Calculated and experimental gqe value were represented in
(Table 4-5) shows that g calculated value are compatible with qe
experimental value. Furthermore K; is greater than ki. For this, Cr

(V1) adsorption does kinetically obey pseudo second-order.
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Table 4-5: Pseudo first order and pseudo second order kinetic

model parameters for Cr(V1) adsorption on Si-NPr at 25°C.

Pseudo first order ke Je R?
(calc)
Je (EXP)
-2.30x103 | 1.87 0.01
Pseudo second Qe 2
order K (calc) R 2.78

0.29 2.46 0.99

4-6. Recovery of Cr(VI1) and reusability of Si-NPr

Recovery of Cr (VI) from the Si-NPr was achieved at room
temperature. The first step was filtration to collect the adsorbent. The
second step was washing the adsorbent with portions of 2M NaOH
then washing with deionized water, and finally left the adsorbent to
desiccate at room temperature for three days. 0.01g of the
regenerated adsorbent was added to a 15 mL of 20 ppm Cr (VI)
solution at pH 4 in order to compare the adsorption capability of the
regenerated Si-NPr with fresh adsorbent. (Figure 4.18) showed that
regenerated adsorbent have good adsorption capability and excellent
stability. Results confirmed the possibility of use of adsorbent again

without reducing the efficiency of adsorption.®
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Figure 4-18: Percentage of Cr (VI) removal by recovered adsorbent (contact time= 5
min, pH=

4, temperature= 25°C, adsorbent dose= 0.01 g, solution volume= 15 mL of 20 ppm Cr
(V1) solution.)

4-7. Studying the aantimicrobial activity of Si-NPr matrix

The study was conducted on three types of bacteria such as:
pseudomonas aeruginosa (G-), Escherichia coli (G-) and
Staphylococcus aurous (G+). Eosin Methylene Blue Agar (EMB),
Mannitol Salt Agar (MSA), and MacConkey Agar media (MAC)
were prepared for studding antibacterial activity. .01 g of prepared
matrix was dissolved in 1 mL of 10% Dimethyl sulfoxide (DMSO).
Holes were made by sterilized tips above the entire sterilized agar
plates. In one hole 100ul of dissolved Si-NPr matrix was added, the
other hole 100pL of DMSO was added and the last hole with
positive control. The plates were incubated at 38°C for around 24

hrs. The results were negative in all plates.®®
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The selection of these types of bacteria because of the

seriousness and spread quickly in water .

Figure 4-19: Antimicrobial Activity of Si-NPr matrix
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Conclusions

1. Over 86% removal efficiency of Cr (V1) was achieved after 5 min.
at pH solution around 4 and room temperature, 0.01 g weight of

dose and initial concentration of 20 mg/L Cr (V1) solution.

2.1t was found that adsorption of Cr (V1) using (Si-NPr) obeyed
both Langmuir and Freundlich isotherm models, but mostly fitted

with Freundlich model.

3. The amounts of Cr(VI) adsorbed per unit mass of (Si-NPr)
followed pseudo second order model, Q. calc (2.469) was in

consistent with the experimental value (Qe exp 2.782).

4. Thermodynamic parameters of the adsorption of Cr(VI) on (Si-

NPr) revealed the following:

e The negative AG® values (-4.224 to -1.775 kJ/mol) indicated that
the adsorption is favorable and spontaneous at measured

temperatures.

e The negative value of AH® (-26.1 kJ/mol) reflected an exothermic

adsorption and indicated low temperature favored adsorption.

e A small negative value of AS° (-0.075) suggested associative

mechanism processes.

5.Si-NPr matrix removed Cr (VI) from wastewater and it was

recyclable for a promising degree.



69
6. Low Dbiological activity against Staphylococcus aurous,
Pseudomonas aeruginosa, and Escherichia coli was detected by

Si-NPr matrix.

Recommendations

» Since Kinetics is pseudo-second order further investigation is

required to study the removal mechanism of Cr (V1).
» The possibility of using this matrix as stationary phase for

HPLC.

« Studying the effect of presence of metal ions in the aqueous
medium on Cr (VI) adsorption.
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Appendixs

Data Tables of Experiments

Data of experiment 1: Effect of contact time

Contacttime | Co Ce %Removal | Standard deviation
(min)
2 10 8.78 12.15% 0.90
5 10 6.36 36.36% 0.99
10 10 7.85 21.48% 1.80
20 10 7.98 20.15% 1.96
30 10 8.05 19.45% 1.08
90 10 8.15 18.46% 1.25
Temperature = 25°C
Concentration of Cr(VI)=10 mg/L
Solution volume= 50 mL
Adsorbent dose=0.1 g
Data of experiment 2: Effect of pH
pH Co Ce %Removal
2 10 2.30 77 %
2.5 10 1.77 82.33 %
4 10 .88 91.19%
6 10 5.92 40.78 %
8.3 10 8.93 10.72 %
10 10 9.50 5%

Co= 10 ppm
Temperature=25°C
Time=5 min.
Adsorbent dose= 0.03 g

Solution volume= 15 mL
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Data of experiment 3: Effect of temperature

Temperature | C, | Ce | %Removal | Kp | InKg | 2/T(k?) AH° AS° AG°
(k) *10°3 Kj/mol | Kj/mol | Kj/mol
277 10 2 80% 498 | 1.60 | 0.0036 -26 -.079 -4.22
298 10 | 0.88 | 91.18% 5.17 | 1.64 | 0.0033 -26 -079 | -2.565
308 10 3 70.00% 1.16 | .154 | 0.0032 -26 -.079 -1.77
333 10 | 357 | 64.27% 89 | -.10 | 0.0030 -26 -.079 .20

Co= 10 ppm
Time =5 min.
Adsorbent dose= 0.03 g,
Solution volume= 15 mL
Data of experiment 4: Effect Cr (V1) concentration
concentration of Cr VI (ppm) Ce % Removal Qe
5 2.63 47.36% 1.18
10 0.88 91.18% 4.56
15 6.80 54.65% 4.09
20 7.45 62.77% 6.27
30 13.39 55.34% 8.30
Temperature = 25°C
Time =5 min.
PH=4
Adsorbent dose= 0.03 g
Solution volume= 15 mL
Data of experiment 5: Effect of amount of adsorbent
Weight of dose(g) Co Ce % Removal Qe
0.01 20 2.80 86% 25.80
0.03 20 7.445 62.775% 6.27
0.07 20 10.20 48.95% 2.09
0.1 20 12.70 36.47% 1.09
0.15 20 14 30% 0.60
Temperature= 25°C
Time= 5 min.
pH=4

Concentration of Cr (VI) = 20 mg/L

Solution volume= 15 mL
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Data of experiment 6 : Adsorption isotherm of Cr(V1)

Concentration of Cr Ce Qe Ce/Qe InCe INQe
(V1) ppm
5 2.63 1.23 2.1 0.95 0.21
10 0.88 2.58 1.7 1.48 0.95
15 6.80 4.25 1.6 1.92 1.45
20 7.45 5.69 1.3 2 1.73
30 13.39 | 11.16 1.2 2.59 2.41
Temperature = 25°C
pH=4
Time = 5min
Solution volume= 15 mL
Adsorbent dose= 0.03 g
Data of experiment 7: Adsorption kinetics of Cr (VI)
Time (min) Q Qe-Qt 10g(Qe-Q1) t/Q
2 0.73 2.14 0.33 2.75
10 1.07 1.69 0.23 9.31
20 1.01 1.78 0.25 19.84
30 0.97 1.82 0.26 30.84
90 0.92 1.86 0.27 97.54
Temperature = 25°C
pH=4
Solution volume= 15 mL
Adsorbent dose= 0.03 g
Q.=2.783
Data of experiment 8: Recovery of Cr(V1)
Sample Co Ce %Removal
fresh 20 2.80 86%
regenerated 20 3.24 83.8%

Temperature = 25°C

pH= 4

Solution volume= 15 mL
Adsorbent dose=0.01 g
Contact time= 5 min

Co=20 ppm Cr (V1) solution
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