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Recent Developments in Iron and Steel Making Industry

R.N.Dash*, Chinmay Das

Although iron was produced more than 3000 years ago, innovations in its manufacaafimgplogies
continue to take place highlighting indomitable human spirit of continuoogbyoving what exists and
inventing new ways of doing things. This paper outlines fascinating dewsitspim recent years, many of
which have benefited from cross breeding of technologies fromn s#agor of industry. Tremendous
amount of work being done in different parts of world in receatsy® utilize ore and coal fines in a
variety of ways is outlined emphasizing need for similar endeavoats wountry.
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INTRODUCTION Romelt: In this process, reduction and melting are
Iron is produced either in liquid form (Hot carried out in a single reactor. Iron oxide reduces as
Metal) or in solid form (DRI/HBl/Iron Carbide). it passes through a foamy slag. Oxygen is
Iron making processes can be classified as showniffroduced through two rows of tuyers in the
the Table-1.While the blast furnace process iroreactor (Fig.2). The side walls are lined with water
making is most predominant, it is interesting to notgooled panel by adopting electric arc furnace
that many other processes are also taking root t#chnology for iron making.
gaining ground. With the exception of BF, EPIF, The reactor has the ability to process wide
Rotary Kiln, MIDREX, HYL and Fior all these variety of materials including fines, ore slimes and
processes shown in the table have been develop@ldnt wastes. The process is easy to operate and
in last three decades. Wide variety of furnacegnvironmentally friendly as demonstrated in a
including vertical shaft, multiple hearth, rotary kiln,300000 tpy unit at Novolipetsk in Russia. The main
rotary hearth, fluidized bed reactors and bathAdvantage is that the process is oxygen intensive.
smelting vessels resembling chemical reactioAn efficient heat recovery from the flue gases is a
reactors, steel converters and arc furnace styWéal economic requirement.
water cooled panel lined units illustrate relentlesBrimus: This is a new coal based process for the
pursuit of appropriate new technologies to bringproduction of pig iron using ore fines. The process
down capital and works costs in different contexts.involves multiple hearth furnace technology (Fig.3)
COAL BASED HOT METAL for reducing metal oxides which has been
Corex: This process consists of a melter-gasifieommercially used in case of non-ferrous metals
where coal is gasified injecting oxygen and presuch as nickel. The charge is introduced at the top
reduced iron ore/ pellets are melted. The outgoin@f the furnace and transported down through the
gas is used for reduction of iron ore/pellets in afifnace by rabble arms driven by a rotating axial
upstream shaft furnace (Fig.1). Commercial units gfolumn. Coal fines are charged with iron oxide into
300000—400000 tpy and 600000—800000 tp)t,he furnace. Coal and/or other additives can also be
have already been working at ISCOR & Saldanh@dded at any other level should the process require
Steel, South Africa; Jindal Vijaynagar India andt: The charged materials are actively mixed
POSCO South Korea. High pressure codhomogeneously as they move across each hearth
gasification technology, suitably modified andand thus avoid agglomerate formation. No
dovetailed with gas based DRI has led to successffemixing of materials is required as it is achieved

creation of this commercially viable newin the furnace itself. The DRI produced is
technology for molten iron. discharged from lowest level of the furnace at

1050C to 1086C temperature and transferred to an

* Executive, Brown Brother Harriman, USA
Journal of Engineering Innovation and Research Vaime: 1, Issue: 1, January--March 2009 23



Process Smelting Reduction Direct Reduction
Reducing Agent
—>
Ore Charge Coke Coal Natural Gas Coal
Lump Ore/ Blast Furnace, Corex Midrex,HYL, Rotary Kiln
Sinter/Pellets Submerged EAF MidrexOXY+AREX
Romelt, Primus, Fior, Finmet Circofer
Ore Fines Star Furnace | Hismelt,Finex,Dios, Circored, Comet HI-('QIP
Ausmelt Iron Carbide !
Dry Iron,
Ore-coal pellets/ Fastmelt, Fastmet,
Briquettes Tecnored Inmetco,
Itmk3
Table-1
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Fig. 1 : Corex Process

electric furnace for melting leading to the of process control.
production of pig iron .The pilot plant installation

was completed at Arbed in September 2000 withlismelt: This process has been developed by CRA
the construction of the melting unit. Subsequently htd. Australia and Midrex Corp USA. Originally
new facility has been commissioned at Differdangeéhe process was developed as a horizontal
Luxembourg in February 2003 for the processing afefractory lined vessel. Ore and coal were injected
82000 tpy of iron bearing wastes through multiplérom bottom and hot air was blown. Extensive
hearth furnace of 8.3 m diameter as a recyclinggsting at a scale of 100000 tpy at Kwinana in
furnace for the electric arc furnace dust and oilustralia revealed serious difficulty with refractory
rolling mill sludge generated by the Luxembourgerosion. Since 1997 a new vertical smelter with
Steel industry. According to promoters, the start uprater cooled panel is reported to have solved the
results of the installation are encouraging in terms refractory problem with enhanced efficiency( Fig.4)

Journal of Engineering Innovation and Research Vaime: 1, Issue: 1, January--March 2009 24



of A $ 125 million and State Government is
assisting with land and port facilities worth A $ 30
million indicating how Governments still foster
innovations in this field. We also witness how the
problem of refractory erosion in horizontal vessel
was overcome by opting for vertical vessel with
water cooled panels which have been in vogue in
electric arc furnaces and tried out in Romelt
process. M/s Otokumpu are designing and installing
a circulating fluidized bed preheater for this plant.
Laiwu steel group, China also plans to replicate this
800000 tpy Hismelt plant which will be constructed
at Laiwu city in China.

Finex:
Fig 2: Romelt Flow Sheet A 150 tpd pilot plant at POSCO, Pohang, started in
1999, uses iron ore fines and coal. A demonstration
Two water cooled lances inject coal and ore into tHglant of finex was completed in May 2003 at
molten pool .Oxygen enriched hot air blast is blowdOSCO with a production capacity of 600000 tpy
from the top. A 38 —day trial with more than 90 %#nd is producing hot metal. _
plant availability indicated engineering robustness! he reduction of iron ore fines upto 8mm size takes
A 800000 tpy Hismelt plant is currently underPlace in 3-stages in fluidized bed furnaces while
construction at Kwinana, South of Perth insmelting of the fine DRI and gasification of coal is
Australia. For this A $ 400 million Australian dollar carried out in the melter-gasifier.
plant, Federal Government is providing assistance
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3-serial reactors are necessary for the high géisal reactor is nearly 88C. Iron with a reduction
utilization and enhanced reduction degree (> 90 %legree of 85 % is hot compacted, kept in a bunker
during fine ore reduction. These 3-serial reactorand gravity fed to melter-gasifier where it is
are essentially used for preheating, pre-reducticconverted to hot metal. Initially the fluidized hot
and final reduction to form DRI (Fig.5). Additives process was developed by Fior in Venezuela. VAI
are added along with ore. The temperature in titeok over the concept from there and married it
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with Corex type melter-gasifier to give birth to airon inside the reduction furnace. The hot reducing
new process. In August 2004 POSCO has signedjases are generated essentially in 3 ways-
contract with VAI to construct 1.5 million tpy plant 1. Separate reformer
in Pohang. 2. In-situ reforming and
Ausmelt: Ausmelt submerged lance technology 3. Partial oxidation with OXY+
was originally developed for non ferrous AREX was developed by Sidor, Venezuela.
production such as lead and later developed inBSREX features auto-reforming of a mixture of
pilot plant for iron as well. It involves injection of natural gas and recycled top gas in a shaft furnace
dry ground coal and oxygen enriched air through ia the presence of hot iron which acts as catalyst to
lance submerged in a bath of molten slag. The feggnerate the gas required, for reducing iron oxide
materials (iron ore, coal, and flux) are simplyfeed. In auto-reforming CO,tand CH blown into
dropped into the bath of the furnace from dhe shaft combine with the,On the iron ore to
conveyor through a port in the top of the vessel. Foeduce the iron ore and to create,®®@wn into the
a commercial plant a number of lances can Wernace partially combusts the CO; ldnd CH.
installed within one bath to increase the output. Iithis provides enough energy for additional
2000 a two tons per hour demonstration plant wagduction to occur. Reduced capital cost,
set up at Whyalla. environmental cleanliness and the flexibility to use
variety of fuels and different ore and pellet types
Tecnored: This process produces liquid pig iron inare some advantages of this process. In early 1995
a hot blast smelter using cold-bonded, self reducingis technology was retrofitted onto two MIDREX
pellets produced from iron ore fines or iron oreHBI modules at India’s Essar Steel.
bearing residues and carbon bearing fines such as
petroleum coke, coal or charcoal. The materials afénmet: This process developed by Fior de
charged into a short-shaft melting converter wittVenezuela and Voest Alpine involves fluidized bed
hot blast, solid fuel and hearth arrangement at threduction of iron oxide fines (Fig.6). In 1999, BHP
bottom where the reduced pellets are melted arahd VAI have set up a 2 million tpy plant at Port
the hot metal is separated from the slag. Tecnorétedland Australia. Another Plant was reported to
technology has set up a 150000 tpy furnace at it&ve been started from May 2000 at Orinoco Iron at
technical centre at Joinville, Brazil. Puerto Ordaz, Venezuela. It is a joint venture of
BHP Billiton and IBH. BHP Billiton’s Finmet plant
DIRECT REDUCTION WITH NATURAL at Port Hedland showed a production of more than

GAS 450000 tons of HBI for the first quarter of 2003.
Midrex and HYL processes are well established, The process continuously converts iron
operating in different parts of the world includingOXide fines in a series of four fluid bed reactors.
India. These offer three production options: The first reactor preheats the ore and the reduction
1. Traditional DRI( Cold product in pellet or iS carried out in successive reactors operating at
lump form) about 10 atm pressure. The gas required for
2. HBI( Hot briquetted iron) reduction is rich in hydrogen and is supplied by

3. HYTEMP Iron ( Hot product Steam reforming of natural gas/ partial oxidation of

pneumatically or  through  gravity heavy crude oil.

transported to the EAF) } ] o _
For each of the products, the metallization angircored: This process of fluidized bed reduction
carbon content can be varied according to th@f iron oxide fines comprises of two stages. In the
requirements. primary stage the iron ore fines are dried and
AREX and OXY+ are two modifications of gasPreheated and then reduced in a circulating
based processes for lump ore. The use of oxygenﬂHidized bed reactor to achieve 70% metallization.
a direct reduction plant can significantly increasén the second stage partially reduced fines are
productivity. further reduced to achieve final ~ 93%
The MIDREX OXY+ system involves partial metallization followed by briquetting of fines. Here
oxidation of natural gas by oxygen injectionwe witness the cross breeding of power plant
(Fig.6). A hot reducing gas, consisting mainly ofechnology of CFB reactors being utilized for iron
gaseous reductants, hydrogen and carbon monoxi@éking. Constant scanning of developments in
and small amounts of methane and oxidants@ H other fields provides new ideas for technology
& CO,) is used to convert iron oxide to metallicdevelopment.
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A 500000 tpy HBI Circored plant was jointly set upinnovative organizations, undaunted by setbacks.
by Cleveland Cliffs, LTV Steel and Lurgi in
Trinidad and commissioned in 1999. The plant iI€OAL BASED SPONGE IRON
reported to have achieved high metallization rate
with stipulated quality expectations. However, ifCjrcofer: In this process which is developed by
was reported to be facing some teething problemsrgi, the iron ore fines and the recycled char are
in achieving sustained levels of briquettggreheated at 98G and then charged to circulating
production. It is reported to be idle at the moment. fluidized bed reactor (Fig.7). Coal is directly fed to
the unit and a metallization of about 80 % is
Iron Carbide: This process using iron ore finesachijeved. High relative velocities between solids
and natural gas produces iron carbide (CF¢ and gases ensure intimate mixing of reactants and
granule. The product has the advantages of beiggsure good heat and energy utilization. The
stable under oxidizing conditions at temperaturesrocess is akin to power plant and alumina
upto 300C and can be transported easily. calcinations technology. In a downstream reducing
World's first commercial plant of 300000 stage desired metallization of more than 93 % is
tpy built by Nucor Corporation was commissionedychieved.
in Trinidad in 1996. It faced series of mechanical
and operational problems due to design deficienayomet: This is a coal based DR process, which
and never worked to designed capacity. Lovenables high grade sponge iron to be produced from
product yield is also a fundamental problem withron ore and coal fines in a rotary hearth furnace.
iron carbide. This deficiency must be balanced Witnayers of coals (mixed with a little |imest0ne) and
the main advantage of iron carbide in providing gon ore are continuously fed in the RHF (Fig.8).
source of energy in the EAFs. Despite suclhe layers are heated rapidly to high temperature
advantage, the low yield of Trinidad plantypto 13068C and reduced iron ores are sintered.
combined with low prices of scrap (the mainginally layers of agglomerated DRI are separated
substitute for DRl) prevailing at that time, forcedfrom |ayers of fines Containing coal ash and
closure of the Trinidad plant in 1999. Undeterre@a|cium sulphate at the furnace exit.
by this debacle, Nucor is now closely involved in Extensive laboratory test have shown that
development and commercialization of Hismelhjgh metallization rate ( > 92 % ) can be achieved
process highlighting the risk taking nature of within a short processing time.
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The DRI process is suitable for EAF as sulphur  plant with a capacity of 1.5 tonne DRI/h was built
(< 0.05 %) and gangue content are low. A piloait Sidmar in Ghent, Belgium and began operation
plant with the design capacity of 100 Kg/h wasn 1997.

constructed at CRM in Liege in 1996. Another pilot
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HI-QIP: This process also uses a rotary hearttadiation to coal and iron oxide compacts producing
furnace (RHF) for reduction, melting and slaghigh rate of metallization in an economical shorter
separation. Fine raw materials namely, fine ore an@sidence time. The process enhancements include
fine carbonaceous materials are used directly. Thiee improved charging and discharging equipment
materials do not require any special treatment. Trend also gaseous emission control system fgr, SO
fine carbonaceous material is laid on the hearth amD,  particulates and combustibles. Amristeel
then small hollows are formed at separate locatiomsstalled the first Dry Iron Plant in Jackson,
on the surface. A mixture composed of fine iron or&ennessee. This rotary hearth furnace processes
and fine carbonaceous material is laid on thEAF dust.
carbonaceous material layer. As the hearth rotates,
the mixture is heated, reduced and melted in thifeastmet: Iron ore fines and pulverized coal are
furnace. Finally the metal pebbles free from slagalletized, dried and then reduced in a rotary hearth
are produced in the hollows on the carbonaceotdisrnace (Fig.10). Lime or bentonite is used as
material layer. Steel wastes can also be used. binder in the palletizing process. A demonstration
plant of 2.5 tph was set up at Kokogawa Steel
Dry Iron: This process uses rotary hearth furnacavorks of Kobe Steel in 1995 by MIDREX and
Iron oxides are blended with pulverized nonKobe Steel.
metallurgical coal to produce highly metallized A commercial scale iron bearing waste
(>90 %) product (Fig.9). There are several optionsecycling plant using this process is how operating
for raw material feed in this process. It can regyclat Nippon Steel's Hirohata works and the second
EAF dust and mill scale from mini mills and commercial FASTMET plant is at Kobe Steel's
processed waste iron oxide reverts from aKokogawa works. The Hirohata plant produces
integrated mill. The process can also make DR140000 tpy DRI. Hot DRI are kept in a refractory
using virgin iron oxide ore. lined container and sent to converter shop where it
The key to this process is controlling thes melted in a converter by blowing oxygen from
CO to CQ ratio to minimize re-oxidation, carbon the top and the carbon fines from the bottom.
consumption and furnace residence time. Thi&nother converter is used to convert this hot metal
process employs dry, binderless briquettingo steel. This is the FASTMELT process variant
eliminating the pre drying of pellets or compacts. Aoriginating from the FASTMET process.
high temperature rotary heath furnace (with a Ina similar process, in Iron Dynamics
capacity of 30000 to 200000 tpy) transfers heat byButler plant palletized iron ore fines and pulverized
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coal are reduced in a rotary hearth furnace. This7r64 tons per month and used by Steel Dynamics.
DRI is converted into liquid pig iron in a hybrid A commercial 500000 tpy plant is planned to set up
submerged arc furnace where de-sulphurization is Minnesota. Looking at the iron-carbon
also carried out. The hot DRI is discharged atquilibrium diagram and we see these diverse iron
1000C into 22 t transparent bottles on a rotatingnaking processes covering almost entire spectrum
turn table which in turn feed the submerged arfrom very low to 6.67 % carbon of iron carbide.
furnace, which has a capacity of 500000 t and uses Thus we witness incremental changes
only 400—500 Kwh per ton of hot metal. having been engineered to develop new exciting

processes. Many similar opportunities lie hidden for
Inmetco: This is also a rotary hearth coal basedthers to unravel in future. There is undoubtedly
process like FASTMET. A 0.5 Mtpy capacity unitperennial scope for new researchers to leave their
has been commissioned by M/s MDH at Nakornthinark.
Strip Mill, Thailand in 1997.

Star Furnace: The Blast Furnace with two rows of
Itmk3: It is not a new wave in Information tuyeres developed by Kawasaki Steel ( now JFE) to
Technology but Iron making Technology markheat steel plant wastes, paves the way for greater
three, a trendy name given to recent coal based Dijection of fines directly into the Blast Furnace.
technology from Kobe Steel and MIDREX( Fig.11) Top row is used for injection of fines. M/s JFE used
A four meter diameter rotary hearth furnace basetito produce alloyed pig iron having chromium and
pilot plant has been built in Kokogawa, Japan anaickel from steel plant wastes (Fig.12).
operated since October 1999. A variant of Iron making units need not make only
FASTMET process, it operates in a new area in thgeneric iron in form of sponge, briquette or hot
Fe-C diagram wherein carbon composite pellets areetal. Alloyed sponge/pig iron can also be an
reduced and iron is carburized and melted. Theconomical source for alloy and stainless steels and
pellets are eventually converted into iron nuggets ialloyed cast irons. In India, we beneficiated
solid form and separated from the slag. The proceskromite overburden, sintered it and produced 250
developer has indicated the since the melting occutens of nickel-chrome bearing pig iron using low
after reduction and residual FeO is less than 2 %shaft blast furnaces at KIW. Star furnace appears to
there is no FeO damage to the refractory. be very attractive for direct conversion of

Mesabi nugget demonstration project habeneficiated fines.

since been set up in North America jointly by
Mesabi Nugget, Kobe Iron Nugget and others. HIgiNDIAN SCENARIO
purity nuggets (96-98 % metallic iron content) weréve already have a rich diversity of iron making
produced with an average production rate of techniques in operation starting from primitive
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units of artisans of Bishnupur, low shaft blastt50000 tpy sizes have been developed indigenously
furnace of Kalinga, 20 mini blast furnace ( 157 tdTISCO, OSIL, MECON and JINDAL) and are
350 nt), more than two dozen large blast furnaces operating well. Very small units of less than 30000
( 1000 to 3200 ), two Corex units, five Midrex tpy also appear to be proliferating in recent times
and HYL gas based units coupled with largedike cottage industry.

number of coal based sponge iron units in the It is interesting to note that a combination
world. Several rotary kiln based units of 100000 to of DRI and liquid hot metal is becoming popular
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feed material for subsequent steel making in EABesigns to maximize direct injection of ore, coal
due to its attendant benefit of reduced energgnd lime fines may also yield rich dividends.
consumption and increased productivity of EAF

shop. Examples include Ispat Industries, DolViREFERENCES

Usha Alloys, and Jindal Steel& Power. Many more

are planning steel works on these lines. Thus thie Bert DanielsTransition paths towards GO
absolute supremacy of BF-BOF route is under emission reduction in steel industiyniversal
threat. Such plants with combination of DRI, hot Press, Veenendaal, 2002

metal and EAF are being set up at reduced capital H.ltaya, Recent activities of Iron Making

cost than the conventional BF-BOF units thereby LaboratoryKawasaki Technical Repomio.41
highlighting need for further cost cutting and Oct 1999, p-5

enhanced productivity in the classical route. Whilg. J.Fruehen, Future of Iron & Steel Making in the
maximum injection of coal fines in the blast USA,Scan.J.Met.1999, Vol28, p-77

furnace has to be top priority, injection of lime andi. Singhal, L.K. Accelerating pace of

ore fines needs great attention. Lime injection was Developments in Iron Making Industpr15
found beneficial in view of high slag basicity in our

context. It was successfully tried in Durgapur Steel

Plant and given up due to erosion in pipelines. With

appropriate  multi-disciplinary approach, such
problems should be overcome. Partial ore injection
avoids agglomeration cost, increases the coke to ore
ratio in the shaft and desiliconises the metal.
R.J.Fruehan has estimated that upto 400 Kg. of ore
per ton of metal could be injected with significant
reduction in the cost of hot metal. Endowed as we
are with vast resources of blue dust and other fines,
feasibility of such endeavour warrants a study.

CONCLUSION

We witness appreciable developmental activity in
iron making in recent years the world over. In order
to be responsive to market forces, there is drive to
have processes which are flexible with regard to
raw materials, energy and production tonnages.
Such endeavours are being actively supported by
the respective Governments of several nations. The
efforts are spurred by need to bring down capital
and fixed costs, utilize non coking coals and iron
ore fines directly.

The need for appropriate technologies with
lower capital cost and without use of low ash
coking coal is obvious in Indian context to further
hone competitive edge of our country. In current
international scene, it is vital to develop technglog
locally to maximize wealth creation. The times is
ripe for Indian researchers, designers and
entrepreneurs to benefit from work done abroad and
suitably synergize to take newer coal-ore fines and
coal-ore agglomerate based DRI processes and
coal-hot air based smelting reduction processes to
commercial stage with innovative indigenous
efforts. Further improvements in Blast Furnace
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