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Murty B S
Dear friends,
I am delighted to bring to your notice that the impact factor of Trans. IIM has crossed 1 for the first time from
its inception. It is 1.176 according to the latest JCR released for 2018. For your information, its impact factor was
0.160 in 2010 and has been steady increasing (2012: 0.215, 2014: 0.615, 2015: 0. 502, 2016: 0.533, 2017: 0.910).
The continuous increase in the impact factor is due to the hard work of the Editorial board and the support of
IIM Council. It is also due to the tie up of TIIM with Springer in 2009. This has also taken TIIM from a state of red
to a profit earning wing of IIM. IIM gets 50% share of the profit made by Springer on TIIM. This share has been
Rs. 8.2 lakhs in 2011 and has become Rs. 72.2 lakhs in 2018.
Looking forward to your continuous support in taking TIIM to greater heights.
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EXPRESSIONS
Anand Sen
Dear Prof Murthy,
This is indeed a great achievement. I would like to thank all the people who have directly or indirectly touched the journal
and helped it along the way.
I would, particularly, like to thank you for your personal involvement in passionately steering TIIM to greater heights.
IIM appreciates the profits the TIIM brings in every year and it would be appropriate to record our thanks to Springer also,
for being a good partner on this journey.
What is most heartening, however, is the technical recognition the journal has achieved (as implied by the impact factor).
This has helped us achieve one of the main objectives of IIM and is therefore particularly laudable.
Thank you once again
Best regards
AnandSen
President IIM
Amol Gokhale
This is a great news indeed! Congrats to you and everyone you mentioned. Truely remarkable. A landmark crossed.
Keep up the good work!
T V Narendran
Congratulations Mr Murty on some fantastic work
Biswajit Basu
Great Achievement - Heartiest congratulation to you and the entire TIIM team.
Somnath Guha
Congratulations to Editorial Board and the team directly associated with Trans IIM, for achieving this prestigious milestone.
Wish you all the very best for further growth of this journal.
Kushal Saha
Great news! Wish all the best to you & your team.
D De Sarkar
Thank you very much for informing the wonderful news. My heartiest congratulations to you and your excellent team.
SudhanshuShekhar Singh
In one of the council meetings, I remember Prof.Murty mentioning that the target is to reach IF of 1 in a year or so. I would
like to congratulate Prof.Murty and team for reaching the milestone. Congratulations !!
P Ramesh Narayanan
Congratulations on achieving this milestone for TIIM. I also congratulate the whole Editorial team of TIIM and the Springer
team for the hard work in achieving this. I wish greater achievements under your stewardship for the TIIM.
G Padmanabham
Really a good news! Incidentally, the latest issue will be carrying my students’ paper. Congratulations to everyone who has
contributed to the achievement.
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TECHNICAL ARTICLE
Challenges & Opportunities for IF units to Produce Alloy & Special Steels for Defense Application
Srikumar Chakraborty*
Introduction
Govt. of India has decided to augment the output of alloy
& special steel production in the country finalizing alloy
policy. Both PSUs and Private Sector Units have been asked
to improve performance at their own plants paying special
attention towards production of value-added products as
well as the production of alloy & special steels which have
multiple uses in different industries including automobile/
auto-component sector, defense, aero-space, marine
industry, oil & natural gas, power plants, shipping and in
many other critical areas. The need for such a policy was
felt in the wake of increased demand of alloy & special
steels from various sectors as import substitution of such
items. Presently, India is one of the largest importers of
conventional defense equipment. According to government
statistics, roughly 60% of India’s defense requirements are
presently met through imports.
India being the world’s second-largest producer of steel
but dependence level is high for imports of several graded
products particularly few grades of value-added alloy &
special steel though enough opportunities exist in mini steel
plants having induction furnace melting, steel refining and
down-stream processing units. Mini steel units in the country
manufacture mostly alloy steel products by forging, rolling
and casting from liquid steel produced by induction furnace
melting route. In the down- stream processing, units have
developed and adopted various special processes which
confers particular suitability for specific critical applications
which have been perfected over the years to manufacture
products possessing excellent properties like low level
of inclusions, fine grain structure, improved mechanical
with high fatigue strength, corrosion and wear resistance
properties. The tight control of the heat treatment process
parameters guarantees strong consistency in the mechanical
properties, as well as very good dimensional stability during
machining and while in service.
Imports of arms purchase has been diversified in India and
US has increased rapidly its arms sales to India, emerging
over the last five years as second biggest supplier by
providing 15 percent of India’s weapons imports, a study
by Stockholm International Peace Research Institute (SIPRI).
Israel has moved up as third large supplier to India against
11 per cent of India's imports during the period 2013-17
whereas .Russia had a 62 per cent share of India's arms
imports during the past five years, down from 79 per cent
in 2008-12, according to the report of global arms trade.
However, India is in the list of world's biggest importer of
major arms accounting for about 60%.

India’s defense industry constitutes eight defense public
sector undertakings (DPSUs) and 41 Ordnance Factories
(OFs) besides 49 Defense Research and Development
Organizations (DRDO) which were created to accomplish
self-reliance in defense production. The decision to
restructure state-owned defense was in view of their
dismal performance; it should have been taken at least two
decades ago. It is hoped, gradual improvement in Defense
sector with the help of DRDO, DMRL and different Defense
production units in the country, the imports will be brought
down below 40% level. India looks to set up armament
factories in Vietnam for export to third-party countries. Steel
ministry also hopes that Vietnam would become a prime
destination for Indian businesses, especially in defense
and military sectors. India has the potential to emerge as a
global platform for defense research, manufacturing, supply
chain sourcing, software development, and offsets which
will strengthen defense capabilities of the country spurring
industrial development as well as exports from this sector
to smaller countries in Asia (released report of ministry).
Aerospace industry, a joint venture between India and
Russia, will exhibit for the first time to promote indigenous
design and development of defense equipment, a new
category of procurement as Indian-Indigenously designed,
developed and manufactured has been introduced in DPP
and the same has been accorded top most priority for
procurement of capital equipment.
The 'Make' Procedure has been simplified with provisions
for funding of 90 per cent of development cost by the
government to Indian industry for design, development
and manufacture of Defense equipment. In the year 201617, total value of issue to Army was Rs.11, 867 Crore and in
2017-18 the value of issue was Rs.11, 413 Crore. For 201819, the Budget Estimate (BE) allocation to Ordnance Factory
Board (OFB) by Army is Rs.11, 742.42 Crore.
Department of Industrial Policy & Promotion (DIPP) has
issued 379 licenses to 230 Indian companies till June,
2018. Industrial license applications are forwarded by
licensing authority i.e. Ministry of Home Affairs (MHA)
and Department of Industrial Policy & Promotion (DIPP)
to Department of Defense Production for its views. These
are examined by the Standing Committee on Private
Sector Participation which comprise representatives from
Ordnance Factory Board and Public Sector Undertakings.
The present approved National Steel Policy aims to raise
domestic crude steel capacity to 300 million tonnes by 203031 and the alloy policy not only aims at increasing the output
of alloy & special steels but also at producing more grades
of alloy & special steels in the country meeting international
standards. Current level of special steel production in the
country is only at the level of 134 million tonnes.

*Ex ASP, Durgapur; Member of Metallurgical Consulting Team
E mail: srichakraborty41@rediffmail.com
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of India has set a target of meeting 70% of defense needs
internally to be met by 2019, leaving about 30% for import.
This opens up a huge opportunity in this sector. The
government has launched its ‘Make in India’ initiative and
also has streamlined its Defense Production Policy (DPP)
to boost indigenous manufacturing of defense equipment.
India’s military aircraft market is likely to grow at a CAGR of
4.3% from ~US$6 billion in 2015 to US$8 billion.
Ordnance Factories manufacture various products like
Artillery Guns, Small Arms, Mortars, Naval Guns, Tanks
and Variants, Infantry Combat Vehicles and Variants, Mine
Protected Vehicles, Logistic & Special Purpose Vehicles,
Ammunition, Explosives, Parachutes, Troop Comfort
Equipment and Day / Night Vision Devices for Armed Forces
and Internal security. Ordnance Factories manufacture
approximately 600 Principal Items. Few Major Principal
Products/Components are: Tow hooks, Jack components,
Transmission components, Protection components, Wheel
hubs, Fasteners, Tank track shoes, Tank track pins, Weapons,
Bomb components, Machine Gun/Rifle components etc.
Steel for Defense
The specific grades of steels like Armor quality, High
Nitrogen grade stainless steels and other grade stainless
steels, different grade alloy steels like Cr-Mo, Cr-Mo-Ni, CrMo-Ni-V - ranging nominal carbon content between 0.300.50%, 15CDV6 and many other special grades for different
application areas. Each specific type of steel has a listing of
its constituents in steel making, rolled or forged, grade and
product wise heat treatment, surface treated and finishing,
or a dozen (or more) other variables. Few Steel Products as
components used for manufacturing defense equipment
are out-sourced from reputed manufacturers/ producers/
vendors.
1. Cold Finished Steel Bars for missile & nozzle body,
barrel etc. → Cr-Mo steel,
2. Cold Finished Steel Bars Medium caliber ammunition
→ Cr-Mo steel,
3. Hot Rolled Carbon Bands Shell Casings → Carbon steel
4. Hot Rolled Carbon round bars for projectile / mortar →
Carbon steel
5. Hot Rolled Round Bar AISI 1030, 25mm for cartridge
cases → Carbon steel (C 0.30, Mn 0.60, Si 0 .25, S & P
0.035 max)
6. Hot Rolled Round Bar, AISI 1144, munitions →
Carbon steel (C 0.40, Mn 1.50, Si 0.25, S 0.105,
P 0.040max)
7. Hot Rolled Round Bar, AISI 1215, munitions →
Carbon steel (C 0.09, Mn 0.90, Si < 0.05, S 0.30,
P 0.65)
8. Hot Rolled Round Bar, AISI 5160H → Alloy steel ( C 0.60,
Mn 0.9, Si 0.25, S & P 0.035 max, Cr 0.80), 8650H→
track pins, ( C 0.50, Mn 0.9, Si 0.25, S & P 0.035 max, Cr
0.55, Mo 0.20),
9. Plates-Carbon, HSLA ( stands for high strength low
alloy) and 4140 Alloy ( C 0.42, Mn 0.65, Si 0.25, S & P
0.035 max, Cr 1.0) – different components,
10. Plates-Carbon, HSLA, it is a type of carbon steel that

Defense Production Strategies
The Policy adopted based on the following criteria
1. Fostering a competitive, innovative and robust defense
industry.
2. Encouraging collaborations to acquire latest technology,
manufacturing processes, skill-sets and R&D.
3. Providing a boost to MSMEs and Start-ups.
4. Strengthening infrastructure, including QA/QC/testing
labs, both within public and private sector.
5. Enabling ease of doing business.
6. Enhancing defense exports.
Vendor Development and Outsourcing of OFB and DPSUs
This program will activity focus on system integration,
design and development engaging domestic vendors in the
private sectors for needed component supply and various
assembly work. Similarly, private defense majors will also
be encouraged to play the role of a System Integrator and
setup an extensive eco-system comprising development
partners, specialized vendors and suppliers, particularly
from the MSME sector.
In the area of developing Vendors in Ordnance Factories,
the responsibility of 'Vendor Registration and Development'
initially was with the Director General Quality Assurance
(Inter Service Organization), and shifted to Ordnance
Factories and defense PSUs in 2005. This new responsibility
was taken up in good earnest by the management with
laying down sufficient details regarding developing of New
Vendors depending on the products/ weapons/ equipment,
the companies will be required to comply with the security
protocol as per categoriesA: Products under this category classified as highly sensitive
from the security angle.
B: Products under this category semi-finished products,
subassemblies, sub-systems of main weapons/
equipment/ platforms and some finished products of
lesser degree of sensitivity.
C: Products under this category would include products
which do not involve use of any classified/ secret
information and are very generic in nature.
To reduce current dependence on imports and to achieve
self-reliance in development, manufacture of following
weapon systems/platforms has been planned latest
by 2025 as Fighter Aircraft, Medium Lift and Utility
Helicopters, Warships, Land Combat Vehicles, Autonomous
Weapon Systems, Missile Systems, Gun systems, Small
Arms, Ammunition and Explosives, Surveillance Systems,
Electronic Warfare (EW) Systems, Communication Systems,
Night Fighting Enablers etc.
Defense Market
The Indian defense market is the seventh largest defense
market across the globe with over US$40 billion budget.
The market is expected to witness a healthy growth rate till
2019, growing at a CAGR of about 7.0%. India is expected
to spend more than US$250 billion on defense equipment
and services by 2022 and ~40% of the defense budget is
dedicated to capital expenditure that focuses on capacity
building for arms and related equipment. Government
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has small amounts of alloying elements added to
its chemical composition primarily to increase the
strength of the steel. In addition to being able to
provide increased strength over carbon steel, HSLA
steel can also be made to have higher toughness and
be more responsive to heat treatment. The alloying
elements can also be used to increase the corrosion
resistance of the steel - Naval Shipbuilding and Repair
Plates.
11. Sheet/ Bar/ Tubes → 15CDV6 (C: 0.12-0.18, Mn:
1.1max, P: 0.025max, S: 0.015max, Si: 0.20max, V: 0.20.3, Cr: 0.25-1.5, Mo: 0.8-1.0, H2: 3ppm, O2: 30ppm,
N2:70ppm), This grade, developed by Defense, is low
carbon steel having high yield strength about 800
MPa, Elongation 13% and hardness 207 HB with good
toughness and good weldability with very little loss
of properties and does not need heat treatment after
welding, being used in aero-space and motor sports
industries.
12. DMRL has developed armor quality steel which has
been successfully processed by SAIL. Both melting
and process metallurgy are very important in the
development of armor quality steels having specific
properties.
Annual requirement (Ton) for specialized steel Grade
(Defense Specification) DMR 249 A/ 249B- 750-1000, DMR
292 -200, DMR- 1700 100, AB-3 200, SPADE 4000, Jackal
4000-6000.
Strength of IF Units
Induction furnace units in the country produce all the above
mentioned grades and products mentioned above (in sl.no
1 to 11) strictly meeting the requirements of customers.
While producing the grades, IF units consider the chemical
composition as the most important factor which affect
the mechanical properties of steel materials. Addition of
chemical elements e.g. C, Mn, Cr, Ni, Mo, Nb and V etc.
to meet specification is done either in furnace or during
tapping in ladle or at secondary refining stage. However,
these additions though add cost to the steel materials but
improve properties like yield, ductility, toughness, corrosion
and weldability individually or in collective way. The down
line processing units like forging, rolling, casting and heat
treatment are also capable of delivering products.
Weakness of IF Units
In absence of secondary refining facilities in many units
may be due to small furnace size, it is difficult to take
critical grades which require clean and ultra-clean steel still.
However, IF units putting their best efforts to melt few of
such grades.
Application of Defense Special Grades
1. Ordnance Factory (OF) and Heavy Vehicles Factory (HVF)
Spade – MBT (T-72, T-90, Arjun), Bullet/ Mine proof
vehicles,
2. Jackal – MBT-II, Bullet proof, Jacket, water towers and
security posts, SAIL Kavach- Bullet Proof Vehicles and
Jackets SAIL Abhed- Bullet proof Rail wagons,
3. SAIL Rath- Carriage for Bofors Guns Mine protected

Vol.22 No.7 JULY 2019

Vehicle by Ordnance Factory OF manufactures MPVs
which are required by homebound security agencies
like CISF, BSF etc. Each vehicle requires 5-7 tonnes of
armored plates in the thickness range of 4-8mm,
4. NAVY- Warships/ Aircraft carriers Submarines DMR 249A,
Warship hull/ Body DMR-249B, Landing and Takeoff
Platforms DMR-249AZ, Support for Landing and Takeoff
Platforms DMR-249A7 -22 mm plates are required in
Q&T Condition below 22 mm can be used as rolled 292
A & AB-3
Armor Quality Steel
High resistance to withstand ballistic impacts with
adequate fatigue, high hardness & wear resistance under
service conditions and fabrication properties are known as
armor quality steel which directly determines the ballistic
performance and perforation mode. There is no basic
correlation between hardness and resistance to perforation,
as measured by the protection ballistic limit. However, effect
of alloying elements, stage-wise process standard and heat
treatment process even sacrificing cost improve the ballistic
performance as well as toughness of the steels. Essential
requirements needed for fabrication of armor steel products
e.g. cutting, welding, machining and forming are low carbon
equivalent, limited segregation, low hydrogen content, low
residual stress and high ductility.
The working principle of a typical armor material depends
on the reality of stopping the attack by the sharp tip of steel
or other heavy metal-based penetrator, mobile launcher
and internal security vehicles with its high hardness and
capable of being used in temperatures as low as -40°C.
The technology of Armor quality steel in the country was
developed in early 70s by DMRL under guidance of Dr. P.
Rama Rao, Director, DMRL jointly with ASP, RSP process
route when steel melted at ASP in 50T EAF followed by
degassing in RH unit and ingots sent at RSP for rolling and
treatment. This material is used for infantry and light –
weight bullet proof jacket s by optimizing chemistry and
process parameters in melt shop, forging, rolling, heat
treatment achieving desired level of micro-structure and
mechanical properties.
DRDO under the leadership of Scientist Dr. G.Malkondaiah,
developed steel both hard and tough for naval application
jointly with research & development engineers of Bhilai
Steel Plant ( reference to report of technologist Mr.
P.K.Dutta who was actively involved in the project) and the
directorate of naval design.
Steel Cleanliness
Liquid steel must be vacuum degassed to reduce the
Hydrogen content of the steel whilst also decreasing
the amount of undesirable Oxygen and Nitrogen. Close
control of chemical composition and final microstructure is
maintained through the use of ladle refining furnace with
calcium injection. Argon bubbling through the heat during
steelmaking and alloying additions made under vacuum.
Following steelmaking, integrity of slab product is ensured
by the use of electromagnetic stirring, continuous casting
and controlled cooling of slabs prior to plate rolling. Finally,
plate rolling is carried out in a computer controlled four high
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strength, hardness and high strain rate behavior. Other
important topics such as toughness; the adiabatic shear
phenomenon; structural cracking. In one steel mill in Acroni
Jesenice, Slovenia, new low heavy weight grade armor steel
PROTAC 500 has been developed as better quality product.
Only making the higher hardness armor grades such as HHA
is a poor choice for applications as it reduces penetration
resistance because impacts of blunt fragments cause high
strength steels to fail by adiabatic shear plugging, a low
energy failure mechanism.
There is no difference between the ballistic performance
of Ultra High Toughness Armor (UHTA) (450HB) and HHA
(512HB) which is also seen across other plate thicknesses.
The UHTA grade has a leaner alloying element content,
providing improved toughness and weldability compared
to HHA. However, UHTA would be a better choice than
HHA for structural applications and its more consistent
ballistic performance may allow a weight saving for some
protection levels. More recently, ultra-high hardness armor
UHHA (>570HB) steels have been produced that have been
assessed and applied as practical armor materials which can
offer considerable performance improvements over HHA
fulfilling an equivalent ballistic role to dual hardness armor
but as a homogenous plate.

rolling mill in which each draft is modified during rolling
for optimization of final properties. The net result is steel
with improved toughness, structural integrity and fatigue
resistance, providing consistent product performance in
service.
To meet these requirements, the worldwide armor
community has increased the availability of quenched and
tempered armor steels by updating current steel military
specifications having optimized ballistic performance
against a range of battlefield threats and continue to be
highly competitive armor materials. Since, ballistic and
structural performance of armor steels are very important,
the fabricators should get reference of performances about
armor vehicle capability form armor designers and quality
assurance persons.
Russian Armor steels are classified as
1. Si-Mn-Mo grade where C ≤ 0.29, Yield Strength 14001550MPa, Hardness 444-495 HB,
2. Si-Cr-Ni-Mo grade where C ≤ 0.24, Yield Strength 14501550MPA, Hardness 444-495 HB,
3. Cr-Ni-Mo-V grade where C ≤ 0.47, Yield Strength about
2100 MPa, Hardness 511-555 HB. (Nothing more
information available because of confidential ground)
The relationship between the mechanical properties of
armor steels, specifically their mechanical metallurgy, and
ballistic performance is primarily determined by material

Chemical Composition of few grades of armor steel produced by some countries:
Composition
500
400
Thyssen
Carbon
0.3
0.2
≤ 0.2
Silicon
0.7
0.7
≤0.5
Manganese
1.7
1.7
≤1.6
Phosphorus
0.030
0.030
≤0.020
Sulphur
0.015
0.015
≤0.005
Chromium
1.5
1.5
≤1.0
Nickel
0.8
0.4
≤2.25
Molybdenum
0.5
0.5
≤0.7
Boron
0.004
0.004
Vanadium
≤0.05
Mechanical Properties
Yield MPa
1250
1000
1100
Elongation
8
10
8
Hardness HB
480-540
360-420
280-640
30,-400C
30,-400C
Impact Charpy
20,-300C

Perforation in Jacket
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Body Armor

ARMOX
0.32 max
0.4 max
1.2 max
0.010 max
0.003 max
1.00 max
1.8 max
0.7 max
0.005 max

1250
8
490-540
32,-400C

Bullet Proof Steel
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floating docks which also provide ballistic protection to
combat vehicles and battle tanks. In addition, Essar Steel
products are used in the construction of Coast Guard vessels
and in the repair of naval ships. Essar Steel aims to participate
in the indigenization of products used in Naval Defence,
including naval destroyers, offshore patrol vessels used by
both Navy and Coast Guard, rocket launchers, floating docks
and submarines. In Land Defense, their products are used
for battle tanks, motor casing of missiles, mine protected
and combat vehicles, military and civil vehicles, artillery
guns, morcha and machan.
Jindal Stainless – As the country’s largest stainless steel
producer, has successfully entered into the Indian defense
market in collaboration with on DRDO for producing High
Nitrogen Steel (HNS) used in armament applications to fulfill
the vision of Make in India Policy. The usage of HNS instead of
the existing imported Rolled Homogenous Armour (RHA) will
result in 50 per cent cost efficiency for armour applications
reducing weight of equipment. This corrosion resistance
steel with exceptional ballistic and blast protection facilities
with reduced thickness than the existing materials can be
used in manufacturing lighter armour vehicles exhibiting
higher energy absorption enhancing crashworthiness to the
entire artillery system.
Domestic private firms have a significant opportunity, says
Kabir Bogra, associate partner at New Delhi-based law firm
Khaitan and Co. “The serious players in the space have been
investing for the past decade or more (Tata group, Bharat
Forge Limited, Punj Lloyd, Tata Power SED, Larsen & Toubro,
Reliance Defence, and Mahindra Defence Systems) and
have built a portfolio in electronics, land systems, aerospace
products and short-range missiles. Most of these are either
in talks or have already concluded framework arrangements
with foreign original equipment manufacturers (OEMs),
therefore to a large extent, the preparatory work is
completed or in progress,” he said.
The trends of worldwide armor community is currently
accelerating efforts to deliver lightweight armor technologies
that can defeat armor piercing (AP) projectiles at reduced
weights and that they are available across a large industrial
base . While many of these programs involve the application
of lower density metals, such as aluminium and titanium, the
selection of steel alloys is still competitive for many ballistic
and structural applications particularly Medium carbon CrMo, Cr-Mo-Ni and Cr-Mo-Ni-V grade steel materials. The
ability to produce armor components in both commercial
and military operational areas with available equipment and
personnel is a major advantage of steel based solutions.
The industry leaders in armoring vehicles with ballistic
protection ranging from hand gun standard to high powered
rifle protection are trying to provide superior protection,
utilizing ground up designs with the latest technology.
Defense units have over a decade of combined armor
fabrication and survivability design experience are gaining
reputation for quality manufacturing with professional
expertise, Photographs of Defense equipment are as shown

Defense Tie Ups with Main & Major Steel Plants
The Tata Group has more than eight companies in the
defense manufacturing sector e.g. Tata Advanced Systems,
Tata Consultancy Services, Tata Advanced Materials Limited
(TAML), Tata Motors, Titan Company, Tata Steel (Specialty
Steel business in Europe), TAL Manufacturing Solutions,
Tata Power Strategic Engineering Division. These companies
offer end-to-end design to manufacture solutions even
manufacturing various composite parts for aerospace
applications, structural components, engine components,
personal and vehicle armor. In fact, it’s the first company in
India to be certified in composite manufacturing, supplying
personal armor products to the Ministry of Defense, Govt.
of India for the Indian defense forces. Also, supply high
integrity alloys to military, aerospace programs around the
world where end users being Airbus and Boeing.
SAIL - Most of heavy industry and major steel plants in India
have been built by Russian help. Solar Energy Corporation
of India signed a MoU with the Russian Energy Agency to
construct solar plants and a single largest nuclear power
station. Indian Navy’s Directorate of Naval Design, in
collaboration with DRDO and SAIL, has developed a special
grade of steel for indigenously designed nuclear-powered
stealth submarines. The joint initiative of DRDO and SAIL for
local production of the new grade of steel would allow the
country to progress on indigenous development of nuclearpowered submarines. It would also help the country to save
precious foreign exchange.
The special steel has been tested for use by nuclear powered
submarines at SAIL’s Rourkela plant. Code named DMR292A
exclusively for underwater projects as a big achievement
for the country as other exporting nations that produce the
special steel were either unwilling or unable to continue
selling it to India. The new special military grade steel is
un-breakable in nature but can bend in need suiting to
tailor made requirements of the armed forces and is far
more sturdier than ordinary type capable of being used
in temperatures as low as minus (-) 40°C having power to
absorb ballistic impact. SAIL is actively associated in the
projects of Indian Navy supplying warship-grade from RSP
for the Indigenous Aircraft Carrier-1, called Project 71 (P-71).
DMRL worked with SAIL technologists to develop and set
up a production line of the steel, called DMR249A at the
Bhilai plant over the last seven years. Another variant of the
steel, called DMR249B was made at the Alloy Steel Plant in
Durgapur which is used in the repair of the Indian Navy’s
Russian-origin submarines and to build anti-submarine
warfare corvette, the INS Kamorta. The special steel has
twice the price of other grades of industrial-purpose metal
but comes at almost half the cost of the imported variety.
This has helped in saving foreign exchange in the country.
Further, armoured plates for Russian-origin T-72 and T-90
tanks are produced by SAIL as raw materials for indigenous
Main Battle Tank ‘Arjun’ and for mine-protected vehicles.
Essar Steel – Products of Essar steel as part of import
substitution in defense have been used in the construction
of advance naval destroyers, off-shore patrol vessels and
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Ammunition Hardware, .32” Pistol, 84mm Rocket
Luunchar,
10. OF, Dum Dum – Ammunition hardware, components,
11. OF, Trichy – 7.62mm Rifle, 12.7 AD Gun & Spares, 30mm
cannon for BMP II, 14.5 mm Sub-calibre device for T-72
Tank, 23 mm Ghasha Twin barrel Gun for MIG,
12. OF, Korwa – Carbine (planned),
13. HVF, Avadi – Battle Tank T-90 and MBT Arjun, Combat
Improved Ajeya Variants, Tank Spares & Overhaul of
T-72,
14. Engine Fcy, Avadi – Engines for Battle Tanks and Infantry
Combat vehicles, Overhauling of Engines,
15. OF, Medak- Infantry Combat vehicles Sarath, Variants,
Bullet Proofing Cars & Spares for ICV.
Conclusion
Defense equipment have to meet highly exacting standards
meeting all the properties. In the face of operation,
equipment failure cannot be tolerated. Recently, the defense
ministry has finalized its roadmap for the selection of private
sector companies for mega military production orders and
related supply of components based on the criteria of their
financial strength, technical capabilities, quality control
measures and existing infrastructure to reduce import.
The private sector has to remain content with the supply
of some low-tech items to DPSU and Ordnance Factories.
In addition to the public undertakings, there is a small but
growing number of medium large private companies that
have already entered, or, are seriously evaluating entry into
the market. These are in addition to about 6000 MSMEs that
have largely depended upon the DPSUs for survival. There
is enough opportunities for IF melting and down-stream
processing units producing steel products at international
quality standard to enter in supplying raw materials for
manufacturing Defense equipment.
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The major defense production units, their activities using
alloy & special steel items in the country are listed as follows:
1. MSF, Ichapore – Various Ferrous & Non-ferrous casting,
extrusion, components, cartridge cases, shell forgings,
Light/Medium/Heavy forgings incl. barrel forging,
2. GCF,Jabalpore – Light field gun, T-72 Tank gun recoil
system, carriages for artillery gun, anti-aircraft gun,
mortars,12 bore pump action gun, various ammunition
packages,
3. VFJ, Jabalpore – Army transport & logistic vehicles,
mine protected vehicles,
4. Grey Iron Foundry, Jabalpore – Automobile castings for
vehicle and other applications,
5. OF, Kanpur – Medium & high caliber gun, mortar
bodies, ammunition hardware,
6. SAF, Kanpur – 5.56 mm LMG, LMG 7.62 mm, MAG 7.62
mm, 50” Rifle sporting, 0.32” Revolver, 9mm Carbine,
7. Field Gun Fcy, Kanpur – High caliber Ordnance & Spare
barrels, 0.32” Revolver,
8. Rifle Fcy, Ichapur – 5.56 mm INSAS Rifle, Pistol 9mm
auto,0.315’ Sporting Rifle, 22” Sporting Rifle,
9. Gun & Shell Fcy, Cossipore – Medium Calibre Gun,
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EXTRAMURAL ARTICLE
Lost Wax Process of Metal Casting in 13th Century India
Viraj Sardesai*
Abstract
Study of thirteenth century Marathi literature strongly
indicates existence of 'Lost wax process of metal casting' in
contemporary India. Surprisingly, the evidence comes from
literature of Saint Jnaneshwar.
Introduction
India has a long history of excellence in metallurgy and
metal casting. The corrosion resistant iron pillars of Delhi
and Kollur date back to at least 3rd to 5th century CE [1,2].
Similarly, ironpillar of Dhar, now in 3 pieces, dates back to
12th century CE [3].
Earliest extraction of zinc in the world was in 13th century
India. By 1374 zinc had been recognized by the Hindus as a
new metal, the eighth known in that day and age, and zinc
production and trading was already underway on a limited
scale [4].
Exquisite, precise and large castings of Shiva Nataraj and
other bronzes date back at least to Chola period of 10th
and 11th century CE. A traditional method to create these
precise castings is lost wax (or investment) casting process
[5].
In the lost wax process, an exact copy (or copies) of a model
can be created in metal. In the simplest process flow, a wax
model is first created, which is then used to create a mold.
After which the wax model is melted and drained away and
mold is filled with hot metal. The mold is broken to reveal
the model in metal. The metal model can then be used to
create multiple copies of wax models.
This process was used to create jewelry, metal objects, small
and large icons. The most advanced present day use of lost
wax process is in manufacture of exact copies of jet engine
turbine blades with high temperature alloys.
13th Century Marathi Sources
Two separate references to lost wax process are found in
the works of Saint Jnaneshwar (1275¬-1296 CE). A brief
history of this extraordinary saint is in order.
Jnaneshwar (also known as Jnanadev) born in 1275 CE,
was a child prodigy like his three other siblings. He wrote a
commentary on Bhagavad Gita at the age of 15. This work
called as BhavarthaDipika or Jnaneshwari comprising of
9000 verses leaves no doubt whatsoever about the date
of its writing. A verse in it specifically indicates that it was
written in Shaka 1212 i.e 1290 CE. He also wrote over
one thousand songs called abhangas (literally, 'unbroken'
hymn). Even today, both Jnaneshwari and the abhangas

are considered as masterpieces of Marathi literature and
poetry, unsurpassed by any author since then.
Since Saint Jnaneshwar took a live samadhi in 1296 CE, the
chronology of his writings can be bracketed neatly to a very
specific time period of history (around 1286 to1296 CE).
Jnaneshwar's literary style consists of giving several
analogies on even a simple subject to elucidate its meaning
thoroughly. In this he uses examples from whole range
of subjects from life, nature, animals, stars, philosophy
and so on. It is in his analogies some startling information
is revealed. For example in one of his verses he clearly
mentions that although the sun appears to be moving, it is
the earth that moves around the sun. It should be noted
that Jnaneshwar makes this observation at least 250 years
before Copernicus who 'first' propounded heliocentric
model of sun and the planets!
First Reference to Lost Wax Process
In the 6th verse 249 of Jnaneshwari, Saint Jnaneshwar gives
the analogy of lost wax process.
The verse written in old Marathi, its transliteration and
meaning in modern Marathi and in English are given below:

¶FF¶FPáFÜFW ÛF]õFW— ÛFWµF PÎFfFXPÎF ¡FFÜF ¡FYõFWk— ÛF;F =+Xk¼áFU ÞFùW ÞõFWk— æFX¶FáFWPÎF
—— 6:249——
Transliteration - Tataliye muse, menanighonizayazaise,
magakondaliraherase, votaleni II 6:249 II
The modern Marathi meaning of this verse given by
Dandekar [6] is:

¶FFÑFáFWáÜFF ÛF]èFU¶FUáF ÛFWµF PÎFfF[ÎF ¡FFI+ÎF ¶FU ÛF[õF ¡FèFU ¶F]õF¶ÜFF EX¶FáFWáÜFF
ÞõFFÎFW˜F ÚFàÎF ÞFù¶FW.
This is translated in English as:
The heated mould is drained out of the wax and then
remains filled with molten (metal) [7].
Jnaneshwar clearly refers to molten metal as 'rasa' when he
mentions it in another verse from Chapter 13 verse 515 :

ÍF°F°U¶F áFXùÞõFU —...—— 13: 515——
The modern Marathi meaning of this verse given by
Dandekar is
ÞõFÞèFU¶F ¶FFÑFáFWáÜFF áFX&Fk°F˜ÜFF ÞõFFÛFÍÜFW [8].
Second Reference to Lost Wax Process
In one of his songs (abhanga) Saint Jnaneshwar again gives
example of Lost wax process. At the end of abhanga 365 he
writes :
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them from Metallurgical engineering perspective that
revealed this startling piece of history. Hence, we need to
look at all ancient Indian literature from different scientific
and technical perspectives to uncover other hidden gems.
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Transliteration - Musa otuniya mena sandila || 365 ||
The modern Marathi meaning of this verse given by Joshi
[8] is:

ÜFF ÛF]èFU¶F ÞõF EX¶F[ÎF ÛFWµF õFFk°[ÎF ©F=+áFW

This is translated in English as:
The wax was removed (poured out) and molten metal was
poured into the mold[7].
Conclusion
Thus, there two separate and specific mentions in Saint
Jnaneshwar's works of wax being removed / drained and
molten metal being poured into the mold. Hence it is clear
Jnaneshwar is referring to Lost wax process of metal casting.
Jnaneshwar's not only wrote Jnaneshwari at age of 15
years, but also gave daily discourses on yoga and philosophy
to lay people. Hence it is reasonable to conclude that the
Lost wax process may have been of common knowledge in
13th century India. The layman may not have been aware
of the details of the process but must have been capable
of understanding its reference just as a 21st century
layman may not know details of semiconductor process but
understands the term 'chip'.
Follow up
This is by no means an exhaustive study of Jnaneshwar's
works, let alone others. This popular work has been read by
millions over the centuries, so these verses and meanings
have been known for many centuries. Yet, it is looking at
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EXTRAMURAL ARTICLE
The Future of Mankind, Industry 4.0 and Materials Science
Hem Shanker Ray *
Abstract
Industry 4.0 refers to the coming of the fourth industrial
revolution that would lead to mankind’s future and which
needs a paradigm shift in our academic endeavours. So far
our R and D has mostly comprised incremental attempts to
push boundaries of our knowledge. Sometimes there is the
so-called cutting-edge research in frontier areas which all are
meant to change our future. The new approach will require
reverse thinking in the sense that it is now well accepted
that certain changes are inevitable and one needs to do the
appropriate things to be prepared well in competition with
others so as not to remain behind the advanced nations.
The future foreseen by many will define the R & D and not
the other way around.
This article first sees mankind’s future and explains the
meaning of Industry 4.0. It will then discuss the role
materials science is required to play.
Introduction
“A revolution is coming which will be peaceful if we are wise
enough; compassionate if we care enough, successful if we
fortunate enough— but the revolution is coming whether
we like it or not. We can affect its character, we cannot alter
its inevitability”.
— Robert F Kennedy.
Kennedy said these words in the context of social change
but they are equally applicable for the coming industrial
revolution also. The fact is that what the future would be, or
rather bound to be, may or may not appeal to all of us but
then it is better to accept what is inevitable and be prepared
to play the right role for it.
Methods and forecasting
There is a branch of science called Forecasting where experts
make predictions about something or other all the time.
There are forecasts for weather, economy, election results,
law and order situation, profit and loss in the industry,
import-export, tourist influx, literacy, population, health,
energy crisis and so on (See H. S. Ray, P. Mishra and R. K.
Galgali, Science Reporter, No.10, March 9,2000, p 19). We
keep astrological forecasts outside the scope of this article.
Different methods are used for forecasting based on some
deductive logic and some others based on inductive logic,

intuitions, subjective experiences and opinion polls. In every
method predictions make use of information available at a
given time. Obviously, always there are uncertainties in
information and assumptions and, therefore, predictions
can be horribly misleading. Strangely, the so called
knowledgeable experts are often poor in seeing the future
because they may be rich in knowledge but not so in
imagination.
A common method for forecasting is extrapolation where an
appropriate mathematical equation is fitted to some present
data points and a trend is predicted for the future beyond
the studied domain. However, this method will not work if
some factors affect the ongoing trend suddenly. Surely one
cannot extend the data on the increase in the height of a
child into the future because puberty will give a spurt in
early teens and beyond that growth will slow down beyond
the age of twenty or so to reach a limiting value. Humans
are unlike snakes and beavers who never stop growing.
Well-fed anacondas, and pythons can grow to astounding
lengths and massive bodies if only they survive.
India and China’s steel industry stood around a capacity of
1 mty after our Independence. Initially the growth in India
was good with an exponential rate and the capacity was
supposed to touch 100 mty by the turn of the 20th century
but there was a set-back in 1965 due to war with Pakistan
and the country took years to recover, the 100 mty is about
to be reached. But China experienced astounding growth.
Foreseeing and gift of prophecy
In the 1930s the National Academy of Sciences, US collected
opinion of some scientists about the future. It is amusing that
as a body the experts failed to foresee even nuclear energy,
jet aircraft passenger travel, rocketry, space exploration etc.
let alone the Internet. The famous scientist Lord Kelvin had
said in 1895 that heavier then air flying machines were just
not possible (the Wright brothers proved him wrong only
after a few years) Thomas Welson, Chairman of IBM in 1949
opined that there could be a world market for may be five
computers. In 1977, Ken Olson, Chairman and Founder of
Digital Equipment Corporation said that there was no reason
why anybody would want a computer in their homes. Even
Bill Gates said in 1981 that the limit for computer memory
would be only 640 K bites whereas today’s computers have
gone far ahead of this. Experts, somehow, are imprisoned
by their knowledge. Few foresaw the disintegration of the
British Empire and so they were spending huge amounts
of money, building the Victoria Memorial Hall in Kolkata
and the Capital buildings including the Viceroy’s House
(now the Rashtrapati Bhavan in Delhi) only years before
the Independence. Similarly, experts did not foresee the
disintegration of the Soviet Union and emergence of
Bangladesh.
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However, many who are not burdened by acquired
knowledge can often see the future more correctly and
children seem to be specially gifted in this.
A gift of prophecy is there in everyone, especially the
children. The Principal of a school in Buffalo, USA once
asked his students in 1953 to make some predictions for
the future and secured them in a sealed envelope. Opened
many years later it was found that several students had
predicted three hour transatlantic flights, Polaroid cameras,
four fold increase in price of things and so on which were
all accurate. There was a similar study in MIT, Cambridge
and there were correct predictions of Adolph Hitler’s career,
duration of WW-II (4 years), German defeat etc.
Centuries ago Leonardo da Vinci imagined machines to
be used in the future and drew elaborate designs which,
unfortunately were never built then. This prophet of
technologies drew submarines, parachutes, helicopters,
hand gliders and many more. A machine was actually built in
1968 according to his proposal and drawings of a mechanical
adding machine and it worked. Jules Verne wrote a novel in
1863 titled Paris of the 20th Century, but first published 131
years later (1994), in that book there were predictions about
steel-glass skyscrapers, elevated and underground trains,
gasoline powered vehicles, fax machine and the internet.
Collective prophecy
Collective prophecy is even better. After WW-II the think
tank of Rand Corporation in America was asked by the U.S.
Air force to give an estimate as to how many Hiroshima type
atom bombs will cripple the US during a nuclear war. The
method developed was considered so revolutionary that it
was kept a top secret for a long time (the answer was 150200). The method, mode known later was named Delphi
after the temple of Delphi in Greece which was famous
because, on certain days, the Goddess there was said to
make correct predictions. The method, developed by Rand
mathematicians Olaf Helmer and Normal Dalkay used group
intuition to amplify individual predictions. In Delphi, experts
do not know about each other and first give their operation
individually. Then all of them are given the opinions of
others to revise their own opinions, if they so desired. After
several rounds there is a convergence which is taken as final.
At least some 20 imaginative experts are involved.
Of course, here are many special areas where prior
information is essential as in advances in biology, medicines,
and technologies. Yet who could predict sudden unexpected
developments in penicillin, AIDS, polythene packets for
shopping, suitcases, made of plastics, plastic use in car
bodies, liquid detergent, satellite etc. All were unforeseen.
At best there may have been assumptions. Who can reject
outright the possibility of a new energy source?
The elders in our society have seen the coming of electric
fans, fridge, AC, B & W and then colour TV, colour movies,
calculators and then rapidly, Fax machines, Internet,
mobile phones, laptops and many more things. There will
be innumerable newer innovations. There will be movable
houses without any electrical wiring, trains without railway
tracks, aerial vehicles, vehicles with no dependence on fossil
fuels etc.
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Now with more things around we can foresee many more
things. People talk about nanotechnology, biotechnology
and quantum theory based products and services, robots
superior to humans, age and death defying genetic
transformations, creation of new life forms, nano robots
travelling inside human body for disease treatment,
interstellar travel and many more. There will be brain
implants, microsurgeries, artificial organs, complete
recirculation of materials, stoppage of primary production
new energy sources etc. We will discuss our Future again
later in this article.
Scientists organise conferences on advances in this or that
area of research but some unexpected development can
make them irrelevant. Dr. Raghunath Mashelkar, the former
Director General of Council of Scientific and Industrial
Research and National Professor, advocates making
innovation part of the natural agenda saying that it should
not be the periphery but the core. He constantly talks about
changing to pole vault from leap frog, to systematic approach
from ‘Jugad’ and incremental to disruptive innovation.
Note that things are changing faster than before. The old
incandescent light bulb with 6% energy efficiency (EE) ruled
for a hundred years and then fluorescent lamp with some
3-4 times EE became common for about 30 years. Then
came CFL and now LED with higher EE has come. In another
ten years they would all go and houses would be lighted by
light emitting walls. We may also understand the secrets of
bioluminescence of the fire flies.
Industry 4.0: The fourth industrial revolution
The term Industry 4.0 originated in Germany (in German
Industries 4.0). Originally used w.r.t. manufacturing only.
Today de facto it goes much further. In March 2017 Japan
announced a far reaching programme that goes beyond
transformation of manufacturing and any other industry
their proposal called Society 5.0 which goes beyond Industry
4.0 to include culture, legislation and even philosophy.
There is much literature on Industry 4.0 in the Internet. Two
definitions are quoted here.
• Industry 4.0 is the digital transformation models with
smart manufacturing currently on the forefront. It
represents the so-called fourth industrial revolution in
discrete and process manufacturing logistics and supply
chain in the chemical industry, energy transportation
utilities, oil and gas, mining and metals and other
segments including resource industries, healthcare
pharmacy and even smart cities.
• Industry 4.0 is the information— intensive
transformation of manufacturing and other industries,
in a ‘connected’ environment of data processes,
services, system and IoT (Internet of things) enabled
industrial assets with the generation leverage and
utilisation of actionable information as a way and
means to realise smart industry and ecosystems of
industrial innovation and collaboration.
In essence Industry 4.0 is conceived as the next stage of
organisation and control in the full cycle of product value
chain. Integration is the key and initial goals typically would
be automation, manufacturing processes improvement
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and production optimization. This would involve the
following 9 elements— simultaneous system integration,
cloud computing, Internet of things (IoT), cybersecurity,
augmental reality, big data, autonomous robots and additive
manufacturing.
Stages in industrial revolution
The first real revolution started with the invention of steam
engine that used water and steam power to run all kinds
of machines that transformed the society with trains and
mechanized manufacturing. Of course, there was always the
problem of smoke and smog.
In the second revolution electricity played the main role in
mass production. Reliance on fossil fuels gave the problem
of global warming. The third revolution came with the
rise of computer and computer networks, robots and
manufacturing connectivity, the birth of the Internet (the Big
change). The problems we face today are computer wastes,
overwhelming dependence on silicon, unemployment,
cyber insecurity and crimes etc. With Industry 4.0 we move
ahead far more to achieve better connectivity, quality, speed
and both horizontal and vertical connectivity with IoT. The
energy source for driving this will change. There will be solar
energy, wind energy, perhaps energy from hydrogen also if
we can find ways to generate it from sea water economically
and then find a way of controlled combustion with air to
regenerate water. Dependence on fossil fuels will go and
global warming will be contained.
Industrial metabolism
The author has previously discussed (see Hem Shanker
Ray and Manojit Ghosh, IIM Metal News, Vol.17, No.5, Oct
(2014), p 18) that the industry is akin to a living organism
in the sense that it consumes water, energy and resources
to function and grow and it discards wastes. In nature all
wastes are consumed by other living things or processes
and the system is cyclic whereas today’s industries are
dissipative. Eventually the industry must mimic nature and
generate no waste. This will be possible through vertical and
horizontal integration as is envisaged in Industry 4.0.
The Future
The future of mankind 100 years from now may see the
following assuming that Global Warming is not allowed to
destroy the human civilization by then.
The world population will be stabilized around 8 or 10 billion
with India having the largest population of about 1.4 - 1.6
billion. A very large section will be shorter than now, may
be 5 feet or less as were many Japanese before the WW-II
(after which American high protein diet began to increase
the height of the population which depended earlier largely
on sea fish and sea weeds). Of course, there will be some
specially bred tall and heavy individuals for entertainment
and sport say, for Sumo and heavyweight wrestling, high
jumps etc. There will be short jockeys for horse racing.
Until recently there was a need for tall and big individuals
who were needed for battles and labour. These needs will
diminish as machines take over (our science fiction films
show aliens as small creatures). Moreover, most humans
will be vegetarians for better health and this will release
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four times agricultural area for crops that used now for
animal food. People will need less food too and there will be
no shortage of food. People would live beyond 100 routinely
with the help better medicines, artificial organs and bone/
organ replacements. CO2 from air will be used to produce
algae in water bodies and this will be turned to protein for
making food. Stem cell research will make possible growing
of duplicate limbs.
The world civilization would be more uniform in different
continents and national boundaries will not be so distinct.
Perhaps some kind of a world Government will function and
there will be no wars. Consumerism will be discouraged and
elements from Indian and Chinese societies will be more
prevalent.
Cities will be redesigned with less road space. Vehicles
will not depend on fossil fuels and many will be aerial.
Renewable energy will be common and there will be other
energy sources. The advances in electronics will be most
remarkable and artificial intelligence will be used widely.
Mankind can now transmit images and sound from one
place to another. It will learn to transmit the other senses of
smell, taste and touch. One can think of many other things.
The advances will, of course, come with some problems.
There will be unemployment but succeeding generations
will find more jobs as and when they acquire higher skills.
‘Tongawalas’ protested when public motor transport
came in but their descendants got many more jobs in
the automobile sector. Computers provided many more
jobs for the children and grandchildren of clerks in offices
who became irrelevant. The education system will change
drastically in future.
The Education system
Many new schemes to improve science education in India but
the basic structure has not changed. The most prestigious
Swarna Jayanti Fellowship for gifted post graduate scholars,
unfortunately, is going only to a select few institutions. The
others surely have talent too but they lack the teachers and
infrastructure to nurture them. Only salaries have increased
uniformly. Ranking of Indian Universities and Institutions
continue far below the top in global standards.
The exceptions seem to be IISc. Bangaloe, TIFR and a few
IITs and Universities. Some 53 of the 143 Fellowships have
gone to the first two institutions only as awarded by DST
between 1997-2016 (Telegraph, Calcutta Ed. Sept. 18, 2017).
7 Bhatnagar Fellows out of 10 received training from those
who were Bhatnagar awardees themselves. Thus, scientific
talent is concentrated in some locations only. Institutions
from which scholars received the scholarships since 1997
are as follows: IISc – 29, TIFR-24, IITS (five) – 31, CSIR Labs. –
11, IISER – 6, then 1-5 from other institutions. These shown
are failure to spread education uniformly.
Said Nobel Laureate Venkataraman Ramarakrishna
(Telegraph edition quoted earlier), ‘India should focus on
education specially science and technology and cut out
all the secretarian squabble about who eats what kind of
meat’.
India needs to introduce e-learning in a big way as soon
as possible and dispense with the conventional class room
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teaching. The teacher would then function more as a tutor
and mentor.
Materials Science
This write-up will be ended by a brief description of the role
‘Materials Science’ will play in the future. No matter what
happens in the future, man would always need materials
both natural and man-made. In the beginning of the Stone
Age when humans broke flints and rocks to make pieces
with sharp edges (2.5 million years ago!) they used the
first composite material made from resin and straw to fix
the sharp edged stone pieces or flint to wooden handles to
make axes. They used stone clay shells and then discovered
terracotta, burnt clay with superior strength. Ceramic and
glass followed from naturally occurring materials. The
next stage was the chalcolythic period (chalco-copper,
lythos-stone). First native copper found in nature was used
to make tools and then Egyptians found a way to extract
copper from copper minerals. They built the huge pyramids
and the temples using only copper tools five thousand years
ago. The copper age was followed by bronze age and iron
age. Till three hundred years or so only eight or nine metals
were known (Cu, Fe, Sn, Ag, Au, Hg, Zn and perhaps As and
Sb. (Note that many ancient Indian sculpture was made
of ‘Astadhatu’). Indians first learnt to produce Zn as early
as 800 AD and the art was kept secret even upto the 18th
Century. The Alchemists in the middle age and then modern
chemistry started discovering newer metals. Davy alone
accounted for some 30 of them. And then when electricity
was invented the progress was faster.
Newer materials and composites began to be created by
changing conventional properties of materials by various
means and/or combining different materials. Now the range
is almost infinite and it is possible to ‘design a material’ i.e.
create one according to the intended application.
There is now, in this space age, greater needs of light
materials Al, Ti, and Li specially. Li is additionally needed for
Li batteries. However, batteries based on heavy Pb would
not be replaced so easily. Today in storage of solar energy Pb
batteries outnumber Li batteries 7:1 and they are required
for energy storage everywhere.
In the future primary production would come down
remarkably and materials will be recirculated. Thus the
basic furnaces and Aluminium smelters will disappear.
Automation and robotics will rule and, therefore, the area
of sensors will have great importance. Other areas which
will need particular attention would include the following:
• Recirculation of so-called wastes.

• Materials for solar energy, wind energy, nuclear energy
and for other sources like ocean currents, waves, thermal
gradients in water bodies etc.
• Substitute for papers from plant materials e.g. mineral
powders compressed with resins.
• Lighter and stronger alloys.
• All kinds of sensors.
• Nanotechnology
• Robotics and artificial intelligence
• Remote control circuits
• Newer computer networks for use in education to
replace present day class room set up so that individual
student will grow to realize their full potential the
teacher being only a mentor. That is, different modules
for individual bearings
• Habitat for colonies on the moon and Mars.
• New class of materials with computer simulations,
theoretical modelling in virtual laboratories.
• Newer materials for smart clothing.
Materials science will determine the future of human
civilization. Electronic devices will consume more than
half of world’s energy budget within the next 20 years.
To reduce that we need a new materials to free us from
dependence on silicon. There may be other materials that
have both the required ferroelectric and ferromagnetic
properties. Perhaps substitutes will be found in erbium
manganet, yttrium magnet, or bismuth ferrite. In a
nutshell we will need new materials for energy related
technologies, semiconductors for photovoltaic generation,
thermoelectric materials for heat harvesting, energy store,
health technology, bio-materials for implants and drug
delivery systems, information technologies, transportation
technologies, etc.
There are now many monographs on the subject of
advances in materials science that touch on these areas.
Our society has to become knowledge rich like Switzerland
and Singapore. The skill level of our workforce has to be
upgraded so that we become a truly ‘knowledge society’.
Lastly, here is an interesting bit of information one CSIR
laboratory now has a project sponsored by ISRO to prepare
lunar soil in some good quantities for testing its properties
vis-a-vis requirements for building habitats, life support for
microorganisms, amenability for agriculture, extraction of
engineering materials etc. One may not be excited by the
prospects of living on the moon but some would surely do
that in future. Why should the Indians be left out? This is
an example of a R & D dictated by the needs of the Future.

“Charanbai madhu vindati charantsvadu mudambaram.
Suryasya pasya sreemanam yo na tandrayate charan.
Charaiveti, charaiveti.”
(Aitareya Upanishad, 7.15)
[“The honey bee, by its motion, collects honey, and birds enjoy tasty fruits by constant movement. The sun is revered, by
virtue of its constant shining movement; therefore, one should be constantly in motion. Keep moving, keep moving on!”]
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RECENT DEVELOPMENTS
Arcast produces titanium powder with zero risk of ceramic/
oxide contamination

low-pressure environment, a propulsion system, and cargo
/ passenger weight simulations. The steel components,
which have now been successfully tested and proven to be
functional, serve as the basis for future projects planned by
HardtHyperloop, Tata Steel and other partners.
HardtHyperloop also revealed the next stage in development,
which includes a 3km track which will allow for the highspeed testing of vehicles and will provide the basis for the
standardisation in European hyperloop infrastructure and
technology.
SteelGuru
Russian scientists dope aluminum with nickel and
lanthanum to raise strength and ductility

Arcast Inc., Oxford, Maine, reports that it has successfully
produced a titanium superalloy powder with an as-atomized
D50 of 20 µm, with narrow size distribution and with littleto-no oxygen pickup.
The alloy was produced using Arcast’s proprietary atomizing
process. This process consumes relatively little gas, and has
zero risk of ceramic/oxide contamination, the company
states, making it possible to process metal alloys which
other methods cannot.
Arcast stated that the new alloy is now being produced in
significant quantities. With its growing capacity to produce
as-atomized, advanced titanium alloys (along with other
challenging metal alloys) from a range of low-cost feedstock,
Arcast states that it can offer a complete solution for additive
manufacturing, metal injection moulding and other powder
metallurgy markets.
ASM International
Tata Steel unveils contribution to high-speed hyperloop
transport system
Tata Steel has unveiled that how it is helping HardtHyperloop
to create a high-speed sustainable transport system which
could slash travel times in the future. At an event hosted by
HardtHyperloop, Tata Steel showcased how it has helped to
develop the tube technology required to allow passengers
in the hyperloop to be carried at speeds of up to 1,200
km/h while reducing weight and construction costs by
more than 50%. Hans van den Berg, Director of Tata Steel’s
IJmuiden steelmaking site, said: “We are committed to
having a positive impact in the world we live in. We believe
that hyperloop technology can help to achieve this by
contributing to new, fast and sustainable mobility. Steel is a
vital component for hyperloop. We are pleased to be able to
share our high-tech innovation skills and materials expertise
to contribute to its future success.”
Other developments being showcased at event include
lane-switching technology, which allows hyperloop vehicles
to change from one lane to another at high speed. Tata Steel
supplied the tracks and the motor components, which are
both made of steel.
The development of the hyperloop lane switch marks the
end of the first test phase at the low-speed test facility at
Delft in the Netherlands, which assessed fundamental
hyperloop technologies including magnetic levitation, a
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Scientists from the National University of Science and
Technology (MISIS), Russia, report that they have found a
simple and efficient way of strengthening aluminum-based
composite materials. Doping aluminum melt with nickel
and lanthanum, scientists managed to create a material
combining benefits of both composite materials and
standard alloys: flexibility, strength, and lightness.
Scientists from NUST MISIS scientific school "Phase
Transitions and Development of Non-Ferrous Alloys"
created a new strong Al-Ni-La composite for aircraft and
automobile industry. Doping elements were added to the
aluminum melt, forming special chemical compounds that
further formed strong reinforcing structure.
"Our research group, led by Professor Nikolai Belov, has
worked on the creation of aluminum-based composites for
many years,” says TorgomAkopyan, a researcher at NUST
MISIS Department of Metal Forming. “The aluminum-based
composite material contains more than 15% by volume of
doping elements. A feature of the new development is the
high reinforcing ability of the chemical compounds with
ultrafine structure: the diameter of the reinforcing elements
does not exceed several tens of nanometers.”
This development solves the problem of non-uniform
reinforcement and low density of "powder" composites:
if a melting technique is used, after Al-Ni-La crystallization
the diameter of doping particles does not exceed 30-70
nanometers. Thanks to "natural" crystallization, particles
are distributed uniformly, forming a reinforcing structure.
Hence, the composite becomes stronger and more flexible
than its powder analogues.
Due to the peculiarities of the structure formation, the
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make it ideal for many industrial applications but, since its
discovery in the 1940s, it has been unweldable. Although
still used, it is necessary to create joins using rivets and bolts,
which reduces the overall strength of the material, as well
as adding extra weight and manufacturing time. The team at
UCLA claims its new nanometallurgy approach has solved this
problem and it is already in use. Comprising aluminum, zinc,
magnesium and copper, the elements in AA7075 normally
flow unevenly when it is heated during welding, creating
cracks along the weld and making it ineffective. UCLA’s
approach infuses titanium carbide (TiC) nanoparticles into
the AA7075 welding wires, which are sandwiched between
the two pieces being joined. The TiC nanoparticles exhibit
fine globular grains and a modified secondary phase, which
eliminates the tendency of AA7075 to crack when being
welded. They also show exceptional tensile strength in
both as-welded and post-weld heat-treated conditions. The
result is welded joints with a tensile strength up to 392MPa
– twice as strong as other alloys routinely used in aircraft
and automobile parts. Further improvements being worked
on aim to bring the joints to 551MPa, which is comparable
to steel. ‘This rather simple twist to the filler material of a
fusion weld could be generally applied to a wide range of hot
crack susceptible materials,’ according to the team. UCLA
Raytheon Professor of Manufacturing and paper co-author,
Professor Xiaochun Li, believes the study ‘just scratches the
tip of a gigantic iceberg’ in the power of nanometallurgy to
overcome some long-standing metallurgical barriers. He said
they are ‘already working on developing nanotechnologyinfused welding wires and materials to solve all other longstanding welding/joining problems’. Li also believes ‘the
technique will allow widespread use of AA7075 and other
difficult-to-weld alloys in mainstream applications, such as
cars or bicycles’ very soon. The team is currently working
with a bicycle manufacturer on prototype bike frames, for
instance. Acknowledging the need for more practical testing
and proof of the weld reliability during long-term services,
Li said ‘it may take some time to fully certificate the welding
products for long-term use. But we are very optimistic that
this technology will have industrial impact and penetrate
market rather quickly’. Moreover, he said they have been
conducting R&D to address concerns about the expense of
implementation for the past 15 years. The key factor is the
relatively high cost of nanoparticles. However, he stated,
‘Fortunately for welding wires, only about 1% or less of
nanoparticles is needed in the metal wire, thus the added
cost is minimal. Even at today’s financial analysis, the cost
is not a limiting factor for the novel welding wires. At the
beginning, the cost of the revolutionary welding wires could
be about two to three times as expensive as the regular
welding wires but it is well-justified, as it solves the problem
that traditional wires cannot tackle. ‘It is expected that, in
a few years, the cost will be in a similar range to traditional
products since the new way of producing nanoparticles
will become much more economical. I have every reason
to believe that the new welding wires will prevail in the
practical world very soon,’ Li said. If he’s right, it is very good
news for industrial manufacturing.
Rhiannon Garth Jones in Materials World

proposed material can be used for the manufacture
of complex parts via 3-D printing. In addition, new
developments may be of strategic importance from an
economic point of view. At the moment, the main share
of profit in the aluminum industry in Russia is the export
of primary aluminum. The creation of new high-tech
developments with increased added value will increase
profits by expanding domestic and foreign markets for
aluminum consumption.
ASM International
Materion QMet 300 copper-chromium-silver strip alloy
designed for high current

Materion Corp., Mayfield Heights, Ohio, introduces QMet
300 alloy, a high-performance strip alloy that offers a
combination of high conductivity, strength, and formability
to meet needs in the consumer electronics and automotive
markets.
QMet 300 is composed of copper, chromium, and silver.
It has conductivity greater than all other alloys of similar
strength, along with formability and stress relaxation
resistance comparable to that of copper beryllium. Its high
conductivity allows design engineers to create smaller high
current and high heat transfer components to fit into tighter
spaces.
“We developed QMet 300 strip alloy to enable new designs
that have been unachievable for customers across a range
of markets and applications,” said Clive Grannum, President
of Materion Performance Alloys and Composites. “Its high
conductivity, strength, and formability set it apart from
other alloys available in the marketplace. We expect it will be
used to solve problems in an even wider range of industries
than those currently identified, including the appliance and
server and data connections markets.”
QMet 300 is the newest addition to the QMet family of
products, which also includes QMet 200 — a copperchromium-nickel-tin alloy that is an ideal solution for hightemperature, small-space environments associated with
consumer electronics.
ASM International
Making aluminium alloy 7075 weldable
Aluminium alloy 7075 can now be made weldable to
eliminate the need for joins and reduce weight. Lightweight
materials reduce fuel consumption and carbon emissions.
From aeroplanes and rockets to cars and even the trusty
bicycle, lightweight materials are a focus for innovation and
research. That’s why the latest approach from the UCLA
Samueli School of Engineering, USA, is exciting. The strong,
lightweight nature of aluminium alloy 7075 (AA7075) would
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NEWS UPDATE
NMDC halts iron ore production at all its mines except
Kumaraswamy
Barring Kumaraswamy Mines in Karnataka, production
of iron ore by NMDC came to a standstill as the stateowned company halted production at Bailadilla Range in
Dantewada in Chhattisgarh also due to protest by tribals.
The miner is losing 70,000 tonnes of iron ore production
from Chhattisgarh and already losing 0.5 million tonnes per
month from Donimalai mines in Karnataka since November
last year, official sources said. Earlier, NMDC suspended
iron ore-mining from its Donimalai mine following the state
government’s decision to impose 80% premium on the ore
sales from that mine in November 2018. Lately, the miner
suspended production at Bailadilla Complex consisting of
Bacheli and Kirandul mining blocks in Chhattisgarh following
the agitation by tribal groups against the iron ore mining on
hills in the Deposit No.13, official sources said.
The Hindu
Jindal Stainless eyes 25 per cent e-rickshaw market share
by 2021
Jindal Stainless is eying 25 per cent e-rickshaw market share
by 2021, and expects the segment to generate revenues
to the tune of Rs 200 crore over the next two years, the
company said. Claiming to have developed the first stainless
steel e-rickshaw prototype in India with the superior body
and chassis performance as compared to carbon steel
e-rickshaws, the company is eying to tap the market in Uttar
Pradesh, NCT, West Bengal, Maharashtra and Gujarat.
As a new business development initiative towards
sustainable transportation, after stainless steel bus bodies
and railway coaches and wagons, Jindal Stainless is now in
talks with manufacturers to facilitate the roll-out of stainless
steel electric rickshaws (e-rickshaws), the company said in a
statement.
“Jindal Stainless is targeting a 25 per cent share of the total
e-rickshaw market in India over the next 2 years fetching
estimated revenue of Rs 200 crore,” the company said.
The company expects an annual volume demand of 13,000
metric tonnes from this new business development initiative
by 2021, it said. “Considering the market potential that
Uttar Pradesh has to offer, the state will be one of our key
focus areas. We will extend our full support to e-rickshaw
manufacturers in designing and developing stainless steel
models that are affordable, high on RoI, and user-friendly,”
Jindal Stainless Managing Director Abhyuday Jindal said.
Financial Express
Tatas to avoid big-ticket acquisitions for now, focus on debt
reduction
Tata Sons, under the leadership of Chairman N
Chandrasekaran, will focus on improving the operating
metrics of group companies and reducing debt. The group
will also avoid big-ticket acquisitions, preferring to grow
businesses organically. This is after group company Tata
Steel made big-ticket, successful acquisitions of Bhushan

JSW Steel's crude steel output up 4% to 1.45 million tonne
in May
JSW Steel reported four per cent growth in crude steel
output at 1.45 million tonne (MT) during May 2019. The
Sajjan Jindal-led steel player produced 1.39 MT crude steel
in May 2018, JSW Steel said in a statement. Last month, the
company's output of flat rolled products rose 6 per cent to
1.02 MT from 956,000 tonne in the same month last year,
it said. The output of long rolled products was also up by 9
per cent at 358,000 tonne as compared to 329,000 tonne in
May 2018.
Business Standard
Tata Steel to develop 40 high-end products at Kalinganagar
unit
Reaffirming its focus on product innovation, Tata Steel
plans to develop 40 new product grades at its greenfield
steel project at Kalinganagar (Odisha) in this financial
year. The new products are designed primarily to tap into
the requirements of automotive and oil & gas industries.
“One of the products we have developed is a specialized
disc rim for wheels to cater to the automobile industry.
Trials of the product have already begun to Tata Motors.
Commercialisation of the product is expected in six months.
We have also initiated talks with other auto OEMs (Original
Equipment Manufacturers) like Maruti Suzuki and Toyota,” a
Tata Steel source said.
Initially creating a capacity to produce three million
tonnes per annum (mtpa), Tata Steel is now in the midst of
expanding the Kalinganagar plant's capacity to eight mtpa,
pledging a Capital expenditure (capex) of Rs 23,500 crore.
The five mtpa brownfield expansion includes 2.2 mtpa cold
rolling complex, raw materials and related facilities. The
ramp-up will tweak Tata Steel's product mix in favour of
auto grade steel and branded products, retail & solutions.
Tata Steel is one of the key suppliers of high-tensile and auto
galvanized products. Also, the steel company is the largest
supplier of skin panels. Tata Steel retained its hegemony in
automotive grade steel segment, boasting of 47 per cent
market share in FY19. The steel maker's focus on research
and innovation has been continuous and unswerving. In
Q4 of FY19, the steel monolith developed 17 products,
commercializing four of them.
Business Standard
India's crude steel output grows 5 pc to 9.235 MT in May
India's crude steel output grew 5.2 per cent to 9.235 million
tonnes (MT) during May 2019, according to official data.
The country had produced 8.779 MT crude steel during
same month in 2018, a steel ministry report said. During
April-May 2019-20, the production stood at 18.020 MT, up
3.4 per cent from 17.432 MT in the corresponding period of
the previous fiscal. Production of finished steel in May rose
1.6 per cent to 10.848 MT from 10.674 MT in the year ago
month.
The Times of India
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about technological changes and skill enhancement of
existing workforce. The company, wherein Tata Steel holds
54.5% shareholding, completed the acquisition of the steel
business undertaking of Kolkata-based Usha Martin in April.
UML’s steel business comprised a specialised alloy-based
manufacturing capacity in the long products segment based
in Jamshedpur, an iron-ore producing mine, a coal mine
under development and captive power plants.
Tata Sponge Iron said in its annual report for 2018-19 said
that “UML’s steel business has the rich product mix of
carbon steel and alloy steel which caters to automotive
customers as well as produce high-end wire rods. On April
9, 2019, the company completed the acquisition of the steel
business undertaking, including captive power plants and
some other assets which comprise mines and certain land
parcels of UML.”
Steel Guru
Core sectors’ output up 5.1% in May on strong growth in
steel, electricity
Aided by a strong show by steel, the eight core industries’
output grew 5.1 per cent in May. This was higher than the
4.1 per cent growth recorded in May 2018, but lower than
the 6.3 per cent seen in April 2019. For April-May 2019,
the output of the eight core industries — steel, coal, crude
oil, natural gas, refinery products, fertilisers, cement and
electricity — grew 5.7 per cent, against 4.4 per cent in the
same period last year.
Business Line
Neelachal Ispat eyes Rs 400 cr Ebitda, marginal net profit
in FY20
Neelachal Ispat Nigam Ltd (NINL), a company co-promoted
by MMTC Ltd and two Odisha government controlled
entities, is eyeing Ebitda (earnings before interest, taxes,
depreciation and amortisation) of Rs 400 crore in the
current financial year (FY20).
NINL is eyeing a marginal net profit in FY20. S S Mohanty,
NNL’s vice chairman and managing director, said the
company expects to be back in the black powered by the
launch of 20 new value-added products.
Business Standard
Steel ministry comes up with draft steel scrap policy
The government has come out with draft steel scrap policy,
which is aimed at curtailing import dependency and make
India self-sufficient by producing high-quality ferrous scrap.
The draft steel scrap policy, on which the Ministry of Steel
has sought comments from the stakeholders by July 14,
aims to promote resource efficiency in the steel sector.
"The policy envisages to set up environmentally sound
management system for ferrous scrap which can encourage
processing and recycling of ferrous scraps through organised
and scientific metal scrapping centres across India to
minimise dependency on import of scrap and make India
self-sufficient in scrap availability," said the draft steel scrap
policy.
Business Standard
Tata Steel to subscribe up to 90% of Tata Sponge Rs 1,650
cr rights issue
Tata Steel will subscribe up to 90 per cent of the Rs 1,650
crore rights issue of Tata Sponge.

Steel and Usha Martin last year. “Tata Steel, Tata Motors,
and Tata Power will be cutting debt in the near future,” said
a senior group official. “He (Chandra) is sharply focused on
improving the operating metrics of all the firms, as economic
conditions have changed since September last year, with
consumer spending slowing, said the executive.
Business Standard
Jamshedpur's 100-year journey comes alive on wheels
Decked up with pictorial depictions of Tata Steel's journey
over the last 100 years, the Steel Express chugged off
from Tatanagar station for Howrah, marking the year-long
centenary celebration of Jamshedpur's formation.
The Steel Express that runs between Tatanagar and Howrah,
will exhibit the legacy, culture and journey milestones under
the theme 'Jamshedpur on Rails', a Tata Steel official said.
"This is aimed at helping citizens and railway commuters
understand and appreciate the role and significance of
Jamshedpur city in the larger fabric of India's history, and its
role in nation building," the official said.
Business Standard
Tata Steel’s home run pays off
In a year that Tata Steel made two strategically important
acquisitions - Bhushan Steel and Usha Martin —it also
recorded its highest ever levels of revenues and Ebitda
(earnings before interest, taxation, depreciation and
amortisation). N Chandrasekaran, chairman of Tata Steel,
said in his annual message to shareholders that on a
consolidated basis, the company had achieved the highest
ever levels of revenues and Ebitda this year. Tata Steel has
also generated positive free cash flows of Rs 8,839 crore this
year, for the first time in over a decade.
Business Standard
SAIL bounces back into black with net profit of Rs 2,179
crore in FY 19
State-owned Steel Authority of India Limited (SAIL) has
staged a turnaround by clocking a net profit during the
financial year 2018-19 after three consecutive years of
losses. The country's largest steel making company posted
profit after tax of Rs 2.178.82 crore in FY 19 as against a
net loss of Rs 481.71 crore in FY 2017-18. At the same time,
the turnover totalled Rs 66,267 crore, up 14 per cent from
Rs 58,297 crore in the previous fiscal.
Intensive efforts on improving physical performance
throughout the year in tandem with the market conditions
made it possible to achieve higher volumes, improve
the product-mix and increase the share of value-added
steel. "The entire SAIL collective worked in mission mode
to achieve this turnaround," said SAIL Chairman Anil
Kumar Chaudhary. "Together we have done it and it has
strengthened our resolve to perform better in coming
times. We all are committed to put SAIL into a higher orbit
of performance," he said in a statement.
Business Standard
Tata Sponge aims to become Integrated Steel Enterprise
Tata Steel subsidiary Tata Sponge Iron is aiming to position
itself as an “integrated steel enterprise” with a diversified
business portfolio after completing the acquisition of the
steel business of Usha Martin. The company is focussing on
integrating the steel business with itself, including bringing
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In an intimation to the stock exchanges, Tata Sponge has
informed that its promoter (Tata Steel) has undertaken that
it will participate in the rights issue to the extent of 90 per
cent of the rights issue, up to Rs 1,485 crore.
On June 13, the Tata Sponge board decided on the issue of
3.3 crore shares to eligible equity shareholders who will get
to subscribe to 15 shares for seven held.
In October, the board had approved a rights issue not
exceeding Rs 1,800 crore.The issue would be used to retire
borrowings on account of the acquisition of Usha Martin's
steel business.
Business Standard
Steel output to touch 128.6 MT by 2021: Economic Survey
The Government has estimated the country’s steel output
tohit 128.6 million tonne (MT) by 2021 and consumption
of the same to reach 140 MT by 2023, on the back of
investments, in infrastructure, construction and automobile
sectors, according to Economic Survey 2018-19. Crude
steel production in 2018-19 stood at 106.56 MT, a growth
3.3% over 103.13 MT in 2017-18, said the survey, tabled
by Finance minister, Nirmala Sitharaman in Parliament.
Currently India’s per capita consumption stands at only 69
kg compared with the global average of 214 kg it said. It is
estimated that the steel production in India will reach 128.6
MT by 2021 and its consumption will increase to 140 MT by
2023. With huge investments in infrastructure, construction
and automobile sector, steel demand and corresponding
consumption is growing at an average of 7.4%. This will lead
steel production to grow up to255 million tonne by 2030
and per capita steel consumption to 160 kg, it said.
Financial Express
Govt may impose antidumping duty on imports of tin mill
flat rolled steel products from 4 nations
The government may impose anti-dumping duty on imports
of certain types of steel products from the EU, Japan, the US
and South Korea, as the commerce ministry has started an
investigation into an alleged dumping of the item following
complaints from domestic players.
The Directorate General of Trade Remedies (DGTR), under
the commerce ministry, has initiated the probe as it has
found evidence of dumping of "coated/plated tin mill flat
rolled steel products" from these countries.
"The authority accordingly initiates an investigation into the
alleged dumping, and consequent injury to the domestic
industry...to determine the existence, degree and effect of
alleged dumping," the DGTR said in a notification. If it would
established that dumping is impacting domestic players, it
would recommend imposition of a certain amount of antidumping duty, which if levied, would be adequate to remove
the injury to the domestic industry. The finance ministry will
take final call on imposition of the duty after considering the
recommendations of the directorate. Two firms including
Tinplate Company of India have filed an application for
imposition of anti-dumping duty on the imports.
The Economic Times
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Events Calendar 2019‐2020
October’19
5

11th Dr. Placid Rodriguez Memorial lecture
(PRML) organized by IIM Kalpakkam Chapter
at Kalpakkam

20
National conference on “Trends in Minerals &
Materials Technology (MMT‐2019)” at Siksha
‘O’ Anusandhan University, Bhubaneswar
organized by Biofuels and Bioprocessing,
Research Center (BBRC), ITER, SOA (Deemed
to be University)
Convener : Prof. Lala Behari Sukla,
lalabeharisukla@soa.ac.in

November’19
13‐16
International Symposium on “Advanced
Materials for Industrial and Societal
Applications” , 57th National Metallurgists’ Day
(Under the aegis of Government of India,
Ministry of Steel) and 73rdAnnual Technical
Meeting of IIM, organized by IIM Trivandrum
Chapter in association with Kalpakkam,
Chennai, Trichy & Coimbatore Chapters at
Hotel Samudra & Hotel Uda Samudra,
Thiruvananthapuram.
Convener : Dr P Ramesh Narayanan,
convener@iimnmdatm2019.org

February’20
21‐23
10th International Conference on Materials
Processing and Characterization organized by
IIM Mathura Chapter.
Website: www.icmpc.com
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Nuclear – BWRs, PHWRs & FBRs

Defence

Space

Thermal, Fertilizer & Petrochemical

APPLICATIONS

NUCLEAR
PRODUCTS

TUBULAR
PRODUCTS

NUCLEAR FUEL COMPLEX

A Unit of Department of Atomic Energy, Govt. of India
(ISO 9001,ISO-14001 & OHSAS-18001 Organization)

Fuelling India’s peaceful Nuclear program
IMPORTANT PRODUCTION
AND TESTING FACILITIES

Hot Extrusion

Pilger Mill

Vacuum
Annealing

Sintering
Furnaces

Bright Annealing
Furnace

Robotic End
Ultrasonic - RP
Plate Welding

Ultrasonic - RT

PRODUCTS: Nuclear Grade Fuels and Stucturals, Special and High purity materials, Special seamless tubes
SERVICES : Vacuum Arc Melting, Extrusion, Pilgering, Heat Treatment, Material Finishing, Bar and Wire drawing,
U-Bending and Shot peening of Tubes, TIG/EB weld fabrication, Tools Fabrication, Development
of Spl. Eqpt. Material Inspection, NDT, Chemical Analysis

For a comprehensive view of our products and services , please visit www.nfc.gov.in
--------------------------------------------------------------------------------------------------NUCLEAR FUEL COMPLEX, ECIL P.O. Hyderabad, TELANGANA, INDIA-500 062
Ph. +91-40-27121239/27184224, Fax:+91-40-27121209 E-mail: marketing@nfc.gov.in
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IIM CHAPTER ACTIVITIES
Jamshedpur Chapter
The Annual General Meeting of IIM Jamshedpur Chapter
was held on May 15, 2019 at CFE Library Hall. The acting
Chairperson of the Jamshedpur Chapter Dr. Mita Tarafder
chaired the meeting and welcomed the members present
in the AGM. In her address she communicated about the
last year activities and views for next year plan. The new
executive committee was elected in the meeting.

Executive Committee

Executive Committee
Chairman
Vice Chairman

Dr. Mita Tarafder
Dr. A N Bhagat,
Dr. Ashok Kumar,
Dr. Sandip Ghosh
Choudhary
Dr. Chiradeep Ghosh
Mr. K Ashok
Dr. G K Mandal
Mr. Biraj Sahu
Dr. Atanu Ranjan Pal,
Dr. B K Singh,
Dr. M M Mahto,
Mr. Nemai Ch. Gorain,
Ms. Minal Shah,
Mr. Subrata Biswas,
Mr. Dhirendra Prasad,
Mr. M C Sadhu,
Dr. V C Srivastava.

Secretary
Assistant Secretary
Treasurer
Jt. Treasurer
Members

Chairman

Dr. Sunil D. Kahar

Vice Chairman

Mr. Urvesh Vala,
Mr. Prashant Barodia

Secretary

Shri N.C. Shah

Jt. Secretary

Shri H N. Panchal

Treasurer

Mr. Sunit Kainthola

Ex-Officio

Dr. K. B. Pai

Members

Shri. B. J. Chuhan,
Dr. G. H. Thanki,
Mr. S C Bohra,
Mr. S. K. Agrawal,
Dr. Ketan Tamboli,
Mr. D. G. Sharma,
Mr. Jitendra Dave,
Mr. Bhargav Dave,
Mr. Mandar Joshi.

2) Vadodara Chamber of Commerce & Industry (VCCI) &
District Industries Centre (DIC) celebrate the International
Day for MSMEs at VCCI Auditorium on 27th June, 2019.
The Chairman of the IIM-Baroda Chapter Dr. Sunil Kahar
felicitated Shri Yogeshbhai Patel, the Hon. Minister of Govt.
of Gujarat. Dr Sunil Kahar interacted with the Speaker Shri
Premraj Keshyep, Managing director, KYB Conmat Pvt Ltd.,
regarding the issues of MSMEs.

- Report from IIM Jamshedpur Chapter
Baroda Chapter
1) The 44th Annual General Body Meeting of IIM Baroda
Chapter was held on 26th May, 2019 at IIM Baroda Chapter
office, Kapil tower, Old Padara Road, Vadodara. The office
bearers and Executive Committee members for 2019-20
were elected in the meeting.

- Report from IIM Baroda Chapter
Kolkata Chapter
The 53rd Annual General Meeting of IIM Kolkata Chapter
was held on 27th May, 2019 at IIM HQ auditorium, Salt Lake.
The new executive committee for 2019-20 was formed in
the meeting.
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for membership drive and wide publicity about IIM
activities. Dr. Dinesh Srivastava, Chairman, Shri P. Mohan,
Vice-Chairman, Dr. Y Purushotham, Treasurer, Shri N. Ranga
Rao and Dr. Bhasker Majumdar, Jt. Secretaries of the chapter
participated. More than 30 entrepreneurs from different
industries have taken part in this interactive meet.

Executive Committee
Chairman
Vice Chairman

Mr. T K Chakravarty
Dr. Asim.Kr. Ray,
Mr. Sudip Kr. Basak
Mr. Swapan Kumar Basu
Mr. Sujit Ganguly
Mr. Surajit Kumar Dutta,
Dr. (Ms) Mauha Ghosh
Chaudhuri,
Dr.Kanya Kumari Datta,
Mr. Subhajit Bhattacharya,
Mr. Tanmoy Bhattacharya,
Mr. J K Chatterjee,
Dr Rajib Dey,
Mr.Saurav Ghosal,
Dr. Jayanta Kr. Saha,
Mr. A K Dutta,
Mr. Sitendu Mandal,
Mr. D Kobi,
Mr S.K.Ghosh,
Mr. Angshuman Basu.

Secretary
Treasurer
Members

Sh P. Suresh, Director (O) M/s Saideepa Rock Drills Pvt Ltd
welcomed the gathering. Dr. Satyanarayana, Ex-Chairman,
Institute of Engineers (IE), Hyderabad advised the 2nd
generation entrepreneurs of cherlapally industries to
interact with professional bodies like IIM and enhance their
knowledge of materials and their processing. Dr. Bhasker
Majumdar elucidated about IIM and its activities. Shri
N. Ranga Rao shared his journey with IIM. Shri P. Mohan
highlighted the forthcoming Seminar on “Metallurgy for
Non Metallurgists: Industrial Practices (MNM-2019)” to
be held during 12-13 July 2019 and requested for active
participation. Dr. Y. Purushotham explained benefits of IIM
memberships and explained corporate, life and student
memberships. Chief Guest Dr. Dinesh Srivastava highlighted
about advanced materials for the benefit to industry and
regular interaction with Govt. bodies, attending technical
talks, seminars, discussing with experts will enhance the
knowledge. He requested for more participation in MNM2019. Shri T. V. Krishna Director (Tech), M/s Saideepa Rock
Drills Pvt Ltd proposed vote of thanks.
- Report from IIM Hyderabad Chapter

- Report from IIM Kolkata Chapter
Angul Chapter
The General Body Meeting of IIM Angul Chapter was held on
7th June, 2019 at S&P Complex Officer’s Club, Nalconagar.
The new executive committee members for 2019-20 are :
Executive Committee
Chairman
Vice Chairman

Mr. M.P. Mishra
Mr. K.B. Swain,
Mr. L. Jena
Mr. M Dash
Mr. Sangram Samantray,
Mr. Rajiv Ranjan,
Mr. Amar Sahu
Mr. A.K. Agasti
Mr. Ashtosh Biswal
Mr. Biju K,
Mr. D.K. Bag,
Mr. S.S. Patra,
Mr. M.R. Mallick,
Mr. K K Patnaik,
Mr. Sruti Ranjan Behera,
Mr. Ishan Kumar,
Ms. Illate Soreng,
Mr. Subhankar Chowdhury,
Dr. Asutosh Roul.

Secretary
Joint Secretary

Treasurer
Jt. Treasurer
Members

Delhi Chapter
1) Federation of Indian Chamber of Commerce and Industry
(FICCI) organised a programme on at New Delhi on 13th
June, 2019. The theme of the programme was “A Landscape
of New Opportunities in mining sector”. At the outset Mr.
Arpan Gupta of FICCI delivered the welcome address. In his
address Mr Gupta stated that National Minerals Policy 2019
is a driving force in the mining sector and aims to increase
the production of mining sector, improve the trade balance
in the mining area and sustainability in the mining sector.
Mr. Pankaj Satija, Chief Regulatory Affairs, Tata Steel Ltd and
Co-Chair, FICCI Mining Committee, delivered the concluding
address.
The Technical Session-I on “National Mining Policy 2019:
Provincial Implementation” was started after the inaugural
programme. Mr. B R V Susheel Kumar, Director, Dept. of
Mines and Geology, Govt of Telangana, stated that National

- Report from IIM Angul Chapter
Hyderabad Chapter
IIM Hyderabad Chapter in association with M/s Saideepa
Rock Drills Pvt Ltd organized an Industrialists Meet on June
11, 2019 at Cherlapally Industries Association, Hyderabad
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viable”. This session was coordinated by Dr. Bhaskar
Chatterjee, Secretary General, India Steel Association. Shri
Satish Jindal of JSW Steel informed that a lot of enablers
are required to achieve 300 MT of steel capacity by 2030.
Mr Anand Salpekar, Vice President, Corporate VISA Steel,
spoke about the key challenges for competitiveness in steel
industry. Shri Gopal Kapoor, Associate Vice President - Raw
Materials, JSPL, spoke about the raw materials security of
iron ore.
The next Session was on Minor Minerals and Non-Ferrous
Metals Industry. The following topics were discussed in this
Session : Promotion of recycling industry with carbon credits
for better recycling, Metal Recycling Policy-Ensure maximum
recovery of scrap to meet the domestic demand, Trade
deficits can be drastically reduced ensuring high domestic
recovery of scrap and there by slowly reducing scrap and
metal imports, Review on import duties and tax credit on
scrap on scrap value chain, Manganese Ore Industry: Indian
Perspective, Demand dynamics for steel industry, Enablers/
drivers of demand for steel. Mr. Gitesh Agrawal, Queensland
Trade and investment Commissioner – India, Mr. Mukesh
Kumar, MECON ltd, Mr. Deepak Bhattacharya, Senior GM,
Mjunction Services Ltd, Mr. D K Mohanty, CGM-Mining,
OMC, shared their thoughts on the above topics.
There were about 150 participants in this Forum from
various organizations. Some members of the Executive
Committee of Delhi Chapter participated in this Forum.
- Report from IIM Delhi Chapter

Mining Policy 2019 has been framed after taking inputs
from all stake holders, NGOs and state governments. The
policy has given industry status to the mining sector. It is a
well-designed policy. The programme was attended by 200
persons from various organisations in India. Some members
of the Executive Committee of IIM Delhi Chapter also
attended the programme.
2) Indian Chambers of Commerce (ICC) has been organizing
India Minerals & Metals Forum every year for last 8 years.
The 8th India Minerals and Meals Forum was held at Hotel
Taj Mahal New Delhi on 27th June this year. At the outset Mr.
Rudra Chatterjee, President, ICC welcomed the participants
to the Forum. He stated that the National Steel Policy 2017
envisages the production capacity of steel of 300 MT by
2030-31 and per capita consumption of 160 kg of steel by
2030. This is a tall order. We have to ensure iron ore and coal
availability to attain this target. Steps need to be taken to
ensure raw material security to achieve the desired target.
Mr. Rajarshi Basu, Managing Partner, Consultivo, Shri Arun
Kumar, Representative from Government of Jharkhand, Ms.
Usha Singh, Director, MOIL, Mr. Vivek Gupta, Director, Raw
Materials and Logistics, SAIL, also stated their views.
After conclusion of this session, a Knowledge Report
captioned “Sustainability in Metal and Mining: Confronting
Challenges” prepared by Consultivo was released by the
dignitaries.
The second session was on “India Steel Industry; Ways to
make the industry globally competitive and investment

28th Prof A K Seal Memorial Lecture
will be delivered by:
Prof. Siddhartha Das
Professor,
Department of Met. and Mat. Engg.
IIT, Kharagpur
on : 27th July, 2019
at : ALTAIR Hotel, Eco Centre, Salt Lake, Sec V, Kolkata-91

ADVERTISERS’ INDEX
Name of the Organizations
JSW Steel Ltd
Durgapur Steel Plant
Tata Steel Ltd
Steel Plant Specialities LLP
Nuclear Fuel Complex
Chennai Metco Pvt Ltd
Chromatography and Instruments Company
Brahmos Aerospace Pvt Ltd

IIM METAL NEWS

Page No.
Cover
2nd Cover
20
21
25
29
3rd Cover
4th Cover

28

Vol.22 No.7 JULY 2019

Vol.22 No.7 JULY 2019

29

IIM METAL NEWS

SEMINARS & CONFERENCES
Coming Event
MMT - 2019
A one day National conference on “Trends in Minerals
& Materials Technology (MMT-2019)” is scheduled
on 30th October 2019 at Siksha ‘O’ Anusandhan
University, Bhubaneswar being organized by Biofuels and
Bioprocessing, Research Center (BBRC), ITER, SOA (Deemed
to be University). This is a platform for different scientists,
academicians and industrialists throughout India to discuss
and enlighten the trend of the solutions with respect to
the different problems associated with the metallurgical
industries.

Materials Technology

Submission of Papers
Abstracts (300 to 800 words) or full papers* (5000 to 8000
words excluding reference) based on the conference themes
are invited through email in the MS-word file. *Formatting
style: Title; Author(s) name; Affiliation(s); Abstract; Postal
address of corresponding author(s) with email and contact
number; Main text body (Example: 1. Introduction, 2.
Experimental, 3. Results and Discussion, 4. Conclusions);
Acknowledgment; References.

Themes of the conference are as follows:

Mineral Processing

Extractive Metallurgy

Environmental
Technology

• Mineralogy
• Comminution
• Gravity and magnetic
separation
• Flotation
• Flocculation & dewatering
• Mineral beneficiation
• Biominerals
• Pyrometallurgy
• Hydrometallurgy
• Electrometallurgy
• Biohydrometallurgy
• Pretreatment method
• Microbial consortia
• Biotechnological aspects
• Hydrodynamics
• Modelling and process
simulation
• Heap and reactor designing
• Techno-economical study
• Ecosystem conservation
• Environmental protection
• Acid mine drainage(AMD)
• Up- and Down- stream process
• Waste utilisation
• Effluent treatment
• Slurry transportation
• Remediation; adsorption;
filtration
• Environmental biotechnology
• Biofuels and biofilms
• Algal systems
• Aerobic and anaerobic process

Vol.22 No.7 JULY 2019

• Materials synthesis
• Materials properties
• Composite materials
• Functional materials
• Biomaterials
• Applications
• Bioprospecting

Important Dates
Abstract/Full Paper submission deadline : 30-SEP-2019
Notification of acceptance : 10-OCT-2019
Conference date : 30-OCT-2019
Registration Fee
Industry/R&D : Rs 2000/Academic/Faculty : Rs 1000/Student/Research Scholar : Rs 300/Registration fee may be paid by online transfer or as
demand draft.
Name of Account Holder : Siksha O Anusandhan University
Account Number
: 6762002100000239
Name of Bank
: Punjab National Bank
Name of Branch
: Pokhariput Bhubaneswar
IFSC
: PUNB0676200
Venue:
Bansuriguru Auditorium, ITER, Campus -1,
SOA (Deemed to be University), Bhubaneswar
Contact Details :
Prof. Lala Behari Sukla, Convenor;
Mob- 9937081852, Email: lalabeharisukla@soa.ac.in
Dr. Niharbala Devi, Co-Convenor;
Mob- 9437968279, Email: niharbaladevi@soa.ac.in
Dr. Debabrata Pradhan, Organizing Secretary;
Mob- 9583373675, Email: debabratapradhan@soa.ac.in
Biofuels and Bioprocessing Research Center (BBRC), ITER,
Siksha ‘O' Anusandhan (Deemed to be University),
Jagamara, Bhubaneswar-751030, Odisha, India
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METAL STATISTICS
World crude steel production for the 64 countries reporting to the World Steel Association (worldsteel) was 162.7 million
tonnes (Mt) in May 2019, a 5.4% increase compared to May 2018.
China’s crude steel production for May 2019 was 89.1 Mt, an increase of 10.0% compared to May 2018. India produced 9.2
Mt of crude steel in May 2019, up 5.1% on May 2018. Japan produced 8.7 Mt of crude steel in May 2019, down 4.6% on May
2018. South Korea’s crude steel production stood at 6.4 Mt, up 2.2% on May 2018.

In the EU, Italy’s crude steel production for May 2019 was 2.2 Mt, up by 1.1% on May 2018. France produced 1.2 Mt of crude
steel in May 2019, a decrease of 7.6% compared to May 2018. Spain produced 1.3 Mt of crude steel in May 2019, down by
7.1% on May 2018.
The US produced 7.7 Mt of crude steel in May 2019, a 5.4% increase on May 2018.
Crude steel production in Ukraine was 1.8 Mt in May 2019, up 7.8% on May 2018.
Brazil’s crude steel production for May 2019 was 2.8 Mt, up by 2.9% on May 2018.
Turkey’s crude steel production for May 2019 was 3.1 Mt, down 8.0% on May 2018.
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Crude Steel Production(May 2019)
Country
World
China
India
Japan
United States
South Korea
Russia
Germany
Turkey
Brazil
Iran
Italy
Taiwan, China
Ukraine
Mexico
Viet Nam
Spain
France
Canada
Others
Poland
Egypt
Belgium
United Kingdom
Austria
Netherlands
South Africa
Australia
Sweden
Argentina
Saudi Arabia
Czech Republic
Kazakhstan
Finland
United Arab Emirates
Pakistan
Thailand
Qatar
Byelorussia
Luxembourg
Serbia
Hungary
Greece
Peru
Chile
Bosnia and Herzegovina
Colombia
Libya
Norway
New Zealand
Slovenia
Ecuador
Uzbekistan
Bulgaria
Moldova
Guatemala
Macedonia
Cuba
Croatia
Venezuela
El Salvador
Uruguay
Paraguay

thousand tonnes
1,62,744.3
89,090.6
9,196.0
8,675.7
7,653.0
6,370.6
5,950.0
3,470.0
3,063.4
2,750.7
2,235.0
2,215.0
2,040.0
1,827.0
1,670.0
1,395.0
1,276.0
1,234.9
1,150.0
960.0
830.0
750.0
745.0
650.4
645.9
609.9
509.5
493.5
451.8
435.0
420.0
400.9
395.0
373.7
291.5
275.0
240.0
234.6
225.0
205.0
184.9
154.0
115.0
110.0
105.0
80.0
65.0
60.0
57.3
56.7
55.9
55.0
55.0
50.0
40.0
25.0
22.0
15.0
10.0
10.0
8.0
5.0
1.0

Source : World Steel Association
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