23CES801 Advanced Biological process for waste water treatment  3-1-0-4
Course Description and Objectives:

To provide concepts on the principles and process designs of various treatment systems for water and wastewater
and competency in the process employed in design of treatment systems leading to the selection of specific
process.

Course Qutcomes:

1.Understand the significance of advanced treatment processes in meeting stringent environmental regulations
and standards.

2.Apply the latest advancements advanced biological process in wastewater treatment to explore emerging
technology.

3. Analyze advanced biological treatment techniques and assess membrane process in waste treatment process.
Pedagogy: Conceptualising, applying & analysing

Syllabus:

Advanced waste water treatment : Overview of Advanced Waste Water Treatment Importance, Need& Purpose
of Advanced Waste Water Treatment, Environmental regulations and discharge standards, Sequencing batch
reactors (SBR), Moving bed biofilm reactors(MBBR), Biological Nutrient removal process(BNR)

Advanced Biological treatment techniques: Membrane bioreactors(MBR), Integrated fixed-film activated sludge
(IFAS), Constructed wetlands, Bioelectrochemical systems (BES) for energy recovery, Advanced oxidation
processes (AOPs): ozone, UV, Fenton's reagent, etc.

Combined Biological and Physico-chemical Processes: Membrane bioreactor (MBR) technology, Granular
activated carbon (GAC) and biological activated carbon process(BAC),Oxidation ditch system, Moving bed
biofilm reactor-membrane bioreactor (MBBR-MBR) combined systems, Biological phosphorus and nitrogen
removal processes, Anammox (Anaerobic Ammonium Oxidation) processes.

Emerging Technologies in Wastewater Treatment. Photocatalysis and photocatalytic membranes, Bio-based
treatment methods, Forward osmosis and pressure-retarded osmosis for energy recovery, Algal-based wastewater
treatment systems, Process control and monitoring in advanced treatment, System troubleshooting and
performance evaluation, Life cycle analysis and sustainability considerations, Smart technologies and automation
in wastewater treatment, Circular economy approaches in wastewater management, Challenges and opportunities
in the field of advanced wastewater treatment.

References:

1. Waste water Engineering: Treatment and Disposal by Metcalf &Eddy , 4th Edition, 2017

2. Environmental Engineering- Peary, Rowe &Tclobaloglous, 2017

3. Membrane Systems for Wastewater Treatment —Water Environment Federation, 2005

4. Membrane Bioreactors for Wastewater Treatment- by Aijie Wang, Yan Zhou, and Jianwei Chen.

5.Biological Wastewater Treatment: Principles, Modeling, and Design by MogensHenze, Mark C. M. van
Loosdrecht, and George A. Ekama

Evaluation Criteria

1. Midterm -30%

2. Continuous Assessment: 30%

3. End semester exam: 40%
Employability: Design Consultancies



23CES802 Applied Filtration and membrane technology for waste water treatment
3-1-0-4
Course Objectives:

To provide necessary knowledge and skills to apply advanced filtration and membrane technology for effective
and sustainable wastewater treatment, addressing modern challenges in water management and environmental
protection.

Course Outcomes:

1.Understand the significance of advanced physical and chemical treatment processes in meeting stringent
environmental regulations and standards.

2.Apply the latest advancements advanced physical and chemical process in wastewater treatment to explore
emerging technology.

3. Analyze advanced physical and chemical treatment techniques and assess membrane technology in waste
treatment process.

Pedagogy: Conceptualising, applying & analysing

Syllabus:

Filtration: Process and fundamentals of filtration, principles of filtration, mechanism of filtration, rate of
filtration, various filter materials and its properties, Mechanisms of particle removal: sieving, surface filtration,
depth filtration, Filtration equation, filter bed hydraulics.

Filter design and sizing principles, Pressure filtration vs. vacuum filtration, Solid-Liquid Filtration: Cake filtration
theory, Filter cake resistance models, Filtration process optimization, Filtration aids and their role in solid-liquid
separation.

Air Filtration: Principles of air filtration, Air filter types and applications, High-efficiency particulate air (HEPA)
filters, Electrostatic precipitators and baghouses.

Specialized Filtration Techniques: Granular media filtration, Cartridge filtration, Centrifugal filtration, Magnetic
filtration, Tangential flow filtration (TFF), Cross-flow filtration, Common filtration system issues, Filter
replacement, troubleshooting case studies

Membrane Technology: Overview of membrane-based separation processes, Types of membranes: polymeric,
inorganic, ceramic, etc., Membrane morphology and structure, Diffusion, convection, and osmosis in membranes,
Mass transfer models in membrane processes, Membrane fouling and fouling mechanisms, Membrane Fabrication
Techniques: Phase inversion, solution casting, chemical vapour deposition in inorganic membranes, membrane
characterisation, membrane modules and process configuration, Application and emerging trends in membrane
Technology

References

1. AWWA Water quality and treatment; a handbook of public water supplies

2. Membrane Technology and Applications” by Richard W. Baker, Membrane Technology and Research, Inc..
3. Membrane Separations Technology: Principles and Applications” by R.D. Noble and T. Matsuura.

4. "Membrane Filtration Handbook: Practical Tips and Tricks" by M. R. Wiesner, K. K. Chellam, and Y. Cohen.

Evaluation Criteria

1. Midterm -30%

2. Continuous Assessment: 30%

3. End semester exam: 40%
Employability: Design Consultancies



23CES803 Environmental sample preparation and Analysis 3-1-0-4

Course Description and Objectives:

To provide concepts on the environmental sample preparation, detection and analysis of contaminants and to
further characterize the material for Environmental applications.

Learning objectives :
1.To understand and apply the environmental sample preparation, detection and analysis of contaminants

2. To understand the principles and operation of a range of advanced techniques used in characterization of various
materials and compounds.

3.To apply appropriate characterization techniques for microstructure examination at different magnification level
for materials and water analysis.

4. To analyse the data and results obtained from advanced characterization techniques.
Pedagogy: Conceptualising, applying & analysing

Syllabus:

Pollutants in the environment and their sources ; general classifications of pollutants and their chemical
structures, properties and toxicity; units of measurement errors in quantitative analysis, precision and accuracy in
measurement, statistics in microanalysis, control charts, and detection limit

Environmental sample Preparation techniques and methods. Sample collection, Sample extraction, preservation
and analysis of the data.

Sample Quantification methods: Wet methods: Titrimetric and colorimetric procedures, Beers law and
spectroscopic methods; Gas chromatography: Principles of chromatography; peaks separation; quantification
methods, external and internal standard methods; High performance liquid chromatography -ion chromatography.
Mass spectrometry: Interpretation of mass spectra, basic GC/MS instrumentation, Atomic spectroscopy: flame
and furnace atomic absorption spectroscopy, inductively coupled plasma emission spectroscopy

Sample characterization techniques; Spectroscopic methods-UV-Visible and vibrational spectroscopy- Infrared
and Raman, Electron spectroscopies- X-ray photoelectron spectroscopy.Raman spectroscopy. Principle of X-ray
diffraction (XRD), Importance of Rietveld refinement in XRD (fundamental), X-ray fluorescence (XRF), Energy
dispersive X-ray analysis (EDAX),Ultraviolet-visible spectroscopy, Fourier transform infrared (FTIR)
spectroscopy,.

Term projects with real time case studies : Sample extraction and analysis for real time samples

References:
1. ASM Handbook: Materials Characterization, ASM International, 2008.

2. Yang Leng: Materials Characterization-Introduction to Microscopic and Spectroscopic Methods, John Wiley &
Sons (Asia) Pte Ltd., 2008.

3. Advanced Techniques for Materials Characterization, Materials Science Foundations (monograph series) A.K.
Tyagi, MainakRoy,S.K.Kulshreshtha and S.Banerjee;, Volumes 49 — 51 (2009)

4. Materials Characterization Techniques Sam Zhang, Lin Li, Ashok Kumar;CRC press,(2008)



Course Outcomes:
1.Understand and apply the environmental sample preparation, detection and analysis of contaminants

2.Understand the principles and operation of a range of advanced techniques used in characterization of various
materials and compounds.

3.Apply appropriate characterization techniques for microstructure examination at different magnification level
for materials and water analysis.

4. Analyse the data and results obtained from advanced characterization techniques
Evaluation Criteria

1. Midterm -30%
2. Continuous Assessment: 30%
3. End semester exam: 40%

Employability: Design Consultancies



