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FOREWORD

Stainless Steel, Special Steels and Super Alloys play an important role in meeting the
critical requirements of our strategic sector. The requirement of these varieties of
steel and super alloys is expanding. A need was being felt for a long time to organise a
seminar in this sector. We all know that these special grades of steel have special
metallurgical properties,viz, corrosion resistance, impact toughness, creep, fatigue
value etc.

The Delhi Chapter of The Indian Institute of Metals (IIM), organised a one day
Seminar on 2nd April 2016 at India International Centre, New Delhi. Technical Papers
on these subjects were presented by experts in these areas.

Looking at the importance of the subject, the Delhi Chapter has brought out a special
issue containing the proceedings of the Seminar. It is felt that this special issue will be
informative and serve as a useful reference material and widen the perspective of
readers in the area of stainless steel/special steels and super alloys.

KL Mehrotra
Chairman
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PREFACE

Alloy and Special Steel Sector plays a significant role in meeting the critical needs of
the strategic sector. Although the share of contribution of production of stainless
steel/special steels and super alloys is small vis-a-vis carbon steel, the role and
importance of these grades is so critical to the development needs of the strategic
sector of our country.

As this sector is growing in usage in varieties of new and critical applications, the
Delhi Chapter organised a one day Seminar on Stainless Steel/Special Steels and
Super Alloys at India International Centre, New Delhi, on 2™ April 2016. A number of
luminaries in the above areas presented their papers in the Seminar. The
presentations made in the Seminar evoked a lot of interest to the participants.

The Delhi Chapter has compiled the proceedings of the various technical papers
presented in the Seminar.

It is hoped that the contents of this Special Issue will be informative and serve as
useful data base and reference material for readers.

SC Suri
Chairman
Technical Committee
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Growth of Stainless Steel Industry
&
Its End Use Transformation in India

N C Mathur
President
Indian Stainless Steel Development Association

P
155DA



Global Stainless Steel Industry Overview
World Stainless Steel Melt Production
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Stainless Steel Melt Production Year 2015 : Grade-
wige (tons)
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Total Stainless steel import (in Mt)
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Role of Stainless Steel Development Association
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Stainless Steel for BUS Body
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Stainless Steel End-Use Metal Goods
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Promaoting the use ef of Stainless Steal
Hollow sections for struciures Promoting Plumbing in Stainless I
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Process Industry , Power and Engineering —

Airport Authority of India High Potential for quality grade consumption
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Presentation on
An Overview of Stainless Steel Industry -
Challenges and Prospects

Sushim Banerjee
Director General
Institute for Steel Development & Growth (INSDAGQG)
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Outline

Stainless Steels and its classification

Overview of Stainless Steels Market

Overview of future growth prospects

Challenges and Opportunities

Stainless Steel
Attributes
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Stainless Steel

Stainless Steel 5 defined for a number of
different steels primarily for their resistance to
corrosion. Minimum percentage of Chromium of
10.5%, Hickel and Molybdenum are added to
improwve corrosion resistance. Stainless Steel is
expensive compared to Mild Carbon Steel and
represents a small but valuable niche market,

‘I"hl Structural Stainless Steel is classified into ;

Farritic [33% Chremium with e Necks| and litlle Melybdenmsn|
= Agmienitic (17-15% Chromium and 8-117% Nickel|
= Wartensitic [(12-15% Chromium, Molybdemam 0.7 - 1%, mo Nicksl and
i,.l': . 4 — Bl Washoal,
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World Stainless Steel Melt Production Stainless Steel Consumption Growth
China & India vs. Rest of the Warkd
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Structural Applications of
Stainless 5teel Rebar
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Challenges
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Challenges in Raw-material Sourcing

Ky Bt ki for Stainkeas Ses|

+ Parrathiame, et Nickel [Impam), Pure Nicksl
[inpaet], Farsa Mokbaanum [impart), Crangs
Chenmi, MaRing Scrap (egart)

Lo

Timedrn

EE ] L] 11 i
bl T

g

Btk Diirss Didp wa il phos ey it a
Hﬁﬂw-ilnhrw—h-ﬁ#—ll—llﬂ—ﬂl--lp-lrﬂ
rnu.pﬂh-hl:hl'l.

HI'JMJ

Newsletter Special Issue 13 L o BBl



Recammeandation -

Trade related issues

' Reduce Import duty on key raw
materials like Ferro Nickel, Pure
Mickel, Ferra Maly to NIL Free Trade Agreements : Current Scenario

FIA partia? BAPR gty Prafarantial duty

lepan 5% 0%

'

Remove import duty on M3 Scrap and
55 scrap imported for use in stainless
steel industry

DO i voewd flsi prodeis coming HYS Coddas 7717 s T13E
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Recommendations Issues of Concern
2 = = Mon-avallability of Mickel and high price
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« Inverted Duty structune
« Poor fabrication quality

ﬂp Pﬂl"l'l.l nities to EIFWI’E Indirect Imports Containing Stainless Steel

Large Boilers
+ Oil & Gas Sector requiring corrosive resistant * Thermal Power equipment — Boder, Pressure Vessels
gteel, high pressure, high stresses and » Process Pumgs
reguirement of harsh environment « Industrial Machinery —
= High width HR = 1500 mm Sugar, Paper, Chamical, Brewery, Diary, Food

= High demand for femitic goods in consumer Refrigerator & Freezing eguiprnent

durable ! process equipment, sugar, paper and * Heat Exchangers
chemicals, refineries + Dish Washing Machine
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= Surglcal Instruments
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Emerging trends in Steels,
Superalloys and Titanium alloys

Dr D.K. Likhi
CMD, MIDHANI
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Challenges before the metal processing
industries.

©

& Quality
# Price

= Delvery

Q

How to meet the challenges?

%+ Understanding the customer requirement

& Develop new product, process for meeting the
requiremaeant

£ Address managermnent = technology interface

Aim = To meet well identified commercial application

£

Metal Processing

Machining process inherently wasteful = near net shape
desirabile:
¥ Porpingal rounds §'L

=

B herniies !
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improved casting (more accurate [ precise] would result
in bess machining
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A ek & Materials Engincering
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Trends for Materials Development —
Nuclear and Thermal power
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Superalloys

I
PARTITIONING OF ALLOYING ELEMENTS
and strengthening of Superalloys
1) Solidsalrtion stremgthening

2] Precipitotion fardening
3] Grain bowadany sirengpiieaing

£
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Criticality of melting high end superalloys Melting Routes for some of Superalloys
Supseni 718
T S S T TS LD 5 e 40,4, 30,25
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Ni-based Superalloys for Kaveri Engine Cast Alloys

All cast super alloys can be grouped as

¥ Comventionally Cast (CC) Superaoys.
¥ Directionally Salidified (D5) Superalloys.

» Single Crystal (SC] superaliays.

SUPERMI 2634 - it dinfSaminr pulion, s mihanait s Aing Few examples: CM247, RenaNB, CAMSK4, TS 162,
heaming, cocling risgs, Fasgee THS 138, ChSE 10 etc.,
SUPFRAE T18A 0 Compeemer  blades, nabiss dbcs, oemEREEOT

L o 35
Titanium Alloys

Advantages of titanium alloys
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Production of titanium alloys

= plting processes
- Vacuwm Arc Remelting (VAR)
~Electron Beam hMelting (EBM)
Skull Melting
# Casting processes
= Casting | imvestment casting
= Forming processes
= Rolling, extrusion, forging,
= Heat treatments

£

Melting of titanium alloys

Vacwum Arc Refining (VaR] - melting

= Elacirade made from compached
beiquetieof nominal alioy composition

is hatld in the VAR by s stubsand first

meited in a water-«oaled copper —
crudble.

= A molten metal pool i on the top ol

the new ingat. =}
» The melting variables such as

mieing rate; makhen pool depth, stiring.
contaminstion i carefally cortrol ta
pitain homogarsy ard soundress

of ingats. ﬁ,m

Melting of titanium alloys
Induction Sloull Melting
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Melting of titanium alloys
Electron Beam Melting [EBM) _{:.FD,_ s
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Classification of titanium alloys

1. Alpha and near alphs ttanium alloys
2. Mipha-beta titansum alioys
3. Beta titanium alloys

Different crystal structures and propertles  allow
manipulation of heat treatments to produce different
types of alloy microstrectures to suit the reguired
mechanical propertles,

£
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Commercially pure (CP) titanium and

alpha/near alpha alloys
Microstructure contalns HCP a phase and can be divided into;

» Commeercialhy pure titanium alloys
* Mipthp titenium alloys
* Near slphs tienivm dlow

Characteristics:

= Non-heat treatable:

& Wieldehla,

= Wiedium strength

= Good notch toughness

* Good creep resistance at high temperatane.

£

Alpha-beta titanium alloys

= Alpha-bets tianiem loys comain both o ard B,

= g stabilisers are used to gve strength with 4-6%

i stabillsers to-allow the [ phase 1o retain at BT after
quinching fram B ar a4 phase Tield,

& enproed strength snd Rarmability in comgafisan bo o -Ti
alboys,

= TEEALAY [l 318} &= the maost widely commeschally
used.

Newsletter Special Issue

Alpha titanium alloy

a stabilisers are mone solubbe in the a phase and ralse
the B transus temperature,

= &l and O are the main alloying elements, which provide solid
solution strengthening. O and Mpresent a5 Imguritess  gee
interstitial Fardening,

# The amount of mstabilizers should not esceed 9% in the
aluminium eguisalent to prevent embistlement duse to ordering.
= 55% Al can lead to 8 Fnely didspersed, ordered phase a2},
wihich is coharart to lattice deluterious dctiity,

= 5n and Zr arg abso edded in gmall amount to stablize the a

phase and give strength.
&

e
Beta titanium alloys

= Beta stabllisers are sufficlently added to retain a fully f
structure {avoid martensite formation) when quenched

from the [ phase field,
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MIDHANI has contributed to low-0ost import substitute
titanlum blo-rmedical implants

135 types of Implants in 1061 varieties ready for
commercial supply
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Century of
Innovations In
Stainless Steel

outokumpu l:l




We can serve our customers everywhere

Corrosion of steel - Rust What is stainless steel?
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The 1920's -

+ ik SUSEESE Ciefi i 1 A9230°%

+ ElrGient prodduciion precoceses wees
il el

4+ Mary companies: s producng ihe
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+  The pestenitio jricieh-aboyed] grodes
beramne damimling
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Cold Pressed Goods of Qual. 832

(All pressed without intermediate heating)
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Outokumpu Contributing to the rapid

Development
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Mo other Stainless Steel producer can
match Outokumpu’s technical knowledge
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The 1940's

+  Precigistion harsenad (PHmanensis grades,
&g I74 PH aad 17-T PH, ane develaged in the
LG,

o High e sbength
» EE B0reQasd pnd miipn) appicstion,

The 1950’s

+  Nickel shortages led to development of
s aapensive manganase alloyed
stainkass steals

= Manganesa replaca Nickal as
BUSIEnite farmes

= Strang bud limited conmskan
resgiancs

= Usedt for cutlery, pots @nd pansg
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The 1960's - Process innovations
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Process innovations

L S e

he 1950's

+ Process deselopment

o Steckel mill = thinner and
faster hot rolling

o Sendzimie mill = thinner cold
rolling with better tolerances

oLtk

The 1960's

= Coimiwiefirk Oir i OF & ATSS, il b Aiboubid

stainless steel growth 1950 - 2010

L P T T Pt
Eoragal, B i i A
iy

T #t

] _ | LR

ne

=
in o
l."-.
Foui B a
il
.

¥ o sampna 1
g B
e e Tow = am

Biusbiob EXEF - bl ol B0 kel el Fonvie

e |
OO "j’

25

Metallurg
RS ® Materials Engineering



The 1970's

L

+ Wipm pllagng lead to innowstizns in high S mps rmture
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Tedce the mirength of 3105

s 2 g salomative, enengy and heal resfment
Applcaion
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The 1980's - Innovations reach a new level The 1980's 0
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WS S EArSS Sy SR 2205 have great success in chemical tankers

Drinking Water from sea water
Desalination needs Super Duplex Stainless Stecl
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The 1990°s - Stainless steel competes with
carbon steel as a constructions matenal
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Superaustenitic stainless steel
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The 2000's

= Stainless steel makes solar power affordable

! F
outokumpu {3

State of the Art

Formable duplex - A new duplex concept from Outokumpu

o Outokumpu FDX 25 and FDX 27

Outokumpu 4420 - New improved alternative to 316

EDX 2304 - Improved 2304

Outokumpu 4622 — New ferritic grade from Outokumpu

MNew surface finishes - 2R? and more!

Fa
outokumpu @
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Sustainability & life-cycle cost advantage
with stainless steel

outokmpu (”)

Deepak Vaidya
Outokumpu India



Civilization is a Good teacher

India : Where are we heading?
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Differant epochs in the history of
humans
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CLEAN WATER - OUR RIGHT
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This is not INDIA of our dreams
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Thorough LCC analysis with customer
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Pesitioning of Duplex Stainless Steel grades

A ke cornb ot s STRCE 2o g1 o eommes on mokaznae

o i - . . -__._,_-"". m
g 3 & T
P T
= _- I_\'r_\\.;__fl. ) . HE ) '
- ig DB ®
e i N b ' ar Ly -5 s A= =
r=1d s RBwrern CFT= 2l
prenilf
[l Lowsar U
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First stainless railway brdge in the world! Duplex Stainless Steel in Bridge
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Stonecutters Bridge,
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Stainless Steel for Elevated Structures

Skywak Ralings — Safety — bghi weighl sirchee — 0w maintanancs ~ el o
alagan| knok lighdwnighl bridgun s
uned &o- ?
And ped
e Ean

Wlax pipe diameerter: LS m

o wolghit of stalnless
: 40 tard

Flamdim o, it
Ourfolkumpo LDX 2701 replacing carbon Bus Shefters, Indiz
Sieel! Footbridge in fndia, length 42 meter Cirtokumpu LDX 2707 versus (ype J04
Calculated safe waight saving is 32% Waight saving 200 when selecting LOX 2101

Also betfer corrosion resistancel
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A new Duplex Steel
landmark
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ﬁhler
Welding of

Stainless Steels

Vietple B T voestalpine
wew vorstalipne: normeciding ONE BTEP AHEAL

voestalpine Bohler Application Technology Centre
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Roshan Rampure




What is Stainless Steel?

Irom ailoy baaring = 1% Chiomium

Microstruciure

and <0 17% Carbon D
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Welding of austenitic stainless steels Weiding of austenitic stainless steels
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Effects of Delta-ferrite
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common austenitic stainlezs steels
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Welding dissimilar joints Welding dissimilar joints
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DUPLEX STEELS - Microstructure : DUPLEX STEELS - Microstructure :
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| Austenitie | | Perrie |

Dniplex sleals combine the austenite and
ferritic properties
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DUPLEX STEELS - Chemical composifion Pipe welded with CN22/8PW-FD
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Stainless Steel — Passive layer Stainless Steel — Surface defects
5 slainless stesl always siainless?
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Stainless Steel — Chromium ﬂHF|EtEd Chemical method: Pickling
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Stainless Steel — Chromium depleted zone
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Pickling - Applications

voestalpine
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Complete range of products for pickling and
cleaning stainless steel

® Paste / Gel

@ Solution

= Bath

® Cleaning

@ Neutralising
= Passivating

® Accessories

AN e kg puns b crmiam b
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DEMAND/ AVAILABILITY
SCENARIO FOR STAINLESS
STEEL IN INDIA

.INDUETRIAL DEVELOPMENT SERVICES PVT. LTD.
=

@
@ Partners for Business Excellence

Mr. D.P. Gupta
Director



This presentation is based on in-house
research carried out by the IDS team.

ill5| BRIEF HESTORY OF 55 IN INDIA ill5 BRIEF HISTORY OF 55 IN INIDIA {conro...j
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DE A jOE PRIBARY MANUFACTURERS OF 55 Lisc: PRODUCTS DEW AGGREGATE [INSTALLED CAPACTTY FIK 55
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MAJOR BEXPORT DESTINATIONS : 201415 IMITHA"S SHARE IN CLOBAL CONSUMPTION
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Pictorial Glimpses of the Seminar Proceedings
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MIDHANI

i BEHBC (organ,

Tn. Deep Vaceum, We Create Wornders

MIDHANI is

rapidly growing into a major

center for advanced technology

apaning up new frontiers of matanal and

matallurgical sclence. The power bahind the

significant achievements is its unwavering

commitment to the customers for supply of superior
quality alloys and its endeavor is to be of senvice to high
technology indusiries

Concaived by eminent scientists, Midhani has largaly fulfilled the
mandate of sub-zerving the special metals and alloy needs of strategic
and other hi-tech industries in the country as a public sector enterprize

under the administrative control of the Ministry of Defense

MishraDhatu Nagam Limited is one of the few integrated and modern

plants in tha world manufaciunng a wide spactrum of criical and complax

alloys requirad for sirategic industries viz. defense, space, asronautic, nuclear
power, electronics, communications etc., The range of alloys manufactiured
includes Nickel-base, Iron-base, and Cobalt base super alloys, ESR-Grade

and Special purpose alloys, commercially pure (CFP) Titanium and Titanium alloys,
Tungsten and Molybdenum

MISHRA DHATU NIGAM LIMITED

Kanchanbagh, Hyderabad-500 058, T.5. India
E-mail ;: mktgi@midhani.gowv.in Wabsite : www.midhani.gow.in
Tel : +91 -40-24340253 Fax : +91-40-24341250




Ministry of Micro Small & Medium Enterprises

............... Department of Commerce
M ATE RI ALS ?c{é ’ﬂ\ Ministry of Heavy Industries and Public Enterprises
Council of Scientific & Industrial Research
WWW.MmMmMmmMmmMm-expo.com GOVERNMENT OF INDIA

10 - 12 AUGUST 2016 | PRAGATI MAIDAN, NEW DELHI, INDIA

T N U5y CO-SPONSORED BY
MI N E RALS AN 3 Ministry of Steel
IPREIDY  Ministry of Mines
M E TA LS W AN @ Ministry of Earth Sciences
° ' Ministry of External Affairs

S

O

International conference on

"Minerals & Metals and their contribution to
Make in India" eI Gy 1

The Indian Institute of Metals & ol
Delhi Chapter ‘(g 4 Matorials Engrnsering

CONCURRENT PROGRAMS:

/ International Business Networking Programs (IBNP)

—_—
/ Investor & Partnership Meet

Global Meet of World Metal Forum “Wanne— "/

WORLD METAL FORUM

Contact us for more Information dointOrggniser

‘ ' I ‘ The Indian Institute of
/ Metals - Delhi Chapter

INTERNATIONAL TRADE AND EXHIBITIONS INDIA PVT LTD terals Engering

CIN No. U92490DL2004PTC 124343

1106 - 07, Kailash Building, 26 K G Marg, New Delhi, India Soppertediby .
Tel. +91 11 40828282, Email: events@itei.in WM¢

WORLD METAL FORUM

Middle East TSwan Pre-register your visit at

vy Zhuang Yana Sapunova Sandra Tseng www.mmmm-expo.com
Project Manager Project Manager Euroasia Exhibition Services Co Ltd

ITE China ITE Gulf FZ LLC Taiwan For IBNP Delegate registration
Tel: 0086 10 59003652 ext.805 Tel: +971 4 4332974 Tel: +886 2 8369 3616 Contact us at +91 99103462955
Email: ivy.zhaung@ite-china.com.cn | Email: yana@ite-gulf.com | Email: sales@easc.com.tw

office@worldmetalforum.org
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BY ARCHITECTS

TRUSTED

BY MILLIONS
SAIL TMT

= Earthquake Resistant

= Also available in High Corrosion Resistant
= Good bonding with Cement

= Life of every construction

Applications of SAIL TMT
Reinforcement for homes, high-rise buildings,
bridges and other concrete structures

SAILIYOTI

Galvanized Plain & Corrugated Sheets
= Superior quality

= Light weight but strong

= Available in different thicknesses

Applications of SAIL JYOTI
Roofs of houses, factory sheds, warehouses, panelling,
door frames, shutters, storage bins, AC ducts, coolers,
ice boxes, drums, buckets, tubs, tanks, accessories,
auto sector

e AARET 3w sfusarn fafes
STEEL AUTHORITY OF INDIA LIMITED
There's a little bit of SAIL in everybody's life

www.chiranjn.com

Produce of SAIL’s Integrated Steel Plants | Contact your nearest Regional office today

REGIONAL OFFICES
NORTHERN REGION: EASTERN REGION: WESTERN REGION: SOUTHERN REGION:
17th Floor, North Tower, Core-1, Ispat Bhavan The Metropolitan Ispat Bhawan
SCOPE Minar, Laxmi Nagar District Centre 40 Jawaharlal Nehru Road 8th & 9th Floors, Bandra-Kurla Complex 5 Kodambakkam High Road
Delhi - 110 092 Kolkata — 700 071 Bandra (East), Mumbai - 400 051 Chennai - 600 034
Email IDs: rmfpnr@sail-steel.com Email IDs: rmfper@sail-steel.com Email IDs: rmfpwr@sail-steel.com Email IDs: rmlpsr@sail-steel.com
rmlpnr@sail-steel.com rmlper@sail-steel.com rmlpwr@sail-steel.com rmfpsr@sail-steel.com
rmretailnr@sail-steel.com rmretailer@sail-steel.com rmretailwr@sail-steel.com rmretailsr@sail-steel.com
Tel. Nos: 011-22441825 Tel. Nos: 033-22880634 Tel. Nos: 022-26571827 Tel. Nos: 044-28259660
011-22442105, 011-22444572 033-22882986, 033-22886423 022-26571836, 022-26571838 044-28257164, 044-28285009

To view our list of dealers, please visit : www.sail.co.in

Kaagaz International, 98112 30592





