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Abstract

Chromium is commonly found in huge quantities in tannery wastewaters. For this reason,
the removal and recovery of the chromium content of tannery wastewaters is crucial for
environmental protection and economic reasons. Removal and recovery of chromium were
carried out by using low-cost potential adsorbents. As a novel solution, nanotechnology
holds great potential in water and wastewater treatment to improve water quality
efficiently. Here, we introduce an innovative technique using environmentally friendly,
multifunctional, and effective poly (ethylenimine)-functionalized iron silicate nanoparticles
and embedded into Diatomite (D4500) a commonly used filter aid, at < 6 wt% to remove
chromium from tannery wastewater in a batch and continues fixed-bed column setup. SEM
technique was carried out for the Diatomite embedded nanoparticles. The characterization
results showed that the filter aid was mainly composed of pour diatomaceous earth; its
adsorption surface area and capacity toward the chromium were improved significantly via
embedding iron silicate nanoparticles. Chromium uptake over the Diatomite embedded
with 6 wt% of PEIl-iron silicate nanoparticles has been investigated in batch equilibrium
adsorption study, with isotherms being fairly explained by the Sips model. After that, the
adsorption performance of fixed-bed column was tested for D4500 before and after
embedding it with virgin and PEI-functionalized nanoparticles of iron silicate to determine
the breakthrough curves under different operational conditions (e.g., inlet concentration of
C(VI), inlet flow rate and bed height). The results revealed that the hexavalent chromium
is significantly adsorbed on PEI-functionalized nanoparticles as an efficient technique for
removal of Cr (IV) and purification of tannery wastewaters.
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Organization of Thesis

The present thesis comprises of six chapters.

Chapter One gives an introduction of the thesis along with objectives of the research
work, and 'literature review' to describe the existing literature relevant to the research topic.
This chapter provides an overview of tanning process, tannery wastewater composition,
impacts of tannery wastewater on environment and health, chromium chemistry and
toxicity, treatment methods usually adopted to treat the effluents.

Chapter Two presents the methodology for carrying out the present work. It includes
collection of samples, experimental setup and procedures.

Chapter Three this chapter introduce theoretical background

Chapter Four provides a detail analysis of results of the laboratory tests and discusses the
results.

Chapter Five analysis and characteristics of tannery wastewater

Chapter Six Presents the conclusion and recommendations of this study.



Chapter One

Introduction

1.1 Background

Day by day pollution increased and possible accumulation of waste discharged by

chemical industries in water, air and soil. In these industries one is tannery
industry from many type of waste discharged in water, air and soil. The thaaery
effluents are characterized by high contents of dissolved, suspended organic and
inorganic solids and chromium metal ion. In all of these chromium is very toxic in
nature that’s why it is necessary to reduce the amount of chromium from tannery
waste water (WW). There are two types of chromium present in the tannery WW
one is Cr (I11) and Cr (V). There are two oxidation state of chromium +6 and +3.
It is mutagenic in +6 and bio element in +3 states (Singh, 2014).

Cr(111) is convoluted in hydrolysis behavior and produced mononuclear species,
Cr(OH)4, Cr(OH),", neutral compound Cr(OH)s;, and poly nuclear compound
Cry(OH), (Maria,2017). The hexavalent form of chromium is more toxic than
trivalent. After hydrolysis of Cr (Ill) whatever generated stabilized by electron
donor species (OH") while hydrolysis of Cr (VI) produced anions are hardly
stabilized (Kanagaraj, 2006).

Cr (111) is a necessary element for human as well as for other living organism for
metabolism. Blood glucose level reduced by Cr (I1l) and also helps transport of
amino acid. Cr (IlIl) also decreases the blood cholesterol and reduces the
possibility of diabetes (Ozgunay, 2007).

Trivalent chromium ions are less toxic than hexavalent chromium due to their less
mobility and less solubility in water. Due to high concentration of hexavalent
chromium there are many disease causes like nausea, liver, respiratory system,
and kidney damage, diarrhea (Maria, 2017).The solubility of trivalent chromium
in water is very less and mobility is also very less. Chromate and dichromate ions
of Cr (VI) are very toxic in nature. Through oxygen rich conditions Cr (VI)
converted into Cr (111). Chromium effluent from tannery industry cannot discharge
without removing it from tannery waste water. A minimal national standard
(MINAYS) is set by World Health Organization (WHO) for Cr (V1) as 0.1 mg/l in
the industrial discharge in the surface water. In the tannery industry high
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