IIM METAL NEWS
Special Issue on Iron & Steel

ISSN 0972-0480

Monthly

Vol.22 No.9 SEPTEMBER 2019

Metallurgy
Materials Engineering

The Indian Institute of Metals

IIM METAL NEWS

C
O
N
T
E
N
T
S

Vol. 22 No. 09

September 2019

Page No.

5

Editorial
TECHNICAL ARTICLES
An Analytical Review on the Effect of Ferrite Grain Size
Variation on Charpy Impact Transition Temperature in Steel
- Rakesh Kumar Barik and Debalay Chakrabarti

6

Shrouded, Ladle to Tundish Transfer Practices for Better
Product Quality and Steel Plant Performance
- Dipak Mazumdar

16

NMD-ATM 2019
News Update
Book Review
IIM Chapter Activities
Member News
Events Calendar 2019-20
Metal Statistics

22
24
27
28
30
30
32

The IIM Metal News and The Indian Institute of Metals do not accept any responsibility for the
statements made and the opinion expressed by the author(s) in the technical articles
Printed and Published by Shri Kushal Saha, Secretary General, on behalf of "The Indian Institute of Metals", and
printed at
PRINTMAX, 44 Biplabi Pulin Das Street, Kolkata - 700 009 • Email : printmax41@gmail.com
and published at
'Metal House', Plot 13/4, Block AQ, Sector V, Salt Lake, Kolkata - 700 091, West Bengal, India
E-mail : secretarygeneral.iim@gmail.com, iimmetalnews@yahoo.com, Phone : 033 2367 9768 / 2367 5004
Website : www.iim-india.net • Fax : (033) 2367 5335
Editor: Dr. Santanu Ray

Vol.22 No.9 SEPTEMBER 2019

IIM METAL NEWS

THE INDIAN INSTITUTE OF METALS
ADVISORY COMMITTEE OF FORMER PRESIDENTS
Mr R N Parbat
Mr L Pugazhenthy
Dr Sanak Mishra

Dr Dipankar Banerjee
Mr M Narayana Rao
Mr H M Nerurkar
Dr U Kamachi Mudali, Convenor

Prof K Chattopadhyay
Dr R N Patra
Mr S S Mohanty

PATRONS
Mr R M Dastur

Mr Sajjan Jindal

Dr Baba Kalyani

Mr Satish Pai

COUNCIL FOR THE YEAR 2019-20
PRESIDENT
Dr U Kamachi Mudali
VICE PRESIDENT & CHAIRMAN
Non-Ferrous Division
Prof Amol A Gokhale

VICE PRESIDENT & CHAIRMAN
Ferrous Division
Mr T V Narendran

VICE PRESIDENT & CHAIRMAN
Metal Science Division
Dr Samir V Kamat

IMMEDIATE FORMER PRESIDENT
Mr Anand Sen
SECRETARY GENERAL
Mr Kushal Saha
HON TREASURER
Mr Somnath Guha

CONTROLLER OF EXAMINATION
Prof P K Mitra

CHIEF EDITOR, TRANSACTIONS
Prof B S Murty

MANAGING EDITOR, IIM METAL NEWS
Dr Santanu Ray

Jt. SECRETARY
(Office of President)
Mr Niraj Kumar
MEMBERS
Mr Raghavendra Adiga
Dr R Balamuralikrishnan
Dr Suddhasatwa Basu
Mr Anirban Dasgupta
Dr D De Sarkar
Mr Debashis Deb
Mr K K Ghosh
Mr B M Hasan
Mr S K Jha
Dr Sunil D Kahar
Dr Vivekanand Kain
Prof M Kamaraj
Prof Rampada Manna
Mr K L Mehrotra
Mr Bibhu Prasad Mishra
Mr Manasa Prasad Mishra
Prof Sushil K Mishra

Prof N K Mukhopadhyay
Dr P Ramesh Narayanan
Prof Jagannath Nayak
Dr Vinod K Nowal
Dr Sarmishtha Palit Sagar
Prof Prita Pant
Dr P Parameswaran
Mr Sudhanshu Pathak
Mr Abhijit Pati
Dr Pradip
Mr Amalendu Prakash
Dr N Eswara Prasad
Dr Divakar Ramachandran
Mr Pradosh Kumar Rath
Mr Gajraj Singh Rathore
Mr Barun Roy
Dr Daniel Sagayaraj T A

1946-48
1948-50
1950-52
1952-54
1954-56
1956-58
1958-60
1960-62
1962-65
1965-67
1967-70
1970-72
1972-74
1974-76
1976-77

Late J J Ghandy
Late P Ginwala
Late Phiroz Kutar
Late G C Mitter
Late M S Thacker
Late K S Krishnan
Late S K Nanavati
Late G K Ogale
Late Dara. P. Antia
Late B R Nijhawan
Late M N Dastur
Late Brahm Prakash
Late P Anant
Late FAA Jasdanwalla
Late S Visvanathan

1977-78
1978-79
1979-80
1980-81
1981-82
1982-83
1983-84
1984-85
1985-86
1986-87
1987-88
1988-89
1989-90
1990-91
1991-92

1946-57
1958-67

Late Dara. P. Antia
Mr R D Lalkaka

1968-76
1977-86

FORMER PRESIDENTS
Late V A Altekar
1992-93
Late T R Anantharaman
1993-94
Late P L Agrawal
1994-95
Late EG Ramachandran
1995-96
Late C V Sundaram
1996-97
Late Samarpungavan
1997-98
Late J Marwaha
1998-99
Late A K Seal
1999-00
Dr J J Irani
2000-01
Late Y M Mehta
2001-02
Dr V S Arunachalam
2002-03
Mr S R Jain
2003-04
Late L R Vaidyanath
2004-05
Dr P Rama Rao
2005-06
Dr T Mukherjee
2006-07

Mr B Saha
Dr Arjit Saha Podder
Prof S Raman Sankaranarayanan
Mr D K Saraogi
Mr Babu Sathian
Dr J D Sharma
Mr Sanjay Sharma
Mr Kaushal Sinha
Mr Lokendra Raj Singh
Prof Sudhanshu Shekhar Singh
Mr Sushil Kumar Singh
Dr Piyush Singhal
Dr Dinesh Srivastava
Prof Satyam Suwas
Dr P V Venkitakrishnan

Late A C Wadhawan
Dr R Krishnan
Dr S K Gupta
Mr R N Parbat
Late P Rodriguez
Late S Das Gupta
Dr C G K Nair
Prof S Ranganathan
Mr V Gujral
Mr P Parvathisem
Late P Ramachandra Rao
Dr S K Bhattacharyya
Dr T K Mukherjee
Late Baldev Raj
Mr B Muthuraman

2007-08
2008-09
2009-10
2010-11
2011-12
2012-13
2013-14
2014-15
2015-16
2016-17
2017-18
2018-19

Dr Srikumar Banerjee
Mr L Pugazhenthy
Dr Sanak Mishra
Dr D Banerjee
Mr M Narayana Rao
Mr H M Nerurkar
Prof K Chattopadhyay
Dr R N Patra
Mr S S Mohanty
Prof Indranil Manna
Dr Biswajit Basu
Mr Anand Sen

FORMER SECRETARIES/SECRETARY GENERALS*

IIM METAL NEWS

Dr M N Parthasarathi
Late L R Vaidyanath

1986-97
1997-06

2

Late S S Das Gupta
Mr J C Marwah

2006-13
2013-15
2015-18

*Mr J C Marwah
*Mr Bhaskar Roy
*Mr Sadhan Kumar Roy

Vol.22 No.9 SEPTEMBER 2019

Micro hardness testing in
ultimate precision
Q60 A+
Micro Hardness
Tester

QNESS is focused on development and manufacturing of innovative high-end
products for hardness testing. Based on modern developments QNESS aims to set
new standards for testing machines and re-define the hardness testing segment.
In addition to the wide range of versatile standard machines, QNESS is also
specialized in the planning and realization of customer-specific solutions.

Verder Scientific Private Limited
Plot No – 5A/10-11, 1st Floor · IDA Nacharam, Road No. 1 · Uppal Mandal, Hyderabad, 500076
Phone: +91 40 29806688/89/90 · marketing@verder-scientific.co.in · www.verder-scientific.co.in

Qness-Advert-GB-India-250x175.indd 1

Vol.22 No.9 SEPTEMBER 2019

06.09.2019 14:42:36

3

IIM METAL NEWS

LIFE CYCLE SERVICES
In times of rapidly changing markets, you want your
technical partner to support your competitiveness.
We listen. We learn. We deliver: based in over
50 locations around the world, our technical
specialists are always close by and ready to help at
any time. We provide a full range of Life Cycle
Services to boost plant availability, including
consulting and technical assistance. Whatever you
envision, we will make it happen for you.

Leading partner in the world of metals

www.sms-group.com

Life Cycle Services_210x270_e.indd 1

IIM METAL NEWS

12.08.19 10:16

4

Vol.22 No.9 SEPTEMBER 2019

EDITORIAL
Steel product of good quality, though not always stated in specification, is an essential requirement for today’s competitive market.
This is particularly true for the more discerning customers, and for the more stringent applications. Defect-free surface appearance
has long been the implied need of the customers. Of late, additional attributes covering the surface quality of products, which earlier
were not part of the conventional specification, are gaining importance.
In the most general term, quality of a product is understood as the totality of its attributes which would impart the desirable
application requirements. Quality is therefore, essentially related to the end use of the product. Presence of surface defects reduces
the aesthetic appeal of the rolled products. The necessity of retaining the market share is therefore increasing the pressure on the
steel manufacturers to eradicate or control these undesirable defects. Production of the high-value grades with stringent quality
requirements at a competitive processing cost has become the focus of steel business.
The quality level achieved in the rolled product is the outcome of several processing stages starting from the preparation of liquid
steel, its refining and casting, and subsequent hot and cold deformation. Because of the involvement of multiple processing stages
and agencies, there is an understandable tendency to evade responsibility for any non-conformance to quality requirement in the
final product. It is therefore, all the more necessary to develop a clear understanding on the complex interaction of the various
factors contributing to the quality attributes in the final product. The different facets of quality have to be viewed in its true
perspective to correlate them with the process parameters.
Investigation into the possible sources responsible for the formation of a defect in a final product is essentially a post-mortem.
Usually a small piece from the affected area of the product is cut and sent to the laboratory for identifying the genesis of the defect.
The common and popular belief that a metallographic study on its own can unravel or diagnose the cause responsible for the
catastrophe is sort of wishful thinking. Metallographic observation is definitely a very important and one of the essential tools for
investigation. But it is prudent to note its limitation.
A specific cause can result in different forms of manifestation or symptom depending on the type of product or the process variation
it has been subjected to. Likewise, different sources might lead to a similar manifestation of defect. It is therefore difficult to
diagnose the root cause of the problem simply by looking at the symptom manifested in a small portion of the product.
A comprehensive investigation should cover all the different aspects which are associated with the quality problem and process
variation. It should start from the detailed inspection of the nature of defect. The location, frequency, size and shape of the
specific defect with respect to the product dimension are important clues which should be meticulously recorded. For example,
the position of the defect has to be identified with respect to the specific location and surface of the rolled coil or bloom or billet.
Cutting of a small piece from the defect region has to be decided based on these important observations. Another essential aspect
of investigation is correlation of the incidence of defect with process information. The process is the cause and the product quality
is the end result. It is therefore essential to collect the factual details of the relevant steelmaking, casting and deformation process,
which can help diagnose any possible undesirable variation.
Consolidation of all the possible clues, and an analytical approach to correlate the specific defect with process aberration are
necessary to identify the genesis of the problem. The different facets of the investigation involve :
• Inspection of the product to identify the location, frequency, size, shape and occurrence of the defect.
• Metallographic study using optical microscope and SEM to observe the microstructural variation associated with the defect.
• Identification of the nature and size of exogenous NMIs, associated with the defect, with the help of elemental microanalysis
using EDX or WDX .
• Correlation of the incidence of defect with detailed chemistry and process variation using knowledge of the different processes.
• Identification of the genesis using analytical approach and knowledge.
The different types of visible defects observed in the final product have been essentially found to be associated with either of the
following features. It has been possible to arrive at these observations based on metallographic investigation on thousands of
samples exhibiting different visible defects in steel products.
• Large exogenous entrapment as such
• Combination of entrapment and crack
• Crack together with scale and internal oxidation
• Crack along the interface of two phases
• Tearing of material with deformed grain structure
These observations along with process knowledge have been helpful in identifying the possible sources, and the stages of occurrence
of the quality problems. The different types of visible defects observed in final product can be traced to two broad sources. These are
either inherited from the parent cast material, broadly termed as ‘material’ defects. Those imparted during the subsequent operations
of reheating, hot deformation, pickling or cold processing are popularly known as ‘mill’ defects to distinguish them from the former
category of material origin.
Once the possible factors responsible for the generation of a quality problem are identified, a decision has to be taken on implementing
the remedial measures. The implementation might appear to be expensive and time-consuming. Depending on the seriousness of
the issue, the product can either be downgraded for less-stringent application, or a time-bound action plan for process improvement
is implemented.
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TECHNICAL ARTICLE
An Analytical Review on the Effect of Ferrite Grain Size Variation on Charpy
Impact Transition Temperature in Steel
Rakesh Kumar Barik and Debalay Chakrabarti*

Abstract
The ductile-to-brittle transition under impact load is a
natural phenomenon in ferritic steels. Specified level of
Charpy impact toughness is an essential requirement for
the steel plates or components used in structural, linepipe,
automotive, naval and defence applications. However
impact toughness inherently shows a high scatter
particularly in presence of a wide grain size variation ,
typically for duplex (or bimodal) grains . Therefore, it is
a challenge to predict the impact toughness and impact
transition temperature ( ITT ), in presence of ferrite grain
size variation. A critical review is presented regarding the
effect of grain size on ITT in low-C steels. Finally the
effect of ferrite grain size distribution on ITT is analysed
with an aim to predict ITT for the steels having complex
grain structures.
Keywords: ITT , Ferrite grain size , Grain size distribution,
Duplex grain structure.
Introduction
Thermomechanical controlled rolling (TMCR) can result
in extensive grain refinement. This leads to high strength,
as well as improved toughness of steels at sub-zero
temperatures. Industrially the toughness of steel and its
variation over temperature is determined by the Charpy
impact test. The test results are presented in the form of
impact transition curves (either in terms of fracture energy
or fracture surface appearance, Fig.1), which show the
transition in fracture behaviour over temperature: low
fracture energy (brittle fracture) at lower temperature
(below Tl) by a cleavage mechanism and high fracture
energy (ductile fracture) at higher temperature (above Th)
by a fibrous mechanism. Fracture transition behaviour
of steel can be characterised by an impact transition
temperature (ITT), which can be defined in various ways
(Fig. 1) : (a) 27J-ITT : temperature corresponding to 27 J
impact energy absorbed, (b) fracture appearance transition
temperature (FATT) : temperature corresponding to 50 %
cleavage and 50 % fibrous fracture surface appearance,
(c) ductile-brittle transition temperature (DBTT):
temperature corresponding to the mean fracture energy

between upper shelf energy (USE) and the lower shelf
energy (LSE), Fig. 1 [1-3].

Fig.1: Typical impact energy transition curve (solid line)
and fracture appearance (fibrous-cleavage) transition curve
(dashed line) for HSLA steel. USE represents ‘upper shelf
energy’ and LSE represents ‘lower shelf energy’ for impact
fracture. Various ductile brittle transition temperatures like 27
J-ITT, FATT and DBTT are indicated on the figure.

Fibrous mechanism can be characterised by the presence
of microvoids on generally slanting fracture surface and
cleavage mechanism can be characterised by the presence
of river lines (showing the crack paths) and cleavage
facets (section of grains on the fracture surface) on the flat
fracture surface. Commercial TMCR-microalloyed steel
grades show higher Charpy energy (usually more than
100 J at –400C) compared to plain-C-steels or normalised
microalloyed steels (usually less than 30 J at –400C) [4].
Mechanism of cleavage fracture
Several models were established to describe the
mechanism of cleavage fracture from the relation
between cleavage origination stress (σ f) and the critical
flaw size [5-13]. Considering those models and the
experimental studies on cleavage fracture, and depending
on the critical step for fracture: either the propagation of
a grain sized (D) microcrack to the neighbouring grain
(changing its orientation) [9, 14-16] or the propagation of
a particle sized (t’) microcrack to the neighbouring matrix
[10, 17-19]; the fracture stress can be summarised in the
following form:

*Department of Metallurgical and Materials Engineering, IIT
Kharagpur.
E-Mail : debalay@metal.iitkgp.ernet.in.
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The effect of carbide size on fracture can also be related
indirectly to the grain size as Curry and Knott [17]
observed that the largest carbide size in the microstructure
can be proportional to the ferrite grain size in annealed
or normalised mild steels. The studies on microalloyed
steels indicate that the presence of a large TiN particle in
a large grain makes the steel more prone to fracture [20,
21]. Therefore, the combination of large second phase
particle along with large grain size is detrimental for
fracture. All the above conditions can be represented by
a normalised Griffith-Orowan type equation [17, 21], that
considers the plastic deformation at the crack-tip before
crack propagation, in the following form:

Chen et al. [28] have extended this idea to analyse the
scatter in σ f (varying between 1280-2200 MPa) for base
and weld metals of C-Mn and Ti-B steels (0.06-0.18
C, 1.24-1.60 Mn, 0-0.03 Ti) with maximum ferrite grain
size varying from 45-55m (with the size of the smallest
grain ~ 2 μm). From the study of σ f values and the spacing
between coarse and fine grain size regions within the
microstructure, it was concluded that the scatter in σ f is
caused by the grain size distribution, and in particular by
the distribution of the grains within ‘most coarse grained
groups’, which cover less than 5 % of all grains. Assuming
that the fracture has initiated within the largest grain for
the lowest σ f value, Chen et al. [28] have determined the
possible γ p values (between 100-200 J/m2) from eqn 2,
which are then used to predict the range of coarse grain
sizes (30-55 μm) that can be responsible for the scatter in
σ f (again using eqn 2).
Wu and Davis [29] have used a similar concept as Chen et
al. [28], i.e. to predict the experimentally observed scatter
in cleavage fracture stress, σ f (varying between 14002100 MPa, Fig. 2a), using eqn. 2 (for, γ p = 52 J/m2) from
the distribution of ferrite grain sizes within the coarse
grain size regions (Fig. 2b), for a duplex ferrite grain
structure (maximum ferrite grain size ~ 30-40 μm) in two
different TMCR-Nb-microalloyed steel plates (~ 0.11 C,
0.024 and 0.04 Nb, 0.045 and 0.063 V, ~ 0.002 Ti). σ f
values were found to be independent of test temperature
within the tested range (–1600C to – 1960C). Ferrite grain
size distribution (Fig. 2b) within the coarse grain regions
was measured optically (using Image analysis) by setting
a lower grain size threshold of 6 μm. Fig. 2b not only
shows the distribution of measured grain sizes (top scale
on X-axis), but also shows the distribution of σ f values
(bottom scale on X-axis), which was predicted from the
grain size distribution (using eqn. 2). The distribution of
predicted fracture stress (σ f) values matched well with
the distribution of experimentally obtained σ f values
(Fig. 2b), and the experimental values lay in the range of
predicted values, which were calculated from the grain
sizes between 9-19 µm. The lack of σ f data towards the
lower value side (from 1400 to 1100 MPa) in Fig. 2b can
be attributed to the low probability of sampling very large
grains (>19µm) due to their rarity in the microstructure
and the number of tests conducted may be insufficient to
pick up their effect. Therefore, the grain sizes between
9-19 µm are likely to initiate cleavage not only due to
their relatively larger size, but also due to their higher
probability of occurrence in the grain size distribution
(Fig. 2b). The average 2Dim grain sizes for the same
steels were 8-9µm, and hence, the grain sizes that initiated
cleavage were 1-2 times larger than the average grain
sizes.

1

 4 Eγ p  2

σf =
2
.......eqn.2
 π (1 −ν ) x 
where, x is the length of the microcrack that causes failure,
E is the Young’s modulus, ν is the Poisson’s ratio. For
grain sized microcrack: x = D and γ p = γ mm (can vary
between 50 J/m2 to 300 J/m2 [22, 23]) i.e. the effective
surface energy for matrix-martix interface. For particle
size microcrack: x = t' and γ p = γ pm (usually in the range
7-20 J/m2 [17, 22, 24] ) , i.e. that effective surface energy
for particle-matrix interface.
Effect of grain size distribution on the fracture stress
To understand the effect of grain size variation on cleavage
fracture, the measuring parameter should be sufficiently
stable and should be least affected by the changes in test
temperature, specimen geometry, loading type etc. Bowen
and Knott [24] and Chen and Wang [25] concluded that the
cleavage fracture stress, σ f is the most stable parameter
to measure the fracture behaviour of steel and suitable
to study the effect of grain size variation on fracture
compared to the other parameters like fracture toughness,
K1C, crack tip opening displacement, δ c, Charpy V-notch
energy, CVN etc.
From the presence of un-propagated ferrite grain sized
cracks on the broken four-point bend (4PB) blunt-notched
specimens (tested at –1300C) of C-Mn steels (0.04-0.18 C)
Chen et al. [14] have concluded that ferrite grain size (D)
determines σ f for blunt notched specimens, whilst carbide
size determines σ f for sharp-cracked (COD) specimens.
Echeverria and Rodriguez-Ibabe [21] and Sun-and Boyd
[26] have observed large sized cleavage facets (top
30% facets by size) at the origin of cleavage fracture for
microalloyed steels (0.06-0.21 C, 0.007-0.016 Ti, 0-0.067
Nb, 0.002-0.019 V). Sun and Boyd [26] and Shehata and
Boyd [27] also have reported better correlation between
‘σ f’ and largest ferrite grain size of the microstructure,
rather than the average grain size for Nb-microalloyed
steels (0.06 C, 0.06 Nb). The above findings suggest
that larger grains in the microstructure initiate cleavage
fracture.
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Fig. 2: (a) Variation in local fracture stress (NPa) with test temperature for 0.011C - 0.024 Nb (Com A) and 0.011 C - 0.040 Nb
(Com B) microalloyed TMCR steels. (b) Comparison of the local fracture stress (σ f) distribution predicted from the grain size
distribution (using eqn. 2.2.5) with the experimentally obtained σ f distribution [29].

Effect of duplex grain structure and mesotexture on ITT
Impact transition temperature (ITT) is known to be
proportional to the inverse square root of grain size (D − 12 )
following the Cottrell-Petch relation [9]:
−1
...eqn. 3
ITT= A − B.D 2 		
where, ITT can be 27J-ITT, FATT or DBTT and A and B
are constants.
Various researchers have developed quantitative
relationships by linear (or other) regression analysis to
predict different Charpy impact transition temperatures
(ITT), such as 50%-ITT (FATT) and 27J-ITT for steels
considering the influence of factors such as grain size
(D), carbide thickness (t), pearlite content (%-pearlite),
precipitation hardening effects of alloying elements
(∆ Y), cleanliness and embrittlement effects.
(1) The Gladman-Pickering regression equation [30] for
the 50%-ITT (in 0C), which is valid for metallographic
two-dimensional (2-D) grain size, D (in mm), in the
composition range 0-0.20 C, 0-0.013 N and more
than 0.2 Si is :

where, ∆Y is the precipitation hardening component in
MPa, which is calculated from the differences between the
measured yield strength (σ y in NPa) at room temperature
and the non-precipitation hardened yield strength (σ np _ ys )
(in NPa) determined from the following equation:

σ np _ ys= 43.1( wt % Mn) + 83( wt % Si ) + 15.4( D )

+ 1540( wt % N f ) + 105 .. eqn.7
The range of composition for which Mintz’s relations
apply are: 0.11-0.20 C, 0.63-1.56 Mn, 0.02-0.49 Si, 0.0030.021 N (total), Nb up to 0.071, V up to 0.20, Ti up to 0.16
and Al (in solution) up to 0.12.
The interest of the present investigation lies in the use
of ferrite grain size (D). For a duplex grain structure
comprising of coarse polygonal ferrite grains (17-30 μm)
and fine acicular ferrite grains (~ 0-16 μm) in TMCR-line
pipe steel (0.5 C, 0.06 Nb, 0.011 S) Shehata and Boyd
[27] have reported that 27J-ITT correlates with a measure
of the average polygonal ferrite grain size (the coarse
grains covering top 25% of the grain-size distribution),
and not with the mean grain size (considering both coarsepolygonal and fine-acicular grains). The average polygonal
grain sizes were 3-4 times larger than the corresponding
mean grain sizes. Bhattacharjee et al. [32, 33] have also
reported that the prediction of ITT, using eqn. 4, eqn. 5
and eqn. 6, on the basis of average metallographic grain
size has not been successful for steels with duplex ferrite
grain structure and mesotexture. Maehara et al. [34] have
shown that the mean size of the cleavage facets on the
impact fracture surface was almost 2-3 times larger than
the mean ferrite grain size for TMCR Nb-microalloyed
steels (0.08-0.12 C, 0.026-0.033 Nb, 0.008 S). The optical
measurement of grain size is a two-dimensional (2-D)
section whereas the fracture surface is three-dimensional
(3-D) and a crack will tend to sample the true 3-D grain
diameter rather than the sectioned version. This would
account for the facet size being larger by a factor of
1.61 (as suggested by Gladman and Underwood [35]).

1

50% − ITT =
−19 + 44( wt % Si ) + 700( wt % N f ) 2

−1

+ 2.2(% pearlite) − 11.5( D ) 2 ..eqn. 4
where, Nf is the free nitrogen content and %pearlite is
the pearlite content (up to 30% pearlite) in ferrite-pearlite
steel.
2) Mintz et al. [31] developed regression relationships
between 27J-ITT or 50%-ITT and microstructural
parameters such as grain diameter, D (in mm), pearlite
content and grain boundary carbide thickness, t'
(in μm), for microalloyed ferrite-pearlite steels. The
relationships are:
0

1

−1

27 J − ITT (=
C ) 173(t ') 2 − 8.3( D ) 2 + 0.37( ∆Y ) − 42
..eqn. 5
1
−1
0
50% − ITT ( C ) =112(t ') 2 − 13.7( D ) 2 +
0.33
15(% pearlite) + 0.43( ∆Y ) + 20
..eqn. 6
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Fig. 3: (a) Microstructure of 0.1 C-0.045 Nb thermomechanical rolled steel (TMCR-1) at quarter-thickness [32]. (b) Prediction of 50
%-ITT for the sub-surface and centre location of two TMCR steel plates (TMCR-1 and TMCR-2) with same steel composition (0.01
C-0.045 Nb) but different rolling schedule. Better prediction is achieved when effective grain size (equivalent circle diameter, ECD)
is considered (taking mesotexture into account) along with the size of fine carbides (~ 0.085 μ m) present in the microstructure.
Effective grain sizes were 1.3-2.0 times larger than the average 2D grain sizes.

Therefore, the facet size being 2-3 times larger than the
average 2-D grain size indicates that a single facet may
sample more than one grain.
It has been shown by Bouyne et al. [36] that the unit of
fracture in a bainite microstructure is a packet, which
has high angle boundaries, and not a lath with lowangle boundaries (<100). Kim et al. [37] have shown in
a bainitic microstructure in Mn-Mo-Ni low alloy steels
(~0.2C) that the grain size matches facet size when groups
of grains with low angle boundaries are considered to be a
single grain, the effective grain, ignoring boundaries with
angles less than a threshold value of 15-180. Such groups
of grains (with low-angle boundaries) can develop during
TMCR by a local texture effect, known as ‘mesotexture’,
and that can affect the fracture properties by influencing
the effective unit of fracture.
Bhattacharjee et al. [32] selected a 120 misorientation
angle as the threshold to calculate the ‘effective grain
size’ in TMCR microalloyed steel with bimodal ferrite
grain structure (Fig. 3a), based on their observation
(using OIM on the cleavage facet), that a single cleavage
facet can comprise of more than one grain with up to 120
misorientation (due to mesotexture). Two different rolled
plates (TMCR 1 and 2) from same composition steel
(0.1wt% C, 0.045wt% Nb, 0.31wt% Si, 1.42wt% Mn,
0.017wt% P, 0.005wt% S, 0.046wt% Al, 0.046wt% V)
were studied, with slightly different processing schedule
(reheat temperatures: 1250 and 11200C, and finish rolling
temperatures: 711 and 7170C). According to them [32,
33], the 27J-ITT and 50%-ITT can be best predicted by
incorporating the effect of mesotexture (by changing
average grain size to effective grain size) and the grain
boundary carbide thickness in the regression equations
developed by Mintz et al. [31], Fig. 3b. From the work
carried out on the effect of mesotexture it can be seen
that care must be taken in using optically measured grain
size values for TMCR HSLA steels, as they may not
accurately represent the ‘effective’ grain size that affects
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the toughness of the steel. The presence of mesotexture
results in an increase in the average ‘effective’ grain
size (1.3-2.0 times the average grain size for the steels
investigated) as clusters of small grains can behave, with
respect to crack initiation and propagation, as one large
grain.
Scatter in impact test results
Impact test results (either Charpy impact energy, Joule, or
fracture appearance, percent) show scattered data points.
Usually, the ITT is presented as a single temperature
value by joining either the minimum value points or the
maximum value points or following the average values
at each test temperature. However, a single value for
ITT may be unrealistic due to the scatter in data and a
temperature range for ITT can be useful to represent the
scatter in data set. The Charpy impact transition curves
can be constructed over the experimentally obtained
scattered data points, following the procedure of fitting a
‘tanh function’ proposed by Sakai et al. [38]. The range of
impact toughness and impact transition temperatures can
be measured from the impact transition curves obtained
by joining the highest and lowest impact energy values as
shown in Fig. 4.

Fig. 4: Schematic diagram showing the deviation in estimation
DBTT (±ΔDBTT) and USE (±ΔUSE) values from tanh curve
fitting.
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Table 1: Band of 50 % ITT (0C) measured from fracture appearance (fr. app) and transition curve (tr. curve) for
the sub-surface and centre locations of the TMCR 1 and 2 steels and for the heat-treated steel. Also reported are the
prediction of ITT using average grain size (in equivalent circle diameter, ECD), carbide thickness or effective grain
size in Mintz equation (eqn. 6).
TMCR-1,
TMCR-1,
TMCR-2,
TMCR-2,
HT steel
sub-sfc
centre
sub-sfc
centre
Measured, fr app
-20
-25
-50
-50
-17
Measured, tr curve
-35
-45
-60
-65
-35
Predicted, ECD+carbide
-68
-68
-92
-80
-40
Predicted, ECD
-106
-98
-115
-104
Predicted, eff ECD+carbide
-23
-40
-57
-40

Bhattacherjee et al. [32] reported two ITT values, both
energy transition temperature and fracture appearance
transition temperature, to represent 50 % ITT for each
set of samples, Table 1. Energy transition temperatures
were ~12-200C lower (i.e. showing better toughness) than
the fracture appearance transition temperatures, and both
temperatures construct a band or range of ITT (indicated
by dotted lines in Fig. 3b) in each set of samples,
Table 1. Predictions based on average ECD grain size +
carbide thickness were 150C – 300C lower than the range of
ITT reported for TMCR steels, however, was close (only
50C below) to the energy transition temperature for heattreated (normalised) steel. The absence of mesotexture
and bimodality in the heat-treated steel could be the
reason behind the satisfactory prediction of ITT only
from average, ECD grain size. However, the prediction
is still (slightly) overestimating the toughness. Therefore,
in absence of mesotexture if the average grain size is used
to predict ITT in Mintz equation [31] it predicts the best
toughness situation (i.e. lower ITT value).
To understand the sizes of the grains that initiate
cleavage fracture w. r. t the overall grain size distribution,
Chakrabarti et al. [39, 40] carried out blunt notch-bend
tests (at -1600C) on three sets of simulated reheat + hold
samples with ferrite + pearlite microstructures, negligible
textures and with three different ferrite grain structures as
shown in Fig. 5 (a. uniformly-fine, b. uniformly-coarse
and c. bimodal). The grain size distributions for the
microstructures in Fig. 5 are plotted in Fig. 6 (in blue).
Superimposed on those plots are the ferrite grain sizes

(small red-squares) corresponding to the experimentally
measured cleavage facet sizes (from SEM fractography)
observed at the origin of the cleavage fracture on the
fractured specimens of slow-notch bend test (tested at
-1600C). Study of the cleavage facets at the origin of the
cleavage fracture (under SEM) on the fracture surfaces
of the broken samples show that the grain sizes larger
than the average grain size usually nucleate cleavage
(as expected from literature), Fig. 6. For uniform (or
unimodal) distributions (coarse or fine) the sizes of the
largest grains that initiated cleavage were ~1.5 times
to the corresponding average grain size. For severely
bimodal distribution that can reach ~ 2.3 times the average
grain size. In all cases the sizes of the smallest grains that
initiated cleavage were close to the average grain size.
The smaller the cleavage initiating grain size, the higher
is the fracture stress (eqn. 2) and higher should be the
impact fracture energy (also found experimentally [40]).
Therefore, in absence of strong mesotexture and
severe bimodality, using the average grain size (beside
carbide thickness) in Mintz equation (eqn. 6) should
be satisfactory to predict the lower limit of ITT (lower
transition temperature i.e. best toughness situation). If the
distribution is not severely bimodal a grain size ~1.5 times
the average grain size can be used to predict the upper
limit of ITT (worst situation, as severe bimodality can
generate higher scatter considering a grain size ~1.5 times
the average grain size may overestimate the toughness
(i.e. predict ITT value that is more negative to the upper
limit temperature) [39, 40].
(c)

(b)

Fig. 5: Heat treated samples of low-C steel with pearlite (bark) and ferrite (bright) with different ferrite grain structures, (a)
uniformly fine, (b) uniformly coarse, and (c) bimodal with mixed coarse and fine grains (arrowed) [39, 40].
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Fig. 6: Cleavage originating grain size, DF (2Dim), values (obtained from facet size using a factor 1.61) superimposed on the
corresponding ECD-grain size (2Dim) distributions (area-percent) for (a) uniformly-fine and (b) uniformly-coarse and (c) bimodal
ferrite grain size distribution (corresponding microstructures in Fig. 5), to identify the part of the grain size distribution responsible
for the cleavage fracture. Dotted blue lines show the average grain size [39, 40].

Prediction of ITT and scatter in Charpy results for
TMCR steel
The concepts gained from the literature and from the
notch-bend tests carried out on the simulated samples
have been used to predict the ITT for TMCR 3 steel
[39,40], which is a Nb-microalloyed (0.1wt% C, 0.045
wt% Nb) line-pipe steel (44 mm thick plate), processed
by double hold TMCR schedule with 5:1 total rolling
reduction (reheating ~12000C and finish rolling
temperature ~7000C). Charpy tests were carried out on
samples taken from the sub-surface and quarter-thickness
of the plate that shows ferrite + pearlite microstructure,
Fig. 7(a, b). The average grain size at sub-surface was
~ 5 μm and quarter-thickness was ~5.8 μm. The grain size
distributions at both locations were not severely bimodal
and the mesotexture was negligible [39, 40]. An example
of severe bimodality in the ferrite grain structure as
occasionally found in the TMCR plate is shown in Fig.
7c. To represent the scatter in Charpy results Chakrabarti
et al. [39, 40] have determined two ITT values for each set
of sample as in Fig. 7a and 7b, considering both the lines
joining the maximum values and minimum values from
the scatter data points (either impact energy or fracture
appearance), Fig. 8 and Table 2. Use of both maximum
and minimum lines (mentioned in Steel University
website) is a better representation of the scatter as all
(a)

the scattered data points are enclosed by those two lines.
Table 2 shows that sub-surface and quarter-thickness
samples show similar ITT (could be slightly lower for
quarter-thickness due to the coarser grain size than subsurface). The range of ITT values (20-300C difference
between higher and lower ITTs) was also similar for
each set of samples. For the grain structures with severe
bimodality in industrially processed TMCR plate as in
Fig. 7c, the range of ITT was found to be as high as 600C.
That confirms the relationship between the ferrite grain
size variation and the scatter in impact toughness. If the
coarse grain bands preferentially lie at the active zone near
the notch root (where the principal tensile stress is high),
cleavage crack initiated within a coarse grain (say from
particles) propagates at a lower stress, resulting in a lower
Charpy energy. On the other hand, presence of finer grain
regions at the notch root active zone increases the stress
requirement for the propagation of the ‘shorter’ cleavage
crack and crack can start to propagate in a ductile fashion.
At a later stage as the crack becomes sufficiently long and
sharp, the fracture stress can be achieved at the notch tip
and cleavage fracture occurs. Overall the impact energy
increases when the crack propagation starts in a ductile
fashion. This can explain the high scatter in fracture
energy for the bimodal ferrite grain structures.

(b)

(c)

Fig. 7: Microstructure of TMCR 3 plate at (a) sub-surface and (b) quarter-thickness locations. (c) Severe bimodality as
occasionally found in TMCR plate. Coarse and fine grain regions in (c) are arrowed.
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Fig. 8: Impact energy transition curves for (a) sub-surface and (b) quarter-thickness positions and fracture appearance transition
curves (in terms of the percent crystalline fracture) for (c) sub-surface and (d) quarter-thickness position of TMCR-3 steel.

Table 2: Band of 50 % ITT (0C) measured from fracture appearance (fr. app) and transition curve (tr. curve) for
the sub-surface and centre locations of the TMCR 3 steel. Also reported are the prediction of upper and lower limit
of ITT considering grain size (in equivalent circle diameter, ECD) + carbide thickness in Mintz equation (eqn. 6),
without considering carbide thickness in eqn. 6 or from Gladman-Pickering equation (eqn. 4).
TMCR-3, sub-surface
TMCR-3, quarter-thickness
Measured, tr. Curve
Measured, fr. appearance
Predicted (eqn. 6), grain size + carbide

Predicted, (eqn. 6) without considering carbide
size Gladman-Pickering (eqn. 4)

Lower ITT

Upper ITT

Lower ITT

Upper ITT

-95
-90
95
(average, ECD)

-75
-70
60
(1.5× average
ECD)
-93
-107

-90
-90
-85
(average, ECD)

-67
-60
-55
(1.5×average
ECD)
-78
-96

-127
-138

Average size of carbides have been measured on the
rolled samples and found to be ~0.09 μm, similar to
Bhattacharjee et al. [32], who have used 0.085 μm
carbide size in eqn. 6. Beside the average carbide size (t),
average (ECD) grain size (5 μm at sub-surface and 5.8
μm at quarter-thickness) is used in eqn. 6 to predict the
lower limit of ITT. 1.5 times the average (ECD) grain size
(7.5 μm at sub-surface and 8.7 μm at quarter-thickness)
is used to predict the upper limit of ITT. Predictions have
also been made without considering the carbide size
in eqn. 6 and also using Gladman-Pickering equation
(eqn. 4).

the range of ITT (instead of a single ITT value) for rolled
steel from Mintz equation (eqn. 6), taking the carbide size
into account.
Conclusions
• In case of low-carbon, microalloyed-TMCR steel an
existing regression equation suggested by Mintz et
al [31] can satisfactorily predict the impact transition
temperature from Charpy impact test. The equation
takes into account the effect of carbide size, grain size
and steel composition on ITT.
• Beside the above mentioned factors, mesotexture can
influence ITT (severe mesotexture increases effective
grain size and raises the ITT, showing poor toughness).
Also the overall grain size distribution can influence
the scatter in Charpy results (severe bimodality can
increase the scatter in Charpy results).
• In spite of a single value, ITT can be represented by
a temperature band enclosed by the upper and lower
limit of ITT (say, 50 %-ITT).
• Usually the grains that initiate cleavage are of size ≥

The predictions of lower and upper ITT from eqn. 6
considering both carbide size and average grain size (lower
limit) and 1.5 times the average grain size (upper limit)
are close to the range of ITTs measured from transition
curves. Mintz equation (eqn. 6) without considering the
carbide size and Gladman-pickering equation (eqn. 4) are
underestimating the ITT (i.e. overestimating toughness).
Therefore, the present approach can be followed to predict
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-111
-122
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average grain size, and therefore, using the average
grain size in eqn. 6 can estimate the lower temperature
limit (i.e. the best toughness) and not represent the
worst situation (upper limit).
• Larger the size of cleavage initiating grain, lower
will be the toughness. Therefore, to predict the
upper ITT limit (worst situation) a factor needs to be
multiplied to the average grain size. In absence of a
severe bimodality (i.e. for unimodal distribution),
and mesotexture a factor of 1.5 can give a reasonable
prediction. However, mesotexture (by increasing the
effective grain size) and bimodality (be increasing
the overall scatter) may increase the factor to higher
values (say, 2-2.4).
• A carbide size of ~0.08-0.10 μm provided reasonable
prediction for the TMCR steels investigated. However,
for other grades of steel carbide sizes can be available
from literature.
• The impact energy for the investigated steels varied
between 220 J (USE) to 10 J (LSE). 50 %-ITT,
therefore, corresponds to energy ~100 J.
Better understanding is required about the effect of
grain size distribution on the variation in ITT. From
the experimentally measured ITT values and using the
carbide size for the steel (in eqn. 6) the grain sizes that
contribute to cleavage can be determined. The overall
grain size distributions can be measured for the same
steel and the location of cleavage initiating grain sizes on
the grain size distribution can be studied. That can give a
better idea regarding the effect of grain size distribution
on ITT prediction.
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TECHNICAL ARTICLE
Shrouded, Ladle to Tundish Transfer Practices for Better Product Quality and
Steel Plant Performance
Dipak Mazumdar*
Abstract : Ladle shrouds are customarily used in steel
industries to provide secure passage to molten steel
during ladle to tundish transfer. Shroud performance
is generally enhance by injecting argon in the shroud
collector nozzle assembly and to this end different inert
gas delivery arrangements and argon flow rates are
being practiced in the industry. Recent full scale water
modelling and computational work in the author’s
laboratory have indicated that internal inert gas injection
is not helpful as a large argon flow rate is necessary to
halt air ingression into a leaking shroud, jeopardizing
steel quality in tundish completely by exacerbating steelslag-gas reactions. Similarly, currently adopted designs
aimed to deliver argon around collector nozzle-shroud
joint externally are not optimum to ensure uniform
shielding. It is shown that a substantially more effective
inert gas shrouding system results if two diametrically
opposite and tangentially oriented nozzles are applied to
deliver argon to shroud-collector nozzle assembly. It is
proposed that internal injection of argon in ladle shroud is
discontinued and external shrouding with more effective,
currently advocated inert gas delivery designs employed
to minimize melt-ambient contact, necessary to limit
reoxidation ensuring better product quality
Introduction
To minimise castability related operational problems
during continuous casting as well as to meet stringent
customer requirements, open air teeming from ladle
to tundish has been discontinued in the industry since
seventies. Progressive steel plants throughout world
therefore, routinely deploy ladle shroud to transfer molten
steel from ladle such that, quality of steel established
in upstream processes does not deteriorate during the
transfer operation.
Ladle shrouds are customarily mounted on collector plate
nozzle to form a cup and cone joint that in practice is rarely,
perfectly sealed. Since, steel throughput rate in industry
is appreciable (1~7 tonne per minute) and furthermore,

since low pressure region prevails inside an immersed
ladle shroud, possibility of air ingression through collector
nozzle- shroud joint and attendant re-oxidation of steel
tends to increase manifolds. Thus, to limit ingression of
air, argon shrouding, ceramic gasket, ceramic fibers etc.
have been customarily used in steel plants. While these
have collectively improved the efficacy of the transfer
operation noticeably, air ingression coupled with nitrogen
and oxygen absorption during shrouded teeming is still
prevalent and a burning issue in the steel industry. This
is readily appreciated noting the extent of Nitrogen
pick-up between ladle and mold (an index of severity of
atmosphere-steel interaction) in several domestic steel
plants, as summarised in Table 1.
The shrouding gas (i.e., argon), it is important to note here,
is introduced and delivered to the collector nozzle–shroud
assembly in several ways. Furthermore, volumetric argon
injection rate, relative to steel throughput rate, tends to
vary from one plant to another. Operations, without
argon, are also not entirely uncommon in the industry. To
elucidate the characteristics of ladle to tundish transfer
operations in some domestic steel plants, Table 2 has
been included in the text. This suggests diversely different
gas loading ratio for similar operating practices and steel
through put rate indicating essentially that shrouding
practices are varied and operating guide lines, somewhat
ambiguous. As a consequence, it is not entirely surprising
that teeming process performances (e.g., see Table 1)
among plants tend to be different.
In the following, industrial teeming practices and
associated consequences are first examined critically and
a summary of our research on teeming of molten steel
from a ladle via a shroud is presented and. Experimental
and computational results from an ongoing physical and
mathematical model investigation together with plant
scale observations/measurements are used to substantiate
the present work.

Table 1 : Extent of Nitrogen pickup during continuous casting of steel
Domestic steel plants
Monitoring parameters
Plant A
Plant B
Plant C
Plant D
Plant E
Plant F
Long product mill (Bloom casting)
Flat product mill ( Slab casting)
Nitrogen pick up between ladle lifting
7-20
5-10
10-15
03-05
05
05
and casting, ppm
*Dept. of Materials Science and Engineering, IIT Kanpur
E-mail : dipak@iitk.ac.in
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Table 2 : Shroud dimensions and operating conditions during continuous casting in some domestic special and
integrated steel plants
Industrial scale shroud in some domestic steel plants
Shroud dimensions and
Plant A
Plant B
Plant C
Plant D
Plant E
Plant F
operating parameters
Shrouds in bloom casting
Shrouds in slab casting
Length, mm
1215
1060
1200
1640
1350
1550
Inside diameter at throat, mm
65
60
70
100
135
151
Inside diameter at tip, mm
60
53
67
110
90
85
Argon injector diameter, mm
6.35
10
6.35
6.35
6.35
0.33×10-4 – 1.33×10-4 –
13×10-4
Argon injection rate, m3/s
1.33×10-4
None
16×10-4
-4
-4
0.66×10
1.7×10
(0.56 bar)
Mass flow rate of steel, kg/s
12.5-17.0
5-16.6
3.3-14.2
45-55
42-50
45-70
-4
-4
-4
-4
-4
17.36×10 – 20.8×10 – 18.47×10 – 52.5×10 – 52.5×10 – 60×10-4 –
Volumetric flow rate of steel , m3/s
23.6×10-4
23.05×10-4
19.7×10-4
76.4×10-4 66.67×10-4 93.33×10-4
Gas to liquid volumetric flow rate
0.02- 0.03
0.06-0.07
0.06-0.07
0
0.25-0.30
0.14-0.21
ratio

Present Work
A schematic of a typical ladle shroud geometry is shown
in Fig.1(a) while top sections of different variants of
ladle shrouds, illustrating three common modes of inert
gas delivery, are presented in Fig. 1(b). With reference
to Fig.1(b), it is important to note that while designs (i)
and (ii) are used to deliver argon externally in the vicinity
of shroud-collector joint ( viz. Fig.1(c)), in design (iii)

argon is discharged directly inside a shroud These, as a
consequence, imply that two-phase, gas-liquid flows are
possible during internal gas injection in shrouds, having a
gas delivery system similar to the one shown in Fig.1(b)
(iii). The efficacy of argon shrouding in the three different
designs are very different and discussed below under two
separate headings namely, internal and external inert gas
delivery systems.

Figure 1 : (a) Schematic of a ladle shroud, (b) three different shroud designs illustrating the modes of inert gas delivery [i. gated gas
outlet system, ii. circumferential circular slit and iii. internal discharge through a circumferential groove] and (c) Actual shroudcollector nozzle assembly prior to use .

(a)

(b)

Figure 2 : (a) Air ingression and exgression in an imperfectly sealed boom casting shroud (collector nozzle diameter = 0.040 m and
shroud internal bore diameter=0.0628 m) as a function of gas-liquid loading ratio and(b) Gas-liquid flow and mixing due to large
(QG,1= 7.5 x 10-4 m3/s (= 45 lit/min) and small (QG,2= 0.42 x 10-4 m3/s (= 2.5 lit/min) argon injection in the ladle shroud ( Liquid
flow rate, QL = 16.67 x 10-4 m3/s (= 100 lit/min)) .
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Internal Gas Injection in a Ladle Shroud
Internal injection of argon in a shroud may not always
be helpful entirely to prevent air ingression due to
imperfect sealing between collector nozzle and shroud.
It has been explicitly demonstrated through full scale
water modelling experiments and numerical simulations
of ladle shroud systems[1,2] that large volumetric argon
loading ratio(=QG /QL ), in the range 0.3 to 0.5 is
needed, depending on shroud type ( bloom or slab casting
shrouds) and geometry, to halt air ingression in ladle
shrouds. To illustrate this better, experimental results on
ingression/exgression through an auxiliary vent attached
to a shroud top and exposed to air derived s shown in
Fig.2(a). This indicates that till gas loading ratio reaches
about 0.5, air ingression is likely to occur. Beyond QG/
QL =0.5 however, the situation is reversed and injected
argon starts to escape into the ambient through the vents/
leakages present. Nevertheless, at such high argon flow
rate ratio, significant gas–liquid (and slag, when present)
mixing is expected to ensue in tundish as is illustrated in
Fig. 2(b). Extensive gas-liquid flows can result in large
tundish eye in the tundish and these in conjunction can
exacerbate slag-metal interactions and pave the way
for atmospheric re-oxidation of steel, particularly in the
absence of any protective tundish cover. Given such, it
is evident that large argon flow rates in ladle shrouds,
needed to halt air ingression completely, is likely to be
counterproductive and indeed, can destroy steel quality
established through a host of upstream processes carried
out in LRF, VD etc.

(a)

Small volume of argon injected into a sealed shroud, on
the other hand, can be advantageous as Fig. 3 appears to
indicate. The fluid dynamic simulation results presented
above clearly indicate that limited gas injection in ladle
shrouds (QG/QL~ 0.1 or so) can decelerate the down
flowing jet of liquid, dampen overall fluid motion in
tundish leading to a desirable RTD or C curve as presented
in Fig. 3(c). This latter figure suggests that limited argon
injection tends to produce a more diffused C curve and
hence is likely to ensure relatively more dispersed plug
flow volume in the tundish, conducive to inclusion
floatation [3]. Based on such, it is reasonable assume that
during internal argon injection into a ladle shroud, while
large argon flow rate is unlikely to be helpful, small argon
flow rate, i.e., 0.05 <QG /QL <0.1, on the other hand, can
enhance inclusion floatation and thereby metallurgical
performances of steelmaking tundish system[4].
External Gas injection in a Ladle Shroud
In many ladle shroud systems, argon is delivered externally
to create a protective atmosphere (i.e., inert gas shielding)
around the collector nozzle-shroud joint. This helps reduce
melt contamination (by nitrogen and oxygen absorption)
by limiting air-ingression from the ambient, particularly,
if collector nozzle-shroud joint is not perfectly sealed.
Fulfillment of such an objective however necessitates that
argon is distributed as uniformly as possible, around the
collector nozzle-shroud joint, circumferentially.

(b)

(c)

Figure 3 : (a) Steady state melt flow on the central transverse plane of a three-strand 11 tonne bloom casting tundish (a) without
argon injection in shroud, (b) with argon injection in shroud, and (c) RTD or C curve in the eleven tonne tundish with and without
argon injection (QAr = 1.33×10-4 Nm3/s ( or 8 lit/min), QSteel = 2.08 × 10-3 m3/s ( 0.9 tonnes/min.) and QG /QL=0.06).

(a)

(b)

(c)

Figure 4 : (a) A collector plate-shroud (type (i) in Fig.1 (b) assembly in practice. (b) and (c) Predicted argon streamlines around
shroud-collector nozzle assembly at a discharge rate of argon 2.67×10-4 m3/s or 16 lit/min through two different designs of external
inert gas delivery i.e., (b) circumferential, circular slit type outlet ( width=0.5 mm) and (c) eight (8) uniformly placed gated outlets.
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In Fig.4(a), a collector plate-shroud assembly, typically

shroud, typically oriented at 4° and 10o, with the vertical.
The extent of shroud misalignment in two different special
steel plants, during continuous casting, is shown in Fig.6.
While misaligned shroud has the potential to aggravate
air ingression (due to imperfect mounting of shroud on
collector nozzle), of more importance is the biased flow
of steel inside such a shroud as the latter tends to produce
more mechanical stresses on shroud wall, exacerbating
refractory wear[6]. Predicted velocity filed in a misaligned
shroud, at a steady throughput rate of ~1 tonne/min is
shown in Fig.7(a). This clearly indicates that liquid jet
issuing from the collector nozzle is biased towards the
hind side of the shroud, impacting directly on shroud wall
which is not expected in a perfectly aligned shroud. As a
result, it is expected that relative refractory wear from the
left side of such a shroud is likely to be somewhat more
pronounced. This is theoretically confirmed by computing
wall stress on shroud wall and is shown in Fig.7(b) in
which, variation of wall shear stress ratios (left half: right
half) as a function of axial distance is illustrated. There,
it is at once apparent that wall shear stress is significantly
more pronounced at the jet impact region. To confirm this
experimentally, ring samples from the used shroud, were
compared with those obtained from an identical, unused
shroud and one such comparison is illustrated pictorially
in Fig.7(c). Degradation of ladle shroud from operation is
evident while preferential refractory wear from one side of
the shroud is noticeable. This, as one might anticipatehas
the potential to impair steel cleanliness.

used in industry is shown. Corresponding circumferential
distribution of argon on the horizontal plane passing
through the injection nozzle is illustrated in Figs. 4(b) and
4(c) respectively for two different, external gas delivery
systems mentioned already (viz., see Fig.1). These results,
derived through the CFD software ANSYS FLUENT[5],
clearly indicate that regardless of the type of gas delivery
arrangements employed, argon distribution around the
periphery of shroud–collector nozzle joint is highly non
uniform and the injected gas could barely reach location,
diametrically opposite to the gas injection point. The
situation however improves and homogeneity of argon
distribution in the annular passage increases considerably,
if instead of one, two, tangentially oriented nozzles are
used to supply the inert gas. This is shown in Fig. 5. There,
for the sake of clarity of discussion, equivalent results, at
the same net argon flow rate, for the currently adopted
gas injection design has been included and is shown as
Fig.5(a). Given such, it is legitimate to assume that by reengineering the current gas delivery arrangements in ladle
shroud systems, considerable improvement in shroud
performance can be expected due to more effective and
uniform inert gas shrouding, needed to protect steel
during ladle to tundish transfer.
Industrial Transfer Practices and Shroud Performance
A vast majority of domestic steelmakers generally use a
single shroud manipulator to mount ladle shroud on to a
collector nozzle. The consequence is often a misaligned

Figure 5 : Predicted velocity distribution of argon around shroud–collector nozzle assembly on a horizontal plane passing through
the top surface of the at a total discharge rate, Q = 2.67×10-4 m3/s or 16 lpm for a shroud having eight, gated outlets (individual port
area 7*7mm2 area). (a) one gas inlet, (b) two tangentially oriented, diametrically opposite gas inlets.

Figure 6 : Shrouds in practice in two different steel mills illustrating the extent of misalignment.
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Figure 7 : (a) Predicted flow field contour on the central vertical plane of an inclined shroud used in industrial bloom casting
operation ( see Table 2).(b) Corresponding area average shear stress variation as a function of shroud height for or an inclined and
perfectly vertical shroud and (c) A ring samples from the region of velocity impact and its comparison with that of an unused ladle
shroud [simulation results corresponding to Plant A operating practices].

Conclusions
Considerable improvements in continuous casting are
likely by judiciously introducing inert gas into a ladle
shroud. Similarly, more effective, external inert gas
shrouding can be ensured by re-designing gas injection
system in ladle shroud designs used in practice.
Misalignment of shroud must be avoided during operation
as this has the potential to influence steel cleanliness
adversely.
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NEWS UPDATE
Yet another feather in VSP’s cap in steelmaking
Rashtriya Ispat Nigam Limited-Visakhapatnam Steel
Plant achieved yet another milestone in steelmaking by
casting high quality 430 mm rounds from Caster 4 in Steel
Melt Shop-2. As part of its expansion project, the Caster
built at a cost of around 200 crore in SMS-2 was able to
produce higher dia of 430 mm rounds for the first time in
India. The new facility is capable of casting all grades of
steel through submerged casting route. RINL Chairmancum-Managing Director P.K. Rath commended SMS-2
collective, particularly the Projects and Works Division
and the agencies involved for successfully producing
the exclusive product. He attributed the success to the
great commitment and hard work of VSP collective.
He mentioned that RINL was always in the forefront in
adapting new technologies in steelmaking process getting
recognition as a quality steelmaker.
The new Caster is the prime source of raw material for the
upcoming forged wheel plant at Rae Bareli in UP, which
is scheduled to be commissioned during September. The
Rounds can be used in seamless pipe, precious forging
and wheel applications.The Caster is equipped with state
of the art auto power feeders, auto cutter and automatic
strand. The Caster has facility for slow cooling in case
of critical grades.The Caster is designed to produce
high quality blooms and rounds. The auxiliary and other
balancing facilities in SMS-2 were also commissioned.
The Hindu
Tata Steel trims capex in India, Europe on rising
economic headwinds, low cash flows
Tata Steel is looking at an over 33 per cent reduction in
capex across Indian and European operations, following
the global economic slowdown and reduced cash flows.
The capital expenditure, which was estimated at 12,000
crore for this fiscal, will be reduced to 8,000 crore.
According to TV Narendran, CEO and MD, the capital
outlay for the India business was initially set at 8,000
crore, while the remaining 4,000 crore was set aside for
European ops.“We are looking to recalibrate the capex by
20-25 per cent between Europe and India. The original
capex was 12,000 crore for this fiscal, we are cutting it
down to 8,000 crore,” he told reporters after the launch
of the company’s steel retail store ‘steeljunction’.The cut
(in capex) is likely to be spread equally across Europe and
India, he said, refusing to divulge details.
Business Line
Steel executives' guild urges PM Modi for 'hassle-free'
SAIL-NINL merger
Neelachal Ispat Nigam Ltd (NINL) which is in the dumps
following its lead promoter MMTC's decision to exit
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the public sector steel unit, has elicited support from a
confederation of steel executives.Kolkata-based Steel
Executives Federation of India (SEFI) has written to
Prime Minister Narendra Modi, demanding the merger of
loss accumulating NINL with the bigger PSU steel maker
Steel Authority of India Ltd (SAIL).
With MMTC already going public on its intent to sell
stake in NINL and two other key promoters- the state
government controlled Odisha Mining Corporation (OMC)
and Industrial Promotion & Investment Corporation of
Odisha Ltd (Ipicol) no longer keen to retain their stakes,
revival of proposal to merge NINL with SAIL can inject
a dose to hope to the ailing NINL. MMTC is the biggest
equity partner with a share of 49.9 per cent. Between them
OMC and Ipicol own 26 per cent stake. Other central
public sector enterprises like NMDC, BHEL Ltd and
Mecon are minor equity participants in NINL.Though
NINL officials are tight-lipped, market sources claim
NINL's blast furnace at Duburi (Odisha) is already under
shutdown. With MMTC clogging cash flows, NINL was
forced to bite the bullet by going for temporary closure
of the blast furnace whose capital repair it successfully
completed in May 2018.
Business Standard
NMDC Q1 net rises 21% to 1,179 crore
Public sector iron ore miner NMDC has posted a net profit
of 1,179 crore for the quarter ended June, an increase
of nearly 21% registered in the corresponding period
of previous fiscal. Revenue from operations increased
by nearly 35% to 3,264 crore. “In absolute terms, this
is the best result in last five years and if revenues from
Donimalai are excluded, this is the best-ever turnover for
Q1 since inception,” a company release said.
N. Baijendra Kumar, CMD, said the company had
created new benchmarks both in physical and financial
performances in spite of closure of Donimalai mine
in Karnataka and challenges at Bailadila Complex in
Chhattisgarh.
The Hindu
Tata Steel rejigs India, Europe operations
Tata Steel has embarked on an exercise to restructure
and simplify its group structure by cutting down and
reorganising its subsidiaries in Europe and India.“In
Europe, we have some 300 subsidiaries. The clean-up has
already started and we are looking to reduce them by 100
to 120 this year,” said TV Narendran, CEO, Tata Steel.
At one point in time, Tata Steel Europe had 300 legal
entities. Some of them were created in the 1880s and are
100-150 years old. "They have old liabilities and issues
which need to be sorted out," he said, adding, "The
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journey is a bit tedious." In India, where Tata Steel has
30 subsidiaries, the exercise will have more to do with
operating companies. These will be reorganised in four
areas to bring simplicity and leverage the synergy and
scale. The four areas could be long products, downstream,
infrastructure and utilities and mining assets, Narendran
said.
The Economic Times
India's steel output edges past world in H1 of CY2019,
lags China
India's crude steel production has grown more than the
world output during the first six months of calendar year
2019 compared to the same period of 2018. During the
first half (January-June) of 2019, the production of the
metal grew by five per cent to 56.96 million tonnes (Mt)
compared to 54.23 million tonnes recorded in the same
period of 2018, according to World Steel Association
(WSA).
World crude steel production was 925.1 Mt in the first six
months of 2019, up by 4.9 per cent compared to the same
period in 2018. Asia produced 660.2 Mt of crude steel,
an increase of 7.4 per cent over the first half of 2018. The
EU produced 84.7 Mt of crude steel in the first half of
2019, down by 2.5 per cent compared to the same period
of 2018.
Business Standard
Centre sets up three-member panel to resolve dispute
between SAIL, Railways
The government has set up a three-member committee to
resolve a dispute between the Indian Railways and staterun Steel Authority of India (SAIL) over issues such as
the quantity and supply of high-quality steel rails. The
panel will give its recommendations during this quarter.
The steel major has expressed confidence in its ability
to provide 1.3-million tonne rails to the Railways during
the current financial year (FY20), an increase of 37 per
cent over the previous year. During the last financial
year, SAIL supplied around 985,000 tonnes of rail worth
Rs. 5,900 crore.
Doubts over the quality of rails supplied by SAIL arose
after a recent study conducted by the Transportation
Technology Transfer (TTT) team from the University of
Illinois said the tensile strength of the existing track was
“not adequate” for 25-tonne axle load operations. This,
along with an alleged shortage of supply, was reportedly
causing concerns for the Railways in going ahead with
its massive infrastructure expansion plans, including track
renewal and setting up of new lines, along with “Mission
25 Tonne”.
Business Standard
NMDC planning to expand mining capacity by over
50%
NMDC plans to increase its production capacity to
67 million tonne per annum (MTPA) from the current
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mining capacity of 43 MTPA to meet the growing
requirement of iron ore by the domestic steel industry.
As part of its vision 2025 plan, the company expects to
focus on growth largely through brownfield expansion
of existing mines and improving evacuation along with
it.Development of greenfield mine (Deposit 13), which
has been planned through joint venture with Chhattisgarh
Mineral Development Corporation, will add a capacity of
10 MTPA in next four to five years, N Baijendra Kumar,
CMD, said during the 61st annual general meeting.
Financial Express
Working relentlessly to improve quality of rails : SAIL
State-owned SAIL said it was working relentlessly to
further improve the quality of rails.To achieve this, the
PSU has adopted measures like reducing the hydrogen
content in rail steel, the company said in a statement.
The Nickel-Copper-Chromium (NCC) corrosion resistant
rails that SAIL-Bhilai Steel Plant developed and supplied
for coastal areas have successfully undergone field trials.
Business Standard
Tata Metaliks plans to double ductile iron pipe
production
Aligned to its strategy of value-led growth, Tata Metaliks
Ltd, a subsidiary of Tata Steel, is looking to double the
production of ductile iron (DI) pipe to 4 lakh tonnes per
annum from the current 2 lakh tonnes. The company is
also installing a new 15-MW power plant. The estimated
investment on the project is
620 crore.According
to Koushik Chatterjee, Chairman, Tata Metaliks, the
brownfield expansion at its existing plant at Kharagpur
is expected to be complete in the next 18-24 months.The
company had received shareholders’ approval to fund
the expansion by way of issuance of equity shares and
convertible warrants to the promoter - Tata Steel - on
a preferential basis.“The share of DI pipes to our total
turnover is around 55 per cent while that of pig iron is
around 45 per cent. Once this expansion is complete, we
expect the share of DI pipes to go up,” Chatterjee told
newspersons after the company’s annual general meeting
here.The share of DI pipes to Tata Metalik’s total turnover
could increase to 70 per cent from the current 55 per cent
gradually once the expansion is complete and capacities
are ramped up in the coming years.
The company, which had started as one of the leading
pig iron producers, is now looking to realign its strategy
and focus more on DI pipes that is used for diverse
applications including distribution of potable water,
transportation of sewage and waste water, agricultural
applications including irrigation and industrial usage in
power plants among others.As per information available
in the company’s latest annual report, the overall demand
for DI pipe continues to be robust and is likely to have an
expected annual growth rate of 10-12 per cent over the
next few years.
Business Line
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BOOK REVIEW
Review on the book entitled “Kinetics of Metallurgical Processes” authored by Hem Shankar Ray and
Saradindu Kumar Ray
By Prof. G. G. Roy, Dept. of Metallurgical & Materials Engineering, IIT Kharagpur
The book presents the kinetic analysis
of experimental data using numerous
examples from literature. Emphasis
is put on explaining kinetics and
processes in more physical terms. The
book is ready for young researchers
to assist them in analysing their
experimental data and the book may
be highly recommended for them.
The book covers basic kinetic models
especially for heterogeneous kinetics
(solid-fluid, fluid-fluid kinetics) that
are more prevalent in metallurgical
systems. Another unique aspect of the
book is that the book also covers the kinetics of mechanical
deformation and creep, which makes the book complete for
metallurgical engineers. Although, there are several books
on metallurgical thermodynamics, very few are available on
metallurgical kinetics for UG/PG teaching. From this point
of view this book will be of tremendous significance.
The book starts with the concept of thermal activation.
Chapter 2 deals with empirical and semi-empirical kinetic
models, where a function of fractional reaction is expressed
as the product of rate constant and time in integral form.
This functional form of fractional reaction depends on
mechanism of reaction kinetics, which are discussed in the
Chapters 3, 4 and 5. Most of the heterogeneous kinetics is
chemically controlled (first order chemical kinetics) at lower
temperature, and becomes mass transfer controlled, or mixed
controlled at higher temperature. Since both follow the first
order kinetics, such change in reaction mechanism could
be resolved by estimating activation energy for both the
cases. The apparent activation energy for chemical kinetics
is usually higher than mass transfer controlled process, and
a shift in activation energy values for different temperature
regimes, or fractional reaction, is usually observed in such
cases. Several such examples with change in activation
energy values with increase in fractional reaction have been
presented in Chapter 4.
The heterogeneous kinetics in most of the cases is heat and
mass transfer controlled at the boundary layer, especially
at high temperature where the activation energy barrier
for chemical kinetics is low. The heat and mass flux at
heterogeneous interface is better expressed by invoking
the concept of heat and mass transfer coefficient, which
are empirical in nature. Such concept is well adopted in
engineering applications, because analytical solution of
concentration of temperature profile in the boundary layer is
very complex. Depending on the fluid-dynamic conditions,
the mechanism of heat and mass transfer might be diffusion,
convection or eddy diffusion, in case of turbulent boundary
layer. There are several dimensionless correlation reported in
literature for heat and mass transfer coefficients, applicable
for almost all practical situations. The book discussed the
dimensionless numbers and some dimensionless correlations
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have also been reported in Chapter 6 of the book, showing
various practical examples.
Chapter 7 describes the kinetics of nucleation and growth
for general phase transformation. The concept of super
saturation for solid precipitation was discussed and
quantified with specific example. It was also demonstrated
that homogeneous nucleation of gaseous bubbles are almost
impossible and heterogeneous nucleation at phase interfaces
is essential.
Chapter 8 is especially devoted towards how to deal with
these idealistic models with respect to real systems, where not
necessarily a single rate controlling step is valid. Different
kinetic steps may be active at different stages of reaction, or
it might be mixed controlled when the rates of two kinetic
steps are comparable. The chapter demonstrates how to
modify the model equations to suit the non-ideal condition.
Isothermal system is an abstract. Each and every system
develops species and temperature gradient within the system
with time and therefore the local rate of reaction varies from
place to place. Such situation may either be handled by
solving differential heat and species balance equations; else
through empirical approach by estimation of apparent rate
parameters like pre-exponential factor and activation energy,
as presented in Chapter 9.
Chapter 10 deals with the thermal analysis techniques to
understand the phase change, reactivity, mineralogy of the
material. In addition to conventional TG/DTA/DTG/DSC, a
unique customized moving bed technique has been presented
to record transformation data over an increasing temperature
and time, along with subsequent kinetic analysis.
The major problem of the application of the kinetic
models to practical situations arises because of simplifying
assumption and inherent limitation of these simpler models.
For example, such models are based on single spherical
particle, while in practical cases there should be distribution
of particles with different size, shape and with various
residence time in the reactor, presence of impurities etc. In
spite of all these simplifications, these equations are found
to fit in several cases, where the effect of such unaccounted
factors are manifested in terms of apparent rate parameters.
Consequently, in several cases different models are found to
be equally applicable and not distinguishable over a wide
range of fractional reaction; or, a kinetic model fits well with
the plant data but the underlying mechanism of the model
does not satisfy the condition of practical situation! Chapter
11 deals with such situation and demonstrates with examples
how to analyse the practical data. Regression analysis may
be used to find the best kinetic model with highest correlation
coefficient. In very complex system, new predictive model
can be generated by analysing plant data and developing new
empirical equations using regression analysis.
Chapter 12 and 13 present the kinetics of plastic deformation
and creep fracture in materials system. The chapters
demonstrate the development of constitutive semi-empirical
models based on phenomenological insight of plastic
deformation and creep.
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IIM CHAPTER ACTIVITIES
Hyderabad Chapter : 26th Tamhankar Memorial
Lecture

Biswas of DPS-RubyPark clinched the second position.
Both these teams will participate in the upcoming National
Quiz to be held at Kalpakkam by the Indian Institute of
Metals Kalpakkam Chapter.

IIM Hyderabad Chapter organised the 26th Tamhankar
Memorial Lecture on 1st August 2019 at DMRL. Dr. Dinesh
Srivastava, Distinguished Scientist, Chairman and Chief
Executive, NFC & Chairman, IIM Hyderabad Chapter
welcomed the delegates. Dr. Vikas Kumar, Distinguished
Scientist & Director, DMRL narrated biography of
Late Dr. R V Tamhankar. Dr. G. Madhusudhan Reddy,
Outstanding Scientist & Associate Director, DMRL &
Vice Chairman, IIM Hyderabad Chapter introduced the
speaker, Prof. Kamanio Chattopadhayay.

Varanasi Chapter : Metals and Materials Quiz 2019
The ‘Metals and Materials Quiz 2019’ was organised
at Prof. N. P. Gandhi Memorial Hall, Department of
Metallurgical Engineering, IIT(BHU) on August 17, 2019
by the IIM Varanasi Chapter, the Student Affiliated Chapter
of IIM Varanasi, the Metallurgy Society, IIT (BHU),
in association with the Department of Metallurgical
Engineering, IIT (BHU), Varanasi.

Prof. K. Chattopadhayay, SERB Distinguished Fellow &
Honorary Professor, Interdisciplinary Centre for Energy
Research & Department of Materials Engineering, Indian
Institute of Science, Bangalore delivered the memorial
lecture on “An Indian contribution to the world of
superalloys” and explained about ultrahigh strength high
temperature cobalt based super alloys. There were about
300 delegates from different industries present in this
event including Dr. S. V. Kamat, DG, DRDO, Former
DGs, Directors of DMRL and other Labs.

A total of 48 teams representing 24 schools of Varanasi
and nearby places participated in the quiz. The top 8
teams were shortlisted for the final round based on the
performances in the written test. The team consisting of
Shri Suyash Singh and Divyajyati Tarai from Sunbeam
School, Varuna, won the first prize. Shri Ashish Chokhani
and Shri Vittal Chokhani from Sunbeam School, Lahartara,
won the second prize. The winning teams shall represent
the IIM Varanasi Chapter and participate in national level
‘Prof. Brahm Prakash Memorial Materials Quiz 2019’
organized by the IIM Kalpakkam Chapter at IGCAR,
Kalpakkam scheduled on 20-21 September 2019.

Shri MNV Viswanath, Secretary, IIM Hyderabad Chapter
& Senior Scientist, NFC proposed vote of thanks.

Kanpur Chapter : Prof. N. K. Batra Metals &
Materials Quiz - 2019

-Report from IIM Hyderabad Chapter

Kolkata Chapter: Metals and Materials Quiz 2019

The annual Prof. N. K. Batra Metals & Materials Quiz
- 2019 was successfully organized by the Department of
Materials Science and Engineering, Indian Institute of
Technology Kanpur (IIT) and Indian Institute of Metals
(IIM), Kanpur chapter on 18th August 2019 at IIT Kanpur.

IIM Kolkata Chapter organised a Quiz competition on
10th August, 2019 at Jadavpur University to select teams
for “Prof. Brahm Prakash Memorial Materials Quiz –
2019”. Twenty six teams participated in the competition.
The quiz was conducted in three rounds. Based on the
final score, Masters Udvas Basak and Sagnik Koley of
Ramakrishna Mission Vidyalaya, Narendrapur bagged
the first prize, while Masters Prajeet Das and Shibayan
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Masters Aryaman Mehrotra and Shreedhar Malpani from
Seth Anandram Jaipuria, Kanpur came out as winners,
and Ms Ishita Tripathi and Paritosh Awasthi from
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Puranchandra Vidyaniketan, Kanpur were the runners-up.
These two teams will compete at the National level “Prof.
Brahm Prakash Memorial Materials Quiz” competition to
be held at the Indira Gandhi Centre for Atomic Research,
Kalpakkam.

Harinand Rai, Director (Technical), SAIL commented that
since efforts to reduce slag production will meet limited
success, the industry has to focus on reuse and recycle of
slag which is posing a major challenge. Mr. SK Nirmal,
Secretary General, Indian Roads Congress (IRC) said that
the IRC has come out with guidelines for usage of iron
and steel slag in road projects
and that the industry
should use the code and give their feedback. Inaugural
Address was given by Smt. Ruchika Chaudhry Govil,
Joint Secretary, Ministry of Steel, Government of India.
Ms. Govil said that the Indian steel industry is looking
at 300 million tonnes capacity by 2030, and this growth
will increase the production of both BF and LD slag. She
urged the industry to highlight the stumbling blocks.
Three technical sessions on (i) Slag as a Resource
Efficient & Sustainable Material, (ii) Iron & Steel
Slag Utilization - Way Forward and (iii) Technology
Adoption for Iron & Steel Slag Processing, covered
different presentations.

Winners of Prof. N. K. Batra Metals & Materials Quiz - 2019

Delhi Chapter
1) Indian Stainless Steel Development Association
(ISSDA) arranged a seminar cum knowledge sharing
session on “Stainless Steel Reinforcement Bars
and Structurals an Ideal solution for Long Lasting
Infrastructure” on 23rd August 2019 (Friday) at Hotel
‘The Royal Plaza’, New Delhi.

Some of the members of IIM Delhi Chapter participated
in the above Conclave.
-Report from IIM Delhi Chapter

Baroda Chapter
A one day Awareness Programme on Corrosion Control &
Management (CCM'19) was organized by Indian Institute
of Metals, Baroda Chapter on 31st August 2019 at Royal
Orchid Central Hotel Akota, Munjmahuda,Vadodara.

Shri K K Pahuja, President of ISSDA gave the welcome
address, and commented that stainless steel reinforced
bar is a new concept in India, but it is quite prevalent in
advanced countries with long life and competitive Life
Cycle Cost of infrastructures. Use of SS rebar in building
infrastructure projects in India can impart similar benefit.

Shrimati Seemaben Mohile, MLA, Akota, Vidhansabha
gave the inaugural address as Guest of Honor. Mr. Deepak
Acharya, Chief Executive Officer, INOX India Ltd.,
Vadodara was the Chief Guest.

Dr. Graham Sussex, Consultant at Nickel Institute talked
about Introduction to
Stainless Steel Reinforcement
bars and Global Practices for a Corrosion Free Civil
Structure. He emphasised on how Stainless steel prevents
corrosion by providing a passive protective layer over
the surface. He gave examples of the use of SS rebars in
various applications including Sydney opera house and
2205 grade Duplex SS in Helixfort bridge.

Dr. Sunil Kahar, Chairman of IIM Baroda Chapter
welcomed all the delegates. Delegates from various
industries, academic and research institution from
Delhi, Pune, Mumbai and different cities of Gujarat like
Vadodara, Ahemdabad, Surat, Akleshwar & Nadesari area
has also participated.

The program was attended by about 50-60 participants
from various organisations. Some members of Executive
Committee of our Chapter also attended the Knowledge
sharing session.
2) A conference on 'Promoting Awareness and Usage of
Iron & Steel Slag - Ushering in a New Era’, was organised
by FICCI in partnership with Ministry of Steel on 27th
August, 2019. Mr. Abhyuday Jindal, Co-Chair, FICCI
Steel Committee and MD, Jindal Stainless Ltd opined
that though India is the second largest producer of steel
and stainless steel, importance of LD slag utilisation is
yet to be realised by the consumption sectors in India. Mr.
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Mumbai Chapter: CV Sundaram Lecture

Former Secretary, Department of Atomic Energy, to Prof.
Banerjee as a token of appreciation from IIM Mumbai
chapter.

The Indian Institute of Metals, Mumbai Chapter organised
its prestigious C. V. Sundaram Lecture on 31st August
2019 at the DAE Convention Centre, Anushaktinagar,
Mumbai. Prof. Dipankar Banerjee, Emeritus Professor,
Department of Materials Engineering, IISC Bangalore,
gave a scintillating lecture on "Materials in Flight". The
lecture covered a range of materials -metals and alloys,
intermetallic, composites, meta-materials etc. He discussed
in detail the preparedness of India for future materials for
existing and future aircrafts, role of flexible materials and
changes in design of the air crafts. He also covered a wide
range of aircrafts and changes required in the properties of
the materials of construction as required for the intended
usage of aircrafts. Nearly 100 participants from various
institutes and industry across the city attended. The talk
was followed by a lively 'question-answer' session. A
memento was handed over by Dr. Srikumar Banerjee,

Dr. Srikumar Banerjee felicitating Prof. Dipankar Banerjee

-Report from IIM Mumbai Chapter

*********

MEMBER NEWS
Institute Professor and Chair Professor B S Murty of IIT Madras has recently become the Director of
IIT Hyderabad. A renowned metallurgist, he is the Editor-in Chief of ‘IIM-Transactions’ and Fellow
of IIM.
Hearty congratulations from IIM Metal News.

EVENTS CALENDAR 2019-2020
October’19
5th
11th Dr. Placid Rodriguez Memorial lecture (PRML) organized by IIM Kalpakkam Chapter at Kalpakkam
20th
National conference on “Trends in Minerals & Materials Technology (MMT-2019)” at Siksha ‘O’ Anusandhan University,
Bhubaneswar organized by Biofuels and Bioprocessing, Research Center (BBRC), ITER, SOA (Deemed to be University)
Convener : Prof. Lala Behari Sukla, lalabeharisukla@soa.ac.in
November’19
13th-16th
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 UdaSamudra, Thiruvananthapuram.
Convener : Dr P Ramesh Narayanan, convener@iimnmdatm2019.org
February’20
21st-23rd
10th International Conference on Materials Processing and Characterization organized by IIM Mathura Chapter.
Website: www.icmpc.com
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METAL STATISTICS
Crude Steel Production (July 2019)
Country

in thousand tonne

World
1. China
2. India
3. Japan
4. United States
5. Russia
South Korea
Germany
Turkey
Brazil
Iran
Italy
Taiwan, China
Ukraine
Viet Nam
Mexico
France
Canada
Spain
Poland
Belgium

Country

1,56,696.6
85,223.2
9,215.0
8,386.7
7,514.0
6,200.0
6,040.9
3,360.0
2,925.0
2,448.8
2,200.0
2,130.0
1,890.0
1,784.0
1,773.4
1,440.0
1,330.0
1,120.0
1,100.0
780.0
660.0

in thousand tonne

United Kingdom
Netherlands
Austria
Egypt
South Africa
Saudi Arabia
Australia
Argentina
Thailand
Czech Republic
Sweden
Kazakhstan
Pakistan
Qatar
Byelorussia
United Arab Emirates
Finland
Luxembourg
Serbia
Hungary
Greece

644.9
604.8
576.6
526.4
464.4
440.0
428.7
418.2
415.0
390.6
351.5
350.0
310.0
230.1
230.0
225.1
220.1
200.0
136.2
136.0
130.0

Increase in World Crude Steel Production from 1950 to 2018, million tonne
Year
1950
1955
1960
1965
1970
1975
1980
1985
1990
1995

World
189
270
347
456
595
644
717
719
770
753

Year
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

World
850
852
905
971
1063
1148
1250
1348
1343
1239

Year
2010
2011
2012
2013
2014
2015
2016
2017
2018

World
1433
1538
1560
1650
1669
1620
1627
1730
1808

Source : World Steel Association
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