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About CSIR-IIP 

 

Indian Institute of Petroleum (IIP) is one of the renowned laboratories of the Council of Scientific & 

Industrial Research (CSIR)-New Delhi, India. CSIR-IIP came into existence in Delhi in September 

1960, and it was shifted to Dehradun in 1963 as a leading institution devoted to R&D in the Energy and 

downstream Hydrocarbon Sector. CSIR-IIP, an ISO 9001: 2015 accredited laboratory, works in 

multidisciplinary areas of R&D in hydrocarbons and related industrial processes. 

CSIR-IIP has ongoing processes based on Petroleum Refining, Catalysts for the Refining & Separation 

Process, Solvent Extraction, Adsorption, Membranes, Lubricating Oil Base Stocks Processes, Modified 

Bitumen and Carbon Materials, Modelling & Simulation, Bioprocessing of Petroleum Streams, 

Polymers, and Chemicals/Petrochemicals.  

In addition, the institute has expertise in Process & Product Development, Scale-up, Optimization, 

Techno-economic Feasibility Studies, Technology Assessment, Energy Audit & Conservation in 

Chemical Plants, Vehicular Pollution Reduction, and Alternative Fuels in Internal-Combustion (IC) 

Engines. CSIR-IIP has evolved countless processes and technologies dependent on oil-based 

commodities that have supported numerous enterprises. It also supports BIS in developing technology-

based specifications for petroleum goods and their assessment. 

CSIR–IIP, in partnership with IndiGo, is working on techno-commercial feasibility and Environment, 

Social and Government (ESG) value creation of the sustainable aviation fuel (SAF). This agreement 

cements IIP’s commitment to achieving India’s net-zero emission goal by 2070. 

In yet another intervention, Bio-jet Fuel produced using Jatropha oil has been developed and effectively 

blended for Indian Air Force (IAF) to fly the aeroplane in August 2018. CSIR-IIP has indeed set up a 

worldview by building up the "Waste Plastic to Diesel" plant, having the potential to deliver 800 litres 

of diesel from 1 ton of plastic squanders in August 2019.  

The process for room temperature biodiesel production is unique addition to the CSIR-IIP's technology 

treasure. Accordingly, a 50 litres capacity plant has been successfully installed and commissioned at 

CBDA, Raipur (India). The technology has been demonstrated around the country in various science 

fests and events and earned best awards. 

Apart from these other achievements of CSIR-IIP include improved Gur Bhatti, with reduced bagasse 

consumption. This energy efficient Gur Bhatti is now functional at 58 locations in India. CSIR-IIP also 

developed a Fuel-Efficient PNG burner and commercialized it with 41 licensees across India. 

CSIR-IIP has also played a crucial role in combating the ongoing COVID-19 pandemic. The Institute 

extended its support and established the Himalayan Centre for Virus Diagnostics (a laboratory for 

RTPCR testing) on its campus. Also, to provide an inexhaustible supply of oxygen to the hospitals, the 

institute has developed oxygen enrichment units that can generate up to 500 litres per minute (LRM) of 

medical-grade oxygen (MO2). A commissioning of the first field deployable MO2 plant at Aundh Chest 

Hospital, Pune, on 21st May 2021 was a success. Since then, 108 such plants in pan India have been 

installed at various Government, and private hospitals through the PM CARES fund.  
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09:00 - 11:00 Hrs Registration 

Inaugural Session 

10:00 - 10:15 Hrs Welcome & Deep Prajwalan  

10:15 - 10:20 Hrs About Symposium 

Student Convener, SEFCO-2022 

10:20 - 10:30 Hrs Welcome Note & Introductory Remarks by Chief Patron 

Dr. Anjan Ray, Director, CSIR - IIP 

 

10:30 - 11:00 Hrs Inaugural Address by Honourable Chief Guest 

Mr. Prabh Das, Managing Director & Chief Executive Officer 

HPCL Mittal Energy Limited (HMEL) 

 

11:00 - 11:25 Hrs Inaugural Note by Guest of Honour 

Ms. Sukla Mistry, Director (Refineries) 

Indian Oil Corporation Limited (IOCL) 

 

11:25-11:30 Hrs Release of Souvenirs/Abstract Book - SEFCO 2022 

11:30-11:35 Hrs Vote of Thanks  

11:35-11:40 Hrs SEFCO-2022 Group Photo 

11:40-12:00 Hrs Tea-Coffee & Networking  

  

Session-I: Renewable Energy & Alternative Fuels   

      
12:00-12:20 Hrs K-1: Prof. S. Dasappa 

12:20-12:35 Hrs I-1: Dr. Srinivasan Anandan, Scientist- E, ARCI, Hyderabad 
Development & demonstration of indigenous materials for energy storage (Li-ion battery & 

supercapacitor) applications 

12:35-12:50 Hrs I-2: Prof. Rajnish Kumar, FRSC Professor, IIT-Madras  
Understanding gas hydrates: Potential role towards net zero CO2 target  

12:50-13:05 Hrs I-3: Dr. Suraj Soman, Scientist, CSIR-NIIST, Thiruvananthapuram 
Renaissance of molecular light harvesters: Indoor photovoltaics to indigenous manufacturing  

13:05-13:30 Hrs Q & A for Session-I 

13:30-14:30 Hrs Lunch & Networking 

 

 

 



 

Session-II:  Environmental Sustainability, Climate Change, & Energy Transition 

 
 14:30-14:50 Hrs K-2: Mr. M.K. Biswas, Chief General manager, GAIL (India) Ltd. 

Various activities & options towards net zero 

 14:50-15:10 Hrs K-3: Prof. Sebastian Chirambatte Peter, Associate Professor, New Chemistry Unit 

Jawaharlal Nehru Centre for Advanced Scientific Research (JNCASR) 
Scientific strategies towards sustainable energy and environment 

 15:10-15:25 Hrs I-4: Dr. Venkata Krishnan, Associate Professor, IIT-Mandi 
Graphitic carbon nitride: A wonderful material for heterogeneous catalysis

     
 

 15:25-15:35 Hrs Q & A for Session-II 

 15:35-16:00 Hrs Tea-Coffee & Poster Session 

 
 

Session-III: Materials Science & Technology 

 
  16:00-16:20 Hrs 

  

K-4: Dr. Sunkara V. Sunkara, Chief Scientist, CSIR-IICT, Hyderabad 

Realizing hierarchical nanostructures by simple chemical routes for applications in gas sensing and 

photocatalysis 

  16:20-16:35 Hrs I-5: Dr. (Ms.) Pooja Devi, Principal Scientist, CSIR-CSIO, Chandigarh 

Ti3C2/NiMo MXene hybrid for electro catalytic wastewater to hydrogen generation 

  16:35-16:50 Hrs I-6: Dr. Thakur Prasad Yadav, Associate Professor, IIT-BHU, Varanasi 

Materials Science & Technology at the atomic scale for energy and environment 

16:50-17:00 Hrs Q &A for Session-III 

  17:00-18:00 Hrs Poster Evaluation  

19:00-20:00 Hrs   Cultural Program  

20:00-21:00 Hrs Dinner & Networking 

 

Day 2: Saturday, August 27, 2022 

 

Session-IV: Downstream: Refining Technology & Operations 

   
  09:30-09.35 Hrs Opening remark   

  09:35-09:55 Hrs            K-5: Mr. Abhai Raj Singh Bhandari, Head, BPCL BINA Refinery 

 

  09:55-10:15 Hrs K-6: Dr. Asit K Das, Head Refinery R&D and Process Development, RIL, Jamnagar 
Competitive pathways to achieve net zero Goal 

  10:15-10:30 Hrs I-7: Dr. Ravi Kumar, CGM, Bharat Petroleum Limited 
BPMARRK: Real-time crude oil assaying for monitoring & optimization of crude distillation units 

  10:30-10:45 Hrs 

 

I-8: Mr. Pramod Kumar, Deputy General Manager, HP Green R&D centre, Bengaluru 
Crude oil to chemicals 

  10:45-11:00 Hrs I-9: Mr. Krishna Mani, Senior Research and Development Manager 

Honeywell India Technology Centre 
Sustainable fuels and their role in the refinery of future 

11:00-11:20 Hrs  Q & A 

  11:20-11:50 Hrs  Tea & Networking 



 
  

Session-V: Perspective of Integrated National Oil Companies 
 

11:50-12:10 Hrs             K-7: Shri S. N. Chitnis, Head of Institute, KDMIPE, ONGC 

12:10-12:30 Hrs            I-10: Dr. David J. Cleary, Sr. Research Scientist, Aramco Research Center, Detroit R&D 

12:30-12:40 Hrs             Q & A 

  

Valedictory Session 
 

12:40-13:00 Hrs             I-11: Dr. Samir K. Maity, Senior Principal Scientist, CSIR - IIP, Dehradun 

Sulphur regulation in marine fuel (MARPOL 2020) and a possible solution in the Indian context 

13:00-13:10 Hrs             Dr. Asheesh Kumar (Scientist, Event Scientific Coordinator) 

Announcement for poster awards & Certificate distribution 

13:10-13:15 Hrs             Dr. Kirtika Kohli (Scientist, Event Scientific Coordinator) 

Event Summary and Closing Note 

13:15-14:00 Hrs             Lunch 
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Various activities and options towards achieving Net Zero 

M. K. Biswas 

Chief General Manager (Business Development), GAIL (India) Ltd., New Delhi, India  

Email: mkbiswas@gail.co.in 

Abstract: 

Various actions and options that can be taken up by a Natural Gas Transmission, Distribution and 

Processing company towards achieving net zero are as follows: 

1. Energy Transition through Low Carbon footprint Businesses and Activities 

a. Natural Gas – Most Benign Fossil Fuel  

b. CNG & PNG for Transportation and Domestic Household purposes 

2. Switching to Renewables in  

a. Solar,  

b. Wind,  

c. Batteries, Storages,  

d. Alternate Sources of Energy including Biomass 

3. 1G & 2G Ethanol Projects  

4. CBG projects  

5. Hydrogen Manufacturing, Storages and Distribution 

Investment in Environmental, Social & Governance (ESG) and its return through multiple Stakeholders. 

Forward-looking organizations create their ESG journey to develop industry-focused strategies that are 

aligned with their vision from inception through execution. Environmental, social and governance 

(ESG) has emerged as much more than a responsibility. It’s an opportunity to build a more sustainable 

business and a key differentiator to enhance relevancy and trust with organization stakeholders. By 

building an ESG program strategically, creates valuable impact not only within organization, but also 

in community and for the planet which in turn valuate the organisation. Without ESG programme it is 

most likely that valuation of the organisation will be affected in certain areas at an average. Some of 

the options could be CO2 to Methanol project, small or medium size considering CO2 Abatement Cost 

or Carbon Price @ 50-100 $/MT as additional revenue in revenue stream with slightly lesser 

conventional Post tax IRR, to show ESG attention to the stakeholders. Other option could be a pilot 

project to convert CO2to value added products like acetate and oxygen through bacteria or catalytic 

process or any other products by utilising carbon dioxide (CCU) to show the intent through start-ups or 

as an R&D project.  

The ESG plan with ground level actions are expected to get benefits from multiple stakeholders and for 

its upward valuation. India is planning to start a carbon trading market through a platform is likely to 

be announced by Prime Minister Narendra Modi at Independence Day celebrations on August 15, 2022. 

India is planning to start a carbon trading market for major emitters in the energy, steel and cement 

industries, as part of its efforts to hasten the transition to cleaner fuels. Each organisation may make 

K-01 
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their own plans which will be different than each other due to different processes, product lines with 

their strategy and CAPEX plan. 

PLAN A:  

1. By Carbon Reduction mechanism  

a. Process changes and CO2 reduction in emission 

b. Carbon Capturing and Utilisation and Sequestration (CCUS) mechanism 

c. CO2 utilisation through Beverage/Algae Production  

d. CO2 to Methanol conversion with Hydrogen under CCU projects 

e. CO2 Utilisation in Fertilizer and Other industries like beverages, medical, welding etc. 

2. Offsetting Mechanism after production:  

a. Renewable Energy – Solar and Wind or other Low Carbon Power 

b. CO2 indirect reduction: Through LED lights in Plant and Townships 

c. CO2 Sink & Capture: Through Trees, Plants, Saplings etc.-Let's count & calculate. 

d. Waste Heat Recovery Projects  

e. Other efficiency improvement and offsetting mechanism  

PLAN B: 

In case of CCUS and CCU Projects from CO2 & hydrogen to methanol plants are not materialised, 

incremental RE Solar and Wind Power with or without storage would be required to be installed under 

offsetting mechanism. Capex Plan with additional RE power would be required accordingly to become 

Carbon Neutral towards Net Zero Company by 2040 /50/60 and latest by 2070. Some of the related 

topics for discussion could be climate change, affordable energy, development of the society, research 

and practices by all can make the difference 

Biography: 

Mr M. K. Biswas is graduated from IIT Kharagpur as Chemical Engineer in 1989. He completed his 

MBA in Marketing and PGDOM from IGNOU, New Delhi. Mr. Biswas is a certified Energy Manager 

from BEE, Ministry of Power.  His responsibilities and exposures are in Operation, Technical Services, 

Energy Management Service, Project Development Strategies, Sustainable Development, and 

Marketing and now in Business Development.  

He is involved in developing LPG and PetChem Projects in MP, UP and in Assam and Wind Energy 

Projects in TN and Karnataka. He has also worked for IGU (International Gas Union) for CCS Project, 

GRI (Global Reporting Initiative) and SABIT, USA program in recent past few years. 
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Scientific strategies towards sustainable energy and environment 

Sebastian C. Peter 

New Chemistry Unit and School of Advanced Materials, Jawaharlal Nehru Centre for 

Advanced Scientific Research, Jakkur, Bangalore, India 

Email: sebastiancp@gmail.com, sebastiancp@jncasr.ac.in 

 

Abstract: 

Two most imminent scientific and technological problems that the mankind is facing now, is that of 

energy and climate. The energy production and utilization in modern society is mostly based on the 

combustion of carbonaceous fuels like coal, petroleum and natural gas the combustion of which 

produces CO2, which significantly contributes to global warming and climate change. 30 billion of tons 

of CO2 per year get emitted globally as waste from the carbonaceous fuel burning and industrial sector. 

In May 2020, humanity witnessed the highest levels of CO2 (417 ppm) in the atmosphere during the 

last 3 million years. Such a situation has significant effects ranging from flood to drought. Melting of 

glaciers and the energy crisis are the other severe consequences of the overuse of natural resources. 

Thus, converting this harmful CO2 to valuable chemicals using any chemical methods is the need of the 

hour, and it can be one of the significant steps to reduce CO2 in the atmosphere. Since CO2 is a 

thermodynamically stable molecule, converting it is not easy task as high-energy inputs and effective 

catalysts are required. We, in our lab are trying to address both issues and are keen upon translating our 

innovative technologies from the lab to the industrial and commercial scale. We are capturing CO2 from 

industrial flue stream (of any composition) and converting it to value added chemicals/fuels methanol, 

carbon monoxide, methane, dimethyl ether, C2-C5 & C5-C11 gasoline hydrocarbons. The end-to-end 

technology comprises innovations in catalyst synthesis, reactor designs, hydrogen generation and 

product purification. We also develop the materials as efficient catalysts for hydrogen production and 

energy conversion in fuel cell.  In my talk, I will cover the fundamental aspects of this scientific problem 

and solutions in smaller and larger scales.  

References: 

1. Mondal, S.; Bagchi, D.; Sarkar, S.; Singh, A. K.; Vinod, C.P.; Peter, S.C. J. Am. Chem. Soc. 

2022, 44, 11859–11869. 

2. Mondal, S.; Sarkar, S.; Bagchi, D.; Das, T.; Das, R.; Singh, A.K.; Prasanna, P.K.; Vinod, C. 

P.; Chakraborty, S.; Peter, S.C. Adv. Mater. 2022, 2202294. 

3. Das, R.; Das, R.; Ray, B.; Vinod, C.P.; Peter, S.C. Energy & Environ. Sci. 2022, 15, 1967-

1976. 

4. Bagchi, D.;  Raj, J.;  Singh, A.K.;  Cherevotan, A.;  Roy, S.;  Manoj, K.S.;  Vinod, C.P.; 

Peter, S.C., Adv. Mater. 2022, e2109426.  
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5. Das, R.; Sarkar, S.; Kumar R.; Ramarao, S.D.; Cherevotan, A.; Jasil, M.; Vinod, C.P.; Singh, 

A.K.; Peter., S.C. ACS Catal., 2022, 12, 687-697. 

6. Cherevotan, A.; Raj, J.; Dheer, L.; Roy, S.; Sarkar, S.; Das, R.; Vinod, C.P.; Xu, S.; Wells, 

P.; Waghmare, U.V.; Peter, S.C. ACS Energy Lett., 2021, 6, 509-516.  

7. Das. R.; Chakraborty, S.; Peter, S.C. ACS Energy Lett., 2021, 6, 3270–3274.  

8. Cherevotan, A.; Raj, J.; Peter, S. C.J. Mater. Chem. A, 2021, 9, 27271-27303.  

9. Ray, B.; Churipad, S.; Peter, S. C.J. Mater. Chem. A, 2021, 9, 26498-26527.  

10. Goud, D.; Gupta, R.; Ganesh, R.-M.; Peter, S.C. ACS Catal., 2020, 10, 14258-14282.  

11. Peter, S.C. ACS Energy Lett., 2018, 3, 1557.  

12. Roy, S. Cherevotan, A.R.; Peter, S.C. ACS Energy Lett., 2018, 3, 1938.  

 

Biography:  

Dr. Sebastian C. Peter received his MSc (2000) from Calicut University and MTech (2002) from Cochin 

University of Science and Technology. He received his Ph.D. in chemistry from the University of 

Münster, Germany (2006). He was a post-doctoral fellow at Max Plank Institute for Chemical Physics 

of Solids, Dresden, Germany (2006-07) and Northwestern University, USA (2007-10). Dr. Peter joined 

as a faculty fellow at New Chemistry Unit, Jawaharlal Nehru Centre for Advanced Scientific Research, 

Bangalore in 2010. His broad research interests include the development of solid-state inorganic 

materials for various applications ranging fuel cell, CO2 reduction and hydrogen production. He has 

more than 185 peer reviewed publications and five patents. He was invited and attended around 80 

national and international conferences. He is the recipient of Young Investigator awards from ACS 

(2013), RSC (2017) and IOP (2016). He was awarded Ramanujan fellowship (2010), MRSI medal 

(2016), Swarna Jayanti Fellowship in the category of Chemical Science (2018) and CRSI medal (2020). 

He is a member of American Chemical Society, Royal Society of Chemistry, ASM international, 

Chemical Research Society of India, Material Research Society of India, International Union of 

Crystallography, Indian National Young Academy of Science and Society for Material Chemistry of 

India. He is the founder and director of the start-up “Breathe Applied Sciences Pvt Ltd” and entered 

into the final round of the NRG-COSIA XPRIZE 20 million USD prize on waste CO2 utilization. His 

team is the only one team in final round of the competition earning half a million USD as milestone 

prize. Breathe Applied Sciences Pvt Ltd has been selected as one of the best 100 start-ups by Karnataka 

state Government in 2017 through ELEVATE-100. Clean Equity, Monaco (2019) selected CO2 

reduction technology as the second best in the global level. His team scaled-up the technology CO2 to 

methanol from the lab to pilot level with a capacity of 300 kg CO2 per day. In 2021, Technology 

Development Board of the DST awarded National Technology Award for this development. In Dec 

2021, his start-up has been selected as the winner of the KPMG ENRich21 on the theme The Global 

Corporation: preparing for the Low-Carbon World.  
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K-03 

Realizing hierarchical nanostructures by simple chemical routes for 

applications in gas sensing and photocatalysis 

Sunkara-Vardhireddy Manorama 

Nanomaterials Laboratory, CSIR-Indian Institute of Chemical Technology, 

Hyderabad,Telangana, India  

Email: manorama@iict.res.in, manorama@csiriict.in 

 

Abstract: 

The interdisciplinary nature of Materials Science makes it a fascinating field of science. It encompasses 

the design and development of materials for application in devices, healthcare, medical products and 

many more. The primary mandate of research in this field is to improve quality of life. Undoubtedly, 

research and technological advances in materials science play an important role in strengthening, 

stimulating and sustaining the economic growth of the country. In recent years, materials research has 

spawned countless advances in areas such as energy, both production and storage, consumer 

commodities, information technologies, medicine, defense and agricultural sectors. 

Imparting multi-functionality is one of the current thrust areas of research worldwide. In this context a 

range of materials based on metals, metal oxides, magnetic materials, etc. have been designed for 

diverse applications.  

Semiconducting metal oxides have proven to be ideal materials for applications in gas sensors, catalysis 

including photocatalysis, solar cells (especially DSSCs), storage devices etc. With the advances in 

materials synthesis strategies, novel architectures are being realized. These architectures not only 

present exotic morphologies but also endow these materials with associated functionalities, resulting in 

superior performance, which are a consequence of the improved electronic and optical properties. The 

synthesis strategies coupled with the available range of characterization techniques, has assisted 

structure property correlations and thus we are able to design materials, predict and tailor the properties 

to suit the desired application. Nevertheless, the development of facile and effective methods for 

creating novel super structural architectures which can better the performance of the existing materials 

would be a topic of research and remain a great challenge for the materials community.  

3-D hierarchical architectures of semiconducting oxides like SnO2, In2O3, ZnO and their composites, 

with controlled morphologies have been realized through facile hydrothermal synthesis methods. 

Understanding the formation mechanism has led to improvements in the performance characteristics 

along with fine tuning the synthesis procedures to obtain the materials with the desired architectures in 

substantial quantities.  

The talk would focus on the efforts of our group in the Nanomaterials Laboratory at CSIR-IICT in 

designing various functional materials exhibiting unique properties in an attempt to mitigate problems 

mailto:manorama@iict.res.in
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encountered during our efforts on energy efficient and sustainable technologies. The talk would 

showcase our efforts in synthesizing these materials, engineering them suitably and demonstrating their 

desired applications. Findings from the ongoing research activities would be showcased.  

Biography: 

Dr. Sunkara-Vardhireddy Manorama, has made excellent contributions to the field of Materials Science 

and building a strong Nanomaterials Group at CSIR-IICT. The conventional materials research activity 

at CSIR-IICT, was reoriented under her mentorship to focus on applications in diverse areas. Her 

seminal work on development of materials for gas sensors and understanding the phenomena governing 

their performance were path-breaking theories, resulting in highly cited contributions. Her noteworthy 

contributions are evident the > 130 original publications, an h-index > 40 and i-10 index > 85. This has 

also earned her a place in the Stanford University global list of top 2 % most-cited scientists in field of 

Materials Research. 
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Competitive pathways to achieve Net Zero goal 

Asit K. Das 

Refinery R&D Centre, Wing 10, First Floor, MAB,  

Reliance Industries Ltd., Motikhavdi, Jamnagar, Gujarat, India 

Email: asit.das@ril.com 

 

Abstract: 

Greenhouse gas emission (GHG) is the giga challenge in modern times. Various agencies, both public 

and private bodies are trying to formulate new policies and pathways to minimize the GHG emissions 

and their impact. Reliance being the premier industrial organization in India has declared to achieve the 

Net Zero Goal by 2035, a much ahead target than set by many western economies. There are many 

pathways to achieve Net Zero goal such as by (i) minimizing CO2 generation i.e., by improving energy 

efficiency and utilizing renewable energy in place of fossil fuel (ii) maximizing C neutral feed e.g., 

biomass, municipal solid waste etc. and by (iii) fixing carbon as chemicals and materials or via CCUS. 

But the CAPEX and OPEX requirement in various pathways may differ quite considerably. Thus, it is 

very important to identify the right combination of pathways that can achieve Net Zero with minimum 

CAPEX and OPEX. The other aspect is that varieties of energy options are also required in terms of 

utilities e.g., power, fuel, steam, H2, chemicals etc. and their Carbon footprint may vary considerably 

depending on the process used for production of such utilities. Thus, the Net Zero also needs to cater to 

such specific utility requirement while optimizing the pathways. In this presentation, these aspects will 

be covered with specific emphasis to Indian scenario. 

Biography: 

Dr. Asit K. Das is currently Head of Refining R&D Centre in Reliance Jamnagar Refinery. He joined 

RIL in 2006 and established the Refinery R&D Centre at Jamnagar. Prior to that worked at Indian Oil 

R&D Centre since 1985. He is Ph.D. in Chemical Engineering with R&D experience over 35 years and 

has developed and commercialized many technologies e.g., Indmax, MCC, DSO, EPR etc. He has > 

100 patent and > 80 publications with 7 book chapters to his credit. He has received many awards and 

recognition. He was the President of Engineering Science in the last Indian Science Congress in Jan 

2020 at Bangalore. 
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I-01 
Development and demonstration of indigenous materials for energy storage 

(Li-ion battery and supercapacitor) applications 

Srinivasan Anandan 

Centre for Nanomaterials, International Advanced Research Centre for Powder Metallurgy 

and New Materials (ARCI), Balapur, Hyderabad, Telangana State, India. 

Email: anandan@arci.res.in 

 

Abstract: 

With the increasingly severe problems of environmental pollution and energy shortages, in recent 

years, a growing number of researchers have paid attention to the collection and conversion of 

renewable energy such as solar energy, wind energy, and geothermal energy. Lithium-ion Battery 

(LIB) technology is fast emerging as the preferred energy storage alternative for both electric vehicles 

and stationary applications. The requirement of Li-ion batteries is increasing due to the target set by 

the Govt. of India that 30 % of the vehicles produced in India should be electric vehicles by 2030. 

Presently Li-ion cells as well as Li-ion battery packs are imported to meet the requirement in India. 

Hence indigenizing the Li-ion battery technology is essential. In line with the above requirement and 

Atmanirbhar Bharat Abhiyan program, ARCI has developed an indigenous technology for the 

production of battery grade Lithium Iron Phosphate (LFP) cathode material for Li-ion Batteries.   

The first part of the presentation highlights the development of Li-ion battery (LIB) materials for 

Electric Vehicle (EVs) applications. ARCI has developed an innovative and low-cost high energy 

milling process for the synthesis of in-situ carbon-modified LFP for Lithium-ion batteries. The 

developed lab-scale process further up-scaled successfully to synthesize 15-20 Kg LFP/batch. The 

electrochemical performance of Li-ion cell made using ARCI’s LFP delivers a capacity of 1.75 Ah 

and 1.45Ah at the formation and 1C current rate respectively. An Indian patent and PCT application 

are filed related to this invention.1 Technology Know-how for the production of carbon-coated 

LiFePO4 has transferred to M/s. Allox Minerals Pvt Ltd., and the technology has successfully 

demonstrated.  

Further, ARCI also developed a simple, economical scalable, and energy-efficient process for the 

production of LTO anode material with a performance at par with commercial LTO. Subsequently, 

LTO-based 1.5Ah 26650 cell as well as 0.45Ah Pouch cells have been fabricated and demonstrated. 

A large-scale demonstration of ARCI’s developed LTO process has been initiated in collaboration 

with Industry. 15 kg batch of LTO has been synthesized and the resulting LTO delivers a superior 

rate capability of 145 mAh/g at 4 °C with good cyclic stability. The LTO innovation has been filed in 

National and worldwide2 and patents filed in India, USA, Japan, and China were granted. Efforts are 

in progress for technology transfer to a private company.  
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The second part of the presentation will focus on the translational research activities related to 

Supercapacitor. In EVs, supercapacitors are useful in regenerative braking to recover the energy 

quickly during the application of the brake, while in the case of hybrid electric vehicles, they are used 

to improve the life and performance of Li-ion and lead-acid batteries. ARCI develop graphene-like 

activated porous carbon by a low-cost chemical activation process using petcoke, a by-product of the 

oil refining process.3Petcoke is a rich carbon source material but contains a significant amount of 

sulfur as an impurity making it unsuitable as fuel in cement and steel industries due to the emission of 

hazardous Carbon dioxide (CO2) and Sulphur oxides. Its alternative use in supercapacitors can abate 

the emission problem while finding a high-value addition to it. Then, an indigenous Supercapacitor 

device with the specifications of 1200 F, 2.7V, and 1.2 Wh has successfully fabricated using petcoke-

derived carbon. 16 numbers of 1200 F indigenous Supercapacitors were connected in serial to 

assemble the module with specifications of 75 F, 43 V, 19.2 Wh for E-Bicycle demonstration. 

Supercapacitor module made from petcoke derived Supercapacitor devices has demonstrated 

successfully for E-bicycle with the driving range of 2 km.3 Further developments will be discussed in 

detail during the presentation.  

References: 

1. Anandan et al “A method of producing high performance in-situ carbon coated lithium 

iron phosphate cathode material for lithium-ion battery applications and the product 

thereof,” Indian Patent Application No. 202011056608 dated 28th December 2020; PCT 

International Appl. No. PCT/IN2021/051138 dated 06.12.2021 

2. Anandan et al “A method of producing high performance lithium titanate anode 

material for lithium-ion battery applications” Indian Patent Appl. No. E-

2/1972//2017/DEL, PCT International Application No. PCT/IN2018/050080; US Patent 

Appln. No. 16463088; Germany Patent Application No. 112018000205 T5; Japan Patent 

Appln. No. 2019-520394; Chinese Patent Appl. No. CN201880004507; South Korea Patent 

Application No. 10-2019-0121291. 

3. Anandan et al “Method of producing nanoporous graphene sheet-like structured high 

and low surface area carbon sheets from petroleum coke” Indian patent Appln. No. 

202011007399 dated 20th Feb.2020. 

Biography: 

Srinivasan Anandan is a Scientist at International Advanced Research Centre for Powder Metallurgy 

and New Materials (ARCI), Hyderabad.  He received his Ph.D. degree in chemistry from Anna 

University in 2006. After working as a postdoctoral researcher at various Japanese institutes (NIMS, 

AIST, KAIT and TOKYOTECH), he became a Scientist in the Centre for Nanomaterials at ARCI in 

2012. Dr. Anandan’s research is focused on the material development for energy and environmental 

technologies: rechargeable batteries, supercapacitors, and photocatalysis. He has authored more than 

70 journal articles with 3762 citations and an h-index of 28. He is a recipient of JSPS fellowship 

(2010), Young Scientist Award by MRS-J (2008), and Outstanding Scientist Award (2017 & 2021). 

 



6th National Symposium on 
Shaping the Energy Future: Challenges & Opportunities 

(SEFCO-2022) 
 

 
Innovative Steps Towards Clean Energy for Net Zero India by 2070 

P
ag

e1
0

 

I-02 
Understanding gas hydrates: Potential role towards Net Zero CO2 target 

Rajnish Kumar 

Department of Chemical Engineering,  

Indian Institute of Technology, Madras, Chennai, India 

Email: rajnish@iitm.ac.in 

 

Abstract: 

Hydrate are ice like crystalline solid which could form even at ambient conditions. While hydrates 

commonly form in oil and gas pipelines leading to pipeline blockages, and are considered nuisance, 

hydrate research has however become popular due to its being an alternative resource of methane. As 

per recent estimates, total amount of carbon in methane hydrates, far exceeds the carbon content in all 

the fossil fuel reserves put together, and hence natural gas hydrates if exploited could be converted 

into blue hydrogen (through steam reforming). CO2 capture and sequestration are thus essential and 

would require a sustainable solution, which is not only economical but also environmentally friendly. 

As of today, India generates 3 billion tons of carbon dioxide every year which is increasing at an 

annual rate of 6 %. The steep target of becoming net CO2 neutral by 2070 is not feasible if we don’t 

create multiple mini- targets. One such target could be maintaining our CO2 emission to say 2020 

level in next 10 years. If India has to achieve this target, roughly 2.5-3 billion tons of CO2 has to be 

captured and sequestered every year by 2030.  This presentation would briefly explain hydrates at 

molecular level, and its potential application in achieving net zero carbon dioxide emission.  

Biography: 

Rajnish Kumar, FRSC is a professor in the Department Chemical Engineering at IIT Madras. Prior to 

that he has served as senior scientist at CSIR-NCL, and research associate at National Research 

Council, Canada. His PhD is from The University of British Columbia, Canada and has research 

interests in unconventional energy, carbon dioxide capture, process development and scale-up. Work 

from his research group is well cited, and they have published more than 100 articles. Rajnish was 

recognized as Highly Cited Researcher in the year 2018. Rajnish is also a recipient of NASI – Scopus 

Young Scientist Award in Chemistry for the year 2016. More recently in 2020, Rajnish received Dr. 

YBG Verma Award for Excellence in Chemical Engineering Teaching.  
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I-03 
Renaissance of molecular light harvesters:  

Indoor photovoltaics to indigenous manufacturing 

Suraj Soman 

Chemical Sciences and Technology Division, CSIR - National Institute for 

Interdisciplinary Science and Technology (CSIR-NIIST), Thiruvananthapuram, India 

Email: suraj@niist.res.in 

 

Abstract: 

Light is an existing resource in our life; it comes from everywhere in the environment. Nature has its 

efficient way of capturing and converting light to energy using photosynthesis, one of nature's most 

efficient processes. Capturing and recycling all kinds of light (indoor and outdoor) to realize self-

powered devices is our goal in the expertise area of third-generation molecular light-harvesting 

technology - Dye sensitized solar cells/Dye cells (DSCs). Conventional solar technologies are too 

bulky, rigid, or inefficient for use in remote/indoor locations under artificial lighting. The significant 

interest in DSCs is also related to the ease of sourcing materials used for its fabrication and the 

possibility of indigenous manufacturing and recycling. DSCs already proved to be the best 

technology for harvesting energy from indoor/ambient lighting with efficiencies up to 34.5 %. An 

indoor IoT device using 12 mWh/day can increase the time between battery replacements by up to 

150 % by using just one DSC device of 18 µW/cm² power output capacity. With a theoretical 

maximum achievable efficiency of 57 %, a smartphone-sized indoor solar cell can harvest 2 mW at 

500 lux illumination, potentially saving hundreds or thousands of conventional batteries before being 

recycled after their designed lifespan of 5-10 years. Also, with more solar and less power 

consumption, the time between battery replacements can even be longer, or possibly, never. At CSIR-

NIIST, we custom-designed and optimized these indoor light harvesters. Our initiatives currently 

being pursued towards indigenizing DSC technology in the country and globally in the area of indoor 

photovoltaics will be discussed in detail. 

Biography: 

Dr. Suraj obtained his Ph.D. from Dublin City University, Ireland, followed by post-doctoral tenure at 

Michigan State University, USA. Dr. Suraj started his independent research at CSIR-NIIST in 2014 

and is currently working as a Scientist at Chemical Science & 

Technology Division. He is a recipient of many prestigious awards, 

including CSIR Young Scientist Award (2020), INSA Medal for Young 

Scientist (2020), Kerala State Youth Icon Award in Science (2020). His 

prime research focus is on new generation molecular photovoltaic 

technologies. Dr. Suraj played the leadership role in setting up India’s 

first truly indigenous module fabrication line for dye-sensitized solar 
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modules. His team is focused on developing creative and out-of-the-box approaches utilizing the 

knowledge generated in the laboratory to solve fundamental scientific problems and systematically 

transform this knowledge to demonstrate technologically relevant products to market in the near 

future. 
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I-04 
Graphitic carbon nitride: A wonderful material  

for heterogeneous catalysis 

Venkata Krishnan 

School of Basic Sciences and Advanced Materials Research Center, 

Indian Institute of Technology Mandi, Kamand, Mandi, Himachal Pradesh, India. 

Email: vkn@iitmandi.ac.in 

 

Abstract: 

Energy crisis and environmental deterioration has emerged as major problems around the world in 

recent times, mainly due to combustion of fossil fuels and their depletion. The utilization of solar 

energy for the production of chemical fuels is an attractive and major strategy to address the global 

energy crisis and other environmental issues. The design and development of highly efficient, eco-

benign and cost effective photocatalysts, which can utilize the naturally abundant solar light, is highly 

desired for energy generation through water splitting and environmental remediation through the 

degradation of pollutants. Our research group has successfully utilized graphitic carbon nitride-based 

materials to address these challenges. In addition to photocatalytic hydrogen generation and pollutants 

degradation, our group has also utilized this wonder material, graphitic carbon nitride for biomass 

conversion, carbon dioxide reduction and Green organic transformations, either by doping with a 

heteroatom or by functionalization or by preparing a composite with other material. The highlights of 

the ongoing research work of our group will be presented. 

References: 

1. Choudhary, P.; Kumar, A.; Krishnan, V. Chem. Eng. J. 2022, 431, 133695.  

2. Kumar, A.; Kashyap, S.; Sharma, M.; Krishnan, V. Chemosphere 2022, 287, 131988.  

3. Chhabra, T.; Dhingra, S.; Nagaraja, C.M.; Krishnan, V. Carbon 2021, 183, 984-998.  

4. Chand, H.; Choudhary, P.; Kumar, A.; Kumar, A.; Krishnan, V. J. CO2 Util. 2021, 51, 

101646.  

5. Choudhary, P.; Bahuguna, A.; Kumar, A.; Dhankar, S.S.; Nagaraja, C.M.; Krishnan, V. Green 

Chem. 2020, 22, 5084-5095.  

6. Chhabra, T.; Bahuguna, A.; Dhankhar, S.S.; Nagaraja, C.M.; Krishnan, V. Green Chem. 

2019, 21, 6012-6026. 

7. Bahuguna, A.; Kumar, A.; Chhabra, T.; Kumar, Krishnan, V. ACS Appl. Nano Mater. 2018, 

1, 6711-6723. 

Biography: 

Dr. Venkata Krishnan completed his Ph.D. in Physical Chemistry in 2006 at the University of 

Stuttgart, Germany. Subsequently, he worked as a postdoctoral researcher at the University of 

Pennsylvania, U.S.A. from 2006 to 2010 and then as a research associate at the National Institute for 
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Materials Science (NIMS), Japan from 2010 to 2012. He joined as a faculty at the Indian Institute of 

Technology (IIT) Mandi in April 2012. His research group is mainly working in the field of 

Bioinspired Materials, Green Chemistry and Heterogeneous Catalysis for Energy and Environmental 

Applications. He has successfully guided 8 Ph.D. and 21 M.Sc. students and is currently guiding 7 

Ph.D. and 5 M.Sc. students, in addition to several short-term research interns. He has published more 

than 150 articles in well reputed international journals and is also a reviewer for several scientific 

journals. He has been bestowed with several awards, including DST INSPIRE faculty award, IIT 

Mandi foundation day award for excellence in teaching, MANA research fellowship, DoE 

postdoctoral fellowship, DFG doctoral fellowship, DAAD visiting scholar fellowship, etc. In addition 

to teaching and research, he has also served IIT Mandi in various administrative positions, such as 

first warden of the hostel in main campus, founding coordinator of Advanced Materials Research 

Center (AMRC), Associate Dean Research, etc. Currently, he is serving as the Dean of Sponsored 

Research, Industrial Consultancy and International Relations (SRIC & IR) at IIT Mandi. 
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I-05 
Ti3C2/NiMoMXene hybrid for electro catalytic  

wastewater to hydrogen generation 

Pooja Devi 

Materials Science and Sensor Application,  

Central Scientific Instruments Organisation, Chandigarh, India 

Email: poojaiitr@csio.res.in 

 

Abstract: 

MXenes as an emerging class of 2D materials have received significant attention in energy sector due 

to its high surface area, high hydrophilicity, tuneable electronic properties originating from precise 

control over their chemical structure and thickness.  This in turn can contribute to influencing charge 

transfer pathways and availability of catalytic sites. Single and multi-element MXenes are 

theoretically predicted as one of the most promising electrode materials to achieve high electro 

catalytic efficiency as well as stability. MXenes hybrid with 2D materials, oxides, transition metals, 

etc., are reported to have excellent electro catalytic activity for HER/OER. However, its behaviour is 

not studied under wastewater environment, which otherwise is also a promising feedstock for 

hydrogen generation.  

In the present talk, I will discuss our recent results in utilizing Ti3C2/NiMo hybrids for electro 

catalytic hydrogen generation from synthetic as well as real wastewater. The electrode performance is 

optimized in terms of NiMo deposition, pH of the electrolyte, electrode stability, etc. Under optimal 

condition, the electrode is found to generate 0.9 mmol (~20.2 mL) H2/hour/cm2 with ~74 % 

degradation of the dye in solution. Moreover, no significant change is observed in electrode stability 

before and after testing continuously for ~12 hours. These findings have paved ways of utilizing 

MXenes for wastewater to Hydrogen generation. 

Keywords: MXenes, Wastewater, Hydrogen, Treatment, Waste to Wealth, Electro catalysis 

Biography:  

Dr. Pooja is working as principal scientist at CSIR-Central Scientific Instruments Organisation. She 

has done her Ph.D. in Engineering from Academy of Scientific and Industrial Research, New Delhi 

and M. Tech. in Nanotechnology from Indian Institute of Technology, Roorkee. Her major research 

interest includes catalyst design, engineering, and scalability for green hydrogen generation and 

indoor air pollutants degradation. She has also developed materials for water pollutants monitoring, 

which are translated into field test kits. She has published around 80 research papers in high-impact 

journals, edited 07 books as lead editor, and published 20 book chapters. She has also filed 03 patents, 

02 design registration, 02 copyright/trademark and developed 04 technologies, 02 of which are 

transferred to the industries. She is also a recipient of several prestigious awards and fellowships 
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including NASI Young Scientist Platinum Jubilee Award (2021), IEI Young Engineer Award, INAE 

Young Engineer Award (2020), SERB Women Excellence Award (2020), Young Associateship of 

Indian Academy of Science (2019-22), etc. She is also young associate/member of INAE, IASc, and 

NASI. She is currently serving as core committee member of Indian Young National Academy of 

Science (INYAS), INSA, New Delhi. She has also represented India at several international platforms 

including BRICS Young Scientist Conclave and Shanghai Cooperation Organisation (SCO) Young 

Scientist Conclave. 
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I-06 
Materials science & technology at the atomic scale  

for energy and environment 

Thakur Prasad Yadav  

Hydrogen Energy Centre, Department of Physics, Institute of Science, 

 Banaras Hindu University, Varanasi, India 

E-mail: thakurp.yadav@bhu.ac.in 

 

Abstract: 

The energy demand using more efficient or clean alternative energy sources will not only save the 

planet from harmful effects caused by pollution but could also reduce disparity and create a more 

peaceful world. The nanoparticles, nanotubes, and 2D materials have been proposed as a catalyst for 

clean energy such as hydrogen generation and storage because of their extraordinary properties and 

ease of production. To achieve this information, we have attempted to develop a simple model 

catalyst of a well-defined two-dimensional layer of quasi-crystalline materials. As the first step of 

these studies, we demonstrate that two-dimensional quasi-crystalline metallic alloys can be isolated 

from bulk phases because of long-range interlayer ordered aperiodic arrangements. An 

ultrasonication-assisted liquid exfoliation of polygrained icosahedral and decagonal quasicrystals at 

room temperature shows a large area of mono and few layers of quasi-crystalline plane formation. 

The above experimental observations are further supported by theoretical calculations and 

simulations. The mono and few layered aperiodic planes render plentiful active sites for the catalysis 

of hydrogen evolution reaction. In the case of icosahedral quasicrystal, the 3-fold two-dimensional 

quasi-crystalline plane exhibits a hydrogen evolution reaction over potential of ~ 100 mV (160 time 

less than bulk counterpart) and long-term durability. These systems constitute the first demonstration 

of quasi-crystalline monolayer ordering in a free-standing thin layer without requiring the support of 

periodic or aperiodic substrate. As the second step of these studies, the effect of chemical leaching 

treatments on surface morphology and chemical composition of different Al-based quasicrystals was 

studied. The high symmetry surfaces of single grain icosahedral (i)-Al-Cu-Fe and decagonal (d-) Al-

Ni-Co, (d)Al-Cu-Co quasi-crystals and a polygrain (i)-Al-Pd-Re, (i)-Al-Cu-Fe, (i)-Al-Pd-Mn 

quasicrystal with random surface orientation were leached with NaOH solution at varying times and 

the resulting surfaces were characterized by scanning electron microscopy, energy dispersive X-ray 

analysis and X-ray photoelectron spectroscopy. The leaching treatments preferentially remove Al 

producing nanoparticles of the transition metals and their oxides. The leached fivefold surface of i-Al-

Cu-Fe exhibits micron-sized dodecahedral cavities on which the nanoparticles are precipitated. 

However, no specific microstructure has been observed on the tenfold surface of d-Al-Ni-Co and the 

polygraini-Al-Pd-Re. The 2-hour leached as grown and mechanically activated Al-Cu-Fe layer 

materials was subjected to catalyst application in hydrogen storage materials for MgH2. The catalytic 

effect of leached alloy on the de/re-hydrogenation characteristics has been studied. The hydrogenation 
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behavior, including absorption kinetics, will be discussed and presented in detail. The last section will 

also address the notable hydrogen storage in Ti–Zr–V–Cr–Ni high entropy alloy. 

Biography: 

Dr. Thakur Prasad Yadav received his M.Sc. degree in Physics with specialization in Solid State 

Physics in 1999, Post Graduate Diploma in Spectroscopy in 2002 and Ph.D. in Physics in 2009 from 

Banaras Hindu University, Varanasi, India. He joined the Hydrogen Energy Centre, Department of 

Physics, Institute of Science, Banaras Hindu University where he has been a Scientist since July 2007. 

He was a Visiting Scholar at The University of Liverpool, (United Kingdom) as a BOYSCAST 

Fellow, from September 2011 to August 2012 and at Rice University, Houston, Texas (USA) under 

Raman Research Fellowship from November 2016 to October 2017. His research interests are related 

mainly to physics of materials, structure property correlations in various advanced materials for 

structural and functional applications, nanocrystalline materials, quasicrystals, 2D materials, 

amorphous (bulk metallic glasses), materials for energy harvesting, energy storage (hydrogen 

storage), high entropy alloys, non-equilibrium processing of materials (high energy ball milling and 

rapid solidification processing). He has published more than 132 research papers in international 

journals of repute, 15 book chapters and one book on Al-based quasicrystal. 
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I-07 
BPMARRK®: Real-time crude oil assaying for monitoring &  

optimization of crude distillation units 

Rajeev Kumar, Mohammad Muzaffar Ahsan, Prashant Parihar &  

Ravi Kumar Voolapalli 

Corporate R&D Centre, Bharat Petroleum Corporation Ltd., Plot No: 2A, Udyog Kendra, 

Surajpur Industrial Area, Greater Noida, Uttar Pradesh, India 

Email: ravikumarv@bharatpetroleum.in 

 

Abstract:  

Variations in crude quality as well as lack of reliable crude assay information make the task of real 

time optimization extremely challenging if not impossible. BPCL’s patented technology, BPMARRK® 

generate entire crude assay within minutes as compared to several weeks through conventional 

laboratory methods, thus, making it extremely useful for real time applications. BPMARRK® is 

ideally placed to provide end-to-end solution to facilitate crucial business decisions related to crude 

selection, planning, scheduling, capacity utilization and refinery-wide optimization for profit 

maximization. BPMARRK®, an innovative technology for predicting detailed refining characteristics 

of crude oil based on only four physical parameters. It generates about 500 data information as 

refining characteristics, based on these input parameters. The output was validated in 5 different 

laboratories and with existing database software for accuracy. This innovation is differentiated among 

any crude database by its ability of profiling unknown oils or mix for refinery-wide optimization in 

short time. Real-time monitoring and unit-level optimization of crude distillation units using 

BPMARRK® has been established through successful trials at 9-10 different crude distillation units in 

Indian Refineries. During crude mix change and switch over, the transient value loss can be 

minimized as data for each crude oil tanks is available in advance before processing. BPMARRK® 

predicted the plant distillation profiles accurately and identified value addition opportunities to the 

tune of $0.1-0.5/bbl. BPMARRK® also enables multiple stakeholders across the value chain for fast 

business decisions viz. Oil Suppliers, Traders and Supply Chain for advance planning, selection of oil 

and Process Engineers for unit-level optimization of refinery operations and closing the loop for 

refinery wide optimization. The article discusses these opportunities and presents experience of using 

BPMARRK® for real time applications. 
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I-08 
Crude oil to chemicals 

Pramod Kumar 

HP Green R&D Centre, Hindustan Petroleum Corporation Limited,  

Bengaluru, Karnataka, India 

Email: - pramodkumar@hpcl.in 

 

Abstract:  

Energy demand of the world is ever-increasing. At the same time, the primary sources of energy are 

projected to change due to requirement of clean fuel and environment regulations. Liquid fuels 

obtained by crude oil distillation have been the mainstay of transportation for over a century. 

However, in recent past, increased focus on the changes in the environment caused by burning of 

fossil fuels, has put crude oil-based fuels under the lens as one of the major sources of CO2 emissions 

worldwide. Alternate sources of energy, such as biomass-derived fuels and electricity, have been 

projected to fulfil a significant portion of the energy demand for transportation, reducing dependency 

on crude oil. At the same time, demand of petrochemicals is increasing worldwide. In view of such 

scenario, refineries are in look out to maximise petrochemical yield from the crude oil for sustaining 

the business.  

In a typical refinery, FCC unit is the key producer of petrochemical feedstock like propylene. For 

further increasing the petrochemical yield, integration of refinery with petrochemical units are being 

done wherein Naphtha from refinery is being fed to Naphtha cracker to produce additional amount of 

olefins and aromatics. Such integration of refinery and petrochemical is quite complex in nature, 

requires additional space and significant investment. Refinery and petrochemical integration can help 

in producing almost 30% of petrochemical yield from the crude oil.  

There exists another option, wherein crude oil can be converted to petrochemical yield and such 

refinery complex is called as Crude Oil to Chemical (COTC) complex wherein more than 40% of 

crude oil can be converted to chemicals. Such COTC complex include deep level of integration of 

various units which is beyond typical refinery cum petrochemical complex. For making petrochemical 

yield (> 40 %), there is another concept wherein crude oil can be directly converted to olefins and 

aromatics in a single unit. 

The present talk will cover various options for maximizing petrochemical yield from refinery 

including integration of refinery with petrochemical. Discussion will also cover technologies 

developed by HPCL R&Ds for maximising petrochemical yield from FCC unit and also single step 

process for conversion of crude to chemical. 

Biography: 

Pramod Kumar is a Deputy General Manager in Corporate R&D Center of Hindustan Petroleum 

Corporation Ltd, Bangalore. He has more than 21 years of experience in process design, research, 
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engineering, and technical services in the area of FCC, thermal cracking, Biomass Pyrolysis, Carbon 

nano tube, Crude to Chemical. He holds a M Tech degree in chemical engineering from IIT, Kanpur. 

He is responsible for commercialisation of FCC feed nozzle, catalytic visbreaking process, high olefin 

FCC catalyst. He holds more than 15 patents in various areas of research. 
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I-09 
Sustainable fuels and their role in the refinery of future 

Krishna Mani 

Honeywell India Technology Centre, Honeywell UOP 

E-mail: mani.krishna@honeywell.com 

 

Abstract: 

Globally, biofuels are gaining increased importance due to environmental concerns, energy security 

and volatile oil prices. Governments across the globe are incentivizing the use of sustainable fuels in 

the form of favorable policy support, subsidies, minimum support prices, blending mandates and 

taxation credits. In North America, the US Renewable Fuel Standard (RFS) and the low-carbon fuel 

standards (LCFS) in California are incentivizing production and blending of substantial new volumes 

of biofuels into gasoline and diesel blend stocks.  In Europe, the Renewable Energy Directive II 

program encourages higher renewable energy use in transport fuels, including specific requirements 

for blending of advanced biofuels. 

In India, National Biofuel Policy 2018 sets a visionary road map for aiding the emergence of 

renewable sector in general and biofuels in particular. In the past, refiners witnessed unprecedented 

fuel sales growth, but their future viability is challenged by onset of improved energy efficiencies and 

alternate energy source for power trains. Hence, it’s equally imperative for the refiners to de-risk their 

fuel product portfolio and pivot towards future fuels that are developed on the foundations of low 

carbon intensity, lower greenhouse gas emissions and thrive on a virtually in-exhaustible pool of 

renewable feedstocks. The presentation will provide a holistic overview of Honeywell UOP’s 

Sustainable Technologies Portfolio that can be seamlessly integrated within the existing refinery’s 

infrastructure and produce drop-in fuels that are clean, green and achieve the sustainability goals of 

the refiners. In addition, the presentation will highlight the technology options available that can be 

adopted rapidly with low capex and enable export of green fuels to other geographies. 

Biography: 

Krishna Mani currently holds the position of Senior Research and Development Manager in the 

Hydro-processing, Renewable Energy and Gas Processing development group in Honeywell India 

Technology Centre (Honeywell UOP) Gurgaon. He has about 19 years of experience in refinery 

operations, process engineering design, and research and development.  

He graduated in chemical engineering from University Department of Chemical Technology (UDCT, 

Mumbai) and has completed post graduate program in business analytics from Great Lakes Institute 

of Management, Gurgaon. He holds 16 patents in clean, sustainable fuels and chemicals technology 

development. 
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I-10 
Sulphur regulation in marine fuel (MARPOL 2020) and  

a possible solution in the Indian context 

 

Samir Kumar Maity 

Distillates and heavy Oil Processing Division, CSIR - Indian Institute of Petroleum 

Email: skmaity@iip.res.in 

 

Abstract: 

The International Maritime Organization (IMO)/MARPOL implemented a new sulphur specification 

in marine fuel from 1st January 2020, known as MARPOL 2020. The sulphur specification as per this 

new rule reduces to 0.5 from the existing 3.5 wt %. This huge reduction in sulphur specification affects 

the Indian marine fuel industry as well as the Indian refinery. In India, the residual fuels generated 

mainly from Visbreaking unit, the bottom part of FCC, and Delayed coking are used as marine 

transportation fuels which are highly contaminated. Therefore, the Indian shipping industry including 

the refinery faces challenges in taking the right investment decision to comply with the new regulation 

as well as to reduce long-term GHG emission goals. In this regard, marine gas oil (MGO) is the best 

option since Indian refineries produce massive amounts of gas oil/diesel. However, the shipping 

industry has to bear higher price of MGO. 

It leads to finding other alternative fuels which are low in cost and also clean. Natural gas or liquefied 

natural gas (LNG) is one of the viable alternatives. India imports more than 50 % natural gas as LNG 

and hence the shipping infrastructures are already in place. The cost of this fuel is also comparative. 

Other than LNG, methanol, hydrogen and electric batteries are futuristic fuels not only for road 

transportation but also for bunker fuel. However, there are many challenges to making these fuels usable 

and economically feasible. 

 

Biography: 

Dr. S. K. Maity did his PhD from Roorkee University on Heterogeneous Catalysis. He has 

wide experience working in Mexican heavy crude, Extra heavy crude and Residues. Presently 

he is heading “Distillates and Heavy Oil Processing Division” which includes Visbreaking, 

Delayed coking, FCC, and Slurry hydroprocessing. He has recently commercialized “Soaker 

Internal Visbreaking Technology” in two Indian Refineries. He has published more than 100 

articles in International and National Journals. Several patents are also on his credit. 
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A-01 
Metal supported carbon dioxide capture and sequestration  

in the gas hydrate environment 

Abhishek Bhadani, Omkar Singh Kushwaha, Rajnish Kumar 

Chemical Engineering Department,  

Indian Institute of Technology Madras, Chennai, Tamil Nadu, India 

Email: ch21s024@smail.iitm.ac.in 

 

Presenter Name: Abhishek Bhadani 

 

Abstract:  

The increased levels of greenhouse gases, particularly CO2, in the lower earth atmosphere are the 

primary contributors to the global warming. Hence, carbon capture and sequestration (CCS) emerged 

to be an imperative to stop the excessive buildup of CO2 in the environment and control the process of 

climate change. Gas hydrate-based carbon capture and sequestration are primarily researched due to 

hydrates being capable of producing water as a major reusable-product, much required for the 

sustainability of the process. Since, the nucleation of gas hydrates takes a long time, which is one of the 

challenges with CO2 hydrate formation; here we report a study claiming a short induction time, high 

gas consumption, and a high separation factor all highly desirable for the development of sustainable 

CO2 capture technology.  

In this work, CO2 gas was used as the hydrate-forming gas along with cyclopentane (CP) which is 

primarily found to be highly immiscible in water. The CP was selected in order to reduce the operating 

conditions required for the hydrate formation. To observe the effect of the concentration, CP was used 

at two different concentrations 1 wt %, and 3 wt %, and the kinetics of hydrate formation was further 

improved in the presence of a supportive metal system. The carbon uptake kinetics, water to hydrate 

conversion, and rate of water recovery were studied. A superior kinetics of CO2 gas hydrate growth 

were observed with 3 wt % CP compared to 1 wt % CP. In summary, the process control, hydrate 

formation, operational temperature and pressure conditions were optimized through the application of 

metal as a facilitating-additive. In this study, Mg-metal along with cyclopentane has been used as an 

additive at respective concentrations to reduce the induction time with a visible CO2 gas uptake in the 

gas hydrate environment. 

Biography: 

Abhishek Bhadani graduated B-tech (Mechanical Engineering) in 2019. He joined 

Gas Hydrate research group as a project associate under Prof. Rajnish Kumar at IIT-

Madras at department of chemical engineering. Currently he is perusing his MS 

degree at IIT Madras. 
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A-02 
Enhancement of physiochemical properties of biodiesel and diesel blend  

with nanoparticles 

 

Ajeet Kumar Prajapati1 and Rakesh Kumar2 
1Department of Chemical Engineering and Biochemical Engineering, Rajiv Gandhi Institute of Petroleum 

Technology, Jais, Amethi, India 
2Department of Chemical Engineering and Biochemical Engineering, Rajiv Gandhi Institute of Petroleum 

Technology, Jais, Amethi 

Email: 20ce0002@rgipt.ac.in 

 

Presenter Name: Ajeet Kumar Prajapati 

 

Abstract: 

More requirements for diesel fuel and a huge rise in air pollution, owing to the surplus usage of diesel 

fuel, give us a prospect to discover environmentally friendly and clean fuels for the existing unmodified 

diesel engines. The present work is aimed to analyze the comparative study of neat Karanja oil biodiesel 

(KOBD) and blended nanoparticles. Nanoparticles are tremulous to increase the fuel property and 

reduce the exhaust gas emission. We have synthesized various nanoparticles and used them in the 

biodiesel to see the effect on various fuel properties such as density, viscosity, oxidation stability and 

calorific value. It was observed that Magnesium doped Zinc oxide nanoparticles blended fuel exhibits 

a significant calorific value and oxidation stability keeping the density and viscosity of the fuel within 

ASTM standards at all concentrations. The nanoparticle blend biodiesel yield activities were found to 

be in the order of Mg-ZnO > ZnO > SiO2 >TiO2 respectively. Besides this, we found that 

on the addition of nanoparticles in ppm level, the fuel calorific value and oxidation stability are 

increased, keeping the density and viscosity of the fuel within ASTM standards. Further, biodiesel 

blends with nanoparticles could be a good alternative fuel for diesel engine without any modification 

and most effective metal-oxide nanoparticle give us the best result on improving the performance as 

well as enhancing the physio-chemical fuel property. 

Biography: 

Ajeet Kumar Prajapati is graduated as M.E. in 2015. He then joined the research group 

of Dr. Rakesh Kumar (Associate professor) at Rajiv Gandhi Institute of Petroleum 

Technology. He has published two research articles on “Experimental study on 100 

% Replacement Fossil fuel by the Biofuels” and “Experimental study on utilization 

of Biogas in IC engine”. Moreover, he has given few presentations on National level 

conferences and actively participated in many workshops in order to boost his overall 

practical knowledge. 
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A-03 
A new way of database building for machine learning analysis 

 

Arnav Kanoje1, Rohit Borkar3, Suresh Nenavath4, Tarun Mahajan1,  

Mounika Badavath5, Nanaji Islavath1,2* 
1CSIR-Indian Institute of Petroleum, Dehradun, India 

2Academy of Scientific and Innovative Research, Ghaziabad India 
3Computer Engineering, IIIT Jabalpur, Madhya Pradesh, India 

4Department of Artificial Intelligence, IIT Hyderabad, Sangareddy, Telangana, India 
5Kakatiya Institute of Technology & Science, Warangal, Telangana, India 

Email: n.islavath@iip.res.in 

 

Presenter Name: Arnav Kanoje 

 

Abstract: 

Machine learning is most exciting tool to discover/predict new materials using the statistical methods. 

It requires high accuracy database and to improve predictions. This prediction approach is already 

proved to be capable of considerably speeding up fundamental/applied research. Still the materials 

research community is lacking in the data accuracy; it is difficult to pick selective properties of materials 

from the web/pdf files and it needs high level-coding and time. In this work, we developed a simple 

coding for selectively picking the materials properties from the web/pdf files and this coding was 

applied for making the database on solid-sate hydrogen (H2) storage materials. This generates high 

accuracy structured database (xlsx/csv) accompanied with high level-coding and is used for discovery 

of recyclable hydride materials for the prediction of uptake and capacity of H2. This work comes with 

firm conviction that the high accuracy structured database and efficient statistical tools are capable of 

discovering new materials and will certainly shape materials for the years to come. 

Biography: 

Arnav Kanoje is pursuing Petrochemical Engineering from Dr. Babasaheb Ambedkar 

Technological University, Lonere, Maharashtra and working as a Trainee at ASD, 

CSIR-IIP Dehradun under the supervision of Dr. Nanaji Islavath. 
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A-04 
Prototype large scale reactor for cost-effective H2 production from 

water under natural sunlight 

 

Venugopala Rao Battula, Deepak Kumar Chauhan,  

ArpnaJaryal, Kamalakannan Kailasam 

Institute of Nano Science and Technology,  

Knowledge City, Sector-81, Mohali, Punjab, India 

Email: kamal@inst.ac.in 

 

Presenter Name: Deepak Kumar Chauhan 

 

Abstract: 

Natural sunlight-driven H2 production at large scale through artificial photosynthesis could solve two 

of the major challenges of current modern civilization: rapid fossil fuel depletion and global warming. 

Moreover, the solar energy is best possible renewable energy source having technical potential (1500-

50000 EJ per year) much higher than the 2050 expected primary energy demand (1000 EJ per year).1 

Therefore, developing efficient visible light active photocatalysts becomes the need-of-the-hour 

research for the modern scientific community. In this regard, the carbon nitride (g-CN), a visible light 

active organic semiconductor has drawn the major scientific attention especially for H2 production due 

to it’s easy synthesis and appropriate band positions.2-4 Here, we have developed a large-scale prototype 

photocatalytic reactor which operates under natural sunlight.  

Biography: 

Deepak Kumar Chauhan completed his masters in MSc Chemistry in 2013. He then 

joined the research group of Prof. Kamalakannan Kailasam at Institute of Nano 

Science and Technology (INST) Mohali, Punjab. 
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A-05 
Application of edible oil-derived biodegradable surfactant in gas hydrate studies 

 

Dhaval Patel, Bhavik Kumar Mahant, Rajnish Kumar 

Department of Chemical Engineering,  

Indian Institute of Technology Madras, Tamil Nadu, India 

Email: ch21m007@smail.iitm.ac.in 

 

Presenter Name: Dhaval Vijaybhai Patel 

 

Abstract:  

The world is moving towards the utilization of gas-based fuel economy from liquid-based fuel 

economy. Currently, world has enormous amount of energy resources in terms of natural gas hydrate 

that is unexplored. Gas hydrates are the compound that will form naturally or artificially at higher 

pressure and low temperature in the presence of gas and water. Efforts were going on to understand the 

sound and sustainable utilization of gas hydrates by mimicking the gas hydrate formation processes at 

a lab-scale environment. The bottleneck issue which prevents the fundamental development on gas 

hydrate is the mass transfer limitation at the interface. To resolve this issue many chemical additives as 

kinetic hydrate promotors have been utilized. The major challenge with conventional surfactants is 

higher foam generation which makes overall process techno economically unviable. In the present study 

impact of biodegradable surfactant which was synthesized from edible oil was assessed in order to 

understand the enhancement of gas hydrate formation process. The detailed synthesis of biodegradable, 

green surfactant from Cocous Nucifera was explained in the previous study. The current study focuses 

on utilization of bio surfactant to investigate the gas hydrate formation study of natural gas and carbon 

dioxide gas hydrate. From the experimental results, the synthesized surfactant significantly increases 

the gas hydrate formation with low foam generation in the dissociation of both gas hydrates. The 

ultimate aim to develop the biodegradable and green surfactant-based gas hydrate study which can use 

for natural gas hydrate storage and carbon dioxide sequestration. 

Biography: 

Mr. Dhaval Vijaybhai Patel is graduated as BE Chemical in 2021. He then joined as 

an MTech student in Department of Chemical Engineering, IIT Madras. He has joined 

the research group of Prof. Rajnish Kumar at IIT Madras. 
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A-06 
Role of catalysts in biomass gasification for hydrogen production 

 

Gourav Kumar Rath, Sakshi Singh, Gaurav Pandey  

Department of Petroleum Engineering and Earth Sciences,  

University of Petroleum and Energy Studies, Dehradun, Uttarakhand, India 

Email: gaurav.pandey@ddn.upes.ac.in 

 

Presenter Name: Gourav Kumar Rath 

 

Abstract: 

The growing world energy demands, and pollution level are driving the attention of researchers towards 

cleaner energy fuels. A clean fuel is an energy source which generates power, with low or zero carbon 

emission like Hydrogen and synthetic non-carbon fuels. The production of Hydrogen through 

renewable energy sources is a zero-carbon emitting approach. Thermochemical, electrochemical, 

biological and direct solar water splitting methods are the four major techniques used for hydrogen 

production. Thermochemical process (e.g., pyrolysis, gasification, combustion and liquefaction) is a 

mature technique which uses heat to initiate chemical conversions of feed stock. The high carbon- 

hydrogen content in biomass makes it an excellent hydrogen source which can be derived using biomass 

conversion techniques. Hydrogen is generated from various sources like natural gas, biomass and 

biomass derivatives. Categories of biomass used for yielding hydrogen are agricultural residues, 

lignocellulose biomass, energy crops and bio-wastes. The bio-feed is transformed into gaseous products 

through thermochemical methods like pyrolysis, gasification, liquefaction and combustion. Biomass 

gasification is gaining attention to be applied for hydrogen production due of its low carbon emission, 

environmental upsides and high efficacy. Gasification is a process of converting the organic 

constituents of biomass into hydrogen, carbon monoxide and carbon dioxide, at a raised temperature 

with controlled amount of oxygen. In this paper, different thermochemical process of Hydrogen 

production and their economics is discussed, with special emphasis on biomass gasification. The 

performance of different catalysts has been compared on the basis of biomass types, operating 

temperature and amount of hydrogen produced. The use of air biomass gasification with in presence of 

bio-catalyst was observed to be a cost-effective and environmentally benign procedure. Furthermore, 

the challenges and future prospects of hydrogen production using gasification of biomass and 

application of bio-catalysts are explored.  

Biography: 

Mr. Gourav Kumar Rath has completed his B. Tech in Chemical Engineering, from 

Indira Gandhi institute of Technology, Odisha in 2020. Currently he is pursuing his 

M. Tech in Petroleum Engineering at the University of Petroleum and Energy Studies, 

Dehradun and is carrying out his academic research work under the guidance of Dr. 

Gaurav Pandey. He has also presented his work at two international conferences. 
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A-07 
Kinetics study of Air-Cyclopentane hydrate formation in the presence and  

absence of salt: Application of desalination 
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Presenter Name: Lagnajita Paul 

 

Abstract:  

Hydrate-based desalination could be a promising technique for producing fresh water from saline water, 

as it is an eco-friendly process and suitable for large-scale implementation. To make the hydrate-based 

desalination technology easily scalable, we looked at using air as hydrate former, along with 

cyclopentane (CP). Hydrate former CP helps to reduce the operating conditions, as CP forms hydrate 

at ambient pressure. Small liquid hydrocarbons like cyclopentane are considered a good hydrate former 

as it forms hydrate at ambient pressure and is immiscible in water. CP forms structure II hydrate at 

approximately 7.7 ºC and atmospheric pressure. However, hydrate formation kinetics due to water-

insoluble CP is slow. In this work, kinetics of hydrate formation in saline water were investigated and 

compared so that utility of air as hydrate former is identified for desalination work. The primary motive 

of this work is to study hydrate formation from the air and the kinetics of hydrate formation and 

separation of salt from saline water using the HyDesal process. The use of air as hydrate former would 

make this process scalable even at remote locations. Experiments were carried out in stirred tank reactor 

at a temperature of 3 C and a pressure of 60 bar. The gas uptake kinetics, recovery rate, and water to 

hydrate conversion have been investigated.  

Biography: 

I am Lagnajita Paul, currently pursuing doctoral Research in Gas Hydrate under the 

guidance of Professor Rajnish Kumar in IIT Madras. I belong from Agartala, Tripura 

and I have done my bachelor’s degree from NIT Agartala in Chemical Engineering.  
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A-08 
Strategies for vibration control of floating offshore wind turbines: 

Design and validation 
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Presenter Name: Dr. Mohit Verma 

 

Abstract:  

The number of offshore wind turbine installations is growing exponentially. These installations will see 

a shift from the shallow to deep waters. The loads on the floating offshore wind turbine (FOWT) 

increases as we get further from the coast. The efficiency of the wind turbines may be impacted by the 

increased loading due to the combined action of the wind and waves. Additionally, it can cause power 

fluctuations, significant tower displacements, and higher fatigue loads. The installation of passive 

secondary devices aims to avoid these impacts. Tuned mass dampers (TMDs) are one of the effective 

ways to reduce the loads on the FOWT. This research focuses on the development of a generalized 

framework for the optimal design of the TMD for FOWT. The TMD design is posed as a feedback 

control problem where the objective is to evaluate the gains of the controller, corresponding to the TMD 

parameters, such that the response of the FOWT is minimized. The performance of the TMD is verified 

for different environmental conditions. The effectiveness of the TMD in reducing the transient response 

of FOWT is also explored. It is found that the designed TMD is effective in reduction the steady state 

as well as transient response of the FOWT. Finally, an experimental strategy based on real-time hybrid 

simulation (RTHS) is proposed for the validation of the designed TMD.  
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A-09 
A Comparative study of shaped MIL-101 MOF beads with commercial zeolite for 

CH4/N2 separation for CH4 recovery from low CH4 bearing CH4-N2 mixtures 

 

Narendra Singh, Suman Dalakoti, Honore N. Wamba,  

Swapnil Divekar, Soumen Dasgupta, Aarti 
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Presenter Name: Narendra Singh 

 

Abstract:  

Methane is an abundant and low-polluting energy source, but it comes with impurities from coal beds 

or other natural sources, mainly N2. Therefore, it is mandatory to separate CH4 and N2 to have enriched 

calorific values for further utilization. But it is very challenging to separate CH4/ N2 mixtures due to 

their physical properties. Metal-Organic Frameworks (MOFs) have emerged as potential materials for 

adsorptive gas separation. Shaping MOFs into beads or extrudates is an essential step for their dynamic 

gas adsorption studies. In this work, MIL-101 MOF beads have been synthesized using calcium alginate 

as the binder. The synthesized MIL-101 MOF powder & beads were characterized using N2 sorption 

isotherm at 77K, XRD, FTIR, TGA, and SEM. The adsorption equilibrium isotherm for CH4 and N2 

were taken at 298 and 313 K up to 10 bar pressure in gravimetric balance. The dual site Langmuir model 

was also used to fit the CH4 and N2 equilibrium isotherm experimental data. The CH4/N2 selectivity of 

synthesized MIL-101 beads has been compared with commercial zeolite-5A. The CH4/N2 selectivity of 

MIL-101 beads was 26 % higher than commercial zeolite-5A for different methane nitrogen feed 

compositions (CH4/N2, 20 %/ 80 %, and 10 %/ 90 %) of Coal bed methane. 
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Abstract: 

Global plastics production increased vigorously in the last few decades. Some alternative measures 

have been developed to manage waste plastics, like recycling and energy recovery methods. Chemical 

recycling through pyrolysis is the preferable method to resolve waste plastic management as it allows 

the production of various products like fuels and chemicals. In the present study, three post-consumer 

polyolefin waste plastics have been degraded in a glass reactor, and the pyrosylate vapours have been 

condensed to obtain liquid hydrocarbons. These have been characterized by GC-MS, FTIR, and proton 

NMR analysis for identifying molecular spectra. The results indicate that pyrolysis products derived 

from polyolefins vary in a wide range of hydrocarbons with linear as well as branched structures. It 

includes paraffins, olefins, and cyclic compounds. Aromatics also present to a very less extent. All these 

hydrocarbons can be used for different applications like fuels and chemical intermediates etc. The 

different types of waste plastics can be useful feedstock for getting different end products without going 

through any expensive catalytic process. 
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Abstract:  

Solar energy has become a leading solution to meet the increasing energy demand of growing 

population all around the world. Solar PV(Photovoltaic) technology is an efficient and sustainable 

option to generate electricity from solar energy and mitigate climate change this can become a clean 

source of energy with Net zero emissions if concentrated. Although the development and growth of 

solar photovoltaics has a positive impact on energy system decarbonization, but end-of-life solar panels 

might become toxic waste if not properly disposed off. Presently in India, approximately 2 million 

tonnes of solar PV waste are expected to be produced by 2030 and 1.8 million tonnes by 2050, by then 

solar PV waste could grow to 60 million tonnes all around the globe. Solar PV waste has recently been 

included in the category of (WEEE)waste electrical and electronic equipment to restrict the negative 

influence of continual development. As of now advancements are only seen for increasing efficiency 

and reducing cost of the solar cell without considering the impact of waste solar panels on the 

environment and the issue of appropriate disposal of waste panels. Growth will, however, be fuelled by 

the consumption of various resources, bringing with it unavoidable losses and environmental, 

economic, and societal impacts Effective and eco-friendly methods for recycling end-of-life waste are 

rarely considered. Basically, India has only one company that is recycling EOL PV module and which 

recovers only Al and glass mainly. We Indians pledged net zero carbon emissions by 2070 in CoP26 at 

Glasgow. Clean energy resources with net zero emissions are the ways. 

This work proposes an integrated process flowsheet for the recovery of pure crystalline Si, Ag, Cu, Pb, 

Al and Sn from end of life (EOL) Si photovoltaic (PV) panels consisting of a primary thermal treatment, 

followed by downstream hydrometallurgical processes. A life cycle impact assessment is discussed for 

every phase (cradle to grave). The proposed flowsheet resulted from extensive experimental work and 

comprises the following units of operations: Mechanical removal, Delamination, Shredding, 

Quantitative leaching, Electrowinning, Etching, Neutralization of acid liquor. Therefore, the disposal 

of PV panels will become a pertinent environmental issue in the next decades. Eventually, this process 

may have a scope to investigation on the disposal and recycling of PV panels EOL. 
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work I have fabricated and Characterized Perovskite Solar cell with Power 

conversion Efficiency >20 %. Then after I got selected in SPARK Summer 

internship program at Indian Institute of Technology Roorkee, Uttarakhand, 

for 2 months in Prof. Nikhil Dhawan of Metallurgical and Materials 

Engineering lab group. There I have worked on Recycling of EOL PV 

modules. My extensive good work was awarded with BEST POSTER 

DESIGN and PRESENTATION by a shield and appreciation certificate from 

the hands of Director of IIT Roorkee. Total 11000+ applications were received 

from all over the India for Internship, 125 members were selected, and I got Best Poster design Award. 
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Synthesis and characterization of alkaline earth metals (Ca, Ba, Sr) doped  

La2Ce2O7 catalyst for low temperature oxidative coupling of methane 
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Abstract:  

This study investigated the effect of different alkaline earth metals doped La2-xMxCe2O7-δ (M=Ca, Sr, 

Ba and x=0.30) catalysts which is prepared by in-situ one step surfactant Cetyltrimethylammonium 

bromide (CTAB) assisted hydrothermal method for oxidative coupling of methane (OCM) that can 

operate at low temperature. Different analytical techniques were used to characterize the prepared 

catalysts in order to understand and relate their physico-chemical properties to their catalytic activity. 

XRD and Raman analysis revealed that all the synthesized catalysts have a defective cubic fluorite 

phase. The surfaces analysis by XPS and Raman show a high abundance of electrophilic superoxide O2
- 

anions. Both the active surface oxygen species and basic sites are vital for OCM, and their synergism 

determines the reactivity. A linear correlation was found between the amount of surface basic sites and 

the ratio of the oxygen species O2
− and O2

2− to lattice oxygen. This behaviour is crucial for the CH4 

conversion and selectivity to C2H6 and C2H4 in OCM reaction. All of the catalysts perform significantly 

better at low temperatures (at 650 °C) in the following order: La1.70Ca0.30Ce2O7-δ > La1.70Sr0.30Ce2O7-δ > 

La1.70Ba0.30Ce2O7-δ > La2Ce2O7 this similar order is also obtained for the ratio of the oxygen species O2
− 

and O2
2− to lattice oxygen and amount of basic sites, this shows that these factors are the governing 

factors in the OCM reaction. The best catalyst, according to this study, is La1.70Ca0.30Ce2O7-δ, which 

gives the highest C2 selectivity of 78.8 % and already started the reaction at 450 °C with a C2 product 

yield of about 2.5 %, demonstrating its superior low temperature behaviour. The OCM reaction is 

improved by using a catalyst with a high surface electrophilic oxygen content and a high amount of 

basic sites. Therefore, it concluded that the interaction between these two kinds of surface-active sites 

in fact controls the OCM reaction performance. Changing the CH4/O2 feed ratio and reaction 

temperature confirmed that these parameters are critical for the OCM reaction. The best catalytic 

reaction conditions for the La1.70Ca0.30Ce2O7-δ (LCCO) catalyst were GHSV = 15000 mL h-1 g-1, CH4:O2 

= 4:1, and T = 650 °C, resulting in 23.8 % C2 yield.  
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Abstract: 

The formation and deposition of ice-like crystalline solids called gas hydrates (GHs) have been a severe 

problem in the deep-water natural gas production system and transmission lines. GHs are formed by 

the enclathration of gaseous molecules (CH4, C2H6, C3H8, CO2, etc.) in hydrogen-bonded water cages, 

which are thermodynamically stable at high-pressure and low-temperature conditions. Subsea oil and 

gas pipelines are at high risk of hydrate blockage and can cost up to 8 % of the total plant cost. 

Therefore, operators need to know the severity and probability of hydrate formation to manage the 

pipeline blockage. The most common practice in industries is thermodynamic hydrate inhibitors (THIs) 

injection, which effectively mitigates the hydrate formation while shifting the hydrate formation 

conditions toward left side (extremely low-temperature or very high pressure). However, high dosages 

of THIs (20-40 wt.% with respect to the aqueous phase) make this approach highly uneconomical. 

Therefore, a paradigm shift toward the usage of low dosage hydrate inhibitors (LDHIs <1.0 wt%) is 

highly recommended to manage the hydrate blockage risks cost-effectively. In this context, we evaluate 

the various classes of hydrate inhibitors/ environmentally compatible inhibitors (commercial/CSIR-IIP 

synthesized chemistries) which can be utilized to mitigate or manage the hydrate blockage risk in oil 

and gas pipelines. Inhibition performance of additives was investigated for natural gas hydrates while 

evaluating the hydrate formation temperature, crystal induction time, and kinetics of hydrate formation 

along with visual observations (hydrate plugging scenario). Experiments were conducted at an initial 

pressure of 4.0 MPa and 275 K temperature while employing a high-pressure visual autoclave. Our 

findings highlight the promise of engaging low-dosage hydrate inhibitors in flow assurance and may 

offer new insights into developing new hydrate management chemicals.   
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Abstract:  

As the world energy demands has been increased, extensive use of conventional energy source led to 

growing levels of Green House Gases (GHGs) causing disruption in atmospheric gas ratio. To conquer 

this challenge and decarbonize world energy system, scientists are exploring clean fuel or low carbon 

emitting fuel. One of the cleanest fuel energies is considered as hydrogen (H2) energy. Hydrogen has 

exceptionally higher heating value of 120 MJ/kg. However, scientific intervention for its production, 

storage, and transportation is indispensable. Hydrogen storage is a difficult task because of the 

substantially high energy content and low volumetric capacity. Hydrogen storage is done through two 

techniques; (i) Physical Based Hydrogen Storage; (ii) Chemical Based Hydrogen Storage. Physical 

based Hydrogen storage techniques are Compressed Gaseous Hydrogen Storage, Cryogenic High 

Pressure Hydrogen Storage, Material Based Hydrogen Storage, Liquid Hydrogen Storage, Gas 

Hydrates. Chemical based Hydrogen storage techniques are Metal Hydride Alloy, Metal Hydride, 

Chemical Hydride. Gas Hydrate Based Technology is an efficient technology to store molecular 

hydrogen in gas hydrate by encapsulating the molecular hydrogen in a cage-like structure. Gas hydrates 

could potentially store 1−10 wt. % of hydrogen depending on the suitable temperature and pressure 

conditions. In this paper effect of additives such as synthetic promoters (kinetic and thermodynamic 

promoters) on hydrogen hydrate formation and dissociation were reviewed and discussed. By addition 

of these additives [tetrahydrofuran (THF), 1,3-dioxolane (DIOX), sodium dodecyl sulfate (SDS)], rapid 

hydrate formation phenomenon and enhanced storage capacity of hydrogen in gas hydrate were reported 

by scientists. Synergistic effect of THF/ DIOX with SDS were also observed by the researchers. Based 

on the review, there is a need to find a suitable additive to overcome the challenges of hydrogen storage 

in hydrate form due to low density. 
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Abstract: 

The unwaveringly increasing energy demand, depleting fossil reserves, and the dismissive 

environmental impacts of petroleum-derived chemicals all stimulate the search for alternative energy 

sources. In recent years lignocellulosic biomass i.e., composed of cellulose, hemicellulose, and lignin, 

has been identified as one of the most promising renewable sources for the production of many 

chemicals, fuels, and energy precursors attributed to their long-term sustainability and zero carbon 

emissions. Glucose is the most abundant of the hexoses occurring in cellulose, therefore glucose 

conversion to 5-Hydroxymethyl furfural (5-HMF) has been identified as a key intermediate step for the 

production of biofuels and biochemicals. Also, 5-HMF has been identified as one of the top 12 

chemicals, derived from biomass, by the Department of Energy US. The dehydration of glucose takes 

place through a heterogonous catalyst that exhibits strong acidity. The present research aims to combine 

the metal oxides for effectiveness and good compatibility to develop a better composite for the 

dehydration of glucose to HMF. The idea to join two types of metal oxides particularly 

seemed interesting to be assumed that the presence of one metal oxide (Ta2O5) support offers both the 

Lewis and Brønsted acid sites to promote fructose dehydration to 5-HMF and another metal oxide offer 

Lewis acidic sites for the conversion of glucose to fructose. For this, two metal oxide NPs with different 

molar ratios were obtained by the sol-gel and hydrothermal method and analyzed. This synthesis is an 

effective way to obtain nanoparticles with controlled morphology, narrow particle size distribution, and 

high phase compositional homogeneity. The synthesized provided favorable conditions for the 

sequential sugar(s) transformation, i. e., glucose isomerization followed by fructose dehydration, which 

resulted in a high 5-HMF yield under modest reaction conditions in a water-DMSO system using. 
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Abstract: 

Electrocatalytic water oxidation by molecular electrocatalyst has emerged very rapidly. Here, metal 

complexes of Mn(II), Co(II), and Ni(II) containing Thiophene-2-carbohydrazide are synthesized and 

characterized by a single crystal X-ray technique. The complexes 1, 2, and 3 crystallize in monoclinic, 

orthorhombic, and monoclinic systems with space groups P21/c, Pca21, and P21/c, respectively. The 

crystal structure of complexes is stabilized via various intermolecular hydrogen bonding including N-

H···Cl, O-H···Cl, O-H···O, N-H···O, C-H···S etc. providing supramolecular architectures. The 

prepared metal complexes [Mn(tphch)3]
2+ (1), [Co(tphch)3]

2+ (2) and [Ni(tphch)3]
2+ (3) were coated on 

glassy carbon electrodes (GCE). Nafion (Nf) solutions were used during the immobilization process to 

provide an electroactive surface on GCE (GCE/Nf). Electrochemical characterizations of modified 

electrodes were achieved from the results of cyclic voltammetry and linear sweep voltammetry 

techniques. The electrochemical study of GCE modified GCE/Nf/Complex-1, GCE/Nf/Complex-2, and 

GCE/Nf/Complex-3 for water oxidation reveals that all the complexes possess admirable 

electrocatalytic activity towards oxygen evolution reaction (OER). Comparison of electrochemical 

parameters of complexes for OER with previously reported molecular electrocatalysts shows complexes 

have remarkable OER activity. Tafel slope of GCE/Nf/Complex-2 and GCE/Nf/Complex-3 was found 

lower than commercial benchmark electrocatalyst RuO2 and IrO2. 
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Abstract:  

The demand for energy in India is considerably high due to less production of natural gas. The shale 

gas reserves are promising alternative of natural gas and it has potential to become game changer in 

energy sector. The main advantages of the shale gas reserve are its large volume compared to 

conventional reserve, which are less. Even though India is not identified with large shale gas deposits, 

preliminary studies reveal that shale gas reserves are present in Gujarat, Jharkhand, West Bengal, 

Andhra Pradesh, Rajasthan and Tamil Nadu. The success of shale gas prospect depends on how much 

oil and gas can be recovered with available technologies. As shale formation has low permeability, it 

requires fracking to expel the oil from subsurface. Traditionally the hydraulic fracturing is utilized for 

the recovery of shale gas. However, this technique requires large quantity of water and chemicals and 

contaminates the ground water and its disposal is the major concern. Moreover, this technology is not 

suitable for the water stressed countries like India. The alternative for hydraulic fracturing is waterless 

fracturing technologies. The waterless fracturing technologies are foam, carbon di oxide, nitrogen gas 

and propelling. However, these techniques have their own demerits including poor fracturing, 

formation damage and seismicity etc. The electric fracturing based on Pulsed arc electrohydraulic 

discharges (PAED), Plasma stimulation and fracturing technology (PSF) enhanced the shale gas 

production. The current poster reviews the opportunities and challenges of electrical fracturing 

technology with the shale reservoir.  
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Abstract:  

The conversion of biomass into a great variety of valuable chemicals is the key concept of a bio refinery. 

The main components of wood biomass are cellulose (35 % to 50 %), hemicelluloses (20 % to 35 %), 

lignin (5 % to 30 %), and other extracted compounds (1 % to 10 %). Although cellulose, hemicelluloses, 

and lignin transformation has been extensively studied, less attention has been given to other extracted 

compounds, which also constitute important feedstocks for commodities and fine chemicals. Many 

plant-derived chemicals also constitute secondary metabolites with application in the pharmaceutical 

field or as non-prescription health supplements. The key reactions involved in biomass processing are 

hydrolysis, dehydration, isomerization, aldol condensation, reforming, hydrogenation, and oxidation. 

Catalytic lignocellulose hydrolysis converts cellulose and hemicellulose into small oligomers and 

sugars; lignin separates from the mixture. Selective catalytic hydrodeoxygenation (HDO) transforms 

part of the small oligomers into biofuels or chemicals. Sugar fermentation via the known routes gives 

ethanol or other several higher-chain alcohols. The liquid phase hydrogenation of LA to GVL has been 

reported over Ru/C in a batch reactor and obtained 95-99 % selectivity to GVL at 85-90 % conversion 

of LA 
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Abstract: 

Radiative cooling is a passive recent technology because of its significant potential for saving the 

energy, reducing cooling cost, and alleviating the global warming. For this, several wide-band gap 

oxide/sulphate materials were demonstrated as self-cooling materials and it offered a high solar 

reflectance/emittance in the sky transparency window. Few of the self-cooling materials absorb 

violet/ultra-violet/IR light but limit their applications in many fields like in solid-state hydride 

electrolyte and perovskite solar cell/LEDs. In this work, we focused on energy saving and storage 

materials (eco-friendly hydride species on oxide), and discovered efficient compounds using machine 

learning approach. The design materials are inactive in the presence of violet/ultra-violet/IR light and 

optimum hydride species on oxide/sulphates composite will have better performance than liquid 

electrolytes. The eco-friendly hydride species on oxide/sulphate composite pave the way for further 

search of efficient electrolyte and radiative cooling materials.  
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Abstract: 

Metal nanoparticles (MNPs) have been usually applied for photocatalytic applications as they show 

enhanced physical and chemical properties. Bimetallic nanoparticles, composed of two different metals 

have drawn a greater interest than the monometallic nanoparticles from both scientific as well as 

technological point of view as they possess abundant active sites and high surface energy because of 

the numerous defects. However, bimetallic Nanoparticles lose their catalytic behaviour due to their 

aggregation. To overcome this issue support material like graphitic nitride (g-C3N4) has been found as 

suitable material. g-C3N4 possesses a narrow band gap (about 2.7 eV) that endows it with superior light 

absorption capacity. Besides, it shows unique electronic structure, high thermal and chemical stability 

as well as less toxicity. Highlighting this, in this work we report a non-noble CuCo bimetallic 

nanoparticle supported on g-C3N4 as efficient nanocatalyst for the photocatalytic degradation of 

Ibuprofen. In addition, its efficiency for H2 evolution by water splitting has also been evaluated.  The 

structural confirmation of the synthesized nanocatalyst was characterized by using sophisticated 

techniques like Powder X-ray diffraction (PXRD), Fourier Transform Infrared Spectroscopy (FTIR), 

Raman spectroscopy, UV-visible spectroscopy (UV-Vis), X-ray photoelectron spectroscopy (XPS), 

Transmission electron microscopy (TEM), Scanning electron microscopy (SEM), photoluminescence 

study and N2 adsorption-desorption analysis. Our study revealed that CuCo supported on g-C3N4 

showed the photocatalytic degradation of Ibuprofen of about 97 %. It also showed H2-evolution amount 

of 4638.4 µmol g-1 h-1. The enhanced photocatalytic activity may be due to CuCo bimetallic 

nanoparticles that convert the energy of the sunlight into surface plasmon resonance oscillations and 

transfers the plasmonic energy to the electron-hole pair.   
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Abstract: 

Clathrate hydrates are structures in which water molecules bond to form crystalline, non-stoichiometric 

cage-like structures that encapsulate a guest molecule. Studies have shown that additives like TBAB 

(tetrabutylammonium bromide) can significantly reduce the pressure and temperature thresholds 

required for CO2 clathrate formation. This work aims to study the carbon capture capability of semi-

clathrate hydrate formers to identify efficient and environmentally benign semi-clathrate promoter 

combinations.  A small-scale cylindrical glass reactor has been used to study the conversion of CO2 gas 

into hydrates using semi-clathrate additives in the pressure range up to 3 MPa and temperatures in the 

range of 10-20 °C. We have been able to observe considerable CO2 storage capacity in the hydrates and 

greater stability as compared to pure CO2 – water hydrates. Further, the morphology of mixed CO2 

semi-clathrate hydrate growth will be presented as well. The hydrates formed can effectively separate 

CO2 from the flue gas stream and can be employed for safe storage. Hydrates can be dissociated as per 

requirement by the supply of waste heat to release stored CO2 gas. The semi-clathrate hydrate 

technology can be considered environment friendly as water and a small amount of promoter salt are 

only used to capture carbon dioxide gas without any polluting reactions or waste generation. The gas 

released through dissociation is pure CO2 which can be reused as feedstock for industries, making this 

technology a promising candidate for Carbon Capture, Utilization and Storage (CCUS). 
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Abstract: 

Green energy and clean water are two thrust issues in present times, where microbial fuel cells are 

considered to be accurately placed to address these issues. However, field-scale applications of microbial 

fuel cells require efficient, low cost or inexpensive materials for fabrication and operation. Almost 60 

% cost of scale-up of microbial fuel cells is attributed to the proton exchange membranes. Thus, ceramic 

membranes are now considered to be a low-cost and high-performance alternative. In the present work, 

we have developed ceramic membranes utilizing potter’s clay and coal fly ash in varying compositions 

(0, 5, 10, and 20 wt%). Membrane characterization was performed with parameters such as water uptake, 

proton conductivity, oxygen mass transfer coefficient, and average pore size. Morphological analysis 

was also done to study the membrane microstructure. 10 % FA membrane showed high proton 

conductivity (3 times) as compared to the control membrane. Also, the SEM analysis revealed the porous 

surface of the membrane with decreasing pore size while we increase the FA content in the membrane. 

MFCs fitted with 10 % FA membrane displayed a high open circuit voltage of 856 mV while OCV 

reached 775 mV in control. Also, peak power output was 2 times higher in 10 % FA MFC as compared 

to control which corroborates high electrogenic activity. Moreover, high COD removal efficiency was 

achieved in all MFCs with initial COD of 1000 mg/L. Efficient proton conduction and high electrogenic 

activity reduced the internal resistance of 10 % FA MFC to 421 Ω which is 33.8 % less compared to 

636 Ω in the control MFC. The study demonstrated that FA-modified membranes in MFC can be 

effectively used for wastewater treatment and sustainable energy generation along with providing a 

sustainable solution to large coal fly ash waste. 
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Abstract: 

The tropical and subtropical regions of Asia, Africa, and America are where essential oil crops like 

lemongrass (Cymbopogon flexuosus) is most economically successful. Large amounts of spent aromatic 

waste are produced during the extraction of commercially valuable fragrances from essential oil crops, 

and the majority of this trash is either burned or disposed off to fields. The current work aims to isolate 

yeast strains with the ability to ferment xylose for use in the future for the gaining of products with 

biotechnological interest, taking into account the importance of the usage of pentoses from spent 

lignocellulosic materials. Effective use of the pentose that hemicellulose hydrolysis releases could 

increase the process's economic feasibility. Finding pentose-fermenting microbes could be a substitute 

as Saccharomyces cerevisiae is unable to ferment the pentose sugar. This work involved the isolation 

of yeast strains from decomposing plant materials, including flowers, fruits, and their use in the uptake 

of xylose. Five isolated strains out of a total of 25 could consume 40 g L-1 of xylose in 120 hours. The 

strain DSV1001 produced 0.45 g/g of xylitol, and the strains DSV1001 consumed a sizable amount of 

xylose during microaerobic cultivation. The current study will represent a way for using the pentose 

sugars produced from used lignocellulosic biomass to produce value-added chemicals. 

Keywords: Isolation, Pre-treatment, Spent biomass, Submerged fermentation. 
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Abstract: 

The substantial consumption of petroleum-based fuel and petrochemicals has constrained the increased 

processing of crude oil. Petroleum-based products and one of the major causes of the deterioration of 

the environment. Oil industry effluents, oily sludge, and oil spills on land and water cause a major threat 

to the environment as their constituents are toxic and carcinogenic. Remediating polluted sites by 

biodegradation is a viable alternative to conventional physico-chemical methods. The present studies 

focus on the bioremediation of one such pollutant named polycyclic aromatic hydrocarbons using an 

eco-friendly alternative by developed microbial consortia PBR-21. This work demonstrates the ability 

to degrade naphthalene, anthracene, fluorene, and pyrene by 92 %, 70.26 %, 63.23 %, and 61.5 % from 

an initial 400 mg L-1 of PAHs mixture in 10 days by the developed consortium. Toxicity examination 

of treated PAH was examined on an aquatic crustacean’s model. Results indicated that the microbial 

treatment resulted in lesser toxic metabolites than the untreated PAH. Thus, the in-house developed 

microbial consortium can be utilized as an efficient bioremediating agent to remove PAHs from the 

contaminated environment. 
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Abstract:  

Carbon dioxide (CO2) is the major greenhouse gas on Earth and its atmospheric concentration is 

increasing at an exponential rate due to human and industrial activities. Cement production alone 

contributes to about 7 % of the total global CO2 emissions. Accelerated mineral carbonation is one of 

the CO2 Capture, Utilisation and Storage (CCUS) technology used to sequestrate CO2 permanently 

through the chemical reaction between CO2 and alkaline oxides (CaO, MgO) present in natural silicate 

rocks/industrial wastes (alkaline rich wastes) under a controlled environment. As a result, 

thermodynamically stable carbonate compounds (CaCO3, MgCO3) is produced, which is useful for 

various applications. The industrial slags, construction and demolition (C&D) wastes, cement kiln dust 

(CKD), ready-mix concrete (RMC), paper mill waste, municipal solid waste incinerated ash is alkaline-

rich waste with high CaO and other reactive contents could be a possible source to sequestrate CO2 and 

use as valuable construction materials. Recycling the alkaline wastes via acceleration mineral 

carbonation technique could offer the construction industry with sustainability benefits. 
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Abstract: 

Asphalt mixtures are the most widely used material in the construction of pavements for roads. The 

regular Hot Mix Asphalt (HMA) require high manufacturing temperature (around 160 °C), which is 

associated with the release of a large volume of greenhouse gases. Thus, in order to limit these problems, 

bituminous mixtures with lower manufacturing temperature are required without impacting their 

mechanical behavior. One possible alternative is the use of Warm Mix Asphalt (WMA), which is 

manufactured at 20–40 °C lower than the conventional Hot Mix Asphalt (HMA). WMA process leads 

to (i) lower emissions, fumes and odors and (ii) reduction of ageing of the bitumen. There are three 

types of additives associated with WMA production, namely, chemical, organic additives and foaming 

additives (water-containing). We have developed two new families of dual functional (wax and 

surfactant) biodegradable WMA additives from alkyl ester of oxalic acid and diamide of triglyceride 

oil. Reduction of viscosity at temperature close to compaction/mixing was achieved with 1-2 % w/w 

dosage of in-house developed warm mix additives with bitumen. During the field trials, 25 °C reduction 

of compaction/mixing temperature was observed at a dosage of 2 %. The Key Novelty of in-house 

developed warm mix additives are: (i) Biodegradable, (ii) Dual functional additive, (iii) Combination 

of surfactant/wax mechanism and (iv) Surfactant and Wax functionalities are linked by ester and amide 

groups 
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Abstract: 

Adsorption and activation of oxides of carbon (CO, CO2) on transition metal catalyst such as Ni-based 

bimetallic or alloy is receiving huge attention for potential application in methanation, Fischer-Tropsch 

processes1,2 First-principles based Density Functional Theory (DFT) calculations render significant 

impact in understanding of the molecular level catalytic phenomena. In such case, descriptors relate the 

activity of a catalyst with its properties and provide a rational guidance to design and improve catalyst 

functionalities at the mechanistic level3. Furthermore, some characteristics such as the d-band center, 

the Brønsted−Evans−Polanyi (BEP) relation, are known to improve the design strategy4.  

Interestingly, our previous work showed that d-density of states of Ni around the Fermi Level (EF), NEF 

correlates with the catalytic turnover frequency linearly3. This descriptor though explored by Escaño et 

al. for oxygen chemisorption long back but failed to prove its significance in the theoretical catalysis 

community.  We are aiming to rationalize further by studying adsorption and activation of oxygen 

containing CO and CO2 for potential interest on catalyst development. In the present study adsorption 

of CO2 on Ni and Ni based bimetallic alloys such as Ni3Fe, Ni3Co and Ni3Cu was considered and 

attempts were made to understand the significance of NEF. 

 

Materials and Methods 

 
All calculations were performed using CASTEP module embedded Material studio5. The PBE 

functional within the generalized gradient approximation (GGA) was used to describe the exchange-

correlation interaction6. The parameters used for the energy cut-off, Monkhorst−Pack grid points and 

vacuum layer thickness were 360 eV, 4 × 4 × 1 and 12 Å respectively to perform the calculations using 

(2 × 2) four-layer supercell. The adsorption energy was calculated by using the following formula.  

                                    Eads = Eadsorbate/slab – (Eadsorbate +Eslab) 

 

Results and Discussion  

 
Adsorption of CO2 on Ni and Ni3M (M = Fe, Co, Cu) surfaces were studied using a short bridge site as 

shown in Figure 1. In case of Ni3M alloys since one surface atom is heteroatom, CO2 is added in such 

a way that carbon of CO2 is attached to heteroatom, which is shown in Figure 1.It was observed that 

optimized structure consisted of a “bent-like state” for CO2 which is a precursor for its activation7. The 

resulting adsorption energy is positive suggesting not a favoured chemisorption however elongated 

bond length and lowering of bond angle suggested that CO2 is interacting strongly with the surface 

atoms and very interestingly we observed that EadsCO2 is correlating with NEF as shown in Figure 2. 
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The EadsCO2 on Ni (111) matched with the previous study7 and it is decreasing as 

Ni3Fe>Ni3Co>Ni>Ni3Cu. Based on the correlation we understand that NEF being one of the 

characteristics of pristine surface, which affects the adsorption capability of the surface in case of CO2 

adsorption. Moreover, the electronic charge on surface Ni atom of pristine Ni and Ni3M can also be 

seen as linearly correlating with NEF. Therefore surface charge is fundamental for the observed trend in 

NEF which essentially affects the adsorption behaviour. Further, we are studying CO adsorption and 

activation of CO and CO2 on such surfaces with the goal to develop the NEF descriptor.  

A                                                                         B 

            

 

 

 

 

Top View                     Front View                                      Top View                      Front View 
Figure1. Adsorption of CO2 on (A) Ni (111) and (B) Ni3M (111) [Blue –Ni, Pink-M] 

 
Figure 2. Correlation of NEF with adsorption energy and charge of Ni on surface. 
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Presenter Name: Neha Rawat 

 

Abstract: 

Surfactants are one of the versatile products of the chemical industry owing to their inherent nature to 

lower the surface tension and interface layer stabilization. However, due to increasing environmental 

concerns the hazardous nature of surfactants posed due to its non-degradable properties are of great 

concern. For combating such problems, bio-based surfactants could serve as a potential alternative. 

Therefore, researchers have been interested in producing biodegradable, less harmful bio-based 

surfactants and their utilization for various applications creating sustainable economics and promoting 

sustainable development goals. In the present study, in the first step Used cooking oil was converted 

into biodiesel using CSIR-IIP Room Temperature Biodiesel process. In the second step, this UCO 

biodiesel was used to synthesize Methyl ester sulphonate (MES) by incorporating a sulphonate group 

which finds application in the area of detergents, lubricants, and emulsifiers. The synthesized MES was 

characterized using Fourier Transform Infrared (FTIR) and Nuclear Magnetic resonance (NMR) 

Spectroscopy techniques and the surface tension properties were measured to calculate the Critical 

Micelles Concentration (CMC) value of the said surfactant. According to FTIR, the characteristic band 

of the sulphonate group was observed around 1045 cm-1. Utilization of bio-based surfactant will be the 

next step towards cost effective and sustainable product development. 

Keywords: Surfactant; Biodiesel; Methyl Ester sulphonate (MES); Sulfonation 
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Abstract: 

Rare earth elements (REE) are invariably used in renewable and clean energy resources for 

urbanization. They are widely used in chemical and metallurgical industries, such as in phosphors, 

magnets, catalytic converters, X-ray, MRI scanning systems, and ceramics. The REE extraction from 

primary ores (bastnasite, monazite, xenotime, igneous phosphate rocks) comprise mineral processing, 

leaching, precipitation, and purification. Phosphors in fluorescent lamps contain ten times (20-37 %) 

higher (Y, Eu, La, Tb, Ce) than primary ores. Urban mining of waste fluorescent lamps is of utmost 

interest for a circular economy, waste utilization and to meet rare earth growing demand, and avoiding 

landfilling of hazardous waste. The recent study investigates different processing routes to extract rare 

earth elements from phosphors retrieved from discarded fluorescent lamps. Phosphors comprise 

Y2O3:Eu3+, BaMgAl10O17:Eu2+, CeMgAl11O19:Tb3+phases. The crystal structure of the phosphor phases 

dictates the energy required to release the RE ions from the phosphor compounds. Acid leaching in 2M 

HCl, 80 °C, 1 h yielded 84 % Y and 82 % Eu with 97 % purity and selectively separated the 

Y2O3:Eu3+phases. Alkali roasting of phosphor in microwave furnace at 800 W, for 3-10 min and 50 % 

NaOH dosage yielded 30-53 % Tb and 85-88 % overall rare earth extraction. The Ce (III) was oxidized 

to insoluble Ce (IV) and reported to the leach residue. CeMgAl11O19:Tb3+and 

BaMgAl10O17:Eu2+phaseshave complex magneto plumbite and spinel structures, respectively. The 

MgAl2O4, spinel structure is similar in both phases and dissociates only in melted NaOH, therefore, the 

substitution reaction accounts for Eu and Tb recovery. Microwave alkali roasting of CFL phosphor was 

efficient due to rapid and volumetric heating (~1000 °C). This process is efficient due to faster 

processing of phosphor, separation of Ce in the final leach residue and Tb recovery having the highest 

economic value. Direct leaching of 1000 units of end-of-life tubular units yielded 390 g Y-Eu oxide 

product, followed by microwave alkali roasting of acid leach residue, which yielded 520 and 890 g of 

La-Ce-Tb oxides, respectively.  

Biography: 

Ms. Neha Shukla did her B. Tech Metallurgical engineering in 2011 from UIET Kanpur and M. Tech. 
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She has also worked on two National Ministry of steel projects “Alternative 

complimentary route of direct steelmaking”, and “Micropelletization of Deep 

Beneficiated Low Grade Iron Ore” 
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Abstract: 

The anthropogenic contaminants of emerging concern (CECs) have become a problem since the past 

decades due to their mass production and usage. They have wide and unavoidable applications in 

domestic and industrial areas; hence, their degradation or breakdown is important for a good 

environmental health. Out of several CECs emerging class of Persistent Organic Pollutants (POPs) are 

of great concern. Target compound in this study, 1H- benzotriazole, is an emerging POP having 

versatile uses in surface coatings and corrosion preventing solutions, plastic coatings, pharmaceuticals 

and personal care products etc. Listed under the name UV-328 in the Stockholm Convention, this 

contaminant is a heterocyclic polar compound, soluble in water and solvents both, wide occurrence in 

sediments, soil, aquatic environment, and in trace amounts in air. 1H-benzotriazole and its derivatives 

persist in the environment for a long period of time, having half-life of about 114-156 days, are found 

to bioaccumulate in the food chains in concentrations as low as 1-1000 µg/l and hundreds- of ng/l 

(Alotaibi et al., 2015). These compounds cause detrimental effects in humans like endocrine disruption, 

hypertension, disturbed nervous functioning etc, also found to get carried on to next generations through 

mother’s milk, and other body fluids, in mammals and birds (Shi et al., 2019). Methods like 

Bioremediation, Plant uptake, Chlorination etc. are employed for their treatment, however every 

method has proved to be inadequate having certain drawbacks associated with them. This is concluded 

from the very fact that, in spite of the tertiary treatments, Benzotriazoles have been found to persist in 

the WWTPs* and STPs*, also found in surface waters, groundwater and tap water (Shi et al., 2019). 

During the Ozonation treatment, ozone had scavenging action on IH-benzotriazole which degraded it 

at higher ozone doses, with zero by-products (Mawhinney et al., 2012). Ozonation coupled with 

UV/TiO2/ H2O2 show complete mineralization of such contaminants in low dosages and zero emissions 

of by-products (Kaur et al., 2019). Fenton and Photo Fenton prove to be a useful method, in batch 

processes, hence it can be effectively used to treat industrial effluents containing Benzotraizoles 

(Klamerth et al., 2013). It is concluded that these Advanced Oxidation Processes (AOPs) are upcoming 

topic of research for such CECs, as they are energy efficient, and zero waste producing techniques, very 

effective at the same time, thereby reducing the hazards caused to the environment. This area of applied 

research is a need in the coming decade. 
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* WWTPs- Wastewater Treatment Plants, STPs- Sewage Treatment Plants 

Keywords: Advanced Oxidation Processes (AOPs), 1H-benzotriazole, Contaminants of Emerging  

Concern (CECs) 
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Abstract:  

The increasing emissions of CO2 and its current accumulation in the earth’s atmosphere are causing a 

great threat to humanity and the supportive life systems in terms of global climate change events. The 

project, initially funded by the SGRI, Chennai (India)-2020 aimed to develop a lab-scale process for 

the onsite capture and conversion of the major carbon-emitting entities such as cement, glass, 

metallurgical industry, and thermal power plants. Due to promising results and interests, the work was 

further extended for the capture and utilization of the flue gas from the industrial chimneys and a 

continuous process for the same was developed. Capture and utilization of the flue gases from the 

industrial chimneys have always been challenging, therefore we prepared a simulated mixture of the 

industrial gases. For this, the CO2 and the N2 gases in variable molar ratios (50:50 to 05:95) as simulated 

flue gas (SFG) mixtures were used. For the comparative studies, high purity CO2 and nitrogen gases 

were also utilized in the experiments. 

To make the process self-sustainable, the selection of the raw material for the capture of CO2, and the 

utilization of the end products play a significant role. We have explored a series of materials based on 

the cost of the raw materials and the end applications. Throughout this study, pressure and temperature 

data were analysed to have kinetic and thermodynamic control. Additionally, periodical gas sampling 

using a gas chromatograph (GC) was done to monitor % of gases in the mixture at various stages of the 

process. The chemical characterization of the product was also done by the FTIR-ATR, TGA, XFS, and 

PWXRD instruments. In summary, a promising process having direct utilization of products in the 

construction industry was demonstrated. The challenges of keeping the low cost of the raw materials, 

high carbon capture, and the suitable application of the end product, all together are addressed in this 

work with a minimum uptake of ~ 0.20 moles of CO2 gas per hour. For upscaling, both batch and 

continuous modes were explored.  
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Abstract: 

Soil pollution from petroleum hydrocarbons has escalated with the rapid growth in population and 

modernization of civilization, necessitating the remediation for the existing scenario. A highly effective, 

non-intrusive, and cost-effective strategic solution for petroleum-contaminated soil clean-up and 

restoration is the use of native microorganisms. The goal of the work is to find effective bacterial strains 

that can degrade petroleum hydrocarbons in a short time frame. Microbial strains are isolated and 

screened for their potential for hydrocarbon degradation. The two high potential strains were identified 

from the contaminated soil site using a colorimetric 2,6 DCPIP assay and confirmed their ability to use 

crude oil as the carbon source. The strains were further identified based on morphological and 

biochemical characteristics. These findings suggest that the isolated strains can be used as potential 

strains for the breakdown of hydrocarbons and effective treatment of oil-contaminated environments. 
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Abstract: 

α amylase is a starch degrading enzyme that breaks α-1,4 glycosidic linkage. Its demand is increasing 

due to its specificity and eco-friendly nature. An increase in demand for natural products is a great cause 

of the increase in the amylase market, i.e., 25 % of the current enzyme market. It has starch, textile, 

detergent, biofuel, and bakery applications. Plants, animals, and microbes are well-known sources of 

amylase. Microbes are explored due to ease of modification, controlled environment, and production 

scale. The main aim of this research is to find exceptional amylolytic bacteria from the soil sample of 

the CSIR-IIP campus enriched with various flora and fauna. A soil sample was dissolved in sterile 

distilled water, and 100 μL of different dilutions were spread-plated on a starch agar plate. Amylolytic 

colonies were selected by the presence of a zone of clearance by overlaying 1 % iodine solution. Thirty 

strains were isolated based on the clearance zone, and eight were selected based on 1 % corn starch 

utilization and 1 % soluble starch utilization. Reducing sugar produced after 24 hrs from 1 % soluble 

starch media by isolate 1 (1.16 mg/ml), isolate 2 (2.73 mg/ml), isolate 3 (2.73 mg/ml), isolate 4 (2.73 

mg/ml), isolate 5 (2.72 mg/ml), isolate 6 (4.44 mg/ml), isolate 7 (3.76 mg/ml) and, isolate 8 (5.8 mg/ml). 

All these isolates showed a low to negligible amount of protease activity. Amylase activity by the DNS 

method by isolate 1 (2.65 IU/ml/min), isolate 2 (1.86 IU/ml/min), isolate 3 (1.47 IU/ml/min), isolate 4 

(0.83 IU/ml/min), isolate 5 (0.75 IU/ml/min), isolate 6 (0.88 IU/ml/min), isolate 7 (0.81 IU/ml/min) 

and, isolate 8 (1.01 IU/ml/min). 

Biography: 
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Abstract:  

The utilization of fossil fuels to satisfy our growing energy and non-energy needs is resulting in a 

significant release of anthropogenic CO2 emissions. The capture of carbon dioxide (and its utilization 

and sequestration) plays a crucial role in decarbonizing our economy. In this study, we are 

demonstrating the application of biologically derived low molecular weight amino acid (L-Valine) for 

CO2 capture. The aqueous solutions of L-valine were made to react with carbon dioxide at an ambient 

temperature (298.15 K) and pressure of 1.3 MPa. A common surfactant, sodium dodecyl sulphate was 

added to aqueous L-Valine systems as (co-additive) to interpret the impact of mass transfer on CO2 

uptake. We study the process of CO2 capture by using a flue gas mixture in a high-pressure setup 

equipped with a complete data acquisition system to monitor and record pressure and temperature in 

real-time. Each system was subjected to three stepwise injections of CO2 gas to determine the saturation 

(carbon dioxide uptake capacity) along with the feasibility to design a continuous process. Further, the 

samples were characterized by FTIR-ATR and UV spectroscopy to understand the mechanism of CO2 

uptake and the formation of various reactive intermediates. Additionally, the experimental data were 

analysed for the injection-based comparative analysis of gas uptake by absorption isotherms based on 

the logarithmic model and adsorption isotherms such as Langmuir and Freundlich isotherms. 

Biography: 
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Abstract: 

Xylitol, an excipient API, is extensively used in various neutraceutical, pharmaceutical, and 

cosmeceutical applications, primarily due to its odontological and preservative benefits. Biocatalytic 

xylitol production has been envisaged as an alternative to the current chemical production method 

owing to its potential advantages of conversion under ambient conditions with low energy requirements 

and high product selectivity without the requirement of H2. This study demonstrates a bioprocess for 

xylitol production from corncob using a mesophilic yeast, Pichia caribbica. Furfural and 

hydroxymethylfurfural, biomass-derived inhibitors, were eliminated from the liquid hydrolysate by 

detoxifying corncob hydrolysate by activated carbon. The fermenting yeast produced high yields of 

xylitol from the purified and concentrated hydrolysate of corncobs. The crystallized product had a purity 

of 96.5 % and contained traces of glycerol and xylose as impurities. Metal analysis and In-vitro 

cytotoxicity analysis revealed that the product had no adverse effects on the cell line used as a control 

for the toxicity studies. The crystalline product may be further refined to achieve food-grade 

composition for mammalian consumption. 

Biography: 
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Abstract 

Phenols and their derivatives are the most abundant recalcitrant waste from industries like plastics, 

paper and pulp, petrochemicals, and oil refineries. Due to their structural stability, they exhibit poor 

biodegradability and accumulate in the environment. Moreover, these are highly toxic even at low 

concentrations, which makes their removal a prime concern for researchers. The conventional removal 

methods are associated with the drawbacks of partial/incomplete removal of phenols. Biocatalysts that 

operate in various conditions can be an alternative method of removing phenols and their derivatives. 

In the present study, the ligninolytic enzyme laccase (Lac) was produced from white rot fungus and 

characterized for its kinetic parameters. Maximum laccase activity was found to be 55 U/ml on the 13 th 

day of inoculation at 30 °C with 2,6-dimethoxyphenol (DMP) as substrate. The kinetic parameters, Vmax 

and Km of laccase activity were 10.47 µmol/min and 93.56 µM, respectively, with DMP as substrate, 

whereas Vmax and Km were 9.88 µmol/min and 41.91 µM with ABTS as substrate. UV-Vis spectroscopy 

and HPLC analysis confirmed the degradation of 2-chlorophenol by crude ligninolytic enzymes. The 

toxicity of 2-CP after degradation was performed by plate assay. The results indicated that the 

enzymatic treatment is efficient in degrading 2-chlorophenol. This study demonstrated that a crude 

enzyme isolated from the white rot fungus could be used to remove toxic phenolic compounds in more 

environmentally friendly ways. 

Biography:  
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Abstract:  

The mitigation and utilization of greenhouse gases as valuable feedstock have become the most 

compelling research area in green energy research. One feasible way is catalytic dry reforming of 

methane (DRM), which mitigates two major greenhouse gases (CO2 and CH4) for producing syngas 

and has received enormous attention from researchers worldwide. Syngas is one of the versatile 

intermediate and building blocks for producing other value-added chemicals and synthetic fuels. The 

primary concern that needs to be addressed for dry reforming of methane is catalyst deactivation by 

sintering and coke deposition. Herein, with the objective of developing a highly active, thermally stable 

and coke-resistant catalyst for low-temperature DRM, we have synthesized a series of bimetallic Pt-

Ni/CeO2 solid solution catalysts via a one-pot complex combustion method. The performance of the 

synthesized catalysts was investigated for DRM reaction. The activity of the synthesized catalyst was 

also compared with the conventional impregnated catalyst. Various analytical techniques were used to 

characterize the catalysts in order to investigate and relate their Physico-chemical properties to their 

catalytic activity. Experimental studies reveal that Pt-Ni/CeO2 catalyst possesses strong metal-support 

interaction (SMSI) and high defective oxygen species. Strong metal-support interaction and defective 

oxygen species resulted from the incorporation of active metals within the host ceria matrix. The Pt-

Ni/CeO2 (0.5 %Pt-2 %Ni/CeO2) catalyst exhibited superior activity as well as stability with ≥ 99 % 

conversion of CH4 and CO2 at 600 °C, where the H2/CO ratio is one. Moreover, we do not observe any 

remarkable coke deposition even after 300 h TOS.  

Biography: 
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Abstract:  

Salicylaldehyde, a key precursor to a variety of medicinal compounds, is synthesized by heating phenol 

and chloroform in the presence of alkali using the Reimer-Tiemann reaction. Owing to the growing 

environmental concerns, the synthesis of chemicals from CO2 is gaining considerable interest. In the 

present study, we have developed a graphitic carbon nitride/NH2-MIL-101(Fe) composite for the light-

assisted synthesis of 2-hydroxy benzaldehydes selectively from the reaction of phenols with CO2 in 

acetonitrile solvent under visible light irradiation in room temperature and atmospheric pressure.1 The 

prepared catalyst (FEM-10) was characterized by various characterization techniques: XPS, HRTEM, 

FESEM, XRD, Raman 

and BET analysis.2 The 

salient features of the 

developed methodology 

are mild operating 

conditions, highly stable 

and reusable 

photocatalyst, higher to 

excellent product yields 

and broad substrate 

scope. Furthermore, the 

developed photocatalyst FEM-10 is easily recyclable and reused for the subsequent five runs without 

any loss in activity.  
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Abstract:  

Today increasing energy demand and environmental issues caused by carbon emissions are the two 

major challenges that world has been facing. Decarbonization through utilization of carbon emissions 

is one key thrust area to take the path to net zero. The abstract covers work on catalyst design for direct 

conversion of carbon emission such as CO2 and syngas to ethanol, which is a direct gasoline blend. 

Usually, the CO2 and CO conversion to methanol is a well-studied reaction, even demonstrated 

industrially. However, we show interest in selective ethanol production considering its use as gasoline 

blend, and which can reduce nation’s dependency on crude oil imports. But, conversion of carbon 

emissions to ethanol is very challenging, due to many elementary reactions involved and the problems 

associated with other side products formation. However, reaction mechanisms are understood through 

simulation and experimental studies and simultaneous catalyst design has been initiated aiming efficient 

conversion of the carbon emissions to ethanol. These studies are intended to design active catalyst 

systems which facilitate carbon-carbon coupling, with selectivity to C2 oxygenated compounds i.e., 

alcohol. 
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Abstract:  

Xylitol, an important commercial sugar alcohol is gaining its importance speedily in food and 

pharmacological industry due to its low calorific value, sweetness, anti-cariogenic and anti-oxidant 

properties. Also, the biotransformation of xylose into xylitol from hemicellulose of lignocellulosic 

biomass such as rice straw is of interest to modern biorefineries, as it can be processed into a spectrum 

of bio-based chemical products after the cellulosic fraction is employed for ethanol production. Rice 

straw is an abundantly produced nutritious biomass which can be hydrolysed to produce a xylose rich 

hemicellulosic rice straw hydrolysate (RSH). Ideally, a pre-treatment method ought to be feasible and 

efficient. It should cause minimal cellulose degradation and negligible production of phenolic 

compounds, furans, organic acids which act as potent microbial inhibitors. Cost reduction could be 

considerably attained firstly, by developing a process that produces insoluble salt post neutralization 

that can be easily removed. The present work describes the formation of xylitol from synthetic D-xylose 

and rice straw hydrolysate as well by a newly isolated yeast strain CP02. Initial screening of the factors 

affecting fermentation such as media components and process variables was done by one factor at a 

time (OFAT) strategy which indicated yeast activity over a wide spectrum of pH, temperature etc. Basal 

salt media in addition to yeast extract as a sole nitrogen source was selected as the optimum media for 

fermentation. The process parameters such as agitation rate, pH, temperature, time, inoculum size and 

substrate concentration were subsequently statistically optimized by response surface methodology. 30 

⁰C, pH 4.5, 200 rpm, 90 h, 2 % w/w inoculum, 70 g/l xylose was found to be optimum for xylitol 

production. Xylitol production under optimum conditions showed maximum concentration and yield of 

48.76 g/l, 0.71g/g on synthetic xylose-based media and 45.80 g/l, 0.52 g/l/h on RSH media respectively. 

Thus, CP02 can be a potential yeast strain for converting xylose into xylitol and withstanding inhibitors 

making its production feasible in biorefineries.  
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Abstract:  

The increase in concentration of carbon dioxide in the atmosphere over several years has led to surge 

in global catastrophe. The average carbon dioxide concentration reported in 2021 was 416.45 parts per 

million (ppm) with decadal average growth rate of 2.43 ppm per year. To mitigate global climate 

change, increase in carbon dioxide and other greenhouse gases have become a matter of concern. Thus, 

carbon capture and storage (CCS) is a promising method for reducing carbon dioxide from the 

atmosphere. Various CCS technologies have been discussed with emphasis on biofixation of CO2. 

Microalgae have been studied and tested for several years due to many of its advantages. One of its 

benefits is consuming CO2 for its growth and converting them into biomass leading to reduction of CO2 

in a sustainable manner and thereby producing several value-added products. The vision of this paper 

is to study the potentials of various microalgae for fixing CO2. By a combination of various research 

studies this article aims for a more sustainable approach by using microalgae and its mechanism that 

can naturally utilize CO2. 
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Abstract:  

Amines and their derivatives play a significant role in society due to their widespread applications in 

pharmaceuticals, agrochemicals, life science materials, polymers, and dyes. Also, amines serve as 

crucial reaction intermediates or starting materials to produce fine and bulk chemicals. Herein, we 

developed a renewable carbon-supported Ru catalyst (Ru/PNC-700), which was facilely prepared via 

simple impregnation followed by the pyrolysis process. Ru/PNC-700 catalyst was characterized by 

various spectral techniques such as XRD, XPS, TEM, BET and RAMAN analyses. The prepared 

Ru/PNC-700 catalyst demonstrated 

remarkable catalytic activity in terms of 

conversion and selectivity towards N-

alkylation of anilines with benzyl alcohol 

and chemoselective hydrogenation of 

aromatic nitro compounds. In addition, local 

anesthetic pharmaceutical agents (e.g., 

butamben and benzocaine), including key 

drug intermediates (linezolid and tizanidine), 

were synthesized in excellent yields under mild conditions and in the presence of water as a green 

solvent. Moreover, the prepared Ru/PNC-700 catalyst could be easily recovered and reused up to five 

times without any apparent loss in activity and selectivity. 
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Abstract: 

In the last one decade, hybrid perovskite materials have gained tremendous pace in the area of the 

photovoltaic world owing to rapid enhancement in the device efficiency of perovskite solar cells. The 

commonly used perovskite materials contain lead which hinders its future applicability in the 

commercial market due to environmental concerns. In recent research, various lead-free inorganic 

double perovskite absorbing materials are reported with improved device efficiency and stability. In the 

present study, we have explored the potential of a popular lead-free double perovskite absorber in the 

solar cells through a computational approach using SCAPS-1D simulation software and density 

function theory (DFT). Initially, we optimized the structure of Cs2AgBiBr6 double perovskite material 

and studied the electrical and optical properties of the absorber through the first principle calculations. 

Hereafter, we designed a lead-free perovskite solar cell in SCAPS-1D simulation software using 

Cs2AgBiBr6 absorber and optimized the several physical parameters of material such as thickness, 

doping concentration, defect density, etc., which enhanced the device output. Further, the role of the 

work function of the front and back electrode is studied and optimized. It has been found that the 

inappropriate work function can create electrical barriers which hinder the performance of PSC devices. 

Finally, it can be stated that the present computation study can open a new path for inorganic lead-free 

double perovskite absorber in photovoltaic devices if the suggested optimization will be realized 

through an experimental approach. 

Keywords: DFT study; Lead-free double perovskite; Work function; Defects 
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Abstract:  

Polyoxypropylene glycols (PPG), also known as polyether polyols, are widely used for the production 

of flexible to rigid polyurethanes (PU) foams, rubbers, thermoplastics, and thermosets [1]. Covestro, 

Bayer, BASF, and Dow Chemicals are the key producers of PPG, led by Covestro as the global leader. 

Initially, single metal-based catalysts were used for PPG synthesis, but it lacked due to the byproducts 

formation, dark-colored products with low Mw, less control on PDI, and high unsaturation level. To 

overcome these challenges and drawbacks of the single metal catalysts, esteemed researchers focused 

on double metal cyanide (DMC) catalyst for the synthesis of PPG via ROP [2, 3]. The work on DMC 

catalysts was initiated by General Tire Inc. in the 1960s. Then after, the companies, including ARCO, 

Shell, and Asahi Glass, revisited the DMC catalyst in the 1980s and used it commercially for ROP 

reactions. DMC is usually prepared by homogenizing the aqueous solutions of metal salts (e.g., of zinc) 

and metal cyanide salts (e.g. of iron) in the presence of electron-donating CA.  

The properties of various DMC catalysts are mainly governed by their synthesis method, metal ions, 

CA, co complexing agents (Co-CA), and dispersing agents. Here, CA plays a pivotal role and affects 

its catalytic activity. In the present work, one pot, solvent-free ring opening polymerization (ROP) of 

PO was studied by using a lab synthesized heterogeneous double metal cyanide (DMC) catalyst. A 

series of DMC catalysts was prepared by using EDTA as a novel complexing agent (CA) and 

characterized in detail by PXRD, FT-IR, UV-Vis, 13C CP-MAS NMR, AAS, SEM, XPS, and CHNS 

analyzer. The suitable amount of CA favored a high Zn/Fe ratio and enhanced catalytic activity for PPG 

synthesis. It was observed that the properties of PPG are governed by reaction parameters, including 

catalyst amount, reaction time, temperature, pressure, feed to initiator ratio, and different initiators. The 

prepared polymers have Mw (160 to 19667 g mol-1) and PDI (1.05 to 3.01) during optimization. The 

structure elucidation of PPG was confirmed by FT-IR, GPC, and 1H NMR. DPG initiator yielded 

highest 93 % PPG with 1.29 PDI, and 4.9 mg-KOH g-1 hydroxyl value. The kinetics study confirms 

first-order reaction with the proposed coordination mechanism. 
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Abstract: 

We have developed all-solid-state Z-scheme Ag3PO4/CuWO4 two-component photocatalysts for 

ciprofloxacin (CIP) and tetracycline degradation under visible light irradiation. Besides the 

valence/conduction band positions, the adsorption behaviours of the components towards targeted 

organic moieties were the other factors contributing to this photocatalyst design. Aqueous medium 

large-scale molecular dynamics (MD) simulations delineated affinities of various species in the reaction 

medium towards different catalyst surfaces. The photocatalytic activity of the composite changed with 

the Ag3PO4 amount deposited on CuWO4 nanostructures. XPS analysis showed electron migration from 

the CuWO4 side to the Ag3PO4 part. Active species analysis by appropriate scavenger molecules 

revealed the oxidation of antibiotics on the photoexcited holes. A combination of experimental and MD 

observations helped formulate the probable photocatalytic mechanism. 

Biography: 

Ms. Anshu Shrivastava is graduated as MSc in 2018. She then joined the research 

group of Dr. Indrajit Sinha at Indian Institute of Technology, Banaras Hindu 

University (IIT-BHU). She has published one research article as co-author.   

 

  

A-45 

mailto:nehajatav.rs.chy17@itbhu.ac.in


 6th National Symposium on  
 Shaping the Energy Future: Challenges & Opportunities 
 (SEFCO-2022) 
 

 

 
Materials Science and Technology 

Pa
ge

80
 

 

Nanotechnology for heavy oil extraction 

 

Anushree Juyal, Dev Singh Bhadauriya, Gourav Kumar Rath,  

Sakshi Singh, Gaurav Pandey 

Department of Petroleum Engineering and Earth Science,  

University of Petroleum and Energy Studies, Dehradun, Uttarakhand, India  

Email: gaurav.pandey@ddn.upes.ac.in 

 

Presenter Name: Anushree Juyal 

 

Abstract:  

The advancement in crude oil recovery techniques has enabled us to enhance hydrocarbon extraction 

immensely. However economic extraction of heavy crude oil still remains a major concern to resolve. 

Heavy crude oil is extremely viscous signifying a limited ability to flow, making standard extraction 

techniques inefficient. Effective extraction of heavy crude oil is attainable by reduction of oil viscosity 

through implementation of enhanced oil recovery techniques. Enhanced oil recovery (EOR) methods 

are broadly classified into four categories such as thermal, chemical, gas injection and microbial 

enhanced oil recovery. Application of nanotechnology in enhanced oil recovery methods has gained 

attention among researchers. Nanomaterials, like nanofluids, have emerged as an effective medium to 

ease the heavy oil extraction. Nanofluids are a mixture of nanoparticles and a low viscosity liquid which 

are prepared using gamma irradiation, chemical reduction, photochemical method, thermal 

decomposition, and microwave irradiation. Nano fluids alter rock wettability, reduce fluid viscosity, 

increased thermal conductivity, and change interfacial tension further changing the molecular 

interaction between the liquid-liquid and liquid-solid interfaces. However, the preparation of 

nanomaterial for enhanced recovery has certain environmental drawbacks. To check the increasing 

environmental damage, it is highly essential to replace synthetic nanomaterial with ecologically benign 

nanoparticles. In this paper, several types of nanoparticles are evaluated based on their efficiency in 

enhancing oil recovery rates with special emphasis on heavy oil recovery. The paper discusses the need 

of using environment friendly nanoparticles, for enhanced oil recovery practices. Further, comparisons 

between synthetic and environment friendly nanoparticles are assessed based on factors like percentage 

(%) of residual oil extracted, environmental impacts and reduction in viscosity of crude oil. The 

persisting challenges and prospective scopes for research in this field have also been discussed in the 

paper.  

Keywords: Nanotechnology; Nanofluids; Enhanced Oil Recovery; Heavy Oil Extraction; Energy 
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Abstract: 

Hydrogen storage at present is the bottleneck for shifting to a hydrogen-based economy as the low 

volumetric energy density of hydrogen makes it challenging to handle. A potential solution for a suitable 

and safe way to store hydrogen is to employ solid-state hydrogen storage systems. Metal hydrides are 

suitable solid state hydrogen storage material, but the majority of these hydrides cannot meet the 

requirement of hydrogen storage and hence are not viable for practical applications. Therefore, there is 

a need for new material to store hydrogen efficiently. Among different metal alloys, high entropy alloys 

(HEAs) with a BCC crystal structure have excellent hydrogen storage potential due to the large lattice 

strain.  

As a starting point, machine learning-based methods are used to screen novel HEA combinations from 

the elements that exhibit better affinity toward hydrogen. The designed HEAs are tested by employing 

the CALPHAD approach to investigate the effect of composition on the phase formation under 

equilibrium conditions. The predicted AlCoCrFeNi HEA alloys are synthesized by employing induction 

melting using the optimized parameters obtained from the virtual casting simulation. The DFT studies 

are performed to simulate the hydrogen diffusion in HEA. It is predicted from the study that in the case 

AlCoCrFeNi HEA, Al is responsible for low-temperature hydrogen release. 
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Abstract: 

Hydrogen (H2) has been considered as a worth choice for the fuel generating resource to produce clean 

energy for globally accepted practice because of their zero emission to get pollution free green 

environment by slowing down the rapid consumption of hydrocarbons from industrial setups as well as 

from transportations1. Despite of effectual usefulness, safety is one of the major issues for this gas 

because of its flammable and explosive nature in open atmosphere. Therefore, monitoring of level of 

concentration has become an essential factor to avoid any unpredictable accidents in natural atmosphere 

during the consumptions, productions and storage of the gas. In addition, the detection of minimal 

concentration of H2 with fast and more accuracy in sensitivity has become the top most priority for 

developing any sensor devices. The design of morphology-based spinel structures has appeared as an 

effective approach for improving the performance of the sensor in hydrogen gas sensing to facilitate 

hydrogen economy2,3. Towards this context, we report a detailed shape selective analysis of four 

different morphological spinel structures supported on reduced graphene oxide as an efficient hydrogen 

sensor. The structural confirmation of the synthesized materials was determined by highly advanced 

characterization techniques like Fourier transform infrared spectroscopy (FTIR), Raman spectroscopy, 

Powder X-ray diffraction (PXRD), UV-visible spectroscopy (UV-Vis), X-ray photoelectron 

spectroscopy (XPS), Transmission electron microscopy (TEM), Scanning electron microscopy (SEM), 

photoluminescence study and N2 adsorption-desorption analysis. Our study revealed that the response 

of manganese-cobalt oxides are strongly depended on the morphology of the system (flower, rod, flakes 

and sphere) which can be explained by combined effects of surface area and the defects generated on 

the surface on the oxides. The n-type responses of all native oxides and the composite modified with 

reduced graphene oxide indicated the formation of n-n heterojunction at their interface. The bare flower-

like manganese-cobaltite structure showed higher responses (6.8 %) due to their highest surface defects 

as well as larger surface area along with lower response (17 s) and recovery time. Such improved 

sensing behavior of the composite with highest percentage of response (12.77 %) and lowest response 

as well as recovery time at room temperature can be attributed to the higher electrical conductivity of 

rGO along with fast charge carrier mobility. In Overall, this novel gas sensor demonstrated superior 

sensitivity, higher stability and better selectivity against various gaseous mixtures. 
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Abstract:  

Atom transfer radical polymerization (ATRP) has been regarded as the most effective radical 

polymerization tool to synthesize copolymers, having controlled molecular architecture, topology, and 

molecular weight distribution 1-2. The polymer properties are governed by various factors, including 

choice of ligand, catalyst employed, solvent, reaction temperature, etc. Among all these, the ligand is 

an important factor in influencing the rate of the reaction 3. Therefore, the present work focuses on the 

synthesis of a novel Schiff base ligand and its copper complex. The synthesized complex is further used 

for the copolymerization of n-butyl acrylate and alpha olefins. The synthesized poly (n-BA-co-1-

octene) copolymers have narrow PDI ≤ 1.31. The linearity of Mw of copolymer with conversion 

unveiled the controlled behaviour of copolymerization and resulted in 14.5 % 1-octene incorporation 

into the copolymeric chain at the optimized reaction conditions. The kinetic studies revealed a 

progressive increase of ln (1/1-X) with time, indicating the first-order kinetics. The structural 

characterization of Schiff base ligand and copolymers has been determined using 1H NMR, 13C NMR, 

FT-IR, PXRD, UV-VIS, TGA, SEM, and CHNS. 
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Abstract:  

The development of metal-based heterogeneous catalysts for organic transformation reactions has 

limited practical application because they exhibit pyrophoricity, require harsh conditions, and generally 

have low activity. Supported metal nanoparticles have been proposed as a solution to these problems. 

However, these catalysts system suffer from air instability (pyrophoricity) and require pre-treatment 

before each catalytic activity to generate an active metallic state in the catalysts1. Combining metal with 

a non-metal element is promising approach for developing a new class of catalysts. In this context, 

metal phosphide nanoalloy catalysts, have attracted attention toward organic transformation reactions. 

This “P-alloying’’ is the key strategy to develop highly active and stable metal phosphide that can 

replace conventional sponge metal catalysts for valuable synthesis2. The incorporation of inorganic 

phosphorous into metal nanoparticles has not been studied much more in the field of organic 

transformation reactions. The addition of P-atom in the metals has several merits in organic 

transformations reactions, such as these metal phosphides are present in the metallic state in the air 

(stabilizing effect), second is the introduction of P-atom in a metal can modulate the electronic structure 

of the metal species (ligand effect). Density functional theory (DFT) studies reveals that P-atom 

increases the d-electron density of metals near the Fermi level, facilitating hydrogenation reactions and 

facilitates the precise creation of well-defined catalytic active sites in metal phosphide catalysts for the 

selective organic transformation reactions. In our work, we synthesized nickel phosphide nanoparticles 

supported on graphitic carbon nitride (Ni2P-GCN), which serves as a highly active, reusable, and high 

stable heterogeneous catalyst for the hydrogenation of quinoline by using formic acid as reductant. 

Herein a novel Ni2P-GCN nanocomposite is reported for hydrogenation of quinoline under ambient 

condition i.e., formic acid is used as a hydrogen source in place of molecular hydrogen, without inert 

atmosphere, without base, and reaction was carried out in a simple hydrothermal condition. The yield 

of the hydrogenated product of quinoline i.e., 1,2,3,4-tetrahydroquinoline is 88 %. The thermal stability 

of the Ni2P-GCN nanocomposite was examined by using Thermo-Gravimetric Analysis (TGA), and it 

was found that Ni2P-GCN nanocomposite is stable up to 600 oC.  
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Abstract:  

The steadily increasing CO2 concentration in the atmosphere has resulted in notorious environmental 

changes in association with global warming, a rise in sea level, species extinction and endangered 

human health and normal life. To date, numerous processes have been developed for efficient 

conversion of CO2 to valuable chemicals at ambient conditions [1]. The cycloaddition of CO2 and 

epoxides to yield cyclic carbonates under solvent-free conditions is an eco-friendly way to utilize CO2 

in environmental. For cycloaddition of CO2 and epoxides, the basic requirement is that a catalyst should 

possess acid-base dual nature, so that both the reactants can be activated together. Therefore, the 

development of a metal-free heterogeneous catalyst with acid-base dual functionality could be a better 

choice for fixation CO2 to cyclic carbonates. In this regard, the graphitic carbon nitride could be an 

effective material for fixation of CO2 to cyclic carbonates at atmospheric pressure. Further, surface 

functionalization and doping of graphitic carbon nitride (GCN) can enhance the activity of these 

materials. The developed catalyst possesses acid-base dual functionality as active sites, which activates 

both epoxides as well as CO2 simultaneously to carry out the cycloaddition reaction. The catalytic 

activity of functionalized GCN, with the sulphonic group, phosphoric group, nitro group, and amino 

group could be compared for CO2 fixation to cyclic 

carbonates.  Similarly, the activity could be compared for 

doped GCN. The different dopants utilized are B, P and S. 

Specifically, the catalysts have been synthesized using a 

previously reported calcination method [2], wherein 5 g of 

the precursor was added in an alumina crucible and heated 

at 500 oC for 4 h in a muffle furnace with a ramp rate of 5 
oC min-1. The resultant yellow product (bulk GCN) was 

ground to a fine powder using pestle mortar. The bulk 

GCN powder was then thermally exfoliated at 550 oC with 

a ramp rate of 5 oC min-1 for 2 h. Scheme 1 shows the 

graphical representation of synthesis procedure for GCN. Further, the procedure was slightly modified 

for the synthesis of functionalized and doped GCN accordingly. The synthesized catalysts has been 
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characterized by using XRD, FTIR, Raman, SEM, TEM, etc. Acidic as well as basic sites have been 

calculated by using temperature-programmed desorption (TPD) measurements. 

The procedure for catalytic activity is as follows, 20 mmol epoxide, 50 mg catalyst was mixed in 25 

mL round bottom flask (RBF). The RBF was equipped with an adapter through which CO2 gas was 

introduced into the reaction mixture. The reaction mixture was heated at 100 oC with continuous stirring 

(500 rpm) in an oil bath for specific time intervals. Scheme 2 shows the generic reaction for CO2 fixation 

to cyclic carbonates using epoxides as a reactant. The acid-base duality induced by different 

functionalized and doped GCN enables the co-activation of CO2 and epoxide. 

 

 
Scheme 2. Generic reaction showing CO2 fixation to cyclic carbonates. 
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Abstract: 

In the present work three chromeno naphthyridine derivatives (CNs) have been synthesized using one 

pot multicomponent reaction of 2, 4-hydroxyacetophenone, aromatic aldehydes and malononitrile in 

water using silica gel as a catalyst. The simulated LD50 values for the synthesized compounds are 340 

mg/kg (CN-1), 1500 mg/kg (CN-2) and 800 mg/kg (CN-3) which suggest their non-toxic and eco-

friendly nature The performance all the three compounds as corrosion inhibitors in 15 % HCl on N80 

has been analysed via weight loss, electrochemical, surface characterization, and density functional 

theory (DFT) methods. Chromeno naphthyridine (CN-1) shows maximum inhibition efficiency of 98.3 

% at only 300 mg/L. The measurement of EIS reveals the process of inhibition of corrosion is governed 

by control of charge transfer. The mixed nature of CNs adsorption is suggested by results of PDP. 

Langmuir model of adsorption shows the perfect fitting. Adsorption of CNs onto the metal surface was 

supported by FTIR, AFM, and UV–vis. Computational modelling using DFT data reveals that corrosion 

inhibition takes place by adsorption of both neutral and protonated forms on steel surface.  
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Abstract:  

Novel visible-light-driven AgI/CuWO4 nanocomposites were synthesized by a facile precipitation 

method. Multiple techniques were applied to investigate the structures, morphologies, optical and 

electronic properties and photocatalytic performance of as-prepared samples. The photocatalytic 

performance of the AgI/CuWO4 nanocomposites was evaluated sufficiently by using colorless 

antibiotic agent Ciprofloxacin (CIP) and dye Rhodamine (RhB). The optimum photocatalytic 

performance of CIP and RhB photodegradation over 20 %-AgI/CuWO4 is as about 4.3 and 25 times 

high as that of pure AgI and CuWO4, respectively. The possible mechanism for the enhanced 

photocatalytic activity could be attributed to the formation of a redox-mediator-free direct Z-scheme 

system which causes the photogenerated electrons migrate from CuWO4 to AgI, leading to effective 

charge separation of CuWO4. Furthermore, the stability and the possible mechanism of 

AgI/CuWO4 nanocomposite photocatalysts for TC and RhB degradation are also elucidated. 
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Abstract:  

Amides are well known to be one of the most important classes of organic compounds due to their wide 

spread use in natural, synthetic and biological chemistry.1 The conventional methods of amide synthesis 

involve reaction of carboxylic acid derivatives, such as aldehydes, ketones, anhydrides, acid chlorides 

and esters with amine derivatives. Other commonly utilized procedures for the synthesis of amides 

include Beckmann rearrangement, Staudinger reaction, Aube-Schmidt rearrangement, hydration of 

nitriles, C-H oxidative amidation and transamidation. However, these methods involve the use of 

hazardous reactants, stoichiometric reagents, harsh reaction conditions, low atom economy and poor 

reaction efficiency due to formation of equimolar side products. For the synthesis of amides, alcohols 

and aldehydes are considered to be desirable reactants due to their ease of availability, low-cost and 

non-toxic nature. In addition, the expected by-products for the reaction of alcohols and aldehydes with 

amine derivatives is only water and hydrogen. However, the direct synthesis of amides from alcohols 

and aldehydes is a very challenging process because the hemiaminal intermediate formed during the 

process readily undergoes dehydration rather than dehydrogenation.2 Hence, a highly effective and 

selective catalyst is required to catalyse the reaction through dehydrogenation process in order to avoid 

the formation of nitriles as the side products of the reaction. In this work, a green, sustainable, 

ecofriendly and highly selective protocol for synthesis of primary amides from aldehydes using a highly 

efficient heterogonous, metal-free phosphorylated graphitic carbon nitride (P-GCN) catalyst is 

demonstrated.3 The reactions were conducted under ambient conditions of temperature and pressure in 

environmentally benign solvents. The detailed optimization of reaction conditions was carried out in 

order to achieve high product yield with high catalytic efficacy. The P-GCN catalyst exhibited excellent 

recyclability and the developed protocol can be used for a wide range of substrates demonstrating its 

wide applicability. In addition, an atom economy of 98 % and E-factor of 0.05 was calculated for the 

developed protocol which is highly desirable in terms of green and sustainable chemistry. The current 

protocol provides a sustainable approach for the synthesis of amides in a clean atom-economical manner 

which can pave the way for the development of green organic processes using metal-free catalysts. 
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Abstract:  

In a world where globalization, modernity, and civilization are advancing at an incredible pace, energy 

has become one of the most vital components [1]. The energy was obtained solely from fossil fuels 

during the late 19th century [2]. Nowadays, the world is struggling to get out of this predicament by 

switching from a petroleum-based economy to one based on biomass [3]. In addition to its many 

potential uses, biomass can be converted into high-value-added compounds including polymers, fuels, 

fuel additives, and chemicals derived from biomass-derived carbohydrates [4]. In the past few years 

research has been conducted on developing a cost-effective processing approach for generating fuel-

precursor chemicals, such as 5-hydroxymethylfurfural (HMF) and furfural. The platform chemicals 

HMF and furfural are typically produced from glucose and xylose (sources of carbohydrates), 

respectively. Hence, the motive of this report is to demonstrate the selective formation of these platform 

chemicals by tuning the dual acid sites of as-synthesized Fe2+@SO3-CD nanocomposite using glucose 

[5]. The synergism between two different acidic sites, namely Lewis and Brønsted, developed by the 

iron (II) metal and sulfonate groups, respectively, and the biphasic solvent system affect the glucose 

decomposition into furans. Mechanistically, the direct dehydration of glucose led to HMF via a 

Bronsted acid-mediated pathway. While Lewis metal acid sites play a vital role in the significant 

formation of furfural via a C–C bond cleavage. In addition, the biphasic system comprising THF/H2O 

influenced a selective HMF and furfural formations, achieving as high as 85 % HMF (94 % selectivity) 

in 1:2 THF/H2O and 56 % furfural (90 % selectivity) in 1:1 THF/H2O. Also, the catalyst showed 

effective recyclability up to 4 cycles. Moreover, the catalytic setup can be upscaled based on the use of 

cheaper precursors and a facile method of catalyst preparation [6]. 
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Abstract:  

The UiO-66(Zr) metal-organic framework has been synthesized by a modified solvothermal method. 

The UiO-66(Zr) nanoparticles were subsequently deposited on the surface of the CdIn2S4 microflower 

to prepare the binary composites. The CdIn2S4 modified UiO-66(Zr) materials have been characterized 

by using several analytical techniques like XRD, UV-Vis DRS, FESEM, HRTEM, PL and FTIR. The 

XRD results confirm the formation of highly crystalline phase of pure Cubic CdIn2S4. The XRD profile 

of CdIn2S4/UiO-66(Zr) material contains diffraction peaks for CdIn2S4 phase along with the 

characteristic diffraction peaks for UiO-66(Zr). The CdIn2S4/UiO-66(Zr) material exhibited enhanced 

visible light absorption property in comparison to the parent UiO-66(Zr) species. The band position of 

the CdIn2S4 and UiO-66(Zr) components are so aligned that photoelectron migration from conduction 

band (CB) of CdIn2S4 to CB of UiO-66(Zr) is facilitated leading to enhanced charge carrier separation 

in the composite material. The CdIn2S4/UiO-66(Zr) materials have been evaluated as an excellent 

visible light active photocatalyst for mineralization (92 %) of triclosan pesticides and generation of 

renewable H2 energy (2.95 mmolg-1h-1). The detailed study of the characterization and photocatalytic 

application of these novel materials will be presented in the conference. 
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Presenter Name: Sahil Kumar 

 

Abstract:  

Biomass has a great potential to use as an important source of energy because it is renewable, easily 

available, carbon-neutral. According to the Ministry of New and Renewable Energy (Government of 

India) near about 750 million metric tons biomass is available per year. Moreover, there is surplus 

biomass availability of 230 million metric tons per annum. Until now generally it is used to fulfil our 

country’s primary energy demands of rural area. After realizing the potential of biomass derived 

products, various programs are started to promote the conversion of biomass into bio energy and value-

added products. Also, the demand for fossil fuels is increasing day by day to meet the world’s energy 

demands because of industrial development, and the rapid increase in the population. For now, the entire 

world is predominantly using non-renewable fossil fuels, such as coal, gas, and petrol to meet these 

energy demands. Due to burning of these fossil fuels, large amount of CO2 produced which ultimately 

causes global warming. Also, the amount of these energy resources is very limited. So, there is an urgent 

need to find an alternative and renewable source of energy. Lignocellulosic biomass derived biofuel is 

an efficient substitution of these non-renewable fuels since it is naturally abundant and environmentally 

sustainable. Lignocellulosic biomass is used for the production of platform molecules such as 5- 

Hydroxymethyl furfural, furfural, which are converted in various value-added chemicals such as ethyl 

levulinate, levulinic acid, formic acid, GVL, Furfuryl alcohol, furan-2-carboxamide, furoic acid.  

This research work focuses on the development of green and sustainable protocols for the conversion 

of biomass derived platform molecules to various value-added chemicals in non-toxic organic solvents 

using metal-free, heterogenous catalysts. Herein, ZrMgAl hydrotalcite was synthesized by precipitation 

method. The as-synthesized catalyst was employed for catalytic transfer hydrogenation of furfural to 

furfuryl alcohol and EL to GVL by using primary alcohol as a hydrogen source instead of molecular 

hydrogen to give yield up to 80 %. 
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for fluorescence sensing of mercury ions in aqueous media 

 

Samarjit Pattnayak, Ugrabadi Sahoo, Shubhalaxmi Choudhury, Garudadhwaj Hota 
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Presenter Name: Samarjit Pattnayak 

 

Abstract: 

Graphitic carbon nitride (gCN) quantum dots, in recent years, have captivated immense interest in the 

field of sensing due to their unique optical and electronic properties. Here, we present a facile synthesis 

of silver nanoparticles embedded sulphur doped gCN quantum dots (Ag-S-gCN QDs) from thiourea, 

trisodium citrate, and silver nitrate by a low-temperature thermal treatment. The synthesized Ag-S-gCN 

QDs, with an average size of 3.7 nm, emitted strong blue fluorescence with a high relative quantum 

yield of 36.5 %. They exhibited significant stability against photobleaching and high ionic strength. The 

aforementioned quantum dots, under optimal conditions, were employed for fast, sensitive, and 

selective sensing of Hg2+ ions in distilled water as well as real water samples. The quenching of 

fluorescence in presence of Hg2+ ions was presented with a limit of detection (LOD) of 0.13 M in a 

linear range of 0.1-0.6 M. A static quenching mechanism was established from the average lifetime 

calculation via a time-resolved decay experiment. The presence of silver nanoparticles resulted in a 

redox reaction with Hg2+ ions via electron transfer from metallic Ag to Hg2+ ions. Moreover, the 

proposed sensor was anticipated to open up a new avenue for convenient, sensitive, and selective 

sensing of potentially hazardous Hg2+ ions with substantial results.  

 

Biography: 

Samarjit Pattnayak is graduated as MSc in 2018 from Central University of 

Karnataka. He then joined the research group of Prof. G. Hota at NIT, Rourkela. 

He has published research articles in Colloids and Surface A: Physicochemical 

and Engineering Aspects (Elsevier), 2022, 648, 129377 as the first author and in 

the following articles as co-authors: 

• New Journal of Chemistry (RSC), 2022, 46, 13100-13116. 

• I&EC research (ACS), 2022. 
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Construction of Bi2W2O9/SnS2 heterojunction nanocomposite materials for  

photocatalytic degradation of organic contaminants 

Saumyaranjan Panda, Yagna Prakash Bhoi, Braja Gopal Mishra* 

Department of Chemistry, National Institute of Technology, Rourkela, Odisha, India 

Email: saumyaranjan2051997panda@gmail.com 

 

Presenter Name: Saumyaranjan Panda 

 

Abstract:  

Pure Bi2W2O9 (BWO) and SnS2 (SS) nanomaterials have been prepared by combustion and 

hydrothermal method, respectively. The hexagonal disk like SnS2 nano plates was anchored over the 

BWO surface to form a binary heterojunction system. The SnS2 nano disc decorated BWO have been 

successfully characterized by using analytical techniques like XRD, UV-Vis DRS, FESEM, PL and 

XPS. The XRD results indicate the formation of highly crystalline phase pure BWO and SnS2. The 

XRD pattern of Bi2W2O9/SnS2 heterostructure materials contain diffraction peaks of both BWO phase 

along with the respective diffraction peaks for SnS2. The Bi2W2O9/SnS2 material showed enhanced 

visible light response properties in comparison to the pristine BWO and SnS2 components. The band 

position of the pure BWO and SnS2 components are so suitably aligned that the channelization of photo-

generated charge carriers followed Z-scheme pathway leading to improved photo excited charge carrier 

separation in the Bi2W2O9/SnS2 composite material. The Bi2W2O9/SnS2 heterojunction materials 

exhibited outstanding visible light assisted photocatalytic efficiency towards mineralization (96 %) of 

tetracycline hydrochloride (TCH). The comprehensive study of the characterization and photocatalytic 

activity of these heterostructure materials will be presented in the conference. 

Biography: 

Mr. Saumyaranjan Panda has graduated as M.Sc. in 2020 from North Odisha 

University (NOU), Odisha. He then joined the research group of Prof. Braja Gopal 

Mishra at NIT Rourkela, Odisha in Aug 2021. His broad research area based on 

fabrication and photocatalytic application of Bi-based metal oxide binary 

heterostructure materials towards environmental mitigation.  
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Thermomechanical study of Al-Co-Cr-Fe-Ni high entropy alloy 
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1Academy of Scientific and Innovative Research (AcSIR), Ghaziabad, India 

2Tribology and Combustion, CSIR-Indian Institute of Petroleum, Dehradun, India 
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Presenter Name: Saurabh Vashistha 

 

Abstract:  

High entropy alloys are the alloys that contain at least five principal elements, and each element has 

atomic percentage in the range of 5 % to 35 %. The main aim of this study is to design the gating 

elements to get a defect free cast part using Numerical FDM analysis. The efficient utilization of our 

resources is possible with the help of Numerical FDM analysis which enables us to study the virtual 

process. The cast part is an Al-Co-Cr-Fe-Ni High entropy alloy with equal atomic percentage. The cast 

part is a rectangular slab of dimensions 115 mm×135 mm×170 mm. The cast part would be utilized for 

further studies. The modelling of the part and the gate system was done be with the help of CAD 

software. Then the Parasolid model of the part is imported to the Casting Simulation Software. Various 

gating elements were used as trial-and-error procedures to get the best and optimum gating elements 

design to get the defect free cast part. The fluid analysis and solidification analysis of the part through 

different gating elements were studied. The fluid and solidification analyses include different 

parameters like filling temperature, cold shut prediction, soundness (shrinkage cavity prediction), 

porosity etc. It was found that the best way to fill the mould cavity would be through the riser only 

because our part is a simple shaped profile. The riser is conical shaped with top and bottom diameter as 

180 mm and 120 mm, respectively. The side length of the riser is 200 mm. 

Biography: 

Saurabh Vashistha is graduated as M.Tech in 2019 from IIT ISM Dhanbad. He then 

joined the research group of Dr. Shailesh Singh at CSIR-Indian Institute of Petroleum. 
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1Departmen of CSE, Research Scholar, Oriental University, Indore, M.P, India  
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Email: jainshraddha1204@gmail.com 

 

Presenter Name: Shraddha Jain Sharma 

 

Abstract:  

The automatic detection and classification of facial expressions from computer has been a very 

interesting topic for research science. With the help of full face, we can easily identify emotion of 

humans this is helpful for communication but nowadays rules and regulation are changed due to 

COVID-19. COVID-19 is a virus which is spreads by human to human. the harmful substance are 

spreads by sneezing, coughing or touching to the environment so it’s very dangerous virus. This 

epidemic has affected a lot of peoples and either they are sick or being killed so it is necessary to wear 

face mask to stop the speed of COVID-19. Face masks have now become an important part of everyday 

life for human and wearing mask is mandatory at all. The mask blocks our facial expression because 

top half part is visible and bottom half part is not visible. It is inhibiting the detection of facial expression 

and emotion so deducting emotion from a masked face is a new research challenge and for this we have 

a small data set available. Deep learning approach is very effective for small data set because researcher 

use pre train model for recognition facial expressions for images and real videos The proposed model 

is utilized to extract features by using the pre train model with using deep CNN model for automate 

detecting facial expression in this type of situation. In this paper, the proposed model detects expression 

and model boost up by creating ensemble model for improving performance and competitive approach. 

Biography: 

Shradha Jain Sharma is pursuing Ph.D. from IIT BHU, Varanasi in CSE department.  
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Conversion of plastic waste into functional material for energy application 
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Presenter Name: Shubham Kumar Patial 

 

Abstract 

The extent of plastic waste generated in the current world is a huge environmental burden and a serious 

concern for us. It is estimated that almost 25,940 tonnes of plastic waste are generated in India every 

day. Although major preference to manage plastic waste is recycling, but with single use Polyethylene 

Terephthalate (PET) bottles, the option of recycling is ineffective. Majority of the methods used as of 

now for degradation is open air pyrolysis, microbial degradation and landfilling, however these are not 

very efficient and leads to further pollution of soil, water and air. This study focuses on conversion of 

PET bottles into Carbon Black by the process of calcination for their application in energy storage. This 

provides a method of reducing plastic waste and harvesting energy effectively. The obtained carbon 

black is fully characterised and for electrode fabrication, this material has been coated on 3D printed 

graphite sheets. For 3D printing of electrodes, first the electrodes were designed in a 3D CAD software 

and were finally printed using fused deposition modelling (FSM) based 3D printer. The application 

study demonstrated the potential of plastic derived carbon in energy storage applications, which is a 

motivation towards wealth creation from plastic waste. 

Keywords: PET waste, Carbon Black, Energy storage, 3 D printing. 
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Facile low temperature synthesis and photocatalytic application of bismuth molybdate 

based heterostructure materials for water decontamination 

Sibun Kumar Pradhan and B.G. Mishra 
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Email: chsibun@gmail.com 

Presenter Name: Sibun Kumar Pradhan 

 
Abstract:  

Photocatalytic method has been recently recognised as a promising technology to deal with waste water 

remediation and renewable energy generation. Among different classes of visible light active 

photocatalysts, significant research focus has been devoted to bismuth based layered semiconductor 

materials due to their as narrow band gap, high stability, earth abundance, nontoxic nature, resistance 

to corrosion and a diffused valence band which promote migration of holes. However, faster electron-

hole recombination and low solar spectrum utilisation prompted development of various strategies to 

overcome these challenges. Designing effective strategies to enhance the visible light absorption and 

charge carrier separation properties are important for synthesis of photocatalysts with higher 

photocatalytic activity. Herein, a series of CaFe2O4/Bi2MoO6 heterojunctions with visible spectrum 

response were prepared by modifying CaFe2O4 phase on the surface of Bi2MoO6 nanoplates. The 

synthesized materials were characterized by using different analytical techniques including XRD, UV-

Vis DRS, PL, Raman, FESEM, TEM, and photoelectrochemical measurements. The prepared 

CaFe2O4/Bi2MoO6 heterojunctions materials exhibited excellent performance in photocatalytic 

degradation of bisphenol A and reduction of Cr (VI). In particular, the rate of BPA degradation in case 

of 20 % CaFe2O4/Bi2MoO6 was 4 and 9.5 times better than that of pristine Bi2MoO6 and CaFe2O4, 

respectively. For Cr (VI) reduction the rate was found to be 4 times and 5.5 times larger than Bi2MoO6 

and CaFe2O4, respectively. In addition, the prepared samples showed excellent photostability for BPA 

degradation as well as Cr (VI) reduction. The important results obtained from this investigation will be 

presented in the conference. 

Biography: 

Sibun Kumar Pradhan is graduated as MSc from VSSUT, Burla in 2018. He then 

completed MPhil from Utkal University in 2019. After that, he joined the research 

group of Prof. B.G. Mishra at NIT, Rourkela. In his name there are two research 

articles till date.  

 
 
  

A-63 

mailto:chsibun@gmail.com


 6th National Symposium on  
 Shaping the Energy Future: Challenges & Opportunities 
 (SEFCO-2022) 
 

 

 
Materials Science and Technology 

Pa
ge

10
5

 

 

Preparation of highly active nanocrystalline iron chromite catalyst  

for the selective oxidation of benzene to phenol 
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Presenter Name: Sonu Bhandari 

 

Abstract:  

Phenol is an aromatic organic compound, an industrially important raw chemical, and a key organic 

intermediate widely used to produce resins, pharmaceuticals, dyes, drugs, agrochemicals, and high-

value-added fine chemicals [1,2]. Benzene is selectively oxidized to a commercially relevant 

intermediate phenol under mild and environmentally friendly conditions. Herein we reported the facile 

synthesis of iron chromite nanostructured material and it was shown to be an excellent and selective 

catalyst for hydroxylation of benzene to produce phenol in a single step. Several characterization 

techniques such as Raman, TEM, XPS, XRD and SEM were used to characterize the iron chromite 

material thoroughly. Under optimum conditions, ~71 % benzene conversion with a selectivity of ~100 

% towards phenol has been achieved. The leach test and recyclability demonstrated the catalysts truly 

heterogeneous nature because there was no apparent loss of catalytic efficiency up to five cycles . 

References: 

1. H. Fiege, H.-W. Voges, T. Hamamoto, S. Umemura, T. Iwata, H. Miki, Y. Fujita, H.-J.   

Buysch, D. Garbe, W. Paulus, Phenol Derivates, Ullman’s Encyclopedia of Industrial 

Chemistry. (2012) 503–519. 

2. K. Anandababu, S. Muthuramalingam, M. Velusamy, R. Mayilmurugan, Single-step benzene 

hydroxylation by cobalt(ii) catalysts: Via a cobalt(iii)-hydroperoxo intermediate, Catalysis 

Science and Technology. 10 (2020) 2540–2548.  
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Abstract:  

Rising paraffins content in the crude oils is a matter of concern globally. As these paraffins increases 

the viscosity of the crude oil and plug the pipelines leading to flow assurance problems. Presently in 

India, a significant percentage of the current and future oil production would come from Paraffinic/ 

waxy crude oils, one such oil resource is Mangla crude oil, this crude oil has a very high paraffin content 

of 30 wt.% leading to high viscosity, high pour point and hence flow related challenges.  

Traditionally thermal or dilution methods were used to reduce the viscosity of waxy crude oil. However, 

these methods are energy and cost-intensive. In recent years, nanoparticles (NPs) have been explored 

due to their multiple properties and versatility in the upstream and downstream industry. NPs may be 

used to augment the flow ability of Waxy and Heavy crude oils that could increase oil production and 

transportation and inhibit the aggregation of paraffins. 

In the present work we have investigated the effect of CuO and Fe2O3 nanoparticles in Mangla crude 

oil. It was observed that at a dosage of 500 ppm CuO NPs are effective in reducing the viscosity of 

crude oil by 29 & 31 % at 40 and 30 oC, respectively. Hence these types of NPs may be cost effective 

and environment friendly solution for mitigation of wax deposition in the waxy crude oil. 

Biography: 

Sukriti Gupta is a final year student from Banasthali Vidyapith. She then joined the 

research group of Dr. Manisha Sahai under Upstream and Wax Rheological 

Department (UWRD) as a trainee at CSIR-Indian Institute of Petroleum in June 2022. 
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Fabrication of cuboidal CdS decorated UiO-66(-NH2) metal organic framework 

heterostructure for photocatalytic remediation of organic pesticides 
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 Email: nayakswagat19@gmail.com 

 

Presenter Name: Swagat Kumar Nayak 

 

Abstract:  

The UiO-66(-NH2) metal-organic framework (MOF) has been prepared by a facile solvothermal 

method. The UiO-66(-NH2) MOF nanoparticles were subsequently anchored on the surface of the CdS 

nano-cube to fabricate the binary heterojunction. The CdS nano-cube decorated UiO-66(-NH2) have 

been characterized by using series of analytical techniques like XRD, UV-Vis DRS, FESEM, PL, and 

FTIR. The XRD results endorse the fabrication of highly crystalline phase of pure CdS. The XRD 

pattern of CdS/UiO-66(-NH2) heterostructure materials contain major diffraction peaks of CdS phase 

along with the characteristic diffraction peaks for UiO-66(-NH2). The CdS/UiO-66(-NH2) material 

show improved visible light absorption features in comparison to the pristine UiO-66(-NH2) species. 

The band position of the CdS and UiO-66(-NH2) components are suitably aligned for photo-generated 

electrons migration from conduction band (CB) of CdS to CB of UiO-66(-NH2) and holes are 

transferred from VB of UiO-66(-NH2) to VB of CdS leading to superior charge carrier separation in 

the composite material. The CdS/UiO-66(-NH2) heterostructure materials have been assessed as an 

excellent visible light driven photocatalyst for mineralization of diazinon (94 %) pesticides. The 

comprehensive study of the characterization and photocatalytic activity assessment of this class of 

heterojunction materials will be presented in the conference. 

Biography:  

Mr. Swagat Kumar Nayak graduated as M.Sc. in 2018 from Khallikote University, 

Berhampur, Odisha. He then joined the research group of Prof. B.G. Mishra at 

National Institute of Technology, Rourkela, Odisha in August 2021. His broad 

research interest includes fabrication and photocatalytic application of MOF based 

binary/ternary heterostructure materials towards environmental remediation. 
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A novel study of Zinc titanate nano additives for potential enhancement of  

tribological performance and sustainability of lubricants 
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Abstract:  

The relentless pursuit of environment benign lubricant aspires to lower/replace SAPS compounds 

(Sulphated Ash, Phosphorus, Sulphur) which negatively impact the emission after-treatment system of 

automotive vehicles by undermining the catalytic convertors. This novel study explored Zinc titanate 

(ZnTiO3) nanoparticles (APS <100 nm) for potential in lubricant formulation. A series of nano-oils 

were formulated by varying Zinc titanate nanoparticles concentration (0.25-1 wt.%) along with a 

commercial dispersant PIBSA (1 wt% fixed concentration) in PAO-6 (API group IV) base oil. 

Antifriction, antiwear, and extreme pressure performance of the formulated nanolubricants were 

assessed using four ball tribometer. Colloidal stability of the Zinc titanate nanoparticles was studied 

using DLS analysis and visual inspection at regular intervals. Excellent dispersion stability (majority 

dispersed even after 225 days) was observed, which could be attributed to physicochemical properties 

of Zinc titanate nanoparticles and plausible steric repulsion provided by the dispersant. All 

concentrations of Zinc titanate nanoparticles improved tribological performance and the concentration 

of 1wt% gave excellent antiwear (26-53 %), antifriction (14-18 %), and extreme pressure (65 %) 

enhancement compared to the base oil. Further, results of the tribological performance of Zinc titanate 

nanoparticles outperformed commercial ZDDP additive under similar working conditions. Surface 

characterization (SEM, EDS, XPS) results confirm the formation of protective transfer film (at least 

100 nm thick) composed of FeTiO3 and ZnO due to disintegration under tribostress and subsequent 

tribochemical reaction with the nascent steel surface. 

 

Biography:  

Upendra Maurya has obtained bachelor’s degree in mechanical engineering from 

Mumbai university in 2012 and MTech degree in industrial tribology and 
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and has 7 research articles in domain of lubrication.  

 

 

  

A-67 

mailto:uppu.nitw@gmail.com


 6th National Symposium on  
 Shaping the Energy Future: Challenges & Opportunities 
 (SEFCO-2022) 
 

 

 
Materials Science and Technology 

Pa
ge

10
9

 

 

Self-Fenton degradation of antibiotic molecules on visible light enhanced  

magnetically recyclable photocatalyst 

 

Uttam Kumar and Indrajit Sinha 

Department of Chemistry,  

Indian Institute of Technology (Banaras Hindu University), Varanasi 221005 

Email: uttamkumar.rs.chy20@itbhu.ac.in 

 

Presenter Name: Uttam Kumar 

 

Abstract: 

Few investigations have reported appreciable photocatalytic H2O2 formation from pure water with the 

in-situ degradation of an organic pollutant. In this communication, we have prepared magnetically 

recyclable Ag/s-(Co3O4/NiFe2O4) type II heterojunction photocatalyst that produced considerable H2O2 

from pure water under visible light irradiation. Furthermore, the H2O2 produced by this process could 

efficiently degrade tetracycline. A multi-step precipitation protocol was followed for the preparation of 

this photocatalyst. Components for photocatalyst construction were chosen using band positions and 

oxygen adsorption properties. Large-scale molecular dynamics simulations were used to investigate the 

affinity of a component surface toward oxygen adsorption in an aqueous medium. XPS analysis 

suggested that Ag nanostructures on the Co3O4/NiFe2O4 composite as electron-rich reaction centers for 

oxygen reduction. H2O2 production on this photocatalyst was tested under various control conditions. 

The presence of an electron donor further enhanced both H2O2 production and tetracycline degradation 

rates. 

Keywords: H2O2 production, magnetic photocatalyst, Ag/s-(Co3O4/NiFe2O4) heterojunction, 

tetracycline, Molecular Dynamics simulations. 
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Abstract: 

ACu3Ti4O12 (where A = Ca, Y2/3, Bi2/3, Gd2/3) type of perovskite oxide was the first time discovered in 

1967, which was able to produce high dielectric constant. For many technical uses such as condensers, 

resonators, filters, and memory chips, high dielectric materials have been fascinated very much. The 

search for ultrahigh permittivity (εr > 103) materials is one of the most popular research topics in the 

fields of microelectronics and energy storage devices. Recently, high dielectric permittivity (ɛ~104) 

with weakly temperature and frequency-dependent permittivity have been noticed in TiO2–based 

ceramics and CCTO (CaCu3Ti4O12)-like compounds. Bi2/3Cu3Ti4O12(BCTO) is isostructural with 

CCTO, has been reported in the literature. It exhibited the temperature and frequency dependence of 

dielectric as same as CCTO. Ge-doped BCTO ceramic (Bi2/3Cu3Ti3.95 Ge0.05O12) was prepared by semi-

wet synthesis sintered at 1123 K for 8 h. The Phase formation of ceramic was confirmed by X-ray 

Diffraction. The microstructural properties of this ceramic were examined through SEM, EDX, and 

TEM. The dielectric constant (ɛr) of Bi2/3Cu3Ti3.95 Ge0.05O12 ceramic was obtained as 563 at 100 Hz and 

423 K. The tangent loss (tan 𝛿) value for Bi2/3Cu3Ti3.95 Ge0.05O12 ceramic was found as 3.12 at 10 kHz 

and 310 K. The dielectric constant and tangent loss both decrease with increasing frequency in the 

lower frequency regions, while these are almost constant in the higher frequency regions. The 

oxidation state of the ceramic was confirmed by XPS. The conductivity variation of 

Bi2/3Cu3Ti3.95Ge0.05O12 ceramic with the inverse of temperature follows the Arrhenius equation, with 

temperature range of 300-500 K.  
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Presenter Name: Vishwas Saini 

 

Abstract: 

Many oil-water separation technologies have been reported, like mechanical devices including oil 

skimmers or booms, use of porous materials such as hydrophobic sponges, foams & textiles, and 

membranes. Unlike other techniques, membrane separations are attractive alternatives, require no or 

less thermal energy requirements, and are much less energy-intensive, cost-efficient, and a greener 

approach. Membranes can provide high productivity and selectivity depending on the porosity, 

membrane thickness, membrane materials etc. Membrane performance critically depends upon the 

membrane materials. 

The use of biomaterials derivatives for membrane preparation has been a matter of great interest for 

research in recent times. In this view, cellulose acetate-based membranes were fabricated using various 

solvent mediums for synthesis, including acetone, DMF, DMSO, etc. Permeation characteristic of the 

fabricated membrane was studied by water flux determination, and pure water flux determination was 

performed under steady state flow conditions for the fabricated membrane, using high purity water.  

Rejection studies for fabricated membrane were performed using emulsion of engine oil-distilled water. 

TOC (total organic carbon) removal method was used to study the oil removal efficiency of the 

membrane, and the flux recovery ratio (FRR) was also studied for the oil-water emulsion to study the 

antifouling properties of the membrane. 

The composite polymeric cellulose acetate membranes in solvents like DMF shows enhanced water-oil 

separation and improved reusability of the membrane. The membrane showed decreased water filtration 

ability and porosity as polymer concentration increased due to small or lesser pores in the membrane 

film. 

Biography:  

Mr. Vishwas Saini is a post-graduate from IIT Roorkee. He did his MSc from Gurukula 

Kangri Vishwavidyalaya, Haridwar in 2009 and M.Tech from IIT Roorkee in 2016. 

He is currently working as a Sr. Technical Officer (1) in the Advanced Crude Oil 
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oil and petroleum products and in nanomaterials & nanotechnology.  
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Abstract: 

The development of green syntheses of Metal Organic Frameworks (MOFs) is of great interest to meet 

the demand of the commercial production and sustainable chemistry. Herein, we investigated the 

synthesis of DUT-67 (DUT, Dresden University of Technology) 

from Zirconium oxynitrate as metal source in water with acetic 

acid. The synthesized water-based MOF denoted as DUT-67@W 

together with the parent DMF sample characterized thoroughly 

using powder X-ray diffraction (XRD), N2 adsorption-desorption, 

Fourier Transform Infra-Red spectroscopic (FT-IR), 

Thermogravimetric Analysis (TGA), Solid State 13C NMR and 

Scanning Electron Microscopy (SEM) confirmed the formation of 

the desired MOF. We found that the water-based DUT-67@W 

sample has a higher surface area of 952 m2/g compare to 783 m2/g 

for DUT-67. Furthermore, DUT-67@W exhibited CO2, CH4 and 

N2 sorption performance comparable to the parent DUT-67 synthesized in DMF at higher temperature. 

Both shown relative good CH4/CO2 and CH4/N2 IAST selectivities at 298 K up to 1 bar pressure. This 

work shown that, the commonly toxic DMF used in the synthesis of the original DUT-67 could be 

replaced by water employing ZrO (NO3)2 
. xH2O, H2O, acetic acid and organic linker as starting 

reagents.  
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Presenter Name: Ankit Pandey  

 

Abstract: 
 

A lubricant is a material used to minimize surface friction and wear, and thereby play a critical role in 

mechanical energy efficiency and climate change mitigation. They also maintain morphological 

structure, thermoregulation, and waste disposal. Liquid lubricants such as vegetable, mineral, and 

synthetic oils are exploited in a wide variety of industrial applications. 

 

In the quest towards developing environmentally benign and long-lasting lubricants, the economic 

impact, environmental attributes, and sustainability of lubricants are among the essential factors to be 

considered over and above performance requirements in line with incumbent fossil-derived lubricants. 

The challenge is to design a universal biodegradable base stock and additives that might replace 

conventional oils in the next generation of lubricants. Over the past couple of decades, industrial users 

worldwide have discovered that synthetic polyol esters, as well as vegetable oils and their appropriately 

tailored derivatives, are beneficial in terms of cost under a wide range of operating circumstances. 

 

Bio-based lubricants have already found their way into various industrial and automotive applications. 

Cutting, engine, gear, and hydraulic oils are already extensively accessible in commercial markets. 

However, there are still several scientific and industrial domains where the lubrication and use of bio-

lubricants are a challenge. In continuation of our ongoing research on bio-lubricants and additives, the 

current paper attempts to spotlight a few recent advancements in the field of biodegradable new 

generation industrial lubricant materials and their tribo-performance behavior. 

 

Keywords: Alternative materials, bio-lubricants, industrial applications, vegetable oils, Synthetic 

polyol esters, and tribology 
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Abstract: 

Naphtha Hydrotreater (NHT) & Isomerization (ISOM) units are designed for producing Isomerate with 

Research Octane Number (RON) of 87 to maintain refinery MS pool. There are eight numbers of 

NHT/ISOM units in IOCL refineries. 

Govt. of India issued notification for implementation of BS-VI grade fuel in the entire country w.e.f. 

1st April’2020. In one of the IOCL refineries, there was a challenge in maintaining the aromatic content 

specification (35 vol% maxm.) in BS-VI compliance Motor Spirit (MS). The refinery is allowed a 

relaxation by BIS in aromatic content up to max. 40 vol% till 1st Apr’2023. 

The refinery was evaluating various options for production of BS-VI grade MS with max. 35 vol% 

aromatic. After assessing all possible configurations, a suitable MS blend was finalized for producing 

required quality MS. As per the final MS blend, existing NHT & ISOM required capacity augmentation 

by ~20 %. 

As a general practice, the refinery could have contacted Licensor for the above augmentation. However, 

considering IOCL’s rich expertise in process design and no. of similar type in-house designed facilities 

operating in various refineries & pipeline terminal, IOCL decided to use its process design capabilities 

for designing the facility to cater ISOM capacity augmentation.  

As per in-house study, NHT unit was found adequate for 20 % higher capacity and only ISOM unit 

capacity was found limiting. ISOM feed stream had ~16 wt% iC5 component with RON of 93. 

Removing high RON component iC5 from ISOM feed using a Deisopentaniser column & blending iC5 

in MS blend bypassing ISOM reactor was the most suitable option adopted by in-house design team for 

increasing ISOM capacity keeping Isomerate RON at design value of 87.  

The process design team designed a grass-root DIP column & prepared the process package in-house. 

The job included simulation of the plant, Design & process data sheet preparation for new equipment, 

preparation of PFD / P&ID and all other BDEP items as per standard practice. 

The in-house designed Deisopentaniser column was installed at IOCL refinery in 2021. This facility 

facilitated additional capacity in ISOM unit, also now the refinery can absorb more aromatic 

components in MS blend. The refinery not only resolved the high aromatic content issue in MS blend, 
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but it is also now in a position to produce ~15% more MS to improve refinery economics. 

Commissioning of the facility was smooth and the unit is running successfully delivering desired 

results. 

Biography: 

Mayank Sharma is a Chemical Engineer with almost 14 years’ experience with M/s 

Indian Oil Corporation Ltd. 10 years of experience in Techno-Commercial Refinery 

Configuration Studies using LP modelling, Development of BEDPs. Also Process 

Design, Troubleshooting and Technical services of Refinery Open Art Units (like 

AVU, CDU, VDU, ARU, SWS) and open art sections of Licensed Units (like DHDT, 

NHT, DCU, ISOM, Prime G+, CCRU, VGO HDT, Off Gas to Ethanol Unit). 4 years 
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IOCL, Refinery Headquarters in Process Project Department and is looking after 

various projects of Guwahati, Bongaigaon, Digboi, Panipat and Paradip Refineries. 
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Abstract: 

CSIR-Indian Institute of Petroleum already has a state-of-the-art biochemical process to manufacture 

Lactic acid from natural sugar. Therefore, raw lactic acid is a potential feedstock for acrylic acid via 

catalytic dehydration. Using appropriate feedstock (biomass) for making fine chemicals is crucial 

because it is a natural resource. It is simple to produce lactic acid by biological fermentation. By 2025, 

the demand for acrylic acid is projected to increase from 5,750.0 kilotons in 2015 to 9,720.0 kilotons. 

Bio-derived lactic acid will undoubtedly be essential in the future. Therefore, the urgent need is for a 

novel bio-derived solvent with a better ability to suit a sartor-completed work. The Mo2P/S catalyst was 

used as a dehydrating catalyst to convert bio-derived lactic acid (LA) into acrylic acid (AA). With a 

99.5 % conversion rate and a 77.5 % selectivity for acrylic acid (AA), the molybdenum phosphosulfide 

Mo2P/S catalyst proved very active and stable for the vapor-phase dehydrating process of bio-derived 

lactic acid (LA) to acrylic acid (AA). The additional content of P greatly affected the dehydration 

performances of MoS2 catalysts. The catalyst was very capable of converting the lactic acid produced 

in-house to acrylic acid (AA). High temperatures favour the formation of acrylic acid with the 

dehydration of lactic acid. IR analysis reveals that the medium acid site, which helps and is responsible 

for the construction of acrylic acid. 

Biography: 

Neha Dhiman was born in Roorkee Uttarakhand, India. She has done BSc from K.L.D.A.V Roorkee 

college, HNB Srinagar Garhwal university Uttarakhand (2012). She has also done an MSc degree in 

organic chemistry specialization from the same college above mentioned, Hemwati 

Nandan Bahuguna Garhwal university Uttarakhand, India (2014). Now she is 
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supervision of Dr. Bipul Sarkar and Sudhakara Reddy, Academy of Scientific & 

Innovative Research, CSIR- Indian Institute of Petroleum, India. Her current 

research is focused on the Dehydration of Bio-Derived Lactic acid to Acrylic acid 

over Defect -Rich Molybdenum Phosphosulfide.  
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Abstract:  

Slurry phase hydrocracking is a new technology for upgrading heavy oil. It is one of the emerging 

technologies due to the high demand for light end products such as gasoline and low sulfur diesel. A 

bench scale slurry phase reactor is modelled based on the lumping technique and an axial dispersion 

model (ADM) without considering the back mixing effect. Discrete, continuous and global lumping 

approaches are available for modeling multi-phase reactors. Different types of lump kinetic models 

such as four lump (SARA), five lump (VR, VGO, MD, N, G), and six lump (SARA, C, G) are 

considered during the modelling of slurry phase reactors. All the required model parameters, such as 

intrinsic rate constants, pre-exponential factors, activation energy, and catalyst deactivation rate, are 

taken from the literature available. These parameters are defined based on the lump involved in the 

reaction kinetics in the hydrocracking process. The main objective of this study is to use the ADM with 

different lump kinetics for the hydrocracking of heavy oil. A comparative analysis between a slurry 

phase reactor (SPR) and continuous stirred tank reactor (CSTR) to explore the influence of reactor type. 

Effect of superficial gas velocity and catalyst load has been reported. 

 
Keywords: slurry phase reactor, lump kinetic, axial dispersion model 

Biography: 

Praneet Mishra is graduated as BTech in Chemical Engineering from UIET, CSJM 
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operating cost of crude oil distillation  
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Abstract: 

The crude distillation unit (CDU) is the first-highest throughput processing unit in the refinery. CDU 

fractionates the whole crude into desired boiling range fractions. The conventional processing of crude 

petroleum oil in CDU consumes enormous thermal energy and stripping steam. The refiners always 

desire to improve CDU's operation and energy efficiency to improve the gross margin and reduce 

carbon emissions. We have developed and evaluated a breakthrough and implementable two crude oil 

processing schemes for revamping the existing CDUs and designing the new grassroots CDU to 

significantly reduce operating costs and increase the CDU's profit margin over and above the befits 

achieved by columns optimization and HEN improvements. The techno-economic comparative analysis 

with conventional and existing FD integrated schemes was carried out to understand the benefits of the 

proposed scheme. In this study, the developed and existing crude processing schemes were simulated 

using the well-known ASPEN HYSYS process simulator, and hardware details were kept similar to 

those used in commercial CDU refineries. The stripping steam and pump around duty were finetuned 

to maintain a similar quality of distillates in all cases. Study results suggest the potential to reduce the 

ADC bottom stripping steam by 40-100 % and energy cost by 12-18 % by implementing the proposed 

crude oil processing scheme, which had been patented in India and USA. The lower vapour flow rate 

in the section above the flash zone and higher flow rate in the stripping section provide the opportunity 

to increase the throughput and address the fouling issue in the stripping section of ADC. Heat exchanger 

network operating pressure and fired furnace hydraulics are better or comparable to the comparative 

cases. The similar topology of the proposed scheme as used in existing crude oil schemes in refineries 

ensures its implementation for revamping the existing and designing the grass-root CDU to reduce the 

significant operating cost and carbon footprint.  

Biography: 
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Abstract:  

Ethylene is the leading petroleum; its global ethylene production stood at 165 million metric tons in 

2017 and is expected to increase at a CAGR of over 6 % by 2025.1 Conventionally, it is produced by 

steam cracking of naphtha (a non-renewable feedstock), leading to carbon footprints. The production 

of ethylene from renewable sources would be a sustainable approach and reduce the loads on fossil 

resources. 

In the present work, catalytic dehydration of bioethanol to ethylene was studied over a bifunctional 

Ni/Sr-ZSM-5 catalyst. The metal functionality alters the acidity, significantly improves ethylene 

production, and controls side reactions. XRD and FTIR studies confirm the structural integrity after 

metal loading on H-ZSM-5. The XPS confirms the presence of metallic Ni as the catalyst was reduced 

prior to the reaction. NH3-TPD studies revealed a decrease in the strong acidity of ZSM-5, thus leading 

the selective ethylene production. Various reaction parameters were optimized, and at optimum reaction 

condition, >95 % conversion of ethanol and >95 % selectivity for ethylene was obtained at a 

temperature of 250 °C, 9 h-1 WHSV using 6 % ethanol as a feedstock. The synthesized catalyst was 

active in the presence of water in the feedstock, making it suitable for dehydration of bio-derived 

ethanol. 

 

Biography: 
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Abstract: 

Lube base oils are a complex mixture of naphthenic, paraffinic, and aromatic hydrocarbons comprising 

C20 to C40 hydrocarbons with a boiling point above 400°C. It consists of around 73-80 % saturates, 11-

15 % mono-aromatics, 2-5 % di-aromatics and 4-8 % poly-aromatics. Lubricating oils are a high-value 

petroleum product obtained through the distillation of crude and blended with certain additives (10-20 

%) to achieve the desired properties in the finished product. Determination of aromatic content in 

finished and used lubricating oils is of high significance from the environmental perspective and due to 

the associated problems in automotive engines. 

Saturated and aromatic hydrocarbons of lube base oils are determined through elution chromatography-

based standard methods e.g., ASTM D2549, ASTM D2007, and HPLC-based ASTM D7419. ASTM 

D7419 defines total aromatic (up to 25.1 %) along with total saturates of the lube, but the polar content 

(usually additives) is not known separately and combines with the aromatics. Hence the standard test 

method is not applicable for determining total aromatics and polar in the finished lubricating oil. We 

report a new HPLC-RI-based method for determining saturates, aromatics, and polar additives in 

finished and used lubricating oils. In this study, the composition of various lube oils was simulated, and 

all the critical parameters of the analytical method were optimized. All analytes were measured with 

high accuracy and a minimal limit of detection or quantification. Through the use of the HPLC-RI 

protocols, a broad linear response range of 0.05 to 30% for total aromatic compounds and 0.05 to 20 % 

for polar additives was obtained. The proposed approach is straightforward, quick (Runtime: 13 min), 

and does not need sample pre-treatment. 
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Innovative Steps Towards Clean Energy for Net Zero India by 2070 

 

Drop-in liquid sustainable aviation and automotive fuel  

(DILSAAFTM) technology 

 

Introduction: Sustainable Aviation Fuels 

Air transport is entirely dependent upon liquid hydrocarbon fuels. The technical approval (ASTM 

D7566) of the 50% biofuel/kerosene mix for aviation fuel in June 2011 has resulted in a noticeable rapid 

increase in interest and investment in SAF fuel (a major category of Sustainable Aviation Fuel, SAF). 

Also, ICAO’s globally applicable Carbon Offset and Reduction Scheme for International Aviation 

(CORSIA) commences with a voluntary period (2021-2026), after which it would become mandatory 

for international aircraft operators to purchase the required offsets for the growth in CO2 

emissions above 2020 levels. Green aviation SAF Fuels can contribute up to an 80% reduction in the 

carbon footprint for the aviation industry and be a potential offset for CO2 emissions. CSIR-IIP is 

currently in talks with the industry to set up commercial-scale production drop-in liquid sustainable 

aviation and automotive fuel (DILSAAFTM). 

 

Biofuel for Aviation – Indigenous Development in India 

CSIR - Indian Institute of Petroleum, Dehradun (CSIR-IIP), a constituent laboratory of the Council of 

Scientific and Industrial Research under the Ministry of Science and Technology, Government of India, 

has taken a significant step forward in the development of single-step non-infringing technology for the 

production of renewable green aviation fuel from non-edible oils and waste oils. CSIR-IIP demonstration 

plant is based on a patented catalyst (EP3191565A1, US 10,351,782, US 10,457,875) and produces SAF, 

which is easily implementable and economical as compared to globally available SAF processes. The 

CSIR-IIP SAF meets ASTM D7566 (after blending with conventional ATF) and is compliant with the 

IS 17081:2019 specification for Bio-ATF. This process can uniquely produce the aromatic content 

required for ASTM D1655 jet fuel. SAF yield is in the range of 25-30% by mass of feedstock, along 

with other salable co-products of low sulfur (<10 ppm), renewable diesel (80-90 cetane), naphtha, and 

LPG. 

 

Status of development 

CSIR-IIP has produced approximately 10,000 liters of SAF in the pilot plant situated in Dehradun. The 

produced SAF has been supplied to Spicejet Ltd. for India’s 1st Biofuel flight on August 27, 2018, on a 

Bombardier Q-400 turboprop aircraft with PW150A twin engines (at 25% blend in one engine). The 

Indian Air Force (IAF) extensively tested CSIR-IIP SAF fuel (10% blend with fossil jet fuel) on the 

Russian Antonov An-32 turboprop, a twin-engine medium-range military transport aircraft with 

Ivchenko AI-20 Soviet-era engines. After successful trials and laboratory tests, the fuel produced at 

CSIR-IIP was used by the IAF during the Indian Republic Day fly-past on January 26, 2019, and ultra-

high-altitude landings and approved for regular use An-32 aircraft. The fuel is now approved for use on 

all IAF aircraft with a 10% blend (SAF) with jet A1. CSIR-IIP is currently supplying SAF to IAF for 

testing in Dornier Do:228 aircraft. 
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Table 1. Status of CSIR-IIP SAF pilot plant 

Status Start-up 

year 

Biomass type Feed 

Capacity 

(t/day) 

Product 

(t/day) 

Co-products 

(t/day) 

Operational 2018 Lipids e.g., 

jatropha, 

Pongamia, 

used cooking oil, 

Palm stearin 

0.24 0.07 

Bio-aviation fuel 

0.07 diesel 

0.02 Naphtha 

0.002 LPG 

 

Impact 

Reduce India’s import dependence on crude oil; de-risk military fuel supply chains; enhance its capability 

to meet climate commitments (NDCs). Improvement in Quality of Life and income: rural and tribal 

populations in India who collect tree-borne inedible oilseeds have generated incremental income with 

the deployment of this technology. Using SAF and renewable diesel with sustainable feedstock would 

reduce carbon footprint. 

 

Material balance considered for economic evaluation 

The Feasibility Study has been carried out for 10,636 US gallons of SAF per day, using 45 972 gallons 

of non-edible vegetable oil. Material Balance for the plant is given in Figure 1. 

 

 

 
 

Figure 1: Material balance for CSIR-IIP DILSAAFTM process used for the techno-economic 

feasibility study (Conversion 1 US gallons =3.7 liters). 

The capital expenditure of two different plants has been worked out based on two approaches: Integrated 

Plant (plant shall be integrated with an existing refinery where all utilities are in place) and Standalone 

plant. The study has also been carried out for 3,431 gallons per day of the SAF production plant. The 

CAPEX for the above-described plants works out as follows (Table 2). 

 

The IRR has also been worked out based on the feedstock (vegetable oil), product (SAF and 

renewable diesel), and major utility prices mentioned in Table 2 

The refinery/company can take forward the patented technology of CSIR-IIP to produce SAF using non- 

edible oil/animal fats as feedstock as they have the capacity and the resources available to integrate the 

process into an end-product, creating a value for the end-user. Once taken by the refineries, they can 
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sustain it for the long run, therefore making the technology economically viable. 

 

Table 1: Estimated Capital Expenditure (CAPEX) 

Currency exchange rate 1 USD = 74 Indian Rupees (INR) 

 

Table-2: Sensitivity study of SAF and renewable diesel (USD/gallon) 

Vegetable Oil 

Feed (Price 

USD/gallons) 

Plant Capacity in Gallons  

10, 636 3, 431 

Standalone 

Unit 
Integrated Unit 

Standalone 

Unit 
Integrated Unit 

IRR 

(Post-tax) 

 SAF 

Price 

Diesel 

Price 

SAF 

Price 

Diesel 

Price 

SAF 

Price 

Diesel 

Price 

SAF 

Price 

Diesel 

Price 

 

1.6 
2.9 3.0 2.4 2.4 3.3 3.4 2.6 2.6 0.0 

3.7 3.8 2.8 2.9 4.6 4.7 3.4 3.5 12 

2.4 
4.1 4.2 3.6 3.7 4.5 4.6 3.8 3.9 0 

4.8 5.0 4.0 4.1 5.8 5.9 4.6 4.7 12 

3.2 
5.3 5.5 4.8 4.9 5.7 5.8 5.0 5.1 0.0 

6.0 6.2 5.2 5.3 7.0 7.2 5.8 5.9 12 

Assumptions are provided in table 3, Conversion 1 USD/gallon = 19.5 INR/litre 

 

The technology is protected by Patents applications: US15/510,598; PCT/IN2015/050109; 

EP15787312.6A; US- 201715645629-A; US-201515510598-A; US15/645,629. 

 

Licensing 

The technology is available for licensing discussions with interested parties. 

Contact Information 

Director, CSIR-Indian Institute of Petroleum, Haridwar Road, Dehradun-248005, Uttarakhand, India 

Tel: +91 135-2525709 

E-mail: director@iip.res.in 

The contents of this document are a property of CSIR-IIP, India, proprietary in nature and 

not for public circulation 

Plant CAPEX, Million USD 

10, 636 gallons (~40 kL) of SAF/day (Standalone plant) 49 

10, 636 gallons (~40 kL) of SAF/day (Integrated plant) 30 

3, 431 gallons of (~13 kL)SAF/day (Standalone plant) 30 

3, 431 gallons of (~13 kL) SAF/day (Integrated plant) 18 

mailto:director@iip.res.in


 
 

 

 

                       

Our Platinum sponsors 

Bharat Petroleum’s existing 
network of retail outlets 
comprises of over 20,000 petrol 
stations and continues to grow 
at a steady pace. BPCL has a 
significant presence across the 
entire value chain.  

Indian Oil’s dedication is to 
being the foremost energy 
supplier even through 
emergencies and calamities 
and to constantly innovate 
ideas that can lead to the 
betterment of society. 

EIL aims to achieve ‘Customer 
Delight’ through innovative, 
cost effective and value-added 
consulting and EPC services 
and to maximize creation of 
wealth, value and satisfaction 
for stakeholders with high 
standards of business ethics 
and aligned with national 
policies. 
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