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Foreword

Foreword
It is our privilege to present this souvenir for CORCON 2021- International Conference & Expo
organized virtually by NACE International Gateway India Section [NIGIS]during 18-20 November
2021 CORCON 2021 includes, plenary talks, key note lectures, invited lectures apart from 130
contributory oral & poster presentations in 17 Technical symposia. This year too we have an
exclusive student session. Apart from the technical symposia, 3 Technical Interactive Forums have
been organized on relevant issues. In addition, there is an expo with displays of products and
services concerning corrosion and its control/mitigation There are over 30 stalls that will give an
one an opportunity to familiarize with the technological development and the materials in the
field of corrosion
The conference is happening virtually that gives the flexibility to take benefit of the technical
extravaganza right at the comfort of ones own home/Office. It is a strong technical programme
which is the main attraction for the participants. It also provides a great opportunity and is an
ideal platform to carryout networking and find a possible solution to the issues back at work place.

The Souvenir is a one stop document for both academia and industry. It provides a coherent
synergy of technical information by way of the abstracts of technical papers and details of
exhibitors Also, there are relevant details of the various industries participating and their profile
for the benefit of the fraternity and for those who have contributed to the success of this
conference
We, on behalf of the Governing Board and Executive Committee of NIGIS and CORCON Organizing
Committee would like to thank the Supporters, Exhibitors, Advertisers and Delegates for their
unstinted support. We also wish to thank the Organizing Committee, NIGIS staff, Associates and all
others who are associated with this conference, for their valuable help and co-operation in
releasing this Souvenir.
Have a Great time in CORCON!
N. MANOHAR RAO
Trustee

K. B. SINGH
Chairman

HERAMB TRIFALEY
Vice Chairman

SUMEET KATARIA
Secretary

DENZIL D’COSTA
Treasurer

Message

Message
It is my proud privilege to welcome you all to CORCON 2021 - International Conference & Expo on
Corrosion being held Virtually from the 18th to the 20 Nov 2021 and with immense pleasure we present
to you this 27th edition of annual conference on corrosion "CORCON 2021: E-SOUVENIR”.
CORCON is organized by NACE International Gateway India Section since 1992, and its been 27 years
of service to Society by many a stalwarts who have held positions within the boards as SGB - Section
Governing Boards or EC - Executive Committee or as members / volunteers contributed to the mission
of NIGIS in - Uniting the World in Mitigating and Combating Corrosion.
CORCON - The annual conference and expo on corrosion science and engineering held in India, Is one
of the largest events of its kind in Asia. This event offers a powerful platform for information sharing,
knowledge-acquisition, scouting opportunities, market-offerings, and networking in the field of
Corrosion.
CORCON-2021 will facilitate technical information exchange and interactions with our corrosion
professionals. This together with the exhibition has become a Premier Corrosion Event in the country.
Please make most of this excellent opportunity where Exhibitors and Sponsors showcase their products
and services at the Expo, Interact at the TIF - Technical Interactive Forums, gain from listening to Key
note addresses and Plenary Talks and paper presentations spread over 17 Technical Symposia from
top Industry stalwarts. All in all its a technical extravaganza.
Our India Section is very active and it's due to the passion and commitment of our volunteer members
that we are able to put together programs that are so well appreciated and beneficial to all.
Growth and progress in our industry is anticipated, as the world is exploring innovative technologies in
evolving areas posing newer challenges in the corrosion management field.
Corrosion Monitoring and control of critical components play a key role in successful operation of
Assets - Regular in-service inspection and ageing management of these Assets for more than 15-25
years i.e. beyond envisaged design life.
I wish the conference a grand success and a rewarding time for all the participants and delegates with
rich knowledge base in corrosion prevention technologies from the technical programme, and latest
technologies in corrosion mitigation and management from the visit to exhibition.
I also take the opportunity to thank all participating organisations and delegates and the Plenary
Speakers, Keynote Speakers and Authors who shall be presenting at the event.
I wish you all Happy Learning and Meaningful Conference for you all.

Sumeet Kataria

(Chairman CORCON 2021)

Message

Message
It is my great pleasure and privileged honour to welcome you to CORCON 2021 to experience the
vibrant Conference on Corrosion in India from 18th November to 20th November 2021. In line with
the directives of the Government of India & the state Government we are doing this conference in
virtual mode.
In line with the Theme, we have numerous speakers from all over the world including a number of
budding students from India to showcase their study in mitigation of corrosion.
This year, CORCON 2021 has received an overwhelming record number of over 170 abstracts for
the presentations in 17 technical sessions and 9 poster presentations. Apart from the contributory
paper presentations, there are 4 plenary speakers and 10 keynote speakers beside 3 Technical
Interactive Forums (TIF) and the Young Students Scientist Forum.
An E-Souvenir on CORCON 2021 is brought out with useful information, details with abstracts of
the talks, details of the supporters, advertisers, and the winners of the Corrosion Awareness
Award 2021.

The success of C ORCON 2021 would be the experience of a larger participation of delegates and
exhibitors would be, benefited of obtaining knowledge regarding mitigation of Corrosion is
achieved, thereby benefitting industry and the Nation as a whole.
The success is also due to the whole-hearted contribution of our supporters, exhibitors, authors
and the organizers as well as the participants. We wish to thank each one of you for your
participation and contribution of the success of the conference. On behalf of the Organizing
Committee of CORCON committee, I thank you for your unstinted support to accomplish our NACE
International missionNACE equips society to protect, event and the environment from the adverse effects of corrosion.
Here is wishing you a rich and rewarding experience in CORCON 2021 and wish you would persue
to contribute to such events of NACE in future.

N. MANOHAR RAO
TRUSTEE, 2019-22

About NACE India

NACE INTERNATIONAL GATEWAY INDIA SECTION
NACE International, The Worldwide Corrosion Authority, was established in 1943 by eleven corrosion
engineers from the pipeline industry as the National Association of Corrosion Engineers (NACE) today
serves over 36000 members in around 130 countries and has acquired international repute and credibility as a
premier authority for corrosion control solutions. The organization offers technical training and certification
programs, organizes conferences while also disseminating industry standards, reports, publications, technical
journals and providing avenues for networking and collaboration. NACE International is headquartered in
Houston, Texas, with offices in San Diego, California; Kuala Lumpur, Malaysia; Shanghai, China, Sao Paulo,
Brazil and Al-Khobar, Saudi Arabia. The members of NACE International include engineers, as well as numerous
other professionals working in a range of areas related to corrosion control.

For more information visit www.naceindia.org
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Mr. N Manohar Rao
Trustee
Mr. N Manohar Rao is a Civil Engineer from Mysore University. He has over 35 years of experience in the Oil
& Gas Industry.
He has presented papers at various NACE International Conferences and is a regular faculty in NIGIS
programmes. He is a member of NACE International & Institution of Engineers and recipient of 12th NIGIS
Corrosion Awareness awards for excellence in corrosion. He has retired as Executive Director (HSSE &
Bio-fuel) from Bharat Petroleum Corporation Limited this June. He is the Chairman of NACE India Section for
2018 – 19 and the Chairman, CORCON 2018. Presently Trustee of NIGIS and Vice – Chairman, NACE EAPA
Area.
--------------------------------------------------------------------------------

K B Singh
Chairman
K B Singh: +30 Years’ experience in Consultancy, Construction, Project Management, Technical Marketing,
Design &Engineering of Products &Services in Power, Oil, Gas & Water Sector in India and abroad.
He has published several Technical Papers on Coatings &Cathodic Protection in various Indian &International
Journals. Specialization in the following fields: External and internal pipeline coatings, field joint coatings
&plant piping coating for oil, gas and water transmission and distribution on-shore and off-shore pipelines.
Cathodic Protection for Tanks (Internal/External), Buried / Above ground plant piping, Cross Country Pipelines
Skin Effect Heat Tracing of high viscous crude and sulfur cross country insulated pipelines.

NIGIS Governing Board 2021-2022

Heramb Trifaley
Vice - Chairman
Heramb is a Paint Application Technologist, NACE Certified Coating Inspector - Level 3 (Peer Reviewed) and
a NACE approved CIP Instructor. Heramb possesses 23 years of experience working with numerous coating
systems and materials across board. He has worked closely with Paint Manufacturing, Oil & Gas - Upstream
and Downstream, Passive Fireproofing (Jet fire and Cellulosic), Fertiliser, Power Generation, Power
Distribution, Infrastructure, Manufacturing, Heavy Chemical, Nuclear and Decorative coatings industry all
across the world. Heramb was responsible for instituting “Coating Management Methodology” in the FPSO
and Drilling Rigs industry. He has presented various technical papers at CORCON and other symposiums. As
a CIP instructor, Heramb has conducted CIP classes in many countries; helping budding coating engineers
and inspectors achieve this coveted certification. He is a member of NACE and SSPC International.
--------------------------------------------------------------------------------

Sumeet Kataria
Secretary

A Mechanical Engineer with A Diploma in Financial management followed by An Advanced Diploma In
Industrial Safety.
20 Yrs plus Work Experience in Offshore Construction Projects at Bombay High with OHCS, Worked with
Rajesh Construction Company in laying of Main Line and Tie-Inn activities for Cross Country Pipelines
including hydro testing, yard bending of pipes and coatings. Involved in the construction of various POL
Depots, LPG Bottling Plants and Retail Outlets with Vijay Builders and Construction Pvt. Ltd covering Roads,
Drains, Culverts, Driveways, Buildings, Foundations etc. Associated with Onland Offshore Engineering
Services Pvt Ltd and in the fabrication field covering Structural Steel, Three Plate Construction, Cold Roll
Formed Sections, Pressure Vessels, Piping Components and Pipelines. With Onland Graphics India Pvt Ltd a
3M authorised converter for the manufacture of Signages, Totems, Id Signs using Flex, Vinyls, Retro
Reflective, ECF, ACP, etc also handled curtain wall and glazing works. At ICS Technologies a NABL
Accredited Laboratory, IRCA approved Training Institute; Institute approved by the MSBTE in the field of
Training; a Recruitment Agency approved under the Ministry of Overseas External Affairs, Placement;
Laboratory Testing and Calibration Services.
Currently with International Certification Services Pvt Ltd a Conformity Assessment Body as a Country
Manager responsible for the growth and development of Management of Certification and Inspection Services
of the organisation.
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Denzil DCosta
Treasurer
Mr. Denzil Dcosta is a Mechanical Engineer with a Management Diploma in Quality control & ISO
certification , A NACE Certified Coating Inspector, Presently working as National Sales Manager for Graco
Hong Kong Ltd, over 22 Years experience in Paints and Coating Applications equipments in India and Abroad.
He has presented papers at various conferences and is a regular faculty member of educational institute &
organization. Mr. Denzil is coordinator of NIGIS educational corrosion awareness program on Coating
Applicator.

NIGIS Executive Committee 2021-2022

Dipen Jhaveri
Membe
Mr. Dipen Jhaveri is Chemical Engineer and holds a M.B.A. degree from Virginia Polytechnic Institute and
State University, USA. He has experience of over 15 years in Water Treatment Chemicals.
Mr. Jhaveri is a member of NACE International, U.S.A. He is also a member BMA, NCQM, WQA etc.
He has been awarded by AOTS (a Govt. of Japan organization) to participate in an Innovative Operations
Management program and also selected to be one of seven of an InternationalConsulting Group to the
University of Maribor, Slovenia. Presently, he is serving as Jt. Chief Executive of Vasu Chemicals since 1999.
--------------------------------------------------------------------------------

Dr. Anil Bhardwaj
Member
Superannuated as Group General Manager and Head of Materials & Corrosion Section, IEOT after 35 years
of service in ONGC. He has executed / coordinated / supervised more than 200 projects on various aspects of
corrosion, viz. material selection, failure analysis, paint & coating, MIC, CP, corrosion monitoring and
corrosion audit etc. He has Published / Presented more than 100 papers, edited three books as main
contributor: Internal Corrosion of Pipelines, Published by Narosa Publications, Corrosion Case Studies,
Published by NACE International Gateway India Section, Learning from Failure Case Studies, Published by
ONGC.
He written a Chapter “Petroleum fluids properties and production schemes: Effect on Corrosion” in book,
“Trends In Oil and Gas Corrosion Research and Technologies: Production and Transmission”, published by
Elsevier. He has Co-inventor of three patents awarded in the USA and Canada and Five patent applications
pending in India. He is Faculty in several corrosion courses in oil and gas industry. He received NIGIS
“Meritorious Contribution Award” for the year 2016 and Corrosion Awareness Award” for the year 2000, NCCI
Meritorious Contribution Award – 2016.
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Amrit Rekhi
Member
Amrit Rekhi, Vice President, Kansai Nerolac Paints Ltd and Joined Kansai Nerolac as Mgmt Trainee, has
progressively grown. Has rich experience of handling Sales & Mktg in various capacities of over 21 years,
Currently looking after business lines of Protective Coatings, Powder Coating, General Industrial Coatings and
Export for the organization.
--------------------------------------------------------------------------------

Prof. V.S Raja
Member
Prof. V.S Raja obtained his doctoral degree from Indian Institute of Science Bangalore (1987) and then joined
Indian Institute of Technology Bombay as a faculty and currently serving as Institute Chair Professor in
Department of Metallurgical Engineering and Materials Science. He was a guest researcher at Chalmers
University of Technology, Sweden, Visiting Professor at University of Nevada, USA and Guest Scientist at
GKSS Germany and Tohoku University, Japan.
He has published over 150 papers in peer reviewed journals and book chapters. He supervised about 20
Doctoral and 100 Masters students and consulted over 50 Industries to solved more than hundred corrosion
problems. He is the lead editor of the book “Stress Corrosion Cracking: Theory and Practice” Co-authored a
book on Corrosion Failures: Theory, Case Studies and Solutions. Prof. Raja has been well recognized
nationally and internationally for his contribution to the field of corrosion. In recognition, he received several
national awards and is a NACE and IIM fellow..
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Mahesh Aradhye
Member
Mahesh Aradhye is NACE International – Protective Coating Specialist & CIP Instructor,
NACE Certified Protective Coating Specialist, NACE – CIP Level – 3, SSPC Certified Protective Coating
Specialist and STEM Expert Corrosion in Oil & Gas Industry. Opinion Leader - IVLP 2015 International Visitor
Leadership Program arranged by Department of States United State for Adoption of Corrosion Standards
2015.
An MBA, Surface Coating Technologist & NACE-Certified Protective Coatings Specialist with & more than 26
years’ experience in the wide field of Surface Coating Technology & Specialized in Industrial & Automotive
Coatings & High Performance Protective Coatings. Hands on Experience in Pipe lining, Tank linings & Floor
Coatings. Cellulosic as well as Hydrocarbon/Jet Fire Intumescent Passive Fire Proofing Expert. NACE –
Coatings & Lining Technical Committee member since 2010.
--------------------------------------------------------------------------------

Sandeep H. Vyas
Member
Sandeep H. Vyas, Sr. General Manager (Head CP Systems & QMS for EPC Pipelines) Reliance Industries
Limited
Having experience of more than 23 years in field related to Corrosion, Cathodic Protection, Coating, Integrity,
Project Management, Multi Product Pipeline Operations etc. Worked for more than 65 different projects with
different levels of responsibilities including Plant CP, City gas and cross country pipelines. Qualified as B.E.
Electrical, NACE CP– II, Diploma in Management and Lead Auditor Qualification ISO 9001-2008. Technical
and Committee Membership with BIS (MTD 24), OISD std. committee, NACE, ASME and Society for Failure
Analysis (SFA).
Published 16 technical papers in different national and International conferences. Awarded with “Excellence in
Corrosion Science and Technology award” by NACE India Section-2010. International Visitors Leadership
Program (IVLP) 2015 – Sponsored by U.S. Embassy and managed by United States Department of State and
Bureau of Educational and Cultural Affairs. Excellence Award for Technical & organizing committee for ASME
IOGPC conference.
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Dr. Supratik Roychowdhury
Member
Dr. Supratik Roychowdhury is working as scientific officer in Materials Processing & Corrosion Engineering
Division, BARC since 1998. He completed B.E. (Metallurgical Engg.) from REC, Rourkela (presently NIT,
Rourkela), M.Tech. (Materials Science) and PhD (Corrosion Science & Engineering) from IIT Bombay. He was
awarded the Marie Curie research grant (COFUND scheme) for pursuing post-doctoral research in Paul
Scherrer institute (PSI), Switzerland (2013-2015).
His primary research interest is corrosion/SCC of nuclear structural materials in simulated nuclear reactor
water chemistry (SCC initiation and growth), hydrogen embrittlement, flow-accelerated corrosion, providing
metallurgical support (failure analysis, material selection) and delivering lectures on corrosion related topics.
In recognition to his work he has received the “Best M.Tech thesis award” and “Excellence in corrosion
science and technology” from NACE International India Section, Best PhD thesis award from IIT Bombay,
Mumbai, DAE individual and group awards and has number of publications in peer reviewed journals.
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Dr. T. Subba Rao
Member
Education:
M.Sc., (Microbiology) IVRI, Izat Nagar, Uttar Pradesh (1987).
Ph.D. (Biotechnology), Centre for Biotechnology, Anna University, Chennai, (1999).
D. Sc., (Biotechnology), Periyar University, Salem, Tamil Nadu, (2020).
Awards:
NACE International, Meritorious Contribution Award – 2019
DAE Group Leader Award - 2018, for Antifouling Coating Development and Testing
S.K. Seshadri National Award – 2013, Electrochemical Society India, IISc, Bengaluru.
DAE Group Achievement Award - 2011, Biofouling control in industrial cooling water systems.
NACE International, Excellence Award – 2006.
Fellowships/Academic Positions/ Publications:
Fellow, The Tamil Nadu Academy of Sciences, (2014).
Fellow, Applied Biotechnology Society of India (2010).
Member Senate of Alagappa University, (2012-2016)
Member, Board of Studies at Anna University, Pondicherry University and Sri Ramachandra University.
Journal Papers: 113, Technical Reports: 50; Invited talks: 60; Conferences: 136
Guided 6 Ph.D. students and currently guiding 4 research scholars.
Research Activities :
My research was focused on Microbial Biofilms, Biofouling, Biocorrosion, Industrial cooling water treatment
and Bioremediation.
I coordinated the delivery of technologies in water and wastewater treatment, organics biodegradation,
sulphate remediation and other industrial effluents.
Provided solutions to problems in industrial cooling water systems of power plants and chemical industries.
Studied the bacteria involved in corrosion and provided proof of biocorrosion of stainless steels, copper alloys
and titanium.
Bioremediation research was oriented in using bacteria for complexing as well as in degradation of toxic
industrial wastes.
Developed new antifouling coatings for biofouling prevention in seawater cooled power stations.
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Dr. Buddhadeb Duari
Director of Lalita Infraprojects
Dr.Buddhadeb Duari is Director of Lalita Infraprojects Pvt Ltd who are major Manufacturer and Applicator of
corrosion resistant organic coatings and linings.
Dr.Buddhadeb Duari has done B. Tech (Hons) in Mechanical Engineering from I.I.T Kharagpur,MBA from
Jamnalal Bajaj Institute for Management Studies (JBIMS) and Ph.D (Engg) in Metallurgy & Material
Engineering from Jadavpur University. He is a NACE Corrosion Specialist, a NACE Protective Coating
Specialist from NACE (National Association of Corrosion Engineers), Houston, USA and SSPC Protective
Coating Specialist from SSPC (Society for Protective Coating), Pitsburgh , USA. He is a member of BIS
(Bureau of Indian Standard) for CHD 20 (Chemical & Paint Division),CHD 21 (Raw Material for Paints),MTD
24 (Metallurgical Technical Division - Corrosion Protection Group) and MTD 19 (Pipes and Tubes). He has
more than 30 years experience on corrosion, coating and Cathodic Protection of Metals, Structure and
Concrete. He has published more than forty (40) Technical Papers in reputed journals out of which nine (9)
are international ones like MP Materials Performance, JPCL, Coating & Maintenance. Dr. Buddhadeb Duari is
also guiding students for doing their Ph.D in Jadavpur University as well as IIT - Guwahati.
--------------------------------------------------------------------------------

Dr. S. Parida
Member
Dr. S. Parida, is an associate professor in the Department of Metallurgical Engineering and Materials Science,
Indian Institute of Technology Bombay, India. He received his Ph.D. degree in engineering science from the
University of Saarland, Germany.
He worked at Institute for Nanotechnology, KIT, Germany on alloy corrosion. He has over three years of
postdoctoral experience in Department of Chemical Engineering at University of Toronto, Canada. He was a
DAAD fellow at IFW Dresden, Germany. His research interest includes functional coatings, corrosion sensor
and implementation of nanomaterials in corrosion research. He teaches postgraduate and undergraduate
courses on corrosion science and electrochemistry.
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S. Ravichandran
Member
S.Ravichandran is currently Senior Manager -Berger Paints India Limited, Kolkata. He did BSc, PGDBA, MBA.
He is NACE CIP Peer Review Level 3, SSPC Certified Protective Coating Inspector Level 3, SSPC Approved
Training/ Certification Lead Instructor, Paints and Coatings Skill Council- Training the Trainer- SSC: T-85. He
received Life Time Achievement Award from Society of Surface Protective Coatings India- 2019.
An innovator and participant of the Spray Painting Simulator and Painter Skill Assessment tool that was
launched in the recent CORCON 2017. One of his well appreciated works that was published is “DO’s and
DONT’s in Paints”, published as a handbook for Industries by CII. Close to three decades of experience in
high performance protective coatings.
--------------------------------------------------------------------------------

Lt Col Atul K Joshi
Member
Lt Col Atul K Joshi has completed his B.Tech (Hons) in Electrical Engineering from NIT Hamirpur in 1997.
After his MBA, he did Project Management course from National University of Singapore and presently he is
pursing Doctorate in Competitive Intelligence.
With around two year of working in Automobile Industry DCM and Denso, he joined IndianOil Corporation
Limited in the year 1999. In initial phase with IOCL, he worked in execution of cross-country Pipelines for
about seven years. In next phase he worked in Operations & Maintenance set up for about three years,
followed by four years exposure to Purchase Project materials for of Oil & Gas sector. For past seven years he
is working in Project Design Department and presently he is working as Deputy General Manager
Projects-Electrical. Col Joshi, has represented IOCL in many international and national conferences and
presented his research papers in the field of Cross Country Pipelines construction and Cathodic Protection.
He has been to Latin America, Europe and far east Asia for technological support and inspections of critical
equipment.
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Prabhakara Rao K
Member
Mr. Prabhakara Rao K has received his Bachelor of Engineering (1988-92) – Andhra University. He is
NACE Corrosion Specialist, NACE CP Technologist (Level 3), NACE Senior Corrosion Technologist (Level
3) , ISO 9001: 2008: QMS Lead Auditor (DNV - UAE) and PMP - UAE : Project Management Professional
Training.
He has over 27 Years’ experience in India, UK, KSA, Oman, Kuwait & UAE core areas
of Corrosion Engineering, Material Selection, Cathodic Protection, Internal Corrosion Direct Assessment
(ICDA) and external corrosion direct assessments(ECDA) for Oil and Gas process equipment, pipelines and
plant facilities. Material selection and corrosion rate calculation of hydrocarbon pipe line and process plant,
Preparing Material Selection Diagram (MSD) and Material Selection Report (MSR) and Ensure that material
selection and corrosion mitigation strategies will enable to maintain technical integrity during the life cycle of oil
and gas facilities.
Responsible for corrosion integrity management and performance evaluation of Pipelines & onshore plants
corrosion assessment, monitoring and maintenance. Design review of different Pipelines and Plant Inspection
& Corrosion Management, Corrosion Inhibitor treatment programs, chemicals selection including lab analysis
and field trials, follow up chemical injection.
--------------------------------------------------------------------------------

Dr. Radhakrishna G. Pillai
Member
Dr. Radhakrishna G. Pillai received his Bachelor of Engineering degree in civil engineering from Motilal
Neharu Regional Engineering College (Now MNNIT) Allahabad, India. He received his M.S. & Ph. D. degrees
in Civil Engineering from Texas A&M University, College Station, Texas, USA. For the past about 9 years he is
serving as a faculty in the Department Of Civil Engineering At IIT Madras, Chennai, India. He runs Strong
research group at IIT Madras with a focus on corrosion in concrete structures & has coauthored more than 70
publications. His areas of research interest include the Corrosion Mechanisms, Corrosion Control (Cathodic
Protection), Steel-Concrete Bond Behavior, Service Life Estimation, Repairs of Conventional & Presstressed
Concrete Structures. He is also very active in the Professional Organizations such as NACE International
India Section (NIIS), Indian Concrete Institute (ICI), and the International Union of Laboratories & Experts in
Construction, Materials, and Systems & Structures (RILEM).
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Vijay Aggarwal
Member
Vijay Aggarwal is currently Pyramid Technical Services Pvt. Ltd and responsible for looking after planning,
procurement, management of Internal Corrosion Monitoring Projects with ONGC, HPCL, BPCL, IOCL and
GAIL (India) Ltd and Providing recommendations on mitigation of Internal Corrosion to ONGC, GAIL, HPCL.
He is NACE Internal Corrosion Specialist. He has completed his MBA from Isenberg School of Management,
University of Massachusetts, USA and Bachelor of Engineering, University of Delhi, New Delhi.
As Project Manager in Supreme Global Services Pvt. Ltd he did Planning, coordination works with clients like
ONGC, GAIL, BPCL, HPCL, IOCL etc. on various pipeline related projects such as Intelligent Pigging,
Corrosion Monitoring and Cathodic Protection. Responsibilities include site visits, procurement, manpower
coordination and technical support. Planning and Project management for Integrity Assessment Projects using
MTM technology. He attended several national and International conferences.
--------------------------------------------------------------------------------

Urvesh Vala
Member
Mr. Urvesh Vala is currently Group Lead - Material Engineering &amp; Technology, Dy. General Manager Plant Integrity Engineering, L&amp;T Chiyoda Limited, Vadodara. His Area of Specialization is Corrosion and
Cathodic Protection, Coating and Painting, Material Selection and Failure Analysis Investigation, Asset
Integrity and Risk base inspection, Quality, Welding and NDE, Inspection and Expediting, Lead Auditor for
QMS, EMS, OH&amp;S and Lean &amp; Six Sigma, Cryogenic equipment’s, Nuclear and Aerospace.
He is pursuing PhD in Metallurgy Engg., Gujarat Technical University, Gandhinagar. He received his Master of
Metallurgy Engg., M.S. University of Baroda and Bachelor of Metallurgy Engg., M. S. University of Baroda,
Vadodara.
He is certified Lean &amp; Six Sigma Green Belt - ASCB (E) Ltd., Corrosion Control in Refining Industries
-NACE International, NDE Level II in Ultrasonic Testing - ASNT, NDE Level II in Radiography Testing, - ASNT,
NDE Level II in Liquid Penetration Testing - ASNT, NDE Level II in Magnetic Particle Testing - ASNT, NDE
Level II in Helium leak Testing - ASNT, NDE Level II in RTFI-EN ISO.
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Ms Saroj Chelluri
Member
Ms Saroj Chelluri is an electrical engineering graduate with Master’s in Business Administration. She joined
NTPC as Executive Trainee and since then has worked through various positions at Corporate Engineering
Division and various project sites. She is an experienced power sector professional with deep expertise and
demonstrated success in project engineering, project management and implementation of state of art
technologies. She had been the first Women Head of Project for Auriaya Gas Project, first Business Unit head
for a unique Badarpur Dismantling project and General manager for an innovative maiden project of NTPC
called the ‘NTPC Eco Park’ at Badarpur.
A thought leader in the field of electrical automation, SCADA Controls and Smart Grid Technologies, she has
hands on experience of implementation of many new innovative technologies like Numerical relays technology
and SCADA, Smart Grid technologies and metering, emission control systems, energy efficiency innovations
etc. She has authored and presented many technical papers in esteemed national and international forums.
She has the drive and the technical capability to lead teams and initiatives. With her innovative mind-set and
collaborative approach, she has been able to steer many projects and address the challenges of
implementation of new technologies as well. She has extensive international exposure through travel to many
countries for technical visits, study reports, testing and technical paper presentations and interactions with
global technology leaders. She has led major technological changes in past years for electrical automation,
efficiency and Smart Grid.
As the First Women Business Unit Head of NTPC Project she has led the project from front. As a business unit
head of a power station, she created a state of facility for Shared Contract and financial services at Auriaya
under her leadership. As the Chief of Task Force for Telangana Project (2X 800 MW), she led the project
implementation as a single window service provider. She held key positions in various international working
group / Institutes like CIGRE, IEC, UCAIUG, BIS and ISA.
At present she is working for NTPC Ltd as Associate, Technology Strategist.
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Dr. Anand Kumar Tewari
Member
Dr. Anand Kumar Tewari , Retired Executive Director (Operations), Indian Oil Corporation Limited, Pipelines
Division NOIDA ( Rtd June 2020)
A Mechanical Engineer having over 39 years of experience in the field of Oil and Gas Pipelines
Design, Technical services, Project Execution, Operation , HSE , Contracting and Budgeting
Operation &amp; Maintenance and inspection of cross country crude oil, Petroleum Products, LPG and
Natural Gas Pipelines
Corrosion Monitoring and Integrity Management of Pipelines; Risk management
Implementation of New Technology in field of Pipeline Operation &amp; Maintenance
Auditing Experience of CGD Networks, NG Pipelines , consultant / SME LPG Pipelines , Flow and Group
gathering Pipelines
Qualifications:
Bachelor of Engineering (Mechanical) ; Diploma in Human Resource; PGDBM (Marketing)
PhD ( Corrosion Field ) from UPES Dehradun ; Certified Energy Auditor ; Certified Project Management level
“C”
Presented Technical Papers in National and International Conference like World Petroleum Congress,
Istanbul, Pipelines Technology Conference, Berlin, Pipeline Operators Forum , Europe, NACE Conferences,
CII Conferences, other industry conferences in India.
Member of various Technical bodies of Pipelines
Technical Committee from 2016-2020 of PTC Berlin
Member Pipeline Operators Forum ( Europe) / Member NACE
Chairman 19th National Corrosion Council of India
Member Association of Corrosion Professional , India
Paper selection committee and Vice chair for World Petroleum Congress 2017.

NIGIS Executive Committee 2021-2022

Ajit Thakur
Member
Shri Ajit Thakur is Chief General Manager with Indian Oil Corporation Limited (Pipelines Division) and
presently oversees the implementation of North East Gas Grid as Chief Executive Officer. He has more than
27 years of experience in planning, design, execution, operation, and maintenance of Oil & Gas pipelines &
bulk petroleum handling terminals across the nation.
Shri Thakur is actively involved in designing, executing, and maintaining effective cathodic protection systems
for cross-country pipelines and tankages. With a progressive and positive attitude, Shri Thakur ensures the
execution of critical activities to meet timelines within cost.
--------------------------------------------------------------------------------

Pankaj Panchal
Member
Mr. Pankaj Panchal, the Founder and Director of CORPS (Corrosion Protection Specialist Pvt. Ltd.) has more
than 25 years of experience in cathodic protection and corrosion control systems. He is the technical and
business leader of Corrosion Control Industries.
He leads the management of CORPS and has successful execution of hundreds of mega projects for
corrosion control industries through out India and the middle east.
Mr. Panchal has an experience of corrosion and cathodic protection systems, project management, site
survey, design, engineering, Materials specifications, installations, testing, commissioning, maintenance and
post commissioning surveys.
He has designed more than 4,500 single and multiple well casings while working in Saudi Arabia and UAE. On
top of that he has also designed more then 6,000 KM cross country pipelines on multiple pipeline corridor with
AC/DC interference mitigation work combined in both India and Saudi Arabia.
Moreover, he invented the concept of multiple well casing (3 to 15) protection with a single power source in the
year 2002. This concept was developed with Saudi Aramco, Consulting Service Department.

NIGIS Executive Committee 2021-2022

Manish Kumar Sogani
Member
Present Affiliation : Chief General Manager (CSR) ,GAIL (India) Limited, New Delhi
Academic Qualification/ experience : Graduate Mechanical Engineer & MBA (Mktg). Associated with various
prestigious projects of GAIL starting from HVJ gas pipeline project to Pata Petrochemical project
Area of Specialization : Facilitated new technologies in the field of Pipeline Integrity in India. The new
initiatives include non-intrusive type Magnetic Tomographic Inspection and Acoustic emission type Inspection
of non-piggable pipelines, Implementation of Fiber optic based Pipeline Intrusion detection System etc.
Achievements / Awards : Awarded with NACE Distinguished Service Award 2021. Implementation of various
process improvement projects like Six Sigma project etc. Organized various Technical Seminars involving Oil
& Gas Industry like Jung Se Jung, GCPM etc. & presented several papers on Safety & Integrity of Pipelines.
--------------------------------------------------------------------------------

Harish Kumar Tallam
Member
Present Affiliation : Associate Vice President Corporate HSE & Asset Integrity at Gujarat Gas Limited
Graduated in B.TECH Instrumentation and control from NIIT (Formerly known as REC Regional engineering
college) one of the premier institutes in the country
INDUSTRIAL EXPOSURE : Experience of 22 Yrs of industrial exposure in Multinational companies Uni royal
chemical corporation , BP, BG. Served in various roles as Instrumentation operation and maintenance
engineer, technical services, projects the current role as Asset Integrity Professional
Having expertise in complex petrochemical plants and CGD business, has first hand experience in handling
extreme parameters such as cryogenic application, very high pressure & temperature application, handled
large tank farm, station piping, transmission pipelines, CGS , Steel & PE distribution pipelines, LNG, CNG
system.

NIGIS Awards

NACE International Gateway India Section (NIGIS) Corrosion Awareness Awards are presented to honour
and respect individuals / institutions for their contribution to corrosion awareness and developments in the field
of corrosion science and technology in India. The awards are presented during the NIGIS Annual Corrosion
Conference since 1995. NIGIS has so far honoured 135 scientists / teachers / engineers / professionals 49
students and 27 public / private sector laboratories. Detail information about awards is given at
www.naceindia.org.

NIGIS Corrosion Awareness Award Committee 2021
Dr. Nithyanand Prabhu,
Professor, Indian Institute of Technology, Bombay
Prof. M A Shenoy
EX - University Institute of Chemical Technology, Mumbai

Members

Ex-officio Members

K V Seshadri, Navi Mumbai
N Manohar Rao, Trustee
Sumeet Kataria, Secretary

NIGIS Corrosion Awareness Award Winners 2021
1

Excellence in Corrosion Science
& Technology in Research &
Education
Excellence in Corrosion Science
& Technology in Oil & Gas

Dr.T M Sridhar
University of Madras, Chennai

Dr. Poulami Chakraborty
Homi Bhabha Research Institute, Mumbai

4

Distinction in Corrosion Science
& Technology in Research &
Education
Student Award for PhD Degree

5

Student Award for PhD Degree

6

Student Award for M Tech

7

Student Award for M Tech

8

Meritorious Contribution in
Research & Education
Meritorious Contribution in
Industry

2
3

9

10

Ms. Nivedita S Bhattacharyya
Engineers India Ltd, Gurugram

Dr. Avinash Vijay Ingle
IIT Bombay, Mumbai
Dr. Deepak Kumar Kamde
IIT Madras, Chennai
Ms. S Chandraleka
University of Madras, Chennai
Ms. Divya Rachel Robby
National Institute of Technology, Calicut
Mr. Raghuvir Singh
NML, Jamshedpur
Mr. Parvatalu Damaraju,
ONGC Energy Centre, Navi Mumbai

Award nominated by Section Governing Body
Lifetime Achievement Award
Mr. K L Batra

Supporters

20:30 - 21:30

19:30 - 20:30

15:45 - 17:25

15:35 - 15:45

14:00 - 15:35

13:35- 14:00

11:55 - 13:35

11:45 - 11:55

10:00-11:45

Time

Symposia

Symposia

Symposia

Symposia

Activity

Hall - D

Hall - C

Hall - B

Hall - A

Hall - D

Hall - C

Hall - B

Hall - A

Hall - D

Hall - C

Hall - B

Hall - A

Hall - D

Hall - C

Hall - B

Hall - A

Main Hall

Venue

Corrosion Monitoring and Testing - 3
Corrosion in Petrochemical and Reﬁneries
Industries -3

Cathodic and Anodic Protection - 2

Product Presentation

Corrosion Monitoring and Testing - 2
Corrosion in Petrochemical and Reﬁneries
Industries -2

Power Plants and Utilities - 2

TIF - Integrity Management of CP Systems

Corrosion Monitoring and Testing - 1
Corrosion in Petrochemical and Reﬁneries
Industries -1

Power Plants and Utilities - 1

Cathodic and Anodic Protection - 1

Plenary Talk - S Jayachandran

Conference & Expo Inauguration

18/11/2021 (Thursday)

Dinner

Biomaterials Corrosion
Corrosion Awareness Award - 2021
Ceremony (19 Nov 2021)

Direct Assessment Methodology Application

Coatings, Linings and Thermal Insulation - 1

Product Presentation

Tea / Bio Break

Microbial Corrosion and Inhibitors - 2
Corrosion in Chemical and Fertilizer
Industries

Materials and Composites - 2

TIF - Delivering Performance through
Optimum Coating Speciﬁcations

Lunch

Corrosion in Oil and Gas

Microbial Corrosion and Inhibitors - 1

Materials and Composites - 1

Corrosion Control in Water Treatment
Utilities

Tea / Bio Break

Keynote Talks (2)

Plenary Talk - Kirk Hamilton

19/11/2021 (Friday)

CORCON 2021 - Technical Program ( 18 - 20 November 2021)

Valedictory Function
(16:30- 17:25)

Plenary Talk - Prof. Carmen Andrade

Corrosion in RCC Structures - 2

Coatings, Linings and Thermal Insulation - 3

TIF - Corrosion Control in City Gas Distribution

Corrosion in RCC Structures - 1
Corrosion in Industries and Young Student &
Scientist Forum

Internal Corrosion in Pipelines

Coatings, Linings and Thermal Insulation - 2

Keynote Talks (2)

Plenary Talk - K V Seshadri

20/11/2021 (Saturday)

Conference Programme

Conference Agenda

18th November 2021: 10:00 – 11:00 - Conference & Expo Inauguration
11:00 – 11:45
(Plenary Talk)

11:45 - 11:55
11:55 – 13:35
Paper No.

CAP11
CAP12
CAP13
CAP14

CAP15

11:55 – 13:35
Paper No.
PPU11
PPU12
PPU13

PPU14

11:55 – 13:35
Paper No.
CMT11
(Keynote Talk)
CMT12
CMT13

CMT14

Pipelines – New Challenges
Mr. S Jayachandran
Head of Department EPC Pipeline Projects, Reliance Industries Limited

Main hall

Tea / Bio Break
Cathodic and Anodic Protection -1

Hall-A

Paper
Studying The Electrochemical Corrosion Behaviour Inside Coatings In Cathodically Polarised
Pipelines –DAC And CP Shielding
Rituraj Mishra, Bharat Petroleum Corporation Ltd, Irimpanam, Kochi
CP System Design for Buried Pipeline & Facility Structures
Shaikh H Rashid , Himoya Corrosion Technology Pvt. Ltd., Kolkata
Challenges in CP Protection of Station Piping: Case Study & Analysis
Manish Mishra, Indian Oil Corporation Limited Noida
A Case Study on ‘AC Interference Reduction Methodology for Pipelines due to EHV Substation’
Navneet Saxena1, Manoj Saxena1, Kamlesh Bera2, Vivek Das2
1 Pipeline Management Services Private Limited and 2Reliance Ethane Pipeline Limited

Development of CP Analytics for spatio-temporal analysis of Cathodic Protection data for pipeline
integrity
Deepak Agarwal, Santosh Kumar and Niraj Kumar, Indian Oil Corporation Limited, Noida, India

Power Plants and Utilities - 1

Hall-B

Paper
Atmospheric Corrosivity Assessment of Power Plants – Some Aspects to be Considered
Ashwini K. Sinha, Corrosion and Water Management Consultants, Noida
HTHA failures in Fired Boiler water wall tubes operating below Nelson curve
Arun Murali Padman and Jayson Anil Pinto, ONGC-MRPL
Nodular corrosion of Zr alloys in gas and water – A comparative study
Sai Karthik Nouduru1,2, M Kiran Kumar1, S Roychowdhury1 and Vivekanand Kain1,2, 1Bhabha
Atomic Research Centre, Mumbai and 2Homi Bhabha National Institute, Mumbai
Battling Corrosion of PV Solar Panel: Need of the Day
Dr. Shailee G. Acharya1, Mr. Manojkumar V. Sheladiya2 and Dr. Ghanshyam D. Acharya3,
1SVIT, Gujarat, 2 FoET, Gujarat and 3 Atmiya University, Gujarat
Corrosion Monitoring and Testing - 1

Hall-C

Paper
Under-Paint Corrosion Sensing Technologies for Defense and Engineering Sectors
Dr. B.E. Amita Rani , Sr. Principal Scientist, CSIR-National Aerospace Laboratories, Bengaluru
Hot Corrosion behaviour of Inconel 738 superalloy in presence of NaCl, Na2SO4, V2O5
Arpit R Patil and S T Vagge, College of Engineering Pune, Pune
New Approach for Studying Soil Corrosivity Degree to Water Supply Pipelines of Lalitpur SubMetropolis (Nepal)
K.P. Dahal, S.K. Regmi and J. Bhattarai* , Tribhuvan University, Nepal
Microstructural and corrosion property correlation of Cr-Ni, Cr-Mn and Cr-Ni-Mo-Cu based austenitic
stainless-steels
Surjan Sheik1, Atmaramudu Tirumalla1, Arun Kumar Gurrala1 and Rafﬁ Mohammed1

Conference Agenda

National Institute of Technology Andhra Pradesh, Tadepalligudem

11:55 – 13:35
Paper No.

Corrosion in Petrochemical and Reﬁneries Industries – 1

Hall-D

Paper
UNS N08935 – A new austenitic Stainless Steel
Vikram Pandit, Sandvik Materials Technology, Pune

CPR11
CPR12

Super Duplex Stainless Steel Grade Uns S32750 Tube Failure In Seawater Service
Vinay Kumar Prasad, P S N Swaroop, 1Bharat Petroleum Corporation Ltd., Mumbai
Corrosion inhibition studies of 1,3,4-oxadiazole moiety on the mild steel surface in Hydrochloric acid
solution, electrochemical and theoretical approach
Raj Kumar Mehta*, M Yadav, Indian Institute of Technology, Dhanbad
Aggressive Ammonium salt corrosion due to stratiﬁed ﬂow regime in the REAC inlet system of a
Naphtha Hydro treater
Arun Murali Padman, Jayson Anil Pinto, Mangalore Reﬁnery and Petrochemicals Ltd, Mangalore
Corrosion under insulation(CUI) damages and control methods
Prashantha Hegde and K Shiva Kumar, ONGC Mangalore Petrochemicals Ltd., Mangalore

CPR13

CPR14
CPR15
13:35- 14:00

Lunch Break

14:00 - 15:35

Technical Interactive Forum -1
Integrity Management of CP Systems

Hall-A

14:00 - 15:35

Power Plants and Utilities – 2

Hall-B

Paper No.
PPU21
Keynote
PPU22

PPU23

PPU24

Paper
Mitigation of stress corrosion cracking in boiling water reactors: noble metal chemical addition
Stefan Ritter, Paul Scherrer Institute (PSI)
Laboratory for Nuclear Materials, Switzerland
Elemental Role of Chromium and Molybdenum Solutes on Corrosion Behaviour of Ni-Cr-Mo Alloys In 1m
HCL, H2SO4 and HNO3 Soul Solutions
Malvika Karri, Amit Verma and J. B. Singh, Bhabha Atomic Research Centre, Mumbai
The Role of Different Surface Treatments on Air Oxidation Behavior of Modiﬁed 9cr-1mo Steel
Ch. Jagadeeswara Rao1,2,*, M. Archana1,2, S. Ningshen1,2, 1 Indira Gandhi Centre for Atomic
Research, Kalpakkam and 2 Homi Bhabha National Institute University, Mumbai
Effect of Microstructural Condition on Hydrogen Embrittlement Susceptibility of EN 24 & A106 GRB
Saradhi Gumma1*, Prathamesh Bodhankar2, Supratik Roychowdhury1 and Vivekanand Kain1
1Bhabha Atomic Research Centre, Mumbai and 2Birla Institute of Technology & Science–Pilani, K. K.
Birla Goa Campus, Goa

14:00 - 15:35
Paper No.
CMT21
CMT22

CMT23

CMT24

Corrosion Monitoring and Testing - 2

Hall-C

Paper
Behaviour Of Steel Beam-To-Column Joints Subjected To Accelerated Corrosion And Cyclic Loads
Cinitha.A, CSIR-Structural Engineering Research Centre, Chennai
Corrosion studies on GTA welded AISI 202 austenitic stainless-steel butt joints in chloride medium
Atmaramudu Tirumallaa, Surjan Sheika, Arun Kumar Gurralaa and Rafﬁ Mohammeda*
National Institute of Technology Andhra Pradesh
Effect of shielding environment on microstructure and corrosion behaviour of 2205 duplex stainless-steel
weldments
Arun Kumar Gurralaa, Atmaramudu Tirumallaa, Surjan Sheika and Rafﬁ Mohammeda*
National Institute of Technology Andhra Pradesh
Studies on effect of tempering temperatures on corrosion behaviour of spring steel grades SUP9 and
SUP11A
Raghuram Peddinti1, Rafﬁ Mohammed2, 1RINL – Visakhapatnam Steel Plant, Visakhapatnam
2NIT Andhra Pradesh, Tadepalligudem

Conference Agenda

14:00 - 15:35
Paper No.

Corrosion in Petrochemical and Reﬁneries Industries -2

Hall-D

Paper
CRU Reformer Efﬂuent Airﬁn Cooler (05-EA-01) Fouling and Tube-end Thinning
Girish Kumar, A. Mojumdar, S. Dihingia, N.K Barua, Indian Oil Corporation Limited, Digboi Reﬁnery,
Digboi
Corrosion Control and Corrosion Management program for Cooling Water Application in Reﬁnery and
Chemical Industries.
Ameer Hamza, Fluor Arabia Limited, Al-Khobar, Saudi Arabia and Jignesh Desai, Fluor Daniel India
Private Limited, New Delhi
Corrosion Control in Sulfolane System
Balivada Naga Sravanthi, ONGC Mangalore Petrochemicals Limited, Mangalore
Is Corrosion A Natural Process? Is There A Role Of Behavior In Combating Corrosion?- A Case
Study
P K Tripathi, N Vaartha, Sukant Dev and M P Singh, Indian Oil Corporation Limited, Mathura Reﬁnery,
Mathura

CPR21

CPR22

CPR23

CPR24

15:35 - 15:45

Tea / Coffee

15:45 - 17:25

Product Presentation

Hall-A

15:45 - 17:25

Cathodic and Anodic Protection - 2

Hall-B

Paper No.

Paper

CAP21
(Keynote Talk)
CAP22
CAP23
CAP24

15:45 - 17:25
Paper No.
CMT31

CMT32

CMT33

AC Mitigation Criterion and the impact on Cathodic Protection Operations
Ted Huck, MATCOR Inc., USA
Earthing of Pipelines affected by AC Interference
Khushboo Sharma and Vartika Uprety, KB Singh & Associates
Showcasing Advantages of Computer Modelling and Simulation in AC Interference Study of pipeline
with various case studies
Anshul Jain, JEF Techno Solutions Pvt Ltd, Bangalore
Assessment of HVDC Interference on Pipelines With Software Modelling and Field Surveys
Sachin S Karanth, Jignesh Bhavsar and Kirit Panchal, SARK EPC Projects Pvt. Ltd. Ahmedabad

Corrosion Monitoring and Testing - 3

Hall-C

Paper
Selection methodology for integrated internal corrosion monitoring techniques – A user perspective
Kuldeep Jain, COSASCO, USA
Observation, Measurement & Mitigation of Telluric Current on Natural Gas Pipeline
Mr. Rukmangad Kondamgire1 & Mr. Junaid Balluwala 2
1GSPL India Gasnet Limited (GIGL), Gandhinagar and 2 GSPL India Transco Limited (GITL),
Gandhinagar
Corrosion Behaviour of Friction Stir Welded and Hard Anodized 7004 Aluminium Alloy
Vikrant V. Nimbalkar 1, Bharat S Padekar 2 and Shanmugasundaram T 3
1 Defence Institute of Advance Technology, Pune
2 Bharat Forge Ltd., Pune

Conference Agenda

15:45 - 17:25
Paper No.

Corrosion in Petrochemical and Reﬁneries Industries -3

Hall-D

Paper
Leakage of 1st Stage Condenser of Wax Hydro-ﬁnishing Unit (WHFU)
Rajendra Gayen, Naveen Kr. Kisalay, Indrajit Singha, Abhijit Mojumdar, Suryyadip Dihingia and Nayan
Kumar Barua
Indian Oil Corporation Limited, Digboi Reﬁnery, Digboi
Failure Analysis Of Naphtha Cracker Unit Boiler Economizer Tube
Ram Masodkar, Vipin Gupta, B.K.Muduli, Indian Oil Corporation Ltd., Panipat
Wet H2S Damage in Recycle Gas Scrubber: A Case Study
Prabhakar Chowdhary and Santosh Kumar Mishra, Engineers India Limited, New-Delhi
Use of Robotic Inspection for Corrosion Inspection in Oil & Gas Industry
Romit Kalra, Petrobot Technologies Pvt Ltd, Jaipur

CPR31

CPR32
CPR33
CPR34

19th November 2021
10:00-10:45
(Plenary Talk)

Technical Challenges with Transitioning to a Hydrogen-Based Economy
Kirk Hamilton, PEng., Senior Engineering Advisor, C-FER Technologies (1999)
Inc. , Canada

10:45-11:15
(Keynote Talk)
11:15-11:45
(Keynote Talk)

High Level DC Interference Assessment
Craig Botha, Reignite (Pty) Ltd - CEO, South Africa
Digital Solutions for Corrosion Control
ChristopherNghia Do, Group CEO& CTO

11:45 - 11:55
11:55 - 13:35
Paper No.
CCW11
Keynote Talk
CCW12
CCW13
CCW14
11:55 - 13:35
Paper No.
MC11

MC12

MC13

MC14

MC15

Main hall

Tea / Bio Break
Corrosion Control in Water Treatment Utilities

Hall-A

Paper
Corrosion Control in Water Treatment Utilities

Mr. Ajay Popat, President, Ion Exchange (India) Ltd, Mumbai
Study of Material Degradation in HWPT With Emphasis on Tri Sodium Phosphate, Asoﬁx & Phosdine
III as A Passivating Agent to Avoid Internal Corrosion In Pipeline
Amit and R. Shandilya, Heavy Water Plant-Tuticorin
Corrosive Tendency Analysis Of Ethylene Glycol In Chiller Units And Its Remedial Measures
Amit and R. Shandilya, Heavy Water Plant-Tuticorin
Corrosion in Water Treatment Utilities
S.Thiruvalluvan, Maintenance Manager, Govt. Of India, DAE, HWP (Baroda)
Materials and Composites - 1

Hall-B

Paper
Comparative Study on Friction, Wear and Corrosion Behavior of Tempered 13Cr Martensitic Stainless
Steel in Noncorrosive and Corrosive Environments
Neelima Khare1, 2*, Sunil Kumar Bonagani1, P K Limaye1, Vivekanand Kain 1,2
1 Bhabha Atomic Research Centre, Trombay, Mumbai
2 Homi Bhabha National Institute, Anushaktinagar
Effect of Flux systems on Printed Circuit Board of Switch
Ikhlas Chandkoti, Vaibhav Bhavsar, Srishti Bhatt, M. Pustode, S. C. Bali, Centre for Research
Engineering and Advanced Technologies (CREAT),
Uno Minda Industries Ltd., Pune
Impact studies of coke making process in building highly corrosive zone for steel asset in service of an
integrated steel plant.
KHALID, The Tata Pigments Ltd, Jamshedpur
Effects of Cu/Ni/Cu-Ni on Electrochemical Corrosion Behavior of
Automobile Engine Block Al-Si Alloys
Dr. Abul Hossain, Sylhet Gas Fields Limited (A company of Petrobangla), Sylhet,
Metallurgical Trends in High Pressure High Temperature Environments in the Hydrocarbon Industry
Rishabh Uniyal, Sudipta Biswas and Suman Kumar Jaruhar
Institute of Oil and Gas Production Technology, Oil and Natural Gas Corporation Limited, Panvel

Conference Agenda

11:55 - 13:35
Paper No.

MCI11

MCI12

MCI13

MCI14

MCI15

11:55 - 13:35
Paper No.

COG11
COG12
COG13
COG14
COG15
13:35- 14:00

Microbial Corrosion and Inhibitors - 1

Hall-C

Paper

Synthesis, Characterization, and Anti-Corrosive Application of Biocompatible Choline Formate Ionic
Liquid
M. Mobin, R. Aslam, Aligarh Muslim University, Aligarh
Novel methods for superhydrophobic surface modiﬁcation of titanium for improved self-cleaning and
antibiofouling properties
S.C. Vanithakumari,* A. Ravi Shankar and John Philip, Indira Gandhi Centre for Atomic Research,
Kalpakkam and Homi Bhabha National Institute, Kalpakkam
Effect of organic corrosion inhibitor sealed oxide layer on the corrosion behaviour of aluminum alloy
2024-T3
Prakashaiah B G1 Bhavana Rikhari 2 and Amitha Rani B E2, 1 Atria Institute of Technology, Bangalore
and 2 CSIR- National Aerospace Laboratories, Bangalore
A Review on Microbially Induced Corrosion in Subsea Pipelines: Consequences and Mitigation
Strategies
C. A. Shefeena1 and C. B. Sudheer2 , Dept. of Ship Technology, CUSAT, Kerala
Inhibition of corrosion of mild steel pipeline carrying simulated oil well water by an Aqueous Extract of
Chrysanthemum indicum ﬂower
K. Kavitha1,2, H. Benita sherine2, S. Rajendran3,4 and Abdulhameed Al-Hashem5, 1 National College
(Autonomous), Tiruchirappalli
2Periyar E.V.R. College (Autonomous), Tiruchirappalli, 3St. Antony’s College of Arts and Sciences for
Women, Dindigul
4 PondicherryUniversty, Puducherry, 5Kuwait Institute for Scientiﬁc Research, Kuwait.

Corrosion in Oil and Gas

Hall-D

Paper

Failure Analysis of Shell Part of Fuel Gas Heater at Offshore Platform - A Case Study
Bipin Kumar, Jeetendra Gupta, Sangeeta Rani Prasad, I. A Ahmed & Dinesh Kumar
Oil and Natural Gas Corporation Ltd., Navi Mumbai
Premature Failures Of an Underground 8” Well Fluid Line: A Case Study
Jeetendra Gupta, S K Velusshami, Anita Sharma, Oil and Natural Gas Corporation Ltd. , Navi Mumbai
Failure analysis of steam reformer outlet subheader weld joint failure
Mastram Hathesh, Ashish Dane and Deepak Chandramore, Bharat Oman Reﬁneries Limited, Bina
Failure Analysis of Tubing: A Case Study
Suraj Makkar, Jeetendra Gupta, S K Velusshami, Anita Sharma and Maushumi K Talukdar
Oil and Natural Gas Corporation Ltd. , Navi Mumbai
Corrosion Inhibition Effect of Synthesized Organic Compounds on mild Steel in Hydrochloric Acid
Sujata Kumari Gupta*, Mahendra Yadav, Indian institute of technology (ISM) Dhanbad, Jharkhand
Lunch Break

14:00 - 15:35

Technical Interactive Forum -2
Delivering Performance through Optimum Coating Speciﬁcations

Hall-A

14:00 - 15:35

Materials and Composites - 2

Hall-B

Paper No.
MC21
MC22
MC23

Paper
Failure Analysis of Coil tubing in onshore Oil and gas ﬁeld- A case study
S.K.Velusshami, Asis Isor,Jeetendra Gupta, Suraj Makkar & Maushumi K.Talukdar
Institute of Engineering and Ocean Technology, Oil and Natural Gas Corporation Ltd. Navi Mumbai
Development of Asset Integrity Optimization & Management System
Paresh Haribhakti and Vemuri P Sastry, TCR Advanced Engineering Pvt. Ltd, Vadodara
Criticality of pH value and its measuring methods on the corrosion mechanism in earth termination system
Arunima Shukla, Vikas Almadi, Devesh Jaiswal, Sunil Saini, DEHN INDIA Pvt. Ltd., Gurugram

Conference Agenda

MC24

MC25

14:00 - 15:35
Paper No.
MCI21

MCI22

MCI23
MCI24

MCI25

MCI26

14:00 - 15:35
Paper No.

CFI11

CFI12
CFI13
CFI14
CFI15

15:35 - 15:45

15:45 - 17:25

Investigation of General and Electrochemical Corrosion Behavior of Duplex 2205 Stainless Steel under
Different Concentrations of Sodium Chloride and Varying pH
Turin Datta1,2, Soumyabrata Basak1,3, Kisor Kumar Sahu1
1 Indian Institute of Technology Bhubaneswar, Arugul, 2 Indian Institute of Technology Kharagpur,
Kharagpur , 3University of Ulsan, Ulsan
Real World Versus Testing – How To Protect Parts Better
Keith Donaldson1 and John Franey2
1Engineered Materials, Inc. Buffalo Grove, IL USA and 2Sigma Consulting, Branchburg, NJ, USA

Microbial Corrosion and Inhibitors – 2

Hall-C

Paper
Graphene oxide-Silica-Polydimethylsiloxane coating on carbon steels for microbial corrosion and
biofouling control
B. Anandkumar*, Geetisubhra Jena and John Philip
Indira Gandhi Centre for Atomic Research, Kalpakkam
Imidazolium based Ionic Liquid as an Eco-Friendly Corrosion Inhibitor for Mild Steel in 0.5 M H2SO4
Medium: Electrochemical and Surface Morphological Studies
Anita Kumari a, Raj Kishore Sharmaa, Gurmeet Singh* a,b
a University of Delhi, Delhi and b Pondicherry University, Puducherry
Corrosion inhibition of mild steel using ZrO2-Gly nanocomposite in hydrochloric acid solution
Ruby Aslam, Mohammad Mobin, Mosarrat Parveen and M. Shoeb, Aligarh Muslim University, Aligarh
Application of plant extract synthesised silver nanocomposite as corrosion inhibitor on Mild Steel in 1 M
HCl
Irfan Ahmad, Mohammad Mobin*, Aligarh Muslim University, Aligarh
Imidazolium based envronmently benign corrosion inhibitor for mild steel in 1M HCl solution
Jiyaul Haquea, Vandana Srivastavaa, Mumtaz A. Quraishib, a IIT, Banaras Hindu University, Varanasi
and bKing Fahd University of Petroleum and Minerals, Saudi Arabia.
An investigation of benzimidazole derivative as corrosion inhibitor for mild steel in 15% HCl solutions.
Mohammad Salman1, Jiyaul Haque1, Vandana Srivastava1, M. A. Quraishi2
1Indian Institute of Technology, Banaras Hindu University, Varanasi and 2King Fahd University of
Petroleum and Minerals, Saudi Arabia.

Corrosion in Chemical and Fertilizer Industries

Hall-D

Paper
Corrosion behavior of alternate materials for usage in nitric acid over commonly used 304L stainless
steel in reprocessing plants
Amrita Mahanti Ghosal, Kamlesh Chandra, Vivekanand Kain, Bhabha Atomic Research Centre,
Mumbai
Different types of corrosion encountered in fertilizer industries.
S.D.Jambekar, A.B.Joshi , P.B.Vaishnav, GSFC, Vadodara
Study of boiler tube failure in Sulphuric acid heat recovery system
Vikram Pandit and Sudhindra Hathwar, Sandvik Materials Technology, Pune
Hydrogen Grooving in H2SO4 Storage Tank
Ketan Amin and Priteshkumar M. Patel, GNFC Ltd., Bharuch
Failure Analysis of LT nozzle of Water Knockout Drum
Ketan Amin, Chintan Mulchandani and Hussain Vasadwala, GNFC Ltd., Bharuch

Tea / Coffee

Product Presentation

Hall-A

Conference Agenda

15:45 - 17:25
Paper No.
CLT11

CLT12

CLT13

CLT14

Coatings, Linings and Thermal Insulation - 1

Hall-A

Paper
Thermal Spray Coating Replacing The Traditional Hot Dipped Galvanizing Process in Present Industrial
Scenario
Urvesh Vala1 and Indravadan B. Dave2, 1L&T Chiyoda Limited, Vadodara, India
2 Government Engineering College, Gandhinagar
Reduce Opex and Capex in Reﬁning Process Unit Fired Heaters and Heat Exchangers Using Tubacoat
Technology
Sanjay Lodha, Global Business Director- Tubacoat, Tubacex Spain
Effect of Gold Layer on Galvanic Corrosion of Electric Contacts in Printed Circuit Board of Steering Switch
Vaibhav Bhavsar, Ikhlas Chandkoti, S. C. Bali, Centre for Research Engineering and Advanced Technologies
(CREAT), Uno Minda Industries Ltd., Pune
Fluoropolymer Coatings and Linings for Offshore, Oil Gas & Chemical Equipment’s - Meeting the Needs
Under Harsh Conditions - From the Applicator's View”
Kirtan R. Dhami, Blinex Filter Coat Pvt Ltd, Mumbai

15:45 - 17:25

Direct Assessment Methodology Application

Hall-C

Paper No.

Paper

DAM11
Keynote

High Resolution Indirect Aboveground Survey for Non-Cathodically Protected Pipeline Network
– Case Study
Prankush M. Bujarbaruah Deputy General Manager, Oil India Limited

DAM12
Keynote
DAM13

15:45 - 17:25
Paper No.

BMC11
BMC12
BMC13
BMC14
BMC15

BMC16

19:30 - 20:30

20:30 - 21:30

A. K. Tewari, Ex Executive Director, IOCL
Complex Plant Piping inside Reﬁnery Inspected for Cathodic Protection (CP) and External Coating
Anomalies using Advanced Indirect Survey Technologies – A Case Study
Praveer Narayan, Allied Engineers, New Delhi

Biomaterials Corrosion

Hall-D

Paper
Corrosion Evaluation Of Nanohydroxyapatite – Graphene Oxide Biocomposite Coatings
K.Aruna1, R. Vignesh1, K.M.Veerabadran2 and T.M.Sridhar3
University of Madras, Chennai and Anna University, Chennai
Fabrication of Biomimic Nanostructured Titanium for Biomedical Application
Sushmi Shree G and Rajendran N, Anna University, Chennai
Corrosion Behavior of SS316L in Artiﬁcial Blood Plasma in Presence of CRF Syrup and Apple cider vinegar
Ajila. A, Loyola College, Chennai
PEDOT/TNTA hybrid composite: A promising biomaterial for orthopaedic application
V. Sudhisha, N. Rajendran, Anna University, Chennai
Extrusion Coatings of Biopolymer in oil and gas pipeline industries Applications
P. Kombaiah, GAIL (India) Ltd., A.P
Sustainable Biocomposite Coating of Samarium Substituted Hydroxyapatite/Polypyrrole/Wrightia
tinctoria Fibre on Ti Alloy for Orthopedic Applications
R. Ramachandran1, L. Kavitha2 and D. Gopi1, 1Periyar University, Salem and 2Central University of
Tamil Nadu, Thiruvarur

Corrosion Awareness Award - 2021 Ceremony

Dinner

Conference Agenda

th

20 November 2021
10:00-10:45 Signiﬁcance of Corrosion Management in Process Safety
(Plenary Talk) K V Seshadri
10:45-11:15 Hydrogen Embrittlement Of Ss 316l Instrument Tubing In A Hydroprocessing Unit
(Keynote Talk) Rajaram Chidambaram
AP Region Materials Lead, ExxonMobil Asia Paciﬁc Pte Ltd., Singapore
11:15-11:45 Smart AI Caliper Tool – A Technological Breakthrough in Pipeline Inspection
(Keynote Talk) Rajdeep Dutta, Corporate Director of Planning & Asset Management
LIN SCAN advanced Pipeline and Tanks Services (PIPECARE Group), U.A.E.

11:45 - 11:55

Tea / Bio Break

11:55 - 13:35

Coatings, Linings and Thermal Insulation - 2

CLT22

CLT23
CLT24
CLT25

Tape Coatings- –what are the differences in manufacturing technologies and which impact do they have on
the material properties ?”
Luc Perrad, DENSO GmbH, Leverkusen, Germany
Consequences of Elevated Temperature on Long Term ‘Cathodic Disbondment’ Test of 3LPE Coated Pipe: A
Report
Prajakta Joge, Sudip Maji, Mehul Patel, Amit Dharva, Gujarat Industrial Research & Development Agency
(GIRDA), Vadodara
CUI: Next Generation Coating Technologies
Shekhar Tambe, S.G Ghurye and Shrikant M. Naik
Asian Paints Ltd., Navi Mumbai-400703
Coating Applications Challenges Zinc Coatings and Low Potlife Coatings.
Denzil Dcosta, Graco India Pvt Ltd – Gurgaon
Cold sprayed Al-Al2O3 composite coating on AA 2024 (T3) with improved corrosion protection
RPS Chakradhar, Principal Scientist, CSIR -National Aerospace Laboratories

11:55 - 13:35
Paper No.
ICP11

ICP12

ICP13

ICP14
ICP15

ICP16

Hall-A

Paper

Paper No.
CLT21

Main Hall

Internal Corrosion in Pipelines

Hall-B

Paper
Synergistic combination of organic dispersant and corrosion inhibitor to mitigate Pipeline Under Deposit
Corrosion
G. Yogitha1, Sarat Shanmukh1, Jennifer Sargent2 and Sathees Kesavan1
1SUEZ Water Technologies & Solutions, Bengaluru and 2SUEZ Water Technologies & Solutions, Canada
Risk-Based Internal Corrosion Control
Joseph Itodo Emmanuel, Adnoc Onshore, Abu Dhabi, United Arab Emirates
Corrosion inhibiting potential of Cefpodoxime-an antibiotic on mild steel in sulphuric acid
Sheetal1#, Sanjeeve Thakur1, Ashish Kumar Singh2*
1Subhas University of Technology, New Delhi
2 Bharati Vidyapeeth’s College of Engineering, New Delhi
Internal corrosion in internally coated pipeline
Santosh Kumar, Deepak Agarwal, and Niraj Kumar, Indian Oil Corporation Limited, Noida
Examination of Soil Corrosivity Parameters for Underground Metallic Pipelines in Batasedanda-Tansen
Buspark - Parvas Roadway Areas
Madhab Gautam and Srijana Aryal, Tribhuvan Multiple Campus, Palpa, Nepal
Premature Failure of Subsea Well ﬂuid line in Indian western offshore - A Case Study
Asis Isor*, Bipin Kumar, S K Velusshami, Suraj Makkar, Srimoyee Khan & P K Borghate
Institute of Engineering & Ocean Technology, ONGC, Navi Mumbai

Conference Agenda

11:55 - 13:35
Paper No.

Corrosion Deterioration of RC Structures-Field Experiences
Bhaskar Sangoju, CSIR-Structural Engineering Research Centre, Chennai
Eco-friendly Corrosion Inhibition of Steel Reinforced Concrete by Aqueous Extract of Phyllanthus
Emblica
Anujay Rawat1, 2, S. R. Karade1, 2 and P. C. Thapliyal1, 2
1Academy of Scientiﬁc & Innovative Research (AcSIR), Ghaziabad
2CSIR - Central Building Research Institute (CSIR-CBRI), Roorkee
Service life extension of a coastal bridge by quarter century
Dr. Deepak K. Kamde and Dr. Radhakrishna G. Pillai, IIT Madras, Mr. Sankar V and Ms. Juby Kerala
Highway Research Institute,
Dr. Jayachandran K., NIT Calicut, Zameel D. V., Radhe Structorepair Pvt. Ltd., Ahmedabad, Mr.
Dhruvesh Shah, Vector Corrosion Technologies
Molecular Dynamic Simulation of Corrosion Inhibitors and It's Efﬁcacy Towards Reinforced Concrete
Structure
Smrithy Subash, Dr. Sumedha Maharana, Dr.Yamini Sudha Sistala
Shiv Nadar University Dept. of Civil Engineering
Sacriﬁcial anode cathodic protection for corrosion control in reinforced concrete slabs
V. Roopa1, M.S. Haji Sheik Mohammed1 and Radhakrishna G. Pillai2
1 B.S. Abdur Rahman Crescent Institute of Science and Technology
2 Indian Institute of Technology, Madras.
Inﬂuence of surface area, corrosion level of steel, and the resistivity of concrete in designing sacriﬁcial
anodes for cathodic protection of existing structures
Aswathy Ann Mathew, Jayachandran Karuppanasamy
National Institute of Technology Calicut, Kozhikode
Performance of Galvanized Reinforcement Exposed to Aggressive
Environments in Laboratory Conditions - A Critical Review
C. Hemalatha and M.S. Haji Sheik Mohammed, B.S. Abdur Rahman Crescent Institute of Science &
Technology, Chennai

RCC12

RCC13

RCC14

RCC15

RCC16

RCC17

11:55 - 13:35

CII11

CII12

CII13

CII14

CII15

CII16

13:35- 14:00

Hall-C

Paper

RCC11

Paper No.

Corrosion in RCC Structures - 1

Corrosion in Industries and Young Student & Scientist Forum

Hall-D

Paper
Evaluation of Heat Treatment to Evade Stress Corrosion Cracking in Aa5083 In Marine Environment
Sai Kiran Mangalampalli1, Prashant Nikalje1 and Deepashri Nage2
1Larsen & Toubro Defence Limited, Pune and 2Larsen & Toubro Defence Limited, Mumbai, India
Study the Corrosion of Calciferous Animals in Rivers Water
Dr. Rajesh Kumar Singh, Associate Professor
Department of Chemistry, Jagdam College, J P University, Chapra- 841301 India
Corrosion behavior of newly developed high toughness multiphase steels, consisting of varying fractions
of bainite, intercritical ferrite, retained austenite and pearlite
Neetu, S. Sangal and K. Mondal, Indian Institute of Technology Kanpur, UP

Investigating the effect of graphene oxide functionalization with ionic liquid for corrosion inhibition of mild
steel in acid solution
Huda, Mohammad Mobin*, Ruby Aslam, Aligarh Muslim university, Aligarh
Corrosion Behaviour of Annealed and Heat Treated - Aged 6061 Aluminium Alloy
Mrudul S Parasnis1, Sandeep N Bhosale 2, Bharat S Padekar 2
1 College of Engineering, Pune and 2 Bharat Forge Ltd., Pune
Novel hybrid sacriﬁcial anodes based on high phosphorus pig iron and Zn for the cathodic protection of
steel
Nisheeth Kr. Prasad1, A.S. Pathak2, S. Kundu2 and K. Mondal1
1Indian Institute of Technology Kanpur, UP and 2Tata Steel Limited, Jamshedpur,
Lunch Break

Conference Agenda

14:00 - 15:35

CLT34

CLT35

Paper No.

RCC22

RCC23

RCC24

RCC25

RCC26

Hall-A

Corrosion Studies on Bioﬁlm Inhibiting Hydrophobic Nanocomposite Coatings on Stainless Steel 420
Substrates Used in Surgical Instruments
Ramay Patra1,2#, Aarti Gautam1,2, K.R.C. Soma Raju1, K.V. Gobi2, R. Subasri1*
1 International Advanced Research Centre for Powder Metallurgy and New Materials (ARCI), Hyderabad
2 National Institute of Technology, Warangal – 506 004
Corrosion protective and self-healing hybrid silica sol-gel sealed porous anodized Mg AZ31 alloy for
aggressive environments
K. Pradeep Premkumar and R. Subasri#, International Advanced Research Centre for Powder Metallurgy
and New Materials (ARCI), Hyderabad

14:00 - 15:35

RCC21

Technical Interactive Forum - 3
Corrosion Control in City Gas Distribution

Corrosion in RCC Structures - 2

Hall-C

Paper
Effect of an innovative accelerated carbonation technique on the performance of rebar in natural zeolitecontained concrete.
Akshay Ramesh Bura and B. Kondraivendhan, Sardar Vallabhbhai National Institute of Technology, Surat
Corrosion Mitigation Using Sacriﬁcial Anodes System For Chloride Contaminated Reinforced Concrete
Structures & Case Study
Dhruvesh Shah, Vector Corrosion Technologies Limited
Corrosion of Plastically Strained Reinforcing Steel Bars
Prasanna Kumar Behera1, Sudhir Misra2, K. Mondal2
1 Indian Institute of Technology Tirupati, Tirupati and 2Indian Institute of Technology Kanpur, Kanpur
Study on Strength and Transport Properties of Sodium Nitrite based Inhibitor admixed OPC concrete
S. Shafeer Ahamed, R. Sridhar and M.S. Haji Sheik Mohammed
B.S. Abdur Rahman Crescent Institute of Science & Technology, Chennai
Use of Nanomaterials for Corrosion Protection of Reinforced Concrete Structures – In-depth Review
Divya Rachel Rooby, Jayachandran Karuppanasamy,
National Institute of Technology Calicut, Kerala
Detection of corrosion initiation in steel rebar embedded in concrete: a review on various test methods
Dilrabin Kootumpurath1, Jayachandran Karuppanasamy2
National Institute of Technology Calicut , Kerala

Tea / Coffee
15:35 - 15:45

Plenary Talks
15:45 - 16:30 Advances Controlling Corrosion in Concrete Structures
(Plenary Talk) Prof. Carmen Andrade, International Centre for Numerical Methods in
Engineering (CIMNE), Barcelona, Spain

16:30 - 15:25

Paper No.

PP1

PP2

Main hall

Valedictory Function

Poster Presentation
Corrosion combating ability of expired Cefmenoxime in acid solution
Ashish Kumar Singh1#*, Sheetal2, Sanjeeve Thakur2, Balaram Pani3
1 Bharati Vidyapeeth’s College of Engineering, New Delhi
2 Netaji Subhas University of Technology, New Delhi
3University of Delhi, New Delhi
Corrosion resistance of laser remelted Al2O3 coatings in molten sodium coolant for FBR core catcher
applications
Paulson Varghese1, 2, E. Vetrivendan1, 2, B. R. Vaishnavi Krupa1, 2, Prabhat Kumar Shukla1, 2, E.
Hemant Rao1, 2, S. Ningshen1, 2, *
1Indira Gandhi Centre for Atomic Research, Kalpakkam and 2Homi Bhabha National Institute, Mumbai

Conference Agenda

PP3

PP4
PP5
PP6

PP7

PP8

Steam Oxidation of CVD Synthesized Pyrolytic Graphite at different Pyrolysis Temperature for High
Temperature Application
Rongali Hareesha,b, E. Vetrivendana,b, Ravikumar Solea, and S. Ningshena,b,⁎
a Indira Gandhi Centre for Atomic Research Center, Kalpakkam
b Homi Bhabha National Institute, Mumbai
Electrochemical and microstructural characterization of corrosion in prestressed concrete systems
exposed to chlorides – Mechanisms and application
Dyana Joseline and Radhakrishna G. Pillai, Indian Institute of Technology Madras, Chennai
Corrosion behaviour and bioactivity of anodized Mg alloy for orthopaedic applications
M. Kalaiyarasan and N. Rajendran, Anna University, Chennai
Bio-inspired polydopamine incorporated titania nanotube arrays for biomedical applications
P. Agilan and N. Rajendran, Anna University, Chennai
Effect of electrochemical behavior and Bio-mineralization of titania nanotubular structure on titanium for
orthopedic application.
P.Cheranmadevi and N.Rajendran, Anna University, Chennai
Corrosion Behaviour Of Ni-Ti Alloy In Artiﬁcial Saliva In The Presence Of Vitamin-C At Various Body
Temperatures
D.Delinta, Loyola College, Chennai

Plenary Talk

Name:
Designation
& Affiliation:

Title Of Paper:

Prof. Carmen Andrade
International Centre for Numerical Methods in
Engineering (CIMNE), Barcelona, Spain

Advances Controlling Corrosion in Concrete Structures

Abstract:

Reinforcement corrosion is one of the challenges that affects the structural concrete.
In order to avoid the carbonation and chloride ingress, standards and codes have
provisions for limiting the concrete mix proportions and the crack widths in the
concrete surface. However, there are not recommendations on how to assess
existing structures or how to deal with the new needs of low clinker content
cements. In present work will be summarized several advances of recent years that
contribute to improve present situation:
1) the content of the chapters on durability of fib Model Code 2020, which has
incorporated a new limit state for durability: the deterioration limit state and has
organized the provisions in levels from the prescriptions on the mix proportions to
the use of advanced probabilistic models including that of the corrosion propagation
period which can be applied to the existing structures,
2) some inspection techniques for existing structures will be commented as well as
the use of monitoring through sensors,
3) the application to the concrete surface of a new generation of corrosion inhibitors
which are able to stop an ongoing corrosion.

Biography:

Prof. Carmen Andrade worked as a scientist studying the durability of buildings, with
particular attention at the corrosion of steel in reinforced concrete at the Institute of
Construction Sciences “Eduardo Torroja” of the (CSIC) of Spain. She has authored
numerous papers and edited several books. She has supervised more than 30 PhD
theses. With an h-index of 60, she is arguably one of the best researchers
worldwide in the areas of corrosion of reinforced concrete systems. Prof Andrade
developed the GECOR instrument, which is widely used in assessing the corrosion
condition of reinforced concrete structures. She has participated in and led various
Standardization Committees and has been Chairperson of several international
organizations related to her specialty (UEAtc, RILEM, WFTAO and Liaison
Committee, which brings together associations such as CIB, FIB, IABSE, IASS,
RILEM and ECCE. In RILEM, she has chaired three Technical Committees related
to electrochemical techniques and chloride attack. She was RILEM President from
200 to 2003 period. She has been General Director of Technological Policy of the
Ministry of Education and Science and Advisor to the Secretary of State Universities
in the Ministry of Science and Innovation, Spain. She has received the R.N. Whitney
Prize 2013 from NACE and Robert L’Hermite Medal 1987 to young scientists from
RILEM, “Manuel Rocha” of the Presidency of Portugal” the “ALCONPAT” for the
merits of the whole carrier, the Paul McIntyre Award 2020 from ICORR of UK, and
the list of international recognitions goes on.

Plenary Talk

Name:
Designation
& Affiliation:

Title Of Paper:

Kirk Hamilton
Senior Engineering Advisor
C-FER Technologies (1999) Inc. , Edmonton,
Canada

Technical Challenges With Transitioning To A Hydrogen-Based
Economy

Abstract:

Hydrogen is becoming an attractive means to assist efforts in decarbonizing
economies around the world; however, the transition to hydrogen-based
economies will require facing several significant technical challenges and
innovation gaps along the way. This presentation will provide the audience an
overview of the types of technical challenges facing stakeholders in decarbonized
hydrogen production, transmission and distribution, underground storage, and end
use. The presentation will pivot toward recommendations that stakeholders can
follow to address some of these challenges and end with a case study on a global
joint industry program that is evaluating legacy pipeline networks for hydrogen
service that will help pipeline operators understand the impact of introducing
hydrogen on the remaining life of their pipelines.

Biography:

Kirk Hamilton is a Senior Engineering Advisor with 20 years of advanced applied
research and development experience at C-FER Technologies in Edmonton,
Canada on a wide range of upstream and midstream energy topics. In his current
role, Kirk works on strategic and business planning for C-FER identifying,
developing, and implementing C- FER’s strategic diversification objectives.
His current scope is addressing the technical challenges faced by global
stakeholders in the transition to a hydrogen-based economy, in particular around
pipeline transportation and underground storage of hydrogen. As part of this scope
of activities, Kirk is working closely with the Transition Accelerator to assist the
Edmonton Region Hydrogen Hub in building up the hydrogen economy in the
Edmonton area as one of the world’s first hydrogen energy hubs.
In addition to his work for C-FER, he is also an active member of a number of
American Petroleum Institute (API), Canadian Standards Association (CSA) and
International Standardization Organization (ISO) technical committees on
equipment and materials codes and standards. Kirk obtained a BSc. in Mechanical
Engineering from the University of Alberta in 2001.

Plenary Talk

Name:
Designation
& Affiliation:

Title Of Paper:
Biography:

Mr. S. Jayachandran

Management Trainee To Head Of Department
(Pipeline Engineering)

Oil And Gas Pipeline Industry
Mr S Jayachandran is a Mechanical Engineering Graduate from Annamalai
University. He has over four decades of experience in oil and gas pipeline industry.
He worked with EIL in various capacities from Management Trainee to Head of
Department (Pipeline Engineering) from 1979 to 2004. Involved in design and
engineering of both onshore and offshore pipeline system designed to handle
natural gas, crude oil, refined petroleum products, LPG, etc. He has been
associated with major onshore / offshore pipeline projects implemented in India. He
was instrumental in developing standard specifications for material, construction,
and work procedures.
Presently he is Sr. Vice President with RIL and Heading the Pipeline Projects team
handling onshore oil and gas pipelines for RIL group companies. Responsible for
project development, project engineering, construction management and overall
project management. He Joined Reliance in 2004 and played a significant role in
implementing East West Gas Pipeline which had established world records for
longest crossings using micro-tunnelling and HDD technology, Shahdol – Phulpur
Gas Pipeline and Dahej – Nagothane Ethane Pipeline Projects, 1st Ethane Pipeline
in Asia. He is a recipient of Mission Kurukshetra – Yukthi Award for innovation
leading to significant cost reduction in DNEPL Project in RIL.
He has authored a technical articles on Design, Construction and Commissioning
of Heera-Uran Trunkline Project; Pipeline Field Hydrotesting, Design and
Construction of EWPL Crossings and DNEPL. He is the current Chair of Pipeline
Systems Division – India Chapter & B31.8 international Working Group - India.

Plenary Talk

Name:
Designation
& Affiliation:

Title Of Paper:

K V Seshadri

Significance Of Corrosion Management In
Process Industry

Significance of Corrosion Management in Process Safety

KeynoteTalk

Name

Christopher Nghia Do

Designation &
Affiliation

Group CEO & CTO

Title of Paper

Digital Solutions for Corrosion Control

Abstract:

If there is one realisation in our current lifetime, it is the fact that a pandemic can
force a global lockdown and severely disrupt our day-to-day lives. Though
challenging, there are critical activities that need to be carried out nevertheless. Top
on the list of critical activities are the monitoring and controlling the health and
integrity, especially in areas concerning corrosion, of assets such as pipelines,
platform, refineries and jetties, which left unchecked, could lead to dire
consequences.
Traditionally, operators used to rely on skilled personnel to periodically be on the
ground at the facility, recording tedious data points to maintain and ensure safe
operations manually. Such monitoring activities require high labour cost and time,
leaving operators to heavily rely on manual data collection, in which some can be
difficult due to access and subject to human errors.
However, in recent years, with the development of smart sensors and high volume of
data transmission and storage, remote monitoring technologies have been
developed to offer real-time data, remote access and diagnostics, which reduce and
eliminate the need for long manhours involved in inspection and maintenance, and
operational down-time. Over the last 2 years there has been accelerated
developments in these technologies to allow a more easy-to-deploy and user-friendly
approach given that most operators had to work from home or countries away from
the assets. The side benefit from this development has also, in turn, provide a huge
savings in time and cost to the operators by not only maintaining and operating more
efficiently, but also eliminating the risk of having failures and costly unscheduled
repairs at their facilities.

Biography

Christopher Do is the CEO and CTO of IEV Group Sdn. Bhd. He graduated from the
University of New South Wales, Australia, in 1984 with a Bachelor s Degree in
Mechanical Engineering (First Class Honours).
Mr. Do established IEV in 1987 to commercialise his pioneering invention, the
"ocean-powered" Marine Growth Control (“MGC”) technology. Under his leadership,
IEV has grown in the last 30 years offering an array of solutions to cater for the
life-cycle of offshore fields ranging from the installation, life extension and
decommissioning of fixed platforms. Mr. Do leads the implementation of IEV s vision
to develop and introduce a range of advanced and cost-effective disruptive
technologies and solutions that challenge the norm in the oil and gas industry.

KeynoteTalk

Name

Rajaram Chidambaram

Designation &
Affiliation

AP Region Materials Lead
ExxonMobil Asia Pacific Pvt. Ltd.
KLTC Engineering Technology Division
ExxonMobil Research and Engineering
Company
18 Pioneer Road, PWBS-280 Singapore

Title of Paper

Hydrogen Embrittlement Of Ss 316l Instrument Tubing In a
Hydroprocessing Unit

Abstract:

An unexpected failure of 316L Stainless Steel instrument tubing occurred in a high
pressure Hydroprocessing unit resulting in a shutdown of the unit. The tubing system
consisted of a compression type fitting commonly used in instrument systems and had
only been in service for 3 years when the failure occurred. The failed tubing samples
were removed for metallurgical analysis and determination of damage mechanism.
Metallurgical analysis and finite element analysis of the tubing identified excessive
cold working leading to hydrogen embrittlement as the primary mode of failure. This
paper details the investigation into the failure to arrive at the root cause and the
preventive measures adopted to assess the installed population of tubing in similar
service.
Key Words: Stainless Steel Instrument Tubing, compression type fitting, cold working,
hydrogen embrittlement, finite element analysis

Biography

RAJARAM CHIDAMBARAM is the Asia Pacific Regional Materials Lead with Exxon
Mobil Research and Engineering Ltd. He has more than 25 years of experience in
Materials, Corrosion , Inspection of Refinery and Petrochemical Plants. He earned his
Bachelor’s degree in Metallurgical Engineering from NIT, Rourkela. Previously worked
with Indian Oil Corporation and Abu Dhabi National Oil Company. He is a active
member of NACE /AMPP, ASME, MTI and has co-authored four papers on Materials
and Corrosion topics.

KeynoteTalk

Name

Rajdeep Dutta

Designation &
Affiliation

Corporate Director Of Planning & Asset
Management
Lin Scan Advanced Pipeline And Tanks
Services (Pipecare Group), Dubai,
U.A.E.

Title of Paper

Smart Ai Caliper Tool – A Technological Breakthrough In Pipeline
Inspection

Abstract:

The paper explains the operational capabilities and technical features of “Smart AI
Caliper” tool for In-line Inspection of operating pipelines. This tool has been newly
developed utilizing extensive R&D. In this new tool a built-in data analysis module
is incorporated by using artificial intelligence technology. This tool can process the
collected data during caliper run by itself, it completes the data analysis and
produce the inspection report within 9 hours after the run. This data analysis can
happen at the pipeline site, no matter how remote the pipeline is located. The
inspection reports are delivered to the pipeline operator, without involvement of any
data analysis specialist. Such urgent reporting within the same day of inspection,
allow pipeline operator to take immediate corrective action and yield significant cost
saving.
Keywords: Pipeline integrity, In-line inspection, Caliper tool, Smart technology,
Artificial intelligence, Girth weld, Geometry anomalies, Dents, Wrinkles, Ovality,
Stress-strain zones, Illegal tapping, IMU, AGM, DGPS

Biography

Rajdeep Dutta is 1988 Electrical Engineering graduate from Bengal Engineering
College, presently known as Indian Institute of Engineering Science and
Technology (IIEST) in India.
He is having 32 years of international oil & gas industry experience in Asset
Integrity Management, Corrosion Control and Cathodic Protection. Executed many
projects involving design, construction, commissioning, audit, trouble shooting, root
cause analysis, risk assessment, procedure development, training, workshop, etc.
of pipelines, flowlines, tanks, processing plants, jetties, risers and offshore
platforms.
His past employment history covers major oil & gas companies in the Middle East,
such as: Petroleum Development Oman, Oman Gas Company, Canadian Energy
Services, Qatar Petroleum & Dolphin Energy Limited. Whereas he started his
professional career in Applied Corrosion Research at Institute of Engineering &
Ocean Technology (IEOT) of Oil & Natural Gas Corporation of India (1989-96).
Technical consultancy given for several companies in UAE, Oman, Saudi Arabia,
Kuwait, Qatar, India, Indonesia, China, Venezuela, Brazil, Mexico, Colombia, Peru,
Argentina, UK, France, Germany, Canada & USA.
He is NACE International member since 1998 and NACE certified “Senior
Corrosion Technologist” (2000) and “Cathodic Protection Specialist” (2005). He is
founder Chairman (2005-07) and Trustee (2008-11) of NACE International.

KeynoteTalk

Name

Stefan Ritter

Designation &
Affiliation

Paul Scherrer Institute (Psi)
Laboratory For Nuclear Materials
Villigen Switzerland

Title of Paper

Mitigation Of Stress Corrosion Cracking In Boiling Water Reactors:
Noble Metal Chemical Addition

Abstract:

Biography

Stress corrosion cracking (SCC) in reactor internals and recirculation pipes is one
of the major degradation issues in boiling water reactors (BWRs). Efforts to provide
mitigation of this cracking have led to the development of noble metal additions
(Pt) to the reactor feed water. Under moderate hydrogen water chemistry
conditions the Pt nanoparticles, formed in-situ and deposited on the reactor
component surfaces, work as catalysts for the efficient reduction of the oxidizing
species formed by radiolysis. The catalytic property of the surface is now able to
lower the electrochemical corrosion potential without the negative side-effects of
the classical hydrogen water chemistry. To verify and optimise this technology
called Online NobleChem (OLNC), a research project was started at PSI,
investigating the deposition and distribution behaviour of Pt in BWRs. From a
scientific point of view and based on the results gained, some recommendations
for OLNC may be formulated: The Pt injection should be performed at a slow rate
under reducing conditions for extended periods of time. Applications should be
repeated on a regular basis to compensate for Pt erosion and to protect new
surfaces and they should start as soon as feasible after plant start-up.
Pre-oxidation of new components may contribute achieving higher Pt loadings
early on. Even though extremely small amounts of Pt can be sufficient to mitigate
SCC, it is important to note that the Pt surface loading value alone is not sufficient
to fully judge on the catalytic properties of OLNC-treated component surfaces. The
Pt inter-particle distance seems to be a more suitable parameter.
Stefan Ritter (Material Science and Engineering, Friedrich-Alexander University
Erlangen-Nuremberg, Germany) did his masters/diploma at Siemens Power
Generation (KWU) in Erlangen (Germany) and performed research on stress
corrosion cracking of austenitic stainless steels at Framatome ANP in Erlangen
thereafter. Since 2001 he has been employed by the Paul Scherrer Institute
(Nuclear Energy and Safety Research Division, Laboratory for Nuclear Materials)
as a research scientist in the field of plant ageing management. He is currently
working on different national and international research projects related to
environmentally-assisted cracking of light water reactor structural materials and to
mitigation technologies (e.g., noble metal chemical addition/NobleChem or
Zn-addition) and is also involved in some consulting (e.g., for EPRI). In 2004 he
was one of the founding members of the ECG-COMON (European Cooperative
Group on Corrosion Monitoring of Nuclear Materials, www.ecg-comon.org ) and is
currently Webmaster of this group. In 2012 he became the Scientific Secretary of
the International Cooperative Group on Environmentally-Assisted Cracking of
Water Reactor Materials (www.icg-eac.org) and in 2016 he was elected as
Chairman of the Nuclear Corrosion Working Party of the European Federation of
Corrosion (EFC, www.efcweb.org/WP4.html). He published more than 50 papers
in scientific journals and several book contributions.
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Under-paint corrosion sensing in aircrafts is a challenge due to the thickness of
the aerospace paint layers consisting of ~25µm of Primer layer and ~25µm of
polyurethane layer resulting in ~ 50-60 µm paint layer. Aircraft size and the type of
corrosion which generally occurs in AA2024-T3 are additional disadvantages.
Corrosion being localised, placement of sensors, number of sensors and points
where they can be hosted is challenging, in addition, to the paint thickness.
Under-paint corrosion sensing has been approached by many methods with little
success. Several approaches such as indicator method, electrochemical,
fluorescence based fiber optic corrosion sensors for corrosion detection in
incipient stages have been attempted and applicable to localised regions but
difficult for monitoring the entire aircraft due to the inherent limitations listed above.
Indicator method and fluorescent colour changes due to metal–ligand
complexation although showed promise on the substrate but imaging the same
could not be realised under- paint due to the paint layers. Spectroscopic
techniques such as thermal imaging and Terahertz imaging offered the solution
and under-paint corrosion imaging was possible. The advantages, disadvantages
and challenges of the various approaches are discussed.
Dr. B.E.Amita rani is a Sr.Principal Scientist at Surface Engineering Division at
National Aerospace Laboratories, Bengaluru. She is a PhD from Mysore
University, with a post doc at CSIRO, Canberra, Australia and has guided 5 PhD
students, and M.Tech and B.Tech students also. She had a short stint of teaching
postgraduates for a year at Manasagangotri, Mysore. Dr. Amita’s main research
focus is on understanding corrosion through computational modelling, retailoring
coatings for corrosion abatement and developing corrosion monitoring techniques
for incipient detection of corrosion, with special reference to aerospace sector. Dr.
Amita has developed polymer based self-healing coatings for the aluminium alloy
AA2024. She has handled several national and international collaborative projects,
including mission project on development of sustainable batch inhibitors for oil
pipeline corrosion in carbon di oxide environment and monitoring of corrosion in
pipelines using robotics. She has filed 10 US patents, of which 6 are granted and 4
under process. Dr.Amita has 3 book chapters, including one in ACS, and CRC
publications, about 40 publications in peer reviewed journals, 10 restricted
documents and attended about 60 national and international conferences. Dr.
Amita has been a Visiting Scientist at JNCASR, Bengaluru, given 16 invited talks
in India and abroad. Dr. Amita has about 14 awards to her credit. She has
developed corrosion inhibitors for aerospace and oil sector which are ready for
commercialisation. Her present research focus is on under-paint corrosion
monitoring through non destructive techniques.
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AC Mitigation is a recognized threat to the integrity of pipelines in shared AC right
of ways. This presentation will discuss what is AC Interference, how to properly
mitigate AC Interference and the impact that AC Mitigation has on how the pipeline
operator must control their cathodic protection system when AC Interference is an
issue. This relationship between AC Mitigation and CP Operations is a critical
issue that must be accounted for in the design and operation of both systems.

Ted Huck, Director of Manufacturing and Quality Assurance, MATCOR Inc.
Mr. Huck has been with MATCOR for over 19 years and has been involved in
technical sales for 25+ years helping to provide value added solutions to client
problems in a variety of industries and applications. He has published numerous
technical articles and is a frequent presenter on a variety of corrosion, cathodic
protection, integrity management, and AC Mitigation topics to numerous NACE
and industry specific conferences both within the United States and around the
globe. He has been a big supporter of NACE Gateway India’s Corcon conference
for over a decade. He has a BSEE from Kettering University, Flint Michigan and an
MBA from Texas Christian University, Ft. Worth Texas.
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High Level Dc Interference Assessment

Abstract:

Direct Current (DC) interference has become a particularly complex subject
particularly in areas where multiple pipelines pass through the same right of way.
Numerous methods have been developed to assess the effectiveness of Cathodic
Protection (CP) on pipelines under such conditions making for significant debate
around the best suited approach to manage interference currents.
This presentation raises specific topics surrounding typical DC interference
conditions, sources such as DC traction railway networks, other CP systems, High
Voltage DC powerlines and Telluric activity. A few case studies are presented to
look at the probable mathematics and the actual field conditions with the real risks
of failing to manage DC Interference adequately. Recent changes in monitoring
standards are touched on to provide some context for the future direction pipeline
owners may wish to take in securing the integrity of their pipeline assets over the
long term.

Biography

Academic Qualification : Bachelor of Science in Metallurgical Engineering
Professional Engineer # 20000037
Area of Specialization : AC Mitigation, Offshore Platforms, ECDA, Cathodic
Protection, Corrosion Investigation, Coatings, Training
Current Projects : Long Son Petrochemical Complex – Vietnam – Review of
Specifications, drawings, and standards. Working with an international team of
experts based in Thailand, Vietnam and South Korea.
AC Mitigation and DC Interference software modelling, reporting, review of works
for several pipeline projects being executed by third parties for the Gas Authority of
India Limited (GAIL), Engineers India Limited (EIL) and others.
Offshore Steel Jacket Design review of JDA BLOK B-17 FIELD DEVELOPMENT
PROJECT (PHASE 5) CATHODIC PROTECTION CALCULATION (MDG AND
TPB) - Carigali-PTTEPI Operating Company Sdn Bhd (CPOC)
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High Resolution Indirect Aboveground Survey For Non-Cathodically
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General

Manager,Oil

India

Pipelines are essentially the safest means for transportation of oil & gas and their
products since the 19th century. Early 20th century saw the first use of coatings
applied to the external surface of the pipeline in order to prevent corrosion. The
application of Cathodic Protection to prevent corrosion in pipelines was first
applied in the 1930s and spread slowly across the world.
Assam was the first state in Asia where an oilwell was discovered and commercial
production of petroleum was started. Assam has some of the oldest pipelines in
India, which have been enduring the ever-changing population, urbanization and
harsh weather. Oil India Limited (OIL) owns an extensive network of pipelines
which are transporting crude oil and gas in upper Assam districts of Tinsukia,
Dibrugarh, Sivsagar, etc.
OIL planned to undergo a code compliant integrity assessment for their
non-Cathodically Protected pipelines. Direct Assessment (DA) was selected as the
tool to ascertain the health of the pipelines and provide a Fitness for Service
compliance. In the absence of a Cathodic Protection (CP) system, a customised
methodology had to be proposed for the inspection. A high resolution
state-of-the-art integrated indirect inspection technique was utilized to assess the
threat of External Corrosion and Stress Corrosion along with a certified Internal
Corrosion Predictive Modelling software for simulating and predicting internal
corrosion and pipeline wall thickness losses.
Working in Oil India Limited a central public sector unit, for the past 22 years. I
have worked in different spheres of the company primarily in design construction
maintenance and operation of both oil and gas pipelines. Presently I am working
as a Production Engineer looking after the Western Asset of the company. Here
my prime responsibility is the production of oil and gas from the ageing fields. A
Mechanical Engineer by profession and I also hold a Master’s in Business
Administration. Also successfully completed the NACE certification course in
Direct Assessment Methodology.
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Biography

Dr. Ajay Popat is currently President, Ion Exchange (India) Ltd. and responsible for
Technology, Heavy Industry & Environment Business, Corporate Marketing,
Corporate Diversification and Communication.
Dr. Ajay Popat pursued his engineering degree in Plastics Technology from the
Plastic & Rubber Institute, UK and Masters in Business Administration specializing
in Marketing & Strategy with honors from NMIMS Institute. He has also been
conferred with a Fellowship by Indian Plastics Institute in 2007.
He has more than 40 years of experience in Strategy, Business &amp;amp;
Organisation Development with leading organizations like Resins &amp;amp;
Plastics Ltd. (then a subsidiary of Asian Paints Ltd.), Pidilite Industries Ltd. and Ion
Exchange. He had an extremely successful career track record with Pidilite
industries from 1983 to 1994 where he grew from the position of Sales
Representative to All-India Sales Manager with successive promotions and career
progression every year.
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Dr. Anand Kumar Tewari , Retired Executive Director (Operations), Indian Oil
Corporation Limited, Pipelines Division NOIDA ( Rtd June 2020)
A Mechanical Engineer having over 39 years of experience in the field of Oil and
Gas Pipelines
Design, Technical services, Project Execution, Operation , HSE , Contracting and
Budgeting
Operation & Maintenance and inspection of cross country crude oil, Petroleum
Products, LPG and Natural Gas Pipelines
Corrosion Monitoring and Integrity Management of Pipelines; Risk management
Implementation of New Technology in field of Pipeline Operation & Maintenance
Auditing Experience of CGD Networks, NG Pipelines , consultant / SME LPG
Pipelines , Flow and Group gathering Pipelines
Qualifications:
Bachelor of Engineering (Mechanical) ; Diploma in Human Resource; PGDBM
(Marketing)
PhD ( Corrosion Field ) from UPES Dehradun ; Certified Energy Auditor ; Certified
Project Management level “C”
Presented Technical Papers in National and International Conference like World
Petroleum Congress, Istanbul, Pipelines Technology Conference, Berlin, Pipeline
Operators Forum , Europe, NACE Conferences, CII Conferences, other industry
conferences in India.
Member of various Technical bodies of Pipelines
Technical Committee from 2016-2020 of PTC Berlin
Member Pipeline Operators Forum ( Europe) / Member NACE
Chairman 19th National Corrosion Council of India
Member Association of Corrosion Professional , India
Paper selection committee and Vice chair for World Petroleum Congress 2017
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Corrosion Behavior of SS316L in Artificial Blood Plasma in Presence of CRF Syrup and
Apple cider vinegar
ABSTRACT
SS316L is an austenitic Chromium-Nickel Stainless and heat-resisting steel with superior corrosion resistance which
contains 17-20% Cr,13 – 15% Ni,2-3% Molybdenum, and a small number of other elements. Due to its corrosion
resistance properties, Biocompatibility, high modulus of elasticity, Non – toxicity it is widely used in medical
implantation especially for cardiovascular stent implantation. Cardiac Risk-Free Syrup (CRF) and Apple Vinegar
Cedar are medicine and health drink have been taken by the heart patients who have a stent and the people have
Cholesterol. This is the reason for undertaking the investigation of the inhibitive potential of Cholesterol and Weight
loss medicines such as Cardiac Risk-Free Syrup (CRF) and Apple cider vinegar on Corrosion of Stent implant metal
SS316L in Artificial Blood Plasma environment at various inhibitors concentrations including 10 ml, 20 ml and
different time intervals 3days, 6 days at room temperature and PH = 7.35 is studied by using Potentiodynamic
polarization, Weight loss method, AC impedance spectroscopy. The protective film formed on the metal surface is
investigated by surface analysis techniques such as SEM, TEM, AFM and EDAX. The electrochemical studies reveal
the corrosion inhibitions of SS316L in Artificial blood plasma in the absence and presence of
Cardiac Risk-Free
Syrup (CRF) and Apple cider vinegar

--------------------------------------------- -----------------------Pedot/Tnta Hybrid Composite: A Promising Biomaterial For Orthopaedic Application
V. Sudhisha, N. Rajendran
Department of Chemistry, CEG Campus, Anna University, Chennai -600 025, Tamil Nadu.
nrajendran@annauniv.edu / sudhishasudhi92gmail.com
ABSTRACT
Well-ordered titania nanotube arrays (TNTA) were fabricated on commercially pure titanium (Cp-Ti) using
electrochemical anodization technique with the influence of fluoride based electrolyte. Electropolymerization of EDOT
(3, 4-ethylene dioxythiophene) on TiO2 nanotube arrays was done using cyclic voltammetry (CV). Self-organized TiO2
nanotubes and the incorporation of PEDOT on titania nanotube arrays was confirmed by High-Resolution Scanning
Electron Microscopy (HR-SEM). The functional group analysis of PEDOT/TNTA was done by ATR FTIR. The
wettability of TNTA and PEDOT/TNTA were studied using contact angle. Corrosion resistance of PEDOT/TNTA
samples was studied by Dynamic Electrochemical Impedance Spectroscopy (DEIS) and potentiodynamic polarization
in Hanks’ solution. The results showed that PEDOT/TNTA presented better cell attachment and proliferation without
showing any cytotoxicity. The formation of hydroxyapatite on PEDOT/TNTA samples were analysed after 7 days of
immersion by SEM, ATR FTIR and XRD. The corrosion protection behaviour of PEDOT/TNTA hybrid material is
explained by electrochemical impedance spectroscopy. The noticeable improvement in corrosion resistance of
PEDOT/TNTA recommends for promising orthopaedic application. Formation of hydroxyapatite (HAp) on the surfaces
of TNTA and PEDOT/TNTA enhanced the bioactivity and corrosion resistance.
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Corrosion Evaluation Of Nanohydroxyapatite – Graphene Oxide Biocomposite Coatings
Aruna, K.M. Veerabadran and T.M. Sridhar
Department of Analytical Chemistry, University of Madras, Guindy Campus,
Chennai 600 025.
Deapartment of Chemistry, Anna University, MIT Campus,
Chennai 600044
tmsridhar23@gmail.com
ABSTRACT
Electrophoretic deposition is a potential and facile colloidal ceramic forming technique which control the state of dispersion
of particles in suspension and its evolution during consolidation in order to produce near ideal dense and homogeneous green
bodies and microstructures. EPD gives desired thickness with appreciable adherent coatings on orthopaedic implants.
Hydroxyapatite (HAP) is widely used bioceramic for coating on orthopaedic implants since HAP has chemical composition
close to that of the bone. Because of its biocompatibility and bioactivity it is widely applied in the field of biomaterials but
with poor mechanical properties are too less for its usage in load bearing orthopaedic implants. In this present work nano
HAP is incorporated with graphene oxide (GO). GO fills the nano gaps present in HAP and improves the mechanical
properties like reducing brittleness, increasing load bearing capacity, corrosion resistance, tensile strength etc. NanoHAP and
GO composite were prepared via exsitu method and further coated on 316L stainless steel. The powdered samples are
characterized by XRD, FTIR, AFM to determine the crystal structure, functional groups, wettability morphology and porosity
in the coating. The coatings were further evaluated for their corrosion resistance property in ringers solution.

--------------------------------------------- -----------------------Fabrication of Biomimic Nanostructured Titanium for Biomedical Application
Sushmi Shree G and Rajendran N
Department of Chemistry, Anna University, Chennai - 600025
ABSTRACT
Commercial pure titanium has increasing attention in the biomedical field, due to their favourable mechanical,
physical and biological properties. However, titanium is bio-inert, it cannot directly bond with human bone. To
overcome this problem the surface of titanium has to be modified through electrochemical anodization to enhance
its osseointegration and corrosion resistance. In the present work, we investigated the formation of self-ordered
titania nanotube arrays (TNTA) via anodization using fluoride containing electrolyte. The anodization parameters
like voltage, time and electrolyte concentration were optimized. The fabricated TNTA surface were characterized
using Attenuated Total Reflection Infrared spectroscopy (ATR-IR), Field Emission Scanning Electron Microscopy
(FE- SEM) and wettability studies. The corrosion behaviour of bare and anodized samples were investigated
through Electrochemical Impedance Spectroscopic (EIS) and Potentiodynamic Polarization studies in Hanks’
solution. The in-vitro immersion studies was carried out by immersing TNTA in Hanks’ for 7 days to ensure the
hydroxyapatite formation ability.

Keywords: Titanium, Titania nanotube arrays, corrosion, bioactivity, Hanks’ solution
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Extrusion Coatings of Biopolymer in oil and gas pipeline industries
Applications
P. KOMBAIAH,
Chief Manager, Southern HC Research Laboratories,
GAIL. A.P
ABSTRACT
Extrusion Coatings of Biopolymer i.e. bio-polyethylene exhibit outstanding potential in various biomaterial
applications, due to their flexible functional derivatives. In this paper, we have discussed the latest advances in
biopolymer coatings on various substrates and nanoparticles for improved resistance against corrosion, especially
in oil and gas pipe line industries and its applications and summarized the latest research advancements. Polymer
coatings are used to modify surface properties to protect from internal corrosion w.r.t chemical and biological.
Additionally, polymer coatings with different additive ions may facilitate different functionalities, such as
antimicrobial agents of respective biocides will protect from MIC. (microbiologically induced corrosion). This paper
primarily focuses on specific polymers for coating applications and different polymer coatings for increased
functional derivatives. We aim to provide broad overview of latest developments in the various kind of biopolymer
coatings for biomaterial applications, in order to highlight the most important results in the literatures, and to offer a
potential outline for impending progress and perspective. Some key polymer coatings were discussed in detail.

Keywords: biopolymers; biocides; coatings; biomaterial applications; nanoparticles; functional derivatives;
extrusion; polyethylene
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Sustainable Biocomposite Coating of Samarium Substituted Hydroxyapatite/
Polypyrrole/Wrightia tinctoria Fibre on Ti Alloy for Orthopedic Applications
R. Ramachandrana, L. Kavithab and D. Gopi

Department of Chemistry, Periyar University, Salem 636 011, Tamil Nadu, India.
Department of Physics, School of Basic and Applied Sciences, Central University of Tamil
Nadu, Thiruvarur 610 101, Tamil Nadu, India
rama636138@gmail.com., dhanaraj_gopi@yahoo.com
ABSTRACT
Hydroxyapatite [Ca10(PO4)6(OH)2, HAp] is commonly used in the calcium phosphate based material in
biomedical applications, due to its excellent biocompatibility similar to the composition and structure to the human
hard tissues. Due to its potential properties, HAp is applied as an artificial bone substitute with the goal to repair
and regenerate the diseased and defected bone. Recently, a massive attention has been paid in the development
of HAp from biogenic waste materials like egg shell, fish bones, crab shells, etc. Even though HAp possesses
excellent properties, its applications are limited because of its low mechanical strength and antibacterial activity.
Hence, various mineral substitutions such as Sm, Ce, Zn, Ag, Y, Nd and Zr are achieved for the enhancement of
properties. This present study is aimed to make HAp and Sm-HAp has been derived from the rice field snail shells
using wet chemical precipitation methods. The as-prepared Sm-HAp has been formed composite with polypyrrole
(PPy)/Wrightia tinctoria fibre (WTF) for the further enhancement of mechanical and biological properties. Further,
the prepared composite has been coated on the Ti alloy implant surface through electrophoretic deposition.
Afterwards, the functional, structural and morphological characterization of the developed composites were
determined through Fourier transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), and Scanning electron
microscopy (SEM).

Key word: Rice field snail shell, Hydroxyapatite, Biopolymers, Wrightia tinctoria fibre
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Showcasing Advantages of Computer Modelling and Simulation in AC Interference
Study of pipeline with various case studies
Anshul Jain
JEF Techno Solutions Pvt Ltd, Bangalore, India
anshul@jeftechno.com
ABSTRACT
With increasing collocation of pipelines with powerlines, risk of AC interference on pipelines is increasing day
by day. After the industry having witnessed AC Corrosion on pipelines, AC interference is a prominent subject
for study.
The collocation corridor of powerline and pipeline is very complex due to many numbers of powerlines running
parallel for large sections of pipeline and crossing at multiple locations. Also the high dielectric strength
coatings on pipelines are causing induced AC voltage and AC Current to travel for many KM even out of the
collocation bringing longer sections of pipelines under risk. Identification of vulnerable areas of pipeline in
such complex geometrical arrangements of pipeline and powerline is very difficult and designing AC mitigation
systems on a location specific basis can unknowingly make things worse elsewhere. Study of AC Interference
can be done with computer modelling and simulation, and a reliable AC Mitigation system can be designed.
The purpose of this paper is to bring out the intricacies of AC interference on pipelines and showcase how
these can be eased out with modelling and pipeline integrity can be maintained. The observations are
presented with the help of case studies.

Keywords: AC interference, AC Mitigation, computer modelling, simulation, AC Corrosion.

Technical Programe

CATHODIC AND ANODIC PROTECTION

EARTHING OF PIPELINES AFFECTED BY AC INTERFERENCE
Khushboo Sharma
Consultant- Coatings & Cathodic Protection
K B Singh & Associates
ABSTRACT
Hydrocarbon Pipelines and power-lines are backbones of any developing nation and the development is
assessed by the area covered by the power-lines for supply of electricity and pipelines for supply of daily used
fuel. However, with increasing number of pipelines and power-lines, both the facilities sometimes laid very
close to each other like in the same ROW, multiple crossings or longer lengths of parallelism.
When both the facilities are in each other's vicinity the following issues can occur:
1. AC voltage induced on the pipeline can lead to shock for any personnel operating on the pipeline
2. AC corrosion can cause damage to the pipeline
The AC induced voltage or AC corrosion are dependent on the below factors :
1. Soil resistivity of the area
2. Current in the power-line
3. Angle of crossing
4. Length of parallelism
5. Separation distance between the pipeline and power-line
To prevent any damage to the person or the pipeline , the solution is to provide adequate earthing for the
pipeline, so as to reduce the effect of AC on the pipeline. The earthing can be provided using Zinc grounding
anodes, Zinc ribbon anodes, Copper based AC mitigation electrodes, deep wells etc.
There are advantages /disadvantages of each type of earthing system and their usage in different types of
environments.
The earthing system selected should be stable for longer duration without any rise in the grounding
resistance. A proper earthing system can prevent the damages that can happen from AC interference.
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Challenges in CP Protection of Station Piping: Case Study & Analysis
Manish Mishra
Indian Oil Corporation Limited
ABSTRACT
This paper outlines challenges faced in providing ICCP system for complex station piping, mutual ground bed
interference & proposed solutions for effective cathodic protection for station piping. The paper also discusses
a case study on mutual ground bed interference & its mitigation in multiple anode beds/multiple pipelines with
separate, individual CP system scenario at a single pipeline pumping location.
Pipelines are generally laid in Common ROW corridor at different times resulting in availability of multiple
coating resistivities and multiple CP systems designed for each individual pipeline in the same corridor
interfering with each other. For maintaining pressure in these pipelines there are several boosting pump
stations depending upon geographical elevation profiles. These pumping stations have separate CP system
for station piping & mainline piping for each individual pipeline isolated by Insulating Coupling.
On account of presence of multiple ground beds in pumping stations for separate pipelines, there is lack of
remoteness of ground beds. This paper deals with the challenges faced in isolation of ground beds & effective
CP system for station piping. A case study shall also be discussed pertaining to a Pumping Station where
mutual ground bed interference was resulting in increased PSP values in one pipeline & at the same time
suppressing PSP in the other pipeline.
For increasing longevity of pipelines, identification of ground bed interference is important for analysis & timely
mitigation.
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A case study on AC interference reduction methodology on pipelines due to EHV substation
Navneet Saxena
Manoj Saxena
Kamlesh Bera
Vivek Das
Pipeline Management Services Private Limited (PMSPL, an operation group company of Pipeline
Infrastructure Limited (PIL))
Reliance Ethane Pipeline Limited
navneet.saxena@pipelineinfra.com
manoj.saxena@pipelineinfra.com
kamlesh.bera@ril.com
vivek.kr.das@ril.com
ABSTRACT
A 66 KV AC Substation (S/S) was proposed near 48” main trunk PIL’s Pipeline by major power distribution
licensee or state electricity utility (SEU) in a major state (Gujarat), India. Since, it is well known that an AC S/S
and its grounding can interfere significantly with a nearby metallic underground pipeline and threatens the
long-term transportation and operational safety of pipelines. Hence, an impact evaluation on metallic pipeline
of new proposed substation was necessitated.
This paper will provide a brief overview of the mechanism of how likely AC interference by AC S/S & its
grounding with nearby metallic pipeline was evaluated and put corrective measures to contain interference to
safe level (NACE Conditions). The paper also emphasizes on evaluation methodology, implementation of
recommended measures for ‘Ground Potential Rise’ (GPR) and grounding system of S/S to mitigate likely AC
interference with nearby metallic structures and pipelines.

Keywords: EHV substation, Ac Interference. Metallic pipelines
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STUDYING THE ELECTROCHEMICAL CORROSION BEHAVIOUR INSIDE COATINGS
IN CATHODICALLY POLARISED PIPELINES –DAC AND CP SHIELDING
Rituraj Mishra
BHARAT PETROLEUM CORPORATION LTD, IRIMPANAM, KOCHI
mishra2050@gmail.com
ABSTRACT
Every coating system has finite life and eventually degrades, allowing oxygen, water, and chemicals to reach
the substrate. The deterioration of the coating is attributed to cathodic disbonding whose origins are related to
one or a combination of the following three mechanisms: (i) oxide dissolution at the metal/coating interface, (ii)
mechanical interfacial failure and (iii) disruption of the polymer metal interface by hydroxide.
This paper describes outcomes of brain storming session, why-how analysis on the critical parameters
impacting corrosion inside coatings and necessary mitigation .This work provides an overview and brief
discussion on the current understanding of cathodic shielding and non-shielding coatings, and the possible
contributions of disbonded coatings to corrosion. This paper also presents a critical analysis and clear
interpretation of site based case studies of the key factors viz applied true potential, solution resistivity, holiday
size and the direction of flow of electrolyte governing the alkaline generation and the oxygen consumption rate
at the holiday leading Differential Aeration Corrosion (DAC).
Results demonstrated that, in the early stage of corrosion of steel, CP cannot reach the crevice bottom to
protect steel from corrosion due to the geometrical limitation. Corrosion of steel occurs preferentially inside
crevice due to a separation of anodic and cathodic reaction with the depletion of dissolved oxygen in the
crevice solution leading Differential Aeration Cell (DAC) formation. The main role of CP in mitigation of
sequential corrosion of steel in crevice under disbonded coating is to enhance local solution alkalinity. With
the increase of distance from the open holiday, a high cathodic polarization is required to achieve appropriate
CP level at crevice bottom.
Time is now we approach the problem the right way to eliminate the corrosion inside Catholically Protected
Pipelines.

Keyword: Cathodic shielding; Differential Aeration Corrosion; Pipeline integrity; True polarized potentials;
Solution resistivity.
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CP System Design for Buried Pipeline & Facility Structures
NACE Certified Sr. Corrosion Technologist / CP Specialist
Technical Director at Himoya Corrosion Technology (P) Ltd. Kolkata, India
info@himoyacorrosion.com
ABSTRACT
Challenges for cathodic protection engineers, especially for plant facilities structures in any plant facilities
where buried piping system, other multiple product pipeline, above ground storage tanks, RCC foundation,
large diameter cooling water pipeline sharing same corridor or crossing each other within plant battery limits,
as a result accident, pipeline leak, production losses are common and routine.
Every cathodic protection system design starts with the first question, whether to go with Galvanic/Sacrificial
anode corrosion protection system or impressed current cathodic protection system and the second question
is whether to go with remote anode or distributed anode system. Effective designing of a proper cathodic
protection system is a challenging task especially when the challenges are not known as well as lack of
awareness and budget for the projects. Results have obtained for optimized design and extended life by
cathodic protection system.
The various methods adopted during pre-design survey, design engineering and in installation are discussed
in this paper.

Keyword: Corrosion, Cathodic Protection, Polarization, Interference, Anode, Cathode, MMO, etc.
-------------------------------------------------------------------------------------------

Assessment of HVDC interference on Pipelines With Software Modelling and Field
Surveys
ABSTRACT
Older HVDC systems have been known to cause havoc on the DC PSP of the pipelines even though the
substation would be Tens of Kilometres away from the pipeline. However, the main source of the HVDC
interference is not the substation or the powerline towers, but the grounding electrodes which is situated at a
significant distance from the respective HVDC substation. This study details the inferences made on the
magnitude and direction of HVDC interference w.r.o distance from the grounding electrode, both using
software modelling and field survey data. The results of the study also present the dynamic nature of the
HVDC interference due to the change in maintenance cycles of HVDC system.

Keywords: HVDC, Software Simulation, Grounding Electrodes
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Development of CP Analytics for spatio-temporal analysis of Cathodic Protection
data for pipeline integrity enhancement
by
Deepak Agarwal, Santosh Kumar, Niraj Kumar
Indian Oil Corporation Ltd, Noida, India
ABSTRACT
Cathodic protection data is very important tool for pipeline monitoring and serve as a fundamental tool to
evaluation the behaviour of external environment on external corrosion of a pipeline. Pipeline operators are
collecting the cathodic protection data such as pipe to soil potential & cathodic protection parameters. The
cathodic protection data can give various information's apart from the protection level of the pipeline. A closer
look can provide level of interference, seasonality can be depicted showing the environmental changes. A
closer look at spatio-temporal analysis compares the behaviours of each test lead point. This behaviour can
then be converted into prediction of coating degradation, interference, and future protection levels.
The paper explains the development and outcomes of a CP Analytics approach where spatio temporal
analysis of the CP system had been performed. The complete system has been built on an open source
programmig language 'R'. The CP analytics includes the behaviour assessment of Test Lead Points by a
technique "Psychological, Psychometric, and Personality Research" developed by psychologists around a
century ago. The System performs multivariate analysis to identify the TLP's which are behaving abnormally
using multivariate factor analysis, correlation plots and principal component analysis. The system further
predicts the behaviour of cathodic protection system using various machine learning algorithms such as
Random Forest, Generalised Linear Model & Grey Model GM(1,0). These analysis helps an operator to
identify the anomaly in a system as well predict the degredation of the cathodic protection system over a
period.

Keywords: Cathodic Protection, Spatio-Temporal Analysis, Pipelines, Machine Learning
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Effect of Gold Layer on Galvanic Corrosion of Electric Contacts in Printed Circuit
Board of Steering Switch
Vaibhav Bhavsar, Ikhlas Chandkoti, S. C. Bali
Centre for Research Engineering and Advanced Technologies (CREAT),
Uno Minda Industries Ltd., Pune, Maharashtra 411026, India
sbali@mindagroup.com
ABSTRACT
Generally, for PCB application the selection criteria for metal is their electrical, magnetic and mechanical
properties but corrosion properties of these metals are not considered seriously. An electrical failure / no
functioning of switch during routine quality check in the assembly line of switch is investigated. After
disassembling the switch corrosion product was found to be deposited on the electric contact of Printed Circuit
Board (PCB). Root cause analysis of the corrosion product deposited on the electric contact was carried out.
Scanning Electron Microscope (SEM) – Energy Dispersive spectroscopy (EDS) technique was used to analyze
the deposited corrosion product. EDS result showed the presence of high amount of C and O on the deposition
indicating the accumulated deposit is the outcome of some corrosion. Contacts are generally coated with
Electroless Nickel/Immersion Gold (ENIG) plating. Imperfection in gold layer is observed to be the cause of
galvanic corrosion of Nickel layer underneath the Gold layer and subsequently of the Cu base. Comparison of the
quality ENIG plating on contacts in terms of Ni/Au ratio is presented to get the idea of threshold amount of Au
required in the coating to avoid galvanic corrosion.

Keywords: Switch failure, Electric contact, ENIG plating, Galvanic corrosion
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Thermal Spray Coating replacing the traditional Hot Dipped Galvanizing Process in
present industrial scenario
Urvesh Vala,

Sr. Dy. General Manager, Material Engineering and Technology Group, Plant Integrity Engineering Department,
L&T Chiyoda Limited, Vadodara
Indravadan B. Dave,
Professor and Head of Department, Metallurgy Engineering, Government Engineering College, Gandhinagar

ABSTRACT
In present scenario the Thermal Spray Coating is prestigious alternative solution to replace traditional Hot Dipped
Galvanizing Coating as an alternative solution for new and existing structures in industries and offering a range of
benefits for long durability and maintenance free solution for more than 25 years in service. There is no weld life for
site application in case of Hot Dip Galvanized Structure and may customers have issue with coating performance
and applicability of liquid coating or cold spray application on Hot Dip Galvanizing for repair application.
Thermal Spray Coating can apply very safely, maintenance can be possible at site, easy application as compared
to Hot Dip Galvanizing and excepted by many Customers Specifications as an alternative solution to the traditional
Hot Dip Galvanizing Coating. Thermal Spray Coating is an anti-corrosive protection used for very long life of the
coating for onshore and offshore structures, equipment’s and piping.
Thermal Spray Coating is the only coating system recognized by international code and standards having desired
service life of more than 25 years to its first maintenance cycle time in very aggressive environment like offshore
platform where aggressive corrosive environment is the great challenge to the end users.
This paper covers the comparison of Thermal Spray Metallic Coating with traditionally used Hot Dipped Galvanized
Coating and summarized the merits to use more advance coating system which can be applied in terms of Arc
Spray, Flame Spray and High Velocity Oxygen Fuel, High Velocity Air Fuel, Atmospheric Plasma Spray, Vacuum
Plasma Spray, Cold Spray and many more methods most commonly available as option to the Coating Applicator
for Oil & Gas Refineries, Petrochemical Complex, Marine, Shipping Industries, Power Sector including Nuclear
Plant with variety of filler material starting from pure metal, alloy, ceramic, composite, plastic, etc. and can be
applied to any material which include metal and non-metal substrate.
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“Fluoropolymer Coatings and Linings for Offshore, Oil Gas & Chemical Equipments Meeting the Needs Under Harsh Conditions - From the Applicator's View”
Kirtan R. Dhami
B.E. (Production), D.I.P.I (Lon.), M.B.A (Marketing), P&C.I
Director (Technical & Exports ) Mobile : +91-98920-60191
BLINEX FILTER COAT PVT LTD
Mumbai: 400093 – INDIA
kirtan@blinexindia.com
ABSTRACT
The main tasks for Oil Gas pipeline transportation and Equipments are fail-safe, timely, profitable and
ecologically safe oil, gas and petroleum products delivery without quantity and quality losses not withstanding
enormous distances between oil well and end point.
Due to Corrosion, Which is a very Serious Issue in Oil and Gas, Chemical, Pharmaceutical and Petrochemical
companies, There is a massive damage to Equipments and Pipelines which sometimes accounts to thousands of
dollars. For this reason, major metallic equipments and parts must be protected from corrosion resistance.
Fluoropolymer / PTFE Coatings and Linings provides solutions for corrosion protection, flow assurance (and
accordingly - cost effectiveness) based on high gloss and anti-stick internal coatings and additives for viscosity.
Although commonly used methods of corrosion protection viz Rubber Lining , Fusion bonded Epoxy Coating, Dual
Layer Poly Ethylene Coating and linings have been present in the market over the years, there is a demand and
requirement for a Superior High Performance Coating for specific applications and chemical resistance where all the
traditional methods tend to fail.
Here emerges the market for Fluoropolymer coatings and linings designed to help today's processing professionals
face the challenges of protecting
Large and complex containment vessels and related piping systems..
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Cold sprayed Al-Al2O3 composite coating on AA 2024 (T3) with improved corrosion
protection
R.P.S. Chakradhar, S. Abhishek, G. Chandra Mouli, Harish Barshilia,
Meenu Srivastava
Surface Engineering Division, CSIRNational Aerospace Laboratories,
Bangalore 560017, India
chakra@nal.res.in
ABSTRACT
The present paper aims to develop Al-Al2O3 composite coating on AA 2024 (T3) by low pressure cold spray
process along with corrosion behaviour studies. This will provide a reliable solution to the possible repair of damaged
AA 2024 -T3 applied in the aerospace industry. Al-Al2O3 composite coating on AA 2024 alloy has been developed
and the process parameters were optimized to obtain dense coatings of about 250-300 µm. The structural and
morphological studies were carried out using X-ray diffraction, EDS and field- emission scanning electron microscopy
(FESEM). The major diffraction peaks show that the aluminium had a face cantered cubic structure along with some
minor peaks of α-Al2O3. In the composite coatings, the hardness of Al matrix is about 70  10 HV and that of Al2O3
particles is 1391  10 HV. Potentiodynamic polarization studies in neutral 3.5 wt.% NaCl solution were carried out to
evaluate the effects of Al-Al2O3 coatings on AA 2024. It is observed that the bare AA 2024 displayed an Icorr = 2.7 x
10-7 A/cm2, Rp = 69 K ohm whereas, the Al-Al2O3 coated alloy showed an Icorr = 4.3 x x 10-7 A/cm2 and Rp = 79 K ohm.
Upon Alodine passivation of Al-Al2O3 coating, a considerable reduction in the Icorr = 2.5 x 10-9 A/cm2 with a Rp = 21.7
M ohm was observed. This indicates the enhanced corrosion protection of AA 2024 by about 2 orders of magnitude
upon passivation. These results are in agreement with the enhanced polarization resistance values. The above
studies indicate that the passivated cold sprayed Al-Al2O3 coatings are promising in enhancing the corrosion
protection of aluminium alloy.

Keywords: Al-Al2O3; Coating; Cold spray; Microhardness; Corrosion behavior; AA 2024
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Corrosion studies on biofilm inhibiting hydrophobic nanocomposite coatings on
stainless steel 420 substrates used in surgical instruments
Ramay Patra, Aarti Gautam, K.R.C. Soma Raju, K.V. Gobi, R. Subasri
Centre for Sol-Gel Coatings, International Advanced Research Centre for Powder Metallurgy
and New Materials (ARCI), Balapur,
Hyderabad – 500 005
Department of Chemistry, National Institute of Technology,
Warangal – 506 004
ramay240@gmail.com
Abstract
Hydrophobic surfaces on metallic substrates have been attracting significant attention in recent years due to the
multi-functionalities they can render such as biofilm inhibition, easy-to-clean property and corrosion protection. It is
well-known that hydrophobicity of a coating can be improved by lowering the surface free energy and
simultaneously imparting micro-nano scale hierarchical roughness onto the surface. The substrate material for
surgical instruments has been stainless steel 420, and it is documented in the literature that repetitive
autoclaving/sterilization causes scale formation, which is likely to cause localized corrosion. In addition, though the
bacteria are killed during autoclaving, the biofilm residue are not removed and can be the potential source of
infection after surgery. Hence, it would be beneficial to have a protective, hydrophobic coating that is capable of
providing multifunctionalities like biofilm inhibition and corrosion protection. In the present study, two sol-gel
formulations capable of exhibiting durable hydrophobic property were synthesized and deposited on stainless steel
420 coupons followed by thermal curing. One formulation exhibited an improved hydrophobic property without any
corrosion inhibitor, whereas the other included a corrosion inhibitor in the formulation. The coated surfaces were
investigated for their wettability, roughness and corrosion protection behavior using electrochemical tests such as
potentiodynamic polarization studies and electrochemical impedance spectroscopy in 3.5 wt% NaCl solution. Both
the coating formulations were found to be promising and hence, it could be concluded that these coatings can be
applied on actual surgical instruments made of SS 420 for imparting corrosion protection as well as biofilm
inhibition.

Keywords: Hydrophobic coatings; SS420; surgical instruments; corrosion protection; biofilm inhibition
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CUI: Next Generation Coating Technologies
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Abstract:
Corrosion under Insulation (CUI) is one of the major problems for oil and gas pipelines in refining, power and
chemical processing industries, as well as marine environments. CUI is corrosion that occurs at the substrate
beneath an insulating material which can develop quickly depending on the availability of moisture, contaminants and
temperature. CUI can occur at temperatures ranging from 20-175°C, however severe conditions are seen in the
range of 50-100°C. In CUI prevention, the objective is to minimize the condensation of water between the insulation
and the metal piping or equipment. Selecting the appropriate coating to protect a pipe or vessel before insulation can
be a challenge especially when a lot of new coating technologies are reaching the market. Conventional CUI
prevention practices used in oil, gas and petrochemical industry include proper design, insulation installation and
application of organic protective coatings. This article discussed international standards recommended for CUI
coating, prevention of CUI by insulation and coating technologies such epoxy phenolic and epoxy novolac, silicon
coating, thermally sprayed aluminum (TSA) and inert multi polymeric matrix (IMM). Article also talked about the
different test methods recommended for evaluation of CUI coating performance.
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Investigations on use of inhibitor loaded halloysite nanotubes and polyelectrolyte
multi-layered layer-by-layer as self-healing materials
for corrosion protection coatings on mild steel
Aarti Gautam, K.V. Gobi and R. Subasri
Centre for Sol-Gel Coatings, International Advanced Research Centre for Powder
Metallurgy and New Materials (ARCI), Balapur,
Hyderabad – 500 005
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aartigautam1993@gmail.com
ABSTRACT
The purpose of this study was to investigate the efficacy of corrosion inhibitor benzotriazole loaded into the
polyelectrolyte multi-layered layer-by-layer nanocontainers and halloysite nanotubes on corrosion protection ability of
sol-gel coatings incorporating these self-healing materials. The ends of the inhibitor loaded halloysite nanotubes were
stoppered using urea-formaldehyde nanocapsules to control the release rate of the encapsulated corrosion inhibitor.
The morphology of the inhibitor encapsulated nanocontainers was examined using electron microscopy. The loading
of the halloysite nanotube was confirmed using BET, FTIR and XRD techniques. Zeta potential was measured for the
layer-by-layer nanocontainers to confirm the deposition of each polyelectrolyte layer. The inhibitor loaded
nanocontainers were homogenized into an organic-inorganic hybrid silica matrix sol and deposited on mild steel
coupons by dip coating technique. The coatings were cured at 130 °C for 1 h. The corrosion performance and selfhealing ability of the coated substrates were evaluated using potentiodynamic polarization studies and
electrochemical impedance spectroscopy by exposing the bare and coated substrates to 3.5 wt% NaCl solution at
different time intervals. The results revealed that the coatings derived using halloysite nanotubes as the
nanocontainers exhibited higher self-healing corrosion protection to mild steel when compared to coatings based on
polyelectrolyte multi-layered layer-by-layer based nanocontainers.

Keywords: Corrosion Inhibitor; Nanocontainers; Halloysite nanotubes; Layer-by-layer polyelectrolyte; Mild steel;
Self-healing; Corrosion Protection
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Consequences of Elevated Temperature on Long Term ‘Cathodic Disbondment’ Test of
3LPE Coated Pipe: A Report
Prajakta Joge, Sudip Maj, Mehul Patel, Amit Dharva
Gujarat Industrial Research & Development Agency (GIRDA)
(A Government of Gujarat Organization)
Science College Compound, B/H Bio-Chemistry Department,
The Maharaja Sayajirao University of Baroda, Sayajigunj, Vadodara-390002, Gujarat, India
ABSTRACT
Three Layer Polyethylene (3LPE) coated pipe samples are usually subjected to Cathodic Disbondment (CD) test so
as to investigate the susceptibility of coating towards cathodic delamination and hence, their applicability in pipeline
industry, especially in ‘High Transmission Gas Pipeline Industry’. In most of the CD tests, 3LPE samples are exposed
to the common test conditions viz. standard operating temperature of 65°C and maximum test duration of 28 days.
Indifferent from general works, the present study deals with a novel and innovative idea for CD tests of 3LPE coated
pipe samples wherein, three different 3LPE samples from the same batch are chosen and exposed to a constant
elevated temperature 80°C in 3% Sodium Chloride (NaCl) environment at a constant applied potential of -1.42 V.
These simulated CD test conditions are quite identical to real conditions of specific external temperature in
buried/non-buried onshore/offshore environment. Each of the present 3LPE samples is exposed to the considered
simulated test conditions for varying time duration of 28, 56 and 84 days, respectively. Such maximum operating
temperature of 80 °C and long term CD test duration greater than 28 days makes present work interestingly different
from common standard practice. Present study further checks out the effects of various factors and selected test
conditions on performance and integrity of coatings of all the considered 3LPE coated pipe samples at extended time
durations and provides the reports, respectively.

Keywords: 3LPE, Long Term Cathodic Disbondment Test, Elevated Temperature, Electrochemical Reactions,
Coating Failure.
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ABSTRACT
Hydrophobic surfaces on metallic substrates have been attracting significant attention in recent years due to the
multi-functionalities they can render such as biofilm inhibition, easy-to-clean property and corrosion protection. It is
well-known that hydrophobicity of a coating can be improved by lowering the surface free energy and
simultaneously imparting micro-nano scale hierarchical roughness onto the surface. The substrate material for
surgical instruments has been stainless steel 420, and it is documented in the literature that repetitive
autoclaving/sterilization causes scale formation, which is likely to cause localized corrosion. In addition, though the
bacteria are killed during autoclaving, the biofilm residue are not removed and can be the potential source of
infection after surgery. Hence, it would be beneficial to have a protective, hydrophobic coating that is capable of
providing multifunctionalities like biofilm inhibition and corrosion protection. In the present study, two sol-gel
formulations capable of exhibiting durable hydrophobic property were synthesized and deposited on stainless steel
420 coupons followed by thermal curing. One formulation exhibited an improved hydrophobic property without any
corrosion inhibitor, whereas the other included a corrosion inhibitor in the formulation. The coated surfaces were
investigated for their wettability, roughness and corrosion protection behavior using electrochemical tests such as
potentiodynamic polarization studies and electrochemical impedance spectroscopy in 3.5 wt% NaCl solution. Both
the coating formulations were found to be promising and hence, it could be concluded that these coatings can be
applied on actual surgical instruments made of SS 420 for imparting corrosion protection as well as biofilm
inhibition.

Keywords: Hydrophobic coatings; SS420; surgical instruments; corrosion protection; biofilm inhibition
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“Tape Coatings-–what are the differences in manufacturing technologies and which impact
do they have on the material properties ?”
Luc Perrad, DENSO GmbH, Leverkusen, Germany

ABSTRACT
The first polymeric tapes were launched in the pipeline industry in the mid 1950ies. Polymeric tapes have been used
worldwide for the external corrosion prevention of buried pipelines since then.
From the beginning, mostly PE-or PVC carrier foils were coated on one side with an adhesive layer based on bitumen
mastic, mastic or butyl-rubber in the tape manufacturing process.
One aspect that has received little attention so far is the effect how different tape production processes may have
an impact on the quality and intrinsic material properties, especially the long-term expectancy of the tape coatings.
The most common tape production process is laminating an adhesive layer onto a PE-or PVC carrier foil. The
majority of tape coatings-especially 2-ply tapes-are manufactured in this way. By repeating the lamination process
and adding an adhesive layer on top of the PE-carrier foil, a 3-ply tape structure can be achieved.
A more sophisticated and complex way to produce tapes is to manufacture them in a coextrusion process. The
coextrusion process technology requires more than one polymer melt stream as each melt stream is produced by its
own extruder. This process requires a lot of technical expertise. However, the effort is more than justifiable, since the
product properties and, in particular, the long-term behavior are significantly increased and improved. Some of these
are properties that cannot be seen from the outside of the products and can only be checked to a limited extent by
short-term tests.
This presentation will give an insight to the different process technologies and their impact on the intrinsic material
properties of the tape coatings, which are of special importance for the long term durability of the field joint coatings.

Technical Programe

Coatings Linings and Thermal Insulation

Corrosion protective and self-healing hybrid silica sol-gel sealed porous anodized Mg
AZ31 alloy for aggressive environments
K. Pradeep PremKumar
International Advanced Research Centre for Powder Metallurgy and New Materials (ARCI),
Hyderabad.
ABSTRACT
The present investigation explores a combination of porous anodized layer sealed with self-healing hybrid silica solgel coating on Mg AZ31 alloy. Anodization was employed on Mg AZ31 alloy by varying voltage and time to bring out
thick porous oxide layer to enhance the corrosion resistance and reduce the degradation of the alloy in aggressive
environment. The porous anodized layer subsequently sealed with room temperature curable hybrid silica sol-gel
coating intercalating with organic corrosion inhibitor i.e., 8-hydroxy quinoline. The characteristics of the coating on Mg
AZ31 alloy were evaluated by field emission scanning electron microscopy (FESEM) attached with energy dispersive
X-ray analysis (EDAX). Corrosion behavior of the anodized and hybrid silica sealed layers on Mg AZ31 alloy were
evaluated in detail up to 336 h by subjecting them to immersion and salt spray analysis in 3.5 % NaCl solution.
Electrochemical impedance spectroscopic (EIS) and potentiodynamic polarization studies results discovered the
gradual enhancement of corrosion resistance, reduction in corrosion currents and corrosion rates for the hybrid silica
sealed coating on anodized Mg AZ31 alloy. Self-healing phenomenon of the hybrid silica sealed coating on anodized
Mg AZ31 alloy was identified through electrochemical tests and SEM analysis after cross-cut over the coatings
followed by salt spray exposure test up to 336 h. The hybrid silica sol-gel sealed coatings on anodized Mg AZ31 alloy
is more potential for various applications.

Technical Programe

Coatings Linings and Thermal Insulation

An Experimental Study on Influence of Surface Preparation on Adhesion of Phenolic
Epoxy Coating under Insulation with Modified Accelerated Corrosion Testing
Rampradesh Natarajan
Chennai Petroleum Corporation Limited, A Group Company of Indian Oil Corporation Limited,
Manali, Chennai, India
ABSTRACT
Corrosion under Insulation is a major concern as it accounts for significant number of leaks in Insulated assets.
Hence, Mitigation of CUI is of paramount importance and various strategies including protective coatings are adopted
to control CUI. Among various paints, Phenolic based epoxy paint which has high density cross linking polymers are
recommended to combat CUI. Surface preparation to Sa2-1/2 by Abrasive blast cleaning is strongly recommended
for Phenolic epoxies. This limits the application of CUI resistant Phenolic epoxy coating on existing pipelines as
maintenance coatings during Turnarounds in Refineries. Nevertheless, Surface of aged pipelines and equipments in
Process units with insulation without any coating inherently are never smooth and have roughness due to corrosion
under insulation. The Objective is to test the performance of phenolic epoxy coating on St2 and Sa2-1/2 surface
under cyclic CUI simulated testing condition. Although many tests including salt spray test, immersion test, high
temperature resistance test, cyclic thermal cycles test, cyclic salt fog/UV exposure test are available, this paper
describes about cyclic Wet/Dry CUI testing on Rockwool Insulated samples with 0.4% ammonium sulphate and
0.05% Sodium chloride and hence simulating the actual site conditions. This test is performed on two Carbon steel
Rockwool insulated 2” Sch 80 pipes coated with 2 coats of Phenolic epoxy to 250 microns after surface preparation to
St2 and Sa2-1/2 respectively. On completion of thermal cycles, insulation on both samples is removed and adhesion
of the coating is tested and analysed as per ASTM D3359.

REDUCE OPEX AND CAPEX IN REFINING PROCESS UNIT FIRED HEATERS AND HEAT
EXCHANGERS USING TUBACOAT TECHNOLOGY
ABSTRACT
TUBACOAT is a unique disruptive technology for refining, chemical and petrochemical critical applications, a game
changer for the industry to reduce OPEX and CAPEX. This Innovative and customized silica-based inert coating
technology from Tubacex Group provides anti-fouling, anti-corrosion and anti-coking properties in harsh
environments and extreme temperatures (800oC/1472oF), making TUBACOAT useful in almost all refineries and
petrochemical applications, focusing on delayed cokers, visbreakers, cracking, vacuum distillation unit furnaces and
similar units.
In Most refining conversion units such as delayed coker and others, Unscheduled shutdowns, high maintenance,
higher fuel consumption and throughput reduction due to furnace tube coking, fouling and corrosion is a common
problem. TUBACOAT technology minimizes formation, deposition and plugging due to coke/carbon in addition to
reduction in fouling, corrosion and fuel usage. Use of TUBACOAT technology in these application leads to longer
runs, incremental life cycle for equipment, reliable operations, reduced fuel consumptions and hence significant
savings in OPEX and CAPEX.
This presentation covers properties and advantages of resistance of ceramic coated tubes to various forms of coking,
corrosion, fouling, scaling and the expected cost savings. Results and case studies from various commercial field
trials and runs with major US, Europe, Asia refineries and further developments and new application also covered in
this presentation.
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CORROSIVE TENDENCY ANALYSIS OF ETHYLENE GLYCOL IN CHILLER UNITS AND
ITS REMEDIAL MEASURES
Amit, R. Shandilya
Dept. of Atomic Energy, Heavy Water Plant, Tuticorin- 628007,
amitsheoran659@gmail.com
rshandilya5@gmail.com
ABSTRACT
This Paper presents the study of ethylene glycol on chiller water system which is used in Versatile Solvent
Synthesis Plant for production of various solvents like DOHA, DEPHA-2, TOPO, TiAP etc. at Heavy Water
Plant, Tuticorin, which are used in front end & back end of the Nuclear fuel cycles. Ethylene glycol is widely
used in chiller water system to prevent the freezing of the water at -10ºC (minus Ten degree Celsius).
However, after taking in to service for one & half year, material degradation is observed and pipeline got
punctured mainly at the elbows. Then a detailed study was performed on the reasons for material degradation
& it was concluded that ethylene glycol when used for a certain period of time causes material degradation by
making the environment acidic having Ph falling even below 4.5. The paper further list out the detailed study
being followed and rectification measures to enhance the life cycle of the system & equipment’s.
--------------------------------------------------------------------------------

STUDY OF MATERIAL DEGRADATION IN HWPT WITH EMPHASIS ON TRI SODIUM
PHOSPHATE, ASOFIX & PHOSDINE III AS A PASSIVATING AGENT TO AVOID
INTERNAL CORROSION IN PIPELINES
Amit , R. Shandilya
Dept. of Atomic Energy, Heavy Water Plant, Tuticorin- 628007.
amitsheoran659@gmail.com
rshandilya5@gmail.com
ABSTRACT
This Paper presents a detailed study of the corrosion in the pipelines & equipment’s of Heavy Water Plant
Tuticorin which is based on Ammonia-Hydrogen exchange. Heavy Water plants basically produce heavy
water of purity above 99.99% which is used as a moderator as well as coolant in Pressurized Heavy Water
Reactors (PHWRs). The operating temperature ranging from -25 degree Celsius to 600 degree Celsius and
pressure ranging from vacuum to as high as 280 Kg/cm2. Because of the operating conditions vide variety of
materials are being used like Inconel tubes, Carbon Steel, SS tubes & tanks. Paper presents various
techniques being followed to avoid material degradation from outside and inside. Paper also talks about
material up gradation being carried out to ensure the healthiness of the pipelines/vessels for future. An
experimental study has also been incorporated for determination of the best passivation agent among Tri
Sodium Phosphate, Asfofix & Phosdine III along with their optimum usage analysis to prevent internal pipe
corrosion. A total of 24,000 inch-meter of pipelines have been preserved using the same findings in the plant.
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Corrosion in Water Treatment Utilities
S.Thiruvalluvan,
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ABSTRACT
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This paper aims to identify the main causes for the deterioration of components, plant, equipment in water
treatment utilities of any major industry due to corrosion and analysis for the causes of failure. The case
studies of few corrosion damages happened in water treatment utilities of chemical industries are also
narrated to have idea of avoiding similar incidents in the future. Sharing of plant experiences helps in avoiding
similar cases due to corrosion in future among industries. Concepts of corrosion, definition, types, corrosion
related to water treatment utilities in major industries. Different techniques used starting from the design stage,
selection of materials before manufacturing stage, in-service inspections, residual life assessment based on
the present condition with reference to corrosion level. Existing practices of cooling water treatments in major
industries, early detection of degradation, sizing of corrosion damage, finding the root cause of damage and
take preventive actions. Preparation of long term strategy like preventive maintenance of components, plant,
equipment in industries due to corrosion and help for the better safety management. Monitoring the chemistry
of water at regular intervals to minimize the corrosion and scaling/fouling. Chemical dozing/chlorination/ blow
down techniques and troubles encountered.
Following case studies & their failure analysis is deliberated:
• Failure of 32”NB (800 NB) cooling water line due to stagnant water remaining in the underground line.
• Leakage of first isolation valves in main acid (HCL) storage tank.
• Deterioration of main sulphuric acid (H2SO4) storage tank in water treatment plant.
• Corrosion damage of composite storage tanks due to wrong painting.

Conclusion:
Corrosion and its control in water treatment utilities are very important and more methods are evolving and we
can improve by sharing the experiences & expertise of personnel, gathered over long term association with
corrosion studies.

Key words:
Corrosion, Failure, sulphuric acid, water treatment utilities, safety management, cooling water circuits.
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Corrosion Behaviour Of Alternate Materials For Usage In Nitric Acid Over Commonly
Used 304L Stainless Steel In Reprocessing Plants
Amrita Mahanti Ghosala, Kamlesh Chandraa, Vivekanand Kain
Materials Processing and Corrosion Engineering Division,
Bhabha Atomic research Centre, Mumbai, India
ABSTRACT
AISI type 304L stainless steels (SS) are widely used as structural materials where nitric acid is the main process
medium, such as in reprocessing and waste management plants. In this process, 304L SS remains in passive state
with very low corrosion rate. However, critical areas of these plants, like thermosiphon evaporators, dissolvers etc,
often deal with highly aggressive boiling nitric acid along with accumulated oxidising ions (fission products and
corrosion products). This process condition shifts the operating potential to the transpassive domain of stainless
steels leading to severe intergranular corrosion even for a non-sensitized SS. This is the root cause of failures in
these plants. This necessitates alternate materials with low corrosion rates even in this aggressive condition. Ti- and
Zr-based alloys are reported to remain at passive range up to a very high operating potential. In the present study,
corrosion behaviour of indigenously developed titan-24 and zircaloy-4 was evaluated in nitric acid. Potentiodynamic
polarisation was performed at room temperature, 75 C and 95 C in different nitric acid concentrations. Both materials
were exposed to three phases (liquid, vapor and condensate) of nitric acid to evaluate the corrosion rate. SS 304L
was also exposed in similar conditions to compare corrosion rates. In all the tested conditions, both the titan-24 and
zircaloy-4 showed excellent corrosion resistance, making them suitable alternate materials for highly aggressive nitric
acid.
-------------------------------------------------------------------------------------

Failure Analysis Of Lt Nozzle Of Water Knockout Drum
Ketan Amin, Chintan Mulchandani and Hussain Vasadwala
GNFC Ltd., Bharuch, India
knamin@gnfc.in / cmmulchandani@gnfc.in/ hevasadwala@gnfc.in
ABSTRACT
Water Knockout Drum of Ammonia plant is used to separate condensed methanol-water mixture from the feed gas.
Leakage was observed from the isolation valve weld joint of the level transmitter (LT) nozzle. NDTs like visual
inspection, thickness & hardness measurement, PMI, chemical analysis of deposit, metallurgical analysis, and EDS
analysis were carried out to identify the root cause of failure. Failure analysis had concluded that failure attributed to
the conjoint effect of two factors. First, the presence of aqueous H2S coupled with low pH, low temperature, higher
exposure time, and second, the lower thickness in weld region as compared to valve nozzle. This had resulted in
pitting corrosion on the valve nozzle ID surface due to the formation of a non-protective FeS layer. The failed valve
was replaced with SS-304 valve for better corrosion resistance. Also, the average pH value is maintained 6.8 which
was remaining 4.55 before failure.

Keywords: Failure analysis, Pitting corrosion, Level transmitter, Knockout drum, Ammonia plant
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Hydrogen Grooving in H2SO4 Storage Tank
Ketan Amin1 and Priteshkumar M. Patel2
GNFC Ltd., Bharuch, India
knamin@gnfc.in / pmpatelmech@gmail.com
ABSTRACT
GNFC has H2SO4 storage tank of 100 m3 capacity. A leakage was observed from top of manhole nozzle. It was
identified that leakage was occurred due to hydrogen grooving type of corrosion. The hydrogen grooving was also
observed in all nozzles & shell plate above the nozzles in liquid zone. Also, thickness reduction was observed in
top shell course in the vicinity of failed dip tube of inlet liquid. Hydrogen grooving usually observed on carbon steel
surfaces exposed to H2SO4. Such corrosion is caused by rising of hydrogen bubbles touching top portion of
nozzles and vertical portion of shell course plate above nozzles. Deflector plates were provided on upper half of all
manholes from inside as a part of corrosion prevention technique. A liquid inlet dip tube was relocated more
towards center of tank to avoid direct impingement of service fluid on side wall as a part of design change.

Keywords: Hydrogen grooving, Corrosion, H2SO4 storage tank
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Different Types Of Corrosion Encountered In Fertilizer Industries.
S. D.Jambekar, A.B.Joshi, , P.B.Vaishnav
Manager (Metallurgy), Manager (Research), Chief (R&D)
Gujarat state fertilizers and chemicals Ltd.
sdjambekar@gsfcltd.com
ABSTRACT
Corrosion is the deterioration of material or its properties when material chemically or electrochemically interacts
with its environment. The major environmental variables which affect corrosion are condition of metal and nature of
environment like its pH, oxidizing power, temperature, flow, concentration etc. In this paper, different types of
corrosion encountered in Gujarat state fertilizers and chemicals Ltd. (GSFC) are discussed. Nitrogenous,
phosphatic and potash fertilizers are the major nutrient group fertilizers predominantly used in Indian agriculture.
Due to wide spectrum of corrosive raw materials usage viz, ammonia, naphtha, fuel oil, coal, rock phosphate,
sulphur, sulphuric acid, nitric acid, phosphoric acid, caustic ; corrosion is one of the major issue in fertilizer
manufacturing units. Corrosion in fertilizer plants may lead to contamination of final product, loss of equipment,
increased down-time and increase in maintenance expense. Knowledge about corrosion occurring in the fertilizer
industries can be helpful in minimizing losses and unsafe conditions.

Keywords: Corrosion, types of corrosion, fertilizer, factors affecting corrosion.
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Premature failures of an underground 8” well fluid line: A case study
Jeetendra Gupta, S K Velusshami, Anita Sharma
Institute of Engineering and Ocean Technology
Oil and Natural Gas Corporation Ltd.
Panvel, Navi Mumbai-410221
gupta_jeetendra@ongc.co.in
ABSTRACT
This paper deals about premature failures of an underground 8” well fluid line in western onshore. The line
was commissioned on 2014 and three leakages were found till February - 2020. The failed well fluid line
sample was subjected to different testing i.e. chemical composition, tensile, impact, metallurgy, hardness,
fractography etc. to know the root cause of the failure.
In the internal surface of the failed flow line scale/deposits, pitting and channelling in 6 O’clock position was
observed. During microbial analysis of the produced water sample, presence of General Aerobic Bacteria
(GAB) and Sulphate Reducing Bacteria (SRB) was found. The flow pattern was found to be segregated flow
which caused the continuous water wetting of 6 O’clock portion of the flowline. The details of tests carried
out with their results and suitable recommendations are discussed in this paper.

Keywords: Well fluid line, MIC, Pitting.
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Failure analysis of steam reformer outlet subheader weld joint failure
ABSTRACT
This paper presents a failure analysis of steam methane reformer outlet sub-header to bulls head tee joint
after 7 years of operation which resulted into the plant shutdown. The cracks were found initiating from internal
diameter and moving towards outside. Field observations along with metallurgical investigation has been used
for the failure analysis.
The metallurgical investigation consists of optical microscopy, Scanning electron microscopy (SEM), Energy
Dispersive X-Ray Spectroscopy(EDS) and hardness measurement. The microscopy shows the presence of
carbide along the grain boundaries as well as within the grains. The intergranular and intragranular
precipitates has been identified as Niobium carbide and Chromium carbide respectively by EDS analysis. A
few creep voids were observed in Scanning electron microscopy which were insignificant to cause the failure.
Field observations were carried out to check all the spring supports and counterweights and some
abnormalities were observed in support system.
The observations of metallurgical investigation and field inspection were analysed to arrive to the root cause of
failure.
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Failure Analysis of Tubing: A Case Study
Suraj Makkar, Jeetendra Gupta SK Velusshami, Anita Sharma
Institute of Engineering and Ocean Technology
Oil and Natural Gas Corporation Ltd.
Panvel, Navi Mumbai-410221
makkar_suraj@ongc.co.in
ABSTRACT
This study deals with failure of tubing in SRP Well of an onshore Oil and Gas field. The asset was facing the
operational problem regarding frequent tubing failures which necessitated the failure analysis of the tubing.
This issue was affecting production of oil & gas, rig months and operational expenditure. The samples of
tubing, sucker rod and sucker rod coupling were analyzed thoroughly to know about the reasons of the
failure .In the failed tubing, localized longitudinal groove and a slit at the grooved area was observed. The
samples were subjected to different testing viz chemical composition, tensile, impact, metallurgy, hardness,
fractography etc. to know the root cause of the failure. The chemical compositional analysis revealed that the
failed tubing material was carbon steel (API 5CT– N80Q). Hardness value of the failed tubing was found to be
less than the hardness of sucker rod sample. Abrasion features were observed on the failed tubing wall which
might be due to rubbing of sucker rod against tubing due to deviation and/or buckling of the tubing which
resulted in the wear of tubing. Small corrosion pits were also observed. Combined effect of both mechanical
wear and corrosion had led to failure of the tubing .The details of tests carried out with their results and
suitable recommendations are discussed in paper.

Keyword: Sucker Rod, Tubing, Abrasion, Hardness, Buckling
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FAILURE ANALYSIS OF SHELL PART OF FUEL GAS HEATER AT

OFFSHORE

PLATFORM-A CASE STUDY
Bipin Kumar, Jeetendra Gupta, Sangeeta Rani Prasad, I. A Ahmed & Dinesh Kumar
Materials & Corrosion Section,
Institute of Engineering and Ocean Technology,
Oil and Natural Gas Corporation Ltd. Phase-II,
Panvel, Navi Mumbai-410211
kumar_bipin@ongc.co.in
ABSTRACT
Process gas compressors (PGCs) are installed at offshore platform to boost up the pressure of the produced
gas. The compression capacity of each PGC is 2.5 MMSCMD. Each PGC compresses gas in three stages.
The fuel gas heater assembly is a part of the fuel gas condition skid for each PGC train. The fuel gas enters
into the heater at 29 ºC and the maximum outlet temperature reported is 66 ºC. The fuel gas heater of PGC
was in continuous use and the shell got cracked and parted off on 15.02.2013. A piece of sample of the
damaged shell portion of the fuel gas heater was received and detailed analysis has been carried out to find
out the root cause of the failure.
In order to identify the cause and mechanism of failure, detailed laboratory and analytical investigations were
carried out with a view to characterize the material (ASTM A 106 Gr.B) as well as to evaluate the corrosivity of
operating environment. Studies like visual inspection, non-destructive testing, elemental compositional
analysis, metallographic investigations, hardness testing, tensile strength studies, impact test,
stereomicroscopy, scanning electron microscopy (SEM) coupled with energy dispersive spectroscopy (EDS)
studies; Gravimetric simulation studies and potentiodynamic studies have been carried out.
The SEM and metallography studies of the internal surface fracture area of the material reveal that the shell
chamber has been heated up to a very high temperature very near to the creep temperature of carbon steel
material. The shell material failure is mainly attributed to creep mechanism. Various extensive testing and
experiments with their interpretations and suitable recommendations are reported in this technical paper.

Key words: Process Gas compressor (PGC), Fuel Gas heater, Shell, ASTM A-106-B & creep
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Corrosion Control & Corrosion Management Program for Cooling Water Application
in Refinery & Chemical Industries
Ameer Hamza
Materials, Welding & Corrosion Engineer
Saudi Arabia
ABSTRACT
Corrosion is often a problem when metals are in contact with an aqueous environment. It may be defined as
the deterioration and loss of metal due to some form of chemical attack. In general, it results from impurities in
the water, which need only to be in trace quantities to initiate corrosion. Trace impurities can include gases
dissolved from the atmosphere, particularly oxygen and carbon dioxide that play important roles in the
corrosion process. Small amounts of mineral salts in water can also become involved in corrosion reactions.
Where the metal makes up an essential component of a structure, such as a bridge or equipment forming part
of an industrial process, for example, a cooling water circuit, constant vigilance is required to maintain the
integrity of the structure and the equipment involved. Corrosion is a complex phenomenon dependent on
chemical and physical conditions within the particular system.
The paper focuses on various problems (fouling, sedimentation and increased corrosion rate) associated with
cooling water system due to improper process design, no or poor corrosion abatement strategy and improper
material selection.
Cooling water corrosion has impacted several metals with different damage mechanism such as pitting,
crevice, stress corrosion cracking, de-zincification and hydriding embrittlement.
This paper will discuss the Corrosion Control and Corrosion Management program for Cooling Water
Application in Refinery and Chemical Industries associated with piping, equipment, and heat exchanger in
cooling water service.
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Aggressive Ammonium salt corrosion due to stratified flow regime in the REAC inlet
system of a Naphtha Hydrotreater
Arun Murali Padman, Jayson Anil Pinto
Engineering & Inspection – Technical Services
ONGC-MRPL
ABSTRACT
Naphtha hydro-treater reactor effluents contain ammonium salts of sulfides and chlorides which sublimate in
the downstream piping and equipment at locations based on the concentration of these salts.
High corrosion rates were encountered in the piping and Air Fin Coolers of a Reactor Effluent Air Cooler
(REAC) inlet system in a Light Naphtha Hydrotreater unit. Accelerated corrosion was observed on the top half
of horizontal run of piping and the inlet row tubes of the Reactor Effluent Air Cooler downstream of wash water
injection points. Thermal imagery of the piping system identified a stratified flow regime in the system.
In presence of stratified flow regime, the ammonium salts cause preferential corrosion on top half of piping
due to insufficient washing of these salts.
The study details the root cause analysis of the failures as well as mitigation measures leading to better
reliability and reduced downtime of the REAC inlet system.

Keywords: REAC, hydro-treating, ammonium salts, stratified flow, wash water injection, API 932B,
thermography
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Corrosion control in Sulfolane System
Balivada Naga Sravanthi
ONGC Mangalore Petrochemicals Limited
Mangalore
ABSTRACT
This paper deals with case studies on corrosion in sulfolane system experienced in our petrochemical
complex and its control methods.
In our petrochemical complex, sulfolane is used as solvent to extract Aromatics in reformate by Extractive
distillation. Unextracted Non-Aromatics are withdrawn as distillate to storage tank. Whereas Sulfolane from
aromatics is recovered in Recovery column and circulating back to Extractive distillation column for extraction.
A slip stream of recirculating sulfolane is treated in solvent regenerator to remove decomposed sulfolane.
Suflolane is an organo sulfur compound which is readily soluble in water. Sulfolane in its pure form is clear
and colorless liquid. Its density is more than that of water.
Sulfolane in its pure form is not corrosive to steel, but the byproducts during sulfolane decomposition gradually
corrodes steel. The root cause of corrosion in sulfolane systems is reaction of sulfolane with impurities present
in the feed specifically oxygen and chlorides or reaction of sulfolane with O2 in air or byproducts released
during thermal decomposition of sulfolane at higher temperatures.
Because of treatment of decomposed sulfolane, chloride induced corrosion of downstream units is avoided
which reduces downtime and maintenance cost of equipments
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SEVERE DEPOSIT AND CORROSION IN CRU REFORMER EFFLUENT AIRFIN COOLER
Girish Kumar
Inspection Manager -IPM
Digboi Refinery | Indian Oil Corporation Ltd | Assam
ABSTRACT
Hydrotreated Naphtha and Hydrogen rich Recycle gas Reacts in series of CRU Reformer Reactor at desired
temperature in presence of catalyst to produce Reformate. The effluent from the last reactor is cooled down in
Reformer Effluent Fin Fan Cooler (05-EA-001) for further processing.
Reformer Effluent Airfin Cooler (05-EA-01) was opened for inspection during Feb-Mar 2021 M&I shutdown.
Inlet header box was found chocked with yellow and blackish deposit. Severe tub-end thinning was observed
in the floating header box side tube to tube sheet joint.
Deposit sample was collected and send to the IOCL lab for the analysis. Detail study was carried out to find
out root cause of the fouling and severe corrosion in the Airfin Cooler.
Based on the observation / findings, fouling and deposit in the header box is suspected due to ammonium salt.
Severe tube end thing and erosion is mainly due to past several regeneration processes and in the presence
of acidic environment without caustic neutralization causing corrosion in the grooved portion of the tube to
tube sheet causing tube end thinning. This paper also analyses the licensers opinion and recommends the
remedial measures required to avoid the recurrence of the problem
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Corrosion Control and Corrosion Management program for Cooling Water
Application in Refinery and Chemical Industries.
Ameer Hamza,
Fluor Arabia Limited, Al-Khobar, Saudi Arabia
Ameer.Hamza@fluor.com
Jignesh Desai,
Fluor Daniel India Private Limited, New Delhi, Gurgaon, India
ABSTRACT
Corrosion is often a problem when metals are in contact with an aqueous environment. It may be defined as
the deterioration and loss of metal due to some form of chemical attack. In general, it results from impurities in
the water, which need only to be in trace quantities to initiate corrosion. Trace impurities can include gases
dissolved from the atmosphere, particularly oxygen and carbon dioxide that play important roles in the
corrosion process. Small amounts of mineral salts in water can also become involved in corrosion reactions.
Where the metal makes up an essential component of a structure, such as a bridge or equipment forming part
of an industrial process, for example, a cooling water circuit, constant vigilance is required to maintain the
integrity of the structure and the equipment involved. Corrosion is a complex phenomenon dependent on
chemical and physical conditions within the particular system.
The paper focuses on various problems (fouling, sedimentation and increased corrosion rate) associated with
cooling water system due to improper process design, no or poor corrosion abatement strategy and improper
material selection.
Cooling water corrosion has impacted several metals with different damage mechanism such as pitting,
crevice, stress corrosion cracking, de-zincification and hydriding embrittlement.
This paper will discuss the process design, corrosion control strategies and appropriate material selection to
mitigate the material, corrosion and process related issues associated with piping, equipment and heat
exchanger in cooling water service.
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Is corrosion a natural process in Refineries? Is there a role of human behaviour in
combating corrosion? : A case study
Mr. P K Tripathi, Mr. N Vaartha, Mr. Sukant Dev and Mr. M P Singh
Indian Oil Corporation Ltd., Mathura Refinery
ABSTRACT
It is widely been accepted that the crude in itself is not corrosive, but the contaminants such as inorganic &
organic chlorides, Sulphur and organic acids in received crude by Refineries pose a serious threat to the
integrity of assets. Sulphur being the largest component among these contaminants distributes in all the
product and intermediate cuts of main fractionator column and creates corrosive conditions in all primary and
secondary processing units, with or without combining with other contaminants.
All refineries usually have facilities and methodologies such as dilution, desalting, water washing and inhibitor
dosage etc, to mitigate various corrosion mechanisms and produce on-spec products. One such operation is
removal of Hydrogen Sulphide (H2S) is lighter gaseous products by absorption process using organic amine
compounds such as DEA/ MDEA. Rich amine having absorbed hydrogen sulfide (H2S) and carbon dioxide
(CO2) is regenerated in Amine regeneration unit under high temperature and low pressure conditions in a
regenerator column.
In one of the incidences in Amine Regeneration Unit, aggravated corrosion-erosion of the regenerator column
shell and the air coolers at the top of the column was identified. Both these assets have had no such
corrosion/ erosion issues over previous 10 years. A detailed investigation of the causes of such severe
corrosion-erosion established that multiple operational changes implemented for a short term benefits had led
to such aggravated corrosion that had serious consequences.
This paper presents typical corrosion mechanism involving Ammonium bi-sulphide in Amine regenerator
column overhead system. A comprehensive investigation of the failure and its root cause have been
discussed in detail, establishing the key role of human behaviour in managing corrosion.

Technical Programe

Corrosion In Petrochemical And Refineries Industries

Use of Robotic Inspection for Corrosion Inspection in Oil & Gas Industry
Romit Kalra
Petrobot Technologies Pvt Ltd
romit.kalra@petrobot.com
ABSTRACT
Industrial Assets are deteriorated by various types of damage mechanism but predominately by metal
corrosion. As per the IMPACT study done by NACE International, it was found that Cost of corrosion damage
in Indian Continent is tune of 70 billion USD which is equivalent to the 4.2% of India’s GDP (2013). Corrosion
Damage is big enemy in case of Oil & Gas Sector which predominantly operate in harsh process environment.
In order to eliminate the aforesaid issues, there is a serious demand for online robotic inspection tools which
can capture the huge data from the assets without its shutdown and also carry out data analysis for better
decision making by asset owners. Fundamental idea, involved in the robotization of these processes, is based
on the principle of teleoperation with skilled operator. It not only improves HSE standards but also lead to
much needed economic efficiency by reducing production cycle, floor space and number of staff members
required for continuous inspection and manipulation of plant facilities. Considering the risks involved in this
industry, usage of completely autonomous robots, first without achieving very high reliability, is still a far fetch
choice. Therefore, semi-autonomous robots, where actions are performed by robots but cognitive decisions
are still taken by skilled operator, is an excellent choice for this industry as a near future solution.
This technical paper provides an insight of state of art Online Robotic Inspection tools developed indigenously
under “Make In India” Initiative. These robotic tools can be used for various industrial assets like in-service
inspection of storage tanks, pressure vessels, piping, boiler tubes, jetty piles, offshore riser pipes. This paper
will benefit the industry participate to get the insights of use of robotic inspection tools to mitigate the corrosion
failures and to monitor the corrosion damage in their assets before it leads to disaster incidents.

Keyword: Inspection robots, oil and gas industry, inline tank inspection, outer shell inspection
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Wet H2S Damage in Recycle Gas Scrubber: A Case Study
Prabhakar Chowdhary
Engineers India Limited, New-Delhi
ABSTRACT
Acid gases present in recycle gas streams are removed by using amines in amine absorbers. In the absorber
column, the amine solution flows downwards, absorbing H2S and CO2 from the gas flowing upwards. The rich
amine collected from the bottom of the column is regenerated in the regenerator by boiling off the acid gases
and is reused in the absorber column. Many components of acid gas removal units may suffer internal
corrosion and cracking due to the presence of large amounts of CO2 and H2S in the process stream. The
important factors influencing the amine corrosion are Temperature, velocity, corrosive species, type of amine,
Heat Stable Amine Salts (HSAS), Amine Degradation Products and Acid gas loading. Material degradation in
amine system can be effectively controlled through appropriate material selection, heat treatment and proper
operation of amine system.
This paper discusses a case study of failure occurred in a high pressure Recycle Gas Scrubber in a
Hydrotreating Unit. The root cause analysis revealed the failure to be a classic case of Wet H2S Damage. The
failure study reinforces the necessity to use HIC resistant steel for fabrication of equipment and keeping the
acid gas loading in check during operation. Along with reason of failure, possible remedial measures and long
term solution are also addressed. The paper concludes with some vital takeaways to be considered during the
design stage and safe operation of high pressure amine absorber.
Key Words: Acid gas, Amine, Acid gas loading, Wet H2S damage, HIC
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Corrosion under insulation(CUI) damages and control methods
Prashantha Hegde and K Shiva Kumar
ONGC Mangalore Petrochemicals Ltd.
Mangalore
ABSTRACT
This paper deals with the case studies on corrosion under insulation experienced in our petrochemical
complex and their control measures.
In the simplest terms, Corrosion Under Insulation (CUI) is any type of corrosion that occurs due to moisture
present on the external surface of insulated equipment. The damage/attack can be caused by one of multiple
factors, and can occur in equipment operating at ambient, low, and heated services, depending upon
conditions. Because these surfaces are not generally available /accessible for visual examination, the onset of
corrosion cannot be easily identified, and in extreme cases, severe corrosion with consequential impact on
Integrity, Safety, and Reliability can occur.
Corrosion under insulation is a common problem considering our type (petrochemical complex) industry
located in coastal area having always exposure to rain. For this reason, exercising good engineering control
practices, on stream NDT, surveillance inspection during the design phase and throughout the entire
operation of the equipment contribute to robust reliability monitoring systems.
External Chloride Stress Corrosion Cracking (ECSCC) is a specific form of CUI that occurs in austenitic
stainless steels (300 series SS). Stainless steel equipment / piping operating in the CUI temperature range are
likely to experience ECSCC due to seepage of moisture / water and condensation of chloride on the external
surface of piping / equipment. Our petrochemical industry is also no exception for this reliability issue.
Stainless steel materials though are well suited for operation service, but small leak due to stress corrosion
cracking can cause reliability issues.
Detection methods such as liquid penetrant test, thickness survey and radiography (conventional / advanced)
testing methods play a vital role in identifying the problems well in advance.
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Study The Corrosion Inhibition Efficiency
Raj Kumar Mehta*, M Yadav
Indian Institute of Technology (Indian School of Mines) Dhanbad
ABSTRACT
Present analysis focused on to study the corrosion inhibition efficiency of 1,3,4-oxadiazole derivative; OHA
[(1E,1'E)-N',N''-(1,3,4-oxadiazole-2,5-diyl)bis(N-(4-hydroxyphenyl)acetimidamide] for mild steel in 15% HCl
solution. The study were measured by weight loss, EIS and polarization technique. The OHA inhibitor is an
efficient inhibitor and it adsorb on the metal surface, it's maximum efficiency was found 96% at 303K
temperature. The corrosion inhibition efficiency of OHA inhibitor increases on increasing the concentration
and decreases on increasing the temperature. The inhibitor obey mixed type adsorption and follows Langmuir
adsorption isotherm. The uninhibited and inhibited sample surface studies were done by FESEM and AFM
analysis and suggested the formation of protective chemical layer on the mild steel surface. The theoretical
study was done by DFT analysis.
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Failure of first stage condenser in Wax Hydrofinishing Unit (WHFU)
Rajendra Gayen
Inspection Manager -IPM
Digboi Refinery | Indian Oil Corporation Ltd | Assam
ABSTRACT
In WHFU of Digboi refinery, the wax separated out from the feed is treated using hydrogen to remove any
entrained sulphur and nitrogen compounds. During M&I shutdown 2021, the first stage condenser of WHFU
was opened for inspection. During inspection it was observed that heavy blackish sludge deposition and
extensive chokage was present in the shell side. After cleaning, severe corrosion was noticed in the tube
external surface and most of the tubes were observed to be perforated. The shell side of the condenser has
wax stripper column overhead vapours which is cooled by tempered water in tube side. This paper discusses
the factors and corrosion mechanisms leading to such aggravated corrosion in the condenser tubes.
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Failure Analysis of Naptha Cracker Unit Boiler Economizer Tube
Ram Masodkar, Vipin Gupta, B.K.Muduli
Inspection Manager, Panipat Naphtha Cracker, Indian Oil Corporation Ltd.
Senior Inspection Manager, Panipat Naphtha Cracker, Indian Oil Corporation Ltd.
Deputy General Manager (Inspection), Panipat Naphtha Cracker, Indian Oil Corporation
LtdABSTRACT
ABSTRACT
This paper reports the investigation of failure of boiler economizer tube in Naptha Cracker Plant. Leak
occurred in the form of pinhole and due to which boiler shutdown had to be taken. From the analysis of event
contributing to failure it is established that the main reason of failure was irregular shape of the bends of the
economizer module leading to metal loss in bends.
For finding the root cause of failure analysis for use of inferior material, improper tube bends forming, flue gas
due point corrosion, boiler feed water corrosion, caustic stress corrosion cracking, high temperature oxidation
and erosion carried out.
After comprehensive analysis it was concluded that the leak in economizer coil bend took place due to erosion
of bend, erosion of bends was due to turbulence in water flow at these bend locations; which was because of
irregular profile shape of the U-bends.
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Super Duplex Stainless Steel Grade UNS S32750 tube failure in seawater service
Vinay Kumar Prasad
ABSTRACT

Bharat Petroleum Corporation Ltd. Mumbai

Gasoline Hydrotreatment Unit (GTU) of BPCL Mumbai Refinery was commissioned in October 2019. The
objective of the unit at BPCL Mumbai Refinery is to reduce gasoline sulphur content to make it suitable for
blending in the low sulphur gasoline pool. During pre-commissioning of GTU unit, tube leak was observed
from several Seawater cooled heat exchangers. Material of construction of tube was Super Duplex stainless
steel SA 789 UNS S32750. Failure analysis was carried out for leaky tube sample of one of the coolers. The
composition analysis revealed intermetallic phases for the failed tubes. The presence of intermetallic phases
inferred improper heat treatment during manufacturing of tubes. Therefore the tube was not meeting with the
requirements of microstructure and mechanical properties as per the specification of SA 789 UNS S32750.
Due to poor metallurgical condition of tube, intergranular corrosion took place from the left over water of
hydro-tests and subsequently leaked during pre-commissioning. Full re-tubing of one of the cooler was carried
out in September 2020. But again the cooler was leaked in October 2020 after one and half month of service.
Again failure analysis was carried out for leaky tube sample and chemical analysis of leaky tube sample
indicates that the tube is not meeting with the chemical requirements of SA 789 UNS S32750. Tube bundle
was again re-tubed in March 2021 and it is running satisfactorily from last seven months. This paper deals with
manufacturing issue faced for Super Duplex SA 789 UNS S32750 tube and its mitigation measures.
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UNS N08935 – A New Super-Austenitic Alloy
Vikram Pandit

ABSTRACT

Technical Marketing Manager, APAC
Sandvik Materials Technology, Pune, India

UNS N08935 is the latest development from SANDVIK in the Ni-Cr-Mo alloy segment characterized by its
extremely good corrosion resistance to corrosive environments like Chlorides, Acids, Sulphides etc.
The original idea with UNS N08935 and target area for the grade is to fill the gap where standard
duplex/austenitic grades are not enough property wise and where nickel alloys are not a cost-efficient solution.
UNS N08935 is optimized to have high structure stability which improves weldability and overall producibility.
UNS N08935 is a super austenitic stainless steel with excellent corrosion resistance for service in sea water
applications and in highly corrosive environments.
UNS N08935 has excellent mechanical properties compared to super austenitic and nickel alloys along with
good ductility as well.

Key words: Corrosion, UNS N08935, stainless steel.
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Effect Of An Innovative Accelerated Carbonation Technique On The
Performance Of Rebar In Natural Zeolite-Contained Concrete.
Akshay Ramesh Bura and B. Kondraivendhan
Department of Civil Engineering, Sardar Vallabhbhai National Institute of Technology,
Surat, Gujarat, India 395007.
akshayrbura@gmail.com
Department of Civil Engineering, Sardar Vallabhbhai National Institute of Technology,
Surat, Gujarat, India 395007.
kondraivendhan78@gmail.com
ABSTRACT
In the present study, the effect of an innovative accelerated carbonation curing technique was evaluated on steel
reinforcement in concrete containing natural zeolite powder and fine aggregate as partial replacement to alleviate the
CO2 emission up to a certain extent from the concrete production industry and improve sequestration of CO2 into the
concrete matrix in a stable form. An accelerated carbonation curing was achieved by subjecting the reinforced
concrete specimens to 0.5M and 0.75 M concentrations of sodium bicarbonate (NaHCO3) solutions with alternate
wetting-drying cycles up to a curing age of 180 days after the initial 28 days of normal water curing. Tests for
carbonation depth and compressive strength were performed to measure the extent of carbonation. The corrosion
behavior of steel reinforcement was observed through half-cell potential and linear polarization resistance
measurements. The obtained results showed an increment in average compressive strength for the concrete
containing natural zeolite powder and fine aggregate mixes exposed to accelerated carbonation curing. All the
reinforced concrete specimens exposed to normal water curing with alternate wetting-drying cycles showed lower
corrosion current density than those exposed to accelerated carbonation curing technique. The zeolite contained
concrete mixes exposed to increasing NaHCO3 solution concentration showed higher corrosion current density than
the standard concrete indicating higher CO2 sequestration within the concrete matrix.

Keywords: Steel reinforcement, Corrosion, Carbonation, Sodium bicarbonate, Natural zeolite, CO2 sequestration.
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Eco-friendly Corrosion Inhibition of Steel Reinforced Concrete
by Aqueous Extract of Phyllanthus Emblica
Anujay Rawat, S. R. Karade and P. C. Thapliyal
Academy of Scientific & Innovative Research (AcSIR), Ghaziabad, India
CSIR - Central Building Research Institute (CSIR-CBRI), Roorkee-247667, India
ABSTRACT
The possibility of using an aqueous extract of Phyllanthus Emblica (Indian Gooseberry) as an eco-friendly corrosion
inhibitor for reinforced concrete has been evaluated in saturated calcium hydroxide solution with 3.5% sodium
chloride contamination through electrochemical potential measurement, linear polarisation measurement,
potentiodynamic polarization measurement, and morphology of the steel surface. Inhibitor extract was prepared by
the processing of green leaves of Phyllanthus Emblica in the laboratory using maceration. The potential time
measurements showed that the open circuit potential shifted towards a more negative direction due to the adsorption
of inhibitor on the surface of the steel. Potentiodynamic polarization curves are evidenced towards a predominant
cathodic inhibition. The inhibitive action of the extract is mainly caused by the adsorption of organic molecules
containing S, O, and N on the steel surface.

Keywords: Eco-friendly corrosion inhibitor, Phyllanthus Emblica, reinforced concrete, sodium chloride, inhibition
efficiency
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ABSTRACT
The Kadalundikadavu Bridge is a simply supported reinforced concrete bridge with 13 long spans of 26.6 m each.
After about 8 years of construction, some of the girders exhibited corrosion, and were repaired using conventional
patch work with microconcrete. However, in about five years after repair, the bridge elements reexhibited
corrosion. The former may be due to the use of inadequate quality of concrete during construction, and latter may
be due to inadequate choice of repair strategy without addressing the root cause of corrosion. Therefore, before
proceeding with second repair, a condition assessment (Non-Destructive Tests (NDTs) such as Ultrasonic Pulse
Velocity, Rebound Hammer, Half-cell potential mapping, potential gradient mapping, and surface resistivity of
concrete, and semi destructive tests such as determination of the chloride concentration and carbonation depths
using concrete extracted from the bridge elements) was carried out to identify the root cause of corrosion and other
distresses. In many structural elements, the chloride concentrations at the steel level were higher than (even on
spans away from the splash zone) that required to initiate corrosion of steel embedded in concrete and significant
spalling and cracking was identified in splash zone. Considering the outcomes from visual inspection and
condition assessment, the repair strategy was designed. This presentation will focus on (i) identification of various
factors contributing to the fast deterioration of various elements of the bridge and (ii) possible repair strategy is to
restore the original strength and providing corrosion protection via cathodic protection to enhance service life by 25
years, (iv) propose steps to arrive at the repair strategy, which can be durable with low life-cycle cost (LCC). It was
found that the cathodic protection using galvanic anodes can save about 60% of LCC in 25 years.
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ABSTRACT
Corrosion has a huge economic and environmental impact on virtually all facets of the India’s infrastructures viz.
marine structures, Industrial plants, power plants, highways, bridges & buildings and many to name.
With growth in India - primarily driven by increasing civil construction activities since couple of decade, demand for
corrosion mitigation for external contamination and cast in contamination because of chlorides using right methods
has increased.
It is prime requirement to develop strategy to incorporate corrosion mitigation for rehabilitation of chloride
contaminated reinforced concrete structures for durable service life of major repair, with only minimal maintenance
of structure, to extent life for 20 to 25 years which also helps in saving cost to be incurred due to corrosion, save
environment, reduce carbon foot print and enhance overall life of civil structures.
Corrosion mitigation can be widely implemented by incorporating and increasing awareness to organisations for
taking preventive measures against corrosion and also to have a progress in Corrosion Mitigation from a Reactive
status to predictive status.
Corrosion in the structures specially nearby Marine environment with reinforced concrete members occurs mainly
due to ingress of Chlorides in the concrete and in many cases due to cast in chlorides or admixed externally with
construction material and/or water for structure which are away from marine environment. Chlorides ingress are
mainly due to location of concrete structure in marine environment, chemical plants environment, cast in chlorides
and chlorides externally admixed with water, Carbonation is due to Carbon dioxide from environment in exposed
conditions.
Reinforcement in fresh Concrete are having a passive oxide layer which protect steel against corrosion, because
of attack due to chlorides, concrete looses its alkalinity and breaks its passivating layer around reinforcement, In
presence of free oxygen and water, reinforcement starts corroding. As reinforcement corrodes they expand &
incurs stress in concrete which induces cracks in weaker zone of concrete (I.e Cover concrete).
Corrosion protection of reinforced concrete can be done by various systems with right corrosion management for
different level of protection based on requirement of structure
A case study of recently constructed multi story residential complex having distress due to corrosion because of
admixed chloride with detail analysis, possible solutions with design guidelines using point anodes for mitigating
incipient anodes formation for corrosion prevention as well as corrosion control in sound but contaminated
structure shall be presented.

Keywords: Corrosion, chlorides, reinforced concrete structure, sacrificial anodes, corrosion prevention,
corrosion control, Durable repair.
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ABSTRACT
The reinforced concrete terrace slabs suffers premature distress due to corrosion of the embedded steel
reinforcement. This is primarily caused by the inadequate water proofing and improper weathering course systems
adopted in real time conditions. The thermal incompatibility between the reinforced concrete slabs and roof
covering materials results in formation of cracks. These cracks become the point of entry for water and the
ineffective water proofing over the slab permits water penetration. Sacrificial anode cathodic protection is one of
the proven technique to control corrosion in the existing reinforced concrete slabs. An experimental study has been
conducted on slab specimens with and without galvanic anodes and exposed to accelerated corrosion conditions
(by wetting in 3% Nacl for 2 days and drying in atmospheric conditions for 5 days). The galvanic anodes were
activated and continuously monitored to understand the protection efficacy. The potential of rebars, current density
and anode potential was monitored over a period of six months. The 24 hours depolarization potential was also
recorded to confirm if the anodes satisfy the criteria specified in ISO EN 12696:2016.

Keywords: Cathodic protection, Corrosion, Galvanic anodes, Reinforcing steel. Reinforced Concrete
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Molecular Dynamic Simulation Of Corrosion Inhibitors And It'S Efficacy
Towards Reinforced Concrete Structure
Smrithy Subash and Sumedha Maharana
Research Scholar Shiv Nadar University
Associate Professor Shiv Nadar University
ABSTRACT
Corrosion of reinforced concrete is a major drawback of using reinforced concrete as a construction material and
accounts for repair and maintenance cost. In recent past, many researchers have been investigating various
methods (inhibitors, repairing techniques and paints) to reduce corrosion damage in concrete with a major focus
on concrete corrosion performance on marine and acidic environments. The reinforcement can be protected by
surface treatment of steel by modifying coatings, cathodic protection, and electrochemical removal of chlorides and
by using corrosion inhibiting admixtures. Corrosion inhibitors proves to be very efficient and economical for long
term concrete durability against corrosion.
This paper aims to perform molecular simulation analysis of three different types of corrosion inhibitors (anodic,
cathodic and organic) for the corrosion of carbon steel and contrast their efficacy towards corrosion resistance.
The simulation uses Biovia Material Studio software for Molecular Dynamics Simulation (MDS) to know the
potential inhibition of different types of inhibitors. This study includes the comparative study of anodic, cathodic and
organic corrosion inhibitors i.e. Sodium Nitrite & Sodium Molybdate (anodic), zinc and magnesium oxide
(cathodic), and finally Urea and Diethyl Ether (organic). This paper focuses on theoretical simulations of abovementioned inhibitors for investigation of the adsorption of inhibitor molecule on steel surface in simulated concrete
pore solution in the presence of chloride and acidic environment. The main scope of this study is to obtain
comparison of the adsorption and inhibitory effect of inhibitors on carbon steel.
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ABSTRACT
Corrosion of reinforced concrete is a major drawback of using reinforced concrete as a construction
material and accounts for repair and maintenance cost. In recent past, many researchers have been
investigating various methods (inhibitors, repairing techniques and paints) to reduce corrosion damage in
concrete with a major focus on concrete corrosion performance on marine and acidic environments. The
reinforcement can be protected by surface treatment of steel by modifying coatings, cathodic protection,
and electrochemical removal of chlorides and by using corrosion inhibiting admixtures. Corrosion inhibitors
proves to be very efficient and economical for long term concrete durability against corrosion. This paper
aims to perform molecular simulation analysis of three different types of corrosion inhibitors (anodic,
cathodic and organic) for the corrosion of carbon steel and contrast their efficacy towards corrosion
resistance. The simulation uses Biovia Material Studio software for Molecular Dynamics Simulation (MDS)
to know the potential inhibition of different types of inhibitors. This study includes the comparative study of
anodic, cathodic and organic corrosion inhibitors i.e. Sodium Nitrite & Sodium Molybdate (anodic), zinc and
magnesium oxide (cathodic), and finally Urea and Diethyl Ether (organic). This paper focuses on theoretical
simulations of above-mentioned inhibitors for investigation of the adsorption of inhibitor molecule on steel
surface in simulated concrete pore solution in the presence of chloride and acidic environment. The main
scope of this study is to obtain comparison of the adsorption and inhibitory effect of inhibitors on carbon
steel.
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ABSTRACT
Cathodic protection (CP) is a widely accepted technique that controls metal corrosion by shifting the
corrosion potential in the electrochemical cell. CP can be established in the reinforced concrete
(RC)structures by adding more active sacrificial metal as the anode to make the rebar function as a
cathode. The efficiency of sacrificial anodes will be influenced by various factors, among which surface
area of the rebar, corrosion state of steel, and resistivity of concrete play a crucial role. The total weight of
sacrificial anode required depends on the total surface area of rebars (i.e., anode to cathode ratio) to be
protected. The uniformity in the distribution of protection current decreases with an increase in corrosion
rate. The resistivitity of concrete is a much variable parameter that varies with moisture content and the
amount of conductive ions present in the concrete. The design of anodes becomes much complicated
since the number and size of electrodes depend on the allowable spacing of anodes, which inturn depends
upon the resistivity of concrete. The ohmic drop due to the high resistance of concrete between the rebar
and sacrificial anode should also be considered while designing the sacrificial anodes. An increase in
resistivity is detrimental to current distribution but beneficial to the voltage drop caused in concrete by the
applied current, lowering chloride content and increasing hydroxyl concentration, thereby increasing steel
passivity.

Keywords: Cathodic Protection, Electrochemical cell, Sacrificial anode, Rebar area,
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Corrosion Deterioration of RC Structures-Field Experiences
Bhaskar Sangoju
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bhaskar@serc.res.in; +91-44-22549167
ABSTRACT
Many reinforced concrete (RC) structures deteriorating prior to the expected service life,mainly, due to the
corrosion of rebars. It is known that penetration of deteriorating agents such as chlorides, carbon dioxide
(CO2), moisture, etc., can cause the corrosion of rebars. Leading to the deterioration of RC
members/structures. That means, the corrosion deterioration can be delayed to significant amount, if good
concreting practices, such as placement, consolidation, finishing, adequate cover thickness, curing, etc. are
performed on the as-built/ actual RC structure. In other words, the concrete that is cast in standard
specimens for compressive strength represent very little to the concrete in the actual structure. This lecture
presents the mechanisms of chloride and carbonation induced corrosion and discusses the importance of
concrete cover thickness and its quality for protection against corrosion of rebars. Number of field studies
will be presented and the root cause for rebar corrosion will be highlighted.

Keywords: Reinforced concrete (RC), rebar corrosion, cover thickness, durability, deteriorating agents.

Technical Programe

Corrosion In RCC Structures

Detection of corrosion initiation in steel rebar embedded
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ABSTRACT
Corrosion of steel is the leading cause of the degradation and early collapse of the reinforced concrete
(RC) structures. This results in significant financial losses and environmental issues. Most cities in India are
located along the shore, and many reinforced concrete constructions in these places are subjected to a
severe marine environment. As a result, it is critical to protect the buildings susceptible to corrosion and
plan the appropriate repair strategy. Determining the extent of damage experienced by existing concrete
structures is the first stage of initiating recovery. However, there are no integrated guiding principles or test
methods to assess the corrosion level in an RC structure. The tests for determining the level of
deterioration will be identified in this study. Systematic classification of diagnostic procedures is carried out
to identify any potential corrosion issues before the structures become severely corroded. It aids in
selecting the most appropriate method based on the various structural elements. Many techniques have
been developed to assess the condition of steel embedded in concrete against corrosion, including critical
chloride threshold test, corrosion rate test, ASTM G109, etc. In particular, to detect corrosion initiation, the
most commonly used test methods are half-cell potential test, linear polarisation test, electrical impedance
spectroscopy, etc. In general, the potential measurements and resistivity methods are the most widely used
methods. However, only a qualitative and instantaneous level of steel corrosion can be obtained via
potential resistivity measurements. Although weight loss measurement is a helpful tool for assessing
steel corrosion rate, it is partially destructive, tedious, and time-consuming. Thus, a suitable non-destructive
and very reliable electrochemical technique is required for both laboratory and field studies to detect
corrosion initiation and propagation. Although each of these approaches has a few advantages and
limitations, it is recommended that we utilize a mix of these techniques to determine the corrosion state of
steel. This study aims to present the different test methods widely used for detecting the onset corrosion of
steel and the challenges that each method raises. Each test method will be examined for its benefits and
drawbacks to choose a correct combination of tests for any application. The change in microstructure and
moisture loss in concrete make rebar potential and concrete resistivity more unpredictable. It will lead to the
misinterpretation of the state of rebar embedded inside the concrete. The findings from this study will
suggest the way to combine different NDT equipment to improve the understanding of the in-situ situation
and the limitations of the equipment. With this approach, a reliable condition assessment of the RC
structure may be achieved. Furthermore, measurements can be utilized to determine the RC element's
service life. Finally, this review study may assist researchers and designers in recognizing the limitations of
each test method and taking the necessary precautions to avoid errors.

Keywords: Steel corrosion, Corrosion assessment, Non-destructive tests, Chloride threshold
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ABSTRACT
The service life of reinforced concrete structures is gravely altered due to corrosion of steel reinforcement.
Ingress of chloride ions and carbon dioxide through the concrete cover is mainly attributed to the corrosion
in rebars. Excessive corrosion leads to cracking and spalling of cover concrete, eventually affecting the
strength and serviceability of the structure. Therefore, cost-effective and environmentally benign corrosion
mitigation methods have become critical to reduce buildings' maintenance and repair costs. The use of
nanomaterials in concrete shows some beneficial properties to produce a better durable concrete mix.
Owing to high surface area Nanoparticles of SiO2, CaCO3, ZrO2 helps to form additional hydration
products densifying the microstructure of concrete and a more stable passive layer at the steel
cementitious interface. Nano-silica acts as an activator of pozzolanic reactions and accelerate hydration
process. In addition to the reduction in water absorption, mortar with nano-Fe2O3 sense its own
compressive strength which may help in structural health monitoring of concrete structures. Nano-TiO2
accelerates the strength of concrete at early ages and enhances antimicrobial activity when exposed to
marine conditions contributing towards extended durability. Even the addition of small amounts of
nanomaterials in concrete is promising but requires extensive studies to implement the technology in the
construction field. This article presents a review of the properties and mechanism of various nanomaterials
in improving corrosion resistance without compromising the strength characteristics of concrete.
Nanomaterials with properties to improve resistance to chloride and carbon dioxide penetrability, their
optimum replacement quantities in concrete and the mechanism involved in enhancing the durability of
concrete is reviewed.
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ABSTRACT
Premature failure of reinforced concrete (RC) structures due to corrosion of steel reinforcement is a
menace and involves huge cost for replacement or repair in terms man power, materials and energy.
Moreover these avoidable failures leads to consumption of large amount of natural resources which
becomes a source for ecological imbalance. Corrosion inhibitors is a viable option for prevention of
corrosion in new RC construction. This study examines the strength and transport properties of sodium
nitrite (SN) based inhibitor admixed M25 grade OPC concrete by conducting tests viz. compression,
flexural, split tensile (strength properties), rapid chloride penetration (RCPT), chloride penetration, and
SEM images (transport mechanism). In addition accelerated corrosion test (ACT) was conducted to
understand crack resistance behaviour. The variables involved in the study are dosage of inhibitor (1%, 2%
and 4%) and cement polymer anticorrosive coating on steel rebar (in ACT test). It is found that addition of
inhibitor appreciably reduced the water-cement ratio for the similar workability of control concrete. This
results in modification of hydrated structure and significantly increased compressive strength for SN
inhibitor admixed OPC concrete. The similar trend was observed in flexural and splitting tensile strength
test as compared to control concrete. RCPT results showed less passage of current throughout the test
period and appreciably reduced chloride penetration was also observed for SN inhibitor admixed concrete.
The SEM images of SN inhibitor admixed concrete reveals intact and dense microstructure and supporting
the findings of strength and transport mechanism test results. The ACT test results provided improved
crack resistance time for combined corrosion protection (protective coating and inhibitor) system in OPC
concrete. It is concluded that SN inhibitor admixed concrete can be a feasible solution for corrosion
prevention in RC structures.

Keywords : Reinforced concrete; corrosion; corrosion inhibitor; inhibitor admixed concrete; strength
properties; transport properties
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ABSTRACT
Corrosion of steel in Reinforced Concrete (RC) structures is a serious durability issue that has attracted
international attention in the last few decades. Reinforcing bars (rebars) experience wide range of elastic
and plastic stresses, and the associated strains, which could affect their inherent corrosion tendency. While
the sustained external load acting on the RC member induces elastic stress in the rebar, structural
operations, like bending and cranking at construction sites, result in significant amount of plastic
deformation. The effect of such strains on the corrosion, both in terms of corrosion products and rate,
requires special attention. Though the corrosion behavior in elastic stress-regime of the steel is wellunderstood, there exists very limited understanding on the impact of the pre-induced plastic strains in the
existing literature. In principle, plastic strain could significantly affect the microstructural phases and the
surface of rebar, and hence, understanding its influence on the electrochemical double layer formation in a
typical corrosive environment is important. The paper discusses the research work carried out to
understand the corrosion behavior of plastically deformed steel bars in various corrosive environments, like
chloride contaminated high pH concrete and non-passivating chloride-rich electrolytes. The fundamental
thrust of the research has been mainly on the electrochemical parameters of the corroding system with
special emphasis on actual corrosion tests in chloride contaminated mortar. The work presents the
corrosion products formed on the strained steels, and novel approaches to determine the mass-loss in
steel using the characterization of corrosion products. The presentation also emphasizes the level of plastic
strains induced in a typical bent rebar at construction site, and their effects on the corrosion in chloride
contaminated concrete pore solution.

Keywords: Concrete, Corrosion, Double layer, Electrochemistry, Polarization, Rust, Steel
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ABSTRACT
Reinforcement Corrosion is the major durability issue faced by concrete structures in recent times.
Glavanization of steel reinforcement bars used in concrete provides a viable solution in terms of its
mechanical and durability properties in addition to life cycle cost benefits as compared to other available
protection systems. Galvanized steel reinforcing bars confer good resistance to corrosion due to the barrier
and sacrificial actions of the zinc coating. This paper critically reviews the performance of galvanized steel
reinforcement bars exposed to aggressive environments in laboratory conditions. In addition to thickness of
coating and the formation of zinc oxide layer in the galvanized steel - concrete interface, the mechanical
properties which are focussed by the researchers are; impact resistance, coating flexibility and bond
strength development of galvanized rebars with concrete. The corrosion protection efficacy was assessed
by conducting chemical resistance test, salt spray test, half cell potential test, macrocell corrosion test and
accelerated corrosion studies. It is found that the galvanized rebars possess adequate chemical resistance
(except in high alkaline solutions like NaOH) and resistance to salt spray. The resistance to natural
accelerated corrosion conditions was evidenced by maintenance of well established anode potential (> 600 mV) even after one year exposure as compared to uncoated steel rebars. The highly accelerated
corrosion test is not advisable for galvanized rebars since the rapid formation of zinc oxide layer in the
steel-concrete interface causes premature cracking of specimens and the results are misleading. The
excellent resistance against carbonation induced corrosion was also reported by researchers. It can be
concluded that the zinc coating sacrificially protects the steel even after exposed to severe naturally
occurring corrosion conditions up to 2-3 times as compared to unprotected steel rebars without affecting
the mechanical properties (expected from bare steel rebars). The present day concrete with incorporation
of mineral and chemical admixtures poses oppurtunity for the researchers to understand further the
protection mechanism by conducting field and laboratory tests.

Keywords : Galvanization, steel rebars, corrosion protection, corrosion in RC structures, chemical
admixtures
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ABSTRACT
Corrosion of steel is the leading cause of the degradation and early collapse of the reinforced concrete (RC)
structures. This results in significant financial losses and environmental issues. Most cities in India are
located along the shore, and many reinforced concrete constructions in these places are subjected to a
severe marine environment. As a result, it is critical to protect the buildings susceptible to corrosion and plan
the appropriate repair strategy. Determining the extent of damage experienced by existing concrete
structures is the first stage of initiating recovery. However, there are no integrated guiding principles or test
methods to assess the corrosion level in an RC structure. The tests for determining the level of deterioration
will be identified in this study. Systematic classification of diagnostic procedures is carried out to identify any
potential corrosion issues before the structures become severely corroded. It aids in selecting the most
appropriate method based on the various structural elements. Many techniques have been developed to
assess the condition of steel embedded in concrete against corrosion, including critical chloride threshold
test, corrosion rate test, ASTM G109, etc. In particular, to detect corrosion initiation, the most commonly used
test methods are half-cell potential test, linear polarisation test, electrical impedance spectroscopy, etc. In
general, the potential measurements and resistivity methods are the most widely used methods. However,
only a qualitative and instantaneous level of steel corrosion can be obtained via potential resistivity
measurements. Although weight loss measurement is a helpful tool for assessing steel corrosion rate, it is
partially destructive, tedious, and time-consuming. Thus, a suitable non-destructive and very reliable
electrochemical technique is required for both laboratory and field studies to detect corrosion initiation and
propagation.
Although each of these approaches has a few advantages and limitations, it is recommended that we utilize a
mix of these techniques to determine the corrosion state of steel. This study aims to present the different test
methods widely used for detecting the onset corrosion of steel and the challenges that each method raises.
Each test method will be examined for its benefits and drawbacks to choose a correct combination of tests for
any application. The change in microstructure and moisture loss in concrete make rebar potential and
concrete resistivity more unpredictable. It will lead to the misinterpretation of the state of rebar embedded
inside the concrete. The findings from this study will suggest the way to combine different NDT equipment to
improve the understanding of the in-situ situation and the limitations of the equipment. With this approach, a
reliable condition assessment of the RC structure may be achieved. Furthermore, measurements can be
utilized to determine the RC element's service life. Finally, this review study may assist researchers and
designers in recognizing the limitations of each test method and taking the necessary precautions to avoid
errors.

Keywords: Steel corrosion, Corrosion assessment, Non-destructive tests, Chloride threshold.
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ABSTRACT
Corrosion of steel is the leading cause of the degradation and early collapse of the reinforced concrete (RC)
structures. This results in significant financial losses and environmental issues. Most cities in India are
located along the shore, and many reinforced concrete constructions in these places are subjected to a
severe marine environment. As a result, it is critical to protect the buildings susceptible to corrosion and plan
the appropriate repair strategy. Determining the extent of damage experienced by existing concrete
structures is the first stage of initiating recovery. However, there are no integrated guiding principles or test
methods to assess the corrosion level in an RC structure. The tests for determining the level of deterioration
will be identified in this study. Systematic classification of diagnostic procedures is carried out to identify any
potential corrosion issues before the structures become severely corroded. It aids in selecting the most
appropriate method based on the various structural elements. Many techniques have been developed to
assess the condition of steel embedded in concrete against corrosion, including critical chloride threshold
test, corrosion rate test, ASTM G109, etc. In particular, to detect corrosion initiation, the most commonly used
test methods are half-cell potential test, linear polarisation test, electrical impedance spectroscopy, etc. In
general, the potential measurements and resistivity methods are the most widely used methods. However,
only a qualitative and instantaneous level of steel corrosion can be obtained via potential resistivity
measurements. Although weight loss measurement is a helpful tool for assessing steel corrosion rate, it is
partially destructive, tedious, and time-consuming. Thus, a suitable non-destructive and very reliable
electrochemical technique is required for both laboratory and field studies to detect corrosion initiation and
propagation.
Although each of these approaches has a few advantages and limitations, it is recommended that we utilize a
mix of these techniques to determine the corrosion state of steel. This study aims to present the different test
methods widely used for detecting the onset corrosion of steel and the challenges that each method raises.
Each test method will be examined for its benefits and drawbacks to choose a correct combination of tests for
any application. The change in microstructure and moisture loss in concrete make rebar potential and
concrete resistivity more unpredictable. It will lead to the misinterpretation of the state of rebar embedded
inside the concrete. The findings from this study will suggest the way to combine different NDT equipment to
improve the understanding of the in-situ situation and the limitations of the equipment. With this approach, a
reliable condition assessment of the RC structure may be achieved. Furthermore, measurements can be
utilized to determine the RC element's service life. Finally, this review study may assist researchers and
designers in recognizing the limitations of each test method and taking the necessary precautions to avoid
errors.

Keywords: Steel corrosion, Corrosion assessment, Non-destructive tests, Chloride threshold.
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ABSTRACT
Cathodic protection (CP) is a widely accepted technique that controls metal corrosion by shifting the
corrosion potential in the electrochemical cell. CP can be established in the reinforced concrete (RC)
structures by adding more active sacrificial metal as the anode to make the rebar function as a cathode. The
efficiency of sacrificial anodes will be influenced by various factors, among which surface area of the rebar,
corrosion state of steel, and resistivity of concrete play a crucial role. The total weight of sacrificial anode
required depends on the total surface area of rebars (i.e., anode to cathode ratio) to be protected. The
uniformity in the distribution of protection current decreases with an increase in corrosion rate. The resistivitity
of concrete is a much variable parameter that varies with moisture content and the amount of conductive ions
present in the concrete. The design of anodes becomes much complicated since the number and size of
electrodes depend on the allowable spacing of anodes, which inturn depends upon the resistivity of concrete.
The ohmic drop due to the high resistance of concrete between the rebar and sacrificial anode should also
be considered while designing the sacrificial anodes. An increase in resistivity is detrimental to current
distribution but beneficial to the voltage drop caused in concrete by the applied current, lowering chloride
content and increasing hydroxyl concentration, thereby increasing steel passivity. In this paper, based on the
literature review, an attempt will be made to compare the various techniques used to design sacrificial
anodes for cathodic protection in existing structures, emphasizing the effect of rebar area, the state of
corrosion in rebars and concrete resistivity.

Keywords: Cathodic Protection, Electrochemical cell, Sacrificial anode, Rebar area, Concrete resistivity
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Under-paint corrosion sensing technologies for defence and engineering sectors
B.E.Amita rani* and Jeevitha.M
Sr. Principal Scientist
SED, CSIR_National Aerospace Laboratories, Bengaluru-560017, Karnataka, India
Abstract
Under-paint corrosion sensing in aircrafts is a challenge due to the thickness of the aerospace paint layers consisting
of ~25μm of Primer layer and ~25μm of polyurethane layer resulting in ~ 50-60 μm paint layer. Aircraft size and the
type of corrosion which generally occurs in AA2024-T3 are additional disadvantages. Corrosion being localised,
placement of sensors, number of sensors and points where they can be hosted is challenging, in addition, to the paint
thickness. Under-paint corrosion sensing has been approached by many methods with little success. Several
approaches such as indicator method, electrochemical, fluorescence based fiber optic corrosion sensors for corrosion
detection in incipient stages has been attempted and applicable to localised regions but difficult for monitoring the
entire aircraft due to the inherent limitations listed above. Indicator method and fluorescent colour changes due to
metal–ligand complexation although showed promise on the substrate but imaging the same could not be realised
under- paint due to the paint layers. Spectroscopic techniques such as thermal imaging and Terahertz imaging offered
the solution and under-paint corrosion imaging was possible. The advantages, disadvantages and challenges of the
various approaches are discussed.
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- -

Hot Corrosion of Inconel 738 superalloy by coating it with NaCl, Na2SO4, V2O5 in air.
Arpit R Patil, S T Vagge
Department of Metallurgy and Materials Science, College of Engineering Pune, Pune - 411 005
arpitrpatil@gmail.com, stv.meta@coep.ac.in
Abstract

In present study hot corrosion behaviour of Inconel 738 superalloy was studied by using cyclic hot corrosion test. The
cyclic corrosion test was carried out at 7000C for 10 cycles. Each sample was coated with equal combination of
chemical composition of NaCl, Na2SO4, V2O5. After coating, each sample was placed in the furnace. The cycle was
consisting of 1Hr of heat treatment at 7000C in muffle furnace. Then the samples were removed from the furnace and
allowed to cool in the air environment. The weight gain after every cycle was measured and used to determine the
kinetics of oxidation. The rate constant (parabolic rate constant, kP) was determined from the weight gain data. SEM
and X-Ray Diffraction (XRD) was used to analyse the corroded sample. The graph of weight gain/Area Vs no of
cycles was ploted. The parabolic rate constant, kP was found 3.48 ×10-7 for coating of NaCl, Na2SO4 and V2O5
combined in the ratio 1:1:1.
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Corrosion studies on GTA welded AISI 202 austenitic stainless steel butt joints in chloride
medium
Atmaramudu Tirumallaa, Surjan Sheik, Arun Kumar Gurralaa and Raffi Mohammeda
a
Department of Metallurgical and Materials engineering, National Institute of Technology Andhra
Pradesh, Tadepalligudem, West Godavari Dist., A.P., India -534101
Abstract
This paper aimed at studying the effect of the gas tungsten arc welding (GTAW) process on localised corrosion
and degree of sensitization (DOS) of AISI 202 grade austenitic stainless-steel (ASS) butt joints in three distinct
regions: parent-metal (PM), heat-affected zone (HAZ) and fusion-zone (FZ) in aerated 3.5% NaCl under pH 5
conditions. The localised corrosion behaviour of welded regions was studied using open circuit potential (OCP),
electro chemical impedance spectroscopy (EIS), potentio dynamic polarisation (PDP) and degree of sensitization
using the double loop electro-chemical potentiokinetic reactivation (DL-EPR) technique. Optical microscopy (OM)
is used to observe and understand the microstructural changes of welded regions and pit morphologies before and
after polarisation studies. The present study established that the heat affected zone (HAZ) is observed to have low
pitting potential, high corrosion rate, and high DOS% when compared to the parent metal and fusion zone.
Relatively, the HAZ region is more susceptible to localised and intergranular corrosion and is attributed to
sensitization due to chromium depleted regions resulting from thermal cycles involved during welding.

Keywords: AISI 202 grade austenitic stainless-steel (ASS); gas tungsten arc welding (GTAW); sodium chloride
(NaCl); localized corrosion and Degree of sensitization (DOS).
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BEHAVIOUR OF STEEL BEAM-TO-COLUMN JOINTS SUBJECTED
TO ACCELERATED CORROSION AND CYCLIC LOADS
Cinitha.A
CSIR-Structural Engineering Research Centre, Chennai, India
E-mails: cinitha@serc.res.in,
Abstract:
The behaviour of welded beam-to-column joints has widely been studied around the world in recent times as they
are predominantly used in the construction of modern steel structures. Basically the joint consists of an I-section as
the beam, while a square hollow sectionas a column. There has been a dearth of literature on studies pertaining to
the behaviour of such welded joints exposed to corrodants and cyclic loads. This served as an impetus to carry out
experimental studies to evaluate the behaviour of welded steel beam-to-column joints that were subjected to
accelerated corrosion and cyclic loading for the purpose of evaluation for seismic applications. The welded zone
was corroded to the extent of causing a loss of 10% to the weight of the steel structure by applying a current of
18A. Sixteen loading cycles conforming to the seismic protocol load was applied to the beam. It was observed that
the corroded welded joint failed at a lower load. The unequal distribution of the stresses and the plastic
deformation at the corroded welded zone leading to the brittle fracture and ultimately to the failure of the joint

Keywords: Square hollow section, Beam-to-column connection, Corrosion, Cyclic load, Brittle fracture
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Effect of shielding environment on microstructure and corrosion behaviour of 2205
duplex stainless steel weldments
Arun Kumar Gurrala, Atmaramudu Tirumalla, Surjan Sheik and Raffi Mohammed
Department of Metallurgical and Materials Engineering, National Institute of Technology Andhra
Pradesh, Tadepalligudem, A.P., India -534101
ABSTRACT:

The current study is aimed at determining the influence of the shielding environment of gas tungsten arc welding of
2205 Duplex stainless-steel on phase balance, microstructural changes and protective properties of passive oxide
films formed at the open circuit potential or during the anodic polarisation. Using an image analyzer connected to
an optical microscope, metallography is used to monitor the microstructural changes in welds. The basic GillAC
electro-chemical system has been used to conduct potentio-dynamic polarisation experiments in a 1M NaCl
solution to observe the general and pitting corrosion behaviour. When compared to the standard GTAW process,
the results of this study revealed that A-GTAW with the use of SiO2 flux increased depth of penetration and
reduced weld width in a single pass.The microstructure of the weld zone for both the weldments is observed to
have a combination of austenite and delta ferrite. Secondary austenite is formed in the interior of the ferrite,
whereas at the ferrite and primary austenite interfaces, different forms of primary austenites are found in the weld
zone and heat affected zone of the A-GTAW process. From the corrosion studies, it is found that weldments made
with the A-GTAW process using 95% Ar+5% N2 show higher corrosion resistance compared to GTAW and AGTAW joints using 100% Ar shielding gas. It may be due to the presence of nitrogen, which favours the formation
of austenite in the ferrite matrix.

Keywords:2205 Duplex stainless steel (DSS); Gas tungsten arc welding (GTAW); Activated gas tungsten arc
welding (A- GTAW);Shielding Gas, Corrosion Resistance
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Selection methodology for integrated internal corrosion monitoring techniques – A user
perspective
Kuldeep Jain
COSASCO
Haryana
ABSTRACT:
Oil and Gas industries are prone to the corrosion that significantly impact the vulnerability of both the infrastructure
and people. Effective corrosion monitoring can help in detecting early signs of corrosion prior to the failure such
that appropriate mitigation and maintenance strategies can be implemented. However, the question is the
identification of appropriate method that can help in making decisions by the operators.
In this paper, I discuss the benefits of using intrusive technique with high sensitivity ER probe and non-intrusive
technique with ultrasonic based monitors. Later I also discuss the benefits of integrating the two techniques. I map
these benefits to distinguish between cause and effect of the corrosion. For the purpose, I have employed
qualitative method for the analysis. The paper therefore contributes towards better understanding of the benefits by
employing the integrated approach over the two techniques if one of them is employed.
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grades SUP9 and SUP11A
Raghuram Peddinti and Raffi Mohammed
Research and Development Centre, RINL – Visakhapatnam Steel Plant,
Visakhapatnam
Department of Metallurgical and Materials Engineering, NIT Andhra Pradesh,
Tadepalligudem
raghuram2206@gmail.com
Abstract
Spring steels are widely used in automobile industries for suspension system due to its good strength and
fatigue resistance. Spring steels grades (SUP9 and SUP11A) produced through conventional BOF route,
continuous casted and hot rolled in Visakhapatnam steel plant were chosen for investigation. Both SUP9,
SUP11A grades fall under high carbon steel grades with carbon content of 0.6% and silicon content of
around 0.3% and only difference between two grades in composition is SUP11A has boron up to 0.003%
which increases its hardenability during heat treatment. Corrosion plays an important role in determining
the service life of the suspension system in automotive applications due to their in-service conditions like
dust, mud, stagnant water etc. In this present work, it is aimed to study the effect of tempering temperature
on the corrosion behaviour of spring steels (SUP9 and SUP11A). Corrosion behaviour were investigated
using weight loss measurements and through potentio-dynamic polarization studies using in sodium
chloride (NaCl) solution. Consequently, optimum tempering temperature for longer service life will be
established.

Keywords: Spring steels (SUP9 and SUP11A), Potentio-dynamic polarization and Sodium chloride
(NaCl).
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Corrosion Behaviour of Friction Stir Welded and Hard Anodized 7004 Aluminium
Alloy
Vikrant V. Nimbalkar, Bharat S Padekar, Shanmugasundaram T.
Kalyani Center for Technology and Innovation, Bharat Forge Ltd., Pune, India
Defence Institute of Advanced Technology, Pune, India.

Abstract
Corrosion behaviour of heat treated and aged AA7004 base material, friction stir welded, and friction
stir welded – hard anodized specimens were studied in 3.5 wt. % NaCl solution using Potentiostat.
Tafel plots were obtained to evaluate the corrosion rate. Tensile test shows weld efficiency after friction
stir welding compared to base material considering the strength as 80% and elongation as 77%. After
anodizing weld efficiency improved to 86% of strength with reduction in elongation to 70%. The base
material and friction stir welded specimens shows almost similar corrosion behaviour whereas friction
stir welding followed by anodizing shows improved corrosion resistance.

Keywords: AA7004, Friction stir welding, Hard Anodizing, Electrochemical corrosion
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Observation, Measurement & Mitigation of Telluric Current on Natural Gas Pipeline
Mr. Rukmangad Kondamgire & Mr. Junaid Balluwala
GSPL INDIA GASNET LIMITED AND GSPL INDIA TRANSCO LIMITED
Gandhinagar
Abstract:
In conductor, telluric currents are responsible for variations in their potentials and in case of pipeline, pipe
to soil potential get affected and may support to corrosion/ disbandment of pipeline. This paper provides a
study and practical approach on pipeline-telluric interference. It give us information on geomagnetic
sources of telluric activity, the impacts on earth's deep conductive structures, also pipeline's response to
telluric electric fields and the methodology for assessing telluric effects, and mitigation/compensation of
telluric effects. The geomagnetic field variations that produce telluric activity have their origin with
processes on the Sun. The telluric electric fields produced by geomagnetic field variations will drive
currents along a pipeline, as well as in the ground. The size of telluric PSP variations produced during
geomagnetic disturbance depends on the amplitude of the geomagnetic field variations, the conductivity
structure of the earth, and the pipeline response. The chapter examines about telluric effects on pipeline
and possible mitigations. The potential fluctuations were constrained using a combination of technique
which controlled polarization of metal surfaces in electrolytes with diodes connecting the pipeline to Earths,
and insulating joints. This minimizes the effect of the variable soil voltage gradient errors in potential
measurement resulting from the telluric effects and also the unknown effects of short duration positive
transients.
-----------------------------------------------------------------------------

Microstructural and corrosion property correlation of Cr-Ni, Cr-Mn and Cr-Ni-MoCu based austenitic stainless steels
Surjan Sheik , Atmaramudu Tirumalla, Arun Kumar Gurrala and Raffi Mohammed

Department of Metallurgical and Materials engineering, National Institute of Technology
Andhra Pradesh, Tadepalligudem, A.P., India -534101
Abstract
The microstructure and corrosion behaviour of Cr-Ni (304L), Cr-Mn (202), and Cr-Ni-Mo-Cu (904L)
austenitic stainless steels in a 3.5% NaCl environment have been investigated. Microstructural features
were observed by using optical and scanning electron (SEM) microscopes. The corrosion behaviour of
304L, 202, and 904L grade austenitic stainless steels was studied using the Open-circuit potential (OCP),
Potentio-dynamic polarisation (PDP), and Electro-chemical impedance spectroscopy (EIS) techniques in a
3.5% NaCl environment. The current study found a fully austenitic structure in 904L austenitic stainless
steel and approximately 10% delta ferrite in 304L austenitic steel, while fine-grained austenite and
martensite phases were found in 202 austenitic stainless steel. From the corrosion studies, it is observed
that 904L possesses higher corrosion resistance and better passivation behavior, followed by 304L and
202 austenitic stainless steel. This could be due to higher concentrations of Ni and Mo present in 904L
stabilising the passive film against aggressive Cl-ions and hence super austenitic stainless-steel (904L)
providing longer service performance compared to 304L and 202 austenitic stainless-steel.

Keywords: Cr-Ni, Cr-Mn and Cr-Ni-Mo-Cu based austenitic stainless steels; microstructural behaviour;
Sodium Chloride (NaCl); corrosion behavior.
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Complex Plant Piping inside Refinery Inspected for Cathodic Protection (CP) and
External Coating Anomalies using Advanced Indirect Survey Technologies – A Case
Study
Praveer Narayan
Allied Engineers
ABSTRACT
A comprehensive safety program is indispensable when it comes to operation of a typical modern refinery.
With the increasing complexity of refining, it is requisite to maintain the safety of the people, the environment
and the integrity of plant piping, all while maintaining efficiency of the asset. The complex nature of plant
piping due to its complex design and proximity/electrical continuity, with adjacent plant structures and
electrical systems (e.g. earth pits) creates a very difficult ordeal for Asset Heads.
In addition to being non-piggable, plant piping network is generally underneath asphalt roads, under concrete,
gravel or sometimes under interlocking tiles. The challenge being – no soil cover to facilitate indirect
aboveground surveys for assessing the threat of external corrosion due to Coating and Cathodic Protection
faults. It must be noted that indirect inspection equipment in such areas is only applicable where the operator
can demonstrate through sound engineering practice and thorough analysis of the inspection location, that the
chosen methodology produces accurately comprehensive results, and results in a valid integrity assessment
of the pipe being evaluated. This presentation discusses advanced techniques where an indirect inspection
tool was proven to be effective for producing the most accurate and comprehensive results under ‘difficult to
inspect’ locations.
Technologically advanced means of integrity management are required for critical pipeline networks running in
and around refineries/plants to sustain their effective operation. This presentation illustrates a few
observations of one such case study where a refinery operator decided to utilize advanced aboveground
inspections on a complex plant piping which had experienced leaks in the past. The utilization of high
frequency data capture (up to 35 times per second) and repeatable encrypted waveforms provided data
authenticity for the pipeline network inside refinery – with no soil for electrode contact and laid mainly under
interlock and concrete sections. The adaptability of high resolution integrated Indirect Inspection technology
with multiple surveys conducted together in a single pass played a vital role in simplifying the complex network
and providing authentic results which aligned perfectly.
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Premature Failure Of Subsea Well Fluid Line In Indian Western Offshore - A Case Study
Asis Isor, Bipin Kumar, S K Velusshami,
Suraj Makkar, Srimoyee Khan & P K Borghate
Institute of Engineering & Ocean Technology,
Oil and Natural Gas Corporation Ltd.Panvel,
Navi Mumbai-410221, India
isor_asis@ongc.co.in
ABSTRACT
Premature failure of 12" Ø x 3.2 Km well fluid line was reported in the Indian offshore field. This line was
commissioned in the year 2005-06 and it has experienced total five leakages till May’2016. D etailed laboratory
investigations were carried out on the fa il ed pipe sam ple s to check the integrity of the material and to
evaluate the corrosivity of the operating environment. Studies like Elemental analysis, Visual Inspection,
Macroscopic examination, metallographic examination, Scanning Electron microscopy, Tensile testing, Hardness
testing, etc. were carried out and their results have been discussed in detail in this paper.
Various test results indicated that pipe material conformed to API 5LX 60 specifications. Energy Dispersive
Spectroscopy (EDS) of corrosion scale from the pit confirms the presence of sulphur. Presence of significant amount
of Sulphide and detection of SRB in the laboratory confirms the microbial activity. Produced water analysis also
showed presence of high chloride. The flow environment of this pipeline with oil, gas and water flowing together
having high water cut of nearly 80%, presence of CO2 is 2.5% and H2S is 120ppm. Flow regime study shows Stratified
Wavy Flow. The liquid flow velocity is 0.15 m/sec. The details of various testing, experiments and their interpretations
are mentioned in this technical paper .The findings of this study includes mitigation plan to prevent such premature
failure of the pipeline in future.

Keywords: API 5LX 60, SRB, Corrosion scale, Flow regime, CO2, H2S.
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Corrosion Inhibiting Potential Of Cefpodoxime-An Antibiotic On Mild Steel In Sulphuric
Acid
Sheetal, Sanjeeve Thakur, Ashish Kumar Singh
Department of Chemistry, Netaji Subhas University of Technology, Sector 3, Dwarka, New Delhi110078, India
Department of Applied Sciences, Bharati Vidyapeeth’s College of Engineering, Paschim Vihar,
New Delhi-110063, India
ashish.singh.rs.apc@itbhu.ac.in
ABSTRACT
Modern research is more focused on the synthesis and practical utilization of environmental friendly corrosion
inhibitors. The present work involved testing the potential of Cefpodoxime; an antibiotic to safeguard mild steel in 1M
H2SO4. Experimental and computational studies have been utilized in this regard. Gravimetric analysis confirmed the
fact that with increment in concentrations of inhibitor added in the reaction media; the corrosion phenomenon gets
retarded to a certain extent. Further, a correlation of rise in temperature with inhibition efficacy was also studied.
Polarization analysis illustrated the mixed type of behavior during the mitigation of corrosion. Reported work will
provide an insight for corrosion scientists for future works in this field.

Keywords: Corrosion, corrosion inhibitors, antibiotics
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Risk-Based Internal Corrosion Control
ABSTRACT
Corrosion is the degradation of a material due to its interaction with the environment. Metals corrode by aqueous
electrochemical process (wet corrosion) by transiting from high energy level to lower energy level. Carbon steel
with some form of chemical treatment is often the most preferred choice from economics perspective of the project.
Corrosion control with carbon steel material consist of a combination of methods involving dewatering pigging,
internal corrosion monitoring, inspection, repairs and chemical treatment at recommended dosage to achieve
target inhibited corrosion rate. The target inhibited corrosion rate is often less than the design corrosion rate used
to calculate the design life of the asset. Currently, the corrosion control philosophy used by operators is aimed at
mitigating all threats, irrespective of the risk level through monitoring, and mitigation. A risk-based approach would
enable prioritization of control activities on high and medium risk drivers (threats), whilst monitoring low risk drivers
to prevent escalation. Considering the current economic landscape, characterized by low topline and narrow
bottom line, operators need to make a shift from the current concept of corrosion control to a risk-based concept.
The risk-based corrosion control has been presented in this paper as a methodology that can be easily adopted
with existing in-house resources without subject matter intervention. The author is of the view that the proposed
strategy would enable the oil and gas industry overcome some of the challenges posed by increasing competitive
crude oil price in a dynamic market condition due to market pressures, demand and technology transition from
combustible engine to non-combustible engine. The risk-based concept is flexible, robust, and quick to implement.
It also reduces cost of controlling low risk threats, and improve the overall asset life cycle management cost. The
proposed concept encompasses the underlying philosophy of a leagile system as it reduces the cost of threating
low risks, which is forgone (lean) and agile by increasing control flexibility, robustness and response time. The
author is of the view that this paper would spur other industry experts to share their knowledge which will initiate a
debate on the adoption of the risk-based corrosion control philosophy worldwide in the oil and gas and industry.
- - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Examination Of Soil Corrosivity Parameters For Underground Metallic Pipelines In
Batasedanda-Tansen Buspark - Parvas Roadway Areas.
Madhab Gautam*, Srijana Aryal
Department of Chemistry, Tribhuvan Multiple Campus, Tribhuvan University, Tansen, Palpa
madhab.gautam@tmc.tu.edu.np
ABSTRACT
A lot of corrosion failures were observed in municipal potable water supply system using buried galvanized steel or
cast-iron pipelines in urban roadway areas of Nepal. It is very urgent to investigate corrosivity parameters of soil
and to evaluate glimpse of corrosion risk in Tansen municipality. Several physical and chemical parameters of soils
like nature and types of soils, moisture content, pH, resistivity, chloride and sulphate ions were determined for
thirty samples at two different depths in Batasedanda-Tansen Buspark-Pravas roadway area of Tansen
Municipality according to American Standard for Testing and Materials standard. The soil parameters in samples
are found as: moisture (5.69-17.70) %, pH (7.29-9.93), resistivity (2003.7-59171.59) Ohm.cm, chloride (32.10260.62) ppm and sulphate (105-258) ppm content, gave an indication of mildly corrosive to non-corrosive nature of
soils on the buried pipes. The present study concluded that the undisturbed soil at 0.5 m depth and disturbed soil
at (0.5-1.0) m depth seems the best for metallic pipelines due to sandy or non-corrosive nature of the soil.
Furthermore, simple modification to soils with cheapest materials like sand or gravel for burying metallic pipelines
is the good in this study area to increase their life time for long times after soil testing if possible.

Keywords: Soil corrosion, moisture content, resistivity, disturbed soil, undisturbed soil.
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Internal Corrosion In Internally Coated Pipelines
Santosh Kumar, Deepak Agarwal, Niraj Kumar
Indian Oil Corporation Ltd, Noida, India
ABSTRACT
This paper discusses one of the most critical modes of pipeline failure known as internal corrosion.
Internal corrosion is a major challenge for cross country pipelines. Internal corrosion occurs due to
various reasons such as water hold up, solid build up, inferior product quality, microbial induced
corrosion (MIC) etc.
Globally there are many pipelines using internal coating to control internal corrosion and to improve the
pipeline flow rate by reducing drag. However, the internal portion of girth weld joint remains bare in most
of the cases, and it becomes hot spot for corrosion.
The paper evaluates case of an under-construction pipeline where this scenario led to severe internal
corrosion at some specific girth weld joints having bare pipe metal internally. Reasons of such internal
corrosion primarily being water hold-up added with environmental conditions present. Thus, such
instances generate a relook into whether internal coating is of practical benefit and precautions which
needs to be taken to avoid such failure scenarios.

Keyword: Pipelines, Internal Corrosion, Internal Corrosion, Hydrocarbon, etc.
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Synergistic Combination Of Organic Dispersant And Corrosion Inhibitor To Mitigate
Pipeline Under Deposit Corrosion
G. Yogitha, Sarat Shanmukh, Jennifer Sargent and Sathees Kesavan
SUEZ Water Technologies & Solutions, Bengaluru, India
SUEZ Water Technologies & Solutions, Canada
sathees.kesavan@suez.com
ABSTRACT
Pipelines transporting oil over long distances may develop accumulation of sludge (mixture of inorganic
particulates, biomass, sand, clay corrosion byproducts and water) in the region of low shear, specially at low lying
bends. The sludge composition is congenial for further growth of Sulfate Reducing Bacteria (SRB) and Acid
Producing Bacteria (APB) along with accumulation of organic acids, salts and ions. These components tend to
lead to Under Deposit Corrosion which is detrimental to the integrity of the pipeline. For such scenarios, we
proposed a combination of an organic dispersant with the Corrosion inhibitor to help the dispersion of the sludge
and penetration of the corrosion inhibitor, thereby protecting the pipeline surface below the sludge. In this study,
we have developed a novel Flow Cell Setup that is representative of an actual field pipeline scenario. The flow cell
is connected to the electrochemical bubble cell (Measuring cell) to measure the corrosion rate thereby capturing
the efficacy of the organic dispersant. The performance of a proprietary standalone corrosion inhibitor (CI) and the
organic dispersant (OD) were analyzed separately as well as a OD-CI combination. Based on a detailed series of
tests conducted with the flow cell, the performance of the OD-CI combination was found to be much superior
clearly showing enhancement in Corrosion inhibition due to addition of the organic dispersant. Dosage profiles
were studied to optimize the ratio of the Inhibitor to Dispersant. This synergistic combination product will be applied
in one of the fields at an operator site in North America.

Keywords: Under deposit corrosion, Corrosion Inhibitor, Organic dispersant, Electrochemical cell
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Corrosion rate map and deposition concentration map
at coastal area in Japan
Teruhisa TATSUOKA , Hiromitsu IJICHI , Keiichi YOSHINO ,
Nobuhiro KISHIGAKI , Tomoaki KAWAMURA , Tomoaki OSONO ,
Kensei YAMAMOTO , Motoyuki YAMAZAKI , Tomonori SHIRAISHI
Tokyo Electric Power Company Holdings, Inc., TEPCO Research Institute, Yokohama,
Japan
Tokyo Electric Power Company Power Grid, Inc., Transmission Department, Tokyo,
Japan
tatsuoka.teruhisa@tepco.co.jp
ABSTRACT
Atmospheric corrosion is one of the big issue for not only steel structures such as transmission steel
towers, bridges, plants, etc. but also electronic equipment exposed in various atmospheric environments.
Especially, the corrosivity of costal area is quite severer than that at mountainous area and inland because
of airborne sea salt. Sea salt particles are adhered on the surfaces of these steel structures and equipment
at coastal areas. Sea salts deliquesce in the very the water layer on their surfaces in comparably low
humidity environment and cause corrosion. Therefor the type and concentration of depositions relative
humidity and time of wetness are the most important factors for atmospheric corrosion acceleration. The
synergistic and antagonistic effects of these factors for the corrosion are very complicated. Therefore, it is
very important to evaluate the corrosivity of atmospheric environments with some sensors and to measure
evaluate deposition concentration by wiping. In this study, the wetness sensors, hygrometers and
thermometers had been installed on or in the equipment at coastal areas for around several years to obtain
time of wetness and deposition concentrations. Corrosion rate map and deposition concentration maps at
coastal area in Japan were developed by statistical methods with corrosion related data and many data of
topographical and meteorological factors. These environmental maps are also very helpful for the
application of corrosion control and protection methods and the decision of appropriate maintenance
interval against the atmospheric corrosion of the equipment.

Keywords: wetness sensor, atmospheric corrosion, time of wetness, deposition, sea salt
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Criticality of pH value and its measuring methods on the corrosion mechanism in
earth termination system
Arunima Shukla, Vikas Almadi, Devesh Jaiswal, Sunil Saini
DEHN INDIA Pvt. Ltd.
ABSTRACT
Lightning protection is one of the necessities in recent times. Earth termination system is the most important
part in lightning protection system as that is used to provide the least resistance path for the short circuit and
fault currents to the ground. Earth termination system mainly consist of earth electrode and earthing material.
Earth electrodes are made of metals like copper and galvanized iron. Whereas our earth is non-homogeneous
in nature and have a wide range of soil resistivity value starting from 10 Ωm for wet organic soil to 1000 for dry
soil. The huge gap in the resistivity values leads to the different nature of soil. The soil could be acidic as well
as basic in nature which is not healthy for earth electrodes (metals) or earth termination system. The pH of the
soil corresponds to the various dissolved constituents. The low resistivity soil coupled with low pH or high pH
value will lead to the higher rate of corrosion. Therefore, earthing material was synthesized and studied to
maintain the low resistivity value while keeping a balance in the pH level of the material. Different methods of
measuring pH value are reported in the literature and commercially used to measure the pH value of solid
powder. Different methods were studied, and the best method was used to measure the pH value.
-------------------------------------------------------------------------------

Effects of Cu/Ni/Cu-Ni on Electrochemical Corrosion Behavior of Automobile Engine
Block Al-Si Alloys
Abul Hossain
Sylhet Gas Fields Limited (A company of Petrobangla), Sylhet, Bangladesh
ahbuetmmesgfl@gmail.com

ABSTRACT
This study investigates the effects of individual and combined addition of Cu and Ni on the electrochemical
corrosion behavior of Al-Si hypoeutectic automobile engine block alloys. The cast alloys were solutionized and
artificially aged. The corrosion studies of these thermal treated alloys were investigated, using
potentiodynamic polarization and electrochemical impedance spectroscopic (EIS) techniques. The
potentiodynamic polarization curves reveal that individual Ni addition and combined Cu-Ni addition were less
prone to corrosive than the reference Al-Si and individual Cu content alloys. The EIS test results also showed
that charge transfer resistance (Rct) increases significantly with the individual Cu and combined Cu-Ni
addition. There is no significant change of charge transfer resistance (Rct) due to Ni addition into the reference
alloy. The open circuit potential (OCP), corrosion potential (Ecor) and pitting corrosion potential (Epit) were
shifted in the more noble direction due to alloying of the thermal treated alloys.

Keywords: Al-Si Alloy, Corrosion, Nyquist plot; Tafel Fit; SEM.
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Real World Versus Testing – How To Protect Parts Better
Keith Donaldson and John Franey
Engineered Materials, Inc, Buffalo Grove, IL, USA
Sigma Consulting, Branchburg, NJ, USA
ABSTRACT
It’s frustrating that somehow accelerated or lab testing never seems to really mimic how things will perform in
the field. Also, in most cases in real life we are working with items that may have already started down the
path to degradation, corrosion or rust. How does testing a pristine piece of metal tell us anything about how
something that already has been manufactured and/or started the rusting process will react to additional
stress of shipping or storage?
A group of electronic manufacturers in the 1980’s developed a mixed flowing gas (MFG) test in order to better
mimic what was happening in the real world. A major contributing factor of corrosion and degradation in the
field is due to reactive gases (pollution) in the air. That is why you see accelerated corrosion in China and
India or near or on an ocean surface. These gases also become more reactive at higher temperatures,
which also explain why corrosion rates go up during hotter times of the year. But they are present in all
environments and impact items at all times of the year.
The present global business system involves the deployment of manufactured articles around the world, often
not close to where they were manufactured. These articles are manufactured in one country and may be
stored, shipped, deployed, repaired, and redeployed across oceans and through a series of many other
countries. These uncalculated environmental stresses from many activities can radically change the
characteristics of metallic items. A question that arises from this is: “What is the best method for protecting
already-exposed materials during this process?” Although many studies have been done examining the
effects of corrosive environments on virgin materials, we are not aware of any study that attempts to simulate
the effect of further exposure on already-damaged materials and to measure quantitatively the effectiveness
of protective packaging. This study simulates the effect of transport, storage and redeployed materials, such
as those which would occur in an analysis, repair, storage, or redeployment cycle.

Keywords: Rust, global shipping, Oil Free, corrosion
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Impact studies of coke making process in building highly corrosive zone for steel
asset in service of an integrated steel plant.
KHALID
The Tata Pigments Ltd, Jamshedpur, India.
Khalid@tatapigments.co.in
ABSTRACT
Steel manufacturing facility infrastructure adversely impacted with high rate of corrosion by coke making
process and forces to replace infrastructure most often. Pitting corrosion creates leakage and breakage in the
structural steel and pipe line lead to unplanned shut down and unstable production. To carry forward research
work methodology was design for structural and equipment corrosion audit followed by coating survey to
understand the factor responsible for accelerating corrosion process. Heated, gaseous, chemical attack mass
level of industrial emission made this zone highly corrosive for plant infrastructure. More over continuous
wetting of surface attract aqueous corrosion which an electrochemical reaction of materials due to a wet
environment. These factors resulting in the deterioration of the material and its vital properties. This paper
described the various method used for corrosion mitigation and analysis.

Keywords: corrosion audit, mitigation, aqueous corrosion, coating survey, electrochemical reaction.
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Comparative Study on Friction, Wear and Corrosion Behavior of Tempered 13Cr
Martensitic Stainless Steel in Noncorrosive and Corrosive Environments
Neelima Khare, Sunil Kumar Bonagani, P. K. Limaye, Vivekanand Kain

Refuelling Technology Division, Bhabha Atomic Research Centre, Trombay, Mumbai-85,
India
Homi Bhabha National Institute, Anushaktinagar, Mumbai-94, India
Materials Processing & Corrosion Engineering Division, Bhabha Atomic Research Centre,
Trombay, Mumbai-85, India
neelimak@barc.gov.in
ABSTRACT
Martensitic stainless steels (MSSs) are Fe-based alloys containing 11.5 to 18.0 wt. % Cr and 0.1-1.2 wt. % C.
Because of their good mechanical properties and moderate corrosion resistance, these steels find
applications in many industries including nuclear. Failures of MSSs either related to usage of wrong heat
treatments or during in-service in light water reactors (LWRs) due to hydrogen embrittlement or stress
corrosion cracking phenomenon were reported. The available literatures confirm the tempered MSSs
susceptibility to IGC even for low concentrations of HNO3 solution (i.e. 5 wt. %). The wear behaviour for such
conditions under dry or lubricated conditions is a very practical subject of study and useful for engineers and
designers to achieve better performance of components.
The present study seeks to evaluate the tribological behaviour of 550 ° C tempered 13Cr MSS, susceptible to
IGC. The corrosion rates in 5% HNO3 solution and wear rates in dry, DM water and 5 % HNO3 solution sliding
(unidirectional) conditions were determined. Then, the tribological analysis of the IGC damaged surface in dry
and 5 % HNO3 solution sliding conditions were performed to find the synergistic/mutual dependence of
mechanical and corrosion effects.
Results indicated that wear is higher whereas friction is lower for IGC affected surface than unaffected
surface. Presence of weak surface/subsurface due to IGC attack caused easy removal of material hence
caused high wear. Moreover, due to less shear strength of attacked material coefficient of friction (COF) has
lowered. Severe adhesive/abrasive wear of 13Cr MSS plate and alumina ball in both the cases were
observed.
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Effect of Flux systems on Printed Circuit Board of Switch
Ikhlas Chandkoti, Vaibhav Bhavsar, Srishti Bhatt, M. Pustode, S. C. Bali
Centre for Research Engineering and Advanced Technologies (CREAT),
Uno Minda Industries Ltd., Pune, Maharashtra 411026, India
sbali@mindagroup.com
ABSTRACT
Generally, for PCB application the selection criteria for metal is their electrical, magnetic and mechanical
properties but corrosion properties of these metals are not considered seriously. An electrical failure / no
functioning of switch during routine quality check in the assembly line of switch is investigated. After
disassembling the switch corrosion product was found to be deposited on the electric contact of Printed Circuit
Board (PCB). Root cause analysis of the corrosion product deposited on the electric contact was carried out.
Scanning Electron Microscope (SEM) and Fourier Transform Infrared Spectroscopy (FTIR) technique was
used to analyze the deposited corrosion product. EDS result showed the presence of high amount of C and O
on the deposition indicating the accumulated deposit is the outcome of some corrosion. Higher amount of C &
O on deposition indicates it is of hydrocarbon deposition of polymeric resin flux (rosin acid). The analysis
shown that during soldering that any kind of flux should remain on the board will create major problem at the
customer end. The subsequent cleaning is required after manual soldering of PCB board components.
Keywords: Printed Circuit Board, Soldering, TGA, Switch, FTIR, DSIC, Flux
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Investigation of General and Electrochemical Corrosion Behavior of Duplex 2205
Stainless Steel under Different Concentrations of Sodium Chloride and Varying pH
Turin Datta, Soumyabrata Basak, Kisor Kumar Sahu
School of Minerals, Metallurgical and Materials Engineering, Indian Institute of Technology
Bhubaneswar, Arugul, Odisha- 752 050, India
School of Nanoscience and Technology, Indian Institute of Technology Kharagpur,
Kharagpur – 721 302, W.B., India
Department of Mechanical Engineering, University of Ulsan, Ulsan- 44610, South Korea
td12@iitbbs.ac.in
ABSTRACT
Duplex grade of stainless steels possess excellent resistance to localized corrosion and better mechanical
properties when compared with austenitic stainless steels. In this article, Duplex 2205 stainless steel (DSS
2205) have been chosen for investigating its general and electrochemical corrosion behavior. Different
concentrations of aqueous salt solutions of NaCl (1wt.% NaCl, 3.5wt.% NaCl, 5 wt.% NaCl, 7wt.% NaCl and
10 wt.% NaCl) have been tested by electrochemical polarization under acidic (pH ~3.2) condition. On the
other hand, the solution pH have been varied (pH ~2.0,4.0 & 7.0) at an NaCl concentration of 3.5wt.% and
electrochemical corrosion testing was carried out in ambient temperature. In addition, the temperature of the
solution comprising of 3.5wt.% NaCl and acidic pH (pH ~3.0) was varied and tested using electrochemical
corrosion technique. Further, the general corrosion of DSS 2205 at acidic brine solution (3.5 wt.% NaCl and
pH~3.15) does not show significant weight loss upto 3months of exposure. This paper throws an insight on the
corrosion behavior of DSS 2205 especially when the concentrations of harsh and aggressive species such as
salts (chlorides, bromides, iodides, etc.) and organic acids present in offshore oil and gas condition differs in
different wells.
Keywords: Duplex stainless steel, Corrosion, Polarization, Scanning electron microscopy.
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Failure Analysis of Coil tubing in onshore Oil and gas field- A case study
R. K.Velusshami, Asis Isor, Jeetendra Gupta, Suraj Makkar & Maushumi.K.Talukdar
Materials & Corrosion Section,
Institute of Engineering and Ocean Technology,
Oil and Natural Gas Corporation Ltd. Phase-II,
Panvel, Navi Mumbai-410211
velusshami_sk@ongc.co.in
ABSTRACT
Coil tubing (CT) operations have become very important in the treating of well, but failure often occurs due to
mechanical damage, pinhole, and corrosion in tubing. In one of the western onshore oil and gas field in India,
API5ST-CT70/ASTMA606-Type-4M Grade coil tubing is used for well stimulation operations. While activating
the well G#739, through nitrogen application, there was a problem in the coil tubing-a pinhole had occurred at
a depth of 2247 m. While unspooling, it was found that the coil tubing had broken at the same point where the
pinhole had occurred. The failure management which includes preventing, identifying, implementing and
recording the real root cause of each failure is central for the overall cost-effective asset management.
The failed samples of CT were subjected to various laboratory investigations to understand the cause of
failure. The chemical compositional analysis and microstructure analysis results showed that the failed CT
material was in compliance with API 5ST / ASTM A606 Type 4 grade material. However, the tensile test and
flattening test results showed that it was not in accordance with API 5ST / ASTM A606 Type 4 grade material.
SEM analysis of failed CT surface exposed the crack initiated on the CT in the ductile mode, when tensile load
was applied. Further, the mode of crack propagation changed from ductile to brittle mode due to lower ductility
of material. When the remaining cross-sectional area was not enough to withstand the applied load, it finally
parted in the brittle mode. Thus, material properties of coil tubing should be ensured through Mill Test
Certificate (MTC) as per API 5ST standards. And the maintenance and inspection of CT should be done by
following API RP 5C8 standards to prevent such CT failure.
Key words: Coil Tubing, brittle, standard.

------------------------------------------------------------------------------------------------------------------------Metallurgical Trends in High Pressure High Temperature Environments in the
Hydrocarbon Industry
Rishabh Uniyal
uniyal_rishabh1@ongc.co.in
ABSTRACT
To present an overview of the worldwide HPHT scenario with respect to latest metallurgical (material selection
and corrosion control) trends. The scope of the paper includes latest technology scouting & evaluation and
suggesting a way forward with respect to HPHT field metallurgy in the Oil & Natural Gas Corporation Ltd. India
(ONGC).
An exhaustive review of the current practices pertaining HPHT metallurgy in the company was undertaken.
Material selection criteria within the organisation as well as within the industry was scrutinised to ascertain the
drawbacks of the current methods. Besides, a number of case studies were examined as part of this project to
gauge the global outlook towards material selection in HPHT environments as a whole.
From the studies, it was evident that Carbon Steel / Low Alloy Steel was not a suitable option for use as
metallurgy in HPHT fields and almost all operators had adopted the use of Corrosion Resistant Alloys. Despite
there been a multitude of alloying options available in the industry, there is still a hesitance when it comes to
their deployment. It is pertinent to note that even the relevant standards are limited in their scope as far as
various CRA alternatives is concerned. The paper concludes by presenting a way forward for material
selection strategy in HPHT environments in the company.
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Development of Asset Integrity Optimization & Management System
Paresh Haribhakti , Vemuri P Sastry
TCR Advanced Engineering Pvt. Ltd, Vadodara, India
paresh@tcradvanced.com, vpsastry@tcradvanced.com
ABSTRACT
Asset Integrity Optimization and Management (AiOM™) in the process industry is the modern day need. This
concept spans throughout the lifecycle of the asset involving all the departments of the organization from top
management to the field engineer. This paper explains the evolution of this concept from the reactive
approach of the past to the present computer aided systematic proactive risk-based approach. It also uses the
important tools for preserving and enhancing the integrity of the asset such as Risk-Based Inspection (RBI),
Fitness-For-Service (FFS), Reliability Centered Maintenance (RCM), Integrity Operating Windows (IOWs),
Corrosion Control Documents (CCDs), etc.
The Damage Mechanisms(DMs) like corrosion under insulation, temper embrittlement, hydrogen related
damages, liquid metal embrittlement, small bore piping failures, process impurities leading to localized
corrosion, and design deficiency, metallurgical degradation and welding anomalies that can lead to major
disasters need to be identified at an early stage. During implementation of AiOM™ tool, it is possible to
address these issues with the help of expert team.
Owner users strive to maximize the profits without compromising on safety, along with meaningful spending
on inspection and maintenance. To achieve the objective, systematic third party implementation of AiOM™
with identification of DMs is essential. Successful implementation of AiOM™ is the foundation to operate and
maintain the plant for long-term sustainability.
The system is developed and ready for implementation in the process industry. Its main features/attributes are
given in the paper.
Key words: Asset Integrity, Asset Integrity Management, AiOM™, Asset Integrity development Process
plant safety, Damage Mechanisms.
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A Review On Microbially Induced Corrosion In Subsea
Pipelines: Consequences And Mitigation Strategies
C.A Shefeena C. B Sudheer,
Dept. of Ship Technology, CUSAT, Cochin, Kerala, 682022, India
shefeena.ca@gmail.com
ABSTRACT
Microbially induced corrosion (MIC) is a kind of material degradation produced or enhanced by biological activities of
bacteria or other microorganisms such as archaea and fungi. It is also known as bio-corrosion, microbial corrosion,
bacterial corrosion or microbiologically influenced corrosion. It is featured by the development of biofilm produced by
the microorganisms, which accelerates the microbially induced corrosion by altering the ambient conditions such as
pressure, oxygen level, pH, temperature, humidity and salinity. There are different mechanisms for microbially
induced corrosion, depending on the type of microorganism and its metabolism. The primary function of the biofilm is
to protect microorganisms from environmental threats by adopting various defensive mechanisms. Microbially
influenced corrosion is the significant material concerned problem in various industrial applications such as chemical,
petrochemical and power plants, offshore industry, railway, shipping, agricultural and aquaculture facilities.
Understanding the mechanism and control of microbially induced corrosion is a requirement for the economical and
efficient management of the industries. This article reviews microbially induced corrosion in subsea pipelines, as it is
responsible for most of the problems related to internal corrosion in subsea pipelines. It describes the general
concepts and mechanism of MIC, various microorganisms involved in microbially induced corrosion such as sulphate
reducing bacteria, slime-forming bacteria, iron-oxidizing bacteria, sulphur bacteria and acid-producing bacteria. It also
addresses multiple methods adopted to discover the presence of these microorganisms and various strategies used
to control microbially induced corrosion. Biocide application is the most common mitigation strategy, but it’s not an
environmentally friendly solution for MIC. There are various novel ways to control microbially induced corrosion, such
as bacterial phages, inhibitors, and biocide enhancing chemicals. This paper also analyzes the mitigating power of
these methods. In addition to that, some of the real-life case histories of microbially induced corrosion in subsea
pipelines also have been reviewed.

Keywords: Microbially induced corrosion, Subsea pipelines, Biocide, Bacterial phage, Inhibitors
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Graphene Oxide-Silica-Polydimethylsiloxane Coating On Carbon Steels For Microbial
Corrosion And Biofouling Control
B. Anandkumar, Geetisubhra Jena and John Philip
Corrosion Science and Technology Division, Metallurgy and Materials Group
Indira Gandhi Centre for Atomic Research, Kalpakkam – 603102, India
Homi Bhabha National Institute, Kalpakkam – 603102, India
ABSTRACT
We demonstrate enhanced anti-corrosion and anti-biofouling properties of graphene oxide – silica –
polydimethylsiloxane (GSP) coating on carbon steel (CS). Electrochemical analyses of GSP coated carbon steel
exposed to Gram positive Bacillus sp., Gram negative Pseudomonas sp. and freshwater bacterial cultures for 72 h
showed a 3-5 orders of magnitude reduction in Icorr values and high impedance values (107 Ohms) as compared to
polished specimens. Corrosion protection efficiency of GSP coated specimens was 99.9% against Bacillus sp. and
freshwater culture and it was 89.6% against Pseudomonas sp. Evaluation of anti-biofouling property of GSP coating
using microbiological and epifluorescence microscopic techniques, showed three order reductions in total viable cells
on GSP coated specimens exposed to bacterial cultures. Confocal laser scanning microscopic analysis of biofilm
architecture confirmed significant reduction of biomass and biofilm thickness on GSP coated CS demonstrating an
excellent anti-biofouling activity of GSP.

Technical Programe

Microbial Corrosion and Inhibitors

Imidazolium based Ionic Liquid as an Eco-Friendly Corrosion Inhibitor for Mild Steel in
0.5 M H2SO4 Medium: Electrochemical and Surface Morphological Studies
Anita Kumari , Raj Kishore Sharma, Gurmeet Singh
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Department of Chemistry, Pondicherry University, Puducherry- 605014, India
gurmeet123@yahoo.com
ABSTRACT
Corrosion inhibition of mild steel in 0.5M H2SO4 was investigated in the absence and presence of different
concentrations of imidazolium based ionic liquid namely 1-Ethyl-3- methylimidazolium chloride [EMIM]Cl. The
inhibition efficiency of investigated inhibitor was studied by weight loss, electrochemical impedance spectroscopy
(EIS) and Tafel polarization methods. Tafel polarization revealed that [EMIM]Cl acts as mixed-type inhibitor. The
results showed that inhibitor compound behaved as a good corrosion inhibitor at low concentration. Surface
characterization techniques i.e. scanning electron microscopy (SEM) and atomic force microscopy (AFM) were used
to study the surface morphology of mild steel in the absence and presence of inhibitor.

Keywords: Mild steel, weight loss, electrochemical studies, SEM, AFM.
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Effect Of Organic Corrosion Inhibitor Sealed Oxide Layer On The Corrosion Behaviour Of
Aluminum Alloy 2024-T3.
Prakashaiah B. Ga , Amitha Rani B. E
Atria institute of technology, Bangalore 560024, Karnataka, India.
Surface Engineering Division, CSIR- National Aerospace Laboratories, Bangalore 560 017,
Karnataka, India.
ABSTRACT
The oxide layer was created on the aluminum alloy by using 10 wt % sulphuric acid (plain oxide layer- Ox) and sealed
by (E)-2-(2,3,4-trihydroxybenzylidene)hydrazinecarbothioamide (Ox-THC), (E)-2-(3,4dihydroxybenzylidene)hydrazinecarbothioamide (Ox-DHC) and Bis [[3,4-Dihydroxyphenylmethylene]
carbonothioicdihydrazide] (Ox-DCT) for enhancing the corrosion resistance. The electrochemical behavior of the
sealed and unsealed anodized aluminum alloys were evaluated by using electrochemical impedance spectroscopy
and potentiodynamic polarization studies. A salt spray test was used to study the accelerated corrosion of samples.
The results confirmed that sealing of organic inhibitors enhances the
corrosion resistance properties of the anodized aluminum alloy and the order of corrosion protection efficiency is Ox
<Ox-THC <Ox-DHC <Ox-DCT.

Keywords: AA2024-T3, oxide layer, THC, DHC and DCT.
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Synthesis, Characterization, And Anti-Corrosive Application Of Biocompatible Choline
Formate Ionic Liquid
M. Mobin, Ruby Aslam
Corrosion Research Laboratory, Department of Applied Chemistry,
Faculty of Engineering and Technology, Aligarh Muslim University,
Aligarh, 202002 (India).
ABSTRACT
Developing green corrosion inhibitors to protect metals from corrosion is challenging due to strict environmental
regulations. Recently, ionic liquids (ILs) have been developed as potential corrosion inhibitors. By focusing on
biocompatibility, we report on choline based IL designed to acts as green and efficient high-temperature corrosion
inhibitor. The prepared IL, namely, choline formate (ChF) is composed of biologically active ions.The structure of
the prepared ionic liquid was elucidated using NMR and FTIR spectroscopy. The inhibitory effect of the prepared
ionic liquid on the corrosion of mild steel in 5% HCl was determined using weight loss measurements,
potentiodynamic polarization and electrochemical impedance spectroscopy techniques, FTIR, and UV-vis
spectroscopy. The effectiveness of the inhibition increased with increasing concentrations and temperature upto
60C. ChF exhibited inhibition efficiency of 96.6% at 2×10-3 M. Above 60C the inhibition performance decreased
exhibiting an efficiency of 77.68% at 80C. Polarization measurements indicate that the examined ionic liquid acts
as a mixed type of inhibitor. The adsorption of the IL on the surface of the mild steel obeys the Langmuir
adsorption isotherm in acidic medium. Furthermore, the surface studies like SEM-EDS revealed protecting
capability of the investigated inhibitor.
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Application Of Plant Extract Synthesised Silver Nanocomposite As Corrosion Inhibitor
On Mild Steel In 1 M Hcl
Irfan Ahmad, Mohammad Mobin
Corrosion Research Laboratory, Department of Applied Chemistry, Faculty of Engineering and
Technology, Aligarh Muslim University,
Aligarh 202002, India
ABSTRACT
Silver nanoparticles (AgNPs) were synthesised from the extract of herb Artemisia absinthium (Art). Infusion and
formation of AgNPs in the Art extract was confirmed from the Fourier Transform Infrared spectroscopy (FTIR),
Ultra Violet Visible spectroscopy (UV-vis), Transmission Electron Microscopy (TEM) techniques. Corrosion
inhibition studies of synthesised Artemisia absinthium-silver nanocomposite (Art-AgNC) were done employing
Gravimetric, Potentiodynamic Polarisation (PDP) and Electrochemical Impedance spectroscopy (EIS) techniques
on Mild Steel (MS) in 1 M HCl. Gravimetric study, conducted at 30°C, 40°C, 50°C and 60°C revealed that inhibition
efficiency (I.E) of Art-AgNC increased with increasing concentration but decreased with increasing temperature
hence exhibiting physisorption adsorption. Art-AgNC exhibited 93.74% I.E at 30°C and 83.30% I.E at 60°C at
maximum concentration of 500 ppm. EIS results revealed the formation of inhibitive layer on the MS surface while
PDP results showed that Art-AgNC is exhibiting mixed type inhibition. Thermodynamic and activation parameters
(ΔGads, Ea, ΔH, and ΔS) were calculated and discussed. Scanning Electron Microscopy (SEM) and Energy
Dispersive X-ray analysis (EDAX) proved the presence of adsorbed inhibitive film of Art-AgNC on MS.

Keywords: Silver nanocomposite, corrosion inhibitor, TEM, EIS, PDP.
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Imidazolium Based Envronmently Benign Corrosion Inhibitor For Mild Steel In 1 M Hcl
Solution
Jiyaul Haque, Vandana Srivastava, Mumtaz A. Quraishi
Department of Chemistry, Indian Institute of Technology, Banaras Hindu University, Varanasi
221005, India.
Center of Research Excellence in Corrosion, Research Institute, King Fahd University of
Petroleum and Minerals, Dhahran 31261, Saudi Arabia.
ABSTRACT
Two polar group substituted imidazolium zwitterions have been synthesized and investigated as corrosion
inhibitors for the first time on mild steel in HCl solution using chemical and electrochemical methods. Sulphur
containing zwitterion (Z-2) gave excellent inhibition efficiency of 94.59% at a concentration of 6.01  mol L-1 (2
ppm), while hydroxyl-containing zwitterion (Z-1) exhibited 94.86% IE at 150.4 mol L-1 (50 ppm)). Surface analyses
supported the formation of inhibitor film on the metallic surface. Adsorption of zwitterions obeyed Langmuir
adsorption isotherm.

Keywords: Zwitterions; Corrosion Inhibitor; Green Chemistry; Surface Studies.
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Corrosion Inhibition of Mild Steel Using Zirconia Reduced Graphene Oxide Nanocomposite
In Hydrochloric Acid Solution
Ruby Aslam, Mohammad Mobin
Corrosion Research Laboratory, Department of Applied Chemistry, Faculty of Engineering and
Technology, Aligarh Muslim University, Aligarh, 202002-India
ABSTRACT
We report, the synthesis of Zirconia Reduced Graphene Oxide Nanocomposite (NC). The characterization of the NC
was confirmed by Transmission electron microscopy (TEM), X-ray diffraction spectroscopy (XRD), and Scanning
electron microscopy-energy dispersive electron microscopy (SEM-EDS). Further the inhibition effect of concentration
of Zirconia Reduced Graphene Oxide Nanocomposite (NC) on the corrosion of mild steel in 1M HCl was investigated
by weight loss and electrochemical measurements. The percentage inhibition efficacy increased with the increase of
the concentration of the inhibitor and temperature of the of the solution and reached about 82.5% at the concentration
of 1000 ppm at 70 °C. The investigated NC works as a mixed inhibitor, according to polarization measures. Also, the
adsorption isotherm analysis indicated that the adsorption was spontaneous and followed the Langmuir adsorption
isotherm. The surface morphological study via SEM micrograph affirmed the adsorption of NC on the surface of the
mild steel.
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An investigation of benzimidazole derivative as corrosion inhibitor for mild steel in 15%
HCl solutions.
Mohammad Salman, Jiyaul Haque, Vandana Srivastava, M. A. Quraishi
Department of Chemistry, Indian Institute of Technology, Banaras Hindu University, Varanasi
221005, India.
Center of Research Excellence in Corrosion, Research Institute, King Fahd University of
Petroleum and Minerals, Dhahran 31261, Saudi Arabia.
ABSTRACT
The inhibition effect of a benzimidazole derivative, namely 2-(4-Methoxy-phenyl) -1H-Benzoimidazol (BIMZ) on the
corrosion behaviour of mild steel in 15% concentration HCl solution were studied using weight loss, potentiodynamic
polarization (PDP), electrochemical impedance spectroscopy (EIS) and Surface analysis (AFM and SEM)
Techniques. The results show that BIMZ exhibits excellent corrosion inhibition and maximum inhibition efficiency (IE)
Obtained 98% at 200 ppm. The BIMZ also show good inhibition performance at higher temperature, 70ºC (IE 86%)
and long immersion time, 12 h (IE 99.62%). Electrochemical results reveal that BIMZ inhibits corrosion of the mild
steel through adsorption on the surface and acts as a mixed-type inhibitor via retards both anodic and cathodic
reactions. Adsorption of BIMZ on the mild steel surface obeys the Langmuir adsorption isotherm. AFM and SEM
studies show that BIMZ effectively inhibit the mild steel corrosion.
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A REVIEW ON MICROBIALLY INDUCED CORROSION IN SUBSEA PIPELINES:
CONSEQUENCES AND MITIGATION STRATEGIES
C. A Shefeena & C. B Sudheer
Dept. of Ship Technology, CUSAT, Cochin, Kerala, 682022, India
shefeena.ca@gmail.com
ABSTRACT
Microbially induced corrosion (MIC) is a kind of material degradation produced or enhanced by biological activities
of bacteria or other microorganisms such as archaea and fungi. It is also known as bio-corrosion, microbial
corrosion, bacterial corrosion or microbiologically influenced corrosion. It is featured by the development of biofilm
produced by the microorganisms, which accelerates the microbially induced corrosion by altering the ambient
conditions such as pressure, oxygen level, pH, temperature, humidity and salinity. There are different mechanisms
for microbially induced corrosion, depending on the type of microorganism and its metabolism. The primary
function of the biofilm is to protect microorganisms from environmental threats by adopting various defensive
mechanisms. Microbially influenced corrosion is the significant material concerned problem in various industrial
applications such as chemical, petrochemical and power plants, offshore industry, railway, shipping, agricultural
and aquaculture facilities. Understanding the mechanism and control of microbially induced corrosion is a
requirement for the economical and efficient management of the industries. This article reviews microbially induced
corrosion in subsea pipelines, as it is responsible for most of the problems related to internal corrosion in subsea
pipelines. It describes the general concepts and mechanism of MIC, various microorganisms involved in
microbially induced corrosion such as sulphate reducing bacteria, slime-forming bacteria, iron-oxidizing bacteria,
sulphur bacteria and acid-producing bacteria. It also addresses multiple methods adopted to discover the presence
of these microorganisms and various strategies used to control microbially induced corrosion. Biocide application
is the most common mitigation strategy, but it’s not an environmentally friendly solution for MIC. There are various
novel ways to control microbially induced corrosion, such as bacterial phages, inhibitors, and biocide enhancing
chemicals. This paper also analyzes the mitigating power of these methods. In addition to that, some of the real-life
case histories of microbially induced corrosion in subsea pipelines also have been reviewed.

Keywords: Microbially induced corrosion, Subsea pipelines, Biocide, Bacterial phage, Inhibitors
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Inhibition of corrosion of mild steel pipeline carrying simulated oil well water by an
Aqueous Extract of Chrysanthemum indicum flower
K. Kavitha, H. Benita sherine, S. Rajendran and Abdulhameed Al-Hashem
PG and Research Department of Chemistry, National College (Autonomous), Tiruchirappalli620001, Tamil Nadu, India
PG and Research Department of Chemistry, Periyar E.V.R. College (Autonomous),
Tiruchirappalli-620023, Tamil Nadu, India
Department of Chemistry, Corrosion Research Centre, St. Antony’s College of Arts and
Sciences for Women, Dindigul-624005, Tamil Nadu, India
susairajendran@gmail.com
Adjunct Professor, Pondicherry University, India.
Petroleum Research Centre, Kuwait Institute for Scientific Research, Kuwait

ABSTRACT
The inhibition properties of an aqueous extract of Chrysanthemum indicum flower (CIF) in controlling the corrosion
of mild steel (MS) in simulated oil well water (SOWW) medium has been evaluated by weight loss method and
electrochemical measurements. The various functional groups of the Chrysanthemum indicum flower were
confirmed by Fourier transform infrared spectroscopy (FTIR). Weight loss method reveals that 10 ml of an aqueous
extract of CIF offers a maximum corrosion inhibition efficiency of 93 %.Adsorption of inhibitor on the surface of mild
steel obeyed Langmuir adsorption isotherm. Electrochemical studies such as, potentiodynamic polarization study
and electrochemical impedance spectra have been used to study the mechanistic aspects of corrosion inhibition.
The Hardness of a metal before and after immersion has been determined. The surface morphology has been
examined with the help of scanning electron microscopy (SEM), atomic force microscopy (AFM) and contact angle
measurements. The results show that the aqueous extract of CIF acts as good corrosion inhibitor.

Keywords: Chrysanthemum indicum flower, corrosion inhibitor, mild steel, simulated oil well water, Vickers
hardness, surface morphology.
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Novel methods for superhydrophobic surface modification of titanium for
improved self-cleaning and antibiofouling properties
S.C. Vanithakumari, A. Ravi Shankar and John Philip
Corrosion Science and Technology Division, Metallurgy and Materials Group,
Indira Gandhi Centre for Atomic Research, Kalpakkam 603102.
Homi Bhabha National Institute, Kalpakkam 603 102, India.
ABSTRACT
Superhydrophobic surface modification is attempted on titanium by two different approaches. We report a
novel approach to create robust superhydrophobic (SHP) titanium surfaces with superior antibacterial
property, using silane containing silica nanoparticles (Si np) functionalized graphene oxide (GO). The
second approach employed a nanosecond laser patterning which resulted in micro-nano features on the
titanium surface. Both these approaches resulted in SHP titanium surfaces with an average water contact
angle (WCA) of more than 160°. The surface morphology, surface profiles and the surface roughness
parameters of SHP titanium are obtained from scanning electron microscopy (SEM), optical microscopy
and surface profilometer analysis. The non-wettability property of the SHP titanium was correlated to the
surface composition by laser Raman spectroscopy (LRS) and X-ray photoelectron spectroscopy (XPS)
studies. Chemical stability, mechanical durability, self-cleaning ability and anti-biofouling properties of the
SHP titanium samples fabricated by these two approaches were evaluated. A minimal reduction in the
water contact angle is seen up to 5M NaCl for SHP titanium surfaces fabricated by both the approaches
indicating the chemical inertness of the surface in aggressive chloride medium. Similarly, SHP titanium
samples were found to be abrasion resistant when subjected to shear abrasion test and also showed
excellent self-cleaning ability. SHP titanium samples exposed to the bacterial cultures showed 3-5 order
reductions in bacterial adhesion as compared to control titanium samples. This study opens up new
possibilities in combating biofouling of titanium in seawater environments.

Keywords: titanium, superhydrophobic, biofouling, wettability, water contact angle, self-cleaning
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Atmospheric Corrosivity Assessment Of Power Plants – Some Aspects To Be Considered
Ashwini K. Sinha
Principal Consultant (and Ex – AGM NETRA, NTPC),
Corrosion and Water Management Consultants, Noida, UP, India
ABSTRACT
Power Plants are essential infrastructures and are required for the development of the Country and Comforts of all
residents. Atmospheric Corrosion of Power Plants is a major factor in achieving the estimated life of the plants which
is between 25 to 30 years and many times further extended as per requirements. It has been observed that proper
assessment of atmospheric corrosivity is not carried out and generally these are identified only as a factor of distance
from sea. Some power plant designers have used ISO 9223, 9224, 9225 and 9226 for assessing the Atmospheric
Corrosivity of the plant location. These assessments are based on available or estimated parameters such as
Relative Humidity, distance from sea, Average Temperature, estimated SO2, etc.
Corrosion assessment of many power plants has indicated that in many cases such assumptions are far from actual
conditions and has resulted in improper Corrosivity Category Assessment and consequently improper adoption of
Corrosion Control measures. In many cases it has been observed that Plants that should have been considered
under CX category as per ISO 9223 have been considered as C4 or C5 category. Corrosion protection measures
based on these assessments are insufficient and result in corrosion of structures.
Exposure of many components to dual atmospheres such as Soil and atmosphere, is not fully
understood. Indoor exposure of components in coastal region are also underestimated. These effects are applicable
to conventional power plants based on Coal, Gas and Renewable energy plants like Solar PV, Solar Thermal, Wind,
etc. Maintenance Corrosion Control measures for such situations also become difficult.
The paper intends to provide the experiences gained from such studies and suggests improvement measures that
can adopted for better availability and reliability of plant components

Keywords: Atmospheric Corrosion, Corrosive Category, Dual Atmospheres, Galvanic Corrosion
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Htha Failures In Fired Boiler Water Wall Tubes Operating Below Nelson Curve
Arun Murali Padman, Jayson Anil Pinto
Engineering & Inspection – Technical Services
ONGC-MRPL
ABSTRACT
Condensed turbine vent steam is used along with fresh demineralised water in fired water tube boilers of captive
power plants. Wherever the steam condenser tube metallurgy is admiralty brass, the leaching of copper and brass on
the steam side and onward deposition at locations of steam blanketing inside the fired boiler water wall tubes is a
known phenomenon.Tube failures by localized window type fractures circumscribing the hard deposits of these
leached metals were seen on water wall tubes of the fired boilers. Metallurgical studies carried out revealed hydrogen
damage at affected areas. Nelson curves have been primarily developed for steels in hydrogen service, in light of the
hydrogen damage observed, a parallel was drawn to the operating condition to curves of Carbon Steel and the boiler
tubes were found to operate below the curve and should not be subject to hydrogen damage.The hydrogen ions
charging into the metal due to the galvanic couple formed by the deposited metals on the tube surface is surmised to
be causing embrittlement of the steel culminating in failure.The study details the root cause analysis of the failures as
well as monitoring measures leading to proactive repairs and improved reliability of the fired boilers.

Keywords: HTHA, fire boiler, under deposit corrosion, de-zincification, Nelson Curves, API 941, galvanic corrosion
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Nodular Corrosion Of Zr Alloys In Gas And Water – A Comparative Study
Sai Karthik Noudurua, M Kiran Kumara, S Roychowdhurya and Vivekanand Kaina,
Materials Processing and Corrosion Engineering Division, BARC, Mumbai-400085, India.
Homi Bhabha National Institute, Anushaktinagar, Mumbai-400094, India.
nouduru@barc.gov.in
ABSTRACT
Zirconium alloys are known to undergo nodular corrosion in high temperature and high pressure water/steam
environment under specific conditions of radiation and high dissolved oxygen. While Zircaloys form nodules in
boiling water reactors, Zr-Nb alloys are known to undergo nodular corrosion in RBMKs. Researchers have
proposed several possible mechanisms for nodule formation on Zircaloys in water/steam phase. Most of these
mechanisms attribute nodule formation in these alloys to the compositional changes occurring to the various
second phase precipitates, whose type and nature depends on the alloy composition. Very few studies are
available on the oxidation of Zr alloys in gaseous environments, none of which have reported nodular corrosion.
Recent studies by the authors have shown that it is indeed possible to form nodules on Zr alloys in a gaseous
environment of CO2 + 2 vol. % O2 containing specific contaminants. The current study presents the conditions that
lead to nodule formation on Zr-2.5Nb alloy in a gas mixture of CO2 and O2 containing small quantities of various
contaminants - HNO3, formic acid, ethylene in presence of radiation and moisture. The observations are explained
by a proposed global mechanism, which postulates that a site with localized damage of the uniform oxide layer, yet
surrounded by the remaining oxide, tends to oxidize at an enhanced rate resulting in nodules. The proposed
mechanism is then compared with the mechanisms for water phase nodular corrosion. The similarities and
differences between the two are discussed and presented.

Key words: Zirconium alloys, nodular corrosion, gaseous oxidation, mechanism
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Elemental Role Of Chromium And Molybdenum Solutes On Corrosionbehaviour Of Ni-CrMo Alloys In 1M Hcl, H2So4 And Hno3 Solutions
Malvika Karri, Amit Verma and J. B. Singh
Bhabha Atomic Research Centre, Mumbai, India

ABSTRACT
Corrosion behaviour of model Ni-Cr-Mo alloys with systematically varying Cr and Mo solutes contents has been
studied in 1M acid solutions each of HCl, H2SO4 and HNO3 to understand the roles of these solutes on corrosion
resistance properties of alloys. Corrosion behaviour was evaluated based on potentiodynamic polarisation tests in
conjunction with electrochemical impedance and x-ray photoelectron spectroscopy studies of passive films that
formed on alloys during their exposure in different acid solutions. Results have shown that alloys containing Cr ~30
wt.% exhibits higher corrosion resistance in HNO3 solutions due to formation of more resistive passive film. In HCl
and H2SO4 solutions, presence of Mo in alloys increased the corrosion resistance due to the superior film
properties owing to the presence of molybdate ions on its passive film that inhibit the initiation and propagation of
localized corrosion as well as promote re-passivation. The optimum concentrations of Cr and Mo solutes for higher
corrosion resistance of Ni-Cr-Mo alloys in HCl and H2SO4 solutions was found in the vicinity of ~17 wt.% Cr and
~19 wt.% Mo.
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Battling Corrosion of PV Solar Panel: Need of the Day
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ABSTRACT
Recently, world is facing the issue of energy crisis due to limited stock availability of coal for production of electricity
based on the coal. Also, we have seen the daily price hike in the petroleum products due to raise in the price of the
row petroleum. So, one can opt for the available compulsory alternate that is solar energy. Other reason is that the
solar energy is in cleanest form and having potential to decrease the carbon foot prints. Most of the solar energy is
used from the mechanism of solar panels. Every mechanism has certain efficient functioning life, and so has the solar
panel. The main deterioration of the panels is due to the single dominant parameter namely corrosion. The current
review explore the attack of the corrosion on the solar panels including and some preventive measures to control it.

Keywords: Corrosion, Solar Panel, Corrosion control, Solar PV modules, Galvanic Corrosion
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Effect of microstructure on hydrogen embrittlement susceptibility of A106 Gr.B and EN24
steel
Saradhi Gumma
Bhabha Atomic Research Centre
ABSTRACT
Carbon steels (CS) piping components are commonly used in industries. Welding during fabrication, significantly
changes the microstructure of carbon steel in the heat affected zone (HAZ). Post weld heat treatment is usually done
to achieve desirable mechanical properties, which also results in microstructural changes. Welded CS material when
exposed to process fluid undergoes corrosion and hydrogen is generated as a by-product. Hydrogen generated may
ingress into the CS, causing embrittlement and extent of embrittlement is significantly affected by the microstructure.
In this study, A106 Gr.B and EN 24 in different microstructural conditions were used. A series of heat treatments
comprising of quenching from temperature range of 700 – 1000 °C followed by tempering (250 °C, 475, 650 °C) were
done in these two steels to induce wide range of microstructures. The hydrogen embrittlement susceptibility (HES) for
different microstructural conditions were investigated by doing tensile tests after cathodic hydrogen charging and
calculating a parameter hydrogen embrittlement susceptibility index (HESI). Out of several microstructures induced in
the study, three different microstructures – as received (AR), quenched and quenched and tempered steel were used
to establish the HES of A106 Gr.B and EN 24. Two different H-charging methods, in-situ H-charging and precharging, were used followed by tensile testing and compared with the tensile properties of the uncharged
specimens. Martensitic phase formed on quenching treatment resulted in increase in microhardness, while tempering
of this martensitic phase steel decreased the microhardness. The hydrogen charging resulted in loss of ductility and
strength in all the material conditions tested in both the steels. Results indicate that quenched A106 Gr.B, steel
having martensitic structure had higher HESI than AR condition; tempering of martensitic structure reduced HESI.
While in EN 24, HESI increased on quenching, but tempering of quenched steel having martensitic structure didn’t
cause any significant change in HESI value.
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THE ROLE OF DIFFERENT SURFACE TREATMENTS ON AIR OXIDATION
BEHAVIOR OF MODIFIED 9Cr-1Mo STEEL
Ch. Jagadeeswara Rao, M. Archana, S. Ningshen
Corrosion Science and Technology Division, Metallurgy and Materials Group Indira
Gandhi Centre for Atomic Research, Kalpakkam – 603 102, Tamilnadu, India. Homi
Bhabha National Institute University, Mumbai -400094.
Abstract
The 9Cr-1Mo steels are candidate materials for the construction of various components for high
temperature applications. It is also used for the manufacturing of steam generator components in the
Prototype fast breeder reactor (PFBR), which is under the final stage of commissioning at Kalpakkam,India.
The air oxidation and steam oxidation behavior of the alloys are very vital for their applications at high
temperature in different environments, like, in the atmosphere, steam, etc. In the present work, air oxidation
behaviour of Modified 9Cr-1Mo steel with four different surface treatments, i.e. grit blasting, grinding(120
grit finish and 600 grit finish,) and diamond finish (mirror polishing), was studied to ascertain the effect of
surface preparation on oxidation behaviour. The grit blasted sample showed more weight gain compared to
the other samples, and the weight gain was higher during the initial oxidation. The surface roughness of the
samples after the air oxidation decreased except for the mirror finish sample. The nature and formation of
oxide crystals/oxide layer across the surface is visualized by SEM analysis. The formation of Cr, Fe rich
oxides on the top surface and Cr oxides at the interface was confirmed by the Raman spectroscopy
analysis and GDOES technique. The formation of MnCr2O4 is also evidenced. The oxide layer thickness
was found to be higher in the mirror finish sample compared to the other samples. The important role of
surface finish on the oxidation characteristic of Mod. 9Cr1Mo steel is presented in this work.

Key Words: Modified 9Cr-1Mo steel; Oxidation; Surface treatments, Glow discharge optical emission
spectrometry.
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Investigating the effect of graphene oxide functionalization with ionic liquid for
corrosion inhibition of mild steel in acid solution
Huda
Corrosion research laboratory, Department of Applied chemistry, Faculty of Engineering
and Technology, Aligarh Muslim university, Aligarh, 202002, India
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Mohammad Mobin, Ruby Aslam
Corrosion research laboratory, Department of Applied chemistry, Faculty of Engineering
and Technology, Aligarh Muslim university, Aligarh, 202002, India
ABSTRACT
An ionic liquid functionalized with graphene oxide (IL-GO) was synthesized and its anti-corrosion activity was
explored by different techniques such as gravimetric measurement, electrochemical impedance spectroscopy,
and potentiodynamic polarization test combined with an extensive surface topographical inspection by
scanning electron microscopy. The chemical structure of the achieved compound was elucidated by FTIR and
NMR spectroscopy. IL-GO manifested an appreciable protection against mild steel corrosion in 1.0 M HCl
solution. Gravimetric findings displayed an optimum inhibition efficiency of 86.5% at the concentration of 250
ppm at 60˚C. Adsorption of IL-GO on electrode/electrolyte interface followed Langmuir isotherm satisfactorily.
SEM micrographs revealed noticeable surface smoothening in inhibited solution relative to inhibitor free
solution. EIS study confirmed the formation of adsorptive film on the surface of protected steel surface.

Keywords: Ionic liquid, graphene oxide, inhibitor, NMR, EIS.
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Corrosion Behaviour of Annealed and Heat Treated - aged 6061 Aluminium Alloy
Mrudul S Parasni, Sandeep N Bhosale, Bharat S Padekar
College of Engineering, Pune, India
Kalyani Center for Technology and Innovation, Bharat Forge Ltd., Pune, India
ABSTRACT
Corrosion behaviour of annealed along with heat treated and aged 6061 aluminium alloy were studied in 3.5
wt. % NaCl solution using Potentiostat. Tafel plots were obtained to evaluate the corrosion rate. The corrosion
potential of annealed specimen found to be – 744.8 mV and corrosion current density as 1.489 μA/cm2. It is
observed that for heat treated - aged specimen corrosion potential observed to be – 699 mV which is slightly
nobler and slightly higher corrosion current density like 1.98 μA. This change in behaviour is attributed to
change in morphology of grain boundary precipitate which are responsible for pitting like corrosion.

Keywords: AA 6061, Tafel plot, Electrochemical corrosion.
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Study the Corrosion of Calciferous Animals in Rivers Water
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ABSTRACT
Industries are discharged their effluents in rivers. Most of industries are established at the bank of rivers all
over world and they released their effluents without charged in water sources. Effluents have possessed
several types of impurities but acidic materials generated ambient environments for calciferous animals.
Freshwater contains unio, spire, gastropod, tortoise etc. and these species are maintained biodiversities
water. Their outer parts are made of calcium carbonate (CaCO3). When these species are come in contact of
acidic water, chemical reaction starts their outer surface. The acidic medium produces galvanic, pitting, stress
and crevice corrosion with calciferous animals. Acids deteriorate calciferous parts in this way their life is
destroyed. Effluents are decreased the concentration of water in rivers thus the deficiency of oxygen occurs
inside and outside of calciferous animals which accelerate corrosion reaction. Effluents are also developed
microorganisms or macroorganisms in water. The Calciferous animals are surrounded by these organisms
and they secrete acids which create hostile environment for them. It observes that most rivers these species
are disappeared. Sulphur enters in fresh water through industrials, hospital, households, agricultural, food,
animals and humans wastes which are oxidized to produce sulpuric acid. This acid corrodes calciferous
animals. The oxides of carbon, nitrogen, sulphur are absorbed water to form carbonic, nitric and sulphuric
acids. They develop corrosive medium for calciferous animals. Human and animals body are decomposed
into river to release methylthiol and hydrogen sulphide and these substances are oxidized with BOD to form
sulphuric acid which corrodes calciferous animals. The acid rain also develop unfriendly atmosphere for
freshwater calciferous species. The corrosion rate was determined by weight loss experiment. The protection
of calciferous animals in above mentioned acidic environment by the use of Aloe Vera as inhibitor and
Turmeric as filler.

Keywords: Corrosion, calciferous animals, rivers water, pH, Industrial effluents, Inhibitors, Aloe Vera,
turmeric etc.
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Corrosion behavior of newly developed high toughness multiphase steels,
consisting of varying fractions of bainite, intercritical ferrite, retained austenite and
pearlite
Neetu, S. Sangal and K. Mondal
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ABSTRACT
The present work discusses the corrosion behavior of a set of newly developed multiphase
steels consisting of various fractions of ferrite, pearlite, bainite and retained austenite with
very high strength and toughness made from a steel with the composition 0.67% C, 1.71%
Si, 0.86% Mn, 0.07% Cr, 0.01% Mo, 0.04% Ni, 0.01% S and 96.69% Fe (in wt.%). The
steels were made by various combinations of continuous cooling in the ferrite-pearlite zone
followed by austempering. Electrochemical impedance spectroscopy (EIS), linear
polarization (LP) and potentiodynamic polarization (PD), and immersion tests were carried
out to study the corrosion response in freely aerated 3.5 wt.% NaCl solution. Corroded
specimens were characterized using scanning electron microscopy (SEM) and optical
profilometer. Steel rusts after immersion tests were analysed using Raman spectroscopy. It
has been observed that the corrosion rate varies with different isothermal temperatures and
time taken for continuous cooling as well as phase fractions, which attribute to the different
galvanic effects. Corrosion rate is least for the steel austempered at 300ºC. At a particular
isothermal temperature, initial increase in corrosion rate with the increment of continuous
cooling time is followed by decrease in corrosion rate due to the formation of pearlite after
continuous cooling of 20s. Protective ability index (PAI) has also been calculated with the
help of α/γ* ratio, which also explains the relative corrosion behavior of the steels.
Keywords: Multiphase steel, Heat treatment; Corrosion; Protective index.
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Novel hybrid sacrificial anodes based on high phosphorus pig iron and Zn for the
cathodic protection of steel
Nisheeth Kr. Prasad, A.S. Pathak, S. Kundu and K. Mondal
Department of Materials Science and Engineering,
Indian Institute of Technology Kanpur, UP, India - 208016
Research & Development and Scientific Services,
Tata Steel Limited, Jamshedpur, Jharkhand, India – 831001
ABSTRACT
In the present work, a series of novel hybrid sacrificial anodes consisting of high phosphorus pig iron and Zn
with the stoichiometry of xP-yZn (x=1.5, 3.5, 8.0 wt%P and y=10, 20, 30 wt%Zn) has been synthesized, and
their feasibility as sacrificial anode for the cathodic protection of mild steel has been investigated in 3.5%NaCl
solution. All the hybrid anodes show more negative potential below the protective potential of mild steel (–
0.778 V with reference to saturated calomel electrode) in seawater. The anodic capacity and efficiency of all
the anodes are found to be greater than 760 Ah/Kg and 80%, respectively, which are comparable to the
commercial Zn sacrificial anode. The polarization resistance of all the hybrid anode samples has also been
found to be much lower as compared to the mild steel and the commercial Zn anodes, suggesting their high
active dissolution behavior. The localized segregation of Zn and large cathode-to-anode area ratio in the
microstructure attribute to the active behavior of the hybrid anodes. A mechanistic approach has been
adopted to understand the dissolution mechanism and reason for the active behavior of the hybrid anodes.
The proposed model for the corrosion mechanism of the hybrid anodes illustrates uniform dissolution
behavior, which is an important characteristic for an effective sacrificial anode. The present hybrid anodes
have also been found to be equally efficient, highly economical and commercially more feasible as compared
to the previously developed hybrid anodes and conventional Zn anodes.
Keywords: Corrosion; Hybrid sacrificial anode; Cathodic protection; Anode capacity.
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Evaluation of Heat Treatment to evade SCC in AA5083 in marine environment
Mangalampalli Sai Kiran
L&T Defence, Pune
ABSTRACT
AA5083 is extensively used for the marine environments for structures like ship hulls, bulk heads and military
equipment. The alloy is known to undergo sensitization when exposed to moderate temperature, which limits its
usage up to 65°C. Stress Corrosion Cracking in this alloy is reported when employed in marine environment.
A systematic study was undertaken to determine temperature regime wherein AA5083 can be stabilized. Exposing
components to stabilization enables life extension of the components by re-setting the material to non-sensitized
stage. Microstructural evaluation along with electrical conductivity, hardness measurement and tensile test were key
parameters for characterization to develop optimum stabilization treatment. The results show a temperature range of
240-280°C for duration of 10-30 minutes was optimum for evading sensitization.
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LIN SCAN, A PIPECARE GROUP COMPANY
LIN SCAN, a PIPECARE group company, is the largest In-line Inspection company in India, with over 20 years of
experience providing bespoke in-line inspection and pipeline integrity services. Consider LIN SCAN as your preferred
provider for all pipeline integrity management services (Inspection, Assessment, Repair, and Preventive Pipeline
Maintenance). All of our equipment are designed and fabricated in-house and covers the full range of pipeline
diameters. LIN SCAN also supplies cleaning pigs, pig traps (launchers & receivers), and specialised
pipeline cleaning services.
Our commitment is to help our customers achieve pipeline integrity and zero incidents by focusing on
achieving the highest levels of industry standards through our dedicated team that goes above and
beyond for our clients.

Progress over the years
Our technology has been developed by engineers who have developed many of the inspection tools
and technologies that exist in the market today. Through the merger of the companies and expertise
within those companies, we have achieved the following:
 Over 750,000 km of pipeline inspection


Possession of over 1000 tools in our inventory for various purposes



Full range of ILI technologies (MFL, TFI, UTWM, UTCD, EMAT)



Technology for inspecting SPM pipelines using bi-di technique



Technology for inspecting non-piggable pipeline using Magnetic Tomography Method (MTM)



Over 300 clients around the globe



About 21 years of remarkable experience and ground-breaking achievements in the ILI Industry

Going global
As part of the PIPECARE Group, we currently operate in over 70+ countries and have received
outstanding recognition for our excellence and quality assured products and services by local and
international certification bodies such as:
ISO-9001- Quality Management
ISO-14001- Environment Management
ISO-29001- Oil and Gas
ISO-45001- Occupational Health and Safety Management
Furthermore, some of our clients over the years are Eni, Chevron, ADNOC, Total, ExxonMobil, Lukoil,
ConocoPhillips, Saudi Aramco, Shell, OXY, Enagas, Gazprom, GRTgaz, and many more.
Despite this level of achievement, we are still focused on the cause of becoming the global leader in
providing complete pipeline solutions.
LIN SCAN ADVANCED PIPELINE SAND TANKS SERVICES PVT. LTD
+91 11 4569 6066/ +91 9920811020
info@linscaninspection.com
NEW DELHI, India
www.linscaninspection.com
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GAIL (India) Limited
GAIL (India) Limited is India’s largest natural gas company having a market share of over 75% in natural gas
transmission. Apart from natural gas transmission, distribution and processing, the Company has diversified
business interests in LPG transmission, petrochemicals, city gas projects and Exploration and Production
activities. The Company has presence in Myanmar in E & P and in the US through its wholly owned US subsidiary
GAIL Global (USA) Inc. The subsidiary company has executed definitive agreements with Carrizo Oil & Gas Inc.
based in Houston, Texas, to enter into an unincorporated joint venture, under which GAIL Global (USA) Inc. will
acquire a 20% interest in Carrizo's Eagle Ford Shale acreage position

GAIL has also set up a wholly- owned subsidiary company viz. GAIL Global (Singapore) Pte. Ltd. in
Singapore.
GAIL possesses over 13,700 km of natural gas pipeline transmission network and has a transmission capacity of
204 MMSCMD.
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IndianOil, The Energy of India
Being The Energy of India is much more than just notching up a high revenue (Rs 5,14,890 crore revenue from
operations in 2020-21). It is far more than being the highest-ranked Indian Energy PSU (Rank 212) in Fortune's
'Global 500' listing and the vision to become 'A Globally Admired Company.'
Being The Energy of India is about IndianOil, with its over 33,500-strong team, taking the lead in meeting India's
energy demands efficiently and effectively today, just as it has done over the last six decades and an enterprise
that fuels India's core sector for economic development.
Being The Energy of India is about IndianOil's business interests encompassing the entire hydrocarbon value
chain- from refining, pipeline transportation & marketing, to exploration & production of crude oil & gas,
petrochemicals, gas marketing, alternative energy sources and globalisation of downstream operations.
Being The Energy of India is also about IndianOil's global aspirations, fulfilled to an extent by the formation of
subsidiaries in several countries, including Sri Lanka, Mauritius, the UAE. It is about pursuing diverse business
interests by setting up multiple strategic joint ventures with reputed business partners from India and abroad to
explore global opportunities.

Taking the Lead to Fuel India's Energy Needs
As The Energy of India, IndianOil accounts for nearly half of India's petroleum products market share, with sales of
81.027 million metric tonnes (MMT) in the year 2020-21. IndianOil has a group refining capacity of 80.55 MMTPA
and over 15,000 KM of pipeline network dedicated to fuel India's economic rise. IndianOil led the downstream
PSUs in becoming fully BS-VI compliant, ensuring a seamless pan-India transition from BS-IV directly to BS-VI
grade transport fuels by 16th March, 2020, a full fortnight ahead of the 1st April 2020 deadline.
IndianOil's cross-country pipeline network facilitates crude oil transportation to refineries and finished products to
high-demand centres in an efficient, economical, and environment-friendly manner. The network has been globally
benchmarked as the safest, cost-effective, energy-efficient and environment friendly and stands as a firm
testimony to our engineering brilliance.

Energy at the Doorstep, Services at a Click
As the commercial enterprise with the largest customer interface in India, IndianOil reaches precious petroleum
fuels to every nook and corner of the country through its network of over 56,000 customer touch-points,
surmounting the challenges of tough terrain, climate and accessibility. This includes 32,000+ fuel stations (petrol
pumps), including Kisan Seva Kendra (KSK) outlets in rural markets, all of them fully automated for quality &
quantity assurance. For the convenience of large-volume consumers like the defence services, railways, state
transport undertakings, industrial, agricultural and marine sectors, IndianOil has close to 7,000 dedicated fuel
pumps in operation at their doorstep to ensure timely delivery of products and efficient maintenance of inventory.
For IndianOil, all customers, bulk or retail, are equal and have the right to quality products and efficient services.
With this belief, the IndianOil team reaches Indane LPG cooking gas right up to the doorsteps of households
through a network of over 12,700 distributors. The Corporation is promoting LPG aggressively as a clean cooking
fuel across socio-economic divides. IndianOil's Aviation Service commands a majority market share in aviation
fuel, serving national and international flag carriers, private airlines and the Indian defence services with equal
efficiency.
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SANDVIK
As a world-leading developer and manufacturer of advanced stainless steels and special alloys, we make
industrial processes more efficient, profitable and safer.

BUSINESS CONCEPT
Our business concept is to be the world's leading provider of advanced stainless steels and special alloys as well
as – without compromising our goals in sustainable development.

GAME-CHANGING MATERIALS
We pour our hearts and minds into developing advanced materials which can make industrial processes more
efficient, profitable and safer.With a combination of world-leading research in metallurgy and extensive application
knowledge, we continue to push the boundaries of what's possible forward. We will not rest until we find the
answers that will help you change the game – for productivity, for energy efficiency, for safe operation.
If it is possible to do this with advanced stainless steels and special alloys, we will find a way. In close cooperation
with you , we will develop material with exactly the qualities needed for your processes and products.

R&D AND INNOVATION
Sandvik Materials Technology has a long tradition in innovation backed up by significant R&D investments. Our
R&D centers have industry-leading track records in the successful commercialization of new products and
materials.

SANDVIK GROUP
Sandvik is a global engineering group with around 40,000 employees with a strong commitment to enhancing
customer productivity, profitability, and safety.

CAREERS
As a global, high-technology engineering company that continuously grows, Sandvik provides challenging career
opportunities in a variety of areas worldwide.

SUSTAINABLE BUSINESS
We are convinced that, together with our customers, employees, shareholders and other stakeholders, we can
shape a truly sustainable future.By fully integrating sustainability into our offerings and operations, we believe that
we create a solid base for conducting profitable and responsible business, now and in the future.
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Engineers India Limited
EIL is an ISO 9001:2015 certified Navratna company established in 1965 with its registered office in New Delhi, to
provide design, engineering, project management and technical services in hydrocarbon and other infrastructure
sectors. Over the years, it has augmented its span of services and excelled in various fields to emerge as a
leading Project, Design, Engineering Consultancy and Turnkey Contracting company in the fields of:


Petroleum Refining



Petrochemicals, Chemicals &Fertilizers



Crude, Petroleum products & Gas Pipelines



Offshore/ Onshore Oil & Gas



Terminals & Storage



Sub Surface Strategic Storage



Mining & Metallurgy



Infrastructure & Urban Development

EIL has also ventured into various unconventional energy resource projects like solar, 2G ethanol, bio-fuel etc. In
the infrastructure sector, EIL has secured several noteworthy and significant assignments related to
modernization/development of international airports, intelligent buildings and water and waste water management.
As part of its diversification initiatives and expansion in overseas markets, EIL has in the recent past successfully
implemented assignments in Nigeria, Bangladesh and Indonesia. EIL is currently executing Africa’s largest Green
Field Refinery and Petrochemical Complex of Dangote Group in Nigeria and is also executing a grassroot refinery
in Mongolia being installed through Line of Credit (LOC) from GOI. EIL also has equity stake of 26 % in RFCL, a
joint venture company of NFL, EIL and FCIL for revival of Ramagundam Fertilizer plant and is currently providing
EPCM services for the same.
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Hindustan Petroleum Corporation Limited (HPCL) was formed on July 15, 1974. HPCL is a Maharatna Central
Public Sector Enterprise (CPSE) and a S&P Platts Top 250 Global Energy Company with a ranking of 54 with
Annual Gross sales of Rs. 2,69,243 Crore during FY 2020-21.
HPCL enjoys near 18% market share in India and has a strong presence in Refining & Marketing of petroleum
products in the country. During 2020-21, HPCL recorded Profit after Tax (PAT) of Rs. 10,664 Crore.
HPCL owns and operates Refineries at Mumbai & Visakhapatnam with designed capacities of 7.5 MMTPA & 8.3
MMTPA respectively. HPCL also owns the largest Lube Refinery in the country at Mumbai for producing Lube Oil
Base Stocks with a capacity of 428 TMTPA. HPCL holds 48.99% equity stake in JV Company, HMEL which
operates a 11.3 MMTPA capacity refinery in Punjab and also has 16.96% equity stake in MRPL which operates a
15 MMTPA capacity refinery in Karnataka.
HPCL has a vast marketing network consisting of 14 Zonal offices in major cities and 133 Regional Offices
facilitated by a Supply & Distribution infrastructure comprising 42 Terminals/Installations/Tap Off Points, 47
Aviation Service Stations, 52 LPG Bottling Plants, 6 Lube Blending plants, 70 Depots including lube depots. The
customer touch points constitute of 19,341 Retail Outlets, 1638 SKO/LDO dealers, 282 Lube distributors,122
Carrying & Forwarding Agents, 839 CNG facilities at Retail Outlets and 6,210 LPG Distributorships with a
customer base of about 8.9 crore LPG consumers as of October’21.
HPCL has the second largest petroleum product pipeline network in India with network length of 3,775 km. HPCL
undertakes Exploration & Production (E&P) of hydrocarbons through its wholly owned subsidiary M/s. Prize
Petroleum Company Limited (PPCL). HPCL also conducts business through 19 JV and Subsidiary companies
operating across oil & gas value chain.
HPCL has its Research & Development Centre named ‘HP Green R&D Centre’ in Bengaluru. The Centre provides
advanced technical support to the Refineries and Marketing SBUs for operational improvement, absorb new
technologies, develop innovative & path breaking technologies, license technologies and become a knowledge
hub.
HPCL is committed to conducting business with an objective of preserving the environment, sustainable
development, being a safe work place and enrichment of the quality of life of employees, customers and the
community. HPCL’s CSR reaffirms the continuing commitment of corporation toward societal development. The
key focus areas are in the fields of Child Care, Education, Health Care, Skill Development & Community
Development, positively influencing the lives of less privileged. The overall spend on CSR activities was Rs.
156.35 crore during 2020-21.
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Ion Exchange (India) Ltd.
Ion Exchange is a pioneer of water treatment in India with a legacy spanning over five decades. With sales,
production and service footprints across the world, Ion Exchange is a premier company in total water and
environment management. We are one of the very few companies worldwide with complete range of solutions for
water, wastewater management, solid waste management and waste to energy. Our comprehensive technologies,
products and services, enable our multidisciplinary teams of experts to cater not just to industries and
municipalities but also to communities, institutions and homes.
Our 360° environment management adds value across the entire circuit - from influent water through potable and
industrial process water to effluent/sewage treatment and water recycle for zero liquid discharge, seawater
desalination and waste to energy projects for solid waste management.
Our state-of-the-art manufacturing and assembly facilities are spread across five states in India (Patancheru in
Telangana, Verna in Goa, Hosur in Tamil Nadu, Ankleshwar in Gujarat and Rabale in Maharashtra) and
internationally in UAE, Indonesia, Bangladesh and Bahrain/Saudi Arabia. Our experience accumulated over more
than 55 years of business operations is complemented by a comprehensive range of technologies developed in
our ISO 9001 and DSIR certified R&D and Technology centres. We meet the industry’s need for quality supply of
goods and services through our ISO 9001:2015 (Quality Management System), ISO 14001:2015 (Environmental
Management System) and ISO 45001:2018 (Occupational Health and Safety Management System) certified
facilities that manufacture world-class ion exchange resins for water and non-water speciality applications,
membranes, water treatment chemicals and speciality process chemicals. Our well-practised HSE (Health, Safety
and Environment) systems drive us to deliver our business goals while protecting people and the environment
through safe operation and meeting the exacting needs of the industry.
We serve our markets with a sustained focus on customer satisfaction, technological innovation and dedicated
service through our service division. Like ion exchange resins and membranes, we have pioneered design and
supply of water, process liquid, wastewater treatment, water recycle plants - packaged, pre-engineered and
custom-built, on turnkey BOT and EPC basis. Our Zero B range of home water purification solutions deliver
products at every price point and category: household, urban and rural as well as institutional segments.
We aim to maintain our leadership position in the industry and work towards achieving our vision - to be the leader
in our business which is so vital to people’s lives and the environment.
For more information on Ion Exchange (India) Ltd., please visit our website www.ionindia.com
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METAL SAMPLES
Metal Samples supplies a complete range of corrosion monitoring products,including:
Corrosion Monitoring Instruments
We provide an extensive line of corrosion monitoring instrumentation to interface With probes and
interpret,analyze,and display the collected data. Our instrumentation cover the spectrum from portable meters to
transmitters to Remote data loggers. Our high -resolution instruments detect smaller increments of metal
loss,providing Faster response than traditional instruments (obtaining corrosion rates in hours Instead of days).
Corrosion Monitoring Probes
Our broad range of monitoring probes includes electrical resistance, linear polarization resistance, erosion,
hydrogen, and biological probes. We also design and manufacture custom probes to meet your special
requirements.
Corrosion Coupons
Metal Samples has the world's largest selection of corrosion monitoring test coupons available in any size or
shape, and in more than 2,000 alloys. In addition, we offer coupon holders, coupon insertion systems, and coupon
test racks.
Access Systems / Injection Systems
Access systems are available for high-pressure/temperature systems to insert and retrieve probes, chemical
injection systems, quills, and nozzles.
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Introduction to Seal For Life Industries – January 2021
Seal For Life Industries Group
A company with a deep history of innovation in the market leading technologies that we represent. With more than
60 years of experience Seal For Life Industries offers the most diversified coating solutions in the market for
superior infrastructure protection. We operate in more than 80 countries, hold over 200 patents and have a
workforce of over 700 people dedicated to our products and customers. Seal For Life is made up of twelve distinct
brands offering products from self-healing coatings to heat- shrink sleeves, anti-corrosion tapes to liquid coatings,
cathodic protection to intumescent coatings, anti- corrosion thermoplastics to pipeline logistic solutions; all
servicing multiple industries across the globe. We work in a variety of industries including civil and infrastructure,
renewable energy, water and wastewater, oil and gas, district heating/cooling and general industrial purposes.
Our vision is to be the leading global provider of protective coating and sealing solutions for infrastructure markets.
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VKVC
Vee Kay Vikram & Company (VKVC) is involved in manufacturing and providing pipeline engineering and
polyurethane products. Including Pigging Products, Pipeline Equipment, Pipeline Repair and Maintenance
Products, Surge Relief and Pipeline Valves, Floats and Buoys, and Pigging Services. VKVC established in 1969
by an ex-ONGC petroleum production engineer, has rapidly expanded its product range from elastomer products
for oil-well drilling to pipe-line products for use in upstream and downstream transportation and
refinery operations, as well as providing pipeline cleaning services for new and aged pipelines. VKVC offers
Pipeline Engineering Products, Polyurethane Products, Pigging Product Manufacturer, Pipeline Equipment
Manufacturer. VKVC’s facility is also licensed by the American Petroleum Institute to use the official API
Monogram® on manufactured products under the conditions in the official publications of the American Petroleum
Institute entitled API Spec Q1®. The scope of this license includes the following product: Ball Valve. VKVC’s
Quality Management System has been assessed and found to comply with the requirements of ISO 9001:2008.
VKVC is a Member of Pigging Products and Services Association, UK, since 2002

MISSION
To work truthfully and with conscience in providing high quality products, services and knowledge to our clients in
the Oil/Gas Pipelines, Oilfields & Industrial sectors.
ETHICS CODE
We will be fair, sensitive, honest, trusting, and trustworthy in all our dealings among ourselves, with clients, with
business associates and with the community at large. We will obey all laws, in fact and in spirit. We will always do
the right thing, in every situation to the best of our abilities.
FIVE QUALITY PRINCIPLES
We want satisfied clients. That is why the highest quality of our work is our corporate objective. This also applies to
the quality of the work carried out in our name by our associates in their work. Our clients are the true judges of
our quality. Their verdict on our services and products is decisive. Clients not only assess the quality of our services, but
also our adherence to the promised schedules. Inquiries, offers and complaints must always be dealt with promptly and
thoroughly. Each and every member / employee in the organization / company contributes towards achieving our quality
goals. It is therefore the responsibility of every employee to ensure that their work is of the highest standard. Each &
every member / employee of the company / organization must periodically assess their work during the period & record
the findings & steps taken to improve rectify.

Gold

COROCON SUPPORTER

Gold

COROCON SUPPORTER

With Best Compliment
From

Kuthethoor P.O.Viakatipalla, Mangaluru.
India-575030
Email:- mrplmlr@mrpl.co.in
Phone Number:- +91 82422 70400
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Since 1957, Growel has been a trendsetter in the General Metal Finishing Industry and a formidable player in
the field of Electroplating & Specialty Chemicals and Engineering equipment. In 2005, Growel ventured into
real estate development and built a sprawling 475000 square feet Shopping Centre in the Western Suburbs of
Mumbai. In 2007, with the addition of Protective Coatings & Industrial Lubricants into its manufacturing foray,
Growel became a One-Stop Solution Provider for protection of all types of substrates across the various
industrial segments.
Growel's R&D is recognized by The Indian Council of Science & Technology for its innovative & technological
prowess in the Chemical & Paint divisions. This recognition stands testimony to our unwavering commitment
towards developing and producing quality products that are safe for the environment.
Growel's Chemical & Paint division is IMS (Integrated Management System) Certified. We are also the first
Chemical Company in India to have received the coveted AS9100 Aerospace Certification, established by The
Aerospace industry, which demonstrates our ability to satisfy DOD, NASA and FAA quality standards.
As a Corporate citizen conscientious of our environment & people's welfare, we are constantly engaged in the
development of newer & sustainable green practices within our organization and also, work with the local
communities through our various CSR activities, ensuring the development of the human capital at large.
We are bound to all our stakeholders to build, trust & deliver the highest quality products & services by
embracing fair trade practices through ethical & transparent dealings. We are dedicated to operating our
facilities with the utmost respect for the communities & environment in which we all live & work as they
constitute an integral part of our business philosophy, effectively driving sustained growth.
Our commitment to excellence, innovation, people strategy, systems and processes are designed to make
Growel an employer of choice.

MISSION: To be a predominant global player in the field of surface finishing which invokes pride in all our

stakeholders through innovation, customer centricity, fair trade practices, integrity, sustainability and care for
our planet.

VISION: To be in Top 2 in all our businesses on the strength of our people and values.
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Graco is committed to conducting its worldwide business according to the highest standards of ethics and
integrity. This commitment stems not only from a desire to avoid the many problems ethical violations can
create, but more importantly from a conviction that good ethics is good business. Graco firmly believes that
ethical conduct has helped and will continue to help us fulfill Graco’s mission of serving its stakeholders
through sustained profitable growth.
Ethics and integrity are not simply a slogan, but a part of our value system reflected every day in the
performance of our employees. Our Code of Ethics and Business Conduct embodies these values and sets
forth the standards of ethically sound behavior and accountability that we expect of all employees.
Graco employees take pride in their contributions and share our vision and commitment to delivering the
highest quality products and services in the industry. We strive for continuous improvement, creating new and
exciting products as efficiently as possible – both for cost improvement and for the environment – and we
expect nothing less from our employees. Many long-term employees find they benefit from a billion-dollar,
global corporation with a small-company, collaborative culture. It's one of the main reasons we have won
numerous awards, including being named a Best Workplace in Manufacturing and Production by Fortune
Magazine in 2016, 2018 and 2019.
We want employees who want to win. We have a robust metric system in place to measure performance,
encouraging our employees to be team players but also individually accountable – and individually recognized
– for their results. We foster a culture of high standards and expectations, and our employees come to work
every day absolutely committed to providing A+ service to every customer, every time. Our nimble divisional
business structure allows us to make quick decisions to meet the changing needs of our diverse, global
customers. At the same time, our business units share information, best practices and technology to benefit
the greater good of the company.
When our employees say they work at Graco, they say it with pride. We are proud of our people, products and
services. We are proud of our growth and success. We expect our employees to work hard – and to play hard,
too. Our employees give their all to the Graco mission, and when the day is done, they take time to do the
same for themselves, their families and their communities.
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“TATA’s”, the most respected and the largest industrial house of India are well known for their concern for
environment, conservation of natural resources and services to the society besides their vision and fair business
practices. In 1920s, when the concept of industrial water pollution was not much known to most people even in
the western world, TATA STEEL thought it prudent not to discharge the acidic waste pickle liquor generated in
their Sheet Mills into the river but to treat it in an environment friendly manner. The awareness towards ecological
balance coupled with availability of waste iron salt solution resulted in the birth of “FIRST SYNTHETIC IRON
OXIDE PIGMENT PLANT” in India, in the immediate vicinity of Tata Steel at Jamshedpur.
Tata Pigments in India has today a coveted place among the manufacturers of Paints, Building materials, Plastic,
Rubber goods, Paper, Inks, etc. It is the largest producer of superior quality synthetic iron oxide pigments, the sole
manufacture of these pigments that have the licence of “BUREAU OF INDIAN STANDARDS”. Almost all the
leading manufacturers of the above referred products in the country are our regular customers. Tata Pigments
recently implemented highest ever value of modernization and expansion of capacity. "
The Industrial & Decorative Coating Services (IDCS) division aims to achieve the best in class corrosion protection
using advanced modern industrial coating application technology. IDCS boast of a rich experience through
catering to surface protection coating needs of the industrial leaders of our country. The purpose of IDCS is to
ignite the knowledge, resources mobilisation, and execution with right technology keeping in mind operating
environment and plant requirement to create optimal coating performance for component. The key performance
parameter fire our engine of growth is –
 Better Protection by selecting the coating, using the knowledge of ~ 14 years+ expertise in the
field. Sustainability of structural and component under plant service for complete integrity and reliability to
carry out the load during service life .In other word increasing life expectancy to minimise the unplanned
shutdown for leakage and breakage in the system for maximum plant availability
 Faster and safer execution: Use of start of the art solution for working a height, covering large / intricate
areas.
 More Customization: Industry base solution through conclusion for coating selection arrived via corrosion
failure analysis, coating survey, corrosion audit are some of our tools to understand the component and
structure need for specialise protection to stand stronger surround with industrial hazard generated by
energy emission
 Better Performance: Our technological coating transfer efficiency backed by advance surface treatment
combine with high performance coating system optimising coating beyond expectancy
 Future coating products application: IDCS TPL with its international network makes continuous efforts
for being aware of the latest products that are being worked on / developed for specialised conditions. We
have been pioneers in bringing new solutions for the rest to follow.
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About Us
Ace Group of Companies, was established in 1989 and has had its roots in Mumbai. We have grown over the
years in our ability to execute diverse contracts across the nation. Oil and hydrocarbon industry provides the
fuel to the growth of the nation, and we take pride in building the critical supply chains to the wheels of the
nation. Having grown from a modest start of execution of shutdown projects, we are transitioning towards EPC
projects and hope to take our values to the world.

Our Mission
We are a Construction and Engineering company with a focus on the hydrocarbon industry. We specialise in
laying of cross country pipelines, with a core competence in areas such as pipeline engineering, hydro-testing
and pre-commissioning of pipeline systems, laying pipelines by trenchless technologies, and installation of
cathodic protection systems of pipelines. We derive our strength from our ability to perform and deliver in
adverse and challenging situations.

Our Vision
We envision ourselves as a leading provider of engineering services to the hydrocarbon pipeline infrastructure
encompassing design, execution, preservation and O&M with projects across the globe. It shall be our
endeavor to blend technological advances with the benefits of low labour costs to provide our customers with
world class solutions at affordable prices.

Values
At Ace, it is our endeavor to conduct our businesses in the following manner:


To work as a dedicated and cohesive organisation



Be the best employer in our business



Committed to building and furthering a reputation of reliability in all our dealings;



both on quality and on our ability to complete the projects on schedule



Building long lasting relationships with Clients



Ethical dealings across all our businesses
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