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Message from IIM President, 2019-20
At the outset, my warm regards and greetings to the esteemed members of the Indian Institute of Metals
(IIM) ! It is a great privilege and honour for me to take over as President of this esteemed institution. IIM
is an organisation with a proud past and an exciting future, being one of the largest and most prestigious
associations of scientists, engineers, technologists, academicians, managers and industrialists in the field of
metallurgy and materials engineering in India.
And as I refer to its proud past, I wish to acknowledge the endeavours and achievements of the past Presidents
and other office bearers. Their persistent, passionate and pragmatic leadership of the Institute combined with
a clear vision of the path has brought the IIM to its current position of eminence amongst global metallurgy
institutes and industry bodies. Mr. Anand Sen, outgoing President, has made significant contributions with
his professional acumen, to steer the IIM through the year and especially during NMD-ATM 2018 at Kolkata,
which was a grand success.
Dr. U. Kamachi Mudali, In the face of considerable short-term volatility across multiple industrial sectors and a global economic
slowdown, India has set a daunting target of becoming a US $ 5 Trillion economy by FY2024, requiring a steady
President, IIM
growth rate of 9% over five years. Within the realm of India’s domestic developmental imperatives, poverty
alleviation through universal access to education and vocational training and employment generation is of paramount importance, as is
infrastructure development which keeps pumping adrenaline into the economy. In the rush for development we can also not afford to
ignore climate-change minimisation / reversal goals. These apparently conflicting imperatives need innovative science-based solutions
through technological self-reliance, and, human resource and skill development. The Institute, through its educational initiatives, and
through its strengths in networking amongst the industry-academia-research troika, has much to offer to the nation in this regard. We have
a lot to offer to the Government, Industry and to the broader society as they wrestle with the issues of the progressing economy and, if we
do it right now, I know our contributions will be welcomed and appreciated. For example, we could generate white papers on employment
opportunities for Metallurgy & Materials engineers, Skill development for Supervisors and Technicians in metallurgical industries, Bringing
up new generation curriculum for academic courses in educational institutions on advanced materials engineering related topics,
Continuing education via online/distance education mode, and certification courses for working professionals in metallurgical industries,
and many more such topics where we can strengthen the policy makers of our country by providing valuable inputs.
Over the years membership has increased, however the component of active members has declined which needs utmost attention.
Introspective and perceptive reasoning suggests that the Institute needs to evolve through new modes of membership acquisition and
continuing engagement with members through multiple channels of communications. Parallely, strengthening our professionalism –
through education, training, publications and providing more platforms like NMD-ATM, possibly at the regional level, where interactions
among multidisciplinary metallurgical research approaches will ensure metallurgical advancements for improving the economy.
In this online era, we all should also start thinking of creating chronicles where we record all important events of IIM, achievements of
our illustrious members, named as hall of fame which will be our gift to future generations. I encourage all of you to give feedback on this
to me for implementing the same. Over the next few years we will continue to build on our strengths, but also take on new directions.
We will continue our programs that strengthen our professionalism – through education, training and resources. We will also retain our
commitment to solidarity, ensuring that our members that are less resourced can have more opportunities and assistance to develop the
skills.
Among the new approaches, I wish to concentrate on enhancing communications among present members by making our website more
attractive and supportive, reaching out to our less resourced members with opportunities and assistance; and attracting new members
from industries and academies by planning workshops and professional courses for industrial personnel; and, career guidance outreach
programmes in metallurgical field for student community.
This year, the flag-ship event of IIM, the 57th National Metallurgists Day and the 73rd Annual Technical Meeting are being organised
together with an International Symposium on Advanced Materials for Industrial and Societal Applications at Trivandrum, a city of great
technological and cultural significance. I look forward to your active participation and contributions which will lead to an enriching
experience for all of us.
Our Institute will attain a significant landmark in 2021 when IIM reaches Platinum Jubilee of its functioning. It is my proud privilege to
kick-start our preparations for a year-long series of events including a Platinum Jubilee Lecture Series, Special publications, Technical
gatherings, Media events, Student competitions, Commemorative postal stamp and first-day cover, and many other events culminating in
the NMD-ATM 2021 mega-event at New Delhi. We owe it to our founders to make this a truly memorable milestone and I look forward to
working with each of our Chapters, institutional and individual members.
Through this coming year, we will thus be involved as volunteers in a number of events and actions designed to take this Institute forward
to greater heights in relevance and impact to society and nation. In all these endeavours, I look forward to the whole hearted support of
all members making IIM a truly global association in the field of metallurgy and materials engineering.
Jai Hind !

(U. Kamachi Mudali)
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Profile of Dr. U. Kamachi Mudali, IIM President, 2019-20
Dr. U. Kamachi Mudali, is Distinguished Scientist and Chairman & Chief Executive of Heavy Water Board (HWB), an industrial unit of
the Department of Atomic Energy, Government of India. As Chief Executive, Dr. Mudali is responsible for the smooth and efficient
operation of Heavy Water plants, and other diversification activities located at Kota, Manuguru, Thal, Hazira, Baroda, Tuticorin and
Talcher for production of heavy water, organic Solvents, Sodium, Potassium, Oxygen-18, enriched Boron & B4C, and deuterated
solvents and compounds.
Dr. Mudali is Distinguished Alumnus of IIT Bombay, PSG College of Technology, Coimbatore, and Adjunct Faculty of Institute of
Chemical Technology (ICT), Mumbai, and PSG Institute of Advanced Studies, Coimbatore. He is Fellow of NACE International, USA;
ASM International, USA; Asia Pacific Academy of Materials, China; Indian National Academy of Engineering, National Academy
of Sciences India, Indian Institute of Metals, Institution of Engineers (India), Indian Institute of Chemical Engineers, Tamilnadu
Academy of Sciences. He is also Honorary Fellow of Electrochemical Society of India, and Honorary Member of UDCT Alumni
Association.
Dr. Mudali joined Indira Gandhi Centre for Atomic Research (IGCAR), Kalpakkam in 1984 after obtaining M.Tech. from IIT Bombay,
and completed PhD in Metallurgy/Corrosion at IGCAR in 1993. Dr. Mudali is well known professional in the area of advanced
materials, coating technology, corrosion engineering, and has been leading R&D projects of reactor & reprocessing materials,
processes, and equipment development of relevance to Fast Breeder Reactor (FBR) programme. His outstanding scientific &
technological contributions include: development and application of High Nitrogen (HNS) alloys; Long term corrosion evaluation
and life prediction using Nitric Acid Loops of 304L SS and Zircaloy: development of innovative Superhydrophobic & Self-healing
coatings for sea water; high performance ceramic coatings for molten salt and molten uranium at 1500˚C; DOCTOR coating for
aggressive nitric acid service; and, application of nuclear grade SS and Ti alloys for societal benefits. He has to his credit 435 papers
(with h-index of 37 (Scopus)) in various National and International journals; 4 patents; and co-edited 16 books/proceedings. He has
guided/coordinated project work of 162 students for their UG, PG and PhD degrees.
Dr. Mudali has been decorated with prestigious awards like: Homi Bhabha Science and Technology Award from DAE; Frank Newman
Speller Award from NACE International, USA; GD Birla Gold Medal Award; National Metallurgists Day Award from Ministry of Steel
and IIM; INS Medal; VASVIK Award; TANSA Award; Distinguished Faculty Award from HBNI, Mumbai; ONGC Excellence Award
and Meritorious Award in Corrosion from NACE India, Meritorious Award for Excellence in Corrosion from NCCI, Karaikudi, and
National MASCOT Award from ECSI, IISc., Bangalore; Group Achievement Awards of DAE (5 times). He has delivered honour
lectures of 19th Prof. TL Ramachar Memorial Lecture by ECSI, IISc., Bengaluru; Ninth Dr. Placid Rodriguez Memorial Lecture, by IIM
Kalpakkam-Chennai; Dr. Baldev Raj Memorial Lecture by NDRF, IE Bengaluru; Fourth Dr. Abdul Kalam Memorial Materials Science
Lecture Series, DMSRDE, Kanpur; IIChE Inventaa Prof. CK Murthy Memorial Lecture, Prof. GR Damodaran Endowment Lecture, PSG
Institutions, Coimbatore, and Diamond Jubilee Commemoration Lecture of IIM Bangalore. Dr. Mudali has been a Visiting Scientist
at leading institutions in Germany, Japan, UK, France, Israel, Bulgaria etc.
Dr. Mudali is Chairman, Advisory Committee of DAE-ICT Centre, Mumbai; Corrosion Protection and Finishes Sectional Committee,
MTD 24 of BIS; Research Advisory Board of PSG Institute of Advanced Studies, Coimbatore; and, CII-Corrosion Management
Committee. He is Member of Boards of Nuclear Fuel Complex, Hyderabad; Nuclear Recycle Board of BARC, Mumbai; Governing
Council of Atomic Energy Education Society, Mumbai; Expert Advisory Committee of ONGC Energy Centre, New Delhi; and,
Governing Council Member of Indian National Academy of Engineering.
Dr. Mudali has been a Member of IIM since 1984, was Chairman of IIM Kalpakkam Chapter and IIM National Council Member,
and made significant contributions to the growth of IIM at Chapter and national level. He is the Founder-Convener of Prof. Brahm
Prakash Memorial Materials Quiz at IIM Kalpakkam, and has organised many conferences/symposia of high relevance to advanced
materials, coatings and processes under IIM Kalpakkam Chapter. He is also the Founder-Convener and presently Chairman of IIMHuman Resources Development Centre Kalpakkam-Chennai, and has contributed to its growth in conducting various certification
programmes. He was Member-Secretary of IIM-Universities Press Book Series and presently Co-Editor in Chief of IIM-Springer
Book Series, and played a key role in the publication of significant number of books from IIM.

EDITORS

CORRESPONDENTS

Dr Manojit Dutta
Prof J Dutta Majumdar
Dr R Sandhya
Dr R Raghavendra Bhat
Dr N Eswara Prasad
Prof Sudhanshu Shekhar Singh
Dr Mithun Palit

Sri S K Basu (Kolkata)
Dr Chiradeep Ghosh (Jamshedpur)
Sri Rishabh Shukla (Pune)
Sri N K Kakkar (Delhi)
Sri M N V Viswanath (Hyderabad)
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TECHNICAL ARTICLE
Continuous, Semi Continuous Casting of Bulk Ferro Alloys
Pradeep Kumar Maitra*
Abstract
In 1950-60s Bulk Ferro Alloy (BFA) plants were built in India.
During those days the availability of unskilled workers was
not expensive that is why then and thereafter bed casting
and breaking (sizing) by manual procedures were adopted,
but unfortunately even today the same practice with few
exceptions is prevailing in many industries in India. However
in western countries, time to time the following efforts were
made for improvements.
i) In 1984, Thomas R. Allen (Jr.), of M/S Economy Industrial
Corp, USA developed continuous casting machines for
making small piglets, to eliminate conventional procedure
for alloy casting.
ii) During this period in South
Africa (SA)
[PatentZA9040051991)] the water quenched BFA Lump
Bibulating machines were also produced.
iii) In 2000, Ferro Atlántica (now Ferroglobe) & COMETVA,
SA developed “concealed water refrigerated vibrating
copper plate” for continuous casting of BFA.
iv) In 2007, ISTC (International Science and Technology
Centre) in collaboration with Siemens Metals Technologies
(Germany) & Economy Industrial Corporation, (USA), at the
Institute of Metallurgy, Georgia (Tbilisi), took up the project
(# G 1577), to develop the continuous casting machine for
BFA.
In this article an attempt has been made to describe above
developments to concerned industries so that they can
initiate the modernization of their plants and replace the
expensive, tedious, manual breaking and sizing of BFA in
one hand and improve the product quality & productivity
in other.
Introduction
Ferroalloys are alloys of iron with other elements such as Mn,
Si, Al, Cr, V, Ti, etc. These alloys based on their consumptions
in small (kg) and in large (t) quantities, are classified as noble
and bulk ferroalloys respectively, as explained below;
i) The Noble Ferro alloys (NFA) are high value materials
and used as additive inputs especially in the production of
alloy and special steels. The important NFAs are Fe-Mo, FeV, Fe-Ti, Fe-Al, Fe-B, Fe-Ce, Fe-Mg, Fe-Nb, Fe-P, Fe-U, Fe-W,
etc. mostly produced by aluminothermic reduction of pure
metal oxides or virgin metals in a hearth and beyond the
scope of this presentation.
ii) The bulk Ferro alloys (BFA) are comparatively low value
commodity but used in large quantities. The important BFA

are Ferro Manganese (Fe-Mn), Silico Manganese (Si-Mn),
Ferro-Silicon (Fe-Si), Ferro-Chromium (Fe-Cr), Ferro silico
manganese (Fe-Si-Mn) and Ferro silico chromium (Fe-SiCr) are mostly produced by carbo-thermic reduction in
submerged arc furnace. The BFAs are used for liquid metal
treatments during production of carbon steel (CS) and
stainless steel (SS) for de-oxidation, grain size control and
also for the introduction of alloying elements in the melt
during alloy steel production.
BFA Resources & Statistics
1. The major BFA producing countries in the world are
China, South Africa, India, Russia and Kazakhstan. Some
of the key ferroalloy producers and traders are; Union
Carbide Metals (USA); Georgian American Alloys Inc. Miami,
Elkem; ACA (Norway), ArcelorMittal, Luxembourg, Tata
Steel India; Brahm Group, Kolkata; Ferroalloy Corporation
Limited, Noida; MORTEX Group, Kolkata; Chandrapur Ferro
Alloy Plant SAIL; Sakura Ferroalloys, Malaysia; Pertama
Ferroalloys, Malaysia; BAFA, Bahrain; OM Holdings
Ltd, Singapore; Nikopol Ferroalloy Plant, Ukraine; Gulf
Ferroalloys Company, Saudi Arabia; China Min metals
Corporation, Shanghai; Shenjia Ferroalloys Co. Ltd; Vale S.A.
Rio de Janeiro Brazil; and OFZ, a.s., Istebné Slovakia.
2. Global production- according to (USGS-May-2018
edition) the total ferroalloy was produced 52.8 million
metric tons in 2015. BFA-Production in India (2016-17)
was 1852625t (individual BFA: Ferro-manganese-518000t,
Silico-manganese-300625t, Ferro-silicon-90000t, and Ferrochrome-944000t).
BFA-Exports (2016-17) was 15,41,794t, in terms of quantity,
each alloy: Si-Mn accounted for 50%, followed by Fe-Cr
(33%) & Fe-Mn (13%).
BFA-Imports (2016-17), was 4,68,247t. In terms of quantity,
each alloy: Fe-Si accounted for about 38% followed by Fe-Cr
(25%) & Fe-Mn-(13%) [1].
From above export/ import statistics of BFA it may be seen
that the Si-Mn (50% of total export) and Fe-Cr(25% of total
import) are having comparatively better market demand
both in India and abroad. The growth of these products
in India is bright and catching the eyes of traders for both
export and local supplies. Taiwan is one of the largest buyers
of Ferro-Alloy from India, and others are Japan and Thailand.
In 2017, Asia Pacific (East Asia, South Asia, Southeast Asia,
and Oceania) accounted for 79.5% of the overall demand
(Fig-1) in the global ferroalloys market, and is expected
to exhibit the best CAGR (Compound annual growth rate)
among all regions throughout the forecast period [2].

*Former GM, R&D and QA, BALCO; Life Member - IIM,
E mail: dipalyconsultants@hotmail.com
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In conventional casting and sizing the molten metal between
(1200 to 1500°C) is transferred into moulds (Fig-2) or beds
(made-up of fines of the same alloy), and slowly cooled to
ambient temperature. The solidified BFA forms about 20 to
30 cm thick blocks, which are broken with the help of drop
hammers and then reduced into workable sizes manually.
The broken pieces are then crushed, screened (sized) as per
the specified sizes desired by the customers, and stored.
During crushing a lot of fines are generated.

Fig-1: Global Fe-alloys Market Share (Source- Transparency
Market Research 2017)

A brief description of the two favourite BFA are given below.
A] The Silico-Manganese Alloy ASTM [A483]
The export of this alloy was high and import was low
hence if it is produced in greater quantities in future times
there would be a viable market. According to the buyer’s
specification, Si-Mn with silicon content between 12 to
35 % can be produced. However the Si-Mn alloy close to
the following specification, viz Mn 60 to 65% and Si~17%,
particle size between (20 to 80 mm & 10 to 50 mm, under
& oversize 10 % max), with the physical properties like
Density: 6.1 to 6.4 g/cc Bulk density: approx. 3200 kg/m
cube, Angle of repose: 40° to 60° & Melting range 1060°C to
1285°C (depending on size and composition of the material
respectively) is usually produced.
B] The Ferro Chromium Alloy ASTM [A101]
Ferro chrome (Fe-Cr) is an alloy of chromium and iron,
containing Cr between 50 to 70%. The SS producers
maintain Cr between 17 to 23% in their products mostly
derived from SS scraps and Fe-Cr alloy. In the year 2016 the
global production of Fe-Cr was ~11 million tons in which
India's contribution was merely ~10%, in spite of the fact
that India is the second largest producer of SS, ~3.3 million
tons in 2016. Over 80% of the world's Fe-Cr is utilized in
the production of SS. The Specification and conditions of
delivery of Fe-Cr is given in ISO 5448:1981. The Producers
of SS and tool steel are the largest consumer of Fe-Cr and
charge chrome (IS: 11945-1987 Chromium Less than 60.0%,
Carbon between 6.0 to 8.0% Silicon 4.0% Max, Phosphorus
0.035% Max & Sulphur 0.03% Max). It is chromium that
inducts remarkable corrosion resistance property in SS. Out
of the total world chrome ore mined about 95% is used to
produce Fe-Cr for the metallurgical industries. The physical
properties of Fe-Cr are Density 7.15 g/cc, m.p. range 1400 to
1620°C depending on the chemical composition of the alloy.
Conventional Casting and Sizing
The conventional methods of BFA casting and sizing in the
country were developed or modified by the BFA industries
concerned, out of these few are given below [3].
1] Stack casting 2] Mould Casting & 3] Machine casting –
The circular type casting horizontal wheel which can move
forward and backward. Moulds are mounted on top of a
car.

IIM METAL NEWS

Fig-2: Conventional casting of BFA

Genesis for Modernisation
After economic liberalization in India several iron and steel
industries came into existence, and to meet the increased
demand of BFA, numerous ferroalloy industries were
also appeared in the country. But soon these industries
realized that to avail the benefit of open market they have
to produce BFA conforming to global standards and as per
the guidelines of world trade organization (WTO). Since the
BFA is an intermediate product and re-melted during liquid
metal treatment, it does not require very precise shape
but in order to get its quick dissolution in molten metal
and highest degree of performance, it should have certain
consistent range of sizes.
The conventional manual breaking of hard BFA is labour
intensive, consumes a lot of time in sizing and generates
under sized particles (~20%) in the finished product. During
metal treatment, the odd sizes are technically undesirable,
because the small particles get entrapped in the floating
slag over the melt and bigger particles take comparatively
much longer time for its dissolution, causing lower recovery
and chemical reactivity of the BFA used.
The steel plants in order to achieve higher recovery of the
raw materials and consumables revised their specifications
and the local suppliers were advised to supply their products
as per the buyer’s internal standards which were much
more stringent, especially to regulate the particle size of BFA
within the range of 10 mm to 80 mm or even (+) 10 mm and
(-) 80 mm were suggested.
Subsequently few BFA producers started producing piglets
of (100 x100 x 40) mm³ for bigger and (50 x 50 x 40) mm³
for smaller ladles. Consequently the words shape and sizes
gradually came into existence. In the face of ever-increasing
materials costs, the emphasis on optimum shape & sizes
in products like piglets, granules, cubes, balls etc., for raw
materials also started gaining importance.
Besides above in recent years the near-net- shape casting
(NSC) has taken over in specific areas of production to
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minimize the generation of process waste. The term NSC
in BFA production refers to the solidified mass of alloy,
which comes out from the mould and does not require any
sizing efforts. In general NSC is a technique which provides
a consistent size close to the specified shape (Fig-3). This
process reduce substantial amount of process waste and
the production cost of ferroalloy industries.

steel moulds. The each mould contains number of designed
pockets or cavities or shapes. The hot metal after pouring is
cooled with dry air and thereafter with water spraying, the
frozen metal inside the mould cavities shrinks and can easily
be unloaded under gravity, when the travelling assembly
makes an U-turn towards ground floor. The empty moulds
travelling upside down are spray coated with the mould
coating compound solution, then the wet moulds are dried
by an on-line heater. The casting speed is achievable 250 kg
per minute or more [3],[4],[5]. Not all BFAs are having strong
metallic bonds to sustain against mechanical stress during
transportation, loading & unloading of the commodity,
hence the fracture toughness of alloy is useful for design
and/or as a quality control parameter of BFA.
2] Ferro Atlántica S.A.(Ferroglobe)and (Cometva) SA.
In the year 2000 Ferro atlantica initiated a project to
introduce continuous casting (CC) technique for silicon
metal, Fe-Si and other ferroalloys by pouring liquid metal on
cold copper plate for making thinner layers of alloy bed by
quick solidification.

Fig-3: Near-net-shape casting (NSC) of BFA

New Casting Technologies
In response to the demand of the steel industries three
technologies which were developed or being developed in
abroad and one indigenous conveyor type endless casting
machine to replace the conventional methods, are discussed
as under –
1] Economy Industrial Corp (EIC), USA
The equipment (US Patent 4605055A, dated 19/9/1984)
is an endless conveyor type casting apparatus used for
continuously casting ferroalloys or slag, was developed
by EIC. The technology is similar to the ordinary pig
casting machine driven by chain-sprocket system, the only
difference was instead of a single cavity moulds multi cavity
moulds were used. The advantage of using multi-cavity
moulds, is that here the mass of the mould is much greater
than the mass of the piglets. The large surface area of mould
and small volume of piglets get cooled much faster than the
BFA slabs cast by conventional method, using small surface
area and a large volume of molten metal. This method of
casting is 35 years old and modified by various fabricators
like EIC themselves and others, time to time according to
their need (Fig-4).

[Note-This rapid cooling technique was already in vogue in ferrous
and non-ferrous industries, since 1950’s but in Cu-moulds, and
never tried on Cu plate for Ferroalloy casting on commercial basis.
The CC may be defined as Metal-forming technique in which the
liquid metals like steel; aluminium etc gets solidified at certain rate
of production (kg/min) when poured uninterruptedly in a mould.
In such process the CC may be defined as, phenomenon of an
endless casting of metals. Similarly a discontinuous (DC) casting
means that the length of the product is limited by capacity of the
furnace. The "CC" of pure metals and alloys achieved better yield,
quality, and productivity and found to be economical.]

Ferroglobe, Cometva SA and FAI carried out experiments on
direct chilling of BFA on water refrigerated special copper
plate. The endeavour was successful with Ferro-silicon, and
it was claimed that other Fe-alloys can also be continuously
cast in a machine designed by them. The CC machine
consists of - i) Metal tilting device ii) A tundish to pour
liquid metal iii) A vibrating water refrigerated copper plate
2(w)x3(L) sq. metres iv) Two cast iron vibrating plates 2(w)
x3(L) sq. metres each on table one after another v) Screen
for separating smaller particles vi) Two bins for collecting
products vii) Crusher viii) water refrigeration system ix)Air
and mist cooling system etc.( Fig-5).

Fig-4: Conveyor type BFA casting machine
(Courtesy - Economy Industrials)

Fig- 5: COMETVA Casting Machine
(Courtesy - Ferro Atlantica)

The concept of EIC casting is simple and machine used for
this method is not horizontal, but rose like building elevator
with a mounting angle of ~30° or so. The metal pouring starts
at lowest elevation of the conveyor carrying cast iron or

[Note-Since not much technical information regarding casting
machine could be obtained from Cometva SA, the author could
conceptualized basic principle behind development which are
given below]
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The casting machine consists of a 5 ton ladle, a tundish with
slag arrester a ceramic nozzle, one copper and the two cast
iron vibrating tables arranged in series one after another at
slightly descending elevations [Fig-5]. The designed copper
plate, whose melting point is just above 1000 °C, receives
different molten BFAs depending upon alloy production
schedule of SAF. The hot metal arrives between 1200 to
1400 °C [Table-1] [6], [7] depending upon the alloy under
production. Heat can be extracted from molten metal by
three methods: conduction by solids metal plate, convection
by water (cold water flowing through copper plate) and
radiation (electromagnetic waves) by an air/mist that will
expel heat through induced or forced draft. The first table or
melt receiving station is installed just below the tundish, the
copper plate is cooled by refrigerated water flowing through
concealed grooves or pathways. The next two iron tables
are placed adjacent to the copper table one after another
to collect the hot frozen alloy coming out of the concerned
plates. The solidified alloy is further cooled with the help
of mist spraying. The width and length of these tables have
been calculated so that the entire primary cooling area of the
copper plate is covered by the alloy deposits to achieve the
maximum efficiency. The entire metal in the ladle contain
certain quantity of heat (Q) joule per kilogram Kelvin (J/kg K)
and the casting machine is required to cast the metal @ 250
kg/min and expel the heat quickly.
Now the PLC (programmable logic controller), calculates
total enthalpy and based on standard programs of each
alloy and automatically controls the rate of metal flow and
its cooling by conduction, radiation. The copper and iron
plates are equipped with strong vibrating devices which
can produce variable frequencies according to the needs
of the operation. The flow and speed of the water are very
important parameters for the life span of the cooper plate.
The thermocouples measure both the temperature of water
circuits as well as of the copper plate.
Casting mechanism
The copper alloy plate is used in the machine since it has
many desirable properties required for heat transfer and
works as a heat exchanger e.g.[ Wrought Copper Alloy UNS
no-C11000, Cu inclusive of Ag 99.9% , m.p.1065 0C, Density
8.92 g/cm3 , Thermal conductivity 3.94 Wcm / cm2 0C,
Tensile strength 283 MPa, Elongation 20% , Yield strength
255MPa].
The CC of BFA was developed from the pilot plant stage to
a commercial stage through several dedicated experiments
carried out by the inventors. The material movement (kg/
min) over the tables in liquid, mushy and solid condition
is controlled by the PLC through an automatic ladle tilting
mechanisms, metal weighing with load cells, ultrasonic and
sonic scalars and plate slope adjustments. The heat transfer
in the horizontal casting machine is controlled by the internal
cooling by refrigerated water flow (l/min) & temp (°C) and
also by external cooling with air/mist input (cu.m/min)
and flue gas temp (°C).The cooling pattern of solidification
is judged by Infra-Red detectors. When molten metal is
poured onto a water-cooled copper plate, then a skin of
solid metal is formed over the still-liquid mass at the centre,
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which gradually solidify the metal from the outer (where
there both liquid and solid phase co-exist for few moments)
are called mushy zone. In other words the fluidity of the
melt and formation of the mushy zone travelling ahead of
solidified mass from one table to another, are controllable
functions. The vibration helps to flatten the mushy portion
to get distributed over the certain length and full width of
the copper plate and subsequently allow the hot solidified
mass smoothly travel farther under gravitational pull
without sticking on the copper plate.
From the quality point of view, the product is clean
because fines are not generated in this kind of casting
and solidification also is a lot faster, which means less
segregation. The thickness of the layer can be controlled by
adjusting the frequencies of vibration in different ways, but
the material, which appears flat, is always easier to break
up due to micro cracks developed with the plate vibration
and fast chilling. On reaching the end of the machine the
majority of the material is already broken up. It is claimed
that the product crystal sizes produced by this technology,
due to fast solidification are approximately, one third of that
produced in the mould casting.

Fig 6: General concept of spray cooling systems

3] International Science and Technology Center (ISTC) is a
non-profit organization with a sister organization called
the Science and Technology Center of Ukraine (STCU).
This organization took up the Project # G-1577 Continuous
casting Machine development for Fe-alloys in association
with Siemens VAI Metals Technologies GmbH, Germany,
Berlin & Economy Industrial Corporation, USA, PA,
Ambridge with water cooled rotor crystallizer supplied with
the device for cutting of cast products. According to ISTC,
“some researchers believed, that application of a method
of continuous casting for BFA Piglets is impossible on
account of full absence of plasticity at ferroalloys, however
experimental researches carried out in Georgian Institute of
Metallurgy and Materials Science, have allowed to develop
principles of new technology of BFA casting by method of
continuous casting. This technology has been modeling on
large-scale pilot laboratory two profiled installation and
serviceability and expediency of a new design or suitable
for achieving a particular end in a given circumstance and
its indisputable advantage above existing of conveyor
type Machines have been proved.” However the perfect
plasticity is a property of materials to undergo irreversible
deformation without any increase in stresses or loads.
Plastic materials with hardening necessitate increasingly
higher stresses to result in further plastic deformation.
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Expected results and their application
As a result of realization of project developments the
industrial sample of five profiled machine for continuous
casting of ferroalloys with diameter of an internal
crystallizer 2m and productivity 35-40 t/hour will be
created. Demonstration tests of the new Machine will be
carrying out.
Expected advantages of the new Machine in comparison
with conveyor types are:
1) Overall dimensions of the machine are decreased by 8 –
10 times without reduction of productivity;
2) Losses of metal at casting are reduced within 1.5 – 2 %
up to 0.1 – 0.15 % on weight;
3) Segregation in foundries decreases by 10 – 6 % up to 2 –
1.5 %;
4) Cracking of Alloys at transportation and in extreme
conditions development of process of formation of
gaseous hydrogen and it compounds are prevented;
5) Ecological working conditions of the attendants improve;
6) The casting process is fully automated;
7) Expenses for manufacturing and operation of the
Machine are reduced by 5 – 6 times.
4] Indigenous Development of Piglet Casting Machines
(PCM)

Fig 8: Iron mould; (Courtesy- Peacock Industries)

Granulation of BFA
Granulation process is much suitable for some ferroalloys
and granulating machines are used in many plants. Most
metals are suitable for granulation, but ferroalloys which
are granulated currently are mainly ferronickel (Fe-Ni),
ferrochromium (Fe-Cr) and ferrosilicon (Fe-Si). It is a method
of eliminating the scope of fine formation in conventional
method of sizing during production of BFA. Also, it is an
alternative solidification process with higher efficiency and
yield. The hot metal comes into the tundish, from there it is
poured at a certain flow rate to strike a refractory spray head
just above the water, where the metal stream disintegrates
into droplets, distributed evenly over the entire granulation
tank surface and gets cooled as droplets [Fig-9].

Fig 7: Cross sectional view of PCM ; (Courtesy- Ispat Guru)

Of late some indigenous fabricators have started fabrication
of endless conveyor type piglet casting machine equipped
with spray cooling and mould coating systems, but still it is
necessary to improve several features. The cross section of
a common PCM (Fig-7) and mould (Fig-8) are shown. The
properties and production capacity of the machine for
individual BFA is given in Table 1.

Fig 9: Granulation; (Courtesy- Granshot)

Table 1 : Properties of BFA
Chemical properties :
The Standard Specifications for Ferroalloys and other Alloying elements are given in ASTM A1025. The details of each
individual BFA specifications are given in corresponding ASTM. (Fe-Mn [A99], Fe-Si [A100], Fe-Cr [A101], Si-Mn [A483]
etc.).
Physical properties :
SL
BFA
DENSITY
CASTING
OUTPUT
1
FERRO SILICON
6.76 g/cc
2.3-10 m/min
220-400 kg/min
2
FERRO MANGANESE
7.21 g/cc
2.5-10 m/min
250-400 kg/min
3
SILICO-MANGANESE
6.40 g/cc
2.8-10 m/min
230-450 kg/min
4
FERRO-CHROM
7.15g/cc
2.5-10 m/min
250-450 kg/min
[Note-Densities of constituent metals in (g/cc) — Mn(7.3), Fe(7.87), Si(2.33), Cr(7.15),C(2.2). The approximate density of BTA may be
calculated by the method of proportionality in resultant alloy.]
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Quality of BFA
The quality means "the totality of features and
characteristics" of a ferroalloy that bears its ability to satisfy
stated or implied needs. Usually material produced with a
higher content of alloying elements and a lower content
of impurity elements (usually phosphorus, sulfur, and non
metallics), significantly reduces specific consumption of BFA
there by reduces production costs. Besides above one single
important property of the BFA is the performance efficiency
of the alloy concerned i.e. quick dissolution in molten
metal and maximum recovery. The quality of Ferroalloy is
reflected by its rate of consumption of alloy (t/t) of steel
produced. The density of BFA should stay close to the liquid
steel density for proper dissolution. Only very few raw
material suppliers provide performance guarantee for their
product recovery, the rate of consumption of BFA depends
upon the quality of the product. With the advent of NSC
it has become easy for the buyer and seller to assess the
performance of the supplies without any ambiguity. Lower
fracture strength of some BFA resulted from the unique
atomic configuration containing both non-directional metalmetal bonds and directional metal-metalloid bonds. As both
high fracture strength and moderate plastic deformation
ability are imperative for shaping of BFA, it is worth exploring
the use of a Fe-based additives for not only strength but also
for addressing/satisfying plasticity problems.
Conclusions
[1] From the definition point of view, none of the above
processes can be designated as continuous but can
be treated as semi continuous since the continuity
of casting is interrupted may be due to limitations of
equipment or liquid metal supplies.
[2] The ISTC machine is yet to demonstrate their product,
if it is similar to the crystallizers used in chemical plants
or granulating machine then it can be tried for actual
performances.
[3] The BFA casting over a water refrigerated copper plate
is expensive but of course it is a new technology of
present time but yet to be studied further in concerned
laboratories. The major operational cost involved is the
supply of refrigerated cooling water and still lot of work
is yet to be done to make it flawless and popular.
[4] As far as acceptability is concerned, out of the three
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processes described earlier, at the moment only the
endless conveyor type of machine appears to be
satisfactory. The piglet production method is a semi
continuous process, and better than manual process.
This machine can be further modified with indigenous
R&D work. Because of low fracture strength some
additive treatment is necessary for alloys of metal and
metalloid bonding.
5] In view of the above advantages, the local industries
realized the necessity of fresh investments in
modernization of their plants to enhance production,
productivity and quality of BFA. With this modification,
industries would be able to exhibit their firmness on
product quality and provide buyers the evidences of
the product consistency in size, faster rate of dissolution
and maximum recovery of the alloy in molten steel.
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EXTRAMURAL ARTICLE
Deep Space Travel and In-Situ Resource Utilisation with respect to Asteroid Mining :
The Engineering Challenges and Solutions
Partho Pratim Chatterjee1, Pradeep Kumar Chatterjee2
growth throughout the world and will develop advanced
technologies yet unknown to benefit mankind. For example,
chemical reactions which may involve high-low pressure,
high-low temperature, acidic-alkaline environment, low
gravity, etc., which cannot take place in the Earth, can be
explored and used to produce fruitful dividends as per
customized requirements. A new understanding of material
behavior in these exotic conditions can also be obtained,
which can prove beneficial for research and development
and hence benefitting mankind in the long run. Thus,
asteroid mining/exploration will foster economic growth
throughout the world and will develop technologies yet
unknown for the benefit of mankind.
3.0 Making it Happen
Asteroid mining project should commence with technoeconomic assessment of mining reserves (minerals & ores)
to appraise the feasibility of the project, measuring external
elliptical trajectory of the asteroid to predict its closest
position from the Earth, measuring internal parabolic
trajectory of an object projected within the asteroid,
calculating mass of the asteroid, computation of escape
velocity in the asteroid and computation of acceleration due
to gravity in the asteroid.
3.1 Techno-Economic Assessment of Mining Reserves
(Minerals & Ores)
Techno-economic assessment of asteroid mining (minerals
& ores) covers three important aspects: (i) What to mine
(Prospecting) ? (ii) Where to mine (Perceiving quality)? (iii)
How to mine (Exploration and beneficiation)?
3.1.1 What to mine (Prospecting)?
Asteroid mining should begin with prospecting for the
reserves in order to determine whether there exists market
demand and potential for the minerals and ores to be mined
or not. For example, C-group and related classes of asteroids
contain high abundances of water and elements like organic
carbon, sulfur, nitrogen and phosphorus as well as ferrous
metals.
Tiny scouts could be used to locate the mineral resources
and subsequently evaluate the potentiality of the resources
(minerals & ores). Organizations like Deep Space Industries
have planned to launch their first prospecting mission,
using advanced, small spacecraft Christened “Prospector”
to explore and study Near Earth Asteroids [1]. These
prospecting spacecrafts will be fitted with sophisticated
scientific equipments to detect water, minerals, ores,
silicates, etc.

Prelude
Exploration of resources (minerals and ores) from asteroids
in the universe can be a possible alternative to harness
resources for meeting the potential demand. In this quest,
asteroid mining could be a techno-economically viable
proposition due to economy in efforts, time and cost.
However, such exploration needs to be for betterment
of mankind and for peaceful purposes only. Against this
backdrop, this work dwells upon the concepts involved in
making deep space travel and in situ resource utilization
happen encompassing mathematical representation
namely measuring external elliptical trajectory to predict its
closest position from the earth, internal parabolic trajectory
followed by calculating mass of the asteroid and escape
velocity and acceleration due to gravity of the object in
asteroid, conquering challenges, possible solutions and
benefits to mankind.
1.0 Introduction
Asteroid mining is the exploration of resources (minerals
and ores) from asteroids and other planets, including
near-Earth objects like Moon, Venus, Mars, etc. Minerals
and ores can be mined from an asteroid or spent comet.
These minerals and ores can be utilized in international
space centre to be located at place of exploration for
industrial application, for construction purpose as building
materials, etc, or even transported to Earth. The minerals
and ores which can preferably be transported to Earth
include cerium, gold, hafnium, iridium, limestone, osmium,
palladium, platinum, rhenium, rhodium, ruthenium, silver,
tungsten, etc., whereas minerals and ores like bauxite,
cobalt, copper pyrite, dolomite, hematite, magnetite,
manganese, molybdenum, nickeline, pyrolusite, ilmenite,
can be used therein.
2.0 Mining Resources from Asteroids
Mining resources from asteroids is not primarily about
mining precious minerals and ores in space and bringing
them back to Earth but also for planetary protection. Space
resources such as water ice, metals, regolith, silicates,
etc. could be the raw material to be used in future to
develop infrastructures in space that will enable humanity
to reach farther into the depths of our solar system
and beyond. Asteroids mining will also foster economic
1 Co-Founder and Technical Advisor, Aditya Bio innovation
Private Limited, Nagpur–440013 (India)
Email: cppartho@yahoo.co.in
2 Joint General Manager, Commercial Division, MECON Limited,
Ranchi-834002 (India)
Email: ckpradeep61@gmail.com
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3.1.2 Where to mine (Perceiving quality)?
The next step is to perceive clearly the content and
percentage concentration (i.e. quality) of the resource
(minerals and ores) for higher productivity and hence higher
net sales realization (NSR). For example, the initial targets
for mining asteroids could be those that pass through the
Earth’s neighborhood. Many water-rich Near Earth Asteroids
(NEAs) are easy to access as they travel around the Sun in
very similar orbits as compared to Earth. Additionally, these
small bodies have very little mass, and therefore very little
gravity, making it easy to extract resources.
Once suitable target sites have been identified, they are to
be classified into one of three categories: C-type, S-type
or M-type. C-type asteroids are of interest because they
contain an abundance of water, carbon, phosphorus etc.,
those could be used for larger mining operations. Although
C-type asteroids do have their value, it’s likely that they
won’t be the prime target for would-be asteroid miners due
to absence of precious metals. The next preference falls to
the last two classes i.e. S-type or M-type. S-type asteroids
distinguish themselves by having an abundance of precious
metals. M-type asteroids are also heavy with metals, but
they contain about 10 times more elemental gangue than
their S-type counterparts [2]. It goes without saying that
a commercial entity would prefer either S-type or M-type
asteroids first because of techno-economic reasons and
then think for the C-type later.
3.1.3 How to mine (Exploration and Beneficiation)?
It aims at employing the appropriate technology which
is feasible and can yield higher return on investment
(ROI) with respect to capital expenditure (CAPEX),
operating expenditure (OPEX) and NSR. Technologies
like manufacturing in microgravity, hard vacuum etc.
are commonly used for exploration of resources. These
technologies offer both opportunities and concerns. The
unique opportunity in microgravity is that it can work
in an adverse working condition, like at low gravity and
high vacuum. The major concern in microgravity is to do
manufacturing in an environment where matter moves here
and there randomly (i.e. high entropy of the system due
to low gravity). This can be overcome by creating artificial
electrical and magnetic fields which can compensate
the adverse effect of low gravity. In case of hard vacuum,
the unique opportunity is that it offers the prospect of
generating high purity products and also to obtain high yield
in the case of certain gaseous reactions. The major concern
in hard vacuum is to overcome the uncontrolled fluid flow
resulting from high pressure gradient. This can be overcome
by creating high pressure zone by means of artificial
compressors using solar panels. Another major concern
in processing and manufacturing is the large structures
which are difficult to fit into the launch vehicle. This can be
overcome by creating smart foldable & flexible structures
which can change its shape and size according to external
stimuli and requirements. Further, due to enormous space
availability, huge solar arrays and large antennas can be
installed to harness solar energy and to develop enhanced
communication satellites respectively.
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In this regard, preparation of techno-economic feasibility
report (TEFR) followed by detailed project report (DPR) can
be undertaken to zero down the modus operandi to arrive
at the best feasible option.
Once prospecting mission has identified the best locations
for mining, specialized robotic spacecrafts may begin
harvesting resources.
3.2 Measuring trajectory of the asteroid
We know that asteroid follows elliptical trajectory. As such,
the Equation of trajectory of ellipse is,
(x2 / a2) + (y2/ b2) = 1……..…. (1)
Where, x & y are respective Cartesian co-ordinates, 2a is
the length of major axis of the ellipse, 2b is length of the
minor axis of the ellipse. Further, x and y are represented as
x = a Cosθ and y= b Sinθ ………. (2a & 2b)
∴ dx/dθ =- a Sinθ dy/dθ = b Cos θ
i.e. dx = - a Sin θ dθ and dy = b Cosθ dθ ……. (3a & 3b)
Also,
dz2 = dx2 + dy2………. (4)
Substituting the value of dx and dy in Equation (4)
dz2 = ( - a Sin θ dθ)2 + ( b Cosθ dθ)2
i.e. dz2 = a2 Sin2 θ (dθ)2 + b2 Cos2θ (dθ)2
i.e. dz2 = (dθ)2 [a2 Sin2θ+ b2 Cos2θ]
i.e. dz = dθ √[a2 Sin2θ+ b2 Cos2θ]
i.e. ∫dz = ∫dθ √[a2 Sin2θ+ b2Cos2θ] ………… (5)
Equation (5) can be used to measure trajectory of the
asteroid. In Equation (5), θ varies from 0c to 2πc and z
(length) varies from 0 to z. Depending on the distance
travelled by the asteroid, the values of θ can be adjusted,
and a graph can be plotted between θ and the value of
√[a2 Sin2θ+ b2Cos2θ]. The area of this plot between 0c to θc or
between θ1c and θ2c can be measured using standard graph
plotting software like, ‘Origin’, and hence the value of the
trajectory length can be measured.
In the case of a circular orbit, a = b. Therefore, it can be
inferred that the value of √[a2 Sin2θ+ b2Cos2θ] is equal to a,
which is a constant, irrespective of the value of θc, and the
value of the area of the above mentioned plot between 0c to
2πc is equal to a*2π, which is equal to 2πa, which is equal to
the circumference of circle.
Further, the area under the elliptical trajectory can be
calculated from the standard formula of Area = π * a* b.
3.2.1 Predicting closeness of the asteroid from the Earth
As known, like Earth, generally asteroids revolve around
the Sun. When an asteroid is in the closest position from
the Earth, the gravitational force between the Earth and
the asteroid has some significant value compared to the
gravitational force between the Sun and the asteroid in
contrast to distant positions. When the gravitational force
between the Earth and the asteroid assumes significant
value, it deflects the asteroid slightly from its normal
trajectory. Due to deflection, the asteroid can be pulled
inwards towards the Earth and collision is probable. In view
of this, it is mandatory to calculate the closest position, as
it helps to precisely gauge when and where to send the
spacecraft for mining as well as placing it into a stable orbit
around near Earth objects like the Moon, to nullify any
probable collision between the asteroid and the Earth.
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3.2.2 Calculation of closest position of the asteroid from
the Earth
It is known that when an asteroid approaches the Earth,
the distance between the asteroid and the Earth initially
decreases, attains a minimum value and then increases.
Therefore, the data regarding the x coordinate and y
coordinate of the asteroids at random time intervals are
required to be obtained. More the data, more accurate will
be the curve fitting.
The distance between the Earth (0,0) and the asteroids
(xa , ya ) can be calculated using the formula,
(d)2 = (xa)2 +( ya)2, where d is the distance between the Earth
and the asteroid, xa & ya are the x and y coordinates of the
asteroid. To precisely know the time at which the asteroid
and the Earth are closest, a curve between time t (x axis)
and the corresponding distance d (y axis) need to be plotted.
Then curve is to be fitted to the nearest parabola.
Let us assume the Equation of the parabola is
d= at2 + bt + c ..... (6)
The values of a, b and c are constant can be arrived at using
the Equations (6a), (6b) and (6c) below
∑ d = nc+ b∑ t + a∑ t2………….. (6a)
∑ td = c ∑ t + b ∑ t2 + a ∑ t3………….. (6b)
∑ t2d = c ∑ t2 + b ∑ t3 +a ∑ t4………….. (6c)
The numerical values of a, b and c thus obtain from the
above three Equations, can be substituted in Equation (6)
and the fitted parabola can be plotted.
To precisely know the time at which the asteroid and the
Earth are closest, we have to first differentiate d in Equation
(6) w.r.t t ( i.e dd/dt) and then find t when dd/dt = 0
d = at2 + bt + c
or dd/dt = 2at + b
Now, equating dd/dt = 0, we get,
2at + b = 0,
or t = -b/2a
Now, differentiating d w.r.t t again, we get,
d2d/dt2 = 2a
Now, for d to have a minima at t = -b/2a, d2d/dt2 should be
positive. We can check and confirm if d2d/dt2 is positive for
t = -b/2a, which clearly implies that the function (distance)
has a minimum (which means a > 0) at that value of t = -b/2a.
We can thus obtain the time (t = -b/2a) when the asteroid is
closest to the earth. Also, the value of the closest distance
between the earth and the asteroid can be obtained by
substituting this value of t (t = -b/2a) in the equation of the
parabola d= at2 + bt + c and finding the corresponding value
of d. Thus, Inference can be drawn when the asteroid is in
the closest position relative to the Earth, the value of the
closest distance between the earth and the asteroid and
also whether there will be a collision between asteroid and
the earth depending on the minimum value of d.
3.3 Measuring trajectory of an object projected within the
asteroid
Here, an attempt has been made to measure the length of
the trajectory of an object projected within an asteroid with
velocity v and angle of projection θ. Let the acceleration due
to gravity in the asteroid be g and time be t.
From Equation of motion, we know
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dx = v Cos θ dt and dy = (v Sin θ – gt ) dt ………… (7a & 7b)
Also, dz2 = dx2 + dy2………. (8)
Substituting the value of dx and dy in Equation (8)
dz2 = (v Cosθ dt)2 + [(v Sinθ – gt )dt]2
i.e. dz2 = v2 Cos2θ (dt)2 +[ v2 Sin2θ – 2vgt Sin θ+ g2t2] (dt)2
i.e. dz2 =(dt)2 [ v2 Cos2 θ + v2 Sin2 θ – 2vgt Sin θ+ g2t2]
i.e. dz2 =(dt)2 [ v2( Cos2 θ + Sin2 θ) – 2vgt Sin θ+ g2t2]
i.e. dz2 =(dt)2 [ v2 – 2vgt Sin θ+ g2t2]
i.e. dz =dt √[ v2 – 2vgt Sin θ+ g2t2]
i.e. ∫ dz = ∫ dt √ [ v2 – 2vgt Sin θ + g2t2 ] ……………………… (9)
Equation (9) can be used to measure trajectory of an object
projected within the asteroid. In Equation (9), the limits vary
from 0 to z for dz and for 0 to t for dt. Therefore, by plotting
a graph between t and √[ v2 – 2vgt Sin θ + g2t2], and finding
the area of the curve between 0 and t, we can measure
the distance travelled by the object projected within the
asteroid. The distance (along the parabola) between the
point of projection and the point where the object strikes
the asteroid can be measured by finding the area of the
curve between t = 0 and t = (2 v Sinθ /g) using standard
graph plotting software like, ‘Origin’ , and hence the value
of the trajectory length of the object can be measured.
Also, the range of the projectile can be measured using the
following standard formula.
Range = [v Cos θ * (2 v* Sinθ)] /g
Or Range = [v2Sin2θ]/g …………….. (10)
It is evident from Equation (9) and Equation (10) that since
the acceleration due to gravity in the asteroid is low and time
of flight of an object in the asteroid is high, therefore, both
range and length of the trajectory are higher for an object
projected in the asteroid for a given speed of projection v
and angle of projection θ as compared to the corresponding
values on Earth.
3.4 Calculating Mass of the Asteroid
To calculate escape velocity and acceleration due to gravity
in the asteroid, it is pre-requisite to calculate mass of the
asteroid. We know mass of a body is a product of its volume
and density. The volume of an ellipsoid can be calculated
by multiplying its radii along the three co-ordinate axis.
Accordingly, its volume (V) and corresponding mass (M) is
given by the standard formula,
V = 4/3 * π * a * b* c
M = 4/3 * π * a * b* c* ρ
3.5 Computation of Escape Velocity of the Object in the
Asteroid
To design the propulsion system of the spacecraft while it
is returning to the Earth, it is essential to know the escape
velocity. Computation of escape velocity is thus a critical
requirement. A low value of escape velocity means low
value of aerodynamic lift/thrust is required for propulsion
and vice versa. Hence, power requirement of the propulsion
system is low for low value of escape velocity and high for
high value of escape velocity.
Escape velocity (vesc) of an object in an asteroid may be
represented by the formula,
vesc = √ (2GM/R) , where M is the mass of the asteroid and
R is the mean radius of the asteroid and G is gravitational
constant (6.67 x 10-11 Nm2 kg-2). Mass of the asteroid can be
calculated as illustrated above.
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3.6 Computation of acceleration due to gravity of the
object in the asteroid
To calculate range and trajectory length of an object
projected in the asteroid, acceleration due to gravity (g)
of the object is an important parameter. A low value of g
means that a small impulse imparted to the object leads to
large range, large height, long path length and longer time
of flight. It also means lower values of aerodynamic lift/
thrust required for propulsion. The lower value of g of an
object in an asteroid also indicates the ease with which the
mining can be carried out.
Acceleration due to gravity of an object in an asteroid may
be represented by the formula, g = GM/R2, where M is the
mass of the asteroid, and R is the mean radius of the asteroid
and G is gravitational constant (6.67 x 10-11 Nm2 kg-2). Mass
of the asteroid can be calculated as illustrated above.
4.0 Challenges and Possible Solutions to Conquer the
Challenges
In asteroid mining due to its newness and uniqueness,
in addition to technical and engineering challenges
as mentioned earlier, the biggest challenge from the
astronomical point of view is to ensure that the asteroids
thus harnessed/mined/explored remain in stable elliptical
orbits such that the gravitational force between the
asteroid and the larger celestial body equals the centripetal
force required to maintain the asteroid in the stable orbit,
thereby maintaining perpetual motion preventing the fall of
the asteroid into the aura of any other celestial body (planet
or sub planet). To overcome the challenges, dimensions and
mass of the asteroid along with the gravitational forces it
comes in contact with needs to be evaluated, so that its
trajectory can be quantified.
A major limitation posed in asteroid mining is harnessing of
energy, since solar energy is the only major energy which
can be harnessed. Technologies to build efficient convertors
from solar to electrical energy using unconventional
technologies can be explored. One such technique could
be the generation of piezoelectric potential difference in
quartz-polypropylene combination from sunlight using
the principle of thermo-mechanical stress. It has been
theoretically established that this technology has the
potential to generate potential difference of high value
corresponding to a low temperature rise. Using Birefringent
polymer homeotropic films, radiative recombination
technique, aluminum nanoparticles to support surface
Plasmon resonance, etc. in solar cells, efficiency of the solar
cell can be further improved. Another important operational
challenge is that the mining equipment and the miners need
to rigidly bound to a support, otherwise they may move
randomly due to the effects of low gravity.
Further, carrying out mining in low gravity is a challenge
due to the high entropy of matter, but transportation is
much easier due to the low gravity. Mining in low gravity
offers the challenge of dispersion of fines and lumps during
mining leading to uneasy collection. This challenge can be
overcome by blowing a small stream of ions to charge the
fines and lumps and then exerting an electric field to attract
the charged fines and lumps. The electric arm can be slowly
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lowered so that there is closeness between the ground
and the arm and then the electric field is switched off so
that the fines and lumps gets collected at the designated
location at mine site. However, the plus point is that due to
vacuum, aerodynamic drag is not present, which leads to
lower power losses. Also, the low value of gravity and low
aerodynamic drag means lower power consumption during
take-off and flight.
Further, the mining machinery needs to be solar powered
for higher efficiency and cost economy w.r.t fossil fuel.
Reduction of weight of the mining machinery as well as
the rocket and the spacecraft is another challenge. This
challenge can be overcome by developing alloys with high
strength to weight ratio so that payload decreases and
operational economy is achieved.
Another challenge is to ensure automation to the extent
possible by using solar powered robots so that man power
requirement can be at the bare minimum level. Less
manpower means less oxygen generation and supply for
human respiration. Further, to protect humans from the
harmful rays like ultra violet rays, cosmic rays, etc. that cause
serious damage due to absence of ozone layer, atmosphere,
etc. in the asteroids is another challenge. A possible solution
to this challenge involves applying coatings in the costumes
of the astronauts, which alter the wavelength of the ultra
violet rays and disintegrate the cosmic rays, rendering them
innocuous or to develop efficient reflecting costumes which
ensure negligible absorbance of these harmful rays.
5.0 Benefit to Mankind
Increasing population, with a prediction to be around 9.7
billion people by 2050 [3], the Earth may not be able to
sustain our requirements. The rapid rate at which human
population is rising, there will be increasing pressure on
the existing natural resources. When it comes to mining
asteroids or otherwise, the main points of moral concern
are the impact on the environment, human health and well
being. Mining on Earth often has a catastrophic effect on the
environment in terms of the primary damage done by the
excavation and the secondary effects from phenomenon
such as percolation of the chemicals used in the mining
process. These environmental impacts in turn affect human
health and hygiene as well as flora and fauna directly as
well as indirectly, such as loss of human life in disasters
due to collapsing of retaining walls, collapsing of long walls
of underground coal mines etc. causing deaths through
flooding, etc., and indirectly through sub-crust chemical
contamination thereby disturbing environment and ecology.
Based on known terrestrial reserves, and growing
consumption in both developed and developing countries,
key elements needed for modern industry could be
exhausted on Earth within 50–60 years. Metals like tin, lead,
indium, silver, gold, copper can be mined. In response, it has
been suggested that platinum, cobalt and other valuable
elements from asteroids may be mined and sent to Earth
for economic value addition, e.g. to install solar-power
satellites, space habitats and to refuel orbiting propellant
depots using water processed from ice.
Further, asteroid mining has a major ethical advantage over
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terrestrial mining. After all, the asteroids that will be mined
are essentially lifeless objects in space. Therefore, there
will be no damage to ecosystems. As asteroid mining takes
place in space, there will be no impact on human, flora and
fauna and the populations of Earth will be safely away from
any side effects of mining. As such, asteroid mining seems
to be morally acceptable on the grounds that it will almost
certainly do no meaningful environmental damage.
Asteroid mining could also be effective for planetary
protection. Simultaneous mining and artificial deflection
in the normal trajectory of the asteroid and placing the
asteroid in stable orbit around near Earth objects like
Moon may ward off any deadly Earth-bound asteroid by
arresting its movement in unstable orbit, which otherwise
would have been pulled inward into the Earth’s atmosphere
causing catastrophe.
Politically, strict treaties need to be incorporated by the
United Nations (UN), such that no nation misuses the
resources mined from asteroids for developing nuclear
weapons, hydrogen bombs etc. which pose a serious threat
to world peace. Nations which violate these terms and
conditions should be subject to strict actions by the UN.
This would be a prolific move towards ensuring world peace
and the betterment of mankind. There need to be treaties
between the cooperating nations working together in the
field of asteroid mining. For exploration and sharing of the
mined asteroid resources, a Memorandum of Understanding
(MOU) with detailed scope matrix should be inked among
the nations in a logical and coherent manner. The United
Nations should enact appropriate laws and stipulations
to promote fair participation of the nations. Violations in
appropriation of resources and cases of hegemony and
domineering should be dealt in a stringent manner by both
the International Court of Justice and the United Nations.
This will ensure that the effects of development percolate
to all the nations and the goal of development of one and
all is achieved.
Outer Space Treaty does not prohibit mining in space for
peaceful purposes. Bringing resources from asteroids,
will reduce the mining activities on the earth, which will
preserve environment and contribute substantially towards
sustainable development. Carrying out mining in asteroids
would also bring down the mining activities which in turn
will bring down the level of greenhouse gases and carbon
footprints in the earth’s atmosphere. This would be a

shot in the arm for the World’s “Clean the Air” mission.
If the precious resources of the asteroids are harnessed
efficiently, these could be of vital economic significance
to the economies of the world and can be a remarkable
step towards alleviating poverty and unemployment in the
world.
Thus mining of asteroids pays many dividends to mankind.
Firstly, extraction of precious resources (minerals and ores)
for industrial applications, secondly, avoidance of planetary
obliteration, thirdly, positive impact on environment, human
health, fourthly, the water in the asteroid can be used to
create fuel for propulsion of the spacecraft in the return
journey thereby saving precious fuel, fifthly, conservation
of Earth’s precious resources as they are replenished with
the resources brought from the asteroids and as such they
would last longer, sixthly, possible installation of space
based solar power systems that will provide clean energy
throughout the world and allow humanity to wean itself
off fossil fuels that are producing green house gases and
destroying the Earth’s environment etc. all results in the
betterment of mankind.
6.0 Conclusion
With Earth’s resources dwindling and growing concern for
environment, asteroid mining appears to be a good option.
However, there are many challenges to be overcome.
Technical, economical, ethical and political issues will all
need to be addressed upon in the right earnest. Technoeconomic appraisal of asteroids feasible to mine, suitable
in-situ ore exploration techniques, lowering launch and
transportation costs of spaceflight, conquering engineering
challenges etc. will prove to be beneficial in undertaking
asteroid mining as a viable alternative. Ethical approach
needs to be maintained among the stakeholders (developed
and developing nations) to avoid conflict of interest between
them. Further, it needs to be ensured that such exploration
needs to be for the betterment of mankind and for peaceful
purposes only.
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73rd ANNUAL GENERAL MEETING OF IIM
The 73rd Annual General Meeting (AGM) of The Indian
Institute of Metals was held on 27th July, 2019 at Hotel
Altair, Salt Lake Sector V, Kolkata.

 As an outcome of certain Chapter Visits during FY 201819, the following amendments have been made effective
on immediate basis :
Life Membership: The clause in our current MOA,
indicating transformation/entitlement of an Ordinary
Member of IIM to automatically become a Life Member
after completion of continuous 33 years as a Member,
has been modified. The period has been reduced to 20
consecutive years for the benefit of Members.
Life Membership subscription fee can be paid in two
installments in the same financial year at the revised
rate, effective 2018 April.
Highest Qualification Certification upload shall be the
only verification clause provided for New Members who
wish to enroll in various membership categories.
f. The Transactions of The Indian Institute of Metals has
shown remarkable performance in FY 2018-19. The
impact factor witnessed an encouraging leap to 1.176,
from 0.910 in 2017-18.
g. It was informed that IIM Metal News made a higher
revenue of INR 8,95,746.
h. Foreign Collaboration initiatives with various
International Societies have been flourishng under the
guidance and forethought of the Apex.
The President invited comments from Members.
The following resolution was proposed and adopted:
“RESOLVED that the Report of the Council for the year 20182019 (from 1st April 2018 to 31st March 2019) be and is
hereby approved and adopted” : proposed by Dr. Sanak
Mishra and seconded by Mr. Sudhanshu Pathak.
 The Hon. Treasurer tabled the Accounts for the year
ended 31st March 2019 for consideration of the
Members including the highlights.
The salient features highlighted by him were: The total
revenue for the year was Rs. 3,84,94,659 as against Rs.
3,85,60,160 in previous year and the profit before tax
was Rs. 1,26,13,015 against Rs. 68,51,950 in the previous
year.
The valuation for Gross Assets was Rs 19,48,01,954 as
against Rs 17,67,99,144 . An increase by Rs. 1,80,02,810
has been recorded over the previous year.
The audited accounts were approved and adopted
unanimously.
The following resolution was adopted:
“RESOLVED that the Institutes Audited Income and
Expenditure account and the corresponding Balance Sheet
for the year ended 31st March 2019 and the Auditor’s
report thereon be and is hereby adopted.”: proposed by Mr.
J C Marwah and seconded by Mr. Pritish K Sen.

Mr. Anand Sen, President of IIM presided, and welcomed all
members present to the 73rd Annual General Meeting of
The Indian Institute of Metals. The meeting started with one
minute silence for the departed soul of Samir Kumar Ghosh,
Life Member and Former Secretary of IIM Kolkata Chapter.
The members passed a Resolution to convey condolence to
the bereaved family.
The following business were transacted at the AGM.
 The Minutes of the 72nd AGM held last year at Tolly
Club, Tollygunge, Kolkata, were confirmed, proposed
by Dr. Sanak Mishra and seconded by Prof. Sudhanshu
Singh.
 The President congratulated the various Members of the
Institute on their achievements / recognitions received
during 2018-19.
 The Secretary General presented the following highlights
of the Annual Council Report for 2018-2019, which had
been earlier circulated amongst members :
a. Maiden NMD Awards Nomination & Assessment Portal,
wef March 2018.
b. Chapter Visits, an initiative wef March 2018, with
an objective to sustain and strengthen collaboration
between IIM Chapters. It was apprised that 24 Chapters
were visited during the Financial year of 2018-19.
c. In the preceding Council Year, three new Chapters [
Bharuch, Sambalpur & Mathura ] came on board.
d. Members were apprised regarding all significant Chapter
events/seminars in the preceding year. These have been
organized in conformity with the stipulations made in
Memorandum of Understanding between the Organizing
Chapter and IIM Head Office.
e. The following developments/initiatives in Membership
genre were appreciated unanimously by the National
Council of the year :
 Two Honorary Members and Four Fellow Members
selected by IIM Awards Committee came on board wef
2018-19 Council year.
 Fellowship being considered as one of the most
prestigious honour of the Institute, Mr. Anand Sen,
President [2018-19] broached the idea, and placed the
proposal of waiving fellowship subscription fee to the
Council. This has subsequently been approved by the
Council in its meeting held on 15th November 2019 at
JW Marriott, Kolkata. The same has been put to effect
from April 1st, 2019.

IIM METAL NEWS

18

Vol.22 No.8 AUGUST 2019

 The President informed the Members about the
appointment of the Council for 2019-2020. He informed
that as per Cl. 18 of the Articles of Association, the
outgoing Council has finalized the names of the Council
for 2019-2020 as given in Annexure-I.

 The outgoing President, Mr. Anand Sen who immensely
contributed in the past one year, passed on the torch to
the President [Elect], Dr. U Kamachi Mudali. Members
present thanked Mr. Anand Sen for his prodigious
involvement in all spheres of the functionalities of the
Institute.
Dr. U Kamachi Mudali briefed about his association with
the Institute. He emphasised that as a team with spirits
kept high, we shall be able to sail through the rough
patches which we may encounter in our journey forward.
Retirement & Appointment of Directors:
"RESOLVED that Mr. Anand Sen and Dr. D De Sarkar would
retire from the directorship of The Indian Institute of Metals
as listed in MCA, and is hereby approved and taken on
record of the Institute with immediate effect.”
“RESOLVED further that any director of the Institute be
and is hereby authorised to file the information with the
Registrar of Companies concerned in the prescribed form.”
“RESOLVED further that the Council places on record the
valuable services rendered by Mr. Anand Sen and Dr. D
De Sarkar during their tenure as Directors of the Institute
in MCA and expresses its deep sense of appreciation and
gratitude for the same.”
“RESOLVED further that Dr. U Kamachi Mudali, President
[Elect] has been appointed as the Director of The Indian
Institute of Metals with immediate effect.”
Further resolved that the President [CY 2018-19],
Mr. Anand Sen, be and is hereby authorised to take all
necessary actions to implement the board decision,
proposed by Dr. Divakar R and seconded by Mr. Askok K Dutt.
The 73rd AGM was concluded with a Vote of thanks
proposed by Mr. Kushal Saha.
- The IIM Metal News

Dr. U Kamachi Mudali, Distinguished Scientist and
Chairman & Chief Executive of Heavy Water Board, an
industrial unit of Department of Atomic Energy was
inducted as the President of the Council for 2019-20, and
in the same vein, Dr. S V Kamat, Director General, Naval
System & Materials, DRDO was taken on board as the
VP-Metal Science with effect from 1st August 2019.
Mr. Kushal Saha, Secretary General placed the following
resolution and read out the names. The following
resolution was adopted.
“RESOLVED that pursuant to Cl. 18 of the Institutes’
Articles of Association, the members as detailed in
Annexure-I, be and are hereby appointed as Office Bearers
/ Members of the Council for the year 2019– 2020”. The
vacancies, of around 8 positions shall be fulfilled shortly
by the Apex body of the Institute, proposed by Mr. RN
Parbat and seconded by Mr. Sudhanshu Pathak.
 Mr. Somnath Guha, Hon. Treasurer proposed that M/s
Singhi & Co, Chartered Accountants, be and hereby
continue as Auditors of the Institute in 2019-20 , shall
hold office from the conclusion of this AGM, as approved
by the Council in its meeting held on 27th July 2019.
“RESOLVED that M/s Singhi & Co, Chartered Accountants
be and are hereby appointed Auditors of the Institute to
hold office from the conclusion of this AGM till the expiry
of the standard term of five years i.e. till the conclusion
of the AGM to be held in the year 2020.”: proposed by
Mr. SK Basu and seconded by Dr. Sujoy Hazra.

28th PROF A K SEAL MEMORIAL LECTURE
Prof. Siddhartha Das, Professor at Department
of Metallurgical and Materials Engineering,
IIT Kharagpur, has delivered the lecture on
“Next Generation Energy Storage Devices : A
Metallurgist’s Perspective ”, on 27th July 2019.
The Memorial Lecture was well attended by the
students of IIEST, Shibpur and IIM Members. Dr.
Kamachi Mudali, the newly elected President
of the Indian Institute of Metals, presided over
the function and introduced the speaker to the
audience.
Prof. Siddhartha Das being felicitated by President of IIM
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Solutions for Quality Control
in Metal Industry
Materialography
Hardness Testing
Heat Treatment
Elemental Analysis
Milling & Sieving
Particle Analysis

Representative sample preparation, heat treatment
and accurate analysis (e.g. element concentrations,
hardness, particle size and shape) of raw materials,
intermediate and finished products are important
steps of the quality control of steel.
VERDER SCIENTIFIC sets standards in high-tech
equipment for quality control, research and
development of solid matter. The well-known Verder
Scientific brands have served research institutions,
analytical laboratories as well as manufacturing
companies in quality control and process applications
for many decades with ever more sophisticated
and reliable products which offer the solution to
their individual task.

Verder Scientific Private Limited
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Hot rolling, hot forging and heat treatment units across India
are preventing scale loss and decarburization.
Help your organization save and benefit in multiple ways!
Scale Loss: 3.2%

Scale Loss: 0%

Without coating

With coating

32 mm dia, SS AISI-420,
11500 C/30 mins., air cooled.

32 mm dia, SS AISI-420,
11500 C/30 mins., air cooled.

Proven protection for all grades of steel.
Call NOW 9820493373 for guidance to resolve issues due to
scaling.

35 years of helping metal forming industries save on costs.

STEEL PLANT SPECIALITIES LLP
211 RAIKAR CHAMBERS, GOVANDI (E), MUMBAI 400 088, INDIA.

TEL: 022 67978060 Email: info@steelplantspecialities.com

www.steelplantspecialities.com
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RECENT DEVELOPMENTS
United States Army awards $15 million to 3D Systems to
develop largest 3D metal printer
3D Systems, Rock Hill, S.C. announces that it has been
awarded a $15 million contract by the Combat Capabilities
Development Command of the U.S. Army Research
Laboratory to build the world’s largest, fastest, most precise
metal 3D printer. The printer’s build envelope is planned to
be 1000 x 1000 x 600 mm, with the ability to build minimum
wall thickness of 100 µm and layer thickness of 30 µm. This
is a significant increase over current large-scale metal 3D
printers, which have a build envelope of 500 mm x 500 mm
x 500 mm.
The goal is to revolutionise key supply chains associated with
long-range munitions, next-generation combat vehicles,
helicopters, and air and missile defense capabilities. 3D
Systems and the National Center for Manufacturing Sciences
(NCMS) were awarded funding to create this revolutionary
printer and will partner with ARL and the Advanced
Manufacturing, Materials, and Processes (AMMP) Program
to advance the leadership and innovation of the world’s
strongest military.
According to the U.S. Army Additive Manufacturing
Implementation Plan, the Army has been using additive
manufacturing (AM) for two decades to refurbish worn parts
and create custom tools. Once developed, the Army will
leverage its manufacturing experience by placing the new
large-scale systems in its depots and labs. Subsequently, 3D
Systems and its partners plan to make the new 3D printer
technology available to leading aerospace and defense
suppliers for development of future Army platforms.
In addition to bringing a new metal AM solution to the Army,
3D Systems will also evaluate the feasibility of integrating the
new technologies and processes into its existing portfolio of
3D printer technologies.
ASM International
Methods developed to detect phase transformations in
NiTiCu shape-memory alloys

The addition of copper to binary NiTi shape memory alloys
is a common approach to decrease the thermal hysteresis
between the high temperature austenitic phase and the low
temperature martensitic phase. With an increasing copper
level, the orthorhombic martensite becomes continuously
more stable over the monoclinic morphology that is typically
observed in binary NiTi.
Previous research indicates that an amount of about 7.5
at.% copper leads to the appearance of the orthorhombic
crystal structure, and that it might coexist with monoclinic
martensite up to a copper content of approximately 15 at.%.
While the existence of orthorhombic martensite has been
well established and characterized, there is still little data
available about the interplay of composition and thermomechanical treatments that lead to alterations in the phase
transformation sequence and measured hysteresis width.
This work aims to demonstrate the impact of composition,
heat treatments, and processing on the microstructural
evolution of ternary NiTiCu alloys as observed by DSC, XRD,
and microscopy. In addition, a Pawley refinement is applied
on measured XRD data to perform a quantitative phase
evaluation in as-cast and processed alloys. Results show that
by a combination of these methods, phase transformation
trends during the processing of NiTiCu can be determined.
ASM International
NASA researchers study low-temperature shape memory
alloys for actuators

Researchers from NASA Glenn Research Center and
Ohio Aerospace Institute, both of Cleveland, presented a
discussion of work on the development of low-temperature
shape memory alloys for aerospace applications at the
ASM International SMST 2019 conference in May. “LowTemperature Shape Memory Alloys Development for
Actuation at Cold Temperatures” first covers work on hightemperature SMAs, then reports on low-temperature SMA
development.
Substantial efforts in the last decade have been dedicated
to developing viable shape memory alloys for use as solidstate actuators at temperatures above 100°C. This work has
resulted in several breakthroughs in material development,
processing, and applications. While these alloys are being
scaled-up and matured, interest is just developing in
the counterpart low-temperature shape memory alloys
(LTSMAs).

Researchers at SAES Getters, Italy, report that they have
demonstrated the impact of composition, heat treatments,
and processing on the microstructural evolution of ternary
NiTiCu alloys as observed by DSC, XRD, and microscopy.
They reported the results of their work in “Characterization
of Processing Effect on Microstructure and Hysteresis in
NiTiCu Alloys,” a presentation at the ASM International
SMST 2019 conference in May.
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The LTSMAs can yield several benefits in the aerospace
arena, but they have not been examined rigorously. Aerostructural and space solutions such as aerodynamic surfaces
of aircraft (e.g., vortex generators, strakes, engine chine),
deep-space devices (e.g., adaptive radiators, pointing
mechanisms), and structural superelastic applications (e.g.,
planetary rover tires, landing systems), among others, can
all benefit from viable LTSMAs.
In this work, several LTSMAs are examined in detail and
compared not just by transformation temperatures down to
-150°C, but also by work output and actuation stability at
temperatures down to -60°C.
ASM International
Composite steel foam resists 50-caliber rounds at half the
weight of solid steel

the kinetic energy of the armour-piercing rounds. "We
could stop the bullet at a total thickness of less than an inch,
while the indentation on the back was less than 8 mm," says
AfsanehRabiei, a professor of mechanical and aerospace
engineering at NC State.
ASM International
New steel for oil pipelines prevents leaks
A newly-developed steel grade is improving the integrity of
pipelines and reducing the environmental impact of Russia’s
oilfields.
Oil extraction in Russia presents a particularly tricky
environment for engineers. Pipes are constantly exposed to
corrosion by a mixture of oil and concentrated salt, meaning
that operation periods are cut short and accidents become
increasingly likely. These can be particularly problematic,
with surrounding areas becoming subject to dangerous
levels of pollution in the result of leaks.
Repairs are not easy, either. Oilfields are often remote,
and conditions can be hostile. The wilds of Siberia have
weather conditions that contribute to the pipes requiring
constant maintenance while simultaneously complicating
the delivery and installation of replacement sections.
Thankfully a new, innovative technology from Russia’s
National University of Science and Technology (NUST) looks
to change the way such pipes are manufactured – increasing
efficiency for companies and reducing not only operating
costs and necessary repairs but also risk to the environment.
It is not just the steel grade’s intrinsic properties that have
improved pipeline performance – the way the metal is
shaped is also crucial. The new pipeline technology uses
precise steel rolling techniques. What this does is twofold,
reducing thickness and making that thickness more uniform.
This uniformity means that the pipes are less susceptible to
corrosion and to cold – a frequent issue in the freezing oil
fields of Siberia.
The project has also developed several other steel concepts
that researchers describe as “promising”. The NUST team
says one set of melting and smelting experiments “passed
the corrosion tests with flying colours”. Full-scale pilot tests
for this new alloy are now being launched in Lukoil, Gazprom
Neft, and Irkutsk, oil fields in West Siberia.
Severstal, the company that commissioned the university
to research the production of the pipes, underlined the
impressiveness of NUST’s technical achievement. The
company said that project involved high levels of “steel
purity and structural uniformity” that represented “partly
contradictory technological tasks”.
This makes it even more impressive that the research team
were able to craft and implement this new steel grade – and
could mean more impactful innovations for both steel and
oil pipe manufacturing down the line.
https://stories.worldsteel.org/

North Carolina State University, Raleigh, announces its
researchers have demonstrated that a steel composite
metal foam can stop armour-piercing 50-caliber rounds as
well as conventional steel armour, even though it weighs
less than half as much.
Composite metal foam (CMF) consists of hollow metallic
spheres made of materials such as stainless steel or
titanium that are embedded in a metallic matrix made
of steel, titanium, aluminium, or another metallic alloy.
This can be made by bubbling gas through molten metal
to produce a frothy mixture, which can then be cooled
to form a lightweight matrix and embedded with hollow
metallic spheres. The result is a material much lighter than
conventional metals but with comparable strength. In this
study, the researchers fabricated a composite in which both
the spheres and the matrix were made of steel.
For the study, researchers manufactured a hard armour
system consisting of a ceramic faceplate, a CMF core, and a
thin back plate made of aluminium. The armour was tested
using 50-caliber ball and armour-piercing rounds. The
rounds were fired at impact velocities from 500 up to 885
meter per second.
The CMF layer of the armour was able to absorb 72 to 75%
of the kinetic energy of the ball rounds, and 68 to 78% of
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NEWS UPDATE
Tata Steel looks to ride India's electric vehicle wave with
charging infra
Tata Steel is looking to ride India’s electric vehicle (EV)
revolution with charging infrastructure. The firm plans
to create infrastructure, provide engineering solutions,
and anchor partnerships for the project. While Indian Oil
Corporation has partnered clean energy firm Fortum India
for EV charging stations, Hindustan Petroleum is setting up
charging stations with Tata Power. At the recent unveiling
of Hyundai's Kona sport utility vehicle, the firm said it
was collaborating with Indian Oil Corporation in Mumbai,
Delhi, Chennai, and Bengaluru to set up charging stations.
Tata Steel is actively looking for partners and has already
started discussions with people. But the company is clear
that it would not be in the business of running the charging
stations.
Business Standard
JSW gets Letter of Intent for acquiring Asian Colour Coated
JSW has said it has received the letter of intent from the
committee of creditors of Asian Colour Coated Ispat for
acquiring the firm through the insolvency process. The
lenders of Asian Colour Coated Ispat last week has approved
JSW Group‘s Rs.1,550-crore bid to acquire the steel firm.
Business Standard
RINL targeting 25,000 crore turnover: CMD
Rashtriya Ispat Nigam Ltd is aiming at a sales turnover of
25,000 crore during the current financial year as against
20,000 crore achieved last year, according to its Chairman
and Managing Director PK Rath. In an interview he said
the market was in a sluggish phase, but it would improve
soon. The capacity of the steel plant had been enhanced
from the original 3 mt to 6.3 mt and with modernisation
of the units, another 1mt will be added, taking the total
to 7.3 mt. “Almost all the units in the expansion phase are
ready and functioning, barring one, and it would also be
ready soon. Our first objective is to consolidate and stabilise
the production at 7.3 mt level and then the next phase of
expansion will be taken up,” he explained.
Business Line
Navaratna of the Year Award for NALCO
Dalal Street Journal, India’s top rated equity investment
magazine, has rated National Aluminium Company Ltd
(NALCO) as the fastest growing & high growth PSU in last
5 years. It has described NALCO as the Navaratna of 2018.
NALCO CMD Dr. Tapan Kumar Chand has been given the
Roll of Honour for leading the company in growth path,
and achieving global benchmark of lowest cost producer of
Bauxite & Alumina in the world.
orissadiary.com
Steelmakers plan for water security as crisis looms in India
Indian steelmakers, more accustomed to securing raw
materials such as iron ore and coal, are keeping another
key resource in their sight: water. Two of India's biggest
steelmakers, JSW Steel and Tata Steel, and metal producer
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Vedanta have flagged risks due to water shortages in the past
month, as the world‘s second-most populous country faces
an unprecedented water crisis, with taps running dry in one
of its biggest cities this year. Competition for the resource is
set to grow in India, where nearly a third of the country is
water-stressed, increasing costs and risks for companies. A
delayed monsoon, which accounts for 70% of the nation‘s
annual rainfall, has exacerbated the situation this year.
India‘s second-biggest steel mill JSW has built a new water
reservoir with 1300 million cubic feet storage capacity at its
plant in water-scarce Karnataka to ensure adequate supply
for uninterrupted operations. Top producer Tata Steel is also
investing in sewage treatment plants to process water for
reuse and creating new rain water harvesting structures to
improve the groundwater table. Water is used as a coolant
in steelmaking, and over 3 cubic meter of freshwater is
required per tonne of crude steel. Vedanta has performed a
water risk assessment at 25 of its most significant business
locations, and found that its operations in Rajasthan,
Punjab and Tamil Nadu had a greater risk of shortages than
elsewhere because of competitive pressures for water
usage in those regions.
Financial Express
From Tata to JSW, steelmakers jittery over record drop in
car sales
Amid the ongoing electric vehicle (EV) frenzy, India’s auto
sales for the June quarter have hit the worst in almost two
decades. Domestic flat steel producers have turned jittery
over how demand would pan out. “I am seeing a bigger
disruption via platform economy and what it means to the
auto industry in this country”, T V Narendran, CEO and MD
of Tata Steel, told Business Standard. “As more and more
Uber, Ola and such options come up, the younger generation
is not going to find the need to own a vehicle. That, to me is
a bigger impact than the EVs,” added Narendran.
Weak consumer sentiment, slowdown in economic activity,
farm distress, and liquidity squeeze appear to have impacted
sales of cars, sport utility vehicles, and vans in the period
under review by 18.4 per cent year-on-year, the sharpest
since a 23.1 per cent drop in the third quarter of 2000-01.
Every segment of the auto industry reported a double-digit
decline. Flat and long steel products find application in the
auto and infrastructure sectors, respectively. Tata Steel,
Essar Steel, and JSW Steel are flat steel producers, while
state-owned SAIL and JSPL are mostly into long products.
Business Standard
Odisha outpaces pan-India growth in steel production
between 2014 and 2018
Odisha has trumped the national average in terms of growth
in crude steel production between 2014 and 2018. Crude
steel output during the period witnessed a 22 per cent jump
in India - rising from 87.29 to 106.5 Mt. In Odisha, crude steel
output almost trebled from 8.8 to 23 Mt, This is mentioned
in a report prepared jointly by JSW Group and PwC India.
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The country’s crude steel capacity is estimated to grow to
300 Mt by 2030, of which actual production is gauged at 255
Mt. Odisha is expected to contribute approximately 80 Mt
in incremental production. This additional production will
be catalysed through brownfield ramp-ups by Tata Steel,
JSPL, JSL and others, along with a new 12Mt greenfield plant
proposed by JSW.
Tata Steel is deploying an extra Rs 23,500 crore to scale up
capacity of its Kalinganagar plant from 3 to 8 Mtpa (million
tonnes per annum). JSPL has announced it will raise its total
investment in the state from Rs 45,000 crore to Rs 1 trillion
by 2030. Capacity of JSPL’s integrated steel unit at Angul
will more than treble from 6 to 20 Mtpa. This will make it
the biggest single-location steel project in the country. JSPL
is also setting up an industrial park at Angul to promote
ancillary and downstream industries.
Business Standard
SAIL Pitches for Better Environment Management in Steel
Plants and Mines
Steel Authority of India Limited pitches for better
environment management in its steel plants and mines.
Environment Management Division, its nodal agency,
regularly monitors different parameters to ensure a clean
environment in the operating units. In last five years EMD
ensured 15% reduction of Particulate Matter emission to
improve air quality at SAIL Plants. EMD is working on projects
to reduce Carbon footprint, which has resulted in reduction
of specific CO2 emission by almost 3% in last 5 years.
SAIL is intensively working on technology development to
mitigate emission. The company has substantially invested
on wide range of pollution control equipment, like, Cast
House Defuming, Dry Fog Dust Suppression, Electrostatic
Precipitator, Dust Extraction System, Mobile Sprinkler, to
improve the quality of air in plants and mines. Besides
ensuring better air quality, SAIL also monitors the water
quality and sound levels in all its units. On the occasion of
World Environment Day 2019 EMD reaffirms its commitment
for better environment.
Steel Guru
JSW Steel plans to hike domestic capacity to 45 Mt by 2030
JSW Steel is looking to increase its domestic capacity to 45
Mt by 2030. Addressing shareholders at the company’s
25th annual general meeting, CMD Sajjan Jindal said JSW
is in the midst of a large organic growth programme to
expand capacity from 18 to 24 million tonne per annum
(MTPA) by 2020-21.Vijayangar capacity will increase from
12 to 13 MTPA. The ongoing expansion project in Dolvi will
increase the capacity from 5 to 10 MPTA. The company has
also expanded its domestic retail presence with over 9,500
direct and indirect outlets. During the previous financial year,
SajjanJindal said, the company’s capacity utilisation stood at
an all-time high of 93%, driven by improved utilisation levels
in Vijayanagar and Salem plants.
Financial Express
Tata Steel India records 20% growth in Q1FY20 production
Tata Steel informed its consolidated steel production rose
by 9.18 % to 7.61 Mt in the first quarter of the current fiscal.
The company's output in the year-ago period was at 6.97
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Mt. Tata Steel India produced 4.37 Mt as against 3.64 Mt in
the same quarter a year ago. Tata Steel Europe produced
2.66 Mt in Q1 as compared to 2.81 Mt in the same period
of 2018-19. Tata Steel South East Asia produced 0.58 Mt
in April-June over 0.52 Mt in Q1 of last fiscal. Tata Steel's
consolidated sales during Q1 stood at 6.75 Mt, up from 6.39
Mt in the same period a year ago.
metaljunction.com
SAIL gets nod to manufacture special shipbuilding grade
plates
SAIL informed it has got approval from the Indian Register
of Shipping (IRS) to manufacture special shipbuilding grade
plates. The plates will be used for making diving support
vessels (DSV) used by the India Navy. Bhilai Steel Plant
has got the necessary works approval certificate from IRS.
"The plates will be supplied to Hindustan Shipyard Limited
for making the vessels. Such vessels are used by Navy for
search, rescue and repair of undersea submarines and other
vessels/structures," SAIL has informed.
The Economic Times
India’s crude steel output grows 4% in June: World Steel
Association
India’s crude steel output rose by 4 % to 9.336 Mt in June
2019 compared to the year-ago month, according to the
World Steel Association. The country had produced 8.976
MT of crude steel in June 2018. Global steel production
increased by 4.6 per cent to 158.978 Mt in June 2019
compared to 152.002 Mt in June 2018, WSA informed.
China’s crude steel production for June 2019 was 87.533 Mt,
an increase of 10 per cent compared to 79.585 MT in June
2018. Japan produced 8.789 Mt in June 2019 compared to
8.750 Mt in June 2018. South Korea’s production was 5.958
Mt in June 2019 as against 6.116 Mt in June 2018. The US
produced 7.3 Mt of crude steel in June 2019, an increase
of 3.1 % compared to June 2018. In the EU, Germany’s
production was 3.4 Mt, Italy’s 2.1 Mt, France’s 1.3 Mt, while
Spain produced 1.2 Mt in June this year. Brazil, Turkey and
Ukraine produced 2.8, 2.7 and 1.7 Mt respectively in June
2019.
Business Line
Tata Steel draws up plan to boost competitiveness, lower
logistics cost
From owning rail rakes and laying slurry pipelines to building
greenfield ports, Tata Steel is leaving no stone unturned to
lower its logistics cost and make more competitively priced
products. With a total investment of close to Rs 5,000 crore,
the company has drawn up a plan to lower its logistics cost
in a phased manner. “The immediate plan is to own eight
to nine rail rakes. This will be done in the next one year
through Tata Martrade International Logistics (TMILL), our
subsidiary” , T V Narendran, CEO and MD of Tata Steel, told
Business Standard.
TMILL is a joint venture of Tata Steel, NYK Holding
(Europe) BV, and Germany-based IQ Martrade Holding und
ManagementgesellschaftmbH. “It is not just about lowering
logistics cost, but also about assuring reliable supplies” ,
said Narendran.
Business Standard
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IIM CHAPTER ACTIVITIES
Trivandrum Chapter

Bangalore presided over the function. The program started
with a welcome address by Dr. S.V.S. Narayana Murty, Vice
Chairman, IIM Trivandrum Chapter. He mentioned Prof.
Brahm Prakash Memorial Lecture was one of the flagship
activities of the Chapter. In his Presidential address, Dr.
Venkitakrishnan emphasized the need for collective
efforts and hard work of scientists and researchers to
realize the dream of Prof. Brahm Prakash for the complete
indigenization of Indian Space Program.

The Indian Institute of Metals, Trivandrum Chapter
organized Prof. Brahm Prakash Memorial Lecture 2019 on
1st July 2019, 7 at Hotel Hyacinth, Thiruvananthapuram.
Dr. U. Kamachi Mudali, Distinguished Scientist, Chairman &
Chief Executive, Heavy Water Board (HWB), Department of
Atomic Energy (DAE), Mumbai was the Chief Guest of the
function who delivered the memorial lecture on “Challenges
and Opportunities in the Production of Heavy Water and
Specialty Materials for Nuclear Power, Healthcare and
Industrial Applications”.

Dr. Mudali, began his memorial lecture by recalling the
contributions and vision of Prof. Brahm Prakash for the
strategic sectors in particular the Atomic Energy and
Space Program. In his lecture, Dr. Mudali, highlighted the
challenges, opportunities in the nuclear power, healthcare
and industrial applications of heavy water and specialty
materials. He described in detail the three stages of Indian
Nuclear Power Program and the contribution of Heavy Water
Board (HWB) to the progress of the same. He elucidated
that apart from the sustained production of heavy water
for Indian Nuclear Power Program (INPP), HWB had been
engaged in the production of various specialty products
such as NMR solvents, Deuterated Compounds, OrganoPhosphorous & Amide based solvents, Deuterium gas, Rare
materials extraction from phosphoric acid, Oxygen-18 water,
Enriched Boron and B4C, Sodium, Potassium etc. Impressed
by his lecture, many from the audiences interacted with
him enthusiastically to know more about the activities of
HWB. The meeting concluded with the vote of thanks by
Dr. A. Srinivasan, Hon. Secretary, IIM Trivandrum Chapter.
The program was attended by about 60 members of IIM
Trivandrum Chapter. All the dignitariespaid floral tribute to
Prof. Brahm Prakash.

Glimpses of the event …………

Hyderabad Chapter
The Indian Institute of Metals, Hyderabad Chapter organised
a Short Course on “Metallurgy for Non-Metallurgists:
Industrial Practices (MNM-2019)” during 12-13 July, 2019
at Green Park Hotels, Begumpet, Hyderabad with a focus
on industrial practices. The course constituted 13 lectures
by eminent speakers covering various topics of intensive
metallurgical knowledge in six Technical Sessions spread
over two days. The course took the participants through
a metallurgical journey and various aspects that an ore
(containing metal) embarks till it is converted into the
finished product with examples from a variety of industrially

Dr. P.V. Venkitakrishnan, Director, Capacity Building Program
Office (CBPO), Indian Space Research Organization (ISRO),
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important materials. There was an overwhelming response
from the participants and about 150 delegates participated
in the programme with more than 55 from private industries.
The participants got benefitted by acquiring knowledge
and skills to independently assess possible metallurgical
and design solutions, to recognize and understand crucial
metallurgical phenomena and discuss metallurgical issues
with the experts in the field.
Dr. G Madhusudhan Reddy, Associate Director, DMRL & ViceChairman, IIM Hyderabad Chapter welcomed the guests and
delegates to the event. In his address he stressed the need
for imparting multi-disciplinary knowledge keeping in view
developing needs of the industry. Convener of MNM-2019,
Sri Rajnish Goyal, Scientist, DMRL, gave a brief background
and introduction to the event. Chief Guest, Sri S S Mohanty,
MD, Nilanchal Ispat Nigam Ltd and Former Director, SAIL &
Former President of IIM shared his experiences of being a
non-metallurgist; and spending more than three decades
in the field of metallurgy. The inaugural function concluded
with Vote of Thanks by Sri MNV Viswanath, Scientist G, NFC
& Secretary, IIM Hyderabad Chapter.

Dr. Dinesh Srivastava addressing the participants

- Report from IIM Hyderabad Chapter
Delhi Chapter
Bengal Chamber of Commerce (BCC) organised a “Minerals
& Mining Conclave” at New Delhi on 19th July, 2019. The
Theme of the Conclave was “Mapping Minerals & Mining
Industry with the Future Economy”. At the outset Shri
Indrajit Sen, President, BCC welcomed the participants in the
Conclave. He stated that BCC has taken many proactive steps
in the mining sector after passage of MMDR Act 2015. Mr. P
S Bhattacharrya, Chairman, Minerals and Mining Committee
(BCC) and former Chairman Coal India, Mr A K Jha, ex CMD
Coal India Ltd., Mr P K Mukherjee, Co-Chairman, Minerals
and Mining Committee and former MD Sesa Goa Ltd., Mr.
Rana Som, Co-Chairman, Minerals and mining Committee
and former CMD, NMDC, Mr. Upendra Kumar, Advisor,
Coal, Essel Mining Industries shared their thoughts. Some
members of Executive Committee of IIM Delhi Chapter
attended the Conclave.

The feedback from participants appreciated the talks
from experts. Sri B Saha, RD, RCMA & Vice-chairman, IIM
Hyderabad Chapter, presented summary of the event and
Dr. Dinesh Srivastava, Chief Executive, NFC & Chairman of
IIM Hyderabad Chapter addressed the participants and gave
away the certificates during the valedictory session.

- Report from IIM Delhi Chapter

MEMBERS’ NEWS
Dr. U. Kamachi Mudali, President, IIM, Distinguished Scientist & Chairman and Chief Executive,
Heavy Water Board, DAE received Honorary Member of UDCT Alumni Association, and delivered
Foundation Day Lecture of IIM Hyderabad, Diamond Jubilee Commemoration Lecture Series of
IIM Bangalore, Prof. Brahm Prakash Memorial Lecture of IIM Trivandrum, and 8th Graduation
Day Address at Sairam Institute of Technology, Chennai. He has been elected as Chairman of Indian
Institute of Chemical Engineers (IIChE), Mumbai Regional Centre, and NACE International Gateway
India Section, (NIGIS) Mumbai.
Hearty Congratulations from IIM Metal News.
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SEMINARS & CONFERENCES

EVENTS CALENDAR 2019-2020

Past Event
Seminar on Disruptive Technologies Transforming Power
Industry
The Bengal Chamber of Commerce and Industry (BCCI)
organised a seminar on “Disruptive Technologies
Transforming Power Industry” at New Delhi on August 2,
2019. At the outset Mr. Deb A Mukherjee, Chairperson,
Energy and Environment Committee and Senior V P of BCCI
gave the welcome address. He highlighted that a reliable,
economically competitive and environmentally sustainable
electricity system is the cornerstone of a modern society.Mr.
P S Bhattacharyya, former Chairman of Coal India Limited
& Chairperson, Mining and Minerals Committee of BCCI
expressed his views on Industry Perspective on Fuel Security.
Sri Rakesh Kumar, Director, International Solar Alliance
(ISA), talked on Power for Future. Dr. Kirit Parikh, Chairman,
Integrated Research and Action for Development (IRADe),
Mr. Debasish Banerjee, M D ( Distribution ) of CESC Limited,
Ms. Ratika Jain, CEO, Global Innovation and Technology
Alliance, Mr. S Roy of NTPC, Sri Abhay Bakre, D G, Bureau of
Energy Efficiency, Ministry of Power, Govt. of India, Dr. Ajay
Mathur, D G, TERI expressed their views. The program was
attended by 150 participants from various organisations and
some members of IIM Delhi Chapter.

September’19
20-21
27th edition of Prof. Brahm Prakash Memorial Materials
Quiz (BPMMQ 2019), the flagship program of IIMKalpakkam Chapter, and school students’ visit to nuclear
program establishments in DAE Kalpakkam Campus as
‘Metal Camp’

October’19
5
11th Dr. Placid Rodriguez Memorial Lecture (PRML)
organised by IIM Kalpakkam Chapter at Kalpakkam
20
National conference on “Trends in Minerals & Materials
Technology (MMT-2019)” at Siksha ‘O’ Anusandhan
University, Bhubaneswar by Biofuels and Bioprocessing
Research Center (BBRC), ITER, SOA (Deemed University)
Convener:Prof. Lala Behari Sukla,
lalabeharisukla@soa.ac.in

OBITUARY

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 73rd Annual Technical
Meeting of IIM, organized by IIM Trivandrum Chapter
in association with Kalpakkam, Chennai, Trichy &
Coimbatore Chapters at Hotel Samudra & Hotel Uda
Samudra, Thiruvananthapuram.

Late Samir Kr Ghosh

Convener: Dr P Ramesh Narayanan,

With profound grief and sorrow we inform that
Samir Kumar Ghosh,the Former Hony. Secretary of
IIM Kolkata Chapter and Life Member of IIM passed
away on 17th July, 2019 after a brief illness at
Kolkata. He was a well-known figure in IIM fraternity
anda regular sportsman.

convener@iimnmdatm2019.org

February’20
21-23
10th International Conference on Materials Processing
and Characterization organized by IIM Mathura Chapter.

We will always remember him and pray to God for
the peace of his soul. We stand by his family at this
moment of great loss .
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METAL STATISTICS
Primary Non-ferrous Metals : Production (unit: Metric Tonne)
June’19
ALUMINIUM
National Aluminium Co Ltd
Hindalco Industries Ltd#
Bharat Aluminium Co. Ltd
Vedanta Ltd
TOTAL
# Only Renukoot Smelter

May’19

Apr’19

2018 - 19

2017 - 18

36,577
33,711
44,023
1,10,450
2,24,761

37,416
35,100
48,236
1,13,207
2,33,959

36,586
33,873
46,852
1,02,193
2,19,504

4,40,242
4,09,037
5,71,814
5,44,651
19,65,744

4,25,515
4,08,904
5,68,932
4,39,567
18,42,918

58,786

56,292

56,582

6,96,283

7,91,461

1,554
17,993
5,352
24,899

1,000
27,943
5,608
34,551

0*
31,243
4,906
36,149

16,215
3,51,291
89,739
4,57,245

25,949
4,13,806
4,08,168
8,47,923

13,703

17,435

16,394

1,97,838

1,68,246

ZINC (One major producer)
Hindustan Zinc Ltd
COPPER (Cathode)
Hindustan Copper Ltd
Hindalco (Birla Copper)
Vedanta Ltd.
TOTAL
* Affected due to non-availability of concentrate
LEAD (One major producer)
Hindustan Zinc Ltd

Source : https://mines.gov.in/

Non-Ferrous Metal Prices in India (August, 2019)
Rs./ kg (Mumbai Local Price)
Product

19-Aug-2019

Product

19-Aug-2019

Copper Armature

403

Brass Shell 40mm

364.16

Copper Cathode LME ++

437

Aluminium 6063 scrap

128

CC Rod LME ++

440

Aluminium scrap Taint/Tabor

115

Copper Cable scrap

416

Aluminium Cable scrap

138

Copper Shell 40mm

444

Aluminium Ingot

141

Electrolytic Copper strip 25mm

439

Aluminium utensil scrap

121

ACR Copper Coil 3/8

503

Zinc Slab

184

Brass Sheet scrap

340

Lead ingot

148

Brass Pales scrap

340

Tin Slab

1255

Brass Pallu scrap

340

Nickel Cathode

1150

Brass Honey scrap

305
Source : http://www.mtlexs.com/todays-metal-prices
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